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Summary. Using the immunoperoxidase method, neurons containing luteinizing
hormone-releasing hormone (LHRH) and somatostatin (SRIF) were identified in the hypo-
thalamus of growing ewe lambs between 3 days and 16 weeks of age. Both peptidergic
neuronal systems were well developed in the early postnatal period. The centres producing
LHRH were found to be situated in the anterior region of the hypothalamus and preoptic
area. Immunoreactive (ir) LHRH perikarya in growing lambs were readily stained by the
various anti-LHRH antibodies used and they were generally more numerous in young
animals than in foetuses and adults. The concentration of irLHRH material stored in the
median eminence (ME) increased with lamb age, reaching a maximum around 12 weeks of
age. The centre producing somatostatin, situated in the anterior periventricular area of the
hypothalamus, did not develop before the postpartum period. The irSRIF material in the
ME was greatly depleted during the first neonatal days but regained its former level by
8 weeks of age. From 10 to 16 weeks of age, these stores in the ME were again depleted.
The results show that the two neuronal systems investigated developed in a different way
in the growing lamb. The secretory activity of these systems changed during subsequent
periods of growth. The importance of these events in the processes of body growth and
reproductive system maturation are still to be determined.

Introduction.

Radioimmunological investigations of the hypothalamo-pituitary unit of sheep
show that the activity of this unit begins in the early prenatal period (Gluckman et
a/., 1979a, b ; Sklar et al., 1981). In a previous work (Polkowska, 1986), we re-
ported that the hypothalamic hormones which control gonadotrophin and soma-
totrophin release appear in the hypothalamus of foetal sheep as early as the
beginning of the second part of pregnancy. However, the evolution of the LHRH
and SRIF neuronal systems during the period the ewe reproductive system is

growing and developing, has not been studied previously. Only the activity of the



pituitary-gonadal system in growing ram lambs has been reported (Collu et al.,
1983). It has been shown that this system becomes active in rams after parturition
(Foster et al., 1972). The sensitivity of the pituitary gland to LHRH stimulation has
been demonstrated in foetal (Foster, 1974) and newborn (Foster et al., 1972 ;
Mueller et al., 1981) sheep.

In order to better understand the role of the hypothalamus in the control of
pituitary hormones during development in the lamb, we investigated the matura-
tion of two hypothalamic neuronal systems which might take part in growth and
sexual maturation.

Material and methods.

The experiments were carried out on 25 Merino ewe lambs between 1 and
16 weeks of age. Nine groups of lambs of various ages were studied (table 11.

The lambs were slaughtered, decapitated and their brains immediately perfu-
sed via both internal carotid arteries with 0.1 M phosphate buffered saline (PBS)
and subsequently with paraformaldehyde-picric acid buffered with 0.1 M PBS
(Zamboni and De Martino, 1967). The hypothalami were dissected 30 min after
the start of perfusion and postfixed for 72 h by immersion in Bouin fixative with
trichloroacetic acid (Halmi, 1952). The preparations were washed with 0.01 M
PBS, dehydrated in graded alcohols and embedded in paraplast (Serva). The
hypothalami were cut in the coronal planes into 5-gm sections. For histological
and topographical studies, every 20th section was stained by the method of Klfver
and Barrera (1955). The hormones were localized by the peroxidase labelled anti-
body method (Nakane and Pierce, 1966). The following antisera were used : anti-
LHRH (ref. 1076 and ref. 743) prepared by Dr. A. Arimura, Tulane University
(King and Millar, 1980), dilution 1 : 1 000 ; anti-LHRH (ref. H-6) prepared by Dr.





G. Fink, MRC, Edinburgh (unpublished), dilution 1 : 2 000 ; anti-LHRH (ref.

19900), anti-LHRH (ref. 8516) and anti-SRIF (ref. 19608) prepared by Dr.

M.-P. Dubois, I.N.R.A., Nouzilly (Barry et al., 1973 ; Dubois and Barry, 1974),
dilution 1 : 1 000 ; anti-LHRH (ref. H-16) prepared in the Medical School at Pecs,
Hungary (Merchenthaler et al., 1982), dilution 1 : 3 000.

The reaction with the first antibody lasted 96 h at 4 °C. Peroxidase-labelled
ovine anti-rabbit gamma globulin (Institut Pasteur, Paris), used as the second
antibody at a dilution of 1 : 40, was incubated with the preparation for 2 h at

room temperature. All antibodies were diluted in 0.01 M PBS containing 0.1 % of
bovine serum albumin (BSA1. Before reaction, the preparations were washed with
0.01 M PBS containing 1 % of normal ovine serum and 0.01 M PBS containing
1 % of hydrogen peroxide. The horseradish peroxidase was localized with 3.3 di-
aminobenzidine tetrachloride (Sigma) and 0.005 % of hydrogen peroxide for
6 min at room temperature according to Graham and Karnovsky (1966). A part of
the material was also stained by the intensification method of Liposits et al.

(1983). The inhibition of anti-hormone serum with its homologous antigen was
used as control reaction. The cross-reactivities of anti-LHRH serum were blocked

by 10 !g of LHRH (UCB, Belgium) or by 50 !g of SRIF (Cyclic Clinic Midy) per
1 ml of antiserum, diluted 1 : 500.

Results.

Luteinizing hormone-releasing hormone. &horbar; The best staining reaction was
obtained using antibody (ref. 19900) generated against sequence 2-10 of the pep-
tide. Perikarya synthesizing LHRH were found in all age groups investigated but
the highest number was observed in material from 12 and 14-week old animals.
The perikarya were localized exclusively in the anterior regions of the hypothala-
mus and in the preoptico-septal area. Maximal cell concentration was observed in
the area of the diagonal band of Broca IDBB) and the area preoptica (AP) in the
immediate vicinity of the organum vasculosum of the lamina terminalis (OVLT)
and the recessus supraopticus (figs 1c, 2d). The cells in the DBB were seen in the
vertical as well as in the horizontal wings (figs. 1a, lb). In the AP they were scat-
tered in the medial preoptic nucleus (fig. 2a), lateral preoptic nucleus (figs. 1d, 2b)
and the anterior part of the nucleus preopticus periventricularis. Occasionally,
irLHRH perikarya could be distinguished in other parts of the hypothalamus, e.g.
in the area of the supraoptic nucleus (fig. 2c), but they were not found in the

region of the medial basal hypothalamus. The nerve terminals situated in the

OVLT and the ME containing irLHRH material displayed a very strong immuno-
reaction with all the anti-LHRH antibodies used. The irLHRH material observed in

the OVLT was scarce and remained stable as the lambs aged, whereas the
accumulation of irLHRH material in the ME increased progressively with animal
age. This phenomenon was observed in the anterior (figs. 3a, 3d) as well as in the
central part of the ME (figs. 4a, 4d).





Somatostatin. &horbar; Two different populations of irSRIF perikarya were found in
the forebrain of growing lambs, one in the preopticoseptal area and the other in
the anterior hypothalamus. The cells of the first population were elongated with a
centrally situated nucleus and a few short dendrites. These cells were larger than
the SRIF perikarya of the second population, but smaller than the ir-neurophysin
cells (figs. 7a, 7c). With the exception of islands of closely associated cells
located in the lateral preoptic nucleus (figs. 5a, 5b), the cells of the preoptico-
septal area were widespread throughout the septum with a greater number of
perikarya in the vertical wing of the DBB (fig. 5c) and the nucleus accumbens.
They were more numerous in groups of animals from 1 to 10 weeks of age and
rather rare in older animals 10 to 16 weeks old.

The second population of SRIF perikarya, found in the region of the anterior
hypothalamus, were co-localized to some extent with the neurophysin perikarya,
i.e. in the suprachiasmatic nucleus and the anterior periventricular band of the
paraventricular nucleus (figs. 6a, 6d1. The density of immunostaining by anti-SRIF F
antibody was very weak in these cells, so immunogold intensification was used to
better visualize them. The SRIF perikarya were small and oval with an eccentric
nucleus and one short dendrite. Their number increased with lamb age, being
moderate in the postpartum group and highest in the hypothalami of 14-week old
animals. Although the irSRIF fibres were scattered throughout the entire fore-
brain, most of them were found in dense clusters within two areas situated in the
ventromedial nucleus and in the anterior pericommissural area (figs. 8a, 8b). No
perikarya were present in the vicinity of these bundles. IRSRIF material situated in
the nerve terminals of the central part of the ME and infundibulum was abundant

(figs. 10a, 10b) in all age groups, except during the first 3 to 5 days post partum
(figs. 9a, 9c1. From 10 weeks of age, there was some evidence of a reduction of
the SRIF stores in the central part of the ME. The depletion of stain intensity was
most evident between 10 and 16 weeks of age (figs. 11a, llc).

Discussion.

The present study demonstrates that localization of irLHRH perikarya in

growing lambs is the same as in foetal and adult sheep (Polkowska, 1981 ;
Lehman et al., 1984 ; Advis et al., 1985 ; Polkowska, 1986). The presence of
irLHRH perikarya in the rostral part of the hypothalamus and the preoptico-septal





area of the brain has been also shown by Lehman et al. (1984) and Advis et al.
(1985). Contrary to our present data, Dees et al. (1981) found LHRH perikarya
mainly in the ventromedial hypothalamus of sheep. In comparison with the foetal
period (Polkowska, 1986), LHRH immunoreactivity seemed to intensify in post-
natal life. This intensification was manifested by a higher number of irLHRH peri-
karya and increased irLHRH stores in the nerve terminals of the ME of growing
lambs. One possible explanation of these observations might be the increased
secretory activity of LHRH-producing neurons. This activity, associated with

storage of the hormone in the nerve terminals of the ME, reached a maximum
around 12 weeks of age and remained at that level until at least 16 weeks. These
data suggest that the hypothalamo-pituitary axis is activated as the lamb ages, as
reflected by changes in plasma LH levels. Such hormonal changes have been
found up to now only in ram lambs. It has been shown that plasma LH rises

progressively from birth, reaching a maximum between 8 and 12 weeks of age
(Cotta et al., 1975) and that the frequency of LH pulses increases between 1 and
8 weeks of age (Foster et al., 1978). The pituitary gland gains the ability to
secrete LH in response to LHRH during the first few weeks after birth (Galloway
and Pelletier, 1974 ; Lee et al., 1976), and the total quantity of LH released by
exogenous LHRH increases after 12 weeks of age (Galloway and Pelletier, 1974).
These changes might reflect a maturation of the central mechanism, i.e. the

LHRH neuronal system governing LH secretion during ewe aging.
The irSRIF perikarya were localized in the preoptico-septal area and the

anterior periventricular part of the hypothalamus, so growing lambs are similar to
humans, monkeys (Filby and Gross, 1983) and rats (Alpert et al., 1976 ; Krisch,
1978 ; Dierickx and Vandesande, 1979). Periventricular localization in sheep
includes the localization of neurophysin within the boundaries of the

suprachiasmaticus and the anterior periventricular part of the paraventricular
nucleus. Deafferentation experiments in rats have shown that most of the SRIF-
containing neurons originating in these areas leave the perikarya in a lateral

direction, form loops across the lateral hypothalamus, and enter the mediobasal
hypothalamus at the ME level (Makara et al., 1983). This could explain why we
observed a high number of SRIF neurons in the ventromedial nucleus. SRIF-

containing fibres in the vicinity of the anterior commissure have also been

reported in rhesus monkeys and humans (Filby and Gross, 1983) and are thought
to be projections from cell bodies situated in the preoptico-septal region. We
observed that various somatostatin-producing centres appear and disappear in the
sheep brain throughout the foetal period (Polkowska, 1986). The centre situated
in the anterior periventricular area of the hypothalamus and invisible until the last





days of pregnancy, became prominent in growing lambs. Considering that this
centre supplies somatostatin mostly to the ME, these observations suggest that
the importance of somatostatin as an hypophysiotrophic hormone increases with
age; and that this system matures after parturition.

The population of somatostatin perikarya, found in the preoptico-septal area
of the brain, differed morphologically from the paraventricular one ; its function in
sheep has not been determined yet. It has been suggested that extrahypothalamic
somatostatin neurons in rats are independent from the hypothalamic system and
that somatostatin produced by these neurons acts as a neurotransmitter or a
neuromodulator rather than a hypophysiotrophic hormone (Krisch, 1980). It is

generally agreed that somatostatin is one of at least two factors in the hypo-
thalamus which modulate somatic growth by controlling growth hormone (GH)
secretion. The inhibitory mechanism mediated by hypothalamic SRIF probably
develops in ruminants during the foetal period. In the sheep foetus, exogenous
somatostatin suppresses plasma GH levels (Gluckman et al., 1979a, b), indicating
the presence of SRIF receptors in the foetal pituitary. Somatostatin appears in the
sheep hypothalamus in the second part of pregnancy (Polkowska, 1986). The
dramatic decrease in irSRIF content in the ME, observed in neonates, might be
associated with a sudden fall in plasma GH during parturition (Wallace et al.,
19731. SRIF is a potent inhibitor of GH under stress (Kasting et al., 19811, so the

depletion of irSRIF material in the ME stores around the neonatal period might
reflect the rapid release of this peptide during parturition.

Little is known of the role of somatostatin during growth in lambs. From the
results presented here it is evident that the SRIF neuronal system is mature by 8
to 10 weeks of age. The reduction of SRIF stores in the ME during this period
could be interpreted as a rapid release of this hormone into the capillary system of
the primary plexus. The subsequent increase in the level of SRIF material between
10 and 16 weeks of age presumably reflects further maturation of the GH

secretory mechanism. Mean GH concentration tends to decline with age (Klindt
et al., 1985) and remain at a level similar to that in adults or about one-twenthieth
of that in foetuses (Basset et al., 1970). Immunization of lambs against
somatostatin at 27 to 103 days of age removes the inhibitory effect of SRIF and
increases growth by augmenting GH secretion (Spencer et al., 19831. These data
support our immunocytochemical results indicating the existence of an inhibitory
SRIF system in the hypothalamus and its role in controlling lamb growth.
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Résumé. Maturation des neurones produisant du LHRH (luteinizing hormone-releasing
hormoneJ et du SRlF (somatostatine) dans l’hypothalamus d’agneaux femelles en crois-
sance.

Des neurones contenant du LHRH (luteinizing hormone releasing hormone) et du SRIF
(somatostatine) ont été identifiés au moyen de la méthode cytoimmunochimique à la

peroxydase dans l’hypothalamus d’agneaux femelles, en période de croissance, âgés de
3 jours à 16 semaines. Les deux systèmes de neurones peptidergiques sont bien développés
dès la période post-natale. Les centres producteurs de LHRH ont été identifiés dans la

région antérieure de l’hypothalamus et dans l’aire préoptique. Les péricaryons immunoréac-
tifs (ir) contenant du LHRH chez les agneaux en croissance sont facilement marqués par les
différents anticorps anti-LHRH utilisés et sont généralement plus nombreux chez l’agneau
que chez le foetus de mouton ou le mouton adulte. La concentration de ir-LHRH dans
l’éminence médiane augmente avec l’âge de l’animal et atteint son maximum aux environs
de 12 semaines. Le centre producteur de somatostatine est situé dans l’aire périventriculaire
antérieure de l’hypothalamus ; il ne se développe pas avant la période post-natale. On
observe une importante diminution du ir-SRIF dans l’éminence médiane durant les premiers
jours de la vie, suivie par une reconstitution du stock jusqu’à la 8° semaine après la nais-
sance. Nos résultats montrent que les deux systèmes neuronaux étudiés chez l’agneau en
croissance se développent d’une manière différente. L’importance de ces événements pour
le processus de croissance corporelle et la maturation du système de reproduction, doit
encore être confirmée.
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