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Abstract. The effect of stressful stimulation and protein malnutrition
on the gonadotrophic and somatotrophic axis of sheep is discussed with
special references to the relationship between these stimuli and the
GnRH and somatostatin neuronal systems in the hypothalamus.
Generally, long-term stimulation and chronic underfeeding reduce
gonadal functions in the sheep. There is evidence for the
GnRH-dependent pathway for the mechanism of these phenomena in
female sheep. GnRH neurons respond to long-term stress in
diminishing of neuropeptide release from the nerve terminals due to the
depression of its axonal transport. Chronic restriction of dietary
proteins in lambs reduces the plasma LH concentrations but does not
impair the development of GnRH neurons nor the synthesis and
processing of GnRH. It is suggested that malnutrition delays the first
ovulation probably due to the neural mechanism responsible for the
preovulatory GnRH/LH output. Stress has rather unclear effect on
growth hormone (GH) secretion in the sheep. Prolonged, but not short
stressful stimulation provokes the rapid release of somatostatin, which
is sustained during long-term stimulation. These results suggest that
effect of stress on somatotrophic axis depends on the period of stressful
stimulation. Chronic malnutrition enhances secretion of GH by an
increase in amplitude of GH pulses and reduces the secretory activity
of somatostatin neurons. It is postulated that nutrients can influence GH
secretion in the sheep by mechanism dependent on the hypothalamic
somatostatin.
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TABLE]

Changes in GnRH concentrations in different areas of the
brains of control and stressed (electrical footshocks during 3
days) anestrous ewes. Means + SD, pg/mg tissue

Group of median area medial basal

animals eminence preoptica  hypothalamus
Control

(5 animals) 1640162 21.5+64 102.8+243

Stressed

(5animals)  2395+280" 40.5+7.9% 46.0+10.5°

#Significantly different at P<0.001; Adapted from Przekop et
al. 1988

lation, some alternations in GnRH neurons activity,
even more pronounced after long-term (up to 12
days) stress was witnessed. The pattern of these
changes comprised elevation of the GnRH concen-
trations in the ME, the gradual increase in density
of ir GnRH material in the ME, increase in the num-
ber of GnRH perikarya in the area preoptica as well
concentrations of GnRH in this part of the brain
(Fig. 2ab, Table I). The morphology of the pituitary
LH cells changed very slowly during the stressful
procedure. Significant increase in their number
with concomitant increase of ir LH material in cell
plasma was noticed only after 12 days of stimula-
tion. The daily mean LH concentration in blood
plasma and LH pulse frequency displayed a similar
variation in all intervals of stimulation compared
with unstressed animals (Polkowska and Przekop
1992). This experiment revealed evidence that long
electrical stressful procedure in anestrous ewes pro-
vokes changes in the morphological activity of the
GnRH neuronal system. It is suggested that some
mechanisms connected with the release of GnRH from
the ME and with its transport along neuronal fibers
within the hypothalamus, but not with its synthesis, are
impaired .

Nutritional factors

It is generally accepted that nutrition modulates
reproductive endocrine functions in many species

including sheep (reviewed in Lindsay etal. 1993).In
growing female sheep lowered planes of nutrition
delay puberty (Foster and Olster 1985) through the
depression in frequency of LH pulses which are
vital to follicular development (Foster et al.1989).
In male sheep severe malnutrition changes testicu-
lar growth and endocrine functions of testes (Martin
and Walkden-Brown 1995). The mechanisms re-
sponsible for these changes is not yet defined. It is
postulated that there are at least two ways to trigger
these endocrine functions. First, GnRH-dependent
pathway, when nutrients supply changes in GnRH
pulse frequency and thus LH/FSH secretion (Tatman
et al.1990, Kile et al. 1991). Second, strongly sup-
ported by the data obtained from males (Martin and
Walkden-Brown 1995), GnRH independent way,
when nutrients act directly upon testicular tissue
changing the production of hormones and germ
cells. In females, nutritional retardation of sexual
maturation is initiated by disturbances in GnRH se-
cretion, but it is still not known whether the syn-
thesis or the release of the hormone that is impaired
during restricted feeding (Ebling et al. 1990, Tatman
et al.1990, Kile et al. 1991). To test this question,
female lambs 3 month old were fed during 5 month
on a diet restricted up to 8% of protein (Polkowska
and Przekop 1993). These ewes did not reach sexual
maturity at the same time as the animals fed on
standard diet. The examination of GnRH neurons
revealed that all elements of this system were nor-
mally developed. Gonadotropin-associated peptide
(GAP) of the GnRH precursor was present in the
same population of neurons that contained GnRH in
the sheep brain. Some visible fluctuations were ob-
served in the feature of LH-pituitary cells, which
were hypertrophied, three times more numerous
than in standard fed group, and contained a high
concentration of the ir-material. This kind of mor-
phological change suggest a diminishing release of
the hormone from the cells and this suggestion can
be correlated with significantly lower concentra-
tions of plasma LH measured in the middle of the
experiment. The data presented give evidences that
a restriction of proteins in the diet of growing fe-
male sheep delays their puberty but does not impair
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TABLEII

Changes in peripheral blood GH characteristics in female
lambs fed 14 weeks standard or low protein diet. Blood sam-
ples were collected from animals during 4 h with 15 min in-
terval. Data were calculated using Pulsar analysis, and the
mean concentration of GH for each animal was calculated
from the area under the curve. Data are presented as mean
values with standard deviation, n =7

Diet

% of protein 14.2 8.1
Mean GH

ng/ml 1.48 £0.44 3.68 +1.86%
Number of pulses

1/240 min 2.86+0.69 3.8611.07
pulse amplitude

ng/ml 1.31£0.68 4.54 +3.06°
Inter-pulse

interval min 90.0 +35.4 67.0+18.4%

#Significantly different at P<0.05; Adapted from Polkowska
etal. 1996

during restricted feeding the concentration of soma-
tostatin in portal blood is reduced by half (Thomas
etal. 1991).This data implies that the GH response
to a restricted diet can be directly associated with
changes in the activity of the somatostatin hypotha-
lamic neuronal system. This hypothesis was then
tested in our laboratory (Polkowska et al. 1996). The
experiment was performed on growing lambs fed
isocaloric diets containing standard (14%) or lo-
wered content of proteins ( 8%). The results showed
that after three and four month of experimental
feeding, the mean concentration of GH was signi-
ficantly higher in the group fed a low protein diet
and this difference was due to significant elevation
of GH pulse amplitude (Table II). Prolongation of
restricted feeding up to 5 month resulted in con-
spicuous increase of GH cells number in the pitui-
tary gland (Fig. 5a, b). The ir somatostatin stores in
the ME of these animals markedly dropped out but
the concentration of the ir material in the somatos-
tatin perikarya increased (Fig. 5c-f).This can be in-
terpreted as a disturbance in axonal transport of
peptide from the perikarya to the nerve terminals

(Polkowska et al. 1996). These results indicate that
an increase of the GH secretion due to elevation of
its amplitude of pulses in the sheep fed of restricted
in proteins diets can be elicited by changes in the so-
matostatin neurons secretory activity. It is sug-
gested that chronic malnutrition augment GH
secretion in growing lambs as a result of a decrease
in the hypothalamic somatostatin output due to the
suppression of its axonal transport.

CONCLUSIONS

From the preceding discussion it is proposed that
both stimuli, long-term stressing and chronic pro-
tein undernutrition elicit in sheep the same overall
pattern of endocrine responses in gonadotrophic
and somatotrophic axes which begins at the level of
the CNS. In the gonadotrophic axis both challenges
evoke a restraining effect on the GnRH neuronal
system, which leads to changes in the secretion pat-
tern of this peptide, and in consequence to some dis-
turbances in the estrus cycle. The action of both
stressful signals on the somatotrophic axis seems to
be more complicated. They affect GH secretion via
changes in somatostatin neuronal system activity,
but their action has an inverse effect: stress stimu-
lates somatostatin release; undernutrition restrains
its output.
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