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Fig. 4. LH pulse frequency during the (a) non-
breeding and (b) breeding seasons in Suffolk (n =
5) and Merino rams (n = 6) fed a maintenance diet
(m, 0) or the same diet with a supplement of lupin
grain (s, ®). On day 12 after the change of diet for
the supplemented groups, the lupin treatment had
increased LH pulse frequency in both seasons in
Merinos (P < 0.003), but only during the breed-
ing season (P < 0.003) in Suffolks. (Redrawn from
Hotzel et al., 2002).

Interactions between socio—sexual cues, photoperiod and genotype

The size of the response to the female effect is influenced by season (photoperiod), so the
percentage of rams responding to oestrous ewes is greater during the non-breeding season
than during the breeding season in Finnish Landrace and lle-de-France rams (Yarney and
Sanford, 1983; Gonzalez et al., 1989). This interaction, as well as the effects of genotype
and nutrition was investigated by comparing the responses of Merino and Suffolk rams to the
introduction of Merino ewes in two seasons. Merino rams responded to the female effect in
both the breeding and non-breeding seasons, although the response was smaller in amplitude
in the breeding season, whereas Suffolk rams displayed no detectable response in either
season (Fig. 5). In both genotypes, an increase in the level of nutrition did not change the
response of the GnRH pulse generator to the female effect. Therefore, the nutritional input and
social input to the GnRH pulse generator seem to be independent. However, nutrition seems
to have at least a permissive effect because, when rams are well fed, the GnRH system is
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Fig. 6. Schematic summary of the potential involvement of steroid feedback in the effect of
nutrition on GnRH neurones. The gonadotrophins stimulate the production of sex steroids and
these feed back to the GnRH neurones, through as yet unknown intermediates, to maintain
an equilibrium in the system. The most effective feedback pathways are shown in bold text
and thick arrows.

Signals from the testis: steroid feedback

Responses to castration and steroid replacement completely overshadow the responses to
changes in photoperiod, socio—sexual cues or nutrition. Inhibitory feedback by the sex ster-
oids is exerted at sites in the central nervous system that control the frequency of GnRH pulses
(Caraty and Locatelli, 1988; Tilbrook et al., 1991), the final common pathway to reproductive
axis, and they amplify the responses to socio—sexual signals and changes in nutrition and
photoperiod. They also interact with centres that control appetite and, as with the reproduct-
ive axis, they amplify the effects of photoperiod thus re-enforcing the link between these two
body functions (Godfrey et al., 1996; Walkden-Brown et al., 1997). However, the neuronal
pathways linking steroid feedback and nutritional cues have not been studied in detail. This
area of research could benefit by using as a blueprint the hypotheses developed to explain
seasonal variation in the response of the GnRH system to negative feedback. In rams, the in-
hibitory effect of testosterone is affected by photoperiod (Lincoln, 1985), nutrition and geno-
type (Tjondronegoro et al., 1996). Testosterone has been the focus of most of these studies,
but the products of its metabolism by 5a-reductase (dihydrotestosterone) and aromatase (oes-
tradiol) also inhibit LH secretion in rams (Pelletier, 1974; Schanbacher and Ford, 1977; Blache
etal., 1997) (Fig. 6). With respect to oestradiol, we have documented three lines of evidence
for the role of central aromatization in control of GnRH output (Sharma, 1999; Sharma et al.,
1999). First, i.m. injections of aromatase inhibitor increase the pulsatile secretion of LH and
decrease circulating oestradiol concentrations in testis-intact rams. Second, aromatase inhib-
itor increases LH pulse frequency and decreases oestradiol concentrations in castrated rams
treated with testosterone. Finally, LH pulse frequency increases after infusion of aromatase
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Fig. 8. A schema describing the proposed relationships between photoperiodic, nutri-
tional and social cues and the ways in which they interact with genotype and steroid
feedback in the control of hypothalamo-pituitary-testicular axis in male sheep. Some of
the hormones and neuropetides that are potentially involved in these interactions are also
indicated.

The metabolic sensor can alter the effect of social cues, perhaps even overriding them
completely (Fig. 8). Finally, an extra level of complexity is introduced by the brain mechanisms
that regulate appetite, particularly in breeds that respond strongly to photoperiod (lason
et al., 1994) in which appetite also varies with season. This is a serious issue in studies in
which experimental animals are fed ad libitum and, thus, control their own feed consumption,
because they will display self-regulated changes in energy metabolism, adiposity and body
weight, confounding the responses to treatments. However, this problem can be turned into
an investigative advantage because, in photoresponsive breeds, the links between the systems
that control appetite and the reproductive axis can be explored to gain an insight into the
brain pathways involved.

Conclusion

With our model based on mature rams acutely fed a supplement of lupin grain, it has been
shown that the systems that mediate the effect of nutrition on GnRH output can be modulated
by other factors, such as photoperiod, genotype and socio—sexual signals that are known to af-
fect the activity of the reproductive axis. These exteroceptive factors seem to affect the activity
of the GnRH pulse generator in a hierarchical manner, with some factors dominating others.
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