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SUMMARY
Faster genetic progress in MOET nucleus schemes could be achieved using
indicator traits for milk yield if measurable in immature cattle of both sexes.
Blood concentration of metabolites and hormones during normal feeding or fasting
in calves has given inconsistent associations with breeding values.
However,
endogenous growth hormone release in calves following a controlled stimulation
with GRF or TRH has shown a positive correlation to breeding value.
These
findings indicate that pituitary responsiveness may be useful as an indicator of
breeding value.
INTRODUCTION
The systematic use of breeding plans and AI has given a high rate of annual
genetic progress in milk yield of dairy cows.
Further genetic progress may be
contributed by MOET especially when used in nucleus breeding schemes (Nicholas &
Smith, 1983).
The measurement of milk yield is only possible in the adult
female so preventing direct selection for this primary trait in juvenile male
and female cattle.
If some indicator trait allowed indirect assessment of
breeding value for milk yield (BVM) in juvenile cattle this would make an
increase in annual genetic progress possible, especially when used in a juvenile
nucleus breeding scheme (Christensen & Liboriussen, 1986; Woolliams & Smith,
1988).
Conversion of feed to milk is a function of the flow of nutrients through
the metabolic processes of the body.
Genetic variation must be assumed at all
levels, including the enzymatic regulation of the flux through individual
processes as well as the endocrine, coordination of the processes in the various
organs and tissues.
Therefore many enzymes, metabolites and hormones have been
studied as possible juvenile indicators of BVM.
The
metabolites
include
glucose,
free
fatty
acids,
p-OH-butyrate,
aceto-acetate and urea.
Initial encouraging results on urea (Tilakaratne et
al., 1980; Sejrsen et al., 1984; Sinnett-Smith et al., 1987) were not repeated
by other later experiments (Barnes et al., 1985; Lovendahl, unpublished results;
Woolliams, in preparation).
Early work on hormones showed a positive relatipnship between thyroid
activity and BVM (Joakimsen et al., 1971; Sorensen et al., 1981).
This has not
been exploited because the necessary use of radio isotopes makes it impractical,
and due to concern for possible correlated and unwanted influences on heat
production and maintenance requirements.
The secretion of insulin has also been
studied,
but with contradictory results.
The reason is perhaps due to
unsatisfactory testing and sampling techniques (see also Woolliams St Lovendahl,
(in press)).
There
have
also
been attempts
to
relate
IGF-1
to BVM
(Ahlborn-Breier et al., 1987; Mackenzie et al., 1988) but so far without much
success.
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Recently several studies have investigated the use of growth hormone (GH)
release as indicator trait for BVM.
In this paper we will discuss why GH
release is a likely candidate for an indicator trait and review the existing
data.
GROWTH HORMONE AS INDICATOR TRAIT
There are several reasons to consider GH as a candidate for an indicator
trait.
The administration of exogenous GH to lactating cows has consistently
elevated milk yield 10-20 percent (Chilliard, 1989).
The effects of exogenous
GH on the metabolism of the cow closely resemble those brought about by
selection for improved yield (Bauman et al., 1985; Chapula & Galligan, 1989),
mainly through a higher proportion of the nutrients directed to milk production.
Furthermore, higher plasma GH concentration has been associated with higher milk
yield brought about by selection in lines of Holsteins (Lukes et al., 1989).
To be useful as indicator trait the difference in GH secretion must be
present also in the growing animal.
Barnes et al. (1985) and Mackenzie et al.
(1988) in small studies observed elevated basal concentrations of GH in calves
selected for improved BVM.
In experiments with 70 or more calves of lines
selected for improved and decreased BVM, Land et al. (1983) and recently
Lovendahl & Woolliams
(unpublished results) were unable to repeat these
findings.
However, in none of the studies were the random pulsatile nature of
GH secretion properly considered.
INDUCED GROWTH HORMONE RELEASE
In cattle pulses of GH are released to the circulation from the
somatotrophic cells of the anterior pituitary in response to pulses of the
hypothalamic peptides GRF (Growth hormone Releasing Factor) and TRH (Thyrotropin
Releasing Hormone). Release of GH can be induced by administration of GRF or
TRH. A similar effect on GH release can be obtained with pharmacological stimuli
by arginine or ornithine.
Testing of individuals for GH secretion using this
approach is a standard clinical method in pediatrics (Takano et al., 1984).
Application of such stimuli helps by reducing the noise from random endogenous
GRF pulses and gives additional information through measures of the induced
response.
Across several experiments a consistent positive association between GH
release and breeding value is found.
Growth hormone release induced by TRH or
arginine was larger in Red Danish calves selected for high butterfat yield than
in those selected for low yield (Lovendahl et al., 1989a).
The between line
difference was larger in male than in female calves and larger in pubertal (9
mo.) than in prepubertal calves (4 mo.). A larger release of GH following acute
i.v.
GRF and TRH was also found in British Friesian calves selected for high
milk yield than in those selected for low yield (Lovendahl & Woolliams, in
preparation).
When GH release was induced in the same calves by
arginineor a
combined dose of GRF and TRH the selection line difference was of smaller
magnitude and not significant.
The size of the obtained response varied from
barely detectable (arginine and TRH) over a clear response (GRF) to very large
(GRF + TRH, combined).
In a small study of GRF induced GH release in selected
versus control heifers Massri et al. (1985) observed the largest response in the
selected heifers, but obscured this by comparing only the single maximum values.
Evaluated together
these experiments suggest that induced GH release
is a
reliable indicator trait of BVM.
The data further indicates that
this
association is more to pituitary sensitivity than to total secretory capacity.
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FACTORS AFFECTING INDUCED GH RELEASE
The GH response depends on the dose of GRF or TRH. At low doses there is
very l i t t l e or no release.
At very high doses a ll readily available and some
neWly synthesized GH is released. In both cases the variation in GH release as
a s e n s itiv ity measure is diminished.
In a dose response study (Figure 1,
Lovendahl et a l., 1989b) in calves, the shape of the response curve changed with
increasing dose giving an indication of the receptors being saturated.
In
studies with very high doses of GRF also a secondary response has been detected
(McCutcheon et a l . , 1984).
Based on these observations we are tempted to
hypothesize that the optimum dose fo r studying s e n s itiv ity is the one giving
approximately half maximum response peak.
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Figure 1
Plasma GH concentration in young
dairy bulls (age 235 days, weight
346, N=11) prior to and following
acute
i.v .
administration
of
hpGRFl-29-NH2 at dose 0.1 (n=15),
0.4 (n=14) , 1.6 (n=15) JJg/kg BW.
(Lovendahl et a l. , 1989b).
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A p ositive correlation between prior GH concentration and induced release
was found in calves (Lovendahl et a l., submitted fo r Can.J.Anim.Sci. ) .
This is
in concordance with observations in rats where GRF caused a larger release
during peak GH periods than during throughs (Tannenbaum & Ling, 1984). In their
tria ls the timecourse of plasma GH closely followed that of plasma GRF and
negatively that of somatostatin. Covariate adjustment of GH release fo r prior GH
is thus necessary, and does not require analysis for GRF nor somatostatin.
Although feeding leve l influences basal as well as TRH stimulated GH
release in calves (Sejrsen et a l . , 1983),* there was no indication of altered
ranking of bull calves when tested during fasting compared with reduced feeding
(Lovendahl, unpublished resu lts). This indicate that the GH release test can be
performed in fed as well as fasted calves.
Interactions of steroid hormones with GH release are lik e ly to be
responsible fo r observed sex and age effe c ts (Lovendahl et a l . , 1989a; Lovendahl
et a l., in prep.) but possible interactions with breeding value remains to be
studied. Other factors such as breed differences, ligh t intensity, daylength,
temperature and possible associations to growth rate, fatness and muscularity
deserve further study.
CONCLUDING REMARKS
GH release appears to be promising as indicator t r a it . Single acute i.v .
administration of a fixed small dose of GRF has no side effe c ts and gives a
continuously varying GH response in calves.
However, experimental f a c i l i t i e s
for cannulation and frequent blood sampling are required.
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Further research is in progress to get estimates of genetic parameters and
to study environmental variation, as well as to v e r ify the association to
breeding value fo r milk yield .
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