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Table 3.1. Mean concentration of hormones and metabolites in plasma during the control
and restricted treatment in Fresian growing heifers®

! IGF-1 (1) IGFBP-2 (2) IGFBP-3 (2) Leptin (3)  Glucose (4)
Week 0
Control 914+-93 66+/-11.3 106+/-102 0979+/-02 45+/-04
Restricted 957 +/- 81 58 +/-9.6 109 +/-96 0879+/-02 48+L-05
Week 13
Control 1334 +-83 69 +-47 136 +/-77 6316 +-04 B52+102
Restricted 102.8+/-78 65+/-63 105+/-63 1624+/-04 43+/-02
Puberty*
Control 1484 +/-126 73+/-83 168 +/-983 1911+/-21 55+/-03
Restricted 140 +/-153 75+/-7.3 182 +/-6.2 1469+/-04 6.1+/-04

* Values presented are means +/- s.e.nv. for concentration of hormones and metabolites

{1y Insulin-like growth factor-1, values are in ng/ml

(2) Insulin-like-growth factor binding protein, value are arbitrary densitometer units

(3) Values are in ng/ml

{4y Values are in mmol/l

(*) Data for the control treatment mean is derived from actual values recorded during the week of puberty for
each heifer. Data for the restriction treatment is derived from values recorded during the week which
corresponded to the mean week of puberty for the control treatment; i.e. week 17.

3.4. Discussion:

Although much research has been done to elucidate the mechanism of
compensatory gain and its effects on mass and puberty, aspects of this phenomenon remain
poorly understood. In particular, experiments where different planes of nutrition have been
applied have given conflicting results in terms of animal performance, endocrine status and
feed intake. Intake (Hornick et al, 1998), nutrient requirements (Sainz et al, 1995),
composition of gain, energy utilization (Carstens et al, 1991), endocrine status
(Yambayamba et al., 1996), diet digestibility (Murphy and Loerch, 1994) and nutrient
partitioning (Kamalzadeh et al, 1998) may all be changed by feed restriction, and

contribute to compensatory growth effects in ruminants. In this experiment, the restricted

group had a lower growth rate than the control group during the first 13 weeks (restriction
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and Gluckman, 1991). In this study, plasma IGF-1 and IGFBP-3 concentrations in both
treatments followed a pattern similar to that of growth rate. Plasma IGF-1 and IGFBP-3
concentration was higher in the restricted group than in the control group during the early
compensatory phase. Higher concentrations of GH during the early compensatory stage
(Yambayamba et al., 1996), changes in GH receptor activity (Davis, 1988) and interactions
between IGF-1 and IGFBP-3 (Spicer and Chamberlain, 1999) could explain compensatory
growth effects in young heifers, Riedl et al. (1998), working with renal transplanted
peripubertal children, found that catch-up weight after surgery was better related to
changes in the ratio of IGF-1 to IGFBP-3 than to the total amount of IGF-1 or IGFBP-3.
The higher average daily gain in the control heifers resulted in attainment of
puberty at a younger age than in restricted animals, but body weight at puberty was similar
for both treatments. Several authors (Menge et al.,, 1960; Short et al., 1971, Yelich et al.
1996) have been shown that there is a inverse correlation between the level of intake and
age at puberty in heifers. Nutritional status affects circulating concentrations of IGF-1, as
discussed above, and this may affect not only growth rate, but other physiological
functions. IGF-1 stimulates mitogenesis and steroidogenesis in ovarian granulosa and
thecal cells (Stewart et al., 1996). Spicer and Chamberlain (1999) found that IGFBP-3
inhibited the mitogenic effects of IGF-1 in granulosa cells in cattle ovaries and inhibited
estradiol production, but did not decrease progesterone concentration. Furthermore, a
change in the ratio of IGFBP-3:1GF-1 produced different effects on steroidogenesis and
cell division, suggesting that IGFBP-3 has regulatory effects on reproduction. Data
obtained in this experiment, show that IGFBP-3 concentration changes during the
peripubertal period (weeks 17 and 21) but not IGF-1 concentration. This would have

resulted in a change in the ratio between IGFBP-3 and IGF-1, and suggests that variation
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in IGF-1.1GFBP-3 ratio could possibly mediated the time to reach puberty. Results obtain
by Jones et al. (1991), Granger et al. (1989) and Yelich et al. (1996) differ from results
obtained in the present experiment in terms of association between puberty and IGF-1
concentration. These authors found that IGF-1 increased before puberty, independent of
dietary treatment. Differences in breed, age, duration of restriction, level of intake and
sampling protocols could possibly be responsible for these differences. In this experiment,
differences in growth rate could be explained by differences in IGF-1 concentration, but
not the difference in the time taken to reach puberty. IGFBP-3 concentration differences,
however, could possibly be explain the effect on puberty.

Spicer and Chamberlain (1999) have shown that IGFBP-2 is produced in ovarian
follicular cells and can modulate the availability of IGF-1 in different ways, acting via
endocrine, paracrine and autocrine pathways during follicular development. In this
experiment peripheral concentrations of IGFBP-2 were similar between treatments
suggesting that IGFBP-2 did not affect the availability of IGF-1 in the peripheral
circulation.

Fast-growing heifers had greater LH concentrations than those subject to nutritional
restriction (Yelich et al. 1996). Furthermore, Evans et al. (1994) and Day et al. (1986)
found that LH concentration and frequency increased at puberty. The endocrine
mechanisms responsible for inducing increased LH secretion before the first ovulation are
not clear. Pulsatile secretion of LH is necessary to initiate luteal activity in heifers (Day et
al., 1984) Furthermore, it has been shown that the circulating LH concentration and pulse
frequency increase two month proceeding puberty in cattle (Kinder et al., 1987). Negative
energy balance can lower IGF-1 and LH secretion and this can contribute to delayed

puberty (Richards et al, 1991). A synergistic effect between IGF-1 and LH on
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steroidogenesis in bovine thecal cells that mediated by changes in the concentration of LH
receptors has been shown (Stewart et al | 1995). In this study, IGF-1 concentrations were
elevated at the time of puberty in both treatments in comparison with the concentrations at
the end of the restriction period.

Animals fed restricted diets at different stages and subject to differences in the
severity of growth restriction had different amount of adipose tissue (Sainz et al., 1995). In
this experiment, feed restriction prolonged the time required to reach puberty. Although
adiposity was not measured in this trial, the differences in weight gain would be expected
to be related to differences in adiposity. The importance of a critical amount of fat for
attainment of puberty is well-known (Frisch and McArthur, 1974, Snow et al, 1989,
Frisch, 1994), suggesting that an interaction exits between adipose tissue and the
hypothalamic-pituitary-gonadal axis to ensure that sufficient energy supplies for pregnancy
and lactation are deposited before commencement of reproductive cycles. Leptin is a
recently discovered protein that is mainly synthesized in adipose tissue (Considine and
Caro, 1996). The rate of leptin production is directly related to body fat mass in several
species (Prolo et al., 1998). Although circulating leptin appears to correlate with the
amount of adipose tissue, changes in energy intake and growth rate can alter serum leptin
concentration (Foster and Nagatani, 1999). Amstalden et al. (1999), found that fasting (56

h) in prepubertal heifers reduced leptin mRNA expression in adipose tissue by 45 % and
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