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The effect of feeding grass silage or a forage-concentrate (dried grass-barley) diet adlib. to young cattle 
on growth rate, plasma growth hormone (GH) and insulin-like growth factor-1 (IGF-1) concentrations 
was examined. The effect of including the fi-adrenergic agonist cimaterol in the forage-concentrate diet 
was also investigated. Significantly higher growth rates were observed in animals fed on the 
forage-concentrate diet than in those fed on the silage diet (P < 0.001), and these were further enhanced 
by dietary inclusion of cimaterol (P < 0.05). Plasma G H  levels were higher in the silage-fed animals 
(P < 0.001) but IGF-1 levels were significantly lower (P < 0.001) than in the forage-concentrate-fed 
animals. Cimaterol had no effect on mean plasma G H  and IGF-1 concentrations. Nevertheless, plasma 
IGF-1 levels correlated positively with growth rate across all three treatments (r  0.84, P < 0.001, n 17). 
Spectral analysis of the GH data obtained for each animal was used to determine whether regular 
periodicities could be detected in the 24 h profile and whether they differed between the three treatment 
groups. Regular periodicities of four-five cycles/d were detected in the averaged G H  profiles of the 
silage-fed and the control forage-concentrate-fed animals. In contrast, in animals given cimaterol 
regular G H  cycles were not detectable a t  any of the frequencies tested. This suggests that cimaterol 
disrupts the rhythm of GH secretion without altering the overall mean concentrations. The data also 
suggest that due to an inadequate nutrient supply, the GH-IGF-1 regulatory mechanism was uncoupled 
in the cattle fed on silage, which may have contributed to the poor growth response of these animals. 

Spectral analysis: Growth hormone: lnsulin-like growth factor-1 : Forage: Bovidae 

Whilst growth hormone (GH) is recognized as essential for normal postnatal development 
in mammalian species, circulating concentrations do not always correlate positively with 
growth rate (Wheaton et a/. 1986). This, in part, may be related to the suggestion that the 
anabolic effects of GH are largely mediated by insulin-like growth factor-1 (IGF-l), but 
nutritional status also plays a major role in determining circulating GH concentrations and 
appears to have a dominant influence on the hepatic response to GH. Elevated 
concentrations of GH have been reported in a number of species including man (Merimee 
& Finberg, 1974), dogs (Eigenmann e t a / .  1985), sheep (Driver et al. 1976) and cattle (Breier 
et a/ .  1986) during periods of starvation or restricted food intake, while plasma IGF-1 levels 
are often significantly reduced under such conditions (Clemmons et a/. 1981; Breier et a/. 
1986). 

In a study of growth and development in cattle the effects of diet (grass silage or 
foragesoncentrate) and a repartitioning agent @-adrenergic agonist) were investigated. 
The effects of both diet and the P-agonist were dramatic, causing growth rate to increase 
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by 0.4 and 0.7 kg/d respectively, with significant changes in the contents of protein and fat 
in the carcass. As part of this study serial blood sampling was undertaken to determine 
daily patterns of plasma GH concentrations. The objective of this study was to examine the 
24 h profiles of GH concentrations using spectral analysis, as described by Howles et al. 
(1982), in order to establish and identify the pattern of GH secretion and consider how this 
may influence the anabolic responses obtained. 

METHODS 

Animals and experimental procedure 
Eighteen Friesian steers (12 weeks of age, average initial live weight 92 (SD 3) kg) were 
allocated to the experiment. They comprised three equal batches, with each batch separated 
in age by 2 weeks. The experiment consisted of three treatments such that two animals from 
each batch were allocated at random to each treatment, giving a total of six animals per 
treatment. The treatments comprised (1) grass silage, (2) dried grass-barley pellets (70: 30, 
w/w) and (3) dried grass-barley pellets (70: 30, w/w) containing the /3-adrenergic agonist 
cimaterol at 1.5 mg/kg diet. All diets were offered ad lib. with feed refusals measured daily. 
Animals were penned in pairs according to treatment group and batch, and total daily feed 
intake per pen was measured. Live weights were recorded weekly for 16 weeks. 

When the cattle reached 23 weeks of age they were transferred to individual stalls and 
maintained on their respective treatments. The left jugular vein of each animal was 
cannulated after 5 d with a sterile polyurethane catheter (1.2 mm internal diameter; British 
Viggo, Swindon, Wilts) and on the next day blood samples (10 ml) were taken hourly for 
25 h and collected into tubes containing 50 IU heparin kept on ice. After mixing by 
inversion, samples were centrifuged at 1000 g for 15 min and the plasma was removed and 
stored at - 40" until analysed. 

One animal from the control forage+oncentrate group died at 22 weeks of age from 
pneumonia. All data from this animal have been omitted. 

Hormone assays 
GH concentrations were determined on each sample by double antibody radioim- 
munoassay as described by Pell et al. (1990). In addition, IGF-1 concentrations were 
determined on pooled 24 h samples for each animal after acid-thanol extraction (Pell et 
al. 1990). 

Diet analysis 
The chemical composition of the silage and forage-concentrate diets (Table 1) was 
determined as described by England & Gill (1983). All values were corrected for dry matter 
(DM) determined either by oven drying at 100" for 16 h (forage<oncentrate diets) or by 
distillation with toluene (silage) (Dewar & McDonald, 1961). 

Data analysis 
The effect of diet and cimaterol on live-weight gain and 24 h mean plasma GH and IGF-1 
concentrations was examined by two-way analysis of variance with three treatments, 
three batches and two replicates per batch. The effect of treatment on voluntary food intake 
was examined as above with one replicate per batch. 

The mean 24 h plasma concentration and standard deviation of GH and IGF-1 were 
calculated for each animal. Baseline GH concentration was defined as the mean of the 
lowest four concentrations detected over the 24 h period, while all concentrations greater 
than 1 SD above baseline were considered to be part of a GH peak. A drop of at least 1 SD 
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Table 1. Chemical Composition (glkg dry matter (DM)) of the silage and dried 
grass-barley diets 

Silage Dried grass-barley 

DM (g/kg fresh diet) 
Total N 
Ammonia-N (g/kg total N) 
Total organic acidst 
Lactic acid 
Neutral-detergent fibre 
Ash 

Metabolizable energy (MJ/kg DM)J 
PH 

247* 
19.7 
94.1 

109.6 
87.5 

563 
70.5 

3.1 
10.17 

91 1 
21.4 
ND 
ND 
ND 

967 
ND 
10.68 

405 

ND, not determined. 
* Toluene DM, corrected for ethanol content. 
t Acetic, propionic, iso-butyric, n-butyric and lactic acids. 
1: Calculated from proximate analysis. 

was required to separate GH pulses. Using these criteria, the number of pulses over the 24 h 
sampling period was determined for each animal and the mean peak height, peak 
amplitude and baseline concentrations were subjected to analysis of variance to compare 
the GH profiles of the three treatment groups. 

Spectral analysis, as described by Howles et al. (1982), was also used to examine the 24 h 
profiles of GH secretion for periodicities. In essence, this technique describes the hormone 
profile as the sum of a number of sine waves (McLeod & Craigon, 1985). Each wave has 
its own frequency, phase and amplitude with the frequencies equally spaced over the range 
0-0.5 cycles per h. Thus, the variation in the original data can be partitioned amongst waves 
of discrete frequencies with the variation attributable to a particular wave being called the 
spectral density for that frequency (Diggle, 1990). 

Spectral density estimates were calculated by Fourier transformation of autocorrelation 
coefficients. Autocorreiation coefficients are determined from sequences of GH con- 
centrations, which are shifted along the profile by fixed intervals and then correlated with 
later sequences according to the following formula : 

where rk is the autocorrelation coefficient for lag period of length k ,  xi  is the GH sample 
for hour i, and N is the total number of samples in a profile. 

The normalized spectral density is then calculated as the Fourier transformation of the 
autocorrelation for a series of frequencies : 

where Sj is the normalized spectral density estimate at frequency Gj, ri is the autocorrelation 
coefficient for lag i, N is the number of samples in the profile, and oij is the jth Fourier 
frequency (i.e. corresponds to j / N  cycles per h). 

Normalized spectral density estimates plotted over a range of frequencies produce a 
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curve comprising a variable number of peaks and troughs. Clearly defined peaks at 
particular frequencies indicate dominant cycles of that frequency which may be obscure in 
the original data. 

Spectral density estimates as calculated above may have considerable error associated 
with them which can be reduced by smoothing (Jenkins &Watts, 1968). Therefore, for each 
data set the calculations were repeated at three lags using the Parzen smoothing window 
(Diggle, 1990) : 

\ i = l  

where 

W,= l - 6 ( i ) 2 + 6 ( i ) i  when ( i G 9 ,  

and 

Wi = 2 (1 -iy when (: < i < K ) .  

SKj is the smoothed normalized spectral density estimate at frequency GI and lag K ,  ri is 
the autocorrelation coefficient for lag i, K is the smoothing lag, Wi is the Parzen weighting 
factor for the autocorrelation coefficient, and hi is the j th Fourier frequency (i.e. 
corresponds to j / N  cycles per h). 

These time series calculations were conducted using the Genstat 5 statistical package 
(Digby et al. 1989). The greater the lag, the greater the degree of smoothing and the 
narrower the confidence limits on the spectral density estimates become. The penalty for 
this increased confidence, however, is a reduced ability to discriminate between cycles of 
similar frequencies. The plots for the three bandwidths were scanned for consistent peaks 
which were then tested using the method of Rahe et al. (1980). 

The hypothesis of no periodicity is rejected (P < 0.05) when comparing smoothed with 
unsmoothed spectral density estimates for a particular frequency if: 

The use of consistent peaks avoids spurious peaks, associated with the unsmoothed 
spectrum or with just one smoothing bandwidth, being considered as representing true 
cycles in the data. 

To compare the periodicities of the three treatment groups, the smoothed, normalized 
spectral density estimates calculated at frequencies from 0 to 12 cycles per d (0 to 0.5 cycles 
per h) for each animal were analysed by fitting a generalized linear model assuming gamma 
errors and logarithmic link (Diggle, 1990). Analysis of deviance was used to compare the 
average spectral densities for the three treatment groups at  each frequency with the 
variability between animals on the same treatment (Payne et al. 1988). 

R E S U L T S  

The silage offered in the present experiment was of good quality (Table 1) but estimated 
daily voluntary feed intake was low (1 7.2 g DM/kg live weight) and the resultant growth 
rate of animals on this diet was disappointing (0.42 kg/d). Metabolizable energy (ME) 
contents of the silage and the dried grass-barley diet, calculated from the proximate 
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Table 2. The eflect of diet and the dietary inclusion o f a  /3-adrenergic agonist, cimaterol*, 
on the growth rate, feed intake and mean growth hormone (GH) and insulin-like growth 
factor-I (ZGF-I) Concentrations in young cattle? 

Dried grass-barley Statistical significance 
(P values) effect of 

Without With Pooled 
Silage cimaterol cimaterol SED Dietf Cimaterols 

Daily live-weight 

Total feed intake 

Total ME intake 

Total N intake 

Mean G H  concentration 

Mean IGF-1 concentration 

(LW) gain (kg/d) 

(g DM/kg LW per d) 

(MJ/kg LW per d) 

(g/kg LW Per d) 

(ng/ml) 

(ng/ml) 

0.42 0.86 1.13 0.10 < 0.001 0.020 

17.2 26.5 29.6 1.05 < 0.001 0.045 

0.18 0.28 0.32 0.011 < 0,001 0.049 

0.34 0.73 0.81 0,029 < 0.001 0.046 

11.7 5.93 6.45 0.88 < 0.001 > 0.05 

118 314 38 1 42.4 < 0.001 > 0.05 

SED, Standard error of difference between means (df 12, except total feed intake (residual df 4)); DM, dry 

* For details of diets, see p. 94 and Table 1. 
7 For details of procedures, see p. 94. 
$ Statistical analysis of silage and dried grass-barley (without cimaterol). 
Q Statistical analysis of dried grass-barley without and with cimaterol. 

matter; ME, metabolizable energy. 

analyses, were very similar (10.2 and 10.7 MJ/kg DM respectively), but the forage- 
concentrate pellets had a significantly higher crude protein content (171 g/kg DM 
compared with 123 g/kg DM; Table 1) and this may in part have contributed to the higher 
feed intakes (26.5 g/kg live weight per d) and live weight gains (0.86 kg/d) noted on this 
diet. Inclusion of cimaterol in the diet resulted in a further increase in growth rate 
(1.13 kg/d), accompanied by a further increase in feed consumption (29.6 g/kg live weight 
per d). These data are summarized in Table 2, along with mean daily plasma G H  and TGF-1 
concentrations for the three treatments. G H  concentrations were significantly elevated in 
the silage-fed animals ( P  < O.OOl), which showed the lowest rate of gain whilst IGF-1 
concentrations were significantly reduced ( P  < 0.001). Comparison of the effect of 
cimaterol on G H  and IGF- 1 concentrations in cattle receiving the forage-concentrate diet 
revealed no significant differences ( P  > 0.1). Plasma IGF-1 levels correlated positively with 
growth rate over all three groups ( r  0.84, P < 0.001, n 17). 

Table 3 shows profile summaries for G H  secretion for the three treatment groups. 
According to our definition of a GH peak, all of the animals showed three or four peaks 
over the 24 h period but three of the cimaterol-treated animals showed six or seven peaks. 
Mean baseline GH concentration was significantly higher (P < 0.001) in the silage-fed 
animals compared with the two forage-concentrate-fed groups which were not different 
( P  > 0.05). Mean peak height was also higher for the silage-fed animals ( P  < 0.01) while 
again no difference was found between the other two groups (P > 0.05). No differences, 
however, were found between the mean peak amplitudes in any of the three treatment 
groups ( P  > 0.05). 

Fig. 1 shows the logarithm of the spectral density estimates combined for all the animals 
in each of the three treatment groups, plotted v. frequency. The plots for the silage- and 
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Table 3 .  Variables of plasma growth hormone (GH) profiles in young steers fed either 
grass silage, or a forage-concentrate diet without and with the inclusion of cimaterol at 
1.5 mg/kg* 

Dried grass-barley Statistical significance 
( P  values) effect of 

Without With Pooled 
Silage cimaterol cimaterol SED Diet$ Cimatero& 

Baseline GH concentration 4.33 0.47 1.22 0.88 < 0.001 > 0.05 

Mean peak height 16.92 12.31 11.71 1.50 < 0.01 > 0.05 
(ng/ml) 

(ng/ml) 

(ng/ml) 
Mean amplitude 12.59 11.84 10.49 1.47 > 0.05 > 0.05 

SED, Standard error of difference between means (df 14). 
* For details of diets, see p. 94 and Table 1 ; for details of procedures, see pp. 9 4 9 5 .  

is of silage and dried grass-barley without cimaterol. 
is of dried grass-barley without and with cimaterol. 

t Statistical anal 
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Fig. 1. Logarithms of the combined spectral density estimates of growth hormone profile for animals in the silage 
(-), foragesoncentrate without cimaterol (----) and foragexoncentrate with cimaterol (.......) groups v. 
frequency. For details of procedures, see pp. 95-96. 

control foragexoncentrate-fed animals each show a single peak at a frequency between 
0.15 and 0.2 cycles per h while for the cimaterol-treated animals, no peak was discernible 
at any of the frequencies plotted. As the confidence limits, when centred on the spectral 
density peaks of the silage-fed and control foragexoncentrate-fed animals, would not 
descend to zero, these peaks indicate a true GH periodicity of four to five cycles per 24 h 
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in these data. Analysis of deviance for the spectral density estimates confirmed that the G H  
periodicity differed between the cimaterol-treated and the other groups ( P  < 0.001). No 
interaction between the two dietary groups (silage and forage-oncentrate) and frequency 
( P  > 0.05) was detected. 

Assessment of the individual spectral density plots for all seventeen animals, using the 
three bandwidths, showed that for ten of the eleven animals in the silage and control 
forage-concentrate groups cyclic behaviour with a frequency around 0.18 cycles per h was 
detected (P < 0.05), whereas only one animal in the cimaterol-treated group showed any 
evidence of a cycle at this frequency. The one animal from the silage group in which a cycle 
was not detected had the highest growth rate of its group (0.58 kg/d) and the highest mean 
G H  level (15.1 ng/ml). In contrast, the one cimaterol-treated animal which showed GH 
cycles had the lowest growth rate and plasma G H  level of its group (DLWG 0.85 kg/d, G H  
5-2 ng/ml). 

D l S C U S S I O N  

Animals fed on the forage-concentrate diet showed significantly higher growth rates than 
animals fed on grass silage despite both diets being fed ad lib. Growth rates correlated 
positively with plasma IGF-1 levels in these two treatment groups, in agreement with the 
observations of Breier et al. (1988a), whilst G H  levels were inversely related. Nutrition is 
known to have a modulating effect on G H  and IGF-1 secretion in many species, with GH 
levels tending to increase and IGF-1 levels tending to be reduced by starvation or low levels 
of feeding (Eigenmann et al. 1985; Breier et al. 1986). Increased G H  levels under these 
conditions are suggested to occur as a result of either reduced metabolic clearance of GH 
(Trenkle, 1976) or of altered feedback mechanisms (Mounier et al. 1989), while the liver 
responsiveness to GH tends to become markedly reduced resulting in low levels of IGF-1 
production. This has been shown to be associated with changes in GH receptor affinity, the 
presence of high-affinity binding sites which correlate with weight gain and plasma IGF-1 
concentration only being detectable in well-fed animals (Breier et al. 1988b). Metabolic 
clearance rate of plasma IGF- 1, however, may also be enhanced in malnourished animals 
(Breier & Gluckman, 1991) resulting in low plasma concentrations. In the present 
experiment the silage-fed animals showed positive growth rates (0.42 kg/d), but G H  levels 
were significantly elevated and IGF- 1 levels were significantly depressed compared with 
animals fed on the forage-concentrate diet suggesting that the GH-IGF-1 regulatory 
mechanism had been uncoupled. Several reasons have been put forward to explain the poor 
productivity of silage-fed cattle, including impaired intake (Marsh, 1979) and limited 
protein supply (Gill et a/. 1987). Results from the present experiment further suggest that 
protein or energy supply, or both, was sufficiently limited to make these animals behave as 
undernourished animals despite being fed ad lib. and showing positive growth rates. Recent 
investigations into the effect of varying degrees of protein and energy restriction on plasma 
IGF-1 levels in cattle have suggested that dietary protein level may be the primary 
determinant of the circulating concentration, but that the IGF-1 response to protein may 
be affected by the available energy (Ronge et al. 1988; Elsasser et al. 1989). 

Breier et al. (1 986) reported that the baseline GH concentration and the number of GH 
peaks did not change significantly with reduced feed intake, but that peak height and area 
under the G H  pulses increased. Houseknecht et al. (1988) observed a similar effect in cattle 
fed on a low-energy diet but reported that baseline G H  concentration was increased as well 
as peak amplitude. Our results indicate an elevated baseline concentration of G H  in the 
silage-fed animals relative to  those fed on the forage-concentrate diet, but similar peak 
amplitudes and periodicities were observed in animals fed on both diets. Thus, these results 
suggest that the higher average G H  concentrations seen in the silage-fed animals were not 
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the result of more frequent releases nor due to a greater release of GH with each episode, 
but that metabolic clearance rate may have been reduced. Elsasser et al. (1989) reported a 
significant effect of dietary protein level on the number of secretory spikes of GH. These 
authors took more frequent samples than in the present experiment, but only over a 6 h 
period. We observed no difference in the number of GH peaks between the silage- and 
foragexoncentrate-fed animals. It is possible, however, that more frequent releases of GH 
would not be detected with the frequency of blood sampling used in the present study. 
More frequent sampling would have enhanced the detection of individual episodes, the 
variables (baseline, peak height and amplitude) that are based upon them, and would 
enable a more robust definition of a GH pulse to be used. The summary measures of GH 
secretion given in the present study should, therefore, only be considered as a broad 
description of the differences between treatment groups. A greater number of GH surges 
than those detected in the present experiment have been recorded in cattle by workers 
sampling at 10-20 min intervals e.g. 0.31/h (Moseley et al. 1982), 0.5-0.75/h (Wheaton et al. 
1986), 0.41-0.46/h (Breier et al. 1988a) and 0.48-0.78/h (Elsasser et al. 1989). Nevertheless, 
distinct secretory episodes of GH at approximately 4-6 h intervals are also apparent in 
some of these profiles (Moseley et al. 1982; Breier et al. 1986; Wheaton et al. 1986) 
indicating a GH periodicity of 4-6 cycles/d, similar to that determined in the present 
experiment. The physiological significance of this periodicity of GH secretion remains to be 
elucidated. 

Inclusion of cimaterol in the forage-concentrate diet caused a further increase in live- 
weight gain over the control forage-concentrate group but no significant changes in plasma 
GH or IGF-1 concentrations. At the same time, small but significant increases in 
metabolizable energy and N intakes were observed in response to the dietary inclusion of 
cimaterol which undoubtedly contributed to the increased live-weight gain noted. The 
mechanism by which cimaterol increased feed intake is not known and the issue is further 
confused by several reports which suggest the P-adrenergic agonists may in fact reduce feed 
intake (Reeds & Mersmann, 1991) although variations in dose rate and species may 
account for this paradox. p-agonists routinely increase the rate of protein accretion and 
reduce fat deposition, changes which may also result in an overall increase in live-weight 
gain depending on the relative rates at which the two processes are affected. The exact mode 
of action of the P-agonists is still not fully understood but changes in the endogenous 
endocrine system or tissue sensitivity to some hormones have been postulated as having a 
possible role in mediating the dramatic effects of these agents (Buttery & Dawson, 1987). 
There are few reports of the effects of P-adrenergic agonists on the somatotropic axis and 
although some early workers suggested that the repartitioning effect of P-agonists may be 
mediated via an increase in GH secretion (Ricks et af. 1984) more recent studies have found 
little evidence for any involvement in their mode of action (Maltin et al. 1990). Few studies 
have reported a significant increase in plasma GH concentration in animals treated with p- 
agonists, although in vitro work has clearly shown a direct stimulation of GH release from 
cultured adenohypophyseal cells (Welsh et al. 1987) and perifused putuitary cells (Perkins 
et al. 1983) on administration of P-adrenergic agonists. As neither mean GH or IGF-1 
levels were significantly altered in the /l-agonist-treated animals in the present experiment 
despite growth rates being significantly higher, this suggests that the effects of cimaterol 
were not mediated directly through increased GH secretion or increased IGF-1. 
Interestingly, however, compared to control animals, the periodicity of GH secretion was 
disrupted. This suggests that cimaterol in some way altered the rhythm of GH secretion. 
From the present results it is not possible to determine whether the inherent periodicity is 
lost completely or whether the episodes are more frequent and remained undetectable with 
the sampling regime used. However, the fact that the inherent pulsatility of GH secretion 
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can be altered by drug administration gives rise to the possibility that other processes may 
also be affected. Further work is obviously required to elucidate the physiological 
significance of such changes and their involvement in the mechanism of action of p- 
agonists. 

The authors are grateful to Boehringer Ingelheim Vetmedica for supplying the cimaterol 
and to Alan Simmonds and John Paradine a t  the Institute for Grassland and Environmental 
Research for the GH and IGF-1 assays. This work is supported by an Agricultural and 
Food Research Council linked-research grant. 
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