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Abstract 
The effects of daily administration of 10 mg of highly purified ovine growth hormone (GH) for a 

period of 4 weeks on wool growth have been measured in 12 Merino ewes fed either a calculated 
maintenance energy intake or 1·6 times this amount (six on each ration). Concentrations of hormones, 
glucose, urea, a-amino N and amino acids in the blood were monitored and faeces and urine collected 
for measurement of nitrogen balance. 

Wool growth rate decreased by 200/0 during the 4 weeks of GH treatment in sheep fed the high energy 
diet, largely because of reduced wool fibre diameter. This was followed by restoration of normal growth 
and then an increase of up to 20% above control levels, a response which persisted for 12 weeks following 
cessation of GH administration, and which was due to increases in both fibre length and diameter. GH 
administration caused marked increases in plasma concentrations of GH, insulin and somatomedin C, 
glucose and free fatty acids, all of which returned to basal levels following cessation of GH administra
tion. No consistent changes in plasma concentration of T3, T4, cortisol, prolactin or a amino N were 
detected. Plasma urea and methionine levels decreased during GH treatment and returned to, or were 
raised above, basal levels after the GH treatment period. GH injection also resulted in a net retention 
of N during treatment, followed by a transient period of net N loss. 

The GH-induced changes in wool growth may be caused by a change in the partitioning of amino 
acids between the muscle mass and the skin. No other contributing factor(s) were identified. 

Introduction 

In view of its known anabolic functions, considerable interest has been generated in the 
use of GH for improving efficiency of animal production by the increased availability of rela
tively inexpensive synthetic hormone. The present study further investigates its use as a possible 
stimulant to wool growth. Initial observations using daily injections of crude pituitary extracts 
showed that wool growth decreased by 170/0 during the second fortnightly treatment period, 
but that, following cessation of injections, there was a protracted period of stimulation of 
wool growth of up to 30% above basal levels for the subsequent 24 weeks (Ferguson 1954). 
Similar results were obtained by Ferguson et al. (1965) using crude extracts of sheep and ox 
pituitaries. Wheatley et al. (1966) confirmed that the causative agent was GH by using a highly 
purified ovine GH preparation to obtain the same response. The cause of this response in 
wool growth is not yet known. 

Since these early reports, radioimmunoassays have been developed for measuring circulating 
levels of ovine hormones. Moreover, it is now recognized that many of the physiological actions 
of GH are mediated by insulin-like anabolic peptides, the somatomedins (Van Wyk et al. 1974; 
Phillips and Vassilopoulou-Sellin 1980). 

The present study used radioimmunoassays for GH, insulin, thyroxine, prolactin, and 
cortisol and a bioassay for somatomedin C to investigate changes in endocrine status which 
may explain the wool growth responses to long-term ovine GH administration. Changes in 
metabolic status have also been monitored. 

0004-9417/88/020177$03.00 



178 P. C. Wynn et al. 

Materials and Methods 

Twelve 3-year-old Merino ewes of similar body weight (34·3 ± 2·8 kg) were housed in metabolism 
crates at 23 ± 1°C under constant lighting and fed once daily a maintenance level (low plane, LP) or 
1·6 times this amount (high plane, HP) of a pelleted concentrate ration [Feedlot No.5, Allied Feeds Ltd, 
Australia; 90070 wheat, sorghum, oats and barley; metabolizable energy, ME, 10·5 MJ kg-I; crude protein 
(N x 6· 25), 17 ,4% 1. Animals were fed for a period of 12 weeks before commencement of the experiment 
to ensure stability of wool growth rate. The amount fed was calculated according to Agricultural Research 
Council standards (Anon. 1975). Indwelling catheters were inserted into both jugular veins 48 h before 
blood sampling. Blood samples (8 ml), taken daily before feeding, were collected in heparinized tubes 
(10 U ml-1 of blood), cooled in ice and centrifuged at 2°C and the plasma separated. 

Plasma samples (10 ml) were collected weekly for amino-acid analysis. Protein was removed with 500 mg 
sulfosalicylic acid following addition of a standard (25 1'1 ml-1 of 2·5 mM DL-norleucine); the supernatant 
was stored at - 20°C. After 4 days of blood sampling, three sheep from each of the high- and low-plane 
nutritional groups received a daily subcutaneous injection of GH in saline (10 mg in 2 ml) for 28 days 
whereas the remaining three sheep from each group received saline alone. Daily blood sampling continued 
for 14 days after cessation of GH treatment and thereafter twice weekly for a further 28 days. 

Nitrogen Balance 
Urine and faeces were collected each 48 h for 14 days prior to the GH treatment period and for 28 

days post-treatment. Urine was collected in 10 ml5N HCI and faeces dried at 60°C, and both were subsampled 
and stored at -20°C prior to analysis. N content was determined by a micro Kjeldahl procedure or by 
the use of an automatic N analyser (A-S.N. Foss, Denmark). N balance was calculated by subtracting 
total urinary and faecal N from N consumed, with an appropriate adjustment for N collected during 
washing of cages (1·47 ± 0·18%) and is expressed as the change relative to the pretreatment period. 

Wool Growth 
Wool growth was measured at 14-day intervals by clipping tattooed areas of c. 100 cm2 on the midside 

and shoulder region of the right side of each animal. 
Wool samples were conditioned at 20°C and 65% humidity for 72 h, placed in a 20-l'm nylon-mesh 

filter and washed successively with a hot solution (60°C) of 0·3% (v/v) non-ionic detergent (Nonidet 
P40; Shell Chemicals, Australia), 0,2% Na2S04 (w/v) six times, warm water six times and absolute alcohol 
twice. Samples were again conditioned for 72 h and weighed, and wool weight expressed as clean dry wool. 

In order to determine changes in fibre dimensions by autoradiography, L _35S-cystine (Amersham) was 
dissolved in 1 M HCI (1·8 MBq in 0·4 ml per injection) and administered intravenously at 7-day intervals 
for 14 days before, and for 42 days after, the cessation of GH treatment. At the completion of experimentation, 
a total of 40 wool fibres was plucked from five representative sites on the left side of each animal. 

The distance along wool fibres between individual bands of [35S1cystine incorporation was measured 
using an image analyser (Ernst Leitz, Gmbh, Wexlar, West Germany); the diameter at each point was 
calculated from the fibre length and diameter measurements, assuming the fibres were cylindrical (Reis 
et al. 1983). 

GH 
The method of preparation has been previously described (Wallace 1961; Wallace and Ferguson 1963). 
Biological potency was measured in a 4-point hypophysectomized rat tibial cartilage assay (n = 4 for 
each point) by the method of Evans et al. (1943) and found to be 1·4 i.u. mg-1 when compared with 
the standard NIH-GH-S7. 

Radioimmunoassay of Plasma Hormones 
GH was measured by the method of Wallace and Bassett (1970) using powdered talc to separate bound 

and free hormone (Rosselin et al. 1966). The sensitivity determined by the method of Burger et al. (1972) 
was 1 I'g 1-1. The intra-assay coefficient of variation (CV) varied from 1·8 to 3·8% (n = 1O) for the 
range of concentrations measured in the assay, and the inter-assay CV was 14·8% (n = 17). 

Insulin was determined as described by Bassett and Thorburn (1971). Sensitivity was 2 m U 1-1, intra
assay CV was 2·5-4·0% (n = 1O) and inter-assay CV was 13·9% (n = 15). 

Somatomedin C was measured using the rat weanling cartilage bioassay of Yde (1968) as modified 
by Stuart et al. (1976). A pool of normal Merino wether plasma was used as a reference standard with 
a designated concentration of 1·0 U ml-l. Plasma somatomedin concentrations were corrected for 
differences in plasma inorganic sulfate levels which were determined by the method of Henry et al. (1974). 
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T3 was determined by the method of Eastman et al. (1975). The sensitivity of the assay was 
0·02 p.g 1-1, intra-assay CV was 1·9-4·5070 (n = 10) and inter-assay CV was 14·2% (n = 11). 

T 4 was measured by the method of Wallace et al. (1978). The sensitivity was 0·13 p.g 1-1, intra-assay 
CV was 1·1-3·7% (n = 10) and inter-assay CV was 14·2% (n = 11). 

Cortisol was determined by the method of Farmer and Pierce (1974). The sensitivity of the assay was 
0·32 p.g 1-1, intra-assay CV was 3·3-8·1% (n = 6) and inter-assay CV was 14·5% (n = 8). 

Prolactin was measured as previously described (Gow et al. 1983) with a sensitivity of 1 p.g 1-1, intra
assay CV of 1·6-4·3% (n = 3) and inter-assay CV of 7% (n = 12). 

Metabolites in Plasma 
Glucose was measured by the glucose oxidase method of Huggett and Nixon (1957), free fatty acids 

by Annison's (1960) modification of the method of Dole (1956), urea by the technique of Chaney and 
Marbach (1962), and a-amino nitrogen using the method of Oddy (1974). Amino acids in plasma were 
analysed by ion-exchange chromatography using a Dionex D-300 analyser (Dionex, U.S.A.). 

Statistical Analyses 
Data from this experiment were non-orthogonal, as analyses were not performed on every sample 

and two sheep in the HP group were withdrawn midway through the GH treatment period as they consumed 
less than 90% of their ration. Therefore, means are given with standard deviations calculated from the 
original data as the number of observations differs between variables. An analysis of variance was used 
on a randomized complete-block split-plot-in-time design (Searle 1971); results were divided into three 
treatment periods, namely pre-treatment, during GH administration, and post-treatment. 'Conservative' 
tabular values of the i-ratio (Gill and Hafs 1971) were used for all time-by-treatment effects, in view of 
the correlation between errors induced by repeated measurements from the same animals. 
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Fig. 1. Mid-side and shoulder patch 
wool growth (mean ± s.e.) for sheep 
fed (a) a calculated maintenance energy 
requirement or (b) 1·6 x maintenance, 
and receiving daily intramuscular 
injections of GH (open bars) or saline 
(stippled bars). 
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Results 

Wool Growth 
Wool growth rate, as measured by the patch technique, changed significantly (P < 0·01) 

with time in response to GH treatment (Fig. 1). Although wool growth did not change markedly 
in the LP group during the period of GH administration (Fig. la), it was depressed by 20070 
in the HP group (Fig. 1b). In both treated groups, wool growth returned to pre-treatment 
rates within 14 days of cessation of GH administration, and rose to 20% above this level for 
the subsequent 10 weeks (Fig. 1). Sheep in the LP group received 13% more GH per unit 
bodyweight than the HP group due to differences in liveweight at the commencement of the 
GH treatment (Table 3). Wool yield, calculated from the ratio of clean to greasy wool weight, 
remained constant in all groups (70-80%) throughout the studies. 

Analyses of fibre length and diameter determined by autoradiography demonstrated that 
the ratio of fibre length: fibre diameter varied significantly with time (P < 0·05; Table 1). 
Although there was a marked interaction between GH treatment and energy intake over time, 

Table 1. Changes in wool fibre length, diameter, length: diameter ratio and fibre volume (mean ± s.d.) 
as determined by autoradiography for a 7-day period during: (1) the pre-treatment period, (2) the first 
14-day period of growth hormone (GH) injections, (3) the second 14-day period of GH injections and 

(4) the post-treatment period 

Period High energy intake Low energy intake 
10 mg GH day-l Control 10 mg GH day-l Control 

Fibre length 1 362 ± 47 322 ± 43 301 ± 43 305 ± 58 
(JLm) 2 364 ± 50 339 307 ± 47 302 ± 61 

3 370 ± 51 335 298 ± 50 299 ± 60 
4 396 ± 45 337 321 ± 48 303 ± 60 

Fibre diameter 20·9 ± 3-4 19·8 ± 3-8 19·2 ± 4·9 18·9 ± 5·4 
(JLm) 2 19·5 ± 3·2 19·6 17·8 ± 4·3 18·2 ± 5·5 

3 20·5 ± 3·2 18·7 18·0 ± 4·4 17·9 ± 5·2 
4 21·7 ± 3·4 19·6 19·0 ± 5·4 17·3 ± 5·0 

Fibre length: 17·7 ± 2·6 16·7 ± 3·3 16·6 ± 3-9 16·6 ± 2·7 
diameter ratio 2 19·1 ± 2·9 17·9 18·0 ± 1·6 17·2 ± 2·9 

3 18·9 ± 2·6 17·8 17-4 ± 4·0 17·2 ± 3·0 
4 18·5 ± 2·8 17·6 17·6 ± 4·1 19·4 ± 3·6 

Fibre volume 1 132 ± 56 104·6 ± 48·0 97·0 ± 63·6 101·5 ± 88·3 
growth 2 116 ± 50 108 85 ± 52 94 ± 86 

(JLm3 x 10-3 day-I) 3 123 ± 49 95 85 ± 56 89 ± 76 
4 158 ± 61 107 106 ± 82 88 ± 71 

this was not significant using conservative / values. However, it was highly significant (P < 
0·01) using normal/values and therefore it was probable that this was a true interaction over 
time between GH and energy intake. The increase in the ratio during GH treatment was due 
largely to a decrease in fibre diameter, whereas the post-treatment decrease in this ratio to 
control values was caused by the proportional increases in both fibre diameter and length resulting 
in the protracted stimulation of wool growth during this period. The changes in fibre length 
and diameter (Table 1) during and after GH administration were consistent with the changes 
in wool growth monitored by the patch technique, in both LP and HP groups (Fig. 1) and 
by estimation of fibre volumes (Table 1). 

Endocrine Status 
Circulating hormone levels observed during the different treatment periods of the experiment 

are given in Table 2. GH injection resulted in a significant treatment-by-time interaction 
(P < 0·05) in plasma GH levels measured 24 h after injection, although the increase was more 
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marked in the LP group. Levels of insulin and somatomedin C showed significant variation 
with time (P < 0·01) in response to both the level of energy intake and GH treatment (insulin, 
P < 0·01; somatomedin, P < 0·05). The magnitude of the response was greater in HP sheep. 
The elevated levels of GH, insulin and somatomedin C observed during the period of GH 
injection were not sustained after cessation of treatment. 

Table 2. Changes in plasma hormone levels (mean ± s.d.) during: (1) the pre-treatment period, (2) the 
28-day period of growth hormone (GH) injection and (3) the post-treatment period 

GH (I'g I-I) 

Insulin (mU I-I) 

Period High energy intake 
10 mg GH day-I Control 

2 
3 

4·1 ± 2·2 
5·1 ± 3·2 
3·2 ± 1·6 

32 
2 132 

± 19 
± 95 
± 21 3 40 

4·0 ± 2·5 
3·2 
2·8 

20 
21 
17 

± 9 

Somatomedin (U ml-I) 1 0·65 ± 0·11 
1-46 ± 0·45 
0·86 ± 0·27 

0·53 ± 0·18 

Prolactin (I'g I-I) 

Cortisol (I' I-I) 

2 
3 

0·58 
0·46 

1 
2 
3 

0·58 ± 0·14 0·64 ± 0·13 
0·59 ± 0·11 0·52 
0·56 ± 0·11 0·51 

1 74 ± 20 
2 54 ± 20 
3 52· ± 12 

2 
3 

1 
2 
3 

2 
3 

116 ± 49 
80 ± 30 
81 ± 18 

107 ± 30 
127 ± 58 
126 ± 47 

5·6 ± 3·9 
3·7 ± 2·3 
1·6 ± 0·9 

97 
67 
58 

134 
117 
101 

± 32 

± 49 

97 ± 50 
79 
62 

12·5 ± 12·2 
13·4 ± 
17·0 ± 

Low energy intake 
10 mg GH day-I Control 

2·5 ± 2·5 
8·7 ± 4·6 
2·8 ± 2·8 

30 
46 
17 

± 18 
± 42 
± 9 

0·59 ± 0·08 
0·93 ± 0·32 
0·45 ± 0·15 

0·48 ± 0·15 
0·39 ± 0·11 
0·46 ± 0·14 

83 
76 
83 

164 

± 18 
± 13 
± 16 

± 80 
186 ± 96 
164 ± 59 

63 ± 31 
64 ± 38 
63 ± 47 

4·0 ± 3·4 
3·6 ± 2·3 
2·5 ± 2·5 

4·9 ± 1·8 
4·2 ± 1·5 
3·7 ± 2·1 

25 
32 
20 

± 3 
± 25 
± 12 

0·51 ± 0·20 
0·61 ± 0·15 
0·53 ± 0·18 

0·37 ± 0·16 
0·35 ± 0·18 
0·34 ± 0·13 

56 
50 
47 

153 

± 7 
± 11 
± 16 

± 78 
164 ± 118 
144 ± 80 

43 ± 16 
55 ± 23 
47 ± 16 

14·0 ± 6·1 
13·0 ± 7·8 
11·8 ± 9·4 

Plasma prolactin levels were significantly greater (P < 0·05) in the HP group, and GH 
administration also resulted in a significant elevation (P < 0·05) during the treatment period. 
GH treatment per se did not influence circulating T 3 and T 4 levels nor the ratio of these 
hormones, but plasma T3 levels were elevated in the high energy-intake groups (P < 0·05). 

Circulating concentratiqns of cortisol were significantly lower (P < 0·01) in the GH-treated 
groups .over all periods, although this difference was not attributable to GH administration 
as n.o interaction with treatment period was detected. 

Metabolic Status 
Observed changes in metabolites in the plasma are shown in Table 3. Both plasma glucose 

and free fatty acid levels varied significantly (P < 0·01) between treatment periods; GH injection 
tended to increase concentration, whereas the level of energy intake was without effect. 

By contrast, plasma urea levels tended to decrease during GH administration and either 
increased above (HP group) or returned to basal levels (LP group) following cessation .of GH 
administration. 

Plasma amin.o-acid analyses were conducted on samples collected from three GH-treated 
animals, 2 from the HP group and one from the LP group at each .of the treatment periods 
with the exception .of the p.ost-treatment period when only one sample was analysed (Table 
4). Methionine concentrations decreased by 20070 during GH administration in b.oth energy 
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Table 3. Changes in plasma metabolite levels (mean ± s.d.) and liveweight (mean ± s.d.) during: (1) 
the pre-treatment period, (2) the 28-day period of growth hormone (GH) injection and (3) the post-treatment 

period 

Glucose (mg 070) 

Urea (mg 070) 

a-amino N (mg %) 

Free fatty 
acids (I'- Eq 1-1) 

Liveweight (kg) 

Period High energy intake 

2 
3 

1 
2 
3 

2 
3 

2 
3 

2 
3 

10 mg GH day-l Control 

61 ± 6·0 61 ± 9 
74 ± 8·0 65 
64 ± 5·9 63 

7·2 ± 2·4 6·1 ± 0·9 
6·2 ± 1·1 5·2 
8·6 ± 1·2 5·5 

4·8 ± 1·1 
4-4 ± 1·2 
3·6 ± 1·2 

798 ± 342 

1129 ± 505 
663 ± 300 

36·7 ± 7·2 
40·0 ± 7·2 
40·3 ± 7·9 

4·0 ± 1·3 
5·7 
5·5 

907 ± 436 

998 
921 

36·8 ± 
38·2 
37-4 

4·0 

Low energy intake 
10 mg OH day-l Control 

65 ± 17 
74 ± 12 
62 ± 8 

7·3 ± 1·9 
6·1 ± 1·6 
6·9 ± 2·1 

4·2 ± 2·1 
3·8 ± 1·2 
3·6 ± 1·0 

1045 ± 254 

1178 ± 421 
918 ± 224 

31·9 ± 2·4 
32·9 ± 3·5 
30·6 ± 1·2 

65 ± 20 
71 ± 11 
66 ± 11 

7·3 ± 2·1 
7·3 ± 2·3 
7·4 ± 2·1 

4·2 ± 1·2 
3·7 ± 0·8 
3·1 ± 0·4 

812 ± 362 

652 ± 208 
445 ± 148 

31·7 ± 6·0 
32·5 ± 5·3 
30·7 ± 4·1 

intake groups and rose to pre-treatment concentrations following cessation of GH injections. 
No consistent variation was observed in the plasma concentrations of other amino acids, although 
data were not obtained on lysine, histidine, aspartic acid, glutamic acid, proline, glycine and 
alanine. 

Table 4. Plasma amino-acid concentrations (moll-I; mean ± s.e.m.) in sheep fed high and low energy 
intakes: (1) during the pre-treatment period, (2) after 14 days of growth hormone (GH) treatment, (3) 

after 28 days of GH treatment and (4) 14 days after cessation of GH administration 

High plane 
Threonine 
Serine 
Cystine 
Valine 
Methionine 
Isoleucine 
Leucine 
Tyrosine 
Phenylalanine 
Arginine 

Low plane 
Threonine 
Serine 
Cystine 
Valine 
Methionine 
Isoleucine 
Leucine 
Tyrosine 
Phenylalanine 
Arginine 

141 ± 4 
211 ± 33 

77 ± 5 
145 ± 11 

18 ± 2 
59 ± 5 
72 ± 5 
66 ± 2 
53 ± 

117 ± 12 

88 ± 18 
179 ± 6 
71 ± 4 

149 ± 4 
18 ± 
63 ± 2 
95 ± I 
54 ± 3 
46 ± 2 

135 ± 11 

2 

146 ± 10 
319 ± 70 

86 ± 6 
145 ± 11 

15 ± I 
67 ± 6 
73 ± 5 
62 ± 4 

52 ± 3 
146 ± 19 

98 ± 6 
207 ± -

69 ± 8 
125 ± 21 

14 ± 2 
77 ± 14 
67 ± 12 
54 ± 6 
50 ± 8 

150 ± 30 

Period 
3 

144 ± 7 
195 ± 33 
72 ± 4 

142 ± 7 
15 ± I 
67 ± 3 
71 ± 4 
58 ± 5 
51 ± 2 

125 ± 10 

107 ± 13 
261 ± 27 

64 ± 19 
128 ± 18 

12 ± I 
65 ± 4 
70 ± II 
41 ± I 
47 ± 3 

122 ± 3 

4 

143 ± 8 
175 ± 33 
67 ± 7 

161 ± 10 
19 ± 2 
63 ± 
74 ± 
60 ± 4 
52 ± 4 

201 ± 35 

106 
166 
65 

104 
15 
73 
63 
51 
43 

119 
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The mean 48-h N balances for fortnightly periods (Fig. 2) demonstrated a net retention 
of N during GH administration in both energy-intake groups relative to the pre-treatment period; 
the magnitude of this was greater in the HP group. This was followed by a loss of N in the 
subsequent 14-day period, which persisted for a further 14 days in LP sheep. 
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Fig. 2. The mean 48-hourly change in 
N balance relative to the pre-treatment 
period in GH-treated (open bars) and 
control (stippled bars) groups of 
animals fed (a) a calculated 
maintenance energy requirement or (b) 
1·6 x maintenance. N balance figures 
are calculated by subtracting the figure 
for the pre-treatment period from the 
value for each treatment and post
treatment period. 

The positive N balance during GH administration is reflected by a small increase in liveweight 
relative to control groups, which was greater in the HP group (Table 3). 

Discussion 

The depression in wool growth during treatment with GH and the subsequent protracted 
increase following the cessation of GH treatment is consistent with the findings of Ferguson 
et al. (1965), Wheatley et al. (1966) and Wallace (1979). However, while the observation that 
the decrease in wool growth resulted mainly from a decrease in fibre diameter agrees with 
the finding of Wallace (1979), the observation that the post-treatment surge in wool growth 
resulted from a proportional increase in both fibre length and diameter does not. Wallace 
(1979) found that only fibre diameter increased during the post-treatment period. The mean 
variation in the fibre length : diameter ratio during this period did not exceed 91170 although 
individual fibres displayed considerably greater variability. This variation is comparable to 
the 15% reported by Downes and Sharry (1971) in response to a change in nutritional status, 
and suggests that this wool growth response may be due to increased nutrient availability. 

Significant increases in clean wool weight in response to bovine GH injections (1 mg kg-1 

every 10 or 15 days until weaning at 100 days) have been measured in growing lambs by Reklewska 
(1974), although this response may be explained by an increase in feed intake in the GH-treated 
animals. Nevertheless, the observation that feed intake remained stimulated for 15 weeks post
treatment suggested that GH had a persistent metabolic effect long after circulating GH 
concentrations had returned to basal levels, an effect which is consistent with the wool growth 
responses in the present study. 

A similar study has been conducted with lambs by 10hnsson et al. (1985). Wool growth 
w".s significantly stimulated by daily GH injections (0·1 mg kg-1 liveweight) for a period of 
12 weeks; this response was decreased by the simultaneous administration of bromocryptine. 
In contrast to the report of Reklewska (1974), these results could not be explained by an increase 
in feed intake in the GH-treated animals, although greater efficiency of feed conversion in 
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GH-treated animals may in part account for the improved wool growth. The present results 
were derived from mature animals provided with a defined energy intake for an extended period 
to ensure stability of wool growth. Therefore, wool growth rates from the two studies are not 
comparable. However, the reported inhibitory effect of bromocryptine on GH-stimulated wool 
growth provides circumstantial evidence that the GH response may be mediated by somatomedin 
production which, in addition to GH, is modulated by circulating prolactin (Scha1ch et at. 
1979) and insulin (Daughaday et at. 1976). In the study by 10hnsson et at. (1985), plasma 
levels of both of these hormones were reduced by bromocryptine administration. 

In searching for an explanation for the wool growth response to GH administration in the 
present study, we have measured the circulating concentrations of several hormones. Blood 
samples were collected 23·5 h after each daily GH injection. Changes in the pattern of hormone 
release in response to GH may have diminished by the time of blood sampling, as blood levels 
of GH returned to basal levels 12 h after a subcutaneous injection (unpublished data). 

Comparison of plasma GH concentrations in the group fed the lower energy level with 
those in the sheep fed the higher level suggests that an inverse relationship may exist between 
nutritional status and clearance rate of GH from the circulation. It has been shown that GH 
is cleared more slowly from fasted animals compared with fed controls (Trenkle 1976). In addition, 
fasting is associated with an increase in both the mean concentration and instability of GH 
levels (Bassett 1974; Driver and Forbes 1978). 

A number of studies have shown that measurement of plasma immunoreactivity may not 
accurately reflect circulating GH biological activity (Ellis and Grindeland 1974; Vodian and 
Nicoll 1977). This finding may result from aggregation of the exogenous GH in the circulation 
(Beitins et at. 1977) into the various oligomeric forms (Sinha 1980; Stolar et at. 1984). These 
various forms of GH may be regulated by the nutritional status of the animal, the polymeric 
forms acting as a source of monomeric GH, the form with the greatest biological activity 
(Gordon et at. 1976). 

The marked increases in plasma insulin levels after GH administration (Thble 2) were consistent 
with the reports of Wallace and Bassett (1966) and Davis et at. (1970b). GH administration 
must have had a sustained influence on the {3 cells of the pancreatic islets, in view of the time 
between each injection and blood sampling and the relatively short half life (12-13 min) of 
circulating insulin in sheep (Trenkle 1971). 

In view of the dependence of somatomedin C activity on plasma GH (Salmon and Daughaday 
1957) and insulin (Daughaday et at. 1976) concentration, it is not surprising that activity of 
this growth factor was increased in plasma during GH administration. The greater responsiveness 
in animals fed the higher energy level is consistent with the nutritional dependence of plasma 
somatomedin activity (Takano et at. 1978; Phillips and Vassilopoulou-Sellin 1979; Maes et at. 1984). 

Although GH administration resulted in increases in plasma concentrations of GH, insulin 
and somatomedin during treatment, the return to basal plasma levels of these hormones soon 
after cessation of GH injections appears to eliminate their involvement in the post-treatment 
increases in wool growth. 

Despite the established role of the thyroid hormones and glucocorticoids in the control 
of wool growth (Ferguson et at. 1965; Wallace 1979), no change in circulating levels of these 
hormones resulting from GH administration was detected. It is unlikely that the fluctuations 
in prolactin levels caused changes in wool growth, as previous reports have been unable to 
establish a role for this hormone in wool growth (Ferguson et at. 1965; Wallace 1979). 

The previously established diabetogenic and lipolytic effects of GH administration in sheep 
(Bassett and Wallace 1966; Davis et at. 1970a) have been corroborated by the present study. 

The net retention of N during the period of GH administration is in accord with previous 
studies in the sheep (Manns and Boda 1965; Wheatley et at. 1966; Davis et at. 1970b). The 
mean 48-hourly retention of 2·5 and 1·1 g N for sheep fed the high and low energy intakes 
respectively was reflected by increased body weight in the treated groups of animals. The transient 
loss of N during the first 14-day period following cessation of GH injections probably resulted 
from homeostatic mechanisms causing mobilization of extra muscle protein synthesized as 
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a result of prolonged GH administration. 
That GH administration stimulated the deposition of body protein was suggested by decreased 

plasma urea concentrations; these rose above pre-treatment levels in the post-treatment period. 
Similar results were obtained by Wheatley et al. (1966) and Davis et al. (1970b). Yet no such 
trend was observed in plasma a-amino N levels, although amino-acid analysis showed a change 
in methionine level. 

S-amino acids are the first rate-limiting nutrients for wool growth (Reis and Schinckel1963, 
1964). Hence, the 20070 depression in plasma methionine concentration observed during GH 
administration, which results from preferential uptake of amino acids for protein synthesis 
in muscle tissue, may account for the GH-induced depression in wool growth. The decrease 
in wool growth resulted largely from a depression in fibre diameter, however, and therefore 
is not in accord with previously reported responses to reduced nutrient intakes (Downes and 
Sharry 1971). 

We have been unable to detect any endocrine factor likely to explain the wool growth responses. 
It is likely that the protracted post-treatment stimulation of wool growth resulted from homeostatic 
mechanisms causing mobilization of tissue protein and increased amino-acid availability to 
the wool follicle. 
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