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The relationships of N input or protein status and the concentrations of serum insulin-like growth 
factor-1 (IGF-1), plasma fibronectin (FN) and total protein (TP) were examined in three 
experiments with steers and sheep nourished by intragastric infusion of nutrients. In Expt 1, three 
steers (340 kg live weight) were infused with three levels of volatile fatty acids (0,300 and 600 kJ/kg 
metabolic weight (w0'75) per d) and six levels of casein (0, 200, 400, 650, 1500 and 2500 mg 
N/kg W0'75 per d). Each N treatment was imposed for 5 d. In Expts 2 and 3, five groups of sheep 
(about 35 kg live weight) were infused with casein at 500 mg N/kg vv0.75 per d for 2 weeks followed 
by 1500,500 or 50 mg N/kg W0'75 per d in Expt 2, and in Expt 3, with 100 mg N/kg w0 75 per d for 
6 weeks or 10 mg N/kg W0'75 per d for 4 weeks. Non-protein energy was maintained constant at 
500 kJ/kg w0'75 per d throughout. Daily N balance and total body N content at the end were 
measured, and protein status was defined as a percentage of cumulative N accretion or depletion in 
relation to the total body N content at maintenance. It was found that IGF-1 and FN responded 
rapidly and substantially to altered N input, and that when daily N input was maintained constantly 
at sub-maintenance, their continuous declines were related closely to progressive protein depletion 
in the sheep. Plasma TP concentration was independent of N input when N input was altered acutely 
in the steers, but declined significantly and gradually with severe, chronic body protein depletion in 
the sheep. Plasma content of TP in the sheep however reduced acutely with a reduction in N input. 
Plasma volume fell substantially over the first 2 weeks of protein depletion, compensating for the 
declines in TP content and maintaining TP concentration plateau. The possible implications of the 
changes in TP concentration and content (concentration x volume) to body protein loss in sheep are 
discussed. 

IGF-1: Fibronectin: Protein status: Ruminants 

The estimation of changes in total body N can be achieved using some advanced non- 
invasive laboratory techniques such as neutron activation analysis, tracer dilution methods 
and some instrument techniques (reviewed by Gibson, 1990 and Ellis, 1992). However 
these techniques cannot easily be applied in practical situations. Several blood biochemical 
metabolites have therefore been studied as potential indicators of protein status in human 
subjects and animals (see reviews by Gibson, 1990; Young et al. 1990). The liver plays a 
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central role in the regulation of whole-body protein metabolism by reconstituting absorbed 
and degraded tissue amino acids, removing N in the body by production of urea, using 
amino acids in gluconeogenesis, influencing protein synthesis via production of its insulin- 
like growth factor-1 (IGF-1) and producing and exporting plasma proteins to transport 
nutrients. It may, therefore, be possible to use the metabolic products which reflect liver 
function as an indicator of whole-body protein status. Plasma IGF-1 (Baxter, 1986) fi- 
bronectin (FN) (Tamkun & Hynes, 1983) and plasma proteins are mainly produced in the 
liver. The changes in the circulating concentrations of IGF-I have been found to be 
associated with dietary nutrient inputs and nutritional status in humans (Baxter, 1986; 
Clemmons & Underwood, 1991) and sheep (MacRae et al. 1990). The plasma con- 
centration of FN has been recognized as a useful nutritional marker in human subjects 
(Scott et al. 1982; Kirby et al. 1985; Chadwick et al. 1986; Buonpane et al. 1989). The 
present study examined these potential indicators, using intragastric infusions of nutrients 
to sheep and steers to control precisely inputs of protein so that acute and chronic changes 
in protein status could be accurately defined. 

MATERIALS AND METHODS 

Intragastric infusion 

The steers and lambs used in this study were housed in metabolic cages and nourished 
completely by intragastric nutrient infusions (MacLeod et al. 1982). The animals were 
surgically prepared with a permanent rumen cannula and an abomasal catheter. The 
animals were established on the infusion regimen by initially infusing a mixture of 
volatile fatty acids (VFA) containing acetic, propionic and butyric acids in the molar 
proportions 0.65 : 0.25 : 0.10 respectively at a level of 100 kJ/kg metabolic weight (W@75) 
per d. This was then increased gradually to 500 kJ kg W0'75 per d over 10 d. The infused 
casein initial1 per d, and was then increased to 
500 mg/kg WX'7Pper d over a period of 6 d. The experimental treatments were imposed 
subsequently. The pH and osmotic pressure of the rumen contents were checked twice 
daily. 

4 rovided N at 100 mg/kg Wo' 

Treatments and sampling 

Experiments were designed to produce different protein status: the animals were subjected 
to both short and long periods of protein depletion or accretion. Three experiments were 
performed. 

In Expt 1, three Simmental crossbred steers (average live weight 340 kg) were given 
three levels of energy: 0, 300 and 600 kJ/kg W0.75 per d from VFA according to a 3 x 3 
Latin-square design. Six levels of protein (0,200,400,650, 1500 and 2500 mg N/kg W0.75 
per d) were superimposed as sub-plots at each level of VFA. Each protein treatment lasted 
for 5 or 6 d (short-term). A blood sample was withdrawn from the jugular vein on the last 
day of each protein treatment. This experiment was designed to examine the effects of 
acute changes in protein input on the circulating concentrations of IGF-1, FN and total 
protein (TP) in plasma. 

In Expt 2, ten 7-month-old Suffolk x Greyface male castrated lambs (initial live 
weight 36.9 (SD 7-9) kg) were maintained on 500 mg N/kg W0'75 per d for a period of 2 
weeks (maintenance period). They were subdivided into three groups and infused with 
1500 (three sheep), 500 (three sheep) or 50 mg N/kg W0.75 per d (four sheep) for a period 
of 6 weeks (treatment period). The energy input from VFA was maintained at 
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500 H/kg W0'75 per d for all the animals. Blood samples were taken from the jugular vein 
on days 4 and 1 1  of the maintenance period, and on days 1 ,2 ,3 ,7 ,  14,21,28,35 and 42 of 
the treatment period. The serum and plasma samples were stored at - 20" for subsequent 
analysis of concentrations of IGF-1, FN and TP. Whole-body protein synthesis was 
measured on day 11 of the maintenance period, and days 2, 21 and 42 of the treatment 
period by use of constant intravenous infusion of [l-'3C]leucine, and the results have been 
reported (Liu et al. 1995). Daily N balance measurements were performed throughout 
(0rskov & MacLeod, 1982). 

In Expt 3, six Suffolk x Greyface male castrated crossbred sheep of 33 (SD 1.8) k 
average live weight and 6 months of age were used. Casein provided 500 mg N/kg Wo' 
per d for 2 weeks (maintenance period) and was then reduced either to 100 mg/kg W0'75 
per d for a period of 6 weeks for three sheep, or to 10 mg/kg W@75 per d for 4 weeks for 
the remaining three sheep. Non-protein energy was provided at 500 kJ/kg W0'75 per d, half 
being from VFA and half from glucose. This energy level was maintained throughout the 
experimental period. Blood sampling procedures and daily N balance measurement were 
the same as in Expt 2. Plasma volume was measured on day 11 of the maintenance period 
and thereafter at weekly intervals during the treatment periods to allow for calculations of 
plasma TP content (8). 

These two sheep experiments were designed to examine the effects of chronic body 
protein accretion or depletion at various rates on the concentrations of IGF- 1, FN and TP. 

A 

Measurements and analyses 

Measurements and analyses consisted of analyses of concentrations of serum IGF- 1, 
plasma FN and TP, plasma volume and total body N content. 

Znsulin-like growth factor-1 concentration. IGF- 1 concentration in the sheep was 
measured by radioimmunoassay (Bruce et al. 1991). The same method was employed in 
the samples from the steers after examination of the recovery of standard IGF-1 (Bachem 
(UK) Ltd, Saffron Walden, Essex; Cat. no. DGROlO) added into the ethanol-acid extracted 
samples. The measured recovery of added standard, defined as the slope of linear 
regression equation of the total IGF-1 measured against the added standard IGF-1, was 
0.93 (SED 0.09, n 8 )  and appeared to be satisfactory. The procedure developed by Bruce et 
al. (1991) was therefore used directly for steer serum in this study. 

Fibronectin concentration. FN concentrations in plasma (EDTA) were measured using 
a modified ELISA method described by Voller & Bidwell (1980). Bovine FN and the 
antibody were obtained from Calbiochem Novabiochem (UK) Ltd (Nottingham, Notts.). 
Since ovine FN and the antibody were not available, the possibility of the cross-reaction of 
plasma FN from sheep with the antibody of the bovine FN antiserum was examined. The 
inhibition curves of bovine and ovine plasma samples with bovine FN antiserum were 
compared and the two curves were parallel. The FN concentration in sheep plasma was 
therefore measured using the same system as for the plasma from steers. 

Total body nitrogen content. Total body N content in the sheep was determined at the 
end of the experiment. The animals were shorn, killed and the digesta were removed. The 
fleece-free empty body was minced, weighed, sampled and then freeze-dried. The N 
concentrations of the samples were determined by Kjeldahl procedure (Davidson et al. 
1970), the total N content was then calculated. The fleece was dried at 100" and the N 
content calculated by multiplying the dry weight by 0.134 (Agricultural Research Council, 
1980). The initial total body N was extrapolated from the final total body N by subtracting 
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the cumulative N balance (excluding the fleece-N) over the whole period to determine the 
alteration in protein mass (N x 6.25). 

Plasma volume. Plasma volume was measured using Evans Blue (EB) as the indicator 
(Foldager & Blomqvist, 1991). For each measurement a pre-injection blood sample was 
taken to be used as the blank for the following samples. A dose of 10 pg EB in 5 ml 
sterilized physiological saline was then injected via a jugular catheter and the catheter was 
immediately flushed with 2 ml saline. Four blood samples, each of 2 ml, were taken at 2,5, 
10 and 15 min intervals after injection, from the jugular catheter at the other side. The 
plasma was harvested after centrifuging the samples at 3000g for 15 min at room 
temperature. The absorbance of the plasma samples at 620 nm was read with the pre- 
injection plasma sample used as the blank. The corresponding concentrations of EB were 
calculated from the standard curve, and time curves then derived. The concentration of EB 
at the time of injection was calculated by extrapolation from the time curve. 

TP concentration in plasma was measured using an automated procedure derived from 
that of Gornall et al. (1949). 

Statistical analysis 

Expt 1 : the effects of N and energy inputs on the concentrations of IGF-1, FN and TP were 
derived by factorial analysis. Both period and animal were treated as blocks, and N and 
VFA energy as factors. 

Expts 2 and 3: to reduce the differences in the initial concentrations of IGF- 1, FN and 
TP of the sheep, the percentage changes over the treatment period were calculated using 
the initial values as the base. These derived treatment effects were then used in further 
statistical analysis. Since the measurements were repeated weekly, the influence of N input 
on the concentrations of IGF-1, FN and TP over the whole treatment period were examined 
by REML procedure with Wald test. Both N input and day were treated as fixed effects. 
The time-related effects were examined by both comparing the treatment effects at the 
same day (between the three N inputs), and comparing them with their initial measures at 
maintenance (within the group). 

All statistical analyses of the data were performed using Genstat 5, Release 3 (Lawes 
Agricultural Trust, 1993). 

RESULTS 

Expt I .  The concentrations of insulin-like growth factor-I, jibronectin and total protein in 
steers 

The concentrations of IGF-1 and FN in the steers, as shown in Fig. l(a), were significantly 
associated with the input levels of N ( P  < 0.001) and VFA (P = 0.01). There was no 
significant (P = 0.86) interaction between N and VFA inputs. 

As shown in Fig. l(b), gradual increments in N input from 0 up to 2500 mg/kg W0'75 
per d significantly elevated the concentrations of FN (P < 0.001) even though the 
responses at low N levels of between 0 and 200 mg/kg @ 75 per d were very weak. There 
was no effect of infusion of different amounts of VFA although the lowest concentrations 
were observed at nil VFA ( P  = 0.93). There was no significant interaction between N and 
VFA inputs (P = 0.99). 

The concentrations of plasma TP in the three steers averaged 75.8, 80.4 and 71.5 (SED 
1.7) g/1 ( P  = 0-07) for the three levels of VFA input, and 75.8, 76.4, 75.0, 75.7, 75.9 and 
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Fig. 1. Expt 1. The concentrations of (a) serum insulin-like growth factor-1 (IGF-1) and (b) plasma fibronectin in three 
steers infused with various amounts of casein and volatile fatty acids (VFA). Each nitrogen input level was maintained 
for 5d  and a blood sample was taken on the last day. Values are means with their standard errors represented by vertical 
bars. (0), 0 (O), 300; (0) 600 M VFA/kg@75 per d. 
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Expts 2 and 3. Protein status, and the concentrations of insulin-like growth factor-1, 
fibronectin and total protein in sheep 

Cumulative N balance (CNB) of the sheep over the 6 weeks of treatment period was 
calculated from the daily N balance with the fleece-N retention deducted. In Expt 2, the 
values were 228 (SD 228), 30 (SD 7) and - 177 (SD 22) g for N inputs of 1500, 500 and 
50 mg/kg W0.75 per d. The measured fleece-free empty body total N (TN) values at the 
end of the experiments were 932 (SD 86), 671 (sd 139) and 624 (SD 132) g, and the initial 
TN was then extrapolated by subtracting the CNB from the final TN. The rates of protein 
depletion and accretion through the treatment period were calculated from CNB as 
percentages of the initial TN (CNB/TN x loo), and are shown in Fig. 2. The overall 
depletion or accretion rates were +33.2, +3.8 and -22.1 (SED 6.9) %, ( P  < 0.001) for the 
three N inputs. These rates are defined as the protein status in this study. 

In Expt 3 with N inputs of 100 or 10 mg/kg W@75 per d for 6 and 4 weeks 
respectively, the CNB were - 106 (SD 6) v. -94 (SD 6) g, the final TN values 568 (SD 27) 
v. 540 (SD 21) g, and the overall depletion rates were - 15-7 % and - 14-8 % for N inputs 
of 100 (6 weeks) and 10 mg/kg W0’75 per d (4 weeks only) respectively. The daily 
depletion rates averaged -0.37 and -0.53 (SED 0.008) %, (P  < 0.001). Thus the lower N 
input resulted in faster body depletion. 

The serum concentrations of IGF-1 in the sheep are shown in Fig. 3. In Expt 2, the 
concentrations averaged 10.8, 8.9 and 11.4 (SED 2.7) nmol/l ( P  = 0.59) initially at 
maintenance. After the N input was altered to a high or low level, the concentrations were 
significantly different ( P  = 0.03) from day 1, and then diverged depending on N input. The 
interactions between N input and day of the treatments were significant ( P  < 0.01). After 6 

T 

I 

Casein N infused ( ~ n g / k g W ~ ” ~ p e r  d) 

Fig. 2. Changes in protein status in sheep infused with casein at 1500, 500 and 50 mg N/kg Wo ” per d for 6 weeks 
(Expt 2 )  and at 100 mg N/kgWo.75 per d for 6 weeks or 10 mg N/kg@ 75 per d for 4 weeks (Ex t 3) Energy provided 

is defined as the cumulative nitrogen balance (excluding nitrogen retained in the fleece) as a percentage of the initial 
empty-body total nitrogen. Values are means with their standard errors represented by vertical bars for three sheep in 
each group except the 50 mg/kg@ 75 per d input group, in which n 4. 

by volatile fatty acids (VFA) (Expt 2)  or VFA + glucose (Expt 3) was constant at 500 kJ/kg@’ P ‘  per d. Protein status 

https://doi.org/10.1079/BJN
19970160  Published online by Cam

bridge U
niversity Press

https://doi.org/10.1079/BJN19970160


EFFECTS OF PROTEIN DEPLETION AND ACCRETION 417 

weeks, the magnitudes of changes were +130, +29 and -73 (SED 58) % (P=O.O2) for N 
inputs of 1500, 500 and 50 mg/kg ?V@75 per d respectively when related to their initial 
maintenance values. The average daily increment in IGF-1 concentration on the N input of 
1500 mg/kg W0.75 per d was 1.3 nmol/l over the first 3 d, and then 0.6 nmol/l until day 
14. The values stabilized thereafter at a plateau of approximately 20 nmol/l. In contrast, 
with a N input of 50 mg/kg W0'75 per d, the concentrations fell by 1-7 nmol/l per d over 
the first 3 d, and continued to decline at a daily rate of 0.1 nmol/l until the end of the 
treatment period. 

As shown in Fig. 3(b), serum IGF-1 concentrations in Expt 3 averaged 22.1 and 22.3 
(SED 3) nmol/l ( P  = 0.94) initially at maintenance, and fell substantially and continuously 
after the N input was reduced to 100 or 10 mg/kg W@75 per d. The lower N input resulted 
in more decrements in IGF-1 concentration with time, but the difference was significant 
( P  = 0.047) only on day 28. 

The plasma concentrations of FN and TP in the sheep in Expt 2 are shown in Fig. 4. 
The initial €PI concentrations were 164, 193 and 211 (SED 9) mg/l ( P < O . O O I )  at 
maintenance. The reason for these initial differences between the groups is not known. 
After the 6 weeks of treatment, the FN concentrations were 280, 217 and 134 (SED 
34) mg/l (P=0.007) for the N inputs of 1500, 500 and 50 mg/kg W0'75 per d 
respectively. The overall changes were +71, +13 and -37 (SED 19) % (P(O.001). 
The concentrations diverged gradually with time, related to the high and the low N inputs, 
and the differences became, and remained, significant from day 2 ( P  = 0.017) onwards. 
The daily increments in FN concentration over the first 3 d at the high N input of 
1500 mg/kg W0'75 per d averaged 24 mg/l, and 1.1 mg/l over the following 39 d, 
whereas the corresponding daily decrements at the low N input of 50 mg/kg Wo' per d 
averaged 10 and 0-9 mg/l respectively. 

The plasma concentrations of TP in the sheep in Expt 2, as shown in Fig. 4(b), were 
initially 72.1, 68.7 and 71.6 (SED 2.7) g/1 ( P  = 0-41) at maintenance, but by the end of the 
6-week treatment period, were 80-0, 65.8 and 51.2 (SED 5.8) g/1 ( P  = 0.003) for N inputs 
of 1500, 500 and 50 mg/kg W0'75 per d. The overall changes were +11, -4 and -29 
(SED 7) % ( P  = 0.002) respectively. There were significant interactions between N input 
and the day of treatment ( P  < 0.01). The divergence of the concentration between the high 
and low N inputs became significant (P=O-O3) from week 3 and developed onwards. 
However, although TP concentrations on the high N input of 1500 mg/kg W0.75 per d 
increased throughout the period of 6 weeks, they were not statistically different from their 
initial values at any time ( P  > 0.05; 1500 mg v. initial 500 mg/kg W@75 per d within the 
group). The decrements of TP concentration continued through the period of 6 weeks on 
the low N input of 50 mg/kg W0'75 per d and became significant (P  = 0.045) after 2 weeks 
when compared with the initial values (50 v. initial 500 mg/kg W0.75 per d within the 

The plasma volume, concentration and content of TP in the sheep in Ex t 3 are shown 
in Fig. 5. After the N input was reduced from 500 to 100 or 10 mg/kg Wo.7'per d, plasma 
volume reduced substantially within the first week, continued to reduce although more 
slowly over the second week, and stabilized thereafter. TP concentrations declined 
gradually through the periods of 6 or 4 weeks, and the decrements from the initial values 
became statistically significant after 2 weeks on the N input of 100 mg/kg W0'75 
(P=O-O25) but after only 1 week on the N input of 10 mg/kg W0.75 ( P  < 0.001) (i.e. 100 
or 10 mg v. initial 500 mg/kg W0'75 per d). TP contents, which were calculated by 
multiplying plasma volume and TP concentration, fell significantly over the first week 
( P  = 0.04 and 0.03 respectively for the N inputs of 100 and 10 mg/kg W0'75 per d), and 

group). 
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Fig. 3. Serum insulin-like growth factor-1 (IGF-1) concentrations (nmol/l) in shee from (a) Expt 2 and (b) Expt 3. 
Sheep were infused with a constant amount of volatile fatty acids (500 kJ/kg@ per d) and varying amounts of 
casein: (O), 1500; (0), 500; (V), 100; (A), 50 and (e), 10 mg N/kg@75 per d. Values are means with their standard 
errors represented by vertical bars for three sheep in each group except the 50 mg/kg@ " per d input group, in which 
n 4. 
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Fig. 4. Expt 2. Plasma concentrations of (a) fibronectin and (b) total protein in sheep infused with a constant amount of 
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N / k g w  75 per d. Values are means with their standard errors represented by vertical bars for three sheep in each group 
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standard errors represented by vertical bars. Total protein content in plasma was calculated by multiplying protein 
concentration and plasma volume. 
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gradually until the end of the treatment periods. Although there were no statistically 
significant differences between the two groups at any time ( P  > 0.05), the lower N input of 
10 mg/kg W0'75 per d tended to result in greater decrements in the TP content and 
concentrations with time. 

DISCUSSION 

The effect of exogenous nitrogen input on insulin-like growth factor-1, jibronectin and 
plasma total protein concentrations 

IGF-1 concentrations were associated with the levels of N inputs in both the steers and the 
sheep, and to energy inputs in the steers. These findings are in agreement with previous 
studies in lambs and sheep (MacRae et al. 1990, 1991; Kriel et al. 1992; Hua et al. 1993) 
and in cattle (Breier et al. 1986; Elsasser et al. 1989). In our steer experiment where the N 
infused was increased gradually from 0 up to 2500 mg/kg W0'75 per d at a short period of 
5 d intervals, IGF-1 concentrations increased linearly over the whole range. However, 
when the N input was altered and maintained constantly high or low in the sheep, the 
changes of IGF-1 concentrations were both acute and substantial over the first few days, 
and then declined and finally ceased within 2 weeks on the high N input. These results 
indicate that responses of IGF-1 concentration were consistent over a wide range of N 
inputs, and the change in the concentration may be used as a sensitive indicator to 
exogenous protein and energy inputs. 

This study is the first to report a significant effect of N input on plasma FN 
concentrations in both the steers and the sheep. The results are similar to those observed in 
human subjects. For example, substantial declines in plasma FN concentrations occur in 
human subjects in response to a period of starvation or to acute nutritional deprivation, 
while re-alimentation or nutritional therapy normalize the reduced concentrations (Scott et 
al. 1982; Chadwick et al. 1986). Low FN concentrations are often found in malnourished 
adults and young children, and the concentrations are increased by nutritional support, 
indicating improved dietary nutrient supplies (Yoder et al. 1987; Buonpane et al. 1989; 
Young et al. 1989). In the present study with sheep, acute changes in FN concentration 
were observed during the first 3 d on either the high or low N input. This could be partially 
due to the high turnover rate of FN in the body. Carraro et al. (1991) measured the 
fractional synthesis rate of FN in humans with labelled [15N]glycine and [ 1,2-'3C]leucine, 
and found it to be 0.38/d. The half-life of FN observed in rats was 15-20 h (Saba & Jaffe, 
1980) or 25 h in human subjects (Pussell et al. 1985), i.e. the turnover rates were 0.95/d 
and 0-67/d respectively (calculated as turnover rate = 0.693 +half life; Waterlow et al. 
1978). Such a high turnover rate of FN implies that its metabolism and the concentration 
may be fairly sensitive to any alteration in dietary protein supply. 

The concentration of TP did not show significant changes over a short period, such as 
5 d intervals in the steer, and over the first week in the sheep on the high or low N inputs. 
However, the plasma concentrations in the sheep on the three low N inputs of 1500, 500 
and 50 mg/kg W0.75 per d did show gradual and continuous declines, and the decrements 
became statistically significant within 2 weeks of treatment. These results indicate that TP 
concentration was not sensitive to small, short-term changes in protein status, but was 
related to severe, long-term body protein depletion. TP concentration of plasma is 
generally determined by TP content, plasma volume and the exchange rate of the protein 
between extra- and intravascular spaces. Plasma protein is mainly produced in the liver, 
and its synthesis accounts for approximately 2 5 4 0  % of the protein synthesized in the 
liver (Garlick, 1980; Lobley, 1993). It has been found that the liver mass responds rapidly 
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to dietary nutritional changes (Coward et al. 1977), and liver total protein synthesis 
(Lobley et al. 1992, 1994) and plasma protein synthesis (Kirsch et al. 1968; McNurlan et 
al. 1979) reflect dietary nutrient intakes. Therefore, it may be that TP content of plasma 
could respond rapidly to altered N input. This was confirmed in the sheep in Expt 3 where 
the content of TP declined significantly when the N inputs were reduced from 500 to 100 or 
10 mg/kg W0'75 per d. However these declines were partially compensated by the 
reductions in plasma volume, which altered rapidly with the changes in N inputs. The 
protein concentration therefore did not change significantly over a short period, and 
appeared not to be able to indicate a rapid change in protein status. 

The effect of protein status on insulin-like growth factor-I, jibronectin and total protein 
concentrations in sheep 

In the present sheep experiments, time-related changes in the concentrations of IGF- 1, FN 
and TP were observed, in particular on the low N inputs. Since the daily N inputs were 
maintained constant over the 6-week treatment period, those time-related changes must 
have resulted from altered protein status. Although IGF-1, FN and TP function differently 
in the body, they are peptides or proteins, and changes in supplies of their constituent 
amino acids would influence their metabolism. In Expt 2, whole-body amino acid flux and 
protein synthesis were measured by a constant infusion of [l-'3C]leucine (Liu et al. 1995). 
It was found that the changes in the total flux and synthesis (g/d) through the 6-week 
period of treatment were related to the gradual alterations in protein status when the N 
input was maintained constantly high or low. Those altered amino acid fluxes, i.e. the 
precursor pool for protein synthesis, would control the synthesis and, in turn, the 
circulating concentrations of FN and plasma protein. On the other hand, since IGF-1 is an 
anabolic regulator, its decrease could result in a further reduction in protein synthesis. 

The changes in the concentrations of IGF-1, FN and TP in the sheep over the treatment 
periods differed between body protein accretion and depletion: they each reached plateau 
by 2 or 3 weeks on the high N input but declined continuously on the low N inputs. Since 
plasma IGF-1, most plasma proteins and the circulating FN are mainly produced in the 
liver, these different response patterns may indicate that the production rate of the liver 
could be rapidly saturated at an excess of N supply, but during protein depletion it would 
be closely related to nutrient flows into it. In other words, the liver has a high potential to 
take up nutrients in poor nutritional states. With its major blood flow contributed from the 
portal vein (Lobley et al. 1995) which carries most of the absorbed amino acids, the liver 
must have been very sensitive to changes in absorbed nutrients. In general, therefore, 
exogenous nutrients have the greatest influence on liver metabolism but, when these are 
limited, endogenous sources will contribute proportionally more and, thus, the effect of 
protein status could be more significant. 

The relationships between the protein status and total protein in sheep 

TP concentration of plasma was found to be highly correlated to progressive loss of body 
protein (CNB/TN, %) in the sheep, as shown in Fig. 6, and it may, therefore, be used to 
indicate a loss of whole-body protein. Regression analysis was performed individually for 
the four sheep on the low N inputs of 50 mg/kg W0'75 per d in Expt 2, and six sheep on the 
100 and 10 mg N/kg W@75 per d respectively in Expt 3. The correlation coefficients 
ranged from 0-89 to 0.96 ( P  < 0.01), and the regression coefficients varied between 0.40 
and 1.10. Since a small number of animals were used, with large individual variations, the 
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Fig. 6. The relationships between plasma total protein concentration (g/d) and the loss of body protein in sheep infused 
with casein at different levels: (---), 100; (-), 50 and ( . . . ) 10 m N/kg @ 75 per d. Infusion of non-protein energy 
from volatile fatty acids + glucose was constant at 500 kJ/kg@ per d. The body protein loss was calculated as a 
percentage of the cumulative nitrogen loss through the treatment periods of 6 or 4 weeks in relation to the initial total 
body nitrogen at maintenance. Data presented are from the four sheep receiving 50 mg N/kg W0'75 per d in Expt 2 and 
three sheep in the other two groups (Expt 3). The correlation coefficients of the continuous losses of body protein with 
the gradual declines in plasma total protein concentration for each individual sheep ranged from 0.89 to 0.96 (P c 0.01). 
Regression lines were derived for each sheep and are plotted in the Fig. There was no significant difference (P > 0.05) 
in the slopes between the three nitrogen inputs. The average of all ten slopes is 0.78 (SD 0.25). 

75 

differences in the regression coefficients were not statistically significant ( P  = 0.24) 
between the three low N inputs of 100,50 and 10 mg/kg W0'75 per d. In fact, these three N 
inputs per se are very low. The actual amounts of N input (0.16 to 1.6 g/d) were so small 
that the differences in protein depletion and plasma protein concentration were unlikely to 
be detected by the methods employed. Even so, the progressive loss of body protein with 
time in the sheep on the low N inputs was consistently accompanied by the gradual 
decrease in plasma protein concentration. 

The average of the ten regression coefficients in Fig. 6 was 0-78 (SD 0-25). Given that 
other variables are constant, this implies that every 10 g/1 decline in plasma protein 
concentration may be associated with a loss of approximately 8 % of body protein. Caution 
is required to explain changes in plasma protein concentration because of large individual 
variations. Furthermore, these relationships between body protein loss and plasma protein 
concentration were defined with the sheep nourished by intragastric nutrient infusions. 
Further studies may be required for sheep fed on conventional diets. Sykes (1 978) obtained 
a linear relationship of plasma albumin concentration (g/l) with percentage loss of body 
protein in pregnant ewes fed on semi-purified diets at low protein intakes (20-100 % of the 
requirement). Our findings are in line with that study. 

To compare relative changes in the loss of plasma protein with that of whole-body 
protein in the sheep on the N inputs of 100 and 10 mg/kg W0.75 per d in Expt 3, the plasma 
protein-N (protein x 0.16) 'loss' was calculated as the difference in the protein contents 
between two consecutive weeks. Plasma protein-N losses accounted for approximately 
28 % of the total body N loss over the first week, remained as high as 11 % over the second 
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week, and then stabilized at 3.8 % over the following weeks. These data suggest that 
plasma protein was greatly reduced compared with the other tissues in the early stage of 
protein depletion, but in the late stage of depletion, after approximately 2 or 3 weeks of 
treatment, plasma protein loss was synchronized with the depletion of body protein. 
However, those rapid declines in total content of plasma protein were compensated 
partially by the declines in plasma volume, and the concentration of TP, therefore, did not 
fall as fast as the total content. In the sheep on the low N inputs of 100, 50 and 
10 mg/kg W0.75 per d, the low N input-induced decrements in TP concentration took 2 
weeks to become statistically different from the initial value. The body total N loss was 
approximately 6-8 % over these 2 weeks. Therefore a slight body protein depletion was 
not linked to the change in plasma concentration of TP, but could be indicated by its total 
content. 

CONCLUSION 

The results of the experiments with steers and with sheep suggest that the acute responses 
of the concentrations of serum IGF-1 and plasma FN mainly resulted from the alterations in 
exogenous N input, and their chronic decrements were further influenced by body 
deprivation. Reductions in N input to sub-maintenance resulted in acute declines in total 
content of plasma protein. Significant declines in concentration of plasma protein were 
associated with severe, long-term body protein depletion. 
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