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ABSTRACT

The effect of ruminal and duodenal infusion of maize starch and casein on plasma growth 
hormone (GH) concentrations was studied in sheep. Plasma GH concentrations were decreased 
after feeding. Maize starch and casein infusion into the rumen prolonged the decrease after feeding 
whereas duodenal infusion of maize starch did not affect the decrease. Duodenal infusion of casein 
inhibited the decrease in GH after feeding. These data suggest that maize starch and casein are 
degraded by microbial fermentation and increased VFA production in the rumen may be involved in 
the prolonged decrease in GH secretion after feeding.
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INTRODUCTION 

 Feeding has been shown to cause a reduction in plasma GH concentrations 
in ruminants (Bassett, 1974). GH releasing hormone-induced release of GH was 
suppressed after feeding (Moseley et al., 1988), suggesting that feeding decreased 
the responsiveness of the anterior pituitary to secretory stimuli. Matsunaga et al. 
(1999) have reported that infusion of volatile fatty acids (VFA) into the rumen 
caused a decrease in GH concentrations in sheep and concluded that increased 
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VFA concentrations may play a role forthe decrease in GH secretion after feeding. 
In their experiments GH concentrations were decreased gradually from 2 h after 
the start of VFA infusion whereas a rapid decrease in GH concentrations was 
observed after feeding and the decrease was continued for several h. However, it 
is still unclear how secretion of GH is suppressed during and for several h after 
feeding. The objectives of this experiment were to compare the effect of ruminal 
and duodenal infusion of starch and protein on GH secretion.

MATERIAL AND METHODS

Animals
 Six sheep (48.0±1.3 kg) fi tted with ruminal and duodenal cannulae were used. 
The animals were housed individually in metabolic cages and offered timothy 
hay (1.0 kg/day) once daily at 12.00 and the residue was removed and weighed at 
16.00. Water was available continuously. 

Experimental procedure
 Maize starch and casein were suspended in saline at 143 g/L and 71.5 g/L, 
respectively. The suspensions were stirred using magnetic stirrer throughout 
the infusion. The suspensions were infused from 12.00 to 16.00 at 2.9 ml/min 
with a peristaltic pump into either the rumen or duodenum. The animals were 
grouped into three groups (control, maize starch and casein) for the two infusion 
sites (rumen and duodenum) and assigned to treatments randomly. The animals 
received each infusion for ten days and serial blood sampling was carried out 
on day 10 of each treatment from 10.00 to 22.00 at 15 min intervals through a 
polyethylene catheter inserted previously. Blood samples were centrifuged and 
the separated plasma samples were stored at -20˚C until they were analysed.

Radioimmunoassay for GH
 Plasma GH was measured by a double-antibody RIA using NIDDK oGH-
I-2 as a standard and anti-oGH-2 as a primary antibody (Kuhara et al., 1991). 
Sensitivity of the assay was 1.0 ng/ml. The intra-assay coeffi cient of variation 
(C.V.) was 9.5%.

Statistical analysis
 Mean values as well as the standard errors of the means were calculated. The 
data were assigned to six 2-h periods. Signifi cant differences between the periods 
were analysed by one-way analysis of variance (ANOVA) followed by Duncan's 
multiple range tests on the mean values calculated within the periods.

RUMINAL INFUSION OF STARCH AND PROTEIN ON GH SECRETION



 399

RESULTS

Mean 2 h concentrations of plasma GH in animals infused with maize starch 
and casein into the rumen are presented in Table 1. GH concentrations before 
feeding were 22.0±1.9, 22.9±2.6 and 23.5±2.5 ng/ml for the control, maize 
starch and casein infusions, respectively, and were not different from each other. 
A signifi cant decrease in plasma GH concentrations was observed after feeding 
in the control treatment, which continued for 4 h. The starch and casein infusion 
caused a signifi cant decrease in plasma GH concentrations after feeding, which 
lasted for 10 h, substantially longer than that of the control infusion.

Table 1. Effect of ruminal infusion of maize starch and casein on plasma GH concentrations in sheep, 
ng/ml
 Time of day
    H Control Maize 

starch Casein

  10-12       22.0 ± 1.9       22.9 ± 2.6       23.5 ± 2.5
  12-14       10.7 ± 1.4*       11.3 ± 1.1*       11.9 ± 2.0*
  14-16       13.1 ± 3.2*       11.3 ± 1.1*       10.3 ± 2.3*
  16-18       18.2 ± 1.5a       16.1 ± 1.5ab*       11.5 ± 1.1b*
  18-20       20.4 ± 2.8a       14.5 ± 0.7b*       13.7 ± 1.1b*
  20-22       21.2 ± 1.8       18.3 ± 1.8*       16.7 ± 1.1*

a,b different letters indicate signifi cant difference (P<0.05);* - P<0.05 vs before feeding (10-12 h)

Changes in mean 2 h concentrations of plasma GH after duodenal infusion 
of maize starch and casein are presented in Table 2. Prefeeding plasma GH 
concentrations for sheep infused with casein into the duodenum was signifi cantly 
lower than that of the starch infusion. Casein infusion into the duodenum did 
not decrease plasma GH concentrations after feeding, while a slight decrease in 
plasma GH concentrations was observed after feeding for the control and starch 
infusions.

Table 2. Effect of duodenal infusion of maize starch and casein on plasma GH concentrations in sheep, 
ng/ml
   Time of day
     h Control Maize

starch Casein

  10-12       17.9 ± 3.9ab       21.6 ± 5.6a       11.9 ± 1.4b

  12-14       11.5 ± 1.0*       14.1 ± 0.8        9.5 ± 0.5
  14-16       12.6 ± 2.0       11.5 ± 1.6        9.2 ± 1.7
  16-18       11.9 ± 2.9       13.7 ± 1.0       10.3 ± 1.9
  18-20       15.4 ± 1.3a       15.8 ± 1.9a        8.5 ± 0.7b

  20-22       15.8 ± 2.0       19.3 ± 4.0       11.7 ± 1.0
a,b different letters indicate signifi cant difference (P<0.05); * - P<0.05 vs before feeding (10-12 h)
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DISCUSSION

Ruminal infusion of maize starch and casein caused a prolonged decrease in 
plasma GH concentrations compared with the control, whereas duodenal infusion 
of maize starch and casein did not. It has been reported that ruminal infusion of 
VFA suppressed plasma GH concentrations in sheep and the decrease in GH was 
caused 2-4 h after the onset of VFA infusion (Matsunaga et al., 1999), indicating 
ruminal VFA production after feeding might be involved in the prolonged 
decrease in GH secretion in sheep. Recent work (Sugino et al., 2002) in sheep 
demonstrates that plasma ghrelin levels increase before the onset of a meal, 
prompting an elevation in plasma GH, and a decrease rapidly after a meal, which 
corresponds with the decrease in GH concentrations after feeding. It suggests that 
there is a tight relationship between plasma ghrelin levels and GH secretion in 
sheep. Ghrelin may play an important role in the reduction of plasma GH after 
feeding. However, to explain the involvement of ghrelin in GH decrease after 
feeding, further investigations are required.

CONCLUSIONS

Infusion of maize starch and casein into the rumen at feeding caused a 
prolonged decrease in plasma GH concentrations compared with control, whereas 
duodenal infusion of maize starch and casein did not. It suggests that maize starch 
and casein are degraded in the rumen and increased VFA production in the rumen 
may be involved in the prolonged GH reduction after feeding.
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