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Fifty-three Holstein-Friesian breeding bulls (944.99 + 14.59 kg) were
fasted for 4 weeks. The influence of feeding on thyroid hormones was studied by
comparing a starting point with a 4-week fasting period and a refeeding period.
Blood samples were taken via a jugular vein catheter at 8:00 a.m. one day before,
then once every week during, and two times after the fasting period. Plasma thy-
roxine (T,) and triiodothyronine (T,) levels were determined by direct radioim-
muno-assay. The concentration of T, and T, decreased during fasting. The con-
centration of T increased after refeeding, but that of T, did not. These data sug-
gest that fasting is associated with a decrease in the peripheral conversion of T,
to T; and, consequently, less T, is converted into T5.
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Thyroid hormones play an important role in metabolic processes. The inter-
action between thyroid hormones and energy intake in bulls is of interest. Previous
experiments have shown a marked decrease in the plasma concentration of
triiodothyronine in mammals during starvation (Pethes et al., 1985). In chickens, it
is evident that feed restriction lowers the concentration of circulating triiodothy-
ronine probably by inhibiting the activity of liver deiodinase, and also decreases
the sensivity of the pituitary-thyroid axis (Bartha et al., 1989). The secretion of
hormones from the thyroid gland was strongly reduced during starvation in bulls
(Tveit and Almida, 1980). Tveit and Larsen (1983) reported that the secretion of
hormones is nearly stopped during starvation in bull calves.

In the present experiment the influence of feeding on thyroid hormones was

studied by comparing a starting point with a 4-week fasting period and a refeeding
period. ‘
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- Materials and methods

Fifty-three Holstein-Fricsian breeding bulls were used in the experiment.
The following procedure was applied:

(1) Fasting: (1/a) on day 1, introductory phase with 10% experimental diet
(see later) + 90% original (see later). (1/b) adaptation on days 2—4: 30-80% of
experimental diet. (1/c) from day 5 for 4 weeks: 100% of experimental diet. (2)
Refeeding: without adjustment period.

Apart from the diets the bulls were fed high-quality barley straw ad libitum.
The experimental diet contained 3.9 MJ NEm and 216 g crude protein. This re-
sulted in very low undernutrition. The nutrients of barley straw fed ad libitum did
not disturb starvation. :

Blood samples were taken via a jugular vein catheter at 8:00 a.m. one day
before, then once every week during, and twice afier the fasting period into
heparinized tubes. The blood samples were cooled down immediately afier collec-
tion in the laboratory they were centrifuged at 3000 rpm to harvest the plasma,
which was then frozen at 20 °C. The plasma thyroxine and triiodothyronine lev-
els were determined by direct radioimmunoassay (Pethes et al., 1978).

Results

Table 1 shows the mean T4 and Ty values of all the animals during the
control, fasting and refeeding periods.

Table 1

Concentration of thyroxine (T,) and triiodothyronine (T5) in the blood serum of breed-
ing bulls before, during and after feed restriction (ng/ml)

T, 121.14 1106 92.1 76.94 82.015 81.19 73.9
SEM 6.85 6.03 - 4.23 3.69 4.63 3.46 3.37
n 52 52 53 52 33 52 53
T, 0.29 0.27 0.21 0.21 0.26 0.38 0.62
SEM 0.02 0.024 0.08 0.08 0.02 0.04 0.04
n 53 53 33 33 33 53 33

As shown in Table 1 and Figs 1 and 2, the concentration of T, and T3 de-
creased during fasting and Tj increased after refeeding. No increase in T4 was
demonstrabie after refeeding as shown in Fig. 1.
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Fig. 1. Serum T, concentration of bulls before, during and after feed restriction
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fig. 2. Serum Tj concentration of bulls before, during and after feed restriction

Discussion

175

Thyroid gland function and thyroid metabolism are under the influence of
several physiological and environmental factors. Our results indicate that the con-
centration of T4 and T decreased during fasting. Fasting ruminants are character-
ized metabolically by hypoglycaemia, hyperketonaemia (Emmanuel and Kennelly,
1984) and hyperlipidaemia (DiMarco et al., 1981). The response of thyroid econ-
omy to fasting depends on several factors. It should be noted that the serum con-
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centration of a particular iodinated compound depends not only upon its produc-
tion but also upon its affinity to carrier proteins, its tissue distribution, its rate of
degradation and, finally, its clearance. It is well known that humans survive pro-
longed fasting by using stored fat as a source of energy.The key hormones respon-
sible for the ability to shift to fat as a source of energy are epinephrine and the
thyroid hormones. More than 30% of the extrathyroidal body pool of Tj is derived
from the peripheral monodeiodination of T4 (Sterling et al., 1970). In the centre of
this mechanism stands the deiodinase enzyme that can convert thyroxine produced
by the thyroid gland either to active triiodothyronine or to inactive reverse-
trilodothyronine, depending on the actual needs of the organism (Silva and Larsen,
1985). The results of Kahl et al. (1984) show the presence of a very active enzy-
matic system responsible for the peripheral 5’-monodeiodination of T4 to T3 in
cattle. Among a series of factors that might influence this system is the availability
of energy equivalents to the cells. Therefore the response of thyroid hormone
metabolism to fasting may assume the form of changes in the secretion rate of the
central thyroid product (T4 and T3) or alteration of the peripheral deiodination of
T, or of the utilization of T3 on cellular level. In accordance with the findings of
Blum et al. (1985), our results show that in reduced food intake the concentrations
of T, and T are reduced. Caloric deprivation in sheep also led to decreased Tj
levels and overnutrition to increased T; (Blum et al., 1980). During the 4-week
fasting used in this experiment the concentration of T, decreased at a rate of
50-70%, indicating that little T, secretion was taking place. T5 also decreased
after fasting. As a portion of T is produced in the thyroid gland, our results may
suggest that the secretion of hormones from the thyroid gland is decreased during
starvation. As about 70% of T is known to derive from T, in the peripheral tis-
sues, we can also suppose that deiodinase activity almost completely ceases after
fasting. Liver deiodination activity is the first to react to energy restriction (Bartha,
1993). After a certain period of time the activity of the enzyme returns to normal.
Since blood was taken one week after the beginning of restricted feeding, deiodi-
nase activity may be assumed to have returned to the normal level.

Refeeding caused a rapid increase in Ts, but the concentration of T4 did not
change. This is contrary to results from young bulls in which refeeding caused a
rapid increase in T3 and T, (Tveit and Larsen, 1983). A possible explanation for
this 1s the higher activity of deiodinase enzyme, which converts more T4 to Tj.
Consequently the concentration of T3 rose and that of T, remained unchanged.
Blum et al. (1985) also reported that in steers the concentration of T4 and T3 in-
creased within days in response to refeeding. According to Rudas and Newcomer
(1987), food intake in fasted animals causes a prompt release of enteroglucagon
which stimulates insulin secretion even above the fasting level. This might directly
or indirectly increase the activation of thyroid hormones which then assists in
raising the energy yield from the substrates available for the cells. ‘
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We can conclude from these studies that fasting decreases the serum con-
centration of T, and T as it is associated with a decrease in the peripheral con-
version of T4 to T3 and, consequently, less T, is converted into T5. The concen-
tration of T3 increased after refeeding but there was no change in T, concentra-
tion.
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