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Summary. The influence of food restriction, applied from birth to 36 h post partum, on
neonatal thyroid function was studied in newborn Limousin x Romanov lambs. The control
animals (n = 18) had free access to the mother and suckled ad libitum. Restricted lambs
(n = 16) were removed from the mother and received limited amounts of colostrum in

proportion to birth weight ; 8 lambs were supplemented with lactose (30 g/I of colostrum).
Plasma glucose and free fatty acid levels were significantly lower in restricted lambs,

whereas urea levels were elevated. Plasma cortisol concentrations in control animals
decreased during the period studied, but rose during the first 8 h of life in restricted lambs.
Lactose supplementation only partially restored glucose and urea levels.

Food restriction induced considerable modifications in neonatal thyroid function. The
postpartum rise in plasma thyroid-stimulating hormone (TSH), thyroxine (T4) and free T4
levels occurring in control lambs was inhibited in restricted animals. However, the surge in
plasma triiodothyronine (T3) levels was not affected, suggesting that this change was not
related to physiological neonatal TSH hypersecretion. Thereafter, thyroid hormone
concentrations decreased sharply during food restriction, whereas reverse T3 levels
remained higher than in the controls. In response to these T4 and T3 deficiencies, plasma
TSH levels rose only in lactose-supplemented animals.

In agreement with the significant modifications in the values of the T3/free T4 and
reverse T3/free T4 ratios, the abrupt changes in T3 and reverse T3 levels suggest that food
restriction affected the peripheral conversion of T4 into T3 and reverse T3.

Twelve hours after the onset of refeeding, plasma T4 and reverse T3 levels were
restored, but not the T3 levels ; this agrees with results obtained in other animals.

In conclusion, food restriction strongly affected neonatal thyroid function in lambs in
terms of secretion and peripheral T4 conversion.

Introduction.

Over the last decade it has been emphasized that thyroid function is impor-
tant to the health of newborns. For instance, lowered plasma thyroid hormone
concentrations have been implicated in the respiratory distress syndrome (Red-
ding and Pereira, 1974 ; Cuestas et al., 1976), and disturbances in thyroid func-
tion have been associated with the occurrence of disease in newborn calves

(Cabello and Michel, 1974 ; Cabello, 1980). Moreover, thyroid hormone affects

physiological processes such as thermoregulation (Cabello, 1983 ; Wrutniak,

1985 ; Wrutniak and Cabello, 1986), obtention of passive immunity (Cabello and



Levieux, 1981 ; Cabello et al., 1983) and intestinal E. coli adhesion (Cabello et al.,
1984) which are necessary for the survival of newborn lambs. Therefore, it is evi-
dent that we need a better knowledge of the perinatal factors affecting neonatal
thyroid function.

In a previous work (Wrutniak, 1985) we obtained some results suggesting
that food restriction might affect thyroid hormone levels in newborn lambs. In the
present work, we have observed neonatal changes in plasma total and free T4,
T3, reverse T3, TSH, cortisol, glucose, urea and free fatty acid levels in control
and restricted lambs. The effect of the addition of lactose in the diet of undernou-
rished animals was also studied.

Material and methods.

Forty-four newborn Limousin x Romanov lambs were used in this experi-
ment. Three groups were constituted according to birth weight : control lambs
(n = 18, mean birth weight : 3.57 ± 0.19 kg), restricted lambs (n = 8, mean
birth weight : 3.23 ± 0.26 kg) and restricted lambs supplemented with lactose
(n = 8, mean birth weight : 3.30 ± 0.29 kg). The control lambs had free access
to the mother and suckled ad libitum. In the two other groups, food restriction

was induced from birth to 36 h post partum as follows : the restricted lambs were
removed from the ewes and bottle-fed with small amounts (2.5 % of the birth

weight) of the same colostrum at 4, 8, 12, 16, 20, 24, 28 and 32 h post partum ;
this colostrum was supplemented with 30 g of lactose/I in the second group of

restricted animals. Ad libitum feeding of artificial milk was allowed from 36 h post
partum. Therefore, the experimental period was divided into two parts : food res-
triction (birth to 36 h) and refeeding (36 to 48 h).

Blood samples from the jugular vein were collected into heparin at birth and
at 4, 8, 16, 36 (food restriction) and 48 (refeeding) h post partum. The plasma
was separated by centrifugation within 15 min and kept frozen at - 20 °C until
analysis. Concentrations of total and free thyroxine (T4), triiodothyronine (T3),
reverse T3 and cortisol were measured by radioimmunoassay as described pre-
viously (Cabello and Levieux, 1980 ; Wrutniak and Cabello, 1985 ; Wrutniak et al.,
1985). Ovine thyroid-stimulating hormone (TSH) was also measured by radioim-
munoassay using a double antibody separation method ; reagents (antisera and
cold hormone) were supplied by the National Hormone Program (NIADDK,
Bethesda). Assay sensitivity was 0.05 ng/ml and intraassay variation was 8 % ;
all measurements were performed in the same assay. Plasma glucose, urea and
free fatty acid levels were measured colorimetrically according to Bergmeyer et al.
(1974), Moore and Sax (1965) and Wrutniak and Cabello (1986).

TSH, total and free T4, T3, reverse T3, glucose and urea means were recor-
ded with the SEM. Since cortisol and free fatty acid values did not show a Gaus-
sian distribution, it was necessary to convert them into logarithms ; the values are
given after decimal reconversion of the mean of the logarithms. The significance
of the differences between the groups was tested by Student’s t-test ; the signifi-
cance of the changes in a same group was tested by the paired t-test.





Results.

1. Changes in plasma glucose, urea, free fatty acid and cortisol levels (figs. 1, 2).

Whereas plasma glucose levels rose sharply during the first 16 h of life
P < 0.001) in control lambs, they decreased between 8 and 16 h post partum in
undernourished animals (P < 0.001) and remained very low throughout the

period of food restriction ; ad libitum feeding was associated with a complete res-
toration of these levels. Lactose supplementation induced a transient rise in

plasma glucose concentrations from birth to 8 h post partum (P < 0.005) and
slightly reduced the severity of the hypoglycemia recorded in restricted lambs at
8, 16 and 36 h post partum (P < 0.001, P < 0.01 and P < 0.025).

In control lambs, plasma urea levels rose during the first 16 h of life
(P < 0.001). They increased sharply throughout the period of food restriction in
undernourished animals (P < 0.001) and did not change 12 h after the onset of
ad libitum feeding. Lactose supplementation slightly reduced the plasma urea
concentrations recorded in restricted lambs at 8, 16 and 36 h post partum
(P < 0.025 to P < 0.001).

Plasma free fatty acid levels progressively decreased from 8 to 36 h post par-
tum in control lambs (P < 0.05). They decreased sharply during the first 8 h of
life in restricted animals (P < 0.001) and remained unchanged thereafter. Lactose
supplementation did not affect free fatty acid levels at any time during food res-



triction. However, 12 h after the onset ot ad libitum feeding, these concentrations
were only restored in lactose-supplemented lambs.

In control lambs, plasma cortisol levels decreased progressively (P < 0.001)

throughout the period studied. However, in restricted lambs they rose during the
first 8 h of life and declined thereafter (P < 0.011. Therefore, they were higher
than in the controls from 8 to 48 h post partum (P < 0.005). Lactose supplemen-
tation did not affect plasma cortisol levels in restricted lambs.

2. Changes in plasma TSH and iodothyronine levels (figs. 3, 41.

Plasma TSH levels were characterized by a high variability in each experimen-
tal group. In control lambs they rose significantly during the first 8 h of life
(P < 0.05) ; thereafter they decreased until 36 h post partum (P < 0.0011. No

significant changes were observed in restricted animals at any time during the
period studied. In lactose-supplemented lambs plasma TSH levels rose between 8
and 16 h post partum (P < 0.001) and declined thereafter until 48 h post partum
(P < 0.001) to reach a value similar to that recorded at birth.

Significant differences were noted between the controls and the two groups
of restricted lambs at 8 h post partum (P < 0.05).

In control lambs, plasma total and free T4 levels rose significantly during the
first 8 h of life and decreased until 16 (total T4 ; P < 0.05) or 36 (free T4 ;
P < 0.025) h post partum. Such a postnatal rise did not appear in restricted ani-





mals in which plasma total and free T4 concentrations decreased from 8 to 16 h
(P < 0.05) and remained at low values until 36 h post partum ; they were resto-
red 12 h after ad libitum feeding. Lactose supplementation reduced the drop in

total and free T4 levels ; therefore total T4 concentrations were significantly hig-
her 36 h after birth (P < 0.05) than in restricted lambs.

In both groups plasma T3 levels rose during the first 8 h of life (P < 0.05).
However, whereas they remained unchanged in control lambs, they decreased
sharply in restricted animals until 16 h (P < 0.001) and rose slightly thereafter
(P < 0.01) ; they were not restored 12 h after the onset of ad libitum feeding.
Lactose supplementation did not affect plasma T3 levels in undernourished lambs.
The changes in the value of the T3/free T4 ratio paralleled those of T3 concentra-
tions.

As did the values of the reverse T3/free T4 ratio, plasma reverse T3 levels
decreased progressively (P < 0.001) throughout the experimental period in con-
trol lambs. In restricted animals plasma reverse T3 concentrations did not signifi-
cantly change during the first 16 h of life and decreased until 48 h. The values of
the reverse T3/free T4 ratio rose sharply from 8 to 16 h after birth (P < 0.05) and
decreased thereafter (P < 0.001). Lactose supplementation did not affect the

changes in plasma reverse T3 concentrations or the values of the reverse T3/free
T4 ratio in restricted lambs.

Discussion.

Milk ingestion of suckling lambs has been estimated at 40 % of the birth
weight during the first 48 h of life (Shubber et al., 1979). Therefore, this sponta-
neous ingestion is much greater than the quantity of colostrum given to lambs
removed from the mother (20 % of the birth weight). Moreover, in addition to

this restriction, the lambs in the present study were totally fasted during the first
4 h of life, and the interval between each feeding was 4 h. In comparison, lambs
reared with the mother suckle spontaneously since the first 30 min of life and

many times per hour during early neonatal life. Therefore, strong modifications of
plasma glucose, urea and free fatty acid levels might be expected.

1. Food restriction.

a) Changes in plasma glucose, urea, free fatty acid and cortisol levels. - In n

control lambs, suckling was associated with a sharp increase in glycemia, as
observed by Mellor and Pearson (1977). As expected, plasma glucose levels were
very low in restricted animals ; a decrease was even observed between 8 and 16 h h
post partum. Lactose supplementation only partially increased glycemia and parti-
cularly at 4 h after the first feeding.

Uremia rose in both groups, but this increase was shorter and weaker in

suckling lambs. These changes in suckling lambs probably reflect a high protein
intake due to colostrum ingestion. In restricted lambs, the sharp rise in urea levels
might be due to increased utilization of amino acids for neoglucogenesis in view
of the important hypoglycemia ; such a regulation occurs since fetal life (Girard et



a/., 1979). In agreement with this explanation, lactose supplementation signifi-
cantly reduced hyperuremia and hypoglycemia.

Neonatal food restriction was associated with a sharp decrease in plasma free
fatty acid levels, probably due to a reduction in the amount of lipid ingested. Sur-
prisingly, hypoglycemia was not associated with a rise in these levels. As

hypothyroidism strongly inhibits the lipolytic activity of catecholamines, this could
be a consequence of depressed thyroid hormone levels (Wrutniak and Cabello,
1986).

In agreement with previous work (Bassett and Thorburn, 1969 ; Paisey and
Nathanielsz, 1971 ; Nathanielsz et al., 1972), plasma cortisol levels decreased

sharply after birth. Food restriction induced a rise until 8 h post partum ; Nighten-
gale and Stott (1979) also observed a similar increase in newborn calves after

delaying the first colostrum feeding. These changes might be a consequence of
the hypoglycemia discussed above.

b) Changes in plasma TSH and iodothyronine levels. - The present results
provide evidence that the thyroid function in newborn lambs is strongly affected
by a 36-hour food restriction.

At birth spontaneous neonatal cooling stimulates TSH secretion in newborn
lambs (Fisher et al., 1977) ; this agrees with the rise in plasma TSH levels obser-
ved in control lambs during the first 8 h of life. However, this increase did not
occur in restricted animals. This might be explained by a change in the response
of the hypothalamic-pituitary axis to spontaneous neonatal cooling ; in normal or
obese men pituitary response to TRH is altered during fasting (Vinik et al., 1975 ;
Carlson et al., 1977 ; Burman et al., 1979, 1980, 1983 ; R6jdmark and Nygren,
1983), but such data are not available in sheep. Therefore, although plasma total
and free T4 levels rose during the first 8 h of life in control lambs, they did not
change in restricted animals.

It is interesting that the magnitude of the neonatal rise in plasma T3 levels
was similar in restricted and control lambs, despite the lack of TSH surge in the
former animals. In agreement with the results of Sack et al. (1975), this suggests
that the increase in plasma T3 levels was not a result of neonatal TSH hypersecre-
tion. However, no convincing explanation has been reported and an hypothetical
5’-deiodinase activation has not been proved yet.

After the rise in plasma T3 levels, plasma total and free T4 levels decreased in
both groups of restricted lambs. The drop in plasma T3 levels was even more

important : the value recorded at 16 h post partum was as low as 25 % of that
observed in suckling animals. These results are comparable with those obtained
during a fasting period of 30 h to 10 days : in cattle, sheep and rats, plasma T4
and T3 levels decreased significantly (Blum et al., 1980 ; Tveit and Almlid, 1980 ;
Blum and Kunz, 1981 ; Tveit and Larsen, 1983 ; Burger et al., 1981 ; Gavin and
Moeller, 1983) ; in normal or obese men, only T3 was affected (Suda etal., 1978 ;
Burman et al., 1979, 1980, 1983 ; Marugo et al., 1984). The particular sensitivity
of T3 suggests that food restriction does not only affect thyroid secretion. A

reduction of peripheral conversion of T4 to T3 has been reported in rats (Balsam
and Ingbar, 1979 ; Chopra, 1980 ; Gavin et al., 1980 ; Balsam et al., 1981a, b ;
Gavin and Moeller, 1983 ; Shank et al., 1984). The drop in the value of the



T3/free T4 ratio recorded in our undernourished animals suggests that food res-
triction quickly induces the same phenomenon in newborn lambs.

In addition, when plasma T4 and T3 levels decreased sharply in restricted
lambs (8 to 16 h post partuml, plasma TSH levels did not change in those recei-
ving colostrum alone, whereas they rose in lactose-supplemented animals. There-
fore, the responsiveness of pituitary TSH secretion to thyroid hormone deficiency
seems strongly dependent on caloric intake in newborn lambs. In fact, R6djmark
and Nygren (1983) have reported results suggesting that this « caloric » effect is
mediated by glucose levels.

The increase in plasma reverse T3 levels during food restriction observed in
the present work is comparable to results obtained during fasting in normal (Suda
et al., 1978 ; Hughes et al., 1984) and obese (Burman et al., 1979, 1980 ; Jaedig
and Faber, 1982 ; Marugo et al., 1984) men and in sheep (Blum et al., 1980).
However, during fasting reverse T3 levels dot not change (Blum and Kunz, 1981)
or decrease (Tveit and Almlid, 1980) in calves. A decreased metabolic clearance
rate of reverse T3 (Suda et al., 1978 ; Blum and Kunz, 1981) and an enhanced
peripheral conversion of T4 to reverse T3 (Suda et al., 1978) have been reported
in men and rats. This agrees with the increase in the value of the reverse T3/free
T4 ratio observed during food restriction in the present work.

The only effect of lactose supplementation in restricted lambs was to reduce
the decrease in plasma total and free T4 levels as a consequence of the restora-
tion of TSH response to low thyroid hormone levels. This limited influence pro-
bably can be explained by the weak effect on glycemia, an important factor in
thyroid secretion and cell 5’-deiodination (Burger et al., 1980, 1981 ; Gavin and
Moeller, 1983 ; Hughes et al., 1984).

2. Refeeding.

Twelve hours after the onset of ad libitum feeding and despite a complete
restoration of glycemia, plasma cortisol levels remained slightly elevated in all res-
tricted lambs ; by increasing the utilization of amino acids for neoglucogenesis,
this hypercortisolemia could result in the persistance of high urea levels in these
animals. The observation that plasma free fatty acid concentrations were only res-
tored in lactose-supplemented lambs is not clear.

In contrast to plasma T4 levels, those of T3 were not restored 12 h after the
onset of ad libitum feeding. This phenomenon also occurs in calves (Blum and
Kunz, 1981 ; Tveit and Larsen, 1983) and in obese men (Burman et al., 1980). In
rats, the restoration time of T3 after refeeding corresponds to the duration of the
fasting period (Gavin and Moeller, 1983). As T4, the reverse T3 levels were nor-
malized 12 h after ad libitum feeding in our restricted lambs.

In conclusion, food restriction in newborn lambs dramatically affects neonatal
changes in plasma iodothyronine, TSH and cortisol levels. TSH and T4 secretion
and T4 deiodination both seem altered by the nutritional status.
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Résumé. Effets d’une sous-nutrition sur les concentrations plasmatiques de cortisol, TSH
et iodothyronine chez l âgneau nouveau-né.

Les effets d’une sous-nutrition effectuée de la naissance à 36 h post-partum sur la

fonction thyroïdienne néonatale ont été étudiés chez l’agneau Limousin x Romanov. Les
animaux témoins (n = 18) pouvaient têter les mères à volonté, alors que les animaux res-
treints (n = 16) recevaient une quantité limitée de colostrum, en proportion du poids du
corps ; 8 de ces derniers étaient supplémentés en lactose (30 g/1 de colostrum).

Les taux plasmatiques de glucose et d’acides gras libres sont significativement plus fai-
bles chez les agneaux restreints, alors que l’urémie est élevée. Les concentrations plasmati-
ques de cortisol diminuent pendant toute la période d’observation chez les animaux

témoins, mais augmentent au cours des 8 premières heures de la vie chez les restreints. La
supplémentation en lactose restaure seulement partiellement la glycémie et l’urémie.

La sous-nutrition induit des modifications importantes de la fonction thyroïdienne néo-
natale. L’élévation post-partum des taux plasmatiques de TSH, T4 et T4 libre qui survient
chez les agneaux témoins est inhibée chez les restreints. Cependant, l’augmentation néona-
tale de la T3 n’est pas affectée, ce qui indique que cette évolution physiologique n’est pas
dépendante de l’hypersécrétion de TSH. Les concentrations plasmatiques d’hormones
thyroïdiennes diminuent ensuite de manière brutale au cours de la restriction alimentaire,
alors que la triiodothyroninémie inverse devient supérieure à celle des animaux témoins. En
réponse à l’effondrement des taux plasmatiques de T4 et de T3, la thyréostimulinémie
s’élève uniquement chez les agneaux restreints supplémentés en lactose.

Les modifications considérables de la T3 et de la T3 inverse suggèrent que la sous-
nutrition altère la conversion périphérique de la T4 en T3 et en T3 inverse, en accord avec
les modifications significatives de la valeur des rapports T3/T4 libre et T3 inverse/T4 libre.

Douze heures après le début de la période de réalimentation, les taux plasmatiques de
T4 et de T3 inverse sont complètement normalisés, alors que la triiodothyroninémie reste
déprimée.

En conclusion, la fonction thyroïdienne de l’agneau nouveau-né est fortement altérée
par une restriction alimentaire, en terme de sécrétion et de conversion périphérique de la
T4.
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