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Summary. Neonatal changes in plasma free and total iodothyronines, cortisol, glucose
and urea levels have been studied in 8 control (birthweight a 2.5 kg) and 16 hypotrophic
lambs (birthweight < 2.5 kg) receiving limited amounts of colostrum during the first 36 h
of life and then fed ad libitum.
During the period of colostrum feeding, plasma glucose levels were low in both groups
and increased after the onset of ad libitum feeding ; they were significantly lower in
hypotrophic animals from birth to 36 h.
Plasma urea levels increased during the period of colostrum feeding and decreased
thereafter in all animals. At birth, they were significantly higher in hypotrophic lambs.
Over the entire period studied (20 d), plasma levels of total T4, free T4, total T3 and
free T3 were markedly lowered in hypotrophic lambs without alterations in the values of the
T3/free T4 ratio. No differences could be observed in plasma reverse T3 and cortisol levels.
For all blood parameters recorded, the neonatal changes were parallel in the two groups of
lambs.
In agreement with hypoglycemia and hyperuremia observed at birth in hypotrophic
lambs, with the litter size recorded for each experimental group and with previous results,
placental insufficiency linked to a large litter size gestation could be at the origin of low
thyroid hormone levels.

Introduction.

Depressed plasma thyroid hormone levels have been reported in small for
gestational age (SGA) infants during the first days of life (Brock-Jacobsen et al.,
1977 ; Erenberg, 1978 ; Uhrmann et al., 1978 ; Dussault et al., 1979 ; Sakaguchi
et al., 1983). Moreover, positive relationships have been observed between
birthweight and plasma triiodothyronine and/or thyroxine levels in newborn rats
and lambs (Cabello and Levieux, 1980, 1981 ; Wrutniak and Cabello, 1983).
However, the origin, duration and clinical significance of thyroid hormone
deficiency linked to neonatal hypotrophy are not well understood. Therefore, in
order to gather information on that topic we studied the changes in plasma
cortisol, free and total iodothyronine levels in control or hypotrophic lambs during
the first 20 d of life. In addition, plasma glucose and urea levels were monitored
to assess the nutritional status of the animals.

Material and methods.
Animals. &horbar; Twenty-four Limousin x Romanov lambs born spontaneously
between 142 and 145 d of gestation were used. Two groups were constitued on
the following basis :
control lambs (n = 8) : birthweight >
2,5.kg ; the mean litter size and
were
1.6
0.2
and
3.11
0.12
±
birthweight
±
kg, respectively and the length of
143.4
0.9
+
d
;
gestation,
16) : birthweight < 2.5 kg ; the mean litter size and
hypotrophic lambs (n
birthweight were respectively 2.9 ± 0.3 and 1.88 ± 0.08 kg (P < 0.025 and P <
0.001 with controls) ; the length of gestation was 144.1 ± 1.1 days (N S with
-

=

-

controls).
The allotment into the two experimental groups was made on the basis of
studies conducted by Theriez et al. (1976) and Houssin and Brelurut (1980)
showing that the mortality rate dramatically rose in newborn lambs when the
birthweight was lower than 2.5 kg. In Infants, rats and lambs, suckling could
affect plasma thyroid hormone levels (Stbrak et al., 1978 ; Koldovsky et al.,
1980 ; Wrutniak and Cabello, 1987a) ; moreover, milk ingestion was generally
lower in hypotrophic than in control lambs ; therefore, all the animals were
removed from mothers and received limited amounts of a bovine colostrum pool
in order to limit this variability (2.5 g/100 g birthweight 4, 8, 12, 16, 20, 24, 28 and
32 h post-partum and thereafter artificial milk ad libitum).
Blood sampling. &horbar; Blood samples were collected into heparinized test tubes from
a jugular vein. Plasma was separated by centrifugation within 15 min and kept
frozen at -20 °C until analysis. Two ml blood samples were taken from each
lamb at birth and every 4 h up to 36 h, they were then taken subsequently 2,5,
10, 15 and 20 d post-partum at 9 a.m.

Analytical and statistical methods. &horbar; All hormones were measured by radioimmunoassay as previously described (Cabello and Levieux, 1980 ; Wrutniak and
Cabello, 1985 ; Wrutniak et al., 1985). Plasma glucose and urea levels were measured colorimetrically according to Bergmeyer et al. (1974) and Moore and Sax
(1965) respectively.
Means are given with the standard error. The paired t-test was used to determine changes in the same group of lambs, whereas Student’s t-test was used to
assess

differences between the two groups of lambs.

Results.
The

mortality rate observed in this experiment was significantly higher in
hypotrophic (9/16) than in control lambs (1/8, P < 0.005).
Plasma glucose and urea levels (fig. 11.
At birth, plasma glucose levels
were very low ; they remained constant during the period of colostrum feeding in
control lambs, but decreased significantly from birth to to 20 h in hypotrophic animals (P < 0.025). After the onset of ad libitum feeding, plasma glucose levels
-

until day 5 in the two experimental groups (P < 0.001). They were significantly lower in hypotrophic than in control lambs from birth to 36 h (P < 0.05 to
P < 0.001).
At birth, plasma urea levels were higher in hypotrophic than in control animals (-P <O!05)
and increased sharply in both-groups during the period of colostrum feeding (P < 0.0011. After the onset of ad libitum feeding, they decreased
significantly until day 5 (controls, P < 0.001) or 10 (hypotrophic, P < 0.005).
rose

Plasma cortisol and iodothyronine levels (fig. 2).
High at birth, plasma cortisol levels decreased until day 20 ; however, a transient rise occurred between 4
and 8 h post-partum in both groups of lambs (controls : P < 0.005 ; hypotrophic
lambs : P < 0.001). No significant difference could be observed between the two
experimental groups throughout the period studied.
During the first 4-8 h of life, plasma T3 (controls : P < 0.025 ; hypotrophic :
P < 0.0011, free T3 (controls : P < 0.05 ; hypotrophic : P < 0.005) and free T4
(controls : P < 0.025 ; hypotrophic : P < 0.005) rose significantly in both groups
of animals. However, plasma total T4 levels increased over the same period in
hypotrophic lambs (P < 0.011, whereas they did not change in the controls.
In control lambs, plasma levels of total T4 (P < 0.025), free T4 (P < 0.05)
and total T3 (P < 0.001) decreased sharply from 8 to 16 h post-partum. The same
changes appeared in hypotrophic animals between 8 and 20 h after birth (P <
0.001, P < 0.005, P < 0.001, respectively). Plasma free T3 levels decreased from
8 to 20 h post-partum in both groups of lambs (P < 0.0011. All the levels of these
iodothyronines rose thereafter. Simultaneously, plasma reverse T3 levels increa-

sed between 4 and 12 (controls : P < 0.025) or 12 and 20 h after birth (hypotrophic : P < 0.01) ; then they decreased until day 20 in all animals.
Throughout the entire period studied, plasma levels of total T4 were significantly depressed in hypotrophic animals (P < 0.025 to P < 0.001 ) ; the same
0.025 to P < 0
was true for plasma levels of free T4, total T3 and free T3 (P <
001 ),
:
with the exception of the 12-20 h period. The values of the T3/free T4 ratio were
unaffected, whereas those of the reverse T3/free T4 ratio were elevated at birth
(P < 0.0011, 48 h and 20 days post-partum (P < 0.01). No clearcut differences
could be drawn from the reverse T3 levels.

Discussion.
Milk ingestion in suckling lambs amounted to 40 % of the birthweight during
first
48 h of life (Shubber et al., 1979). As this spontaneous ingestion was
the
much larger than the quantity of colostrum given to our lambs (20 % of the birthweight), it is not surprising that neonatal changes in plasma glucose, urea, cortisol and iodothyronines levels recorded in this experiment were similar that observed in food restricted lambs in previous works (Wrutniak, 1985 ; Wrutniak and
Cabello, 1987a) ; in particular, during the first 36 h of life, plasma glucose levels
were low and urea levels rose ; a sharp decrease in plasma T4 and T3 levels
occurred after 8 h post-pa!tum whereas plasma reverse T3 and cortisol concentra-

tions increased transiently.
However, from birth to 36 h post-partum, plasma glucose levels were lower
in hypotrophic than in control lambs. This could be partly explained by a depressed food digestibility (Houssin and Davicco, 1979) and probably by higher energy
needs linked to a greater sensitivity to neonatal cooling as observed by Alexander
(1974) or, in the hypotrophic piglet, by Berbigier and Dussuel (1977) ; the
decrease in glucose levels observed between birth and 28 h is in agreement with
the latter hypothesis. The hypoglycemia and hyperuremia observed at birth in
these animals argue in favour of the occurrence of fetal undernutrition, probably
induced by placental insufficiency due to a large litter size gestation, as previously
suggested (Cabello and Levieux, 1981).
In contrast to previous results (Cabello and Levieux, 1981), plasma cortisol
levels were not affected by hypotrophy ; however, the mean litter size differed
strongly between the two experiments : 4 vs 2.9 in the present work ; therefore it
is possible to assume that very large litter sizes (> 3) could be associated to
hypercortisolemia due to stressful conditions.
As in the newborn SGA infant (Brock-Jacobsen et al., 1977 ; Erenberg,
1978 ; Uhrmann et al., 1978 ; Dussault et al., 1979 ; Sakaguchi et al., 1983),
plasma levels of total T4 and T3 but also of free T4 and T3 were markedly depressed in hypotrophic lambs ; this suggests that the lower levels of carrier proteins
reported in the SGA baby by Brock-Jacobsen et al. (1979) are not an explanation
for this phenomenon. Moreover, in contrast to the results reported in human
newborns (Brock-Jacobsen et al., 1977) the values of the T3/free T4 ratio were
not altered by hypotrophy, suggesting that at least in the lamb, this condition did

no affect the peripheral T4 to T3 conversion. No significant differences could be
observed in reverse T3 levels ; however, the values of the reverse T3/free T4 ratio
were higher in hypotrophic than in control lambs, suggesting a higher T4 to
reverse T3 conversion, and/or a lower reverse T3 metabolic clearence rate.
In this experiment, plasma TSH levels were not monitored. However, recent
data of our laboratory (Wrutniak and Cabello, 1987b) give evidence that they were
not affected by hypotrophy in the lamb. Therefore, the iodinated hormone deficiency reported in this work cannot be considered as a classical hypothyroidism.
Work is in progress to identify the nature of this phenomenon.
At this step of the discussion, these results raise a question : do the factors
leading to poor intra-uterine growth also lower plasma thyroid hormone levels ?
or, is the thyroid hormone deficiency observed at birth (but probably occurring
during the fetal life) the cause of a poor fetal growth ?
In agreement with the hyperuremia and hypoglycemia observed at birth, placental insufficiency in late gestation might explain the lowered plasma levels of
active iodothyronine in hypotrophic lambs, at least during the first hours of life :
in sheep, hypotrophic newborns generally comes from large litters, as observed in the present experiment ; such pregnancies are associated with a marked
reduction in placental exchanges between the mother and each fetus (Alexander,
-

1978);
such a reduction obtained by ligating the maternal uterine vein and artery
induces a depression in plasma fetal and neonatal T4 levels in the rat (Wrutniak and
-

Cabello, 1983).
Moreover, low T4 and T3 levels

are probably not at the origin of intra-uterine
growth retardation :
thyroid function only moderately affects fetal growth in sheep ; total thyroidectomy is associated with a 30 % reduction of the birthweight (Hopkins and
Thorburn, 1972) significantly lower than the spontaneous reduction observed in
our hypotrophic lambs (about 40 %) with detectable amounts of iodinated hor-

mones ;

after reduction of mother-fetuse exchanges in the rat, fetal growth retardation
occurred before and not after plasma T4 depression (Wrutniak and Cabello,
-

1983).
effect of depressed thyroid hormone levels
on fetal growth cannot be excluded.
In addition, we showed that not only the total, but also the free fraction of
thyroid hormones are severely depressed over a long period in hypotrophic lambs.
Since perinatal iodinated hormones increase pulmonary surfactant (Erenberg et
al., 1979 ; Cunningham et al., 1980 ; Nwosu et al., 1980), intestinal maturation
(Yeh et Moog, 1975, 1979 ; Cabello et al., 1984), markedly influences thermoregulation (Cabello, 1983 ; Wrutniak and Cabello, 1986), and in young ruminants reduces intestinal E. coli adhesion (Cabello et al., 1983, 1984), the thyroid hormone
deficiency observed in this experiment could partly explain the high mortality rate
recorved in hypotrophic lambs and underlined in the present work.

However,

a

moderate

reverse

(induced by placental insufficiency)
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Résumé.

Evolution néonatale des concentrations plasmatiques de cortisol et
et libres chez l’agneau témoin ou hypotrophique.

d iodothyro-

nines totales

L’évolution néonatale des taux plasmatiques d’iodothyronines totales et libres, de cortisol, de glucose et d’urée a été observée chez 8 agneaux témoins (poids de naissance *
2,5 kg) et 16 agneaux hypotrophiques (poids de naissance < 2,5 kg) recevant des quantités limitées de colostrum au cours des 36 premières heures, puis nourris ad libitum.
Pendant la période de distribution de colostrum, la glycémie est faible chez tous les
animaux puis augmente dès le début de l’alimentation ad libitum. Elle est significativement
plus faible chez les agneaux hypotrophiques de la naissance à 36 h.
L’urémie s’élève pendant la période de distribution de colostrum puis diminue chez
tous les animaux. A la naissance, elle est significativement plus élevée chez les agneaux

hypotrophiques.
Pendant toute la période expérimentale (20 jours), les taux plasmatiques de T4 totale,
T4 libre, T3 totale et T3 libre sont fortement abaissés chez les agneaux hypotrophiques,
sans altération de la valeur du rapport T3/T4 libre. Aucune différence significative n’apparaît pour la cortisolémie et la triiodothyroninémie inverse. De plus, les évolutions néonatales
de tous les paramètres sanguins mesurés sont parallèles chez les deux groupes d’animaux ;
ceci suggère que les réponses métaboliques et hormonales à l’état nutritionnel et à la naissance sont qualitativement les mêmes chez les agneaux hypotrophiques et témoins, en
dépit de l’hypoglycémie et du déficit en hormones iodées circulantes mis en évidence chez
les premiers.
En accord avec l’hypoglycémie et l’hyperurémie observées à la naissance chez l’agneau
hypotrophique, la taille de la portée enregistrée dans les deux lots expérimentaux, et les travaux antérieurs du laboratoire, ce déficit hormonal pourrait être induit par une insuffisance

placentaire.
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