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Résumé

ABSORPTION DES IgGl ET IgM COLOSTRALES PAR LE VEAU NOUVEAU-NÉ. INFLUENCE
DE LA THYROXINE, DU CORTISOL ET DE LA TEMPÉRATURE AMBIANTE À LA NAISSANCE.
- Douze veaux Holstein x Frison nés dans une même étable puis transférés dans des enclos
individuels extérieurs ont été utilisés dans cette expérimentation. Six d’entr’eux ont reçu une
injection de thyroxine (T4) à la naissance et à 24 h. Tous les animaux ont reçu le même colostrum
dans les mêmes conditions. Les résultats suivants ont été obtenus :
- la capacité d’absorption des IgGl et des IgM varie considérablement selon les animaux ;
- les injections de T4 ne modifient pas sensiblement l’absorption des IgGl et des IgM, mais la
thyroxinémie à la naissance présente une corrélation négative avec les durées des périodes
d’absorption des IgG1 et des IgM ;
- des corrélations positives ont été observées entre les taux plasmatiques maximum des IgG1 et
des IgM et entre les moments auxquels ils sont atteints, mais ce délai est plus court pour les IgM
que pour les IgGl ;
- la température ambiante à la naissance présente une corrélation négative avec la concentra-
tion maximale des IgGl ;
- les IgM sont moins bien absorbées que les IgG1 (pourcentages respectifs d’absorption : 17 et
75 %). Ce résultat suggère que l’absorption intestinale des immunoglobulines pourrait être sélec-
tive chez le veau.

It is generally recognized that thyroid hor-
mones influence the maturation processes of
the foetus and the newborn. This led us to

study the possible relationships between the
perinatal thyroid function and the state of
health of the newborn calf.

Previous works (Cabello, 1976 ; Cabello and
Levieux, 1978) have allowed us to observe
that, in the same herd, the young calves who
suffered from diarrhea and survived, were in a

hyperthyroid state at birth. Furthermore, a

negative correlation existed between the levels
of thyroid hormone in the plasma at birth, and
the concentration of globulins at the age of
48 h. Taking into consideration these results,
the first point was to look for relationships bet-
ween the perinatal thyroid function and the
intestinal absorption of immunoglobulins.

Recently (Cabello and Levieux, 1978) we
have studied the effects of thyroxine and envi-



ronmental factors on the absorption of

gamma-globulins of the newborn calves. We
have observed negative correlations between
the plasma level of thyroxine at birth and the
time at which the maximal concentration of

IgGl in the plasma of the calves was reached,
and between the outside temperature at birth
and the maximal plasma level of IgGI.
The relative efficiencies of absorption of the

IgGl and IgM classes of immunoglobulins
have been very controversial. Therefore, the
purpose of this paper is to observe the compa-
rative absorption of colostral IgG1 and IgM in
the newborn calf.

Material and Methods.

The methodology has been largely descri-
bed in a previous paper (Cabello and Levieux,
19781. It can been summarized as follows :

1. Animals
We used 12 male crossbred Holstein x Frie-

sian from the same herd. Immediately after
birth, the calves were transferred to open
boxes outside. Six experimental animals recei-
ved 2 mg/10 kg bodyweight of thyroxine
(I.M.) and a second injection 24 h later with
half the dose. A 120 1 colostrum pool had pre-
viously been collected and kept frozen in order
to give the same colostrum to all calves. This
colostrum contains 40 mg/ml IgGl, 4.25

mg/ml IgM as determined by tadial immuno-
diffusion.

The calves were bottle-fed seven times with
the colostrum (the first time 8 h after birth,
and then every 4 h until 32 h), in proportion to
their bodyweight.

2. Sampling
Blood was collected at birth, at 8 h and then

every 2 h until 36 h.

3. Analysis

IgGl and IgM were measured by radial
immunodiffusion (Mancini et al., 1965), with
specific antiserum for IgGl and IgM (Levieux,
19741.

Thyroxine and cortisol were measured by
radioimmunoassays (Methods of the C.E.A.,
kits Tetrak and Cortctk 125 M).

Results

Before any treatment, there was a non sta-

tistically significant lower blood concentration
of the thyroxine (T4) in the treated group
(14.07 ± 2.26 !g/100 ml) than in the control
group (17.10 ± 0.34 !g/mll. As previously
described (Cabello and Levieux, 1978), in trea-
ted animals, the T4 injections increased signifi-
cantly the plasma concentration of this hor-
mone, which was approximatively doubled.



The variation in the plasma level of IgG1 and
IgM during the first 36 h closely fitted a second
degree curve of the type :

with C : plasma level of Ig
T : time after birth in h.

The last square method allowed a good fit
to be obtained (ris circa between 0.920 and
0.999) and gave an objective estimation of the
maximal level of IgGl and IgM and the time at
which it is reached. Results concerning these
two parameters are presented in table 1. We
observed large individual variations in the
maximal level of IgGl and IgM and in the time
at which it is reached.

The maximum level of IgGl seemed to be
reached earlier in control than in treated ani-
mals (table 2), but the statistical analysis is at
the limit of significance (P = 0.05). If the
individual values for the time at which this
level was reached were corrected for the T4
level at birth using the regression :

no more significant difference remains bet-
ween control and T4 treated calves, in this res-
pect. Therefore, this difference is probably not
related to the treatment.

The other parameters measured were not
statistically different between the two groups
of animals (table 2).

Outside temperature and hygrometry at
birth were measured near the individual boxes
in which the calves were housed. The matrix
correlations between these climatic factors
and blood parameters are given in table 3 (for
all 12 calves). Among the correlations obser-
ved, we can point out the following :
- Negative correlations (P < 0.01) between
the plasma level of T4 at birth and the time at
which the maximal plasma concentration of
IgGl and IgM is reached.
- Positive correlations between the maximal
plasma levels of IgG1 and IgM (P < 0.05), and
between the time at which they are reached
(P < 0.011. 1.
- A negative correlation (P < 0.05) between
the plasma level of cortisol at birth and the
value of the ratio

- In contrast to IgGl (P < 0.01), there was
no significant correlation between the outside
temperature at birth and the maximal plasma
level of IgM (r = - 0.5390, NS).

The time at which the maximal plasma level
was reached was lower for IgM (30.64 +
1.08 h) than for IgG1 (33.40 + 1.31 h ; paired
analysis : P < 0.025).

On the basis used by Mac Ewan etal. (1970)
(estimated plasma volume : 7 % of body
weight) and Penhale et aL (1973) (40 %iggl





and 80 % IgM intravascularl, the percentage of
immunoglobulins absorbed varied from 42.68 to
91.96 % for IgG1 and from 8.52 to 33.21 % for
IgM. The latter class of immunoglobulin was
significantly less absorbed (16.79 ± 2.35 % 1
than IgGl (74.83 ± 4.72 % ; paired analysis :
P < 0.0011. I.

Discussion

1, Hormonal and environmental effects on the
absorption efficiencies of /gG and IgM

We have observed a negative correlation
between the plasma level of T4 at birth and the
time at which the maximal value of IgGl and
IgM were reached. In the newborn.rat (Mali-
nowska et al., 1974), injections of thyroxine
reduce the intestinal absorption period of

macromolecules ; as the length of this period
influences greatly the time at which the maxi-
mal plasma level of immunoglobulins is rea-

ched, it is possible to think that, in the calf,
thyroxine reduces also the intestinal absorp-
tion period of gammaglobulins. As discussed
previously (Cabello and Levieux, 1978), the
lack of effect of the injections of T4 at birth
could be explained by the fact that they occur-
red too late to be effective in this respect.
We have observed a negative correlation

between the plasma level of cortisol at birth
and the value of the ratio :

Table 3 shows that this effect is not mediated

by an unfavourable effect of cortisol on the
absorption of IgGl (correlation coefficient bet-
ween plasma cortisol at birth and maximal
value of IgGl = + 0.223, NS). As in the
newborn pig (Patt and Eberhart, 1976) metyra-
pone, which decreases greatly the plasma
level of cortisol, reduces the absorption of

IgGl ; it is possible to think that this cortico-
steroid in physiological concentrations,
influences the absorption of the colostral

immunoglobulins, and particularly could
increase the absorption of IgM (correlation
coefficient between plasma cortisol at birth
and maximal value of IgM = + 0.5350, near
the limit of significance 0.553). These results
are not in agreement with the observations
obtained in the rat with pharmacological doses
of corticosteroids (Daniels etal., 1972 ; Morris
and Morris, 1976).

It is difficult to explain why we have obser-
ved a negative correlation between the
ambient temperature at birth and the maximal
plasma level of IgGI, and no correlation bet-
ween this temperature and IgM, because the
stage at which this factor influences the level
of IgG1 is not known.

2. Comparative /gG and IgM absorptive effi&horbar;
ciencies of the calves

Most results published on the blood immu-
noglobulin concentrations of newborn calves
emphasize the large individual differences.
The present results have shown that the
amount of ingested immunoglobulins (Mac
Ewan et al., 1970 ; Selman, 1973 ; Bush et al.,
1971), the concentration of colostral immuno-
globulins (Kruse, 1970 ; Dardillat, 1973), or the
time of first administration (Kruse, 1970 ; Sel-
man, 1973 ; Penhale eta/., 1973) alone cannot
explain this phenomenon : in the same herd,
with the same breed, and in standardized con-
ditions for the quality of colostrum and mana-
gement, the maximal levels observed can

range between 13.1 and 32.3 mg/ml for IgGl
(factor 2.5), and between 0.6 and 2.4 mg/ml
for IgM (factor 4).
The relative efficiencies of absorption of the

IgGl and IgM classes of immunoglobulins
have been very controversial. The absorption
of colostral immunoglobulins from the intes-
tine of the newborn has been considered to be
a non selective process in the lamb (Sawyer et
a/., 1977) and in the calf (Klaus etal., 1969) or
to be a selective process in the calf (Penhale et
a/., 1973 ; Stott and Menefee, 19781.
As Penhale et a/. (1970) in the calf or

Sawyer et aL (1977) in the lamb, we have
observed a positive correlation between the
maximal levels of IgGl and IgM, and between
the times at which they were reached. Howe-
ver, other results are in agreement with the
hypothesis of a selective absorption of immu-
noglobulins :
- The time at which the maximal plasma
level of IgM is reached (30.6 ± 1.1 h) is shor-
ter than for IgGl (33.4 ± 1.3 hl. The factors
which are able to influence greatly this time
are essentially the rate of equilibration bet-
ween the extravascular and intravascular com-

partments, the rate of transfer, the duration of
the transfer period and other factors such as
the catabolism rate or the extent of proteinuria
influencing probably in the same manner these



two classes of immunoglobulins. Among
these factors, in view of the higher molecular
weight of IgM, it is possible to think that its
rate of equilibration between the extravascular
and intravascular compartments is slower than
that of IgG1 ; the rate of transfer has been-stu-
died by Logan etal. (1978) : it seems that IgGl
appears in the blood before IgM after the
ingestion of colostrum. The two factors might
delay the time at which the maximum plasma
level of IgM is reached in comparison to IgGl
and might contribute to the reduction in the
difference observed between IgM and IgGl in
this work. Therefore, it seems that the most
likely explanation may involve the duration of
the transfer period which would be shorter for
IgM than for IgGI. Penhale ei a/. (1973) have
made a similar conclusion.

- The percentage of absorption calculated
on the basis of our experimental results is

higher for the IgGl (74.8 + 4.7 %) than for
the IgM (16.8 + 2.4 %1. Penhale eia/. (1973)
have obtained a similar result, but the diffe-
rence was weaker than in our study. In their
study, the calves were allowed to suckle their
dams as soon as possible after birth. As the
presence of the dam and a short delay bet-
ween birth and the first ingestion of colostrum
are factors which increase the absorptive effi-
ciency of immunoglobulins (Selman, 1973), it
is possible to think that in these conditions the
difference of absorption of IgGl and IgM is
less evident than in our conditions (bottle fed
calves ; first ingestion eight hours after birth).

Accepted for publication July 2nd 1979.

Summary

Twelve Holstein x Friesian calves, born in the same stable, and then transferred to outside
individual boxes, were used in this experiment. Six animals received thyroxine (T4) injections at
birth and after 24 h. All the calves received the same colostrum in the same conditions. The follo-
wing results were obtained :
- The capacity of calves to acquire colostral IgG1 and IgM varies considerably between indivi-
duals.
- T4 injections do not noticeably alter IgGl and IgM absorption, but thyroxinemia at birth,
reflecting probably the fetal level, is negatively correlated with the absorption periods of IgG1 and
of Igm.
- We have observed positive correlations between the maximum plasma levels of IgGl and
IgM, and between the times at which they were reached, but this time is shorter for IgM than for
IgGI.
- The outside temperature at birth is negatively correlated with the maximal IgGl concentra-
tion.
- IgM are less well absorbed by the calves than IgG1 (percentages of absorption : 17 % for IgM
and 75 % for IgG1 This result suggests that the intestinal absorption of immunoglobulins could
be selective in the calf.
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