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Abstract - The present study was conducted to investigate the behaviour of thyroid hormones in asso-
ciation with milk yield in early, at peak and in mid-lactation in dairy cows. Blood samples obtained
from 45 lactating dairy cows in various stages of lactation were analysed by radioimmunoassay for
thyroxine (T!) and triiodothyronine (T3). Milk yield and serum concentrations of TQ and T3 were

recorded for early, mid- and peak stage of lactation. Thyroxine and triiodothyronine both exhibited
similar profiles in response to stage of lactation. Concentrations in early and at peak lactation were
significantly (P < 0.001 ) lower than in mid-lactation, when milk production markedly decreased.
(&copy; Elsevier / Inra)
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Résumé &mdash; Concentrations en thyroxine et triiodothyronine au cours de la lactation chez les
vaches laitières. Les variations de concentrations sanguines en thyroxine (T4) et triiodothyronine (T3)
ont été étudiées au cours de la lactation chez 45 vaches laitières. Les prélèvements sanguins ont été
effectués en début, au pic et en milieu de lactation. La production laitière a également été mesurée pen-
dant ces mêmes périodes. Les concentrations sériques en thyroxine et triiodothyronine déterminées
en début et au pic de lactation sont significativement plus faibles qu’en milieu de lactation. Une cor-
rélation négative entre les hormones thyroidiennes (T! et T3) et la production laitière a été mise en évi-
dence. (@ Elsevier / Inra)
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1. INTRODUCTION

The pituitary thyroid axis is an impor-
tant physiological factor controlling
metabolic processes and milk secretion.

Thyroid hormones (thyroxine [T4] and tri-

iodothyronine [T!]) synergize with other
hormones to promote growth and develop-
ment of the mammary gland and mainte-
nance of lactation [2]. Injection of thy-
rotropin-releasing hormone or thyroxine
moderately increases milk production in
cows [3, 8]. Galactopoietic effect of thyroid
hormones is due to their direct and indirect
influence on mammary gland metabolism,
affecting mammary blood flow, nutrient par-
titioning and mammary secretion rate [4,
11]. Tiirats [10] reported that serum thyroid
hormone concentration increased as the

stage of lactation progressed, the values at
the late stage of lactation being significantly
higher compared with the early stage of lac-
tation.

The present study was undertaken to
investigate the behaviour of thyroid hor-
mones in association with milk yield in
early, at peak and in mid-lactation in lac-
tating dairy cows.

2. MATERIAL AND METHODS

Experiments were carried out during the sum-
mer season with 45 lactating cows of the Bul-
garian Black and White breed in their third to
fifth lactation. The animals were divided into
three groups of IS each for stage of lactation
measurements. Cows were kept at the Experi-
mental University Station and were fed and
milked according to the normal regimen of the
herd. The total ration was balanced for body
maintenance and milk production requirements.
Their basic diet consisted of alfalfa hay (25 kg),
maize silage ( 10 kg) and brewers grains ( 10 kg).
All cows were fed the mixed concentrates (15 %
crude protein) at 1 kg for every 3 kg milk yield-d ’.
Cows were milked twice daily at approximately
equal intervals at 5.00 to 6.00 hours and 16.00 to
17.00 hours.

Average days in lactation for sampled cows
were I to 40 in early lactation, 50 to 90 at peak

lactation and 140 to 180 in mid-lactation. Blood

samples (one sample per animal) were obtained
via the jugular vein. To minimise the effect of
diurnal variations, they were taken from all cows
at the same time of the day, between 8.00 and
9.00 hours.

Samples were kept at room temperature for
complete clotting and then were centrifuged for
the separation of serum. The serum was then
decanted and stored in vials at-20 °C until anal-

ysed.
Thyroxine and triiodothyronine in serum were

determined in duplicate by radioimmunoassay
using 125 I-T4 RIA (PEG) and 1251-T RIA (PEG)
kits provided by the Institute of Isotopes of the
Hungarian Academy of Science. Milk yield was
recorded during the morning and afternoon milk-
ings by Milkoscope MK II (Foss Electric, Den-
mark).

Statistics were carried out using Statmost
package on Windows. The study was designed to
allow one-way analysis of variance (ANOVA)
to assess the effect of the stage of lactation on
serum T4 and T3 levels. The data for T4, T3 and
milk yield (mean ± standard error of the mean
[SEM]) were then subjected to Student’s t-test.
The level of statistical significance was pre-set at
P < 0.05.

3. RESULTS

The average milk yield was significantly
higher at peak lactation than in early
(P < 0.01) and in mid (P < 0.001) lactation
(table o.

The one-way ANOVA indicated that
both T4 and T3 were affected (P < 0.01) by
the stage of lactation. Serum concentrations
of T4 and T3 were variable but on average
they changed little between animals

(P > 0.05) within the stages of lactation. T4 4
ranged from 32.45 to 39.81 nmol!L-t, 35.24
to 42.63 nmo1-L-1 and 47.22 to 53.0 nmol.L-1
in early, at peak and in mid-lactation, respec-
tively. At the same time, T3 varied between
0.92 to 1.21 nmol-L-1, 1.24 and 1.64 muol-L-1
and 1.91 and 2.35 nmol!L-!, respectively.
Mean serum concentrations of T4 and T3 in

early and at peak lactation were significantly
(P < 0.001) lower than the levels in mid-
lactation (table n. There were no differences



in mean T4 and T3 values between early and
peak lactation.

The circulating T4 and T3 were negatively
correlated with milk yield for each stage of
lactation.

4. DISCUSSION

One-way ANOVA revealed a significant
effect of the stage of lactation on serum T4
and T3. There were significantly lower thy-
roid hormone levels in early and at peak lac-
tation than in mid-lactation, when milk pro-
duction markedly decreased. It might be
suggested that the low serum thyroid hor-
mone levels in early and at peak lactation
in our study are a consequence of an adap-
tive decrease in production and secretion
rate of T4 and altered T! to T! conversion
in extrathyroidal tissues. The depression of
thyroid secretion rate in the early stages of
lactation is presumably due to the insuffi-
cient fuel supply to non-mammary tissues
because of the nutrient consumption by the
intensively lactating mammary gland and
to the apparent energy deficiency state dur-
ing the period of highest lactational perfor-
mance. Previously results obtained in our
laboratory [5, 9] indicated that in the period
of 1-80 days of lactation the high yielding
cows exhibited lower serum concentrations

of T4 and T! and higher values of the ratio
T 4:T than the low yielding cows, suggest-
ing differences in thyroid hormone
metabolism, associated with milk secretion
intensity.

The inverse relationship between the
changes in serum concentrations of T4, T3 3

and milk yield could be in part ascribed to
the large demand for these hormones by the
intensively lactating mammary gland and
to their increased rate of metabolism in

mammary tissue during the first months of
lactation, when milk yields rapidly rise and
reach peak values. Recently, it has been
found that an enhanced conversion of thy-
roxine to triiodothyronine in the mammary
gland, but not in other organs [1, 6], was
favourable for a high milk yield in dairy
cows. This indicates organ-specific changes
in T! generation, which is essential to sup-
port metabolic demands of lactation [6].

The increased thyroid secretion rate in
early lactation is unfavourable for physio-
logical adjustment to high lactational per-
formance because some of the milk precur-
sors, especially glucose, will be directed to
the extra-mammary tissues, e.g. adipose tis-
sue, muscles, etc. The reduced serum thyroid
hormone levels associated with the low
insulin concentration in this period [7] pro-
mote the preferential utilisation of substrates
by the mammary gland.



5. CONCLUSION

The reduction of serum T4 and T3 in early
and at peak lactation is probably a reflec-
tion of the decreased thyroid hormone secre-
tion rate due to the energy deficiency state as
well as to the large demand for these hor-
mones by the mammary gland, when cows
are producing considerable quantities of
milk. Therefore, the significantly lower thy-
roid hormone levels in early and at peak lac-
tation compared to those in mid-lactation
could be explained by a physiological adap-
tation to lactation. The results of the pre-
sent experiment are consistent with the
metabolic priority of the mammary gland
and shift in partitioning of nutrients char-
acteristic of lactation.
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