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The reaction of the thyroid gland to the
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Abstract. The studies were carried out on cows of Holstein black-and-
white breed. 2 groups of 10 heads each were formed. The milk yield for
lactation was 10 thousand kg in the first group, and - 5 thousand kg in the
second group. Blood was collected from the subcaudal vein monthly
during lactation. T3 and T4 were determined in the blood serum. The
functional "load" on the thyroid gland was performed at the peak of
lactation (3 months) and at its end - at 9 months. The TSH preparation at a
dose of 0.5 u/kg of live weight was administered intramuscularly on an
empty stomach before morning feeding. T3 and T4 hormones in the blood
were determined before the injection of TSH and 0.5 one and two hours
after the injection. Kam was calculated using the formula T1— To/ To where
Kat is the coefficient of activity of thyroid hormones. To — T3 and T4 levels
before TSH injection T: — T3 and T4 levels 2 hours after TSH injection.
During lactation, the level of milk production and thyroid hormones varies
inversely with the average daily milk yield. During the period of high milk
productivity (2,3,4 months of lactation), the concentration of T3 and T4 in
both groups was low, and later increased and was maximum in the 8th
month of lactation. The functional reserves of the thyroid gland in high-
yielding cows in 3 and 9 months of lactation are lower in relation to low-
yielding cows.

1 Introduction

The main reserve for increasing the level of livestock productivity is the realization of
its genetic potential, taking into account the physiological and biochemical characteristics
of their body [1-3]. When assessing the future forecast productivity, it is necessary to take
into account the interior indicators. Blood is one of the available objects for assessing the
physiological state of the animal's body. Therefore, the study of individual characteristics of
animals will allow to select purposefully animals with a high genetic potential of their
productivity. In this regard, special attention should be paid to the study of the hormonal
status that allows to study the productivity formation. The study of the thyroid gland state,
the functioning of which is directly related to the formation of animal productivity, is of
particular interest. Therefore, the study of the thyroid function state of the thyroid gland in
cattle will reveal the persistent mechanisms of the formation of milk productivity in relation
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to the functional reserves of the thyroid gland [4-12]. To identify the functional reserves of
the thyroid gland in experimental endocrinology, the thyroid-stimulating hormone TSH is
used. The functional "load" with thyroid-stimulating hormone allows to set the functioning
limits of the thyroid gland [13]. In this regard, the knowledge of the functional reserves of
the thyroid gland in cattle will allow to use the data obtained in breeding work with cattle.

Purpose. To determine the functional reserves of the thyroid function of the thyroid
gland in productive cows by the method of functional "load" with the help of thyroid-
stimulating hormone.

2 Research materials

The studies were carried out on the population of animals of the Holstein black-and-white
breed. For the experiment, two groups of ten heads each were selected. Productivity in the
first group for the previous lactation was 10 thousand kg, and in the second - 5 thousand kg.
The diets were balanced for the main nutrients. For the biochemical analysis of thyroxine
and triiothyronine, blood was collected from the subcaudal vein monthly during lactation.
In the blood (serum), T3 and T4 were examined by enzyme immunoassay. In 3 and 9
months of lactation, TSH was injected. TSH was administered in an amount of 0.5 units per
kg of live weight intramuscularly. TSH injection was performed on an empty stomach
before the first feeding. T3z and T4 hormones in the blood were determined before the
injection of TSH and 0.5 one and two hours after the injection. Kan was calculated using the
formula T; — To/ To where Kan is the coefficient of activity of thyroid hormones. To — T3
and T4 levels before TSH injection T; — T3 and T4 levels 2 hours after TSH injection.
Thyroid hormones T3, T4 were determined by the enzyme immunoassay. The digital
experimental material was biometrically processed.

3 Results of the study and their discussion

In the postpartum period (1 month of lactation), the T4 level in the 1st group of cows was
35.1£2.0 nmol/l, and in the 2nd group the concentration was 37.7+1.6 nmol/l, Figure 1.
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Fig.1. Dynamics of the T4 level in the blood in lactating cows with different levels of milk
production.

By the 3rd month of lactation, T4 was characterized by a slow and dynamic decrease in
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this hormone to the peak of lactation. During the period of high milk productivity (3
months of lactation), the T4 index in the 1st group was 34.0+1.5 nmol/l, and in cows in the
group with lower productivity, the T4 level was 35.7+2.1 nmol/l. After the peak of lactation,
there was a decrease in the average daily milk yield, and the level of thyroxine synthesis, on
the contrary, increased. Thus, there was an inverse interrelation between the value of milk
yield and the level of thyroxine synthesis. By the fourth month of lactation, there was a
sharp increase in T4 in two experimental groups. The hormone concentration during this
period was 45.0£2.2 in the first group and 45.4 +3.0 in the group of cows with lower milk
yields. With a decrease in average daily milk yields, starting from the 4th month of
lactation, the hormone level in the high-yielding group of cows was 45.0£2.2 nmol/l
(P<0.05 by the 3rd month of lactation), and in the compared group, the thyroxine level was
45.4+3.0 nmol/l. Further, in the 6th month of lactation, these indicators were at the level of
48.042.0 nmol/l in the highly productive group and 48.6=1.5 nmol/l, in the second group.
The study of the thyroxine level in the seventh, eighth, ninth and tenth months of lactation
showed that its concentration in the blood was 46.4+1.9 nmol/l, 46.2+2.4 nmol/l, 44.0+2.0
nmol/l, and 46.0+2.1 nmol/l, respectively, by month. The study of this indicator in the
second group during the same months of lactation indicates that the concentration of this
hormone in this group was higher and amounted to 48.0£2.0 nmol/l, 51.1£2.1 nmol/l,
49.242.0 nmol/l, 50.242.4 nmol/l respectively, for the months of lactation. Analyzing in
general the results of thyroxine dynamics in the blood serum of experimental cows indicate
that an inverse interrelation has been established between the average daily milk yields and
the level of the studied hormone. The survey research of T3 in the blood serum of lactating
cows are presented in Figure 2.
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Fig. 2. Dynamics of the T3 level in the blood of experimental cows of different levels of milk
productivity.

In the postpartum period (1 month of lactation), the T3 level in the 1st group of cows
was 1.1+£0.07 nmol/l and in the second - 1.2+0.09 nmol/l, which indicates the same level of
T4 synthesis. With an increase in the average daily milk yield, the dynamics of T3 was
characterized by a gradual decrease in this indicator to the peak of lactation (3 months).
During the period of high milk productivity (3 months of lactation), the T3 value in the 1st
group was 0.7£0.08 nmol/l, and in the group of low-yielding cows, the T3 value was
0.8+0.08 nmol/l. In the following months of lactation, changes in triitodothyronine occurred
in the direction of an increase against the background of a decrease in the milk productivity
of cows. By the fourth month of lactation, there was a tendency to T; increase, and in the
fifth month there was a sharp rise in this hormone, which lasted until the eighth month of
lactation. Before the end of lactation, in the eighth month, the concentration of
trilodothyronine in the first group was 1.44+0.1 nmol/l, and in the second group - 1.5+0.1
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nmol/l. By the tenth month of lactation, the concentration of triiodothyronine in the two
experimental groups decreased. Analyzing in general the results of thyroxine dynamics in
the blood serum of experimental cows indicate that an inverse interrelation has been
established between the average daily milk yields and the level of the studied hormone.

For a more objective functional state of the thyroid function of thyroid gland in
experimental cows with high and low levels of productivity in 3 and 9 months of lactation,
the experimental cows were subjected to functional "loads" with the help of thyroid-
stimulating hormone (TSH). The scheme of "loads" is described in the section "Research
materials". This method is considered to be classic in experimental endocrinology. Since
the highest milk productivity in both groups of cows was observed in the 3rd month of
lactation, during this lactation period, we performed a functional "load" with thyroid-
stimulating hormone to detect the thyroid-synthesizing function of the thyroid gland. At
the end of lactation, a similar functional "load" was performed on high-and low-yielding
experimental cows. Data on the dynamics of T4 after TSH injection at the peak of lactation
are shown in Figure 3.
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Fig. 3. T4 level in the blood of lactating cows at the peak of lactation (3 months) after TSH injection.

The functional load on the thyroid function of thyroid gland indicates that T4 level
before TSH injection in the first experimental group was 36.1£1.3 nmol/l, and in the second
low-yielding group of cows, the T4 concentration was at the level of 34.5+1.4 nmol/l. 30
minutes after the TSH injection, the hormone levels in the experimental groups of lactating
cows increased. In the 2nd low-yielding group, the hormone parameters increased by 39.7
% and in absolute units it was 48.24+1.5 nmol/l. In the 1st high-yielding group of cows, the
increase in thyroxine synthesis occurred by 18.1% and in absolute units of measurement it
was 42.6+2.1 nmol/l.

Within 1 hour after the injection, the hormone index in the low-yielding group increased
by 66 %, and in the first group by 34 %. During the experiment, high values of the hormone
were observed in both groups two hours after TSH injection. In relation to the data before
TSH injection, the hormone level increased by 101.4 %, and in absolute values up to the
level of 69.5+2.6 nmol/l. In the 1st group, thyroxine increased by 68.1 % and its absolute
values were 60.742.3 nmol/l. Based on statistical data, differences between the
experimental groups of cows were noted one and two hours after TSH injection (P<0.05).
The coefficient of thyroid hormones activity (KathT4) in the first group was 0.69, and in the
second - 1.02. Thus, high-milk productivity is characterized by low KathTj.

Data on the "load" of the same animals in 9th month of lactation were presented in
Figure 4.



E3S Web of Conferences 282, 04002 (2021) https://doi.org/10.1051/e3sconf/202128204002
EFSC2021

60,5
58,5 —
56,5 1
54,51

nmol/l

O1 group
@2 group

0 0,5 1 2
Period after THS administration (hours)

Fig. 4. T4 level in the blood of lactating cows in the 9th month of lactation after TSH injection.

From the data shown in Figure 4, it can be seen that the T4 level in the first experimental
high-yielding group of cows was 46.0+2.3 nmol/l, and in the second low-yield group the T4
concentration was at the level of 44.7+£2.3 nmol/l. After the functional load on the thyroid
function of thyroid gland TSH, the concentration of the hormone increased. In the first
group, the values reached the level of 47.7+£2.0 nmol/l, and in the second group - 46.4+1.8
nmol/l. After 1 hour from the start of TSH administration in the low-yielding group, the
level reached 49.5+2.0 nmol/l, and in the first high-yielding group of lactating cows, it rose
to 48.2+2.1 nmol/l. The highest level of T4 in the experimental cows was observed two
hours after the TSH injection and did not depend on the level of cow productivity. In the
high-yielding group of cows, compared to the data before the TSH administration, the
increase in the hormone occurred by 26 %, and in the low-yielding group, this increase was
37.3 %. The level of thyroid response to the TSH load in the 9th month of lactation
occurred to a lesser extent than during the peak of lactation. The coefficient of thyroid
hormone activity (T4) was lower in the 9th month of lactation than during the period of
high milk productivity.

KanT4 in the high-yielding group was equal to 0.26 in the first group, and in the low-
yielding group this indicator was equal to 0.38.

The dynamics of changes in the T3 level after injection at the peak of lactation is shown

in Figure 5.
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Fig. 5. Triiodothyronine level in the blood of lactating cows at the peak (3 month) of lactation after
TSH administration.

The results of functional load on the thyroid gland during the period of high milk yields
(3 months of lactation) are shown in Figure 5. The concentration of triiodothyronine before
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TSH injection in the first high-yielding group of cows was 0.8 +0.08 nmol/l, and it was
almost at the same level in the second low-yielding group and was 0.7 £0.07 nmol/l. After
the functional load in 30 minutes, the hormone index in the high-yielding group of cows
increased by 87.5% and reached the level of 1.5+0.13 nmol/l, and in the compared low-
yielding group, the hormone concentration increased more than 2 times during this period,
and the hormone values reached the level of 1.8+£0.12 nmol/l. As in the previous indicators,
the highest concentrations of T3 after TSH injection occurred after 2 hours. In the high-
yielding group of cows, the increase in T3 concentration was 2.5 times (P < 0.05), and in the
low-yielding group, this increase was more than 3 times (P < 0.05).

After TSH injection, the differences between the compared groups were statistically
significant (P < 0.05). K.nT3 in the high-yielding lactating group of cows was at the level of
1.5, and in the second low-yielding group was 2.43.
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Fig. 6. T level in the blood of lactating cows in the 9th month of lactation after TSH injection.

Figure 6 shows the results of the T3 study after the functional TSH load on the thyroid
gland in the 9th month of lactation in cows with different milk productivity. The
concentration of this hormone before the start of the experiment in the first high-yielding
group was 1.2 £0.1 nmol/l, and in the low-yielding group this indicator was slightly lower,
and reached the level of 1.1+0.09 nmol/l. After the TSH injection, after 30 minutes, the
concentration of the hormone in high-yielding cows reached the level of 1.4+0.10 nmol/l,
and in the low-yielding group, this indicator stopped at 1.5+0.12 nmol/l. As in previous
studies, the maximum functional activity of the thyroid gland was reached 2 hours after
TSH injection. The maximum level of T3 during this period in the first group reached
1.8+0.13 nmol/l, and in the compared low-yielding group, the concentration of the hormone
was 2.240.15 nmol/l. K.t T3 in the first high-yielding group of cows was 0.5; and in the
second group - 1.0.

Thus, in all phases of lactation (3 months) and (9 months), the coefficients of thyroid
hormones activity are higher in low-yielding animals in relation to high-yielding ones.
Such results can be used in breeding work to predict the future milk productivity of animals
at an early age.

4 Conclusions

1. The concentration of thyroid hormones in the blood of lactating cows varies inversely
with the average daily milk yield.

2. Thyroid activity of the thyroid gland at the peak of lactation decreases, followed by its
increase by the end of lactation.

3. In all phases of lactation (3 months) and (9 months), the coefficients of thyroid hormones
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activity are higher in low-yielding animals in relation to high-yielding ones.
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