BIO Web of Conferences 17, 00167 (2020)
FIES 2019

https://doi.org/10.1051/bioconf/20201700167

Platelet function activity in black-motley calves during the dairy
phase
Nadezhda V. Vorobyeva1,2 and Ilya N. Medvedev3,*
1South-West

state University, Kursk 305040, Russia
Research Institute of Physiology, Biochemistry and Nutrition of Animals, Institute village, Borovsk, 249013, Kaluga
region, Russia
3Russian State Social University, Moscow 129226, Russia
2All-Russian

Abstract. Platelet activity in cattle can change under the influence of many factors. Their assessment in the
second phase of their early ontogenesis is of great interest, taking into account the breed of calves. The
purpose of the work is to evaluate platelet activity in black-and-white breed dairy calves. The study was
conducted on 41 calf of black-motley breed, which was obtained from healthy cows as a result of 2–3
pregnancies. The calves were examined on the 11th, 15th, 20th, 25th and 30th day of ontogenesis. The study
used biochemical, hematological and statistical methods. In animals, an increase in platelet aggregation with
all tested inductors was detected during the milk feeding phase. The number of discoid platelets in the blood
of calves observed during the second phase of early ontogenesis decreased by 10.5 %. Moreover, the total
number of active platelets increased by 24.0 %. The levels of small, as well as medium and large aggregates
of platelets present in the blood also increased during the milk feeding phase by 28.6 and 27.3 %,
respectively. This was achieved in the observed calves by an increase of 9.6 % in the synthesis of
thromboxane in platelets due to an increase in the activity of cyclooxygenase in them by 9.4 % and
thromboxane synthetase by 9.3 %. This was also influenced by the increase in the platelet content of
adenosine phosphates and the increase in their secretion. The levels of actin and myosin in inactive calf
platelets increased during the milk feeding phase by 9.7 and 13.2 %, respectively. In animals, an increase in
the additional generation of actin and myosin was revealed during platelet aggregation by 11.1 and 9.8 %,
respectively. It is clear that calves of the black-motley breed of dairy food are characterized by a certain
increase in the activity of platelet aggregation and secretion. This provides them with a high degree of
preservation of blood volume in case of damage to blood vessels. The growth of intravascular platelet
activity in these calves also contributes to the creation of the necessary conditions to minimize blood loss
and ensure homeostasis.

1 Introduction
As the functionality of the hemostatic system seriously
identifies hemocirculation [1, 2]. Great value in this
belongs to platelets. Their hemostatic properties strongly
govern the operation of microcirculation [3, 4] in all
organisms [5, 6]. Previously shown that platelet activity
changes during ontogeny [7] and in aging [8, 9], the
development of dysfunctions [10, 11], the development
of pathology [12], the formation of pasopati [13, 14] and
on the background of therapeutic effects [15–17].
However, many aspects of the functioning of platelets in
cattle so far been studied very poorly. There are some
works devoted to the platelets of these productive
animals in the individual age groups [18]. These
individual details do not allow having a holistic view on
the issue and dictating the need to perform extensive
research. The need for these works is due to the great
importance of the functions of platelets for the flow of
blood flow in the capillaries. It is clear that
*

microcirculation affects the growth and development of
animals is strong, thus realizing their productive
potential [19]. Due to genetic differences between
individual breeds of cattle and high physiological values
of platelets activity in the realization of the potential
productivity, it is necessary to evaluate the properties of
thrombocytes in calves belonging to highly productive
on the milk yield of black-motley breed in the second
phase of their early ontogeny.
The goal is to evaluate the activity of platelets in
calves’ milk of black-motley breed.

2 Materials and methods
The research was conducted in strict accordance with
ethical principles established by the European Convent
on protection of the vertebrata used for experimental and
other scientific purposes (adopted in Strasbourg March
18, 1986, and confirmed in Strasbourg June 15, 2006)
and approved by the local ethic committee of All-
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Russian SII of Physiology, Biochemistry and Animals'
feeding (Record №11, dated December 4, 2015).
The study was conducted on 41 calf black-and-white
breed, which were obtained from healthy cows 2–3 of
pregnancy. All the calves were examined for the phase
of milk feeding 5 times: 11, 15, 20, 25 and 30 day of life.
The determination of the intensity of the formation of
thromboxane in platelets and evaluation of the activity of
cyclooxygenase and thromboxane synthetase was
performed in three sample transfer using the
photoelectrocolorimeter [20]. In platelets was assessed
by the levels of adenosine triphosphate (ATP) and
adenosine diphosphate (ADP), the intensity of their
secretion when introduced into the environment of
collagen and number of actin and myosin in the protein
composition of the cytoskeleton of intact and exposed to
platelet activation in response to ADP [20].
The development period of platelet aggregation (AP)
was found by visual micro-method [21], using as
inductor ADP (0.5x10–4 M), collagen (dilution 1:2
primary suspension), thrombin (0,125 unit/ml),
epinephrine (5. 0x10–6 M) and ristomycin (0,8 mg/ml) in
plasma, which were standardized level of platelets
200x109 platelets. Intravascular platelet activity was
assessed using phase-contrast microscopy [22].
Statistical processing of received information was made
with the help of a program packet “Statistics for
Windows v. 6.0”, “Microsoft Excel”. Differences in data
were considered reliable in case р<0.05.

imidazole test, which indirectly measures the activity of
thromboxane synthetase in calf platelets, also increased
and amounted to 44.8±0.16 % on day 30.
Initially, a low number of ATP and ADP of calves in
platelets increased, reaching 5.96±0.012 and 3.61±0.009
μmol/109 platelets by 30 days of life. Under these
conditions, their secretion from platelets between 10 and
30 days of life increased to 33.9±0.14 and 44.8±0.13 %.
The amount of actin and myosin on day 11 in
inactive calf platelets was 27.8±0.10 and 13.6±0.13 % of
the total protein in the platelet. By the end of the
observation, it amounted to 30.5±0.14 and 15.4±0.16 %
of the total protein in the platelet. During the
observation, the calves also had an increase in platelet
aggregation of actin formation by 11.1 % and myosin by
9.8 %.

4 Discussion
Recent studies have led to an understanding of the great
biological significance of the dynamics of hematological
parameters in humans and animals due to the fact that
they reveal various aspects of the functioning of
homeostasis [23, 24]. Given the great importance for the
work of the body of calves of high-milk breeds, platelet
activity in them is studied very poorly. This was the
motivation for performing this study on calves of the
black-motley breed of dairy food.
In the assessment of calves AP with collagen and
ristomycin, a gradual increase in the adhesion of their
platelets during the milk feeding phase was found.
Obviously, this happened according to two mechanisms
[25]. The first mechanism was revealed by the found
acceleration of their aggregation with collagen. This
should be associated with an increase in calf platelet
membranes during the observation of the number of
glycoproteins Ia-IIa and VI, which are collagen
receptors.
The second mechanism for enhancing platelet
adhesion in black-motley breed milk calves is an
increase in the number of von Willebrand factor
receptors (GPIb) on their surface with an increase in
their blood concentration. This was indicated by the
acceleration of AP found in the examined calves in
response to ristomycin.
The accelerated platelet aggregation detected in
calves of dairy black-motley breed undoubtedly gives a
high degree of protection for their body from blood loss.
Some acceleration of their antibodies to strong inducers
(collagen and thrombin) is provided by a slight increase
in the number of receptors for them on platelet
membranes in combination with activation of
phospholipase C and phosphoinositol pathway against
the background of increased phosphorylation of proteins
of their contractile system.
The activation of formation of inositol triphosphate
calves in platelets is apparently ensured at this age by
enhancing the release of Ca2+ from dense granules,
which is a mechanism for stimulating self-assembly and
reducing actomyosin [26].

3 Results
The number of platelet-disc cells in the blood of calves
taken into the study during the phase of milk feeding
decreased to 70.1±0.24 %. During the observation of
them, the total number of active platelets in their blood
increased by 24.0 %. The number of platelet aggregates
of any size in their blood between 10 and 30 days of life
increased by 28.6 and 27.3 %, respectively.
In dairy calves of black and white breed, an increase
in the hemostatic properties of platelets was noted. Thus,
in the examined calves, on the 11th day of life, AP
occurred with collagen for 31.8±0.10 s, then accelerating
by 30 days of ontogenesis to 28.6±0.15 s. A similar
acceleration of antibodies was detected with ADP and
ristomycin up to 36.5±0.09 s and 43.6±0.17 s,
respectively. For antibodies with thrombin and
adrenaline, the time was also reduced to 48.7±0.11 s and
91.1±0.21 s.
An important mechanism ensuring the acceleration of
antibodies in black-motley breed milk calves is the
enhancement of thromboxane synthesis in their platelets.
This was indicated by an increase of 9.6 % AP in a
simple transfer sample. The basis of this in these calves
was an increase in the activity of platelet cyclooxygenase
and thromboxane synthetase. This was indicated by an
increase in the recovery of antibodies in a collagenaspirin sample, which indirectly estimates the state of
cyclooxygenase (by the end of the observation,
86.6±0.14 %). The level of AP recovery in the collagen-

2

BIO Web of Conferences 17, 00167 (2020)
FIES 2019

https://doi.org/10.1051/bioconf/20201700167

Table 1. Platelet characteristics of black-motley calves of dairy nutrition
11 day
5.48±0.010

Age of black-motley calves, n=41, M±m
15 day
20 day
25 day
5.55±0.016
5.63±0.018
5.75±0.015

3.27±0.009

3.37±0.011

3.45±0.007

3.52±0.012

30.3±0.10

31.0±0.13

31.6±0.06

32.8±0.10

The severity of ADP secretion, %

40.4±0.10

41.0±0.12

42.1±0.15

43.0±0.17

AP recovery level when conducting collagenaspirin test, %

79.2±0.08

80.1±0.10

80.8±0.08

82.1±0.11

86.6±0.14
р<0.05

AP recovery level when conducting
collagen-imidazole test, %

41.0±0.09

41.8±0.14

42.6±0.12

43.1±0.09

44.8±0.16
р<0.05

AP level in a simple transfer sample, %

30.3±0.08

30.9±0.05

31.7±0.06

32.6±0.08

The amount of actin in inactive platelets, % of the
total protein in platelets
The amount of actin in platelets with ADPaggregation, % of total protein in platelets
The amount of myosin in inactive platelets, % of
the total protein in platelets
The amount of myosin in platelets during ADPaggregation, % of the total protein in platelets
AP development time with ADP, s

27.8±0.10

28.1±0.07

28.8±0.05

29.4±0.10

38.6±0.15

39.0±0.17

39.8±0.13

41.6±0.15

13.6±0.13

14.2±0.10

14.8±0.09

15.2±0.12

28.5±0.11

28.9±0.10

29.6±0.14

30.0±0.12

39.8±0.18

39.1±0.16

38.4±0.10

37.7±0.14

The development time of AP with collagen, s

31.8±0.10

31.2±0.16

30.6±0.12

The development time of AP with thrombin, s

52.7±0.12

51.6±0.14

50.5±0.09

29.4±0.13
р<0.05
49.3±0.16

The development time of AP with ristomycin, s

47.6±0.14

46.8±0.10

46.0±0.18

45.2±0.12

The development time of AP with adrenaline, s

97.2±0.20

96.2±0.17

95.5±0.23

94.0±0.19

Platelet-discocyte level, %

77.5±0.14

76.3±0.12

74.1±0.16

72.3±0.15

Sum of activated platelet forms, %

22.5±0.10

23.7±0.16

The number of small platelet aggregates, per 100
free platelets

3.5±0.11

3.6±0.09

25.9±0.12
р<0.05
3.8±0.06
р<0.05

26.7±0.14
р<0.01
4.1±0.08
р<0.01

33.2±0.07
р<0.05
30.5±0.14
р<0.05
42.9±0.13
р<0.05
15.4±0.16
р<0.05
31.3±0.13
р<0.05
36.5±0.09
р<0.05
28.6±0.15
р<0.05
48.7±0.11
р<0.05
43.6±0.17
р<0.05
91.1±0.21
р<0.05
70.1±0.24
р<0.05
27.9±0.18
р<0.01
4.5±0.07
р<0.01

The number of medium and large platelet
0,11±0,018
0.11±0.015
0.12±0.016
aggregates per 100 free platelets
р<0.05
Note: p – is the reliability of the dynamics of indicators in relation to 11 days of age.

0.13±0.023
р<0.01

0.14±0.020
р<0.01

Registrated
parameters
The number of ATP in platelets before secretion,
µmol /109 platelets
The number of ADP in platelets before secretion,
μmol /109 platelets
The severity of secretion ATP, %

Weak stimulants of platelet aggregation (ADP and
adrenaline) in black-motley breed milk calves stimulated
platelet aggregation, which accelerated with age. This
was undoubtedly associated with an increase in the
number of receptors for them on platelets, an increase in
the expression of fibrinogen receptors (GPIIb-IIIa), and
an increase in the activity of phospholipase A2 in them.
The intensification of the release of phospholipids from
arachidonic acid membranes provided enhanced
synthesis of thromboxane A2 [27]. The increase in the
activity of cyclooxygenase and thromboxanesynthetase,
found in black and white breed calves, also stimulated
the synthesis of thromboxane A2. This was confirmed by
transfer tests, which showed an increase in the activity of
cyclooxygenase and thromboxane synthetase in the
blood plates of dairy calves. Another important

30 day
5.96±0.012
р<0.05
3.61±0.009
р<0.05
33.9±0.14
р<0.05
44.8±0.13
р<0.05

mechanism for accelerating AP in dairy calves is the
increase in actinogenesis and myosin formation under
conditions of the appearance of an aggregation inducer
in the plasma and increased secretion of ATP and ADP
calf platelet granules from the platelets.
To estimate the start of platelet activation in calves
milk supply black-and-white was clarified by
intravascular platelet activity during vasovasostomy
microscopy. These calves were found the increase in the
number of active platelets in the field. It talked about the
increase in the sensitivity of platelets to aggregation of
stimulants. The increase of intravascular platelet activity,
also spoke about increasing availability to the blood
collagen of the blood vessels, including because of the
rise
in
their
blood
svobodnozhivushchikh
trombotsitarnyh units. It also pointed to the increase in
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the blood of the calves-dairy producers of black-motley
breed of other inducers of platelet aggregation (ADP,
thrombin, epinephrine) [28]. Gain from the observed
calves of platelet aggregation leads to increased level of
active forms and their units of any size in the blood. This
is an important mechanism eliminating the risk of
bleeding in the absence of blockade functionally
required number of microvascular platelet aggregates
and maintains the optimum level of physiological
processes of platelet-vascular interactions. Found
intravascular aggregation of blood platelets in calves
milk of black-motley breed indicates high activity
adequate adhesion and aggregation properties of blood
platelets and suggests that they are physiologically
sufficient level of disaggregation, apparently due to the
high density of receptors antiplatelet agents on the
membranes of platelets.

6.

7.

8.

9.

5 Conclusion

10.

For calves’ milk of black-motley breed is characterized
by the increased activity of platelets. It maintains
homeostasis by ensuring that conditions to minimize
their bleeding, while maintaining optimal conditions for
microcirculation in the tissues. This ensures they gain in
the physiologically acceptable limits of the activity of
the mechanisms of platelet adhesion, aggregation and
secretion. The increased intravascular activity of
platelets in calves of black-motley breed during the
phase of milk feeding significantly ensures the
preservation of homeostasis under normal condition of
blood flow in the vessels and optimum metabolism in
their muscles and internal organs, which creates
conditions for the normal growth and development of
calves of this breed.

11.
12.

13.

14.
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