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Abstract. The need to intensify milk production urgently dictates the need to continue research on the
physiology of cattle of any age. It is customary to attach great importance to blood, consisting of uniform
elements and plasma, constantly circulating through the vessels. It provides gas exchange, metabolism and
the delivery of hormones and bioregulators in their tissues. The success of hemocirculation strongly
determines the completeness of the realization of the genetic growth potential and productivity of the animal
and is closely related to the activity of aggregation of blood cells. Purpose: to find out the activity of
aggregation of the main formed elements of the blood in newborn calves. The work was carried out on
32 newborn calves of black-motley breed, born of healthy cows after 2–3 pregnancies. The calves were
examined on 1–2, 3–4, 5–6, 7–8 and 9–10 days of life. In the work, hematological and statistical research
methods are applied. For newborns in calves, a tendency towards increased aggregation activity of red
blood cells was revealed. This was combined with a low platelet aggregation, which tended to increase. The
low aggregation of neutrophils in these calves also gradually increased. In newborn calves of optimal
physiological status, there is a tendency to increase the aggregation of the main formed elements of the
blood, which is a response to environmental influences.

1 Introduction
The need for intensification of milk production urgently
dictates the need to continue research on the physiology
of cattle of any age [1, 2]. It is customary to attach great
importance to blood, consisting of uniform elements and
plasma [3], which constantly circulates through the
vessels. It provides gas exchange, metabolism and the
delivery of hormones and bioregulators in their tissue
[4]. The success of hemocirculation strongly determines
the completeness of the realization of the genetic growth
potential and productivity of an animal [5, 6] and is
closely related to the activity of aggregation of blood
cells [7].
Due to the great social significance of the onset of
thrombosis, the aggregation of blood cells [8] has been
studied in detail in humans [9]. As a result of these
works, mechanisms of aggregation processes important
for physiology, their age dynamics, and their
disturbances in conditions of pathology were elucidated.
It has been established that excessive aggregation of red
blood cells, platelets, and white blood cells disrupts
metabolic processes and weakens the body [10]. It was
possible to establish the possibility of influencing the
aggregation processes in the blood. In the presence of
cardiovascular pathology, it was possible to show the
*

possibility of obtaining a balance between them due to
various effects [11, 12].
At present, it becomes clear that the aggregation
properties of blood cells strongly determine the rheology
of
blood
and,
consequently,
the
optimum
microcirculation in animal tissues during ontogenesis
[13]. They are very significant for the growth processes
and the maximum development of the productive
properties of animals [14].
Moreover, despite the great physiological
significance of the aggregation of blood cells for life
support processes in all productive animals, such studies
have not been conducted in cattle. Their level at the
beginning of early ontogenesis, in the neonatal phase,
has not yet been evaluated.
To close the gap in physiological knowledge, it was
necessary to evaluate the aggregation parameters in
newborn calves. These data can enrich physiology and
practice, since obtaining knowledge of the norm is
necessary for judging the severity of aggregation
disorders in newborn calves with any diseases and their
dynamics in the case of applying options for correcting
the state of animals.
The goal of the work is to find out the activity of
aggregation of the main formed elements of blood in
newborn calves.
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The state of platelet aggregation (AP) was evaluated
by a visual micromethod using ADP (0.5x10 –4 M),
collagen (1: 2 dilution of the main suspension), thrombin
(0.125 U/ml), ristomycin (0.8 mg/ml) and adrenaline
(5.0x10–6 M) in plasma, standardized by platelet count to
200x109 platelets.
Neutrophil aggregation was evaluated on a
photoelectrocolorimeter with inductors: wheat germ
lectin 32 μg/ml, concanavalin A 32 μg/ml and
phytohemagglutinin 32 μg/ml.
Statistical processing of the results was carried out
by t-student test.

2 Materials and methods
The study was conducted in strict accordance with the
ethical principles established by the European
Convention for the Protection of Vertebrate Animals
used for experimental and other scientific purposes
(adopted in Strasbourg on March 18, 1986 and
confirmed in Strasbourg on June 15, 2006).
The work was carried out on 32 black–motley calves,
which were obtained from healthy cows after 2–3
pregnancies. The animals were taken into the study for
1–2 days of life. They were examined five times – on
1–2, 3–4, 5–6, 7–8 and 9–10 days of life.
In the plasma of calves, thromboxane B2 and 6-ketoprostaglandin F1α levels were determined during
enzyme-linked immunosorbent assay using kits
manufactured by Enzo Life science (USA).
The activity of erythrocyte aggregation was
determined using a light microscope in the Goryaev’s
chamber by the number of red blood cell aggregates, the
number of red blood cells aggregated and not entered
into aggregation.

3 Results
Initially, the normal number of arachidonic acid
metabolites in the blood of calves did not have
significant dynamics, being unchanged until the end of
the observation (by 9–10 days of life, thromboxane B2
was 104.0±0.09 pc/ml, 6-keto-prostaglandin F1α
74.5±0.13 pc/ml).

Table 1. Сondition of hematological parameters in the examined calves

Registrated
parameters
Thromboxane B2, pg/ml
6-keto-prostaglandin F1α, pg/ml
The sum of all red blood cells in the
aggregate
The number of erythrocyte aggregates
The number of free red blood cells
Aggregation platelet with ADP, s
Aggregation platelet with collagen, s
Aggregation platelet with thrombin, s
Aggregation platelet with ristomycin, s
Aggregation platelet with adrenaline, s
Aggregation of neutrophils with lectin, %
Aggregation of neutrophils with concanavalin
A, %
Aggregation of neutrophils with
phytohemagglutinin, %

Calf age, n=32, M±m
1–2 day of life 3–4 day of 5–6 day of 7–8 day of
life
life
life
102.1±0.05 102.9±0.12 103.1±0.10 103.6±0.07
72.3±0.10
73.0±0.12
73.4±0.08
73.9±0.07
38.5±0.24
39.2±0.31
39.6±0.39
39.9±0.27

9–10 day of
life
104.0±0.09
74.5±0.13
40.3±0.38

8.0±0.14
253.1±1.34
40.8±0.14
31.6±0.19
53.9±0.14
48.6±0.14
99.8±0.34
14.2±0.12
13.5±0.13

8.0±0.18
251.0±1.63
40.6±0.16
31.4±0.12
53.6±0.12
48.5±0.19
99.3±0.29
14.2±0.18
13.7±0.14

8.1±0.09
250.1±1.42
40.3±0.10
31.3±0.11
53.2±0.19
48.2±0.21
98.9±0.37
14.3±0.16
13.9±0.18

8.1±0.15
248.9±2.08
40.0±0.18
31.0±0.09
52.8±0.14
47.8±0.19
98.4±0.28
14.4±0.23
14.2±0.09

8.2±0.19
247.2±1.85
39.8±0.19
30.8±0.17
52.6±0.20
47.5±0.23
97.9±0.31
14.6±0.20
14.5±0.15

26.2±0.16

26.5±0.18

26.7±0.16

26.9±0.15

27.2±0.22

Note: the reliability of the dynamics of the indicators taken is not received.

During the observation period in calves was found a
tendency to increase spontaneous aggregation of
erythrocytes, as indicated by the tendency to increase the
total number of erythrocytes in the unit (4.7 %), the
increase in the quantity of erythrocyte aggregates
(2.5 %) and slight downward trend in the number of
available red blood cells (2.4 %) (table 1).
All calves during the observation period found a
trend to increased platelet aggregation in response to all
tested inducers (table 1).
During the phase from the observed neonatal calves
revealed a tendency to increase aggregation of
neutrophils (table 1) in relation to lectin, concanavalin A
and phytohemagglutinin (table 1).

4 Discussion
Cattle are currently an important source of milk and
meat. For this reason, a detailed study of its physiology
has been conducted for a long time in order to clarify its
biological potential [15]. As a result of systematic
research, it was possible to collect a large amount of data
on various aspects of the age-related physiology of this
species of productive animals. However, the information
available cannot be considered complete. There remains
a great need for new knowledge and clarification of the
collected information on the functioning of the body
systems of this species of productive animals at different
ages. Closing the gaps in existing physiological
knowledge should help in the development of effective
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approaches to ensure functional optimum in cattle
throughout ontogenesis, which will ensure maximum
productivity [16].
The normal course of ontogenesis of the organism of
productive animals is always ensured by the continuous
adaptation of the mechanisms of maintaining
homeostasis in it to the action of any environmental
factors. Fully based on the genetic program, all
biological processes in the ontogenesis of cattle
experience age-related dynamics, allowing animals to
adapt to living conditions that can, at times, disrupt the
functioning of the body.
Of great importance in maintaining homeostasis is
blood and its mechanisms of rheology and hemostasis,
which largely limit the level of perfusion of animal
tissues, and, therefore, the course of many life processes
in them. Gradually, there comes an understanding that
the ontogenetic dynamics of the rheological parameters
of blood, which largely depend on the aggregation of
blood cells, should be considered as an important
component of the regulation of anabolism in animal
tissues [17].
In this regard, research on the physiology of blood in
newborn calves, which have begun their independent
existence outside the maternal organism, is very
important. In the work performed, the observed calves
have noted regular changes in the hematological
parameters taken into account. The revealed facts were
confirmed by the results of earlier studies. It is known
that the intensity of thromboxane formation and the level
of thromboxane in plasma has a significant effect on the
ability to aggregate red blood cells, platelets, and white
blood cells.
So, during the neonatal period in calves, a slight
tendency was found to increase the formation of
thromboxane A2 and enhance the synthesis of
prostacyclin [18]. This can explain the changes observed
in the observed calves at the beginning of their
ontogenesis of the severity of aggregation of their basic
blood cells.
During the neonatal period, calves showed a
tendency towards an increase in red blood cell
aggregation. Obviously, the aggregation of red blood
cells in calves is strongly ensured by the optimal
electronegativity of their surfaces due to the sufficient
number of proteins with a negative charge on it [19].
The effectiveness of control over the formation of
reactive oxygen species creates a minimum of oxidative
alteration of these proteins in membranes and capable of
participating in the aggregation of plasma proteins [20].
Interacting on the surface of red blood cells with
receptors, they maintain the optimum activity of
adenylate cyclase and phosphodiesterase, maintaining
the physiological balance of the amounts of cyclic AMP
and Ca2+ in them [21].
In this regard, there is a reason to believe that the
neonatal phase in calves is characterized by the optimum
of metabolic and receptor processes in red blood cells.
At the same time, a low aggregation of erythrocytes and
a high number of free red blood cells recorded in calves
at this age provide an optimum perfusion of their internal
organs.

The high degree of vascular control over calf
erythrocyte aggregation at the beginning of ontogenesis
during the course of the observation, obviously, lays the
foundation for intensive microcirculation of high supply
of animal tissues with oxygen and nutrients.
During the first days of life, calves showed a weak
tendency to increase platelet aggregation activity. The
calf hemostatic properties of their platelets observed in
calves are largely due to the stability of their receptors
and the sufficiently functional capabilities of the postreceptor aggregation mechanisms.
In addition, in the blood of calves at the age of the
first 10 days, there was a low concentration of von
Willebrand factor, which is a cofactor of platelet
adhesion with a sufficient number of receptors for it
(GPIв) on the surface of these blood cells. This was
indicated by a slight tendency to reduce the time of AP
in newborn calves in response to ristomycin. The found
state of AP dynamics in response to strong and weak
aggregation agonists can be explained by physiologically
justified fluctuations in the activity of platelet
phospholipases A2 and C, which ensure the functioning
of the thromboxane and phosphoinositol platelet
activation pathways [22].
In addition, the found tendency to accelerate AP in
calves of the first 10 days of life was probably a
consequence of the tendency to increase the production
of thromboxane in platelets and an increase in the
density of receptors for it on the platelet surface. The
low AP in calves in response to all inducers was
associated with the physiologically minimal activity of
platelet proteins - carriers of the stimulating signal from
receptors into platelets [23, 24].
The low aggregation of neutrophils found in calves
was associated with the optimum of their aggregation
capabilities and the normal composition of glycoprotein
receptors on neutrophil membranes that can bind to
lectins. The found tendency to an increase in lectin- and
concanavalin A-induced neutrophil aggregation in calves
was ensured by a tendency to increase the expression of
these receptors with an increase in their composition of
loci with N-acetyl-D-glucosamine, N-acetyl-neuraminic
acid and mannose [25].
The revealed tendency towards an increase in the
aggregation of neutrophils with phytohemagglutinin was
caused by a tendency to increase bD galactose in their
receptors. Also, the low aggregation ability of
neutrophils can be associated with their high sensitivity
to vascular disaggregation influences, apparently due to
the powerful production of prostacyclin and NO in the
vessels of newborn animals [17, 26].

5 Conclusion
Now it becomes clear that the aggregation capabilities of
blood cells to a large extent determine the rheology of
blood, and, therefore, the optimum microcirculation in
animal tissues throughout ontogenesis. This is very
significant for the growth processes and the maximum
development of the productive properties of animals. In
newborn calves of optimal physiological status, there is a

3

BIO Web of Conferences 17, 00161 (2020)
FIES 2019

https://doi.org/10.1051/bioconf/20201700161

slight tendency to increase aggregation of red blood
cells, platelets and neutrophils. The observed optimum
aggregation activity of erythrocytes, platelets and
neutrophils in calves during the neonatal phase is
extremely necessary to maintain their homeostasis and
create conditions for further growth and development.
The rapid inclusion of adaptive mechanisms under these
conditions maintains the balance of aggregation and
disaggregation in the blood of calves at the level
required for optimal perfusion of internal organs and
metabolism in tissues. The presence of a low severity of
the aggregation properties of blood cells is obviously the
basis for the successful progress of the adaptation
process throughout the body in calves during the
newborn and the creation of the basis for their successful
transition to the next stage of early ontogenesis.
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