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ABSTRACT 
 

A very physiologically important component of the homeostasis of the body is thrombocytic 
hemostasis, whose activity largely determines the fluid properties of the blood and thus the rate of 
development of the animal during early ontogeny.  All this is true for the phase of newborn.  At present, there 
is an opinion that the level of functional activity of thrombocytic hemostasis is largely related to the success of 
the formation of the body's structures, the formation of their functional activity.  In this connection, studies of 
various aspects of platelet activity in piglets of mollusc nutrition are very relevant.  As a result of the study, 
piglets of mollusc nutrition showed an increase in the adhesive and aggregation ability of the blood platelets.  
The found regularity is based on an increase in the activity of receptor and postreceptor mechanisms of 
platelets.  This is true with regard to the effect of the strong and weak aggregation inducers on the process of 
platelet aggregation in vitro and in vivo in piglets.  A very important mechanism of increasing platelet activity 
in piglets during the neonatal phase is the tendency to intensify the metabolism of arachidonic acid in their 
platelets by cyclooxygenase and thromboxane synthetase and activation of the secretion of adenosine 
diphosphate from them, with a tendency to increase its content in the granules of platelets.  The increase in 
hemostatic activity of platelets ensures adaptation of their microcirculation to the current conditions of life, 
creating the best conditions for trophic tissue.   
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INTRODUCTION 
 

The hemostatic system is physiologically important and very complex [1,2].  Its successful operation 
ensures the preservation of blood in the liquid state in the lumen of the vessel [3,4] and the rapid local course 
of the formation of thrombus in the event of damage to the vessel wall [5,6,7].  A clear work of hemostasis 
ensures minimization of blood loss and preservation of the organism's viability [8,9].  Taking into account that 
hemostasis influences fluidity of blood along the vessels [10,11], its great importance for tissue trophism and 
metabolic processes in tissues [12,13,14], including pigs becomes clear. 

 
Previous studies have shown that the optimal activity of hemostasis provides the necessary level of 

viability of animals and their development processes [15, 16].  It becomes clear that without a detailed study 
of many aspects of physiology, including hemostasis, further intensification of pig production is impossible, 
since hemostasis is not only a system that supports the body, but also an important "point" of potential impact 
for the regulation of the functional state of the organism in the development of dysfunctions in the 
background  adverse environmental conditions [17,18,19]. 
 

A very physiologically important component of homeostasis of the body is thrombocytic hemostasis, 
whose activity largely determines the fluid properties of the blood and thus the rate of metabolic processes in 
the body [20,21].  All this is true for the phase of newborn.  At present, there is an opinion that the level of 
functional activity of platelet hemostasis is largely related to the success of the formation of body structures, 
the formation of their functional activity [22,23].  In this connection, studies of various aspects of platelet 
activity in newborn animals, including piglets, are important for maintaining their homeostasis at the very 
beginning of their growth and development [24].   
 

Taking into account all the above, the goal was formulated: to study the physiological features of 
platelet activity in healthy piglets during the phase of colostrum nutrition. 
 

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 in March 18, 1986, and confirmed in Strasbourg in June 15, 2006) and approved by the local ethic 
committee of Federal State Budgetary Educational Institution of Higher Education “Vologda State Dairy 
Farming Academy by N.V. Vereshchagin”  (Record №12 dated December 3, 2015),  the local ethic committee 
of All-Russian SII of Physiology, Biochemistry and Animals' feeding (Record №11, dated December 4, 2015) and 
the local ethic committee of  Russian State Social University (Record №16, dated December 7, 2015). 

 
The study was performed on 38 healthy pigs of large white breed, which were inspected and 

examined for the phase of newborns 5 times: for 1 day, for 2 days, for 3 days, for 4 days and 5 days of life.  All 
piglets were obtained from healthy sows with 2-3 farrowing. 
 

In all piglets, platelet aggregation activity (AP) was determined by visual micromethod with the use of 
thrombin (0.125 U/ml), ADP (0.5×10-4 M), H2O2 (7.3×10-3 M), collagen  (dilution 1: 2 main suspension), 
ristomycin (0.8 mg/ml), adrenaline (5.0×10-6 M) in plasma, standardized by the number of platelets to 200x109 
platelets [25]. 
 

In the thrombocytes of the examined pigs, the intensity of the exchange of endogenous arachidonic 
acid was determined indirectly, taking into account the enzymatic activity of cyclooxygenase and thromboxane 
synthetase, indirectly recorded with three transfer probes on a photoelectrocolorimeter [26].  Also in platelets 
of animals, ADP and the intensity of its secretion against the background of thrombin thrombocyte stimulation 
were evaluated [26]. 

 
Intravascular aggregation of thrombocytes was elucidated using a phase contrast microscope [27].  

The results of the study were processed using the Student's test. 
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RESULTS 
 

All the examined newborn piglets showed a normal number of platelets in the blood.  At the same 
time, for them on the 1st day of life the time of onset of AP in response to collagen was 36.1±0.09 s.  It 
decreased gradually to 33.1±0.08 s by the end of the neonatal phase (Table 1).  A similar acceleration of AP in 
newborn piglets was observed under the action of ADP - by 8.6%, H2O2 by 8.8% and ristomycin by 7.6%.  
Somewhat later, thrombin AP developed (by the end of the phase in 55.0±0.10 s) and adrenaline AP (by the 
end of the phase in 98.5±0.18 s). 
 

In the blood of piglets of mammary nutrition, the levels of free circulating small and large platelet 
aggregates gradually increased, amounting to 3.4±0.05 per 100 free-standing platelets and 0.15±0.08 per 100 
free-standing platelets on day 5 of life.  At the same time, the number of platelets entering the aggregation 
process in piglets increased by 13.8% at the end of the observation, which emphasized the increased platelet 
aggregation in vivo at this stage of their development. 
 

An important mechanism that increases the functional activity of platelets in piglets in the first 5 days 
of life can be considered amplification in platelets of the intensity of the metabolism of arachidonic acid with 
activation of thromboxane formation.  This was indirectly indicated by the increase in AP in a simple transfer 
sample (from 33.9±0.06% to 38.7±0.04%).  The intensified metabolism of arachidonic acid in the blood plates 
of pigs was found to be possible due to the revealed activation of both enzymes of its transformation in 
platelets - cyclooxygenase and thromboxane synthetase.  The severity of the recovery of AP in the collagen-
aspirin test, which indirectly estimates the activity of cyclooxygenase in platelets, increased over the 
considered age from 64.9±0.09% to 69.2±0.06%.  The activity of AP recovery in the collagen-imidazole sample, 
which allows to indirectly evaluate the functional activity of thromboxane synthetase in blood plates, also 
increased in piglets during the course of observation from 55.1± 0.08% to 59.5±0.09%. 

 
Another important mechanism for enhancing the functional activity of platelets in piglets during the 

neonatal phase can be considered as the tendency in the study to increase the content of ADP (by 3.2%) and 
the activity of its secretion (by 12.8%). 
 

DISCUSSION 
 

The existing body of knowledge on the physiology of piglets is still not complete [28,29].  In this 
regard, the need for modern practical biology in the detailed study of vital systems in the pig's body is 
becoming increasingly acute [30].  Among these systems, able to bind the body together at any age, is a 
hemostatic system in which platelets play an important role [31].  The level of their activity at any age seriously 
determines the rheology of blood in the microcirculatory bed and thus the activity of metabolism in tissues 
[32,33].  Despite the importance of platelet hemostasis activity and the fine mechanisms providing it, their 
condition in healthy piglets during the neonatal phase remains insufficiently studied [34]. 
 

Based on the facts obtained in the study, it can be said that in healthy piglets of mammary nutrition, 
the adhesive ability of blood plates tends to increase due to a simultaneous increase in the concentration in 
their blood of vWF (FW) factor, which is a cofactor of platelet adhesion and an increase in the number of 
receptors to it - (GPI c) on the surface membranes of the blood platelets [35].  The activation of these 
mechanisms in the examined pigs could be judged by the acceleration of aggregation of their platelets in 
response to ristomycin, which, in its ability to influence platelets, is similar to subendothelial vascular 
structures [36].  It is precisely established that FW is connected by one end of the molecule with collagen, and 
the other with a platelet through the platelet receptor-glycoprotein Ib, forming a morphological basis of 
adhesion [37].  It is represented by a chain: collagen - FW - GPIb.  In this connection, the acceleration of AP 
with ristomycin suggests the development in piglets at the very onset of their ontogenesis of an increase in the 
number of these receptors on the platelet membranes.  The found acceleration of AP in response to the rest of 
the inducers also showed an increase in the number of receptors on the surface of the blood platelets from 1 
to 5 days in piglets. 

 
Evaluation of the influence of strong and weak aggregation inducers on the process of platelet 

aggregation in vitro in the examined pigs made it possible to reveal the features of their influence on platelets 
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on the physiological pathways of their activation.  This made it possible to evaluate the course of AP in various 
ways, activation of which is typical for normal blood flow conditions [38]. 

 
The increase in the number of platelet aggregates in the blood of newborn piglets was caused by 

changes in receptor and postreceptor mechanisms in platelets [39].  This was due to a slight increase in 
hemostatic activity of platelets with ineffective adhesion and in vivo aggregation.  This circumstance should be 
associated with the growth of expression on their membrane of receptors of different species and especially 
fibrinogen receptors (GP IIb-IIIa).  The development in these conditions of stimulation of the catalytic 
properties of the phospholipids of the plasma membrane ensures an increase in the generation of factor XA 
and thrombin on it [40,41,42]. 

 
A very significant intra-platelet mechanism for increasing platelet activity in piglets during the 

neonatal phase can be considered a small intensification in their metabolism of arachidonic acid due to a 
gradual increase in the activity of platelet cyclooxygenase and thromboxane synthetase.  In addition, in 
platelet granules, ADP accumulated more strongly with a tendency to increase its secretion from them. 
 

CONCLUSION 
 

The increase in the number of platelet aggregates in the blood of newborn piglets was caused by 
changes in receptor and post-receptor mechanisms in platelets.  This was due to an increase in their 
haemostatic activity with an undetectable increase in adhesion and aggregation.  The revealed tendency to the 
growth of platelet activity in piglets during the phase of newborn infants determines the optimal level of 
microcirculation in tissues in them, which is adequate, on the one hand, to their genetic program, and on the 
other hand, to the influences of the environment, and can be considered a specific adaptive reaction affecting 
their growth and  development. 
 

Table 1. Platelet activity indices in newborn piglets 
 

Indicators Newborn phase, n=38, M±m 

1 day of life 
 

2 day of life 
 

3 day of life 
 

4 day of life 5 day of life 
 

Aggregation of platelets with 
ADP, s 

45.6±0.12 45.0±0.14 
 

44.2±0.16 
 

43.3±0.09 
р<0.05 

42.0±0.12 
р<0.05 

Aggregation of platelets with 
collagen, s 

36.1±0.09 35.2±0.08 
 

34.2±0.11 
 

33.1±0.08 
р<0.05 

32.2±0.10 
р<0.05 

Aggregation of 
thrombocytes with 

thrombin, s 

60.2±0.07 58.4±0.09 
 

56.3±0.08 
р<0.05 

55.0±0.10 
р<0.05 

54.1±0.06 
р<0.01 

Aggregation of platelets with 
H2O2, s 

48.2±0.08 47.8±0.06 
 

46.5±0.09 
 

45.2±0.10 
р<0.05 

44.3±0.05 
р<0.05 

Aggregation of platelets with 
ristomycin, s 

47.8±0.12 46.8±0.06 
 

46.0±0.10 
 

45.2±0.07 
р<0.05 

44.4±0.10 
р<0.05 

Aggregation of platelets with 
adrenaline, s 

101.5±0.17 100.2±0.21 
 

99.2±0.16 
 

98.5±0.18 
 

97.3±0.14 
р<0.05 

Recovery of platelet 
aggregation in a collagen-

aspirin test, % 

64.9±0.09 65.7±0.08 66.2±0.10 67.8±0.09 
р<0.05 

69.2±0.06 
р<0.05 

Restoration of platelet 
aggregation in a collagen-

imidazole sample, % 

55.1±0.08 56.2±0.06 56.9±0.07 57.5±0.08 
р<0.05 

59.5±0.09 
р<0.05 

Aggregation of platelets in a 
simple transfer sample, % 

33.9±0.06 34.5±0.05 35.7±0.07 36.8±0.08 
р<0.05 

38.7±0.04 
р<0.05 

The content of ADP in 
platelets, mmol/109 platelets 

3.00±0.09 3.03±0.11 3.05±0.08 3.08±0.10 
 

3.12±0.07 
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The degree of secretion of 
ADP from platelets on the 

background of stimulation, % 

31.2±0.32 31.9±0.15 32.6±0.10 33.9±0.12 
 

35.2±0.05 
р<0.05 

 

The number of platelets in 
the aggregates, % 

6.5±0.15 
 

6.6±0.10 
 

6.8±0.12 
 

7.1±0.09 
р<0.05 

7.4±0.09 
р<0.01 

The number of small 
aggregates of 2-3 platelets 

per 100 freely lying platelets 

2.8±0.03 
 

2.9±0.05 
 

3.0±0.04 
 

3.2±0.06 
р<0.05 

3.4±0.05 
р<0.01 

 

The number of medium and 
large aggregates, 4 or more 
platelets, per 100 free-lying 

platelets 

0.10±0.008 
 

0.11±0.005 
 

0.12±0.006 
р<0.05 

 

0.14±0.007 
р<0.01 

 
 

0.15±0.008 
р<0.01 

 
 

 
Legend: p - reliability of the dynamics of newborns taken into account with respect to the onset of the phase. 
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