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Introduction

Holovakha, V. L, Piddubnyak, O. V., Bakhur, T. L, Vovkotrub, N. V., Antipov, A. A., Anfiorova, M. V., Gutyj, B. V.,
Slivinska, L. G., Kurdeko, O. P., & Macynovich, A. O. (2018). Changes in erythrocytopoesis indices in dogs with
babesiosis. Regulatory Mechanisms in Biosystems, 9(3), 379-383. doi:10.15421/021856

Babesiosis is a common disease in dogs. Babesia canis (Piana & Galli-Valerio, 1895) (Sporozoa, Babesiidae) causes
the destruction of erythrocytes, resulting in hypotensive shock and total tissue damage due to lack of oxygen. Because of
babesiosis, anemia develops in dogs, and in the first hours of the disease it is normocytic, normochromic and
nonregenerative, and on the 2-3rd day of the course, macrocytic, hypochromic anemia with reticulocytosis develops.
Scientists have studied the most common indicators of evaluation of erythrocytopoesis during babesiosis (the number of
red blood cells, hemoglobin, hematocrit index, indices of “red” blood MCH and MCV), but the age structure of
erythrocytes, their acid resistance and the ferrum-transferrin complex for this parasitic pathology have not been
sufficiently studied. We carried out research on dogs of service breeds, which were divided into two groups: the first (6—
18 months old, n = 10) and the second (2—8 years, n = 15). According to the conducted studies, in dogs of different age
groups with babesiosis revealed oligocythemia with anisocytosis and poikilocytosis, oligochromia, decreased hematocrit
index and macrocytosis. Significant changes in the morpho-functional state of erythrocytes in dogs of both groups have
been revealed, in particular, changes in the population (age) composition of red blood cells: the number of “old”
erythrocytes increases (they are rapidly destroyed), the “young” forms of red blood cells decrease and the time for their
hemolysis is reduced. As a result of the study of the ferrum-transferrin complex in dogs with babesiosis in both groups, an
increase in the level of free ferrum (UIBC) and a decrease in the saturation of transferrin with the trace element was
found, which makes it impossible to form a hemoglobin molecule in the bone marrow.

Keywords: erythrocytes; population composition of erythrocytes; acid resistance; hemoglobin; MCN; MCV:; ferrum;
transferring; ferrum-transferrin complex.

disease. On the 2-3rd days of the course of the disease, macrocytic,
hypochromic anemia with reticulocytosis develops.

One of the most common diseases in dogs is babesiosis. Areas of
infection are found in the tropics (Jain et al., 2017; Ybaiiez et al., 2018),
Mediterranean countries (Salem & Farag, 2014), Eastern (Davitkov
etal., 2015; Bartnicki et al., 2017) and Western Europe (Eichenberger
etal, 2016), Asia (Liu et al., 2016; Wang et al., 2018) and America
(Di Cicco et al., 2012; Rojas et al., 2014). The analysis of recent public-
cations proves that babesiosis in dogs occurs in almost all regions of
Ukraine (in 18 of 24). The territory of six regions (mostly Southern and
Steppe zones of Ukraine) remain free of this invasion. The infestation of
dogs occurs during an attack of ixodid ticks (Arachnoidea, Ixodidae)
and exposure of the pathogen with their saliva to a susceptible animal
(Bajer et al., 2014).

Metabolites of Babesia canis (Piana & Galli-Valerio, 1895) (Sporo-
z0a, Babesiidae), accumulating in erythrocytes, cause disorders of blood,
nervous and cardiovascular systems, the gastrointestinal tract, liver,
kidneys, etc. (Lobetti et al., 2012; Zygner et al., 2012; Tasaki et al., 2013).
Parasites cause destruction of red blood cells, resulting in hypotensive
shock and total tissue damage due to lack of oxygen (Goddard et al.,
2015). Because of babesiosis in dogs, anemia appears, which is normo-
cytic, normochromic and non-regenerative in the first hours of the

Sources from the literature usually describe the most common
indicators of evaluation of erythrocytopoesis during babesiosis (the
number of erythrocytes, hemoglobin, hematocrit index, indices of “red”
blood — MCH and MCV).

However, data are absent on the changes in other indicators of
evaluation of erythrocytopoesis in the course of this parasitic pathology:
the red blood cells’ age structure, their acid resistance and the ferrum-
transferin complex (FTC). Therefore, the purpose of this article is to
study the changes in age composition of erythrocytes, their acid resis-
tance and indicators of FTC in dogs with babesiosis.

Materials and methods

The objects of the study were dogs of service breeds, which were
divided into two groups: the first (age from 6 to 18 months, n = 10) and
the second one (from 2 to 8 years old, n = 15). Blood samples were
taken in vacuum tubes of 10 ml volume (Vacutest, Italy). An anticoagu-
lant ethylendiaminetetraacetic acid (EDTA) was used for blood tests.

In the dogs’ blood, the total number of erythrocytes, hemoglobin
content, hematocrit, MCV (average volume of erythrocyte) was deter-
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mined by an automatic hematological analyzer Mythic 18 (Orphee
S.A., Switzerland) and reagents by PZ Cormay S.A. (Poland). MCH
(hemoglobin content in erythrocyte) was calculated mathematically.

Acid resistance of erythrocytes was determined by the method of
A. 1. Terskov and . I. Hitelzon. Blood for research was taken into cent-
rifuge tubes, where heparin was pre-added at a rate of 10 IU per 10 ml
of blood. The plasma was separated by centrifugation (1,500 rpm for
20 minutes). The erythrocyte suspension was thoroughly cleaned with
0.85% sodium chloride solution, cooled to 4 °C (to prevent oxidation of
the lipoproteins), followed by centrifugation under the same conditions.
The erythrocyte suspension was taken by capillary (0.02 ml) and trans-
ferred to a test tube where 10 ml of isotonic sodium chloride solution
was pre-introduced. The capillary was washed in the top layer of the solu-
tion and the contents of the test tube were thoroughly mixed. In this case
0.2% suspension of erythrocytes was obtained (Terskov & Hitelzon, 1967).

Measurement of optical density of the solutions was carried by a
photometer at 540 nm wavelength (cuvettes with 10 mm process solute-
on thickness). Before the study, both cuvettes were filled for 5-10 min
with hemolytic solution with the abovementioned concentration.
The control cuvette was filled with 4 ml of 0.85% sodium chloride, and
the experimental one was filled with 2 ml of hemolytic solution and 2 ml
of 0.2% erythrocytes” suspension added. Hemolytic with erythrocytes’
suspension was stirred by pipette tip. The sample extinction was deter-
mined immediately after mixing. Extinction changes were recorded
every 30 seconds until a constant indicator is reached, during 30 se-
conds (Golovakha et al., 2017).

The difference between the initial and final (after hemolysis) optical
density is seen as 100% and the AE percentage was calculated (the next
extinction index was subtracted from previous one and seen as “X”),
which reflects the relative percentage of non-hemolyzed erythrocytes
every 30 seconds. This calculation excludes dependence of the results
on the number of erythrocytes and hemoglobin concentration. The obtai-
ned data was depicted graphically. The horizontal axis reflects time from
0 and every 30 seconds, the ordinate axis — the erythrocytes’ hemolysis
percentage. The left side of the diagram indicates hemolysis of “old”
erythrocyte populations, the central part with the peak is formed by the
destruction of “mature” and partially “young” cells, the right side is the
hemolysis result of only “‘young’” erythrocytes (Terskov & Hitelzon, 1967).

The population structure of the erythrocytes was determined by
fractionation of sucrose density gradient by the 1. Sizova method (Sizo-
va et al., 1980). Blood samples were put into centrifuge tubes, with
previously added heparin at 10 IU per 10 ml of blood. Plasma was
separated by centrifugation (1,500 rpm for 20 minutes). The erythro-
cytes’ suspension was washed three times by cooled to 4 °C (to prevent
oxidation of lipoproteins) 0.85% sodium chloride solution followed by
centrifugation under the same conditions.

The erythrocytes’ suspension was taken by a 0.1 ml pipette and
moved to Florinski test tubes, previously filled with 0.9 ml of isotonic
sodium chloride solution. The pipette was washed in the upper layer of
the solution and the tube content was thoroughly mixed (thus obtaining
10% erythrocytes suspension). 0.5 ml of erythrocytes’ suspension was
introduced into the 45° tilted column, and sucrose solution was put layer
over layer on the column wall (the first layer — with the highest concen-
tration, the last — with the lowest). It is provides the distribution of eryth-
rocytes in different concentrations of sucrose, depending on the eryth-
rocytes’ age.

The column was carefully leveled at 90° to avoid mixing of the
sucrose layers, and every last layer was carefully separated into a sepa-
rate graded tube (7 in total). Isotonic sodium chloride solution was ad-
ded into each tube, totaling volume to 10 ml. All 7 tubes were
thoroughly mixed and checked for the optical density.

Measurement of the solutions’ optical density was carried by the
photometer at 520 nm wavelength (cuvettes with 10 mm working layer
thickness). A 0.85% sodium chloride solution was a control one. The
received extinction amount was seen as 100%, and each tube index was
seen as “X” and thus calculating the percentage of a particular fraction.
The indicators of the first three tests (in sucrose solutions of 30%, 26%
and 22% concentrations) were added. The obtained result was a percen-
tage indicator of the “old” erythrocytes’ number. The same was done
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with the fourth and fifth indicators (18% and 14% solutions), by calcu-
lating the concentration of “mature” cells, while adding percentage of
the sixth and the seventh results (10% and 6% sucrose solutions) and a
relative indicator of the “young” population’s content was obtained (Si-
zova et al., 1980; Wijk & Solinge, 2005).

In the blood serum the following were determined: the content of
the ferrum, the total and unsaturated ferrum-binding ability of the serum
(TIBS, UIBS), the level of transferrin and the saturation of it by ferrum
(ferrosine method).

Mathematical analysis of the study results was conducted in Statis-
tica 6.0 (StatSoft Inc., USA). Differences between average values were
considered statistically significant at P < 0.05 (ANOVA).

Results

Clinically, babesiosis in dogs was manifested by hyperthermia (up
to 41.2 °C), drowsiness, shaky stroke, anemia in the mucous membranes
of the eyes and oral cavity, dull hair, thirst, vomiting. In sick animals
there were: tachycardia, tachypnea, oliguria, yellow-brown urine. In
dogs of first group (age up to 18 months), the number of erythrocytes
was reduced and averaged 3.8 + 0.33 T/L, which is 57.6% less than in
clinically healthy animals. Oligocythemia was found in all animals.
In dogs of the second group, too, oligocythemia was established — 4.7 +
0.36 T/L (minimal norm is 5.0 T/L). Along with oligocythemia in ani-
mals, anisocytosis and poikilocytosis have been observed, indicated
dystrophic changes in the structural elements of the bone marrow.

We also found changes in the population composition of erythrocytes.
In particular, the number of “‘old” erythrocytes in dogs of the first group
on average was 15.4 +2.46%, which is almost three times more than in
the clinically healthy animals (P < 0.05). However, the most “old”
populations of erythrocytes were found in older dogs (second group).
In them, the number of “old” in the group on average was 27.9 +
4.98%, which is 5.2 times more than in the clinically healthy animals
(P<0.01). Such a number of “old” erythrocytes, obviously, is evidence
of an increase in aging processes of “red”” cells.

Unlike “old” populations, the number of “mature” red cells in pati-
ents of both groups did not differ from the number in clinically healthy
animals (P < 0.5, Table 1). The number of “young” forms of erythrocy-
tes, compared with clinically healthy, in dogs with babesiosis, especially
the second group, was reduced and averaged 35.0 + 5.80%, which is
17.7% less than in clinically healthy animals. Reduction of “young” red
blood cells is evidence of depletion of the “red” bone marrow and
inhibition of adaptive processes for hemic hypoxia.

Table 1
Indices of the total number of erythrocytes
and their population structure in dogs

Animal Erythrocytes, population structure of erythrocytes, %
groups T “old” “mature”’ “young”
Clinically healthy ~ 5.7-7.67 1.6-113 33.0-58.0 352-62.3
n=10) 6.6+025 54+1.12 419+325  527+£2.59
Infected, ageupto  2.57-4.96 62-255 27.7-41.6 35.1-56.2
15years(n=10) 38+033 154+246 368+138 478+226
P< 0.001 0.05 0.5 0.5
Infected, age 2.52-7.75 3.8-66.2 19.7-56.0 124-613
2-8years(n=15) 4.7+£036 279+498 37.1+£257  350£5.80
P< 0.01 0.01 0.5 0.05

Changes in the population composition of erythrocytes also affect
their osmotic (acid) resistance, since the time of hemolysis depends on
their age, leads to the destruction of intracellular structures and lowering
the resistance of the membrane to increased pressure inside the cell.

The analysis of the erythrograms (acid erythrocytes hemolysis) shows
that the time of the main peak in dogs of the first group was 3.7 min; its
height was 20% (Fig. 1). The whole hemolysis of erythrocytes was
completed in 6.5 min. The time of hemolysis of “old” and “mature”
erythrocytes in dogs of the first group was 3.5 min, which is 2 min less,
compared to clinically healthy dogs of the same age. It testifies to the
rapid destruction of these populations as a result of the depletion of the
structural and functional state of membranes of red blood cells. Regar-
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ding the hemolysis of the “young” red blood cells (right side of the
graph), its duration in both patients and healthy dogs was 3 min, but in
animals with babesiosis invasion there was an additional peak indicating
the unstable resistance of the membranes of “‘young” red blood cells to
the action of hemolysis due to toxic effects products of microscopic
parasites’ catabolism.
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Fig. 1. Acid resistance of erythrocytes
in dogs with babesiosis aged up to 1.5 years (n= 10)

Analyzing the erythrograms of dogs of the second group (Fig. 2), it
should be noted that the left side of the graph (hemolysis of the “old”
and “mature” populations) was more acute and expired for 3 min, while
in healthy dogs, it was 2 min longer. It may indicate the blocking effect
of invasive agents on the elements of the erythroid bone marrow sprout,
inhibition of erythrocyte maturation processes and increased aging.
The complete hemolysis time was 5.5 min, which is 1.5 min less, com-
pared to healthy dogs, indicating a change in the functional state of the
membranes of the “young” populations.
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Fig. 2. Acid resistance of erythrocytes
in dogs with babesiosis aged 28 years (n = 15)

The content of the respiratory blood enzyme (hemoglobin) in dogs
with babesiosis was reduced. In particular, in young dogs (first group),
its average number was 98.0 + 6.59 g/l, which is 38.0% less than in
clinically healthy (P <0.001). Similar values of this chromoprotein were
also found in dogs of the second group (P < 0.001, Table 2). It should be
noted that oligochromemia was established in 90.0 and 80.0% of dogs
of the first and second groups, which testifies to the increased destruction
of red blood cells. If the number of erythrocytes and hemoglobin con-
tent in dogs with babesiosis are reduced, then the indices of "red" blood,
in particular, the MCH, did not differ from the values in clinically
healthy animals (Table 2).

One of the commonly used indicators of erythrocytopoesis is the
hematocrit index, which determines the total volume of erythrocytes, cha-
racterizing certain types of anemia (Gutyj et al., 2017; Slivinska et al., 2018).
In dogs with babesiosis, this indicator was lower than normal (P <0.01).
It should be noted that low values of hematocrit were detected in 90.0%
and 73.3% of dogs from the first and second groups, respectively.

Different forms of anemia can be diagnosed using an average
volume of red blood cells (MCV). MCV in dogs should not exceed 80 pn’.
However, in some of the sick dogs of both the first and the second
groups, the MCV was within the range of 80.2-101.3 pm?’. That is, in
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such cases there is an increased inflow into the peripheral blood of
immature erythrocytes.

But, it is impossible to evaluate erythrocytopoesis without indica-
tors of the ferrum-transferin complex, the basis of which is the ferrum.
It is the element that plays an important role in the transfusion of oxygen
and carboxylic acid in the cells of the body. The content of ferrum in
blood serum of dogs with babesiosis on average did not differ from the
values in clinically healthy animals (P < 0.5, Table 3). However, a de-
tailed analysis of the obtained values shows that some dogs (60.0% and
66.7% respectively) exhibit hyposideremia, which indicates a low
intake of ferrum into the body.

Table 2
Changes in erythrocytopoesis in dogs with babesiosis

Animal groups Hemoglobin, Hematocrit MCH, MCV,
index, % fimol pm’
Clinically healthy  145.0-168.0  46.0-57.0 204-282 64.6-82.5
(n=10) 1580+2.84 500+146 240+094 7484229
Infected, ageupto  52,0-142.0 19.0-35.0 19.6-333 58.1-101.2
15years(n=10) 980+£659 281£121 264+186 766+472
P< 0.001 0.001 0.5 0.5
Infected, age 72.0-148.0 17.0-46.0 18.2-30.8 57.6-101.3
2-8years@=15) 1000£595 308+233 217+£106 659+244
P< 0.001 0.01 0.2 0.05
Table 3
Indicators of the ferrum-transferrin complex in dogs
Animal Biometric Ferrum, TIBC, UIBC,
groups indicator umol/l pmol/l pumol/l
Clinically healthy LimM<m 224-36.7 62.5-832 346487
(n=10) 2834138 7084263 42.5+164
Infected, aged up to LimM<m 16.8-40.3 60.6-91.7  413-72.8
1.5 years (n = 10) 2364270 8024296 566+4.09
P< 0.2 0.05 0.05
Infected, aged LimM<m 17.8-39.6 763-1114  43.1-894
2-8 years (n=15) 266+252  895+345 6294290
P< 0.5 0.01 0.001

In the rest of the animals (30.0% and 26.7%, respectively), hyper-
sideremia was found (> 35 pmol/l), which obviously indicates an increa-
sed accumulation of ferrum in the blood for the destruction of red blood
cells. But it is important that the value of the content of the ferrum
cannot on its own reflect the state of its exchange. Therefore, it is impor-
tant to determine other indicators of its metabolism, in particular, TIBC
(indicating the content of a non-protein-transferrin-bound ferrum) and
UIBC (toxic level indicator of the ferrum).

TIBC in dogs with babesiosis was elevated in the first and second
group by 13.3% and 26.6% respectively (P < 0.01). High values of
TIBC indicate dystrophic changes in the transferrin receptor apparatus,
which leads to a reduced transport of the ferrum from the depot to the
bone marrow, enhanced erythrocyte hemolysis, and the accumulation of
free ferrum. An indicator of the last one is the UIBC, which indicates
the non-transferring pool of the ferrum. In dogs with babesiosis, UIBC
averaged 56.6 + 4.09 and 62.9 + 2.90 umol/l in the first and second
groups, respectively, which is by 33.2% and 48.0% more than in
clinically healthy animals (P <0.05 and P <0.001). This value indicates
the accumulation of toxic (free) ferrum and reduced binding of the
protein transferrin to the trace element.

It is not advisable to evaluate the exchange of a ferrum without
determining the content of transferrin in serum and its saturation with
ferrum. The content of transferrin in dogs with babesiosis was elevated
and was in the first and second group 3.6 + 0.13 and 4.0 + 0.13 g/l, res-
pectively.

In contrast to the amount of transferrin, the coefficient of its satura-
tion with ferrum was lower, compared with healthy animals, and was in
young dogs (first group) — 29.5 + 3.17%, in older (the second group) —
29.8 +2.66% (P < 0.05, Table 4). Reduced saturation (less than 30%) of
transferrin with ferrum was detected in 30.0% and 33.3% of animals,
respectively, indicating a low synthesis of the structure of the protein
molecule of transferrin in the liver and slow transport of the trace ele-
ment to the depot and bone marrow.
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Table 4
Indicators of the ferrum-transferrin complex in dogs

Animal Biometric Transferrin Coefficient of transferrin’s
groups indicator content, g/l saturation with ferrum, %
Clinically healthy LimM<m 2779372 33.30-44.60
(n=10) 320+0.12 39.90+1.41
Infected, ageupto . 2.71-4.10 19.80-48.70
15 years(§={)0) LmMEm 36013 2950+3.17
P< 0,05 0,05
Infected, age LimM<m 341498 17.60-43.50
2-8 years (n=15) 40+0.13 29.80+2.66
P< 0.01 0.05
Discussion

The development of babesiosis in dogs is a complex process which
is determined by a number of biological, natural-climatic and socio-
economic factors (Iguchi et al., 2014). The pathogenesis of this disease
is determined by the specific type of pathogen and the corresponding
reactions occurring in the organism of the affected animal, which, in
turn, depend on the biology and life cycle of the Babesia canis and the
conditions in which the interaction of the macro- and microorganism
occurs (Al Izzi et al., 2013; Bajer et al., 2016; Piane et al., 2016). The pe-
culiarity of the pathogenesis of the disease is the reproduction of the
causative agent of babesiosis in the organism of a susceptible animal
inside the erythrocytes of the capillaries in the internal organs, and then
in the erythrocytes of the blood stream. Parasites are feeding in red blood
cells through osmosis. The metabolites of parasites that have been ex-
creted during this, cause a violation of the function of the organs of the
hematopoesis of the host, disturbed blood circulation, etc. That is why
the leading role in pathogenesis is given to the destruction of erythro-
cytes and as a consequence — the development of anemia. The destruct-
tion of red blood cells occurs in the spleen, which leads to the appea-
rance of blood in the free hemoglobin, which is excreted in the urine in
the unchanged form or in the form of urobilinogen. Thus, for babesiosis,
changes in the functions of the circulatory system, especially the morpho-
logical composition of blood, are adaptive (Di Mauro & Schoeffler, 2016).

As a result of hemoglobin destruction, endogenous siderosis deve-
lops, as indicated by the increased content of ferrum in serum. This can
cause the trapping of the trace element in the liver and kidneys and the
development of hemochromatosis. Thus, in dogs with babesiosis, rege-
nerative-macrocytic anemia develops, which is accompanied by oligo-
cythemia, oligochromia, macrocytosis, reticulocytosis, thrombocytopenia,
and elevated erythrocyte sedimentation rate (ESR). At the same time,
the decrease in the number of erythrocytes prevailed over the decrease
in the content of hemoglobin, which gives grounds to consider such a
process as hemolytic (Sunaga et al., 2013).

In dogs with babesiosis at the first stages of the disease, poikilocy-
tosis with the presence of echinocytes and acanthocytes (spherical
stellate cells), and stomatocytes (pelori in the form of a slit) were
detected. The third stage of the disease was characterized by schizocytes
(fractures of red blood cells) and basophilic granularity of erythrocytes.

Hypoxia and intoxication caused by metabolites of babesia lead to
dystrophic changes in hepatocytes and disturbance of their bilirubin and
protein-synthesizing functions (Crnogaj et al., 2017). It is known from
literary sources that merozoites of the pathogen bind to the receptors of
the caudal-lateral surface in the hepatocytes due to the presence of a
protein in them, which is homologous to the connecting portion of the
thrombospondin in hepatocytes. Inside the liver cell, the parasite rapidly
breeds and merozoites, formed in large numbers, break the hepatocyte.
Bloodparasites have a destructive effect on the vessels, including the
vessels of the portal system. Violation of blood circulation in the liver
leads to increased portal pressure accordingly the slowing of blood flow
(Zygner et al., 2012; Sunaga et al., 2013).

Pathomorphological changes in the liver are characterized by a dis-
complexation of the liver beams, granular dystrophy, hepatocyte necro-
sis. Due to babesiosis, a mixed — hemolytic-parenchymal jaundice with
a sign of cholestasis develops. The severity of the disease is determined
by the presence and intensity of jaundice. The most informative indicator
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of the early stages of the development of liver disease is hyperferment-
emia; the more severe degree of damage to hepatocytes is shown by
hypo- and dysproteinemia.

Conclusions

In dogs of service breeds from different age groups with babesiosis
we found oligocytemia with anisocytosis and poikilocytosis,
oligochromemia, decreased hematocrit index and macrocytosis. We
detected significant changes in the morpho-functional state of
erythrocytes in dogs of both age groups due to the catabolic effect of
ultramicroscopic invasion on their membranes and the processes of
erythrocytopoesis. In dogs with babesiosis, the population (age)
composition of erythrocytes varies: the number of “old” erythrocytes
increases (they are rapidly destroyed) and the “young” forms of red
blood cells (which do not completely provide tissue with oxygen) are
reduced. It is, in turn, reflected in the acid resistance of the “red” cells
and reduction in the time of hemolysis. The undeniable proof of the
work of erythron and processes of transfusion of gases in the body is the
ferrum-transferrin complex. As a result of its study in dogs with
babesiosis from both age groups, an increase in the level of free ferrum
(UIBC) was found and a reduction in the saturation of transferrin with
this trace element, which makes it impossible to form hemoglobin mo-
lecules in the bone marrow.
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