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Abstract. A wide range of negative effects of heavy metals on the body of mammals predetermined
the relevance of the search for ways to reduce the toxic effects of these chemical compounds.
Solving this problem is possible by using sorbents. The research aims to determine the effect
of sorbents on the content of heavy metals (cadmium, copper, lead, and zinc) in the rat tissues.
Toxicological, physicochemical, and biochemical methods were used. Phillipsite sorbent reduced
the content of copper and zinc in the blood of rats by 1.6 times, cadmium by 2 times and lead by 2.6
times. The content of copper and zinc in rat livers decreased by 1.4 times, and cadmium and lead -
by 2 times. The content of the studied metals in kidney tissues decreased by half. A similar decrease
in the level in the tissues was noted when using the chabazite sorbent for all heavy metals studied.
Administration of the clinoptilolite sorbent into the body of rats contributed to a 2-fold decrease
in the blood content of copper and zinc, cadmium, and lead by 2.6 and 3 times, respectively. A
1.6-fold decrease in copper and zinc levels and a 3-fold decrease in cadmium and lead levels were

Suggested Citation:
Ahmadi, M., Kalinin, I., & Tomchuk, V. (2023). Removal of heavy metals using sorbents and biochemical
indexes in rats. Ukrainian Journal of Veterinary Sciences, 14(4), 9-22. doi: 10.31548/veterinary4.2023.09.

‘Corresponding author

Copyright © The Author(s). This is an open access article distributed under the terms of the
oY Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)


https://orcid.org/0000-0001-8033-8463%20
https://orcid.org/0000-0002-3740-7600
https://www.scopus.com/redirect.uri?url=https://orcid.org/0000-0003-0622-6345&authorId=6506187857&origin=AuthorProfile&orcId=0000-0003-0622-6345&category=orcidLink%22

Removal of heavy metals using sorbents and biochemical indexes in rats

detected in the liver tissues. When mordenite sorbent was administered to animals, the content of
copper and zinc in the blood decreased by 1.5 times, and cadmium and lead by 3 times compared to
the control. The content of all studied metals in the liver of rats decreased by 2.4 times. The use of
these sorbents in animal husbandry will contribute to the reduction of the content of heavy metals
in animal tissues, which will ensure the production of high-quality and safe products, as well as

contribute to the preservation of human health

Keywords: animal tissues; cadmium; copper; lead; zinc

Introduction

Man-made heavy metal environmental pollu-
tion requires studying the mechanisms of their
action on humans and animals and developing
new methods of protection against toxic ef-
fects. Sorbents are widely used to remove heavy
metals and other foreign substances from the
environment. The search for effective adsor-
bents that can reduce the concentration of
heavy metals in human and animal organisms
is currently relevant. Sorbents must be safe and
effective so that they can be used regularly
for preventive purposes (Ahmad et al., 2020;
Alengebawy et al., 2021; Chen et al., 2022). The
increase of harmful pollutants in the environ-
ment has become a serious global problem.
Zeolite materials have been widely used in the
last decade to prevent heavy metal pollution
due to their excellent properties of high ion
exchange capacity and absorption capacity
(Haemmerle et al., 2021). Intensive pollution
of the environment with heavy metals is quite
significant and negatively affects the health of
people and animals. The search for effective
and safe means of detoxification of the hu-
man body from toxicants and the prevention
of their adverse biological effects is one of
the most urgent problems of modern biology,
medicine, veterinary medicine, and toxicology
(Kim et al., 2019).

The unique physical and chemical prop-
erties of zeolite materials make them extre-
mely useful for a wide range of applications,

in agronomy, ecology, veterinary medicine,
production and industrial processes. Clinop-
tilolite, natural zeolite, has been widely stud-
ied in veterinary and human medicine. The use
of clinoptilolite products in vivo has increased
dramatically due to their many health benefits,
including detoxification. However, concerns
about the safety of clinoptilolite for in vivo
use have been raised. The conducted studies
showed the high efficiency of clinoptilolite in
various medical and veterinary applications in
vitro and in vivo. Clinoptilolite from the group
of zeolites has the best physical and chemical
properties, thanks to which it is widely used in
various fields of industry, medicine, and vet-
erinary medicine. Different zeolite minerals
can be found together in a particular rock. Ze-
olite mineralization is associated with several
secondary and accessory minerals (feldspar,
micaceous minerals, chlorite minerals, opal,
cristobalite, zircon, tourmaline, iron, sulphur
compounds, and clay minerals). Natural zeo-
lites are subjected to appropriate activation
during which zeolites can acquire better prop-
erties (Pabi’s-Mazgaj et al., 2021).
Clinoptilolite is one of the most common
and widely used zeolite minerals in the world.
There are large deposits that are being devel-
oped and where zeolites are being mined, which
have high selectivity and good temperature
resistance. High ion exchange properties and
molecular sieve properties make clinoptilolite

?V/X Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 4
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one of the inexpensive adsorbents for the re-
duction of heavy metals. At the same time, the
low cost of natural zeolites makes it possible to
use them in sorption processes that do not in-
volve the regeneration of ion exchange resins
(Burakov et al., 2018). Purified clinoptilolite tuff
is used as a dietary supplement, which is made
by applying a complex process to the substance
to reduce the natural content of heavy metals
and increase its effectiveness and ease of use.
In addition, zeolites are natural ion exchangers
and can combine the processes of adsorption
and filtration (Tschegg et al., 2020). Chemical
precipitation, membrane flotation, ion ex-
change, and solvent extraction are used to re-
move soluble heavy metals. These traditional
methods either require heavy capital and
operating costs or cannot reduce the content
of heavy metals to the maximum permissible
standards. This determines the current em-
phasis on the development and use of sorb-
ents as alternative and inexpensive materials
(Irannajad & Haghighi, 2021).

Natural zeolites are a promising type of sor-
bents, as there are currently more than 100 and
about 40 synthetic ones. Having high adsorp-
tion, antitoxic, radioprotective, ion exchange,
catalytic and immunomodulatory properties,
they are increasingly used in various fields of
science, industry, biology, medicine, veteri-
nary medicine, agriculture, and ecology. These
features of zeolites attracted the attention of
scientists and were used to establish the ver-
satile effectiveness of their use, but the issues
of complex rehabilitation of mineral homeosta-
sis and the influence of sorbents on metabolic
processes remain unknown, which requires fur-
ther research (Belviso, 2020; Morante-Carballo
et al., 2021; Eberle et al., 2022).

The research aims to determine the ef-
fect of sorbents on the content of heavy met-
als (copper, zinc, cadmium, and lead) and bio-
chemical indicators in animals.

Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 4

Materials and Methods

The research was performed on nonlinear male
rats of the same age, weighing 200-220 g, which
were kept in separate cages under normal con-
ditions of vivarium. A total of 40 animals were
used, which were divided into five groups: I —
control, II — animals with orally administered
solution of copper sulfate at a dose of 3 mg/kg,
which is 1/10 of LD, , III - zinc sulfate at a dose
2 mg/kg, which is 1/20 of the LD,, IV -
mium sulfate at a dose of 1.7 mg/kg, which is
1/30 of the LD, V - lead nitrate at a dose of
2.0 mg/kg, which is 1/50 from LD,,. Intoxica-
tion was performed for 14 days, and then for 2
weeks zeolites (filipsit, chabazite, clinoptilolite
and mordent) were administered at a rate of
0.25 g/kg of animal weight once a day. At the
end of the experiment, rats were decapitated.
Blood, liver and kidney tissues were taken for
further studies. The experiments were per-
formed following the Council of European Con-
vention for the Protection of Vertebrate Ani-
mals used for Experimental and other Scientific
Purposes (European convention..., 1986).

The content of heavy metals in the blood,
liver, and kidney samples was determined using
a spectrochemical method using the absorp-
tion mode in an air-acetylene flame in atomic
absorption spectrophotometer SpectrAA-55B
(“VARIAN”, USA). The standard samples of
heavy metals solution served as control. They
were produced at the Institute of Physical
Chemistry, Academy of Sciences of Ukraine
(Odesa). Biochemical parameters were deter-
mined in serum photometrically were per-
formed using a semi-automatic biochemical
analyzer Microlab 300 (Netherlands). Concen-
trations of urea, bilirubin (total and direct),
creatinine, glucose, albumin, total protein,
cholesterol, triglycerides, magnesium (Mg), in-
organic phosphorus (Pi), calcium (Ca), chloride
(Cl), Sodium (Na), Potassium (K) and the activ-
ity of alkaline phosphatase (ALP, EC 3.1.3.1),
alanine aminotransferase (ALT, EC 2.6.1.2),

cad-




Removal of heavy metals using sorbents and biochemical indexes in rats

aspartate aminotransferase (AST, EC 2.6.1.1,),
y-glutamyltranspeptidase (y-GTP, EC 2.3.2.2),
lactate dehydrogenase (LDG, EC 1.1.1.27),
cholinesterase (ChE, EC 3.1.1.8), a-amylase
total (EC 3.2.1.1) were determined using Pliva
Lachema test kits (Czech Republic).

Statistical analyses were carried out using
“Microsoft Excel 2007”. Data were shown as av-
erage * standard deviation (SD). Comparisons
between groups were performed with analysis
of non-parametric tests. A value of P<0.05 was
considered statistically significant (Kucherenko
etal.,2001).

Results and Discussion

In the liver, the concentration of copper and zinc
decreased by a factor of 1.3, cadmium and lead

by a factor of 2, and in the kidney tissues, the
concentration of all of them at all studied de-
creased 2-fold. Similar changes were established
when using chabazite for all the studied met-
als. When clinoptilolite was used, blood levels
of copper and zinc decreased 2-fold, cadmium
and lead 2.5 and 3-fold, respectively, while the
liver showed a 1.5-fold decrease in copper and
zinc and a 3-fold decrease in cadmium and lead.
When using mordenite, the levels of copper and
zinc in the blood decreased by 1.5 times, cadmi-
um, and lead by 3 times, and in the tissues of the
liver and kidneys, the content of all the metals
studied decreased by 2.5 times (Figs. 1-3).

Figure 3 shows the results of the study. It
shows the concentration of heavy metals in the
tissues of the kidneys of rats.
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Figure 1. The concentration of heavy metals in the blood of rats with sorbents (M*m, n=8)

Source: author’s development
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Figure 2. The concentration of heavy metals in the liver tissues of rats with sorbents (M*m, n=8)

Source: author’s development
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Figure 3. The concentration of heavy metals in the tissues of the kidneys
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Biochemical

Indexes

ALP,U/L
ALT, U/L
AST, U/L
y- GTP, U/L
LDG, U/L
ChE, U/L
a-Amylase Total,
U/L
Bilirubin:
Total, umol/L
Direct, pmol/L
Creatinine, pmol/L
Urea, mmol/L
Glucose, mmol/L
Albumin, g/L
Total protein, g/L

Cholesterol, mmol/L

Triglycerides,
mmol/L
Chlorides, mmol/L

indexes of blood indicate
the condition of the liver in certain patholog-
ical processes, including heavy metal lesions
(Tables 1-4). They can be used to determine

serum of indicator enzymes.

Table 1. Biochemical parameters of rat blood serum
of copper-poisoned and with sorbents (M*m, n=8)

Control

292.12%26.39
78.31%6.33

163.22+15.85
25.63%1.95

324.41+31.11
33.23%5.90

518.71+89.83

4.11%0.20
0.82%0.02

69.21%6.11
6.12+0.89
5.21%0.69

42.53%3.30

74.62%3.71

1.21#0.05

1.12%0.01

86.21£7.42

Copper-
poisoned

536.31+83.20*

132.72+10.72*

254.51%20.31*

40.13+2.90*

652.21+53.73*

42.32%6.12

747.21#115.11*

4.72%0.19
1.31%0.03

102.32+8.92*
11.31+1.24*
6.63£1.09*
33,71+2.51
61.23%2.42

0.82+0.01*

0.41+0.01*

106.02+9.71

Rats
Administered chemical
Filipsit Chabazite Clinoptilolite
436.12+45.22%%  442.31+47.11%% 402.62+42.42**
106.31+10.08** 108.13£10.03**  99.31£9.20**
212.23+18.73 217.02+18.62  182.23+16.31%*
31.61£3.10 32.21£3.26 28.62+2.45%*
497.32+47.31%* 496.73+48.28** 352.31+43.21**
37.13+4.80 38.32%4.97 35.02+3.97

607.21£96.13**  609.51+97.31** 554.21+81.16**

4.72%0.18 3.63+0.20 3.62%0.18
0.83%0.01 0.910.03 0.91+0.02
82.61%7.20** 83.32£7.67** 74.22%6.75**
9.02%+1.08** 9.31+1.05** 7.31£0.97**
5.61%0.71 5.73%0.80 5.03£0.61**
40.12+2.84 39.62%2.70 41.21+3.93**
71.14+3.18 69.71£2.63 72.61%3.41
1.02%0.02 0.82+0.02 1.03+0.03
0.51+0.01 0.53+0.02 0.82+0.03**
89.12£7.37 90.21%7.90 87.71£7.42
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deviations in the synthetic and detoxification
functions of this organ. Functional disorders of
hepatocytes are examined for the activity in the

Mordent
421.82+46.23%*
102.21£10.01%*
196.32+18.26%*

30.13+2.42
482.52%45.20**
36.21%+4.73

597.12+94.27**

3.63%0.21
1.02%0.02

81.31%7.42**

8.23+1.03**
5.32%0.70
40.13+2.91
71.21£3.20

1.12%0.01

0.71%0.01

88.03+7.97
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Table 1. Continued

Rats
Indexes Control Copper- Administered chemical

poisoned Filipsit Chabazite  Clinoptilolite Mordent

Magnesium, mmol/L 1.61%0.10 2.23%0.20% 2.13%0.18 2.02+0.21 2.03+0.17** 2.12%0.16
SR 2.42:021  1310.09%*  1.82#0.15**  1.730.13**  2.12#0.18**  2.010.17**

Phosphorus, mmol/L

Calcium, mmol/L 1.83+0.12 2.81+0.19* 2.03+0.17** 2.01+0.21%* 2.13+0.11%* 2.13+0.16**
Sodium, mmol/L 144.11%12.32 127.21+11.80* 136.31%12.47 136.82+12.51 139.31%£12.42 135.21+12.27
Potassium, mmol/L 5.23+0.29 7.32%+0.59* 6.12+0.40 6.31+0.47 5.82%0.30** 6.12+0.38%*

Notes: “P<0.05 compared with the intact rats; **P<0.05 compared with the intoxicated rats
Source: author’s development

Table 2. Biochemical parameters of rat blood serum
of zinc-poisoned and with sorbents (M+m, n=8)

Rats
Indexes X X Administered chemical
Control Zinc-poisoned . . . o
Filipsit Chabazite Clinoptilolite Mordent
ALP, U/L 291.1227.39  537.21%86.10% 438.12+75.30**  440.21%76.25%*  401.23+69.23** 422.31+71.28%*
ALT, U/L 78.3146.33  135.23t11.11%  105.51#9.17%*  107.32%9.20**  98.51#8.50**  101.12%8.73
AST, U/L 162.22414.85 254.82+22.40% 207.32421.26%  210.23£19.33**  192.22¢19.71%* 198.63+20.13**
y-GTP, U/L 24.652.20  40.41:4.18%  33.533.18%* 34.02+3.41 29.61%3.20%%  31.12+3.26**
LDG, U/L 323.41%32.11 653.32855.22% 518.02346.22%% 522.31#47.17%*  489.32445.10**  501.53+46.17
ChE, U/L 34.2544.90  40.03%5.02 37.13£4.13 37.82+4.75 35.13+4.30 36.02+4.96
“’Amy{?/ieTOtal’ 517.71£89.83 749.12+123.13* 617.31:112.21"* 618.53+112.18** 604.02+117.23** 606.21+117.29
Bilirubin:
Total, pmol/L.  4.1120.20 4.81£0.22 4.12%0.19 3.72+0.20 3.51+0.18 3.62+0.20
Direct, pmol/L  0.82+0.02 1.12£0.01 1.03+0.02 1.03+0.01 1.02+0.02 1.03£0.03
i, 69.2146.11  104.21#9.21%  85.12+6.74** 87.21%6.68 78.3246.22°%  82.21%6.84*"
pmol/L
Urea, mmol/L.  6.120.89  11.23+1.14* 9.13£0.96™* 9.32+0.98 7.73%0.70** 8.5240.93**
Glucose, mmol/L  5.21%0.69 7.21%1.31* 6.21+0.91 6.23+0.95 5.32+0.51%* 5.8540.81
Albumin, g/l 42.53¥3.30  34.82+2.72 37.1242.40 37.81%2.71 41.13+3.02 39.71£2.70
Total protein, g/l 74.62#3.71  62.03+2.62 69.212.51 68.23+2.42 71.42+3.23 70.12+2.33
Cholesterol, 1.310.05 0.82+0.02* 1.03+0.03 0.82+0.02 1.030.04 0.93%0.03
mmol/L
Ui, 1.12+0.01 0.41+0.02* 0.81+0.02** 0.81%0.01% 0.72+0.03** 0.71%0.02**
mmol/L
Chlorides, 86.2147.42  105.62+9.49 89.32+7.81 90.12+8.42 85.13+7.20%* 86.62+7.30
mmol/L
LR T, 1.61+0.10 2.3140.23* 2.03+0.18 2.1340.17 1.82+0.13** 1.83+0.15**
mmol/L
Inorganic
Phosphorus, 2.42+0.21 1.42£0.11* 1.720.16 1.72£0.15 2.0120.21%* 2.12+0.22%
mmol/L
Calcium, mmol/L.  1.83+0.12 2.7240.24* 2.51£0.21 2.6120.24 2.12+0.17%* 2.03+0.10%*
Sodium, mmol/L 144.11#12.32 128.02£11.89%  136.23:11.81  135.12¢11.73  139.21*12.41  137.31211.97
LG, 5.23+0.29 7.5140.70* 6.72+0.65 6.8340.62 6.13+0.50%*  6.1340.42**
mmol/L

Notes: *P<0.05 compared with the intact rats; **P<0.05 compared with the intoxicated rats
Source: author’s development
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The liver ensures the neutralization of many
endogenous and exogenous substances and is

the central regulator of metabolic processes and
regulation of homeostasis in the organism.

Table 3. Biochemical parameters of rat blood serum
of cadmium-poisoned and with sorbents (M*m, n=8)

Rats
Indexes Control Cad.mium— Administered chemical
poisoned Filipsit Chabazite  Clinoptilolite Mordent

ALP, U/L 291.12#227.39  589.41+87.15* 462.02+72.22** 468.31£74.31** 434.62+69.72** 446.13£70.22**

ALT, U/L 78.31%6.33 176.12£12.30* 141.13+10.83** 148.42+11.20 135.21%10.23** 138.32+10.47**

AST, U/L 162.22+14.85 338.63+31.23* 273.3 #27.52** 275.13+27.52** 252.23+27.08% 261.13+27.27**

v-GTP, U/L 24.63%2.20 43.31+4.84* 36.23+3.71%* 37.32%3.80 31.1242.97** 34.21+3.41**

LDG, U/L 323.41+32.11 724.52+61.13* 602.41+57.02** 605.63+57.62** 561.31+54.10** 572.23+54.18**

ChE, U/L 34.23%4.90 43.13%5.93* 37.12%5.27 37.31%5.32 35.13%5.02 35.81+5.03
a-Amylase Total, U/ 517.71£89.83 809.21+¥141.24* 651.31+93.87** 653.21+94.11** 619.23+92.17** 632.62%¥93.06**

Bilirubin:

Total, umol/L 4.11+0.20 4.71%0.25* 4.42 #0.18 4.51+0.21 4.12#0.11%* 4.01+0.15**
Direct, pmol/L 0.82%0.02 1.12+0.02* 1.13+0.02 1.02+0.03 1.11+0.02 0.92%0.03
Creatinine, umol/L 69.21%6.11 118.43+11.53*  95.31+10.13**  94.73+10.17**  91.12%9.83** 92.31+9.85%**

Urea, mmol/L 6.12%0.89 12.82+2.31* 10.63+2.08** 10.21+2.03** 8.31%1.61%* 9.23+1.73**
Glucose, mmol/L 5.21%0.69 8.23+1.42% 7.12%1.23 7.32%1.27 6.42%+1.22%* 6.42%1.21%*
Albumin, g/L 42.53%3.30 31.31+2.20* 37.13%2.42 36.71%2.81 39.31£2.87%* 38.21£2.73%*
Total protein, g/L 74.62%3.71 56.12+2.11* 65.31+2.18 64.12%2.23 68.32%2.71 67.23+2.68
Cholesterol, mmol/L 1.31+0.05 0.73+0.02* 0.82%0.03 0.83+0.02 1.13£0.07** 1.12+0.07%*
Triglycerides, mmol/L 1.12£0.01 0.31+0.02* 0.43+0.02** 0.51+0.01** 0.62%0.02** 0.53+0.02**
Chlorides, mmol/L 86.21%7.42 112.23%#10.91* 95.52+9.90 96.32+10.02 90.21£8.80%* 92.21%9.11%*
Magnesium, mmol/L 1.61%0.10 2.52+0.27* 2.41%0.20 2.43%0.21 2.12%0.16** 2.12+0.17
Inorganic 2.42£0.21 1.1340.07* 1.2120.08 1.320.12 1.53:0.13%  1.610.11**
Phosphorus, mmol/L
Calcium, mmol/L 1.83%0.12 3.41%0.36* 2.72%0.25** 2.81%0.27** 2.41£0.17%* 2.62+0.21**
Sodium, mmol/L 144.11+£12.32  122.23*#11.14*  134.41+11.02 132.23%¥10.63  130.12+10.43 131.31%10.22
Potassium, mmol/L 5.23+0.29 8.32+0.91* 7.93%0.65 7.62%0.72 7.23+0.53** 7.12%0.62%*

Notes: *P<0.05, compared with the intact rats; **P<0.05, compared with the intoxicated rats
Source: author’s development

The liver ensures the neutralization
of many endogenous and exogenous sub-
stances and is the central regulator of met-
abolic processes and regulation of homeo-

stasis in the organism. The obtained data
can be used as a marker of liver function
issues in animals in case of heavy metal
poisoning.

Table 4. Biochemical parameters of rat blood serum
of lead-poisoned and with sorbents (M*m, n=8)

Rats
Indexes Control  Lead-poisoned Administered chemical
Filipsit Chabazite Clinoptilolite Mordent
ALP,, U/L 291.12#27.39  554.61+86.93*  461.23%80.23** 464.12+80.27** 418.13+78.13** 422.21£79.01%*
ALT, U/L 78.31%6.33 163.52+12.12* 134.21+¥11.83 158.63+12.07  117.21+10.24** 121.23%10.73
AST, U/L 162.22+14.85 285.31+23.11% 234.32+22.52 257.21%22.93  223.62+21.13**  227.32%21.41**
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Table 4. Continued

Rats
Indexes c 1 Lead-poi d Administered chemical
ontro R Filipsit Chabazite Clinoptilolite Mordent
y-GTP, U/L 24.63+2.20  41.12%4.37* 33.63+4.08 3743426  29.31#3.22%%  31.13+3.97**
LDG, U/L 303.4132.11 692.31+55.72* 574.32+47.32%%  618.72+54.21 524.03+45.32%% 536.21+45.51%*
ChE, U/L 34.234.90  42.23%5.17* 38.21+4.82 38.81£4.96 36.12¢4.41 36.72+4.82
“'Amy%?/szOtal’ 518.71+89.83 792.31134.22* 651.23+127.26** 708.42+132.17 605.31+126.17% 612.23+126.80**
Bilirubin:
Total, pmol/L 4.11%0.20 4.62£0.27* 4.51£0.24 4.41£0.23 4.12%0.18 4.04%0.21
Direct, pmol/L.  0.82+0.02 1.13+0.02* 1.02+0.07 1.03+0.06 1.12+0.03 1.13+0.03
Creatinine, 69.21%6.11  112.51+10.14*  95.51%9.41 96.62+9.77 91.239.06 93.32+9.22
pmol/L
Urea, mmol/L 6.120.89  12.23+2.22%  10.23+1.73%  10.71£1.91%*  9.71*1.61%*  10.13+1.72**
Glucose, mmol/L.  5.2120.69 8.24+1.37* 6.82+0.95%* 7.23+1.02 6.82+0.72%* 6.81+0.81%
Albumin, g/l 42.53+3.30  32.02#2.31*  36.61£2.51%*  34.12:240  36.43:2.33%*  37.23%2.52%
Total protein, g/l 74.62#3.71  58.31%2.20* 65.23+2.83 60.71%2.39 67.213.20 66.12+2.63
Aulles el 1.31%0.05 0.72%0.03* 0.72+0.02 0.73%0.03 0.82+0.03** 0.83+0.02
mmol/L
Triglycerides, 1.22£0.01 0.3120.01% 0.61£0.01% 0.42£0.02%%  0.71£0.01%* 0.72£0.02%
mmol/L
Chlorides, mmol/L  86.21%7.42  111.23+10.21*  95.23%9.40 96.3149.31  90.13%9.80**  91.31%9.93%*
Magnesium, 1615010 2.62+0.24* 2.2120.21 2.130.20 2.12+0.17** 2.23+0.21
mmol/L
Inorganic
Phosphorus, 2.42+0.21 1.23+0.11* 1.52+0.15 1.71%0.16 2.210.18%* 2.12+0.22%
mmol/L
Calcium, mmol/l,  1.83+0.12 3.2140.43* 2.51%0.23 2.7240.27 1.62+0.17* 1.810.17**
Sodium, mmol/L.  144.11¥12.32 123.12+11.74*  137.23+11.21  136.21#11.16  141.2311.36  140.12+11.50
Potassium, 5.23:0.29  8.03+0.83* 7.1240.57 7.23+0.60 6.7120.32%* 7.0340.64*"
mmol/L

Notes: *P<0.05, compared with the intact rats; **P<0.05, compared with the intoxicated rats

Source: author’s development

The obtained biochemical characteristics
of heavy metal poisoning will allow a better
understanding of the molecular aspects of
the mechanisms of their negative effects on
the animal organism, which will in the future
provide an opportunity to prevent negative ef-
fects on the human organism as well. The liver
is actively involved in adaptive reactions dur-
ing toxicological processes in the animal or-
ganism. ALT and AST are one of the most im-
portant indicators of the biochemical analysis
of animal blood, directly indicating the state
of internal organs. An excess of normal values
indicates pathological processes occurring
in such vital organs as the heart, liver, and
kidneys. The transamination reaction is the
transfer of an amino group from an amino acid

to a fat metabolism product, a keto acid. As a
result, a new amino acid is formed, synthesized
directly in the animal organism, and a-keto
acid. Transaminases are present in every cell
of the animal organism. If the integrity of
cellular structures is violated, these enzymes
enter the bloodstream. Normally, aminotrans-
ferases are contained in the blood due to the
presence of programmed cell death — apopto-
sis. This is the norm. However, with massive
cell death and the release of a large number
of enzymes, the indicators of biochemical re-
search change, they can be exceeded tenfold,
depending on the type of pathology and the
size of the defect.

An increase in the activity of ALP and
an increase in the concentration of bilirubin
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indicates toxic damage to the liver with man-
ifestations of cholestasis.

The main reasons for the rise in increased
activity in a-amylase total, cholinesterase and
creatinine blood levels are the development of
pancreatitis, renal insufficiency, filtration pa-
thology in renal glomeruli, development of ne-
phritis as are the salt of development of toxic
processes. Aminotransferase and LDG activity
increased, cholesterol and triglycerides de-
creased, and glucose increased in the presence
of y-GTP, and ALP are the main reasons for the
impaired excretory function of the liver with
hepatocellular insufficiency.

The main reasons for the decrease in total
protein and albumin in the blood serum in the
heavy metal poisonings studied are the cellu-
lar damage to the liver and kidneys. Elevated
serum urea levels are signs of increased pro-
tein catabolism and acute renal failure, indi-
cating a change in the relationship between
urea production and excretion in the urine.
Urea is the largest reservoir of circulating of
nitrogen and its production changes in paral-
lel with the degradation of endogenous pro-
teins. Urea transport is mediated by specific
urea transport proteins, which play a central
role in urine concentration (Wei et al., 2019;
Saha & Paul, 2019; Treto-Sudrez et al., 2020).
Inorganic sodium and phosphorus levels de-
crease in all groups of poisoned animals. How-
ever, the concentration of chloride, magnesi-
um, calcium, and potassium increased. All this
points to nephritis and disorders of acid-base
equilibrium disorder namely compensatory
acidosis. The use of sorbents in intoxicated
rats and comparison of the obtained results
indicates their positive corrective effective-
ness, especially when using clinoptilolite and
mordent which is consistent with the data (Liu
etal.,2018; Maet al., 2018; Engwa et al., 2019).
In the current study, normalization of almost
all studied biochemical parameters of blood
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serum to such values as in intact animals was
observed.

Agro-industrial wastes can be used as po-
tential adsorbents of heavy metals. These res-
idues were characterized to determine their
structure and composition and to understand
the adsorption mechanism. Adsorption is one
of the most suitable technologies for remov-
ing heavy metals. The adsorbent efficiency
and capacity were measured and compared. It
is possible to affirm from the obtained results
that all biomasses used are good alternatives
to synthetic materials, with adsorption effi-
ciencies greater than 50%. The heavy metals
were immobilized, with efficiencies over 88.5%
(Simon et al., 2022). The results of the current
research are consistent with the data present-
ed in other studies in that intestinal adsorption
is a very promising method for the removal
of various toxins, both in emergencies and in
planned detoxification of the organism. Intesti-
nal adsorption is a simple and effective method
of cleaning the organism utilizing adsorbent
sand is used in the prevention and treatment
of several diseases and poisonings, as well as in
the amelioration of conditions related to endo-
toxemia and exotoxemia. Intestinal adsorbents
are used to prevent toxic allergic reactions and
reduce the metabolic load on excretory and de-
toxification functions. According to the World
Health Organization’s Anatomical Therapeutic
Chemistry Classification System, enteric ad-
sorbents belong to group A07B “Enteric Ad-
sorbents”. This section outlines recent scien-
tific research on the clinical applications of
enteric adsorbents, particularly for the removal
of toxic metals from the human body. The lat-
est classification of enteric adsorbents and
their mechanisms of action are also presented
(Fatullayeva et al., 2021).

Theresults are consistent with the data pre-
sented in studies on the efficacy of amphoteric
cryogens as oral adsorbents (enerosorbents) for
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the treatment of acute poisoning of small ani-
mals (rats) by heavy metals in vivo experiments.
The morphological structure of the cryogels was
examined by scanning electron microscopy/en-
ergy-dispersive X-ray analysis and confocal mi-
croscopy, and the use of cryogels to treat rats
treated with aqueous solutions of LD50 amounts
of Cd(NO,),, CsNO,, Sr(NO,),, or HgCl, resulted
in the rats treated with cryogel showed higher
survival changes in comparison with the control
group that did not receive such treatment. His-
tological and chemical analysis of the internal
tissues of experimental animals and biochemi-
cal analysis of their blood showed that cryogel
protects animals from the damaging effects of
heavy metals on the organism, comparable to
unithiol, a 2,3-dimercapto-1-propanesulfonate
sodium salt-based chelating agent approved
for the treatment of acute poisoning by sever-
al heavy metals the effectiveness of cryogel in
protecting animals from the damaging effects
of heavy metals on the organism was demon-
strated (Baimenov et al., 2021).

Several authors have established that the
introduction of cadmium and lead salts into the
organism of rats caused a decrease in organism
weight gain compared to intact animals. Re-
duction of body weight gain in rats under heavy
metal poisoning was accompanied by malnutri-
tion and hypertrophy of organs. These changes
are associated with the accumulation and
sorption capacity of these metal ions, which
contribute to the development of endogenous
poisoning in the experimental group of rats.
Chronic lead-cadmium toxicosis in rats was ac-
companied by erythrocytopenia and leukaemia
with a simultaneous increase in erythrocyte
volume and average haemoglobin content in
erythrocytes. Which is also consistent with the
results (Lopotych et al., 2020).

Chronic effects of three groups of heavy
metals on the body of rats were modelled,
and biochemical parameters, as well as their

changes, were measured and compared with the
control group. The results are consistent with
the results of this research. The study showed
that when combined with chronic poisoning by
heavy metal salts, biochemical indicators of the
blood may be altered, and this is caused by func-
tional violations of the liver, kidneys, and myo-
cardium. On the background of toxic effects of
heavy metals, “Ursodex” and “Schrot Rastorop-
shy” were used as biologically useful agents,
which contributed to the reduction of metal
toxicity. The level of adverse effects of these
elements on biochemical indicators of blood in
experimental animals was reduced (Tazitdinova
et al., 2018). Thus, the use of adsorbents showed
good results regarding the elimination of the
studied heavy metals and had a positive effect
on biochemical indicators in rats.

Conclusions

In the case of intoxication of rats with heavy
metals, the use of phillipsite, chabazite, clinop-
tilolite and mordenite was found to be effective
for the removal of copper, zinc, cadmium, and
lead from all studied tissues. Biochemical pa-
rameters of the rat blood indicate that the use of
the studied sorbents had a corrective effect on
the restoration of biochemical functions of liver
cells. In this study, the adsorption behaviour
of sorbents for various, health-related heavy
metal cations was evaluated. The multifaceted
properties of sorbents, especially high-silicon
sorbents, indicate the possibility of their use as
heavy metal detoxifiers. Conducting a compar-
ative assessment of the results of research on
the corrective effectiveness of the use of various
sorbents indicates the possibility of their use as
heavy metal detoxifiers. Zeolites are ecological
absorbents of the active groups based on the
way metal ions interact with the adsorbent, as
well as their radius. Several factors control the
adsorption process of heavy metals, including
the type and distribution of active groups on

?V/X Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 4



Ahmadi et al.

the adsorbent, the way the metal ions interact
with the adsorbent, and the radius of the metal
ion. The adsorbents proved to be perfectly ef-
fective with a high degree of removal from var-
ious animal tissues. The results show that the
adsorbent can be used for the following pur-

can be continued with the aim of implementing
them into practice for the study of pathological
conditions that cause the toxic effects of heavy
metals or other xenobiotics. Further continua-
tion of research can be in animal husbandry, vet-
erinary medicine, and toxicology.

poses obtain ecologically clean products of an-

imal husbandry, for animals located in regions Acknowledgements
polluted by heavy metals. None.
In further research, protein and lipid metab-
olism should be investigated more deeply. Fur- Conflict of Interest
ther studies of metabolic indicators in animals  None.
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AHoranig. IIupokuit CHeKTp HeraTMBHOTO BIUIMBY BAaKKMX MeTaliB Ha OpraHi3m ccaBLiiB
CTIPSIMOBYE OCTITHMUKIB Ha IOIIYK CIOCOOIB 3HMKEHHS TOKCUMYHOI il IMX XiMiYHUX CITOTyK.
BupimmTyu 110 1mpo6ieMy MOKIMBO 3aBISIKM BUKOPUCTAHHIO copbGeHTiB. MeTa HayKOBOIO
MOC/TiIKEHHS TTOJIATajia y BUSHAUEHHI BIUIMBY COPOEHTIB Ha BMIiCT BasKKMX MeTaliB (KaaMilo, Mifi,
CBMHIIIO Ta IIMHKY) B TKAaHMHAX IIypiB. JIs1 IIbOTO BUKOPUCTOBYBAIM TOKCUKOJIOTiUHI, diznko-
ximiuni Ta 6ioxiMiuHi MeTomu. BcTaHOB/IEHO, IO 3aCTOCYBaHHSI COPGEHTY GIMINICUTY CIPUSIIO
3HIDKeHHIO BMICTY Mifi i IIMHKY B KpOBi mypiB B 1,6 pa3a, KagMmiio B 2 pa3u Ta CBUHIIIO B 2,6 pasa.
V meuiHli WypiB ymicT Mifi i UMHKY 3MeHIIyBaBcsa B 1,4 pasa, a KaJMilo i CBMHIIO — B 2 pasu.
B TKaHMHAX HMPOK YMICT JOCTiI)KyBaHMX MeTasliB 3MeHIIyBaBCs BIBiui. AHaJIOTiUHe 3HVDKEHHS
piBHS B TKAHMHAX BiZ3HAYAJIOCS i IPM BUKOPUCTAHHI COPOEHTY M1aba3uTy ISl BCiX AOCTiIKYBaHUX
BaXKMX MeTasliB. BBeeHHS B OpPraHi3M IIypiB COPOEHTY KIMHOITUJIONITY CIPUSITIO 3MEHIIIEHHIO
BMICTY B KpPOBi MiJi i IMHKY B 2 pa3u, KaaMilo i CBMHINIO B 2,6 i 3 pasu BinnosigHo. B TkaHMHaxX
TeYiHKM BUSIBJISUTM 3HVDKEHHSI PiBHS Mini i muHKY B 1,6 pasa, KagMiio i CBMHIIO B 3 pasu. 3a
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BBEJIEHHS TBApMHAM COPOEHTY MOPAEHITY BMIicCT Mifi i IMHKY B KpOBi 3HMKyBaBcs B 1,5 pasa, a
KaIMil0 i CBMHIIIO B 3 pa3yu MOPiBHSIHO 3 KOHTPOIEM. YMIiCT BCiX JOCTiKyBaHMUX METAIB Y MeviHIIi
IIypiB 3MeHIyBaBcs B 2,4 pa3a. 3aCTOCYBaHHS B TBAPMHHUIITBI 3a3HAUeHNX COPOEHTIB CIIPUATIME
3MEHIIIeHHIO BMiCTy BasKKI/X METAJIiB Y TKAHMHAX TBAPYH, 110 3a0€3T€YNTh OTPUMAaHHS SIKiCHOI Ta
6e3MeyHoi MPOIYKIIii, a TAKOX CIIPUITIME 30epeKeHHIO 3[I0POB’S TIOAVHU

KirouoBi cyioBa: TKaHMHM TBApPYH; KaAMiii; MiJib; CBMHEIIb; IIMHK
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Abstract. The research relevance is determined by an insufficient study of morphological changes
in the mesentery of cats with infectious peritonitis, even though their understanding is necessary
to explain the mechanism of development of the main symptom of the disease — the effusion of
fluid into the abdominal cavity. The research aims to establish gross and microscopic changes in the
mesentery of the small intestine of cats with infectious peritonitis. The research employs gross and
histological examination of the mesentery of the small intestine of cats at the infectious peritonitis.
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Slides of the mesentery were stained with haematoxylin and eosin. At dry and mixed forms of
infectious peritonitis, gross and microscopic changes in the mesentery of the small intestine of
cats are similar. In the mesentery grossly, small white spots were found, which protruded above
the general surface and had a homogeneous appearance on the section. Microscopic changes in
the mesentery of the small intestine of cats with dry and mixed forms of infectious peritonitis were
also similar. When conducting histological studies, it was established that the mesothelium on the
surface of the mesentery was necrotized or absent. The submesothelial layer of collagen fibres was
necrotized or contained partially lysed and fragmented fibres. The loose fibrous connective tissue
of the mesentery was swollen, necrotized in places, and infiltrated by lymphocytes, monocytes, and
macrophages. Eosinophilic inclusion bodies were detected in the cytoplasm of some monocytes
and macrophages. Foci of adipose tissue in the mesentery of the small intestine were infiltrated
by lymphocytes and monocytes. Necrosis and destruction of their walls were found in blood
vessels and destruction of endothelial cells in lymphatic vessels. Perivascular lymphoid nodules
were markedly enlarged due to their swelling and an increase in the number of cells in them. In
perivascular lymphoid nodules, expansion of lymphatic vessels and destruction of part of their
endothelium cells were also established. Some of the lymphatic vessels of the mesentery were
expanded and filled with lymph, which contained a significant number of lymphocytes, monocytes,
and single neutrophils. The materials presented in the article are of practical value for anatomists,
histologists and pathomorphologists, as well as for scientists who study the pathogenesis of
infectious peritonitis in cats

Keywords: feline coronaviruses; perivascular lymphoid nodules; eosinophilic inclusion bodies;
gross changes; microscopic changes

Introduction

Feline infectious peritonitis (FIP) is diagnosed
worldwide. Some cat breeds (e.g., Bengals) and
certain lines within breeds are more often af-
fected. At the same time, infectious peritonitis
is rarely reported in stray and feral cats (Thayer
et al., 2022). The causative agent is a virus that
belongs to the feline coronavirus group, which
also includes feline enteric coronavirus (Haake
et al., 2020). Feline enteric coronavirus is domi-
nant in cat populations. It is low virulent. Infec-
tion of animals with this virus occurs through
the faecal-oral route and the pathogen primarily
enters the intestines. In this case, the disease
does not occur at all or manifests itself only in
the form of mild enteritis. However, in 4-5% of
adult cats and 5-10% of kittens, due to muta-
tions of the enteric coronavirus in the body of a

particular infected animal, the pathogen of in-
fectious peritonitis is formed, and this disease
occurs. This usually occurs without horizontal
transmission of the pathogen. In general, the
incidence of infectious peritonitis in cats in
their populations is low and rarely exceeds 5%
of all cats infected with coronavirus. Kittens are
protected from feline coronaviruses by mater-
nal antibodies until 5-6 weeks of age, but after
weaning, 90% of kittens exposed to coronavi-
ruses become infected. Approximately 5-12% of
these cats develop classic clinical symptoms of
FIV (Khalaniia, 2020; Zappulli, 2020).

Feline infectious peritonitis is widespread
among different cat populations worldwide. It’s
invivo diagnosis is quite complex and is based on
a combination of many clinical and laboratory
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findings, including the detection of the FIV vi-
rus. At the same time, clinical symptoms (ano-
rexia, lethargy, weight loss, pyrexia, ocular and
neurological manifestations such as gait abnor-
malities, etc.) as well as laboratory test results
are nonspecific (Felten & Hartmann, 2019). This
disease is more commonly reported in animals
under the age of one year. The postulated breed
predisposition of cats to infectious peritonitis
has been identified, as animals genetically re-
lated to certain family lines are more likely to
be affected. However, in shelters, the disease
also occurs in genetically unrelated cats. Fac-
tors in the cat’s body that contribute to the oc-
currence of infectious peritonitis include the
characteristics of the major histocompatibility
complex, the quality of cytokine responses,
and some others.

According to M.A. Kennedy (2020), histo-
logical examination and immunohistochemis-
try remain the best tests for the diagnosis of UC.
However, intravital biopsy is difficult or impos-
sible in some cases. Therefore, the conclusion
about the death of cats from infectious peri-
tonitis is made posthumously in some cases.
When diagnosing IPC, it is necessary to keep
in mind that tissues that do not replicate this
virus contain only small amounts or no path-
ogen at all. Among the organs with the highest
content of the causative agent of UTI are the
omentum, mesenteric lymph nodes and spleen.
Therefore, these tissues are the most useful for
diagnosis. On the contrary, the kidneys, liver,
lungs, myocardium, and popliteal lymph nodes
contain little or no pathogen. Diagnostics based
on the detection of antibodies also do not give
a stable and reliable result. For example, the
detection of antibodies to feline coronavirus in
the CSF of animals with neurological infectious
peritonitis was initially considered necessary
for diagnosis. However, studies by S. Felten &
K. Hartmann (2019) showed that the detec-
tion of antibodies in CSF, serum and effusion

Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 4

is not suitable for a definitive in vivo diagno-
sis. The sensitivity and specificity of antibody
detection were compared with histological and
immunohistochemical findings as a reference
standard, and control groups included cats with
only any type of neurological disease or both
neurological and non-neurological disorders.
A recent study included cats with neurological
symptoms that were likely caused by infectious
peritonitis, although the diagnosis was not
confirmed by histopathological examination.
In this study, cerebrospinal fluid from a large
number of animals was analysed and the sen-
sitivity of feline coronavirus antibodies for the
diagnosis of infectious peritonitis was found to
be low. However, it was hypothesised that the
detection of feline coronavirus ribonucleic acid
in the cerebrospinal fluid could confirm the di-
agnosis of infectious peritonitis, as it was found
in all cats with a cerebrospinal fluid antibody ti-
ter of 1:640 or higher. Based on these results, it
is concluded that a cerebrospinal fluid antibody
titer of 1:640 or higher can be used to diagnose
this infectious disease. However, these results
are of limited value because control cats were
not included in the study and the diagnosis of
infectious peritonitis was not confirmed.

The international literature describes
macroscopic and microscopic changes in spon-
taneous IPC and its experimental reproduc-
tion (Lisova & Kotliarov, 2022). All identified
changes are summarised in several review
studies (Thayer et al., 2022). However, mor-
phological changes in the intestinal mucosa of
cats with infectious peritonitis have not been
studied before. Currently, in human medicine,
the mesentery is considered a separate organ
that maintains the systemic continuity of all
abdominal and pelvic organs. According to the
currently accepted mesenteric model of ab-
dominal anatomy, all abdominal and pelvic or-
gans are organised into 2 domains: mesenteric
and non-mesenteric. This model explains the
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positional anatomy of all abdominal and pelvic
organs and the associated vascular system. The
microscopic structure of the mesentery is not
fully understood. It has been established that
this organ in humans and animals of some spe-
cies is a mesothelium-covered lattice of loose
fibrous connective tissue, with adipocyte popu-
lations in the cells. The loose fibrous connective
tissue of the mesentery is made up of bundles of
collagen elastic fibres and fibroblasts. The mes-
entery also contains blood vessels, lymphatic
vessels, nerves, and perivascular lymph nodes
(Coffey et al., 2020). In modern human anatomy,
the mesentery is divided into upper, middle,
and lower sections (D’Souza et al., 2020). Based
on the abovementioned, the research aims to
investigate morphological changes in the mes-
entery of cats that died from dry and mixed
forms of infectious peritonitis.

Materials and Methods

The research was carried out at the Kasyanenko
Department of Anatomy, Histology and Patho-
morphology of Animals, Faculty of Veterinary
Medicine, National University of Life and En-
vironmental Sciences of Ukraine in 2019-2022.
Histological examinations of the small intes-
tine mesentery of 27 cats of different breeds
and ages that died from the mixed form of the
disease and 7 cats of different breeds and ages
that died from the dry form of the disease were
performed. During the studies, access to the
abdominal organs was obtained by cutting the
abdominal wall along the midline of the abdo-
men. The small intestine was removed along
with the mesentery. The mesentery of the small
intestine of each cat was examined and pieces
of mesentery measuring 2 x 2 cm were cut out
with scissors at an equal distance from the
small intestine and mesenteric lymph nodes:
in the duodenum - 1 piece (from the middle
part of this intestine), in the jejunum - 3 pieces
(from the middle part of the cranial, middle and

caudal thirds), in the ileum - 1 piece (from the
middle part of this intestine).

All selected pieces of the small intestinal
mesentery were fixed in formalin for 5 days, then
rinsed under running tap water for 24 hours, de-
hydrated in 60°, 70°, 80°, 96° and 100° ethanol,
kept in each of them for 24 hours, and then em-
bedded in paraffin. When embedded in paraffin,
the pieces of small intestinal mesentery were first
transferred from 100° ethanol to a mixture of
100° ethanol and chloroform 1:3 for 4 hours, then
to a mixture of 100° ethanol and chloroform 1:1
for 4 hours, and then to chemically pure chloro-
form for 12 hours at room temperature. After that,
the pieces of the mesentery of the small intes-
tine were transferred to a mixture of chemically
pure chloroform and paraffin 1:1 at 37°C for 12
hours in a thermostat TSO-80 (Ukraine), and later
to molten paraffin at 56°C for 6 hours in a ther-
mostat TSO-80 (Ukraine). After that, they were
poured into a new portion of molten paraffin and
cooled at +8°C until the paraffin completely so-
lidified. Sections of the mesentery of the small in-
testine (9+2 pum thick) were obtained in cross-sec-
tion on a sledge microtome MS-2 (Ukraine), after
which they were stained with haematoxylin and
eosin (Goralskij et al., 2011). Histological sections
were photographed under an MC 100 LED micro-
scope (Austria) using a Canon EOS 550D camera
(China). All experimental studies were conduct-
ed in accordance with the European Convention
for the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes
(European convention..., 1986).

Results and Discussion

In both dry and mixed forms of UC, small white
spots were found in the thickness of the small
intestinal mesentery, which protruded above
the general surface of the mesentery, had a
homogeneous appearance in the section and
were located far from the mesenteric lymph
nodes (Figs. 1, 2). Considering the presence of
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these spots, a histological examination of the
areas of the mesentery of the small intestine
located far from the mesenteric lymph nodes
was performed. According to the histological
studies, it was found that the mesentery of cats

is covered with a serous membrane represented
by a layer of mesotheliocytes. Currently, as
noted by J.C. Coffey & and D.P. O’Leary (2017),
mesotheliocytes are an almost unexplored
pool of stem cells.

Figure 1. White spots in the mucosa of the cat’s small intestine in the dry form
of infectious peritonitis (arrows)

Source: developed by the author
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Figure 2. Mesentery of the small intestine of a control cat
Note: 1 — mesothelium; 2 — submesothelial layer of collagen fibre bundles; 3 — loose fibrous connective tissue; 4 —

artery. Karatsi haematoxylin and eosin, x100
Source: developed by the author

The study revealed that the mesothelium
covering the mesentery of the small intestine,
similar to that covering other internal organs of
the abdominal and thoracic cavities, is repre-
sented by a single row of highly flattened, elon-
gated cells with a rather large volume of cyto-
plasm, in the central, slightly thickened part of
which there is a nucleus elongated along the

Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 4

long axis of the cell, containing distinctly ba-
sophilic condensed chromatin (heterochroma-
tin) and 1-2 nucleoli. The long axis of meso-
thelial cells on the surface of the mesentery of
the small intestine is oriented parallel to the
outer surface of this mesentery. This orienta-
tion is also characteristic of mesothelial cells
covering all abdominal organs (Fig. 3).
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Figure 3. Loose fibrous connective tissue of the

mesentery of the small intestine of a control cat
Note: 1 — mesothelium; 2 — submesothelial layer of
collagen fibre bundles; 3 - fibrocyte with heterochromatin
nucleus; 4 - fibrocyte with euchromatin nucleus. Karatsi
haematoxylin and eosin, x400

Source: developed by the author

Beneath the mesothelium is a thin layer of
rather thick and densely packed collagen fibre
bundles (Figs. 2, 3). These bundles have a spe-
cific packaging. The vast majority of them are
thick, densely packed bundles of fibres oriented
parallel or almost parallel to the outer surface
of the mesentery. These bundles are intercon-
nected by a large number of slightly less densely
packed and thinner collagen fibre bundles. It
can be assumed that such a microscopic struc-
ture of the layer of collagen fibre bundles en-
sures the integrity and strength of the small in-
testine mesentery and enables this mesentery
to maintain its integrity under various changes
in position in the lumen of the abdominal cavi-
ty and under physical exertion due to peristaltic
movements of the intestine.

Under the layer of collagen fibres, there is a
loose fibrous connective tissue, which makes up
the bulk of the mesentery tissue (Figs. 2, 3). This
tissue is represented by a large number of fibro-
cytes located quite distantly from each other.
These fibrocytes are connected by thin bundles
of collagen fibres. Thus, fibrocytes together
with collagen fibre bundles form a mesh-like

structure with a fairly large mesh. Fibrocytes
of the loose fibrous tissue of the mesentery of
the small intestine have a typical microscopic
structure for these cells. They are cells with a
relatively large volume of oxyphilic cytoplasm
and many processes of different lengths and
thicknesses. In the central part of these cells
are round or slightly oval nuclei, which contain
mainly basophilic condensed chromatin (het-
erochromatin) and 1-2 nucleoli. Only in some
fibrocytes do the nuclei contain uncondensed
chromatin (euchromatin) (Figs. 3, 4).

Figure 4. Adipose tissue of the mesentery of
the small intestine of a control cat
Note: 1 - lipocyte cytoplasm; 2 — lipocyte nucleus
with condensed chromatin; 3 — arterioles. Karatzi’s
haematoxylin and eosin, x400
Source: developed by the author

Focal accumulations of adipose tissue are
scattered in the loose fibrous connective tissue
of the mesentery of the small intestine with-
out any noticeable pattern. This tissue is rep-
resented by densely packed fat cells (lipocytes)
of rather large size (Fig. 4). They were charac-
terised by a very narrow band of cytoplasm at
the cell periphery. This band of cytoplasm was
slightly widened in the area of nuclei. Lipocyte
nuclei were small in size and, like the nuclei of
mesotheliocytes and fibrocytes, contained dis-
tinctly basophilic, condensed chromatin (het-
erochromatin). The large size of mesenteric ad-
ipose tissue lipocytes was due to the presence
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of a large fat droplet in each of them, which oc-
cupied almost the entire cell area in the plane of
the histological section. Each accumulation of
adipose tissue is separated from the surround-
ing loose fibrous connective tissue of the mes-
entery by a thin layer of collagen fibre bundles,
among which there were few fibrocytes. These
collagen fibre bundles are oriented parallel to
the outer surface of each adipose tissue focus.
The peculiarities of the microscopic structure
of the mesentery of the small intestine of cats
allow us to conclude that loose fibrous tissue
together with foci of adipose tissue provides
both the elasticity of the mesentery and the
ability to easily stretch, and the ability to eas-
ily change its shape during the movements of
the animal’s body and the movements of its
intestines and other abdominal organs. This
microscopic structure of the mesentery of the
small intestine of cats is assumed to provide the
necessary mobility of the small intestinal loops
of these animals. The microscopic structure of
the mesentery of the small intestine of cats co-
incides with its structure described in the lit-
erature in other mammals, including humans
(Sorenson & Brelje, 2014).

In addition, it was found that regardless of
the form of infectious peritonitis, microscopic
changes in the small intestinal mesentery of all
cats studied were similar and concerned all types
of tissues that make up this mesentery. These
changes varied in different parts of the small
intestinal mesentery, but there was no pattern
or correlation between the nature and location
of these changes. Mesothelium on the surface
of the mesentery of the small intestine of cats
killed by infectious peritonitis was necrotic, de-
stroyed and underwent metaplasia in some are-
as, turning into cubic cells (Fig. 5). In other areas
of the mesentery of this intestine, mesotheli-
um was not detected at all (Fig. 6). This is likely
caused by the fact that mesotheliocytes in these
areas were destroyed in vivo before the cats died
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and their small intestinal mesentery was sam-
pled for histological examination.

Figure 5. Cat’s small intestine mesentery
(a mixed form of infectious peritonitis)
Note: 1 — necrosis of mesothelium; 2 — destruction of
mesothelium; 3 - cubic mesothelium; 4 — mesenteric
edema Hematoxylin and eosin, x400
Source: developed by the author

ks
Figure 6. Cat’s small intestine mesentery
(dry form of infectious peritonitis)
Note: 1- fragmentation and partial lysis of submesothelial

collagen fibre bundles; 2 — absence of mesothelium on the
outer surface of the mesentery; 3 — destruction of the
monocyte; 4 — eosinophilic inclusion body in the vacuolated
cytoplasm of the monocyte; Karatzi’s haematoxylin and
eosin, x400

Source: developed by the author

The layer of thick collagen fibre bundles
located under the serosa was necrotic in some
areas of the small intestinal mesentery, as well
as the mesothelium, while in other areas these
collagen fibre bundles were unevenly swollen,
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partially lysed and fragmented (Fig. 6). The
loose fibrous connective tissue underlying
the layer of thick collagen fibre bundles was
markedly swollen. Some of the cellular and fi-
brous components of this tissue were necrotic
(Fig. 7). At the same time, unevenly granular
oxyphilic substance or rather uniform oxyph-
ilic substance with a small number of vacuoles
in it was found in place of fibrocytes, and col-
lagen fibre bundles turned into a structureless,
heterogeneously stained mass. In many areas,
the collagen fibre bundles were broken. The
unevenly granular oxyphilic substance in the
place of necrotic fibrocytes without any notice-
able boundary turned into necrotic collagen

fibre bundles, which made it impossible to dif-
ferentiate the boundaries of the cellular and
fibrous components of the loose fibrous tis-
sue of the mesentery of the small intestine in
most cases. Only in single necrotic fibrocytes
the cell boundaries were visualised. In some
places, foci of destruction of loose fibrous con-
nective tissue were detected (Fig. 7). In such
areas of the small intestinal mesentery, only
small fragments of eosinophilic substance
without any specific structure were detected,
which were not structurally interconnected.
This indicates that individual areas of loose fi-
brous connective tissue, which had previously
undergone necrosis, were destroyed.

Figure 7. Cat’s small intestine mesentery (dry form of infectious peritonitis)

Note: 1 - swelling of loose fibrous connective tissue; 2 — necrosis and destruction of collagen fibre bundles of loose

fibrous connective tissue; 3 — necrosis of fibrocyte. Karatsi haematoxylin and eosin, x400

The loose fibrous connective tissue of
the mesentery of the small intestine of cats
that died as a result of infectious peritonitis
was also unevenly infiltrated with lympho-
cytes and monocytes. These cells in the loose
fibrous connective tissue were located both
singly and in the form of clusters containing a
different number of cells (Fig. 8). In this case,
especially large clusters of these cells were
located near the blood and lymphatic vessels
of the mesentery. It should be emphasised

that monocytes predominated in the cellu-
lar infiltrate in the loose fibrous tissue of the
mesentery of the small intestine. Some mono-
cytes were transformed into macrophages
(Fig. 9). Since other researchers have found
that such transformation occurs under the in-
fluence of various antigenic stimuli (Italiani &
Boraschi, 2014; Yang et al.,, 2014; Mysore
et al., 2022), the monocytes in the mesentery
were in contact with the IPC virus or received
appropriate signals from lymphocytes.
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Figure 8. Cat’s small intestine mesentery
(dry form of infectious peritonitis)
Notes: 1 — infiltration of loose fibrous connective tissue
with lymphocytes and monocytes; 2 - perivascular
lymphoid nodule; 3 — venule; 4 — dilated lymphatic
vessel. Karatsi haematoxylin and eosin, x100
Source: developed by the author

A small number of small lymphocytes were
detected between monocytes and macrophages
infiltrating the loose fibrous connective tissue
of the small intestinal mesentery (Fig. 9). At
the same time, in addition to monocytes, mac-
rophages and lymphocytes, neutrophils were
also present in small numbers in the cellular in-
filtrate near the blood and lymphatic vessels of
the small intestine mesentery. According to the
results of microscopic studies, in the mesentery
of the small intestine of cats killed by infec-
tious peritonitis, vacuolation of the cytoplasm
of some monocytes and macrophages infiltrat-
ing the loose fibrous connective tissue was also
recorded (Fig. 9). According to S. Ohkuma &
B. Poole (1981), such cytoplasmic vacuolation
may indicate the activation of lysosomes of
these cells as a result of their response to an
antigenic stimulus or as noted by K. Miyata &
K. Takaya (1983), about the accumulation of
phagocytosed substances in the cytoplasm of
monocytes and macrophages of the small intes-
tine mesentery. The latter was primarily con-
firmed by the fact that according to the results
of this work, phagocytosed basophilic material
was found in the cytoplasm of some monocytes
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and macrophages (Fig. 10). The nature of this
material could not be determined, as this re-
quires electron microscopic examination. How-
ever, it can be assumed that these phagocytes
phagocytosed fragments of destroyed cells and
fibrous components (primarily collagen fibres)

of the small intestinal mesentery tissues.
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Figure 9. Accumulation of cells in the loose
fibrous tissue of the mesentery of the cat’s small
intestine (a mixed form of infectious peritonitis)

Note: 1 — monocyte; 2 — macrophage; 3 — lymphocyte; 4 —
segmented neutrophil; 5 — destruction of the lymphatic
vessel wall. Karatsi haematoxylin and eosin, x400
Source: developed by the author

Figure 10. Accumulation of cells in the loose
fibrous tissue of the mesentery of the cat’s small
intestine (dry form of infectious peritonitis)
Note: 1 — macrophages with phagocytosed basophilic
material in the cytoplasm; 2 — apoptotic cells. Karatsi

haematoxylin and eosin, x400
Source: developed by the author
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Some monocytes and macrophages were
destroyed, resulting in the formation of apop-
totic cells in their place (Fig. 10). The destruc-
tion of these cells is due to their direct damage
by the infectious peritonitis virus. K. Shirato
et al. (2018) found that this coronavirus is ca-
pable of infecting monocytes and macrophages,
multiplying in these cells, and it is likely that
the S gene mutations of the feline coronavirus
occurred in these cells. Specific mutations of
the S gene were identified during the full se-
quencing of the feline coronavirus genome. At
the same time, other authors (Lewis et al., 2015)
found that most feline coronaviruses of the
pathotype that causes infectious peritonitis to
have a mutation in a nucleotide position as-
sociated with a change in amino acids in the S
protein putative fusion peptide and a substitu-
tion that leads to a change in the amino acid in
the heptad repeat 1 (HR1) region. This can lead
to a change in the fusogenic activity of protein
S and, thus, to a change in cellular tropism.

According to the study, eosinophilic in-
clusion bodies were found in the cytoplasm
of some monocytes and macrophages (Fig. 6).
At present, domestic researchers consider
such inclusion bodies to be microscopic
changes specific to feline infectious peritonitis
(Khalaniia, 2020), although it has not been con-
firmed that such inclusion bodies contain viral
antigens or the feline infectious peritonitis vi-
rus itself. Other authors have found that viral
inclusion bodies (also called viral non-prolifer-
ative complex or viral replication factories) are
specialised structures that are built from viral
and some cellular proteins and are a platform
for viral replication (Zhang et al., 2017; Dolnik
et al., 2021). Given these data, the presence of
eosinophilic inclusion bodies in the cytoplasm
of some monocytes and macrophages may in-
dicate the replication of the causative agent of
feline infectious peritonitis in these cells, al-
though this is not direct evidence of replication

of this particular virus, such as immunological
methods of research.

At the same time, according to the availa-
ble literature, eosinophilic inclusion bodies in
the cytoplasm of cells in infectious peritoni-
tis have not been studied. However, according
to the world literature, in the case of the se-
vere acute respiratory syndrome coronavirus
(SARS-CoV), protein N was isolated from in-
clusion bodies (Li et al., 2021). As established
by C. Chang et al. (2014), this protein is a nu-
cleocapsid phosphoprotein that packages the
viral genome into a helical ribonucleocapsid
(RNP) and plays a fundamental role in virus
self-assembly. The structures of this ribonu-
cleoprotein (RNP) inside the virions of the
causative agent of severe acute respiratory
syndrome were also visualised.

The accumulation of adipose tissue in the
mesentery of the small intestine in all cats that
died as a result of infectious peritonitis was
also unevenly infiltrated with lymphocytes and
monocytes (Fig. 11). However, in contrast to
the loose fibrous connective tissue of the mes-
entery, the transformation of monocytes into
macrophages was not detected in this tissue.
At the same time, the largest number of lym-
phocytes and monocytes in the foci of adipose
tissue of the mesentery of the small intestine
was localised in its peripheral parts, while the
middle and peripheral areas of these foci were
infiltrated with a significantly smaller number
of lymphocytes and monocytes. From this, it
can be concluded that lymphocytes and mono-
cytes penetrated the foci of adipose tissue of
the mesentery of the small intestine of patients
with UC from the surrounding loose fibrous
connective tissue.

In the blood vessels (arteries and veins)
of the mesentery, necrosis, and destruction of
their walls, as well as destruction of lymphatic
endothelial cells were detected in all the studied
cases (Fig. 12). A. Kipar & M. Meli et al. (2004)
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found that coronavirus infection in cats leads
to monocyte-associated viremia and the for-
mation of circulating immune complexes. For-
eign researchers have also found that circulat-
ing immune complexes can be deposited in the
subendothelial region and damage endothelial
cells, causing autoimmune vasculitis (Wang &
Law, 2019), and endothelial cell damage oc-
curs as a result of the interaction of immune
complexes with Fcgamma receptors (FcyR) ex-
pressed on inflammatory cells. At the same time,

nitric oxide (NO) induced by immune complexes
is one of the main mediators of inflammation
that contributes to vascular inflammation and
endothelial cell death in immune complex vas-
culitis (Mula et al., 2016). However, according to
other authors (Xu et al., 2022), endothelial cell
damage is associated not only with the deposi-
tion of immune complexes, but also with com-
plement activation, inflammatory factors and
chemokines, oxidative stress, haemodynamic,
and coagulation factors.

Figure 11. Cat’s small intestine mesentery (dry form of infectious peritonitis)
Note: infiltration of mesenteric adipose tissue by lymphocytes and monocytes (arrow). Hematoxylin and eosin, x50

Source: developed by the author

Figure 12. Cat’s small intestine mesentery
(dry form of infectious peritonitis)
Note: 1 — necrosis of the artery wall; 2 — destruction of
the artery wall. Karatsi haematoxylin and eosin, x400
Source: developed by the author
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In addition to other tissues, perivascular
lymphoid nodules were found in the mesentery
of cats outside the mesenteric lymph nodes
(Fig. 8). These nodules in the mesentery of the
small intestine of cats are localised around
venules and postcapillaries and consist mainly
of lymphocytes and a much smaller number
of monocytes. Such microscopic structure of
perivascular lymphoid nodules in the mesentery
of the small intestine of cats corresponds to the
microscopic picture of similar nodules in the
mesentery and other mammalian organs pre-
viously described by researchers (Sorenson &
Brelje, 2014; Evtushenko et al., 2019).
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In cats that died from infectious peritoni-
tis, a distinct increase in perivascular lymphoid
nodules of the small intestine was found. This
increase is due to both swelling of these nodules
and an increase in the number of cells in them.
In the perivascular lymph nodes, lymphatic
vessels were also found to be dilated and some
of the endothelial cells of blood and lymphatic
vessels were destroyed. Some of the lymphatic
vessels of the small intestine mesentery, which
ran both in the loose fibrous connective tissue
and in the peripheral parts of adipose tissue
foci and around which there were no perivas-
cular lymph nodes, were distinctly dilated and
filled with lymph, which contained a significant
number of lymphocytes, monocytes, and single
neutrophils (Fig. 13). Hypertrophic perivascu-
lar nodules together with distinctly dilated and
lymphatic vessels filled with lymph formed the
above-described macroscopically visible white
spots on the intestinal mucosa of cats that died
from infectious peritonitis.
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Figure 13. Cat’s small intestine mesentery
(a mixed form of infectious peritonitis)
Note: 1 - adipose tissue infiltrated with inflammatory
cells; 2 - distinctly dilated lymphatic vessels. Karatsi

haematoxylin and eosin, x100
Source: developed by the author

The changes in the small intestine mu-
cosa of cats with infectious peritonitis estab-
lished by this study significantly complement

the previously described results on pathomo-
rphological changes in cats with this disease,
published in different chronological periods:
from 1960 to 1979 (Wolfe & Griesemer, 1966;
Ward & Pederson, 1969; Hayashi et al., 1977),
at the beginning of 80s (Hayashi et al., 1980;
Weiss et al., 1981; Weiss & Scott, 1981), from
end of 80s to end of 90s (Boudreaux et al., 1989;
Pedersen, 1995) and in different years of the XXI
century (Pedersen, 2009; Kipar & Meli, 2014).
The data obtained in this study are the basis for
a deeper understanding of the processes that
occur in the abdominal cavity of cats with UTI
and lead to the accumulation of fluid in it.

Conclusions

For the first time, the peculiarities of the micro-
scopic structure of the mesentery of the small
intestine of cats were clarified and morpholog-
ical changes in this mesentery were described
in animals that died from dry and mixed forms
of infectious peritonitis. Mesentery of the small
intestine of cats was found to be covered with
mesothelium of typical microscopic structure.
The mesothelium layer was supported by a
layer of thick collagen fibre bundles, which en-
sured the strength of the small intestinal mes-
entery. Under the layer of thick collagen fibre
bundles was a loose fibrous connective tissue,
which constituted the bulk of all tissues of the
small intestine mesentery. This tissue con-
tained nests of adipose tissue and perivascular
lymphoid nodules. These nodules were formed
around venules and postcapillaries and consist-
ed of lymphocytes and monocytes. In dry and
mixed forms of infectious peritonitis, necrosis
and destruction of mesothelial cells and the
layer of thick collagen fibre bundles located
under them were microscopically detected in
the mesentery of the small intestine of cats.
The loose fibrous connective tissue of the small
intestine mesentery was distinctly swollen and
infiltrated with lymphocytes and monocytes.
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Some monocytes transformed macrophages.
Eosinophilic inclusion bodies were detected
in the cytoplasm of some monocytes and mac-
rophages, indicating replication of the virus in
the cells. The adipose tissue of the mesentery
of the small intestine was also unevenly infil-
trated with lymphocytes and monocytes. The
largest number of these cells was localised in
the peripheral parts of the adipose tissue nests.
There was no transformation of monocytes into

The perivascular lymphoid nodules were mark-
edly enlarged due to their significant swelling
and an increase in the number of lymphocytes
and monocytes. Such enlarged perivascular
nodules, together with severely dilated lym-
phatic vessels, looked like mesenteric granulo-
mas at pathological autopsy.

In the future, it is necessary to establish
macroscopic and microscopic changes in the co-
lonic mucosa of cats with infectious peritonitis.

macrophages in adipose tissue. Some lym-

phatic vessels of the mesentery, around which Acknowledgements

there were no perivascular lymphoid nodules,  None.
were distinctly dilated and filled with Iymph, .
which contained a significant number of lym- Conflict of Interest
phocytes, monocytes, and single neutrophils.  None.
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AHoTanis. AKTyanbHICTh IOCTiIKeHHSI 3yMOBJAeHa TMM, IO MoOpGOIOoriuHi 3MiHM B OpMKi
KOTiB 3a iH(}eKIiTHOTO IePUTOHITY [0 IIOr0 Yacy He BMBUEHI, ajie iX pO3yMiHHSI HeoOXiTHe JJIst
MOSICHEHHST MeXaHi3My PO3BUTKY OCHOBHOTO CHMMIITOMY XBOPOOM — BUIIOTY PiiVIHM B YepeBHY
MOPOKHMHY. MeTa po60TH — BCTAHOBUTM MaKPOCKOIiYHi i MiKpOCKOMiUHi 3MiHM B GPVIKi TOHKOL
KUIIKMA KOTiB 3a iH(EKIIiifHOTO MepuTOoHiTy. MeTomaMyu POOGOTY € MaKpOCKOITiuHE BMBUEHHS Ta
TiCTOJNOTiUHI JOCTiAsKeHHSI OPVKi TOHKOI KMIITKY KOTIB 3a iH(eKIiiiHOro mepuToHiTy. 3pisu 6puki
(hapbyBasi reMaTOKCMIIHOM Ta €03MHOM. 3’SICOBAHO, 1110 3a cyxoi i 3MinaHoi dopm indexiiiinoro
MePUTOHITY KOTiB MaKPOCKOTIiUHi Ta MiKpPOCKOIiYHi 3MiHM B OpIKi TOHKOT KUIIKY TTOAi6HI. Y 6pyski
MaKpPOCKOTIiYHO BUSIBJISUIMCSI HEBEJIMKi Oijti MMM, SIKi BUIIMHAIM HaJ, 3aTajJbHOI0 ITOBEpPXHEI0 i
MaJTu OMHOPIAHWI BUIVISIT, HA PO3Pisi. MikpocKoOTiuHi 3MiHM B 6pMsKi TOHKOI KMIITKM KOTIiB 32 CyXOi
i smimanoi dhopM iHbeKIiTHOTO MePUTOHITY He BimpisHsMcs. I1ig yac ricToMOriuHMUX JOCTiIKeHb
BigMiuau, 1o Me30TeJii Ha MoBepxHi 6pViKi HEKPOTU30BaHMit Ui BimcyTHii. Cy6Me3oTemianbHMit
Iap KojareHOBMX BOJOKOH HEKPOTM30BaHMI1 ab0 MIiCTMB 4acTKOBO J1i30BaHi uu ¢parmeHTOBaHI
BOJIOKHA. [TyxKa BOJIOKHMCTA CIIOMYYHA TKaHWHA 6pisKi Oyia Habpsikia, MicLISIMM HEKPOTM30BaHa Ta
indinpTpoBaHa MiMbouuTaMM, MOHOIIMTAMM i Makpodaramu. B uuTorIa3mi yacTMHM MOHOLIUTIB
i makpodariB BUSIBJISIIM €03MHODINbHI TiNbIT-BKII0OUeHHS. CKYITYEHHS KMPOBOI TKAHMHM B 6pIKi
TOHKOI KUIIKM BUIVIAZaAM iHQiIbTpoBaHMMM JTiMGOIMUTaAMM 1 MOHOLMTAMMU. Y KPOBOHOCHUX
CyAVHAX BUSIBJISIM HEKPO3 i pyIiHYBaHHSI iX CTiHOK, a BAiMGaTUUHNX CyOMHAX — PYITHYBaHHS KITIiTUH
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eHgorenitoo. IMepuBackynsapHi JiMOinHI BY3IMKM TaKOXK Bim3Hayamucs 36iMbIIEHHSIM PO3MipiB
BHACTIOK iX HAGPSKY i 301/bIIEHHST B HUX KiJIbKOCTI KIITUH. YV TepUBACKYISIPHUX JTiM(OimHUX
YTBOPEHHSIX BCTAHOBJIEHO PO3IIMPEHHS JiMGaTUUHUX CYOVH i PyMHYBaHHS YaCTMHU KIITUH iX
eHporenitoo. YactuHa aiMmdaTnuHux cyauH GpyoKi BUpa3sHO pO3LIMpeHa ii MeperoBHeHi JiMdoio,
sIKa MiCTWIa 3HAUHY KiJIbKiCTh TiMGOIUTIB, MOHOIIMTIB Ta MOOAMHOKI HeliTpodinu. IIpencrasieHi
pe3y/bTaTy CTAaHOBJISITh MPAKTUUHY I[iHHICTb JIJI1 aHATOMIB, TiCTOIOrIB i TATOMOPQOJIOTIB, 8 TAKOK
LIS HAYKOBIIiB, SIKi BMBYAIOTh MMaToreHes iH(eKIiiiHOTO MepUTOHITY KOTiB

KniouoBi cmoBa: KOpOHaBipycu KOTiB; IepuBAcCKy/sIpHi JiMmdoimHi By3nuku; eos3uHodinbHI
Ti/IbLISI-BK/IIOUEHHS ; MAKPOCKOIIIYHiI 3MiHM; MiKPOCKOITiYHi 3MiHU
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Abstract. Today, cardiovascular diseases are the dominant diseases of animals, which most
often lead to their death both in Ukraine and worldwide. Therefore, morphological studies
of the heart at the cellular, tissue, and organ levels are essential in clinical cardiology for in
vivo ultrasound diagnosis of functional and organic heart lesions. The aim of the study was to
perform a histological and cytomorphometric assessment of the morphological structures of the
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sheep heart using macroscopic, histological, and morphometric methods. Using morphological
methods, the hearts of sexually mature clinically healthy animals (n=5) belonging to the class
Mammalia — Mammals, species Ovis aries L., 1758 — domestic sheep (ram) were studied. The
absolute and relative heart weights of mature sheep were determined, which are, respectively,
208.4%9.82 g and 0.44+0.007%, and the weight without epicardial fat is 175.0£8.17 g. The heart
of sheep, according to the development index (145.5+4.02%), belongs to the expanded-shortened
anatomical type. The most developed components are the ventricles. At the same time, the ratio
of the mass of the heart ventricles to its net mass is 1:0.78, respectively, the ratio of the mass
of the atria is 1:0.22, and the ratio of the mass of the atrial myocardium to the mass of the
ventricular myocardium is 1:0.29. The largest volume was found in the cardiomyocytes of the left
ventricle — 3982.99+423.96 um?, the smaller — in the right ventricle — 2463.02+318.04 pm? and
the smallest - in the atrial cardiomyocytes — 1215.93+176.94 um?®. The volumes of cardiomyocyte
nuclei in the left (53.42%5.18 um?®), right (52.85%4.33 um?®) ventricles and atria (50.16%¥4.57 um?)
were almost identical. Nuclear-cytoplasmic ratio was the lowest in cardiomyocytes of the left
ventricle - 0.0136+0.0062, slightly higher in cardiomyocytes of the right ventricle —0.0219+0.0079
and the highest — 0.0430+0.0096 in atrial cardiomyocytes. The obtained results on the macro-
and microscopic structure of the heart of bighorn sheep (Ovis aries L., 1758) complement the
information on the morphology of the sheep heart in the relevant sections of histology and
comparative anatomy and are necessary for clinical cardiology

Keywords: morphology of organs; domestic animals; histostructure; development index;
myocardium; cardiomyocytes

Introduction

heart drives blood flow in a closed system of
blood vessels (Somberg, 2020). The study of the
structural features of the internal structures

The cardiovascular system is one of the most
important systems of a living organism, which
includes the heart, blood and lymphatic vessels

that are systemically interconnected (Raiola
et al., 2023). It is a system that performs a
number of vital functions, including regulating
blood supply to organs, ensuring blood pres-
sure in the body and the outflow of lymph from
organs and its transport to veins, and contrib-
uting to the functions of the immune defence,
nervous and endocrine systems (Khomych
etal.,2020). Thus, it plays an important role and
participates in the regulation of homeostasis in
the animal body and is one of the integrating
systems of all living organisms. The heart is
the central organ of the cardiovascular system
in humans and animals. Due to the constant
contraction of myocardial cardiomyocytes, the
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of the heart is considered to be a relevant and
essential link for the development of national
morphology (Rykiel et al., 2020). This explains
why veterinary cardiology, which studies dis-
eases of the heart and blood vessels of animals,
as well as cardiovascular surgery, are currently
among the priority areas that are actively devel-
oping in veterinary medicine (Frak et al., 2022;
Pilz et al., 2022).

The sheep, as an experimental animal in
this area of research, is often used as a model
used in biomedical research and is perhaps one
of the most influential models of human organ
systems. At the same time, morphometric stud-
ies of organs and systems in clinically healthy
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animals are a priority for timely and reliable
diagnosis of diseases of various geneses, which
are diagnostic criteria as indicators of normal-
cy for the diagnosis of diseases of contagious
and non-contagious pathology (Hryhorieva &
Cherniavskyi, 2018a; Shevchenko, 2018). The
mathematical analysis of the structures of mor-
phological objects has been recognized as a
modern method that is distinguished by objec-
tivity and reliability, which allows for a deeper
understanding of the development of the
pathological process and logical interpretation
of the results of scientific research D. Baldridge
et al. (2021) and I. Chala et al. (2021). This area
is widely used in modern veterinary cardiology
and provides objective information on the
course of various physiological and patholog-
ical processes that occur in the organs and sys-
tems of the body due to damage to the cardio-
vascular system.

Currently, research of this nature is ex-
tremely relevant and is fundamental for the
development, improvement, and application
of new methods of prevention and treatment
of cardiac diseases, which will be aimed at im-
proving the quality of life of animals, including
humans. The aim of the study was to investi-
gate the morphological parameters of the heart
of domestic sheep (Ovis aries L., 1758) at the
organ, tissue and cellular levels.

Literature Review

Over the past decades, many fundamental works
have been published summarizing modern con-
cepts and achievements of morphological and
functional regularities in the structure and
development of the heart in domestic animals
of the mammalian and bird classes, structural
components of its wall, etc. (Shevchenko, 2018;
Hryhorieva & Cherniavskyi, 2018b), which is
important for clinical cardiology to establish
diagnoses in pets of certain species, including
humans.

The study of the structure of the heart and
its components in the comparative species and
age aspects in different animals is devoted to
the work of D. Solc (2007) and O.B. Slabyi et al.
(2017). However, the literature often contains
information on the structure of the heart mainly
during the period of intrauterine development
of animals or in laboratory, domestic animals
and humans, less in newborn domestic matu-
rational animals (Lelovas et al., 2014; Slabyi,
2017). Thus, recent studies on the cardiovas-
cular system of vertebrates, including domes-
tic animals, have led to the discovery of new,
previously unknown facts that require further
in-depth study of the heart and its structures
in comparative anatomical, species, breed, and
age aspects (Stakhurska & Pryshliak, 2014).

Despite the fact that in domestic animals,
morphological and haemodynamic param-
eters of the normal heart have a fairly wide
range of fluctuations and constitute a certain
number of studies of the cardiovascular sys-
tem (Granger, 1998; Duncker & Bache, 2008;
Hnatiuk & Slabyi, 2016), there are currently no
clear objective morphological characteristics
of structural and functional transformations
obtained by morphological methods in the spe-
cies aspect. There are numerous studies on the
study of certain morphological aspects of the
heart structure and structural features of its
structure in domestic animals that have been
studied by previous researchers (Anderson &
Ho, 2003; Vansiatskaia & Kyrpaneva, 2014). At
the same time, as the analysis of domestic and
foreign scientific literature shows, the compar-
ative and age-related morphology of the inner
surface, its components at the macro- and mi-
croscopic level remain extremely poorly under-
stood, so a significant number of issues remain
unresolved and debatable in the problem of
sheep heart morphology. Particularly poorly
understood issues are the study of morphomet-
ric parameters of contractile muscle cells of the
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heart myocardium (volume of cardiomyocytes,
volume of their nuclei and nuclear-cytoplasmic
ratio (NCR) of the ventricles and atria, which
perform different functions: the atria receive
blood returning to the heart from the body of
animals; ventricles pump blood from the heart
to the body of animals, while performing the
greatest load.

Some authors (Solc, 2007; Sahni et al., 2008)
have shown a certain dynamism of the heart
structure in the prenatal and early stages
of postnatal ontogeny in domestic animals.
For example, in mammals, as in other verte-
brates, the heart has a dilated base and a nar-
rowed apex. In large Mammals, the heart is lo-
cated in the ventral part of the mediastinum
and in most of them, the heart tends to have
an elongated apex, except for sheep, in which
the heart may have a blunted apex (DiVincenti
et al., 2014). In such animals, three types of
hearts are distinguished: elongated-narrowed,
cone-shaped, and dilated-shortened. As for the
structure of the myocardium of domestic ani-
mals, there is a characteristic sharply expressed
reticulation, which is due to the arrangement of
fibres of the myocardium formed by cardiomy-
ocytes, where thick layers of connective tissue
are visible between the intermuscular fibres.
The transverse striation of cardiomyocytes and
insertion discs between myocardial contractile
myocytes in cattle are poorly visible (Emam &
Abugherin, 2020). Such characteristics of the
heart structure, according to the literature
analysis, are ambiguous, especially the dynam-
ics of external parameters of the heart in sheep,
its mass, internal architecture in the species
age, etc. need to be clarified.

Therefore, the studies conducted by the
authors on the structure of the heart and its
morphometric assessment of morphological
structures in sheep are important indicators of
accurate morphological criteria at the macro-
and microscopic levels, which is of exceptional
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interest for biology, medical and veterinary
practice. In particular, such data on the regu-
larities of the structure and formation of the
structural components of the heart in the nor-
mal state can be used in the diagnosis of dis-
eases of various geneses in domestic animals.

Materials and Methods

In this study, sexually mature clinically healthy
animals belonging to the class Mammalia -
Mammals, species Ovis aries L., 1758 — domestic
sheep (ram) were investigated. The experimen-
tal animals were selected according to the prin-
ciple of analogues, weight, breed, and age. Based
on the objectives of the research, the following
stages were performed: anatomical dissection
of the hearts of the studied animals, description
of the shape, structure and topography, deter-
mination of the absolute and relative weight of
the heart, its components, microscopic exam-
ination, organ and cytometric parameters of
the organ. The entire experimental part of the
research was carried out in accordance with the
requirements of the international principles of
the European Convention for the Protection
of Vertebrate Animals Used for Research and
other Scientific Purposes (1986, March) and the
Law of Ukraine No. 3447-1V “On Protection of
Animals from Cruelty” (2006, February).

The sheep were dissected from the thorax
and the hearts (n=5) were taken together with
the pericardium for further macroscopic exam-
ination and organometric analysis, which in-
cluded determination of the heart shape, loca-
tion in the thoracic cavity, absolute and relative
mass, height, width, and circumference. The ab-
solute weight of the heart and its ventricles and
atria was determined by weighing it on a labo-
ratory balance, RADWAG PS 6000/C/2 (Poland).
Relative mass of heart (RM) was calculated by
the formula (1):

AM
RH = ~-100, (D)
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where: AM is the absolute mass of the heart; MA
is the mass of the animal.

Determination of the linear parameters of
the organ (height, width, and circumference)
was carried out by direct measurement. The
heart development index (HDI) was determined
by the ratio of its total height to its width using
the following formula (2):

HDI =22 . 100, )
wo

where: HO is the height of the organ; WO is the
width of the organ.

For histological studies of the heart, gen-
eral methods of fixation and preparation of
histological sections were used (Horalskyi
et al., 2019). For this purpose, the correspond-
ing pieces of longitudinal and transverse sec-
tions of the heart were fixed in a 12% chilled
aqueous solution of neutral formalin for 24
hours or more, after which they were embedded
in paraffin according to the schemes proposed
by L. Horalskyi et al. (2019). Paraffin sections
of the studied material (10-12 pm thick) were
made on a sled microtome MS-2. To study the
histological structure of the heart, such sec-
tions, after deparaffinisation, were stained with
the classical staining method — haematoxylin
and eosin (Diapath, Italy, 2020) and the Heid-
enhain method. The latter staining method al-
lowed for better and clearer differentiation of
cardiomyocytes, as well as detection of cardio-
myocyte junctions (insertion discs).

Stained histological sections were used to
perform histometric studies of the structural
elements of the heart wall, including meas-
urements of cardiomyocyte length and width,
volume of cardiac cells and their nuclei, and,
as a rule, the nuclear-cytoplasmic ratio. These
studies were performed by light microscopy
using Micros (Austria, 2012) and MBS-10 (Mi-
cromed, 1998) microscopes, according to the
recommendations set out in L. Horalskyi et al.
(2019).

The nuclear-cytoplasmic ratio (NCR) of
cardiomyocytes was determined by formula (3):

__Vm
NCR = OV’ 3)

where: NCR — nuclear-cytoplasmic ratio; V(n)
is the volume of the nucleus; V(c) — cardiomy-
ocyte volume.

The following formula (4) was used to de-
termine the volume of cardiomyocytes:

Vc=Px(B/2)?x A, 4)

where: V¢ — cardiomyocyte volume; P - 3.14;
B - width (diameter) of the cardiomyocyte;
B/2 - cardiomyocyte radius; A is the length of
the cardiomyocyte.

Determination of volume of nuclei of car-
diomyocytes were determined by formula (5):

V(i) =P/6 x A x B?, (5)

where: V(n) is the volume of nuclei of cardio-
myocyte; P — 3.14; A is the length of the nuclei
of cardiomyocyte; B is the width of the nuclei of
cardiomyocyte.

The length and width of cardiomyocytes
and their nuclei were measured using a mi-
croscope eyepiece ruler. Histological terms for
structural parts of the organ are given accord-
ing to the International Veterinary Histolog-
ical Nomenclature and the International Vet-
erinary Anatomical Nomenclature (Khomych
et al., 2020).

Histological sections were photographed
using a 5.0 megapixel CAM V-200 video cam-
era (InterMed, China, 2017) mounted in a mi-
croscope using a x10; x40 objective and a x10
eyepiece. The digital material was processed
using variational and statistical methods on a
personal computer using Microsoft Excel. The
arithmetic mean (M) and the statistical error
of the arithmetic mean (m) were determined,
the probability of the difference between the
arithmetic means of two variation series was
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determined by the probability criterion (P) and
Student’s tables. The difference between two
values was considered significant at P<0.05,
P<0.01, P<0.001.

Results and Discussion

The sheep heart is a hollow fibro-muscu-
lar organ that ensures continuous blood flow
through a closed system of vessels. The heart
has a conical shape, with a widened base and a
narrowed apex (Figs. 1, 2). The organ is located
in the mediastinum of the thoracic cavity be-
tween both lungs, in the area from the third to
the sixth rib cranially of the diaphragm: crani-
ally it reaches the third rib, caudally - the sixth
rib. In relation to the median sagittal plane, the
heart is displaced to the left by 5/7, adjacent to
the left chest wall between the third and fourth
ribs. The base of the heart is craniodorsal and is
located at the height of the middle of the first or
second rib. Accordingly, the apex of the heart is
directed caudoventrally and is located opposite
the fifth rib cartilage, or caudally from it, not
reaching the sternum by two cm, and cranially
from the diaphragm - from two to five cm.

The heart is contained in a thin but dense
sac — the heart jacket (pericardium). The latter
surrounds the organ from all sides, thus form-
ing a closed serous sac, which is attached to
the breastbone by two ligaments in the area
of the sixth rib cartilage. Externally, the heart
of mature sheep is divided into left and right
ventricular outer grooves and a septum inside,
which are not connected to each other. From
the outside, each half of the heart is divided
(left and right) into atria and ventricles by a
transverse coronary furrow that runs across the
heart closer to its base. The atria and ventricles
of the same name (right and left) are connected
to each other by the atrial-ventricular orifices.

The right and left atria in experimental an-
imals are located at the very base of the heart,
where they form bag-like protrusions - the
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right and left heart ears, which are directed in
the cranial direction and are located to the right
and left, respectively, of the pulmonary arteries
and aorta. The ventricles of the heart occupy
the main part of the heart, externally they are
separated from each other by the interventricu-
lar subaxillary and circumcondylar grooves,
which are combined on the cranial surface of
the heart, not reaching its apex, separating the
right ventricle from the left. The apex of the
heart in sheep refers to the left ventricle, which
is located to the left in the caudal direction. The
right ventricle of the heart, respectively, is lo-
cated to the right in the cranial direction. The
interventricular furrows have a similar location
(subaxillary - in the caudal direction, near-
cone - in the cranial direction) (Figs. 1, 2).

13 14 15 16 1)

Figure 1. Macroscopic structure of a sheep’s
heart (left side)

Notes: Symbols: 1 — apex of the heart; 2 — the base
of the heart; 3 — right ventricle; 4 — left ventricle; 5 —
semi-conical interventricular groove; 6 — subepicardial
fat; 7 — left atrium; 8 — left auricle; 9 — right auricle;
10 — pulmonary trunk; 11 - blood vessels. Photo from
macropreparation

Sourse: author’s development
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Figure 2. Macroscopic structure of a sheep’s
heart (right side)

Notes: 1 — apex of the heart; 2 — the base of the
heart; 3 — right ventricle; 4 — left ventricle; 5 — axillary
interventricular groove; 6 — subepicardial fat; 7 -
left atrium; 8 - right atrium; 9 — right auricle; 10 -
pulmonary trunk. Photo from macropreparation
Sourse: author’s development

The criteria of organ development, which
directly indicate its morphological and func-
tional maturity, are absolute and relative
weight, its linear parameters, etc. Indicators
of morphometric parameters not only indicate

the development and morphological and func-
tional maturity of the organ, but also have cog-
nitive value and are the basis for determining
the shape, establishing comparative anatomical
types of certain organs (Linask, 2003; Belimenko
et al., 2021). According to the current studies,
the absolute heart weight of mature sheep
was 208.4%9.82 g, and the relative weight was
0.44%+0.007%. The net heart weight of the ex-
perimental animals (without epicardial fat) was
175.0+8.17 g. Moreover, the height of the heart
was 13.1%0.4 cm, the width was 9.0+0.3 cm, and
the circumference was 22.2+0.6 cm (Table 1).
Depending on the species, breed, and age
of the animal, the following heart shapes can
be distinguished in domestic mammals: nar-
rowed-elongated (cattle), narrowed-shortened
(rabbit), expanded-shortened (horse), and
round-oval (dog). In dogs, it can be ellipsoidal
(43%), cone-ellipsoidal (24%), ellipsoidal-spher-
ical (26%) and spherical (7%), in cattle it can
be elongated-narrowed, cone-shaped and ex-
panded-shortened. Pigs have three main types
of hearts: elongated-narrowed, conical; short-
ened, relatively narrowed; expanded-shortened,
triangular (Rudyk, 2004; Demus, 2015). Ac-
cording to the analysis of the morphometry, in
terms of linear parameters, the index of sheep
heart development was 145.5+4.02%, so the
heart of this species of animals is of the ex-
panded-shortened type (Table 1).

Table 1. Linear parameters of the heart of sheep, M*m, n=5

Indicator
The height of the heart, cm
The width of the heart, cm
Circumference of the heart, see
Heart development index, %

The average value of the thickness of the wall of the ventricles, mm
The thickness of the wall of the left ventricle, mm
The thickness of the wall of the right ventricle, mm
The average value of the thickness of the atrial wall, mm

Numeric values
13.1¥0.4
9.0+0.3
22.2%0.6

145.5+4.02
12.42+0.17
16.2%0.22
8.04%0.11
6.62+0.43
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Indicator

The thickness of the wall of the left atrium, mm
The thickness of the wall of the right atrium, mm

Source: author’s development

The most developed anatomical struc-
tures of the heart are its left and right ven-
tricles, then the left and right atrium, which

correlates with linear indicators of the

Table 1. Continued
Numeric values
7.05%0.09
5.06+0.07

thickness of their walls and their absolute
and relative mass, in relation to the net
mass of the heart (without epicardial fat)
(Table 1, 2).

Table 2. Morphometry of the heart, ventricles, and atria of sheep, M*m, n=5

Indicator

Left atrium
Right atrium

Right and left atrium (together)

Left ventricle
Right ventricle

Left and right ventricles (together)
Heart weight (without apical fat)
The coefficient of the ratio of the mass of the ventricles to the mass of the heart
The coefficient of the ratio of the mass of the atria to the mass of the heart

The coefficient of the ratio of the mass of the myocardium of the atria to the
mass of the myocardium of the ventricles

Source: author’s development

Thus, the wall thickness of the left ven-
tricle was significantly greater than that of
the right ventricle, respectively, by 2.01 times
(P<0.01) and was equal to 16.2+0.22 mm,
and the right ventricle was 8.04%0.11 mm.
At the same time, the thickness of the atri-
al wall was 6.62%+0.43 mm, respectively, of the
left atrium - 7.05+0.09 mm, and of the right
atrium - 5.06£0.07 mm (Table 1). With such
linear parameters of the heart components, the
average mass of the left atrium was 27.9+3.31 g
(15.94%£1.49%), the average mass of the right
atrium relative to the left atrium was signif-
icantly (P<0.01) 2.5 times less and equalled
11.2+2.02 g (6.4%0.82%). The average weight
of the atria of the sheep heart is 39.1¥4.64 g
(22.34%+2.02%). The mass of the left ventricle is
the largest and was 90.3%5.21 g (51.6*3.06%),
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Absolute Relative
mass, g mass, %
27.9+3.31 15.94+1.49
11.2+2.02 6.4+0.82
39.1+4.64 22.34+2.02
90.3+5.21 51.6%3.06
45.6%3.04 26.06+1.32
135.9+7.16  77.66%4.36
175.0+8.17 100

1:0.78
1:0.22
1:0.29

the weight of the right ventricle was interme-
diate and equalled 45.6%3.04 g (26.06+1.32%),
the average weight of both ventricles was
135.9£7.16 g (77.66*4.36%). Consequently, the
mass of the ventricles of the sheep heart was
significantly (P<0.001) 3.5 times higher than the
mass of the atria. Accordingly, the ratio of the
mass of the ventricles of the heart of a mature
sheep to its net mass (without epicardial fat) was
1:0.78, the ratio of the mass of the atria to its net
mass was 1:0.22, and the ratio of the mass of the
atrial myocardium to the mass of the ventricular
myocardium was 1:0.29 (Table 2).

The wall of the sheep heart is formed by the
respective membranes: endocardium - inner, my-
ocardium — middle and epicardium — outer. The
main structural component of the ventricular and
atrial heart wall is the myocardium, a muscular
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membrane consisting of cardiac myocytes (cardi-
omyocytes). Histological analysis of myocardial
sections of the ventricular wall of the heart (left
and right) stained with haematoxylin and eosin
reveals five gradual layers: the outer and inner
layers (their muscle fibres have an oblique lon-
gitudinal direction), then the outer and inner
deeper layers and the deepest layer, whose fibres
have a figure-eight direction (Fig. 3).

Figure 3. Microscopic structure of the
myocardium of the left ventricle

of a heart of a sheep
1 - muscle fibres (longitudinal section);

Notes:
2 - nuclei; 3 - intermuscular connective tissue; 4 —
microcirculatory vessel. Haematoxylin and eosin. x120
Source: author’s development

The myocardium of the atrial wall is formed
by only two layers of muscle membrane — the
outer (common to both atria) and the deep. The
muscle fibres of the outer layer of the myocar-
dium are located in a transverse direction from
the right to the left ear. The muscle fibres of
the deep myocardial layer of the right and left
atria are located in the longitudinal direction.
However, in the area of the myocardial venous
orifices, circular bundles of muscle fibres are
found. Due to the more intensive development
of the ventricular myocardium relative to the
atria, the ventricular walls are much thicker
relative to the atrial wall, which is associated
with their morphological and functional ac-
tivity. The histoarchitecture of the ventricular

and atrial myocardial walls is formed by cardiac
striated muscle tissue, which is represented by
cardiomyocytes that form muscle fibres and in-
termuscular layers of loose fibrous connective
tissue with the presence of blood and lymphatic
vessels and nerves (Figs. 3, 4).

Figure 4. Microscopic structure of the
myocardium of the left ventricle
of a heart of a sheep
Notes: 1 - muscle fibres (transverse section); 2 — nuclei;

3 — intermuscular connective tissue; 4 — microcirculatory
vessel. Haematoxylin and eosin. x280
Source: author’s development

Cross-striated muscle fibres, built from
cardiac myocytes (cardiomyocytes), which per-
ceive colour in different ways (Fig. 5).

- - ——

Figure 5. Microscopic structure of the
myocardium of the left ventricle
of a heart of a sheep

Notes: 1 - cardiomyocytes; 2 — nuclei of cardiomyocytes;
3 - insert disks; 4 — intermuscular connective tissue.
Dyeing according to the Heidenhain method. x600
Source: author’s development
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Cardiac myocytes in the myocardium form
a network of thin and thicker, porosely striated
muscle fibres, between which there is a gap space
filled with intermuscular connective tissue. The
parallel myocardial muscle fibres, formed by
cardiomyocytes, are interconnected by anasto-
moses and form a mesh-like structure, forming
a single contractile system of the heart. The
central part of the cardiomyocyte sarcoplasm
contains one, rarely two nuclei, which are oval
or elongated and unevenly spaced. Their nuclear
chromatin in the form of small or large grains is
located around the perimeter of the caryoplasm
(Fig. 5). Cardiomyocytes in the fibre structure,
when staining histological specimens using the
Heidenhain method, are arranged in a chain,
interconnected by insertion discs (Fig. 6). When
histological sections are stained with hematox-
ylin and eosin, cardiomyocytes in the cardiac
muscle tissue form histological structures simi-
lar to the muscle fibres of somatic muscle tissue.

Figure 6. Microscopic structure of the
myocardium of the left ventricle
of a heart of a sheep
Notes: 1- cardiomyocytes; 2 — nuclei of cardiomyocytes;

3 - insert discs; 4 — intermuscular connective tissue.
Dyeing according to the Heidenhain method. x280
Source: author’s development

This connection of cardiomyocytes with
each other by insertion discs, forming mus-
cle fibres, provides a support function for the
contractile elements of cardiac cells (myofila-
ments) and ensures a single contraction of the

Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 4

myocardium and thus forms a functional syncy-
tium. In light microscopy of histological speci-
mens stained by the Heidenhain method, car-
diomyocytes in the longitudinal section appear
as dark stripes, rectangular (Fig. 7), and in the
transverse section — rounded (Fig. 8), so their
shape is cylindrical.

Figure 7. Microscopic structure of the
myocardium of the left ventricle
of a heart of a sheep
Notes: 1 - cardiomyocytes; 2 — nuclei of cardiomyocytes;
3 — insert discs; 4 — intermuscular connective tissue.
Dyeing according to the Heidenhain method. 600
Source: author’s development

Figure 8. Microscopic structure of the
myocardium of the right ventricle
of a heart of a sheep
Notes: 1
2 — sarcolemma; 3 - sarcoplasm; 4 - nuclei of

- cardiomyocytes (transverse section);

cardiomyocytes; 5 — intermuscular connective tissue.
Hematoxylin and eosin. x400

Source: author’s development
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In cardiomyocytes with such a histological
structure, their sarcolemma, sarcoplasm, nu-
clei, and myofibrils are distinctly differentiated.
They have clearly defined transverse (due to the
presence of myofibrils) and longitudinal (due to
the presence of actin and myosin proteins) stri-
ations (Fig. 9).

Figure 9. Microscopic structure of the
myocardium of the left ventricle
of a heart of a sheep
Notes: 1 - cardiomyocytes; 2 - nuclei of cardiomyocytes;

3—insertdisks; 4—transverse striation; 5 — longitudinal
striation. Dyeing according to the Heidenhain method.
x600

Source: author’s development

Myofibrils (special-purpose organelles) on
the longitudinal section of cardiomyocytes, un-
der a light microscope, look like thin filaments
running longitudinally, parallel to each other,
and having the length of the cardiomyocytes
themselves (muscle fibres) (Fig. 9). In most cas-
es, myofibrils are located along the entire pe-
rimeter of the sarcoplasm, which is visible in
a cross-section of cardiomyocytes, where they
appear as dots of several dozen in one cardio-
myocyte (Fig. 10). Special-purpose organelles,
often via anastomoses, pass from one fibre to
another, thus ensuring the joint contractile
function of the cardiac myocardium.
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Figure 10. Microscopic structure of the
myocardium of the left ventricle
of a heart of a sheep
Notes: 1 - cardiomyocytes (transverse section);
2 - sarcolemma; 3 - sarcoplasm; 4 - nuclei of
cardiomyocytes; 5 - intermuscular connective tissue.
Haematoxylin and eosin. x600

Source: author’s development

Myofibrils that are densely packed in the
fibre structure and are located closer to its
periphery are connected to other fibres by
anastomoses. With a low density of myofibrils,
the longitudinal striation of muscle fibres is
clearly expressed, and the transverse stria-
tion is relatively weak. Thicker muscle fibres
are much less susceptible to colour, so their
transverse striation is weakly expressed, and
myofibrils have a more elegant appearance. In
muscle fibres of small thickness, myofibrils are
more densely arranged.

In modern morphology, morphometric re-
search methods are widely used, which make
it possible to establish the relationship and
interdependence of quantitative changes in
individual structures of the animal body, quan-
titative and relative characteristics of certain
morphological components at different stages
of ontological and phylogenetic development
of animals and different functional states of
a particular animal body system, depending
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on their species characteristics, etc. According
to the analysis of literature sources (Demus,
2015; Slabyi et al., 2017) and the results of the
author’s research, the microscopic structure of
the sheep heart, its histoarchitectonics of the
atria and ventricles have a similar structure,
but differ in histo- and cytometric parameters,
which make it possible to establish even minor

changes in the microscopic structure at the
tissue and cellular levels, depending on their
functional load and haemodynamics. Thus,
according to the results of histometry, cardi-
omyocytes forming layered muscle fibres, de-
pending on their morphotopography (left, right
ventricles, atria), are characterized by ambigu-
ous cytometric parameters (Table 3).

Table 3. Histometric indicators of cardiomyocytes sheep, M*m, n=5

Length of Width of
Indexes cardiomyocytes cardiomyocytes
(um) (pm)
Left ventricle 62.92+1.84 8.98+0.64
Right ventricle 49.52+1.62* 7.96+0.56*
Auricle 42.04%1.27** 6.07+0.38*

Volume of Volume of nuclei Nuclear-
cardiomyocytes of cardiomyocytes  cytoplasmic
(um?) (um?) ratio
3982.99%423.96 53.42+5.18 0.0136*0.0062
2463.02+318.04* 52.85+4.33 0.0219+0.0079**
1215.93%176.94** 50.16%+4.57 0.0430+0.0096***

Note: *P<0.05; **P<0.01; ***P<0.001 compared to the left ventricle

Source: author’s development

At the same time, the quantitative in-
dicators of contractile myocytes of the left
ventricle of the sheep heart myocardium are
greater than those in the right: the average
length of cardiomyocytes of the left ventricle
is significantly (P<0.05) is 1.27 times greater
than that of the right ventricle and is equal to
62.92%1.84 pm, the width of cardiomyocytes,
respectively (P<0.05) is 1.13 times greater and
is 8.98+0.64 yum (Table 3). Similar morphomet-
ric characteristics were found in the calcula-
tion of cardiomyocyte volumes: the largest
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Left ventricle

B Cardiomyocyte volume (um?®)

2463.99

Right ventricle

volume of cardiomyocytes is characteristic of
the left ventricle (3982.99%£423.96 um?3), the
volume of cardiomyocytes of the right ven-
tricle, compared with the left, is significantly
(P<0.05) less by 1.62 times and is equal to
2463.02£318.04 um3. Similar changes in cyto-
metric parameters were found in determining
the volume of cardiomyocyte nuclei: a larger
volume of cardiomyocyte nuclei was charac-
teristic of the left ventricle (53.42%5.18 um?),
slightly smaller for the right ventricle
(52.85%4.33 uym?) (Table 3; Fig. 11).

1215.93

Atrium

Volume of cardiomyocyte nuclei (um®)

Figure 11. Histometric parameters of cardiomyocytes of heart myocardium of sheep

Source: author’s development
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The revealed ambiguous morphometric
parameters of the volumes of cardiomyocytes
and their nuclei in the right and left ventricles
of the heart lead to different nuclear-cytoplas-
mic ratios: the lowest nuclear-cytoplasmic ra-
tio is characteristic of cardiomyocytes of the
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0.015
0.01

0 -

0.005

left ventricle (0.0136%0.0062) and significantly
(P<0.01) 1.61 times higher for cardiomyocytes
of the right ventricle (0.0219+0.0079), which
indicates the morphological and functional
activity of cardiomyocytes of the left ventricle
(Fig. 12).

0.043

0.0219

Left ventricle

m Left ventricle

Right ventricle

Right ventricle

Atrium

B Atrium

Figure 12. Nuclear-cytoplasmic ratio of cardiomyocytes of heart myocardium of sheep

Source: author’s development

This should not be considered a coinci-
dence, but an objective and realistic character-
istic associated with differences in the activity
of the heart ventricles, since the left ventri-
cle functions mainly as a pump, and the right
ventricle — as a volume ventricle (Haliglir &
Dursun, 2009). Therefore, an increase in cyto-
metric parameters (length, width, volume) and
a decrease in the nuclear-cytoplasmic ratio of
cardiac cardiomyocytes in the left ventricle my-
ocardium, compared to the right ventricle, are
associated with the functional characteristics
of the myocardial muscle tissue, which is ca-
pable of spontaneous rhythmic contractions,
facilitating the movement of blood through
the vessels. Accordingly, the cardiac contrac-
tile myocytes of the left ventricle of the heart
myocardium provide a much higher load, thus
promoting blood flow in the vessels of the large
(somatic) circulation, and, accordingly, the car-
diomyocytes of the right ventricle provide a

lower load, supporting blood flow in the vessels
of the small (pulmonary) circulation.

The smallest cytometric parameters of the
heart structure (length, width, volume) were
characteristic of atrial cardiomyocytes, in which
the nuclear-cytoplasmic ratio relative to that
of the left and right ventricles was significant-
ly (P<0.001) 3.16 and 1.96 times (P<0.01) higher
and equalled 0.0430+0.0096 (Table 3; Fig. 12).
These cytometric parameters of cardiomyocytes
indicated a significantly lower functional load
of atrial contractile myocytes compared with
ventricular cardiomyocytes. It is known that
the most morphologically and functionally ac-
tive and mature somatic cells in humans and
animals are those characterized by a low nu-
clear-cytoplasmic ratio index and, conversely,
cells with a high nuclear-cytoplasmic ratio are
less functionally active (Anderson & Ho, 2002).
Different cytometric and karyometric parame-
ters of ventricular and atrial cardiomyocytes are
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primarily associated with the functional activ-
ity of the heart: the atria receive blood returning
to the heart from the body of animals, and the
ventricles, respectively, pump blood from the
heart to the body, performing a significant load.

At the same time, certain characteristics of
cardiomyocytes and their nuclei have different
meanings, depending on the morphological
and functional activity of the myocardial tissue
of the ventricles and atria. For example, mor-
phometric parameters (thickness, length, aver-
age volume of sarcoplasm and cardiomyocyte
nuclei) are larger in the left ventricle than in
the right ventricle. Such ambiguous cytometric
parameters of the left ventricular myocardium
in experimental animals, relative to the right
ventricle, are probably related to the activity
of the ventricles themselves: the left ventricle
functions, in most cases, as a pump, and the
right ventricle functions as a volumetric com-
partment with morphological and functional
features of myocardial tissue capable of spon-
taneous rhythmic contractions, which result
in blood flow in the vessels. At the same time,
the cardiomyocytes of the left ventricle provide
a greater load, promoting blood flow through
the vessels of the corporal (large) circulation,
and the cardiomyocytes of the right ventricle,
respectively, have a much lower load, ensur-
ing blood flow through the vessels of the small
circulation (Haliglir et al., 2009; Braile, 2013).
Thus, the studies have shown that the morpho-
logical structure of the sheep heart myocardi-
um has similar macro- and histoarchitecton-
ics to other species of mammals, but differs in
morphometric parameters.

Conclusions

A comprehensive morphological study of the
heart of the domestic sheep was carried out,
and new data on the morphological features
and structural organization of the heart in the
normal state were obtained. The morphological
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analysis allowed systematizing, deepening and
significantly supplementing the information
about the microscopic structure and morpho-
metric parameters of the heart structures of the
normal bovine heart and can serve as a basis
for further experimental studies of the heart in
sheep and humans with various pathological
conditions.

The absolute weight of the sheep heart
was 208.4%9.82 g, the relative weight was
0.44%+0.007%, and the net weight of the heart
(without epicardial fat) was 175.0+8.17 g. Ac-
cording to the linear parameters of the heart
(height - 13.1£0.4 cm, width - 9.0£0.3 c¢m, cir-
cumference — 22.2+0.6 cm), the index of its de-
velopment is 145.5+4.02%, so the heart is of the
dilated-shortened type. The more developed
components of the heart are the ventricles (left
and right), then the atria (left and right):

e The mass of the left ventricle is the larg-
est and was equal to 90.3%5.21 g (51.6+3.06%),
the mass of the right ventricle was 45.6+3.04 g
(26.06%1.32%), the average mass of both ventri-
cles was 135.9£7.16 g (77.66%4.36%);

* The average weight of the left atrium
was 27.9%£3.31 g (15.94%1.49%), the average
weight of the right atrium relative to the left
atrium was significantly (P<0.01) 2.5 times less
and amounted to 11.2+2.02 g (6.4%0.82%), the
average weight of both atria was 39.1¥4.64 g
(22.34+2.02%).

* The ratio of the mass of the ventricles of
the sheep heart to its net mass was 1:0.78, the
ratio of the mass of the atria was 1:0.22, the ra-
tio of the mass of the atrial myocardium to the
mass of the ventricular myocardium was 1:0.29.

The cardiomyocytes of the left ventri-
cle had a larger volume (3982.99+423.96 um>),
the right ventricle - 2463.02+318.04 pm3,
and the smallest — atrial cardiomyocytes
(1215.93£176.94 um?®). The volumes of cardi-
omyocyte nuclei in the left (53.42%5.18 um?),
right (52.85%4.33 um?®) ventricles and atria
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(50.16%4.57 ym?®) of the heart were characterized
by almost the same values. The nuclear-cyto-
plasmic ratio was the lowest in cardiomyocytes
of the left ventricle — 0.0136%0.0062, signifi-
cantly (P<0.01) higher in cardiomyocytes of the

contractions. In the future, it is planned to con-
duct comprehensive morphological studies of
the heart of domestic animals of the class Mam-
malia — Mammals in a comparative aspect.

right ventricle — 0.0219+0.0079) and signifi- Acknowledgements
cantly (P<0.001) the highest in atrial cardiomy-  None.
ocytes — 0.0430%0.0096, which is associated with
the physiological characteristics of myocardial Conflict of Interest
muscle tissue capable of spontaneous rhythmic ~ None.
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AHoranis. Ha cborogHi JOMiHyI0UMMM XBOPO6aMM TBAPUH € CepPLIeBO-CyAMHHI 3aXBOPIOBAHHS, SIKi
HajfuacTinie Mpu3BOIATH N0 iX 3aruberni sik B YkpaiHi, Tak i B ycboMy cBiTi. Tomy mopdonoriuni
IOCTi[IKEHHS] Ceplsd Ha KITMHHOMY, TKAHMHHOMY Ta OPraHHOMY DiBHSIX € HEOOXiTHUMU Y
KJIiHIUHI Kapmionorii O TPYDKATTEBOI YIbTPAa3BYKOBOI [iarHOCTMKM (YHKI[IOHATbHMUX Ta
OpraHiuHux ypaskeHb cepiisi. MeTa po6OTM — 3a JOMOMOTrOI0 MaKPOCKOMIUHMX, TiCTOMOTiUYHUXK,
MOpPGOMETPUUHMX METOAIB IOOCTiIkKeHb 3AIMCHUTU TiCTO- Ta LUTOMOP(OMETPUUYHY OLIHKY
MOpP(dOIOTiUHUX CTPYKTYP CEPIS OBellb. 3 BUKOPUCTAHHIM MOPQOIOTiYHMUX METO/IiB AOCTiIKEHO
cepie CTaTeBO3PiMX KIIHIYHO 370poBUX TBapuH (N=5), IKi HajexkaTb O0 kinacy Mammalia -
Ccauii, Bumy Ovis aries L., 1758 — 6apaH (BiB11s) cBiiichbKuii. OGIpyHTOBAHO a6COMIOTHY Ta BiITHOCHY
Macy cepiisi CTaTeBO3PiuX OBellb, 110 CTAHOBUTD, BifnoBigHo, 208,4+9,82 r i 0,440,007 %, macy
6e3 emikapmiasbHOTO XMpYy — 175,048,17 1. Cepiie OBellb BiAMOBiMHO 3a iHAEKCOM PO3BUTKY
(145,5%4,02 %) BimHOCUTBCS IO PO3IMIMPEHO-BKOPOUYEHOTO0 aHATOMIUHOTO TUITY. PO3BUHYTIIMMMU
CKJIAJOBMMU € NUTYHOUKU. [Tpu 11boMy, KoedillieHT BiIHOUIEHHS Macy IUTYHOUKIB cepiist 70 110To
yucToi macu gopiBHIoe 1:0,78, BianoBigHo KoedilieHT BimHOLIEHHS MacK TIepeicepab CTAHOBUTD —
1:0,22, a xoedinieHT BimHOIIEHHS Macu Miokapny IepencepAb OO Macu MiOKapAy IUTYHOUKIB
mopiBHoe 1:0,29. Haiibinbinmii 06’eM BCTAHOBJAEHO Y KapAiOMiOLUTIB JIiBOro IITIYHOYKA —
3982,99+423,96 MKM®, MeHIIMIi — TpaBoro 2463,02+318,04 MKM® i HaliMeHIIN — Y KapioOMiOLUTiB
nepencepab — 1215,93+176,94 mrm®. O6’eMu siiep KapAioMioIuTiB y JiBoMy (53,42+5,18 MKMS),
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npaBomy (52,85%4,33 MKM®) NUTyHOUYKax cepus Ta iioro rmnepexacepasx (50,16%4,57 Mkm®)
Maiike OJHAKOBi. SImepHO-IMTOIUIA3MATMYHE BiIHOLIEHHS HaliMeHIle Yy KapAioMioluTiB
niBoro nuryHouka — 0,0136%0,0062, memio 6inbire y KapmiomiouuTiB mpasoro — 0,0219+0,0079 i
Hait6inbire — 0,0430+0,0096 y kapmiomionnTax nepencepab. OTpuMaHi pe3ynbTaTH MIOA0 MaKpo-
Ta MiKpOCKOTiYyHOi 6ymoBu cepiist 6apaHa cBilicbkoro (Ovis aries L., 1758) MOMOBHIOIOTH BiTOMOCTI
3 Mopdortorii ceplist oBellb Y BiMOBiMHMX pO3[isax ricronorii Ta MOpiBHSUIbHOI aHAaTOMii i €
HeOoOXigHMMU [JIs1 KIiHIYHOI Kapaionorii

KniouoBi ciioBa: mopdosnoris opraHiB; CBiliCbKi TBapMHM; TiCTOCTPYKTYpPA; iHIEKC PO3BUTKY;
MioKapp,; Kap4ioMioluTu
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Abstract. Global climate change inrecent decades hasled toanincrease in the activity and expansion
oftherange of many diseases. One of themis canine babesiosis. Therefore, it is becoming increasingly
important to monitor the functional state of the organism in sick dogs and timely detection of
kidney, liver, spleen, cardiovascular system, anaemia, and other disorders that complicate the course
of babesiosis. The research aims to determine the peculiarities of metabolic and functional changes
in dogs with different intensities of babesiosis infection. During the laboratory diagnostics, general
and special research methods were used: light microscopy, centrifugation, spectrophotometry, and
mathematical statistics. Based on the results of comprehensive microscopic, morphological, and
biochemical studies of blood in dogs with different intensities of babesiosis infection, the most
characteristic functional and metabolic changes in their body were identified. Thus, at different
intensities of babesiosis infection in diseased animals, the features of the haematological profile
are leukocytopenia against the background of eosinopenia (at a mild degree of infection) and
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lymphocytopenia with a simultaneous compensatory increase in the number of monocytes and
neutrophils, as well as erythrocytopenia, hypochromemia, thrombocytopenia with a decrease in
thrombocrit and haematocrit. In addition, these patients developed hyperfermentemia of aspartate
and alanine aminotransferases, alkaline phosphatase, and y-glutamyl transpeptidase, indicating
structural and functional changes, primarily in the myocardium, liver, skeletal muscle, brain and
kidneys due to their toxic damage by babesia waste products. At the same time, hypoproteinaemia,
hypoalbuminemia and hyperazotemia were observed in the affected animals, indicating an increase
in the intensity of catabolic processes in functional cells of organs and tissues, especially the
liver. The most pronounced changes in the studied parameters were observed at high intensity of
babesiosis infection. The established regularities allow the use of these haematological parameters
as markers of functional and metabolic changes in the body of dogs at different intensities of
babesiosis infection

Keywords: morphological blood parameters; haematocrit; thrombocrit; biochemical blood

parameters; leukogram; enzymes

Introduction

Babesiosis is a blood-borne parasitic disease of
domestic and wild carnivores and fur-bearing
animals caused by protozoa of the genus Babe-
sia, spread by ixodid ticks, and is recorded on all
continents. In dogs, the disease is most often
acute with a high mortality rate. The patho-
genesis of severe babesiosis in dogs is primar-
ily based on generalised, multiorgan changes,
which require timely diagnosis and constant
monitoring of the functional state of both indi-
vidual organs and their systems, as well as the
organism as a whole. Therefore, the research
relevance lies in the need to determine marker
indicators, in particular blood, for effective and
timely laboratory diagnosis of functional disor-
ders in dogs with babesiosis infection.
According to the researchers, due to sig-
nificant climate change on the planet, there is
an intensive increase in the period of activity
of babesiosis vectors, and therefore this dis-
ease is increasingly recorded in dogs in winter.
As a result, babesiosis, which used to be a lo-
calised disease, is now becoming widespread
and should be subject to constant monitoring.
V.A. Levytska et al. (2020) reported that the

territory of Ukraine is considered an epizootic
focus of babesiosis in dogs. It should also be
noted that infected animals develop non-ster-
ile immunity for 1-2 years, and therefore
J.A. Panti-May & R.I. Rodriguez-Vivas (2020)
focus on the prospects for a comprehensive
study of this infection in mammals. According
to A. Hildebrandt et al. (2021), more than 400
such cases have already been recorded among
the US population and 21 in Europe. According
to V.A. Levytska et al. (2020), the most com-
mon causative agent of the disease in European
countries is B. canis, but species such as B. vogeli,
and B. gibsoni are also common. L.I. Torianyk
(2021) also notes defects in the walls of blood
vessels with dissection, haemorrhage, microve-
siculation and endothelial desquamation, the
development of intravascular coagulation and
thrombosis, microcirculatory disorders, and
ischaemia. As noted by W. Zygner et al. (2023),
protozoa of the genus Babesia parasitise pri-
marily erythrocytes, although they can be
found in blood plasma and the cytosol of cells
of the reticuloendothelial system. According
to K. Rajamanickam & V. Leela (2023), Babesia
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canis destroys red blood cells in diseased animals
directly in the vascular bed, which is compli-
cated by the development of hypotensive shock
and generalised damage to functional cells of or-
gans and tissues due to oxygen deficiency.

Among the most characteristic changes
in red blood cells in the peripheral blood-
stream, M. Liu et al. (2022) focus on the de-
velopment of oligocythemia with anisocytosis
and poikilocytosis, as well as the occurrence
of oligochromemia, manifested by macrocyto-
sis and a decrease in hematocrit. At the same
time, significant changes in the morphological
and functional state of erythrocytes are diag-
nosed in affected dogs. In particular, they affect
the population composition of erythrocytes,
namely the number of mature red blood cells
that undergo rapid destruction predominates,
and the number of young forms significantly
decreases. D. Sojka et al. (2022) describe an in-
crease in the content of free iron in the blood
and a simultaneous decrease in the level of sat-
uration of transferrin with this trace element.
As a result of the described processes, haemo-
globin synthesis at the level of red bone marrow
is impaired, which leads to the development of
anaemia, and subsequently jaundiced skin, vis-
ible mucous membranes, and haemoglobinuria.
Among the established patterns, normochro-
mic, normocytic, and non-regenerative anae-
mia is observed during the first day of clinical
manifestation of the disease, and then, on the
second or third day, hypochromic, macrocytic,
with reticulocytosis.

During the active phase of the disease
in dogs, according to V.A. Gryshchenko &
D.S. Bilokur (2021), functional disorders of the
cardiovascular, digestive, and urinary systems
are most often detected, and in severe clinical
forms, even cerebral pathology. Therefore, a
general clinical blood test for babesiosis in-
fection allows for determining the degree and
extent of damage to internal organs in such
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patients. In particular, J. Kules et al. (2023) note
the need for an in-depth study of the features
of the disease manifestation at the cellular
level and the identification of new markers for
assessing the functional state of both the whole
organism and its internal organs. Modern lab-
oratory diagnostics of animal diseases is based
on the use of sensitive biochemical tests and
methods for diagnosing most animal diseases,
including babesiosis, which also allows for the
control of the course of the pathological pro-
cess, the occurrence of possible complications
and determining treatment tactics.

Based on the aforementioned, the research
aims to determine the general reaction of the
Labrador dog to different intensities of babesi-
osis infection caused by B. canis. To achieve the
aim of the study, the following tasks were set:
to identify and differentiate the causative agent
of canine babesiosis microscopically; to select
animals with low and high intensity babesiosis
infection; to study the effect of the blood para-
site on the functional state of the organism and
to determine marker changes in blood param-
eters in sick dogs with different intensities of
babesiosis infection.

Literature Review

The clinical manifestation of Babesiosis infec-
tion in dogs has its characteristics depending on
the type of Babesia species involved. As noted
by V.A. Levytska et al. (2020), different strains of
Babesia canis differ in pathogenicity. In some re-
gions, the disease may be moderately expressed,
while in others it is highly pathogenic. Dogs of
all ages are susceptible, but puppies are more of-
ten affected. The incubation period for B. canis is
10-21 days, and in the case of B. gibsoni, it is 14-
28 days. V. Djokic et al. (2021) described that the
mortality rate from Babesia spp. reaches more
than 12%, and in the case of B. rossi, up to 1%.
There is no cross-immunity between Babesia
canis and Babesia gibsoni.
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According to B.K. Atkinson et al. (2022), in
acute cases, the first clinical symptom of the
disease is a significant increase in body temper-
ature (up to 42°C). According to M. Torti et al.
(2020), the most common symptom of babesi-
osis in dogs is the development of haemolytic
anaemia caused, in particular, by the destruc-
tion of red blood cells due to increased osmotic
fragility, extra- and intravascular haemolysis,
erythrophagocytosis and immune-mediated
destruction of red blood cells by parasitic anti-
gens, parasite-induced cell membrane damage,
and anaemia. Haemoglobin dysfunction, oxida-
tive damage, contamination, and sequestration
of red blood cells are also possible. O. Mazanny
et al. (2020) noted an increase in haematocrit
values as a result of relative haemoconcentra-
tion, which manifested itself simultaneously
with increased haemolysis against the back-
ground of fluid movement from the intravas-
cular to the extravascular component. Such
animals were at risk due to the high threat of
functional disorders of internal organs.

V. Djokic et al. (2021) note that the severity
of the clinical course of babesiosis in dogs can
vary significantly, from subclinical to acute or
even chronic. Typical symptoms of this pathol-
ogy include fever, depression, anorexia, anae-
mia of the mucous membranes and skin, sple-
nomegaly, tachypnoea, and tachycardia. Clinical
symptoms are caused by the development of
anaemia and, as a result, tissue hypoxia in af-
fected dogs, as well as the active release of cy-
tokines, which provokes the manifestation of a
systemic inflammatory response syndrome. Pa-
tients have no appetite, but thirst and general
weakness are noted. Frequent manifestations
include haemoglobinuria. M. Torti et al. (2020)
point out that in chronic cases, body tempera-
ture is not too high and rarely lasts more than a
few days. Anaemia and jaundice are less severe.
In general, dogs become noticeably weaker and
lose weight. Damage to the circulatory system is

manifested by vasodilation with a tendency to
disseminate intravascular coagulopathy at the
capillary level, increased permeability and may
progress to hyperaemia and oedema. In case of
central nervous system damage, movement dis-
orders, paresis, epileptic seizures, etc. occur.

T. Rawangchue & S. Sungpradit (2020) in-
dicate that Babesia vogeli in adult dogs causes
an asymptomatic infection. Parasitaemia is
extremely low, and babesiosis infection may
not be diagnosed by blood smear examination.
However, puppies show severe anaemia, and the
subclinical course is mainly observed in adult
dogs. B.L. Penzhorn (2020) reports the clinical
manifestation of infection caused by Babesia
canis shows greater variability in pathogenic-
ity, intermediate between B. vogeli and B. Rossi,
with most dogs showing anaemia. According to
O. Teodorowski et al. (2022), Babesia gibsoni in-
fection has a subacute, acute, or chronic course.
As noted by the researchers, the most common
is the acute course, which is manifested by the
development of fever, haemolytic anaemia, se-
vere weakness, splenomegaly, lymphadenop-
athy, and thrombocytopenia. The superacute
state is rare. American Pit Bull and Stafford-
shire Bull Terrier disease is mainly transmitted
through dog bites. PCR-positive subclinical in-
fections with B. gibsoni have also been reported.

Materials and Methods

Haematological studies were conducted in
2022-2023 at the interdepartmental educa-
tional and scientific laboratory of veterinary
diagnostic research at the Faculty of Veteri-
nary Medicine of the National University of Life
and Environmental Sciences of Ukraine and
the laboratory of the Zoolux Veterinary Clinic
(39 Dmytrivska Str., Kyiv).

The research methodology included a gen-
eral clinical blood test and assessment of the
biochemical profile of blood in dogs with acute
babesiosis with different intensities of infection.
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For scientific purposes, three groups of Labrador
dogs aged 2 to 7 years and weighing 23.6-35.2 kg
were formed. Experimental group 1 included
dogs with a low-intensity babesiosis infection (4
animals with the names: Akita, Bruno, Jess, and
Malysh), experimental group 2 included animals
with a high-intensity infection (4 animals with
the names: Danya, Bonia, Peta, and Charlie). The
control group included 6 clinically healthy dogs
(nicknames: Lisa, Fly, Boy, Day, Alma, Bars) aged
2 to 7 years, which underwent preventive exami-
nation at the Zoolux veterinary clinic (Kyiv). The
results of a general clinical blood test in animals
of this group corresponded to the reference range
of physiological values typical for healthy dogs.

Blood samples for haematological studies
were taken from the anterior saphenous vein
of the forearm. The study design included the
following steps:

e creation of smears of heparin-stabilised
blood and determining the presence of babesia;

¢ identification of the pathogen and de-
termination of the intensity of the babesiosis
infection;

* blood centrifugation of stabilised eth-
ylenediaminetetraacetic acid (EDTA) for bio-
chemical tests at 3000-3500 rpm for 5 min;

e conducting a general clinical blood test
using a Dymind DF51 haematological analyser
(China) (examination of the number of formed
elements, leukogram, haematocrit and thromb-
ocrit, as well as haemoglobin content in whole
blood);

* biochemical analysis of blood parame-
ters on analysers “StatFax 4500” (USA), “Min-
dray BS-230” (China) (study of the activity of
the following enzymes in blood plasma: ala-
nine aminotransferase (ALT, ES 2.6.1.2), aspar-
tate aminotransferase (AST, EC 2.6.1.1), alka-
line phosphatase (ALP, EC 3.1.3.1), y-glutamyl
transpeptidase (y-GTP, EC 2.3.2.2);

e a complex of biochemical parame-
ters: total protein, albumin, creatinine, urea,

Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 4

cholesterol, glucose, total bilirubin, direct bil-
irubin, potassium, calcium, inorganic phospho-
rus, and magnesium);

* research result summarisation and their
analysis.

Laboratory diagnostic studies were per-
formed using reagents from Global Scientific
(USA). Microscopic assessment of the detec-
tion of intraerythrocytic parasites in stained
blood smears was performed using the Ro-
manowsky-Giemsa method. Light microscopy
was used using a Micros microscope (Austria,
2012). Leukodif 200 stains (LDF 200, Czech Re-
public) were used to stain blood smears.

The intensity of erythrocyte damage by
protozoa was determined per 100 cells and
marked as “+”:

“+” —up to 1-2 erythrocytes affected by Babe-
sia were assessed as low intensity of infection;

“++” — up to 3-4 erythrocytes affected by
Babesia were assessed as medium intensity of
infection;

“+++” — up to 1-4 erythrocytes affected by
Babesia were assessed as severe infection.

At low intensity of infection, 1-2 Babesia
were detected in one erythrocyte, and at high
intensity — 4-6 or more protozoa in one cell. Ex-
perimental groups were formed from animals
with only low and high-intensity of infection.

The results of the conducted research were
processed using generally accepted methods
of variation statistics with the involvement of
computer programs. In this case, the values of
arithmetic means (M) were calculated consid-
ering n - the size of a particular sample. The
Student’s t-test was used to finally determine
the existence of significant differences between
the mean values for each indicator. Differences
were considered significant at P<0.05.

Experimental studies complied with the
requirements of ISO/IEC 17025:2005 (2006).
The animals were kept, and all manipulations
were carried out following the provisions of the
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Procedure for conducting experiments and ex-
periments on animals by scientific institutions
(Law of Ukraine No. 249, 2012), the European
Convention for the Protection of Vertebrate An-
imals Used for Experimental and Other Scien-
tific Purposes (European convention..., 1986).

Results

According to the results of clinical examina-
tion of dogs with babesiosis, the presence of
hyperthermia (increase in body temperature to
40-41°C), anaemia of non-pigmented skin and
visible mucous membranes was noted, which
later in some animals with a high intensity of
infection was replaced by icterus, loss of appe-
tite, depression, exhaustion and the appearance
of brown urine colour (in three animals named
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Danya, Peta, Charlie). The latter may indicate
the occurrence of a symptom characteristic of
high-intensity infestation — haemoglobinuria.
Generalised changes in most internal organs and
their systems during this infection significantly
affect the severity of its course, which requires
regular monitoring of the functional state of the
organism of sick dogs. Eight cases — 4 of low and
4 of high-intensity babesiosis infection in dogs
caused by Babesia canis were described.
Microscopic picture of blood in dogs with
different intensities of Babesiosis infection. Mi-
croscopic examination revealed Babesia canis in
the blood smear. In four dogs — Akita, Bruno, Jes-
se, and Malysh — the infection was assessed as
+”, these dogs were included in the group with a
low intensity of infection (Fig. 1).

Figure 1. Blood sample analysis for babesiosis in dogs with low intensity of B. canis
Note: photos of blood samples: a and b, magnification x400

Source: compiled by the authors

In four dogs - Danya, Bonya, Peta and Char-
lie — the infection corresponded to “+++”, which

was assessed as a high intensity of the lesion
(Fig. 2).

Figure 2. Blood sample analysis for babesiosis in dogs with high intensity of B. canis
Note: photos of blood sample preparations: a — x200 magnification, b — x360 magnification

Source: compiled by the authors
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General clinical blood test in dogs with
different intensities of babesiosis infection.
Morphological studies of the blood of Labrador
dogs with babesiosis showed the presence of
leukocytopenia, which was characterised by a
decrease in the number of leukocytes by 31.0%
at low and 60.6% at high intensity of infection.
Lymphocytopenia was diagnosed in dogs of
both experimental groups, in particular, a de-
crease in the relative number of lymphocytes
by 2.2 times at low and 2.3 times at high in-
tensity of babesiosis infection. The fact indi-
cates a decrease in the resistant state of the
organism in diseased animals, which may be
a consequence of impaired functional capac-
ity of leukocyte poiesis organs (bone marrow,
lymph nodes, spleen) due to infection with the

pathogen of blood cells and progression of in-
toxication. At the same time, neutrophilia was
observed in the blood of the diseased animals
compared to the control, i.e., an increase in
the relative number of segmented neutrophils
by 1.1 times in both experimental groups and
monocytosis, i.e., an increase in the relative
number of monocytes both at low (2.0 times)
and high (2.3 times) intensity of invasion,
which reflects the body’s defence response and
indicates the phenomenon of active phagocy-
tosis of protozoa, erythrocyte decay products,
bacteria and endotoxins (Table 1). Eosinope-
nia was diagnosed only in animals with a low
intensity of infection. In this case, the relative
number of eosinophils was 3.0 times lower
compared to the control.

Table 1. General clinical analysis of blood parameters in dogs
with different intensities of babesiosis infection (M*m, n=4-6)

Indicator Reference limits
White blood cells, 10°/L 4.5-15.5
Stick-nucleated neutrophils, % 0-3
Segmented neutrophils, % 60-77
Eosinophils, % 2-10
Basophils, % 0-1
Monocytes, % 0-10
Lymphocytes, % 12-30
Red blood cells, 10'%/L 4.8-9.3
Haemoglobin, g/L 120-180
Haematocrit, % 36-55
Platelets, 10°/L 170-500
Thrombocrit, % 0.14-0.46

Dogs with low Dogs with high
ool infection severity  infection severity
7.1+0.5 4.9+0.4* 2.8+0.3*
1.7#0.2 0 0
67.5¥2.4 75.6%2.1%* 72.3*1.9
2.4+0.3 0.8+0.2* 2.0%0.1
0.5%0.1 0 0
7.3+0.8 14.3%1.0* 16.9%0.9*
20.6+1.8 9.3+0.8* 8.8+0.7*
6.1+0.8 5.1¥0.4 3.9+0.2*
127.0+4.2 113.2%3.3* 83.8+4.1*
43.5%¥1.2 32.0+1.4* 23.0£1.2*
339.3%17.1 32.8+2.1% 25.8+2.4*
0.30%0.1 0.03+0.01* 0.02%0.01*

Note: *P<0.05, statistically significant differences compared to the control

Source: compiled by the authors

The analysis of the results of morpholog-
ical blood examination proved the presence of
anaemia in diseased dogs. Thus, in the blood
of animals with babesiosis at a high intensity
of infection, a decrease in the number of red
blood cells by 36.1% (erythrocytopenia) and
haemoglobin content (hypochromemia) by
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10.9% (at low intensity of infection) and 34.0%
(at high intensity of infection) was observed
with a simultaneous decrease in hematocrit
value, respectively, by 1.4 and 1.9 times (Ta-
ble 1). Significant changes were also noted
in the number of platelets and thromboc-
rit in the blood of diseased animals. Thus, in
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diseased animals, the number of platelets was
reduced (thrombocytopenia) by 10.3 times (at
low intensity of infection) and 13.2 times (at
a high intensity of infection), and the value of
thrombocrit decreased according to the inten-
sity of infection by 10 and 15 times compared
to the control.

Thus, in dogs with babesiosis, character-
istic changes in the morphological profile of
the blood are leukocytopenia against the back-
ground of eosinopenia (with a mild degree of
infection) and lymphocytopenia, along with
adaptive manifestations of monocytosis and
neutrophilia. In addition, these animals were
diagnosed with hypochromemia, erythrocy-
topenia (with high intensity of invasion), and
thrombocytopenia with a decrease in throm-
bocrit and haematocrit. The intensive devel-
opment of anaemia in sick dogs, especially
pronounced at high intensity of infection, pro-
vokes the development of circulatory and tissue
hypoxia, which causes shifts in the homeostasis

system and corresponding disorders of func-
tional activity on the part of organs and their
systems in the body, which significantly affect
the biochemical profile of blood plasma.

Biochemical profile of blood plasma in
dogs with different intensities of babesiosis
infection. In dogs with babesiosis, in addition
to changes in the morphological parameters of
the blood, a significant increase in the activity
of several enzymes was noted (Table 2). Thus,
in dogs with babesiosis, hyperenzymemia was
found: aspartate aminotransferase 1.7 times (at
low intensity of infection) and 4.0 times (at high
intensity of infection), alanine aminotrans-
ferase 1.1 times (at low intensity of infection)
and 2.8 times (at high intensity of infestation);
y-glutamyl transpeptidase by 1.3 times (at mild
intensity of infestation) and 1.5 times (at high
intensity of infestation), alkaline phosphatase
by 2.8 times (at mild intensity of infestation)
and 4.6 times (at high intensity of infestation)
compared to the control.

Table 2. Plasma enzyme activity in dogs with different intensities
of babesiosis infection (M*m, n=4-6)

Indicator Reﬁ;?tr; ce
Aspartate aminotransferase, U/L 5-55
Alanine aminotransferase, U/L 5-107
y-Glutamyl transpeptidase, U/L 0-14
Alkaline phosphatase, U/L 10-150

Dogs with low Dogs with high
Control . X . . . .
infection severity  infection severity
30.3+0.8 50.9+1.4* 120.3+3.7*
56.1£1.9 62.6%1.3* 156.8+4.1*
6.7x0.6 9.0+1.1* 9.8%1.3*
80.5%2.6 228.1+6.4* 366.1+7.1%

Note: *P<0.05, statistically significant differences compared to the control

Source: compiled by the authors

In addition, in the context of the biochem-
ical profile of blood plasma, a significant de-
crease in the content of total protein by 15% (at
low intensity of invasion) and 29.9% (at high in-
tensity of invasion) was noted compared to the
control, against the background of hypoalbu-
minemia (according to the degree of invasion,
a decrease in albumin level by 26.2 and 35.0%).
This resulted in a significant increase in blood

plasma urea concentration by 70.5% (with se-
vere infection), which reflected an increase in
the intensity of catabolic processes, especially
in liver cells (Table 3).

At the same time, the concentration of
bile pigments - total and conjugated bilirubin,
as well as other biochemical parameters — re-
mained unchanged in the blood plasma of the
affected dogs.

?V/X Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 4
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Table 3. Biochemical profile of dog blood plasma with different intensity
of babesiosis infection (M*m, n=4-6)
Dogs with low Dogs with high

Indicator Reference limits Control T A LS E e

Total protein, g/L 51-78 64.5%¥1.4 54.8+1.3* 45.2%1.1*

Albumin, g/L 24-44 32.1%1.1 23.7%0.8* 20.9%0.6*
Creatinine, pmol/L 44-138 79.2%3.1 74.6%2.3 73.1£3.4

Urea, mmol/L 2.5-9.6 6.1%0.2 4.9+0.6 10.4+0.9*
Cholesterol, mmol/L 2.4-84 4.8+0.3 5.2+0.3 4.3+0.8
Glucose, mmol/L 3.9-8.3 6.1%0.3 6.0+0.8 6.3+0.5
General bilirubin, umol/L 0-5 2.5+0.4 1.8+0.3 2.2+0.4
Direct bilirubin, pmol/L 0-3 1.5%0.3 1.3+0.1 1.6+0.2
Potassium, mmol/L 3.6-5.5 4.6+0.2 4.0+0.3 4.3+0.4
Calcium, mmol/L 2.2-3.0 2.6+0.1 2.2+0.3 2.1£0.3
Inorganic phosphorus, mmol/L 0.68-2.00 1.3%0.2 1.0%0.2 1.5%0.4
Mangesium, mmol/L 0.7-1.1 0.9£0.1 0.7£0.2 0.9£0.2

Note: *P<0.05, statistically significant differences compared to the control
Source: compiled by the authors

The results obtained are summarised and quantitative characteristics of morphological
presented schematically in Figure 3, which and biochemical parameters of blood in dogs
shows the differences in the qualitative and  with different intensities of babesiosis infection.

Morphological Changes in haematological parameters in dogs with Biochemical
blood indicators different intensities of babesiosis infection parameters of blood

L -
-~ v L N 7 v N\
increase Increase
At low infection levels: At low infection levels:
- The number of segmented neutrophils increased by 1.1 times; - AST activity by 1.7 times;
- The number of monocytes increased by 2.0 times. - ALT activity by 1.1 timeS"
At high infection levels: - ALP activity by 1.3 times"
- The number of segmented peutrophils incre.ased by 1.1 times; - GGT activity by 2.8 times’.
\_ The number of monocytes increased by 2.3 times. ) At high infection levels:
-# - ACT activity by 4.0 times;
/ Reduction N - ALT activity by 2.8 times;
At low infection levels: - ALP activity by 1.5 times;
- White blood cell count by 31.0%; - GGT activity by 4.6 times;
- The number of eosinophils increased by 3.0 times; - Urine concentration by 70.5%.
- The number of lymphocytes increased by 2.2 times; N\ J
- Hematocrit by 1.4 times; Ve '# ™~
- Platelet count increased by 10.3 times; Reduction
- Thrombocrit 10 times. At low infection levels:
At high infection levels: - The total protein content is 15.0%;
- White blood cell count by 60.6%; _ The albumin content is 26.2%:
- The number of lymphocytes increased by 2.3 times; - Hemoglobin content by 10.9%’.
- Red blood cell count by 36.1%; At high infection levels:
- Hematocrit by 1.9 times; . - The total protein content is 29.9%;
- Platelet count increased by 13.2 times; - The albumin content is 35.0%.
\__- Thrombocrit 15 times. /L J

Figure 3. Peculiarities of changes in morphological and biochemical parameters at different
intensities of babesiosis infection in Labrador dogs
Note: Changes in indicators that are specific to a particular group of sick dogs are highlighted in purple
Source: compiled by the authors
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As such, marker changes among the indi-
cators of the biochemical profile of blood plas-
ma in dogs with different intensities of babe-
siosis infection were observed: the activity of
aminotransferases — aspartate and alanine
aminotransferase, y-glutamyl transpeptidase
and alkaline phosphatase, the content of to-
tal protein, albumin, urea (at high intensity of
infection), which confirms the development of
destructive changes and functional disorders in
the cells of the liver, kidneys and other inter-
nal organs. This may be not only the result of
the toxic effects of the blood parasite’s waste
products on functional cells of internal organs
but also the consequence of the use of potent
medicinal products in sick dogs.

Discussion

The results of observation of dogs with babesio-
sis indicate the development of a symptom com-
plex typical of this blood-borne disease. Accord-
ing to O. Mazannyi et al. (2020), almost 60-70%
of affected animals showed the following clinical
changes: characteristic of visible mucous mem-
branes, haemoglobinuria, and hyperthermia,
which confirms our study results. In most animals,
the researchers also recorded other symptoms
(weakness, loss of appetite, shortness of breath,
thirst, etc.), the appearance of which depended
on the intensity of the babesiosis infection and
the severity of the disease. A similar clinical
picture of the course of babesiosis in dogs is de-
scribed by J.A. Panti-May & R.I. Rodriguez-Vivas
(2020) and W. Zygner et al. (2023), which may in-
dicate the identity of the mechanisms of patho-
logical effects of babesia on the body of dogs. It
can be assumed that differences in the general
manifestation of the disease in most cases corre-
late with the degree of pathogenicity of the path-
ogen, the intensity of its invasion and the indi-
vidual characteristics of the resistant state of the
dog’s body. The results of comprehensive hae-
matological studies in patients with babesiosis

infection of Labrador dogs indicate pathological
changes in the structural and functional state of
most internal organs, which generally proves the
generalised form of the disease course at both
low and high intensity of infection. This indicates
the need for continuous monitoring of the func-
tional state of the body, which is also mentioned
by O. Dubova & A. Duboviy (2018), A. Henning
et al. (2020), M. Karasova et al. (2022) and other
researchers.

In particular, according to the results of
haematological studies of blood smears from
sick dogs with varying degrees of babesiosis
infection, a decrease in the body’s resistance
state was noted, which may be due to a dys-
function of the functional capacity of leukocyte
poiesis organs (bone marrow, lymph nodes,
spleen) during infection with the pathogen
of blood cells and progression of intoxica-
tion. At the same time, similarly to a study by
F. Dantas-Torres et al. (2021), neutrophilia and
monocytosis were observed in the blood of dis-
eased animals compared to controls, the degree
of which was determined by the intensity of
babesiosis infection. The established patterns
reflect the organism’s defence reaction and are
closely related to the phenomenon of active
phagocytosis of protozoa, erythrocyte decay
products, bacteria and endotoxins. According
to the study, eosinopenia was diagnosed only in
animals with a low intensity of infection.

Furthermore, during the course of babe-
siosis infection in dogs, all four enzymes
studied were sensitive: aspartate and alanine
aminotransferases, y-glutamyl transpepti-
dase and alkaline phosphatase. This was par-
ticularly pronounced in animals with a high
intensity of infection and confirms the results
of similar haematological studies described by
O. Shchebentovska et al. (2022). In particular,
they noted the development of hyperfermenta-
tion of aspartate aminotransferase and aspar-
tate aminotransferase, respectively, by 5 and
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3 times compared to the control. O. Mazannyi
et al. (2020) reported a more than 3-fold in-
crease in aspartate aminotransferase activity
in the blood plasma of sick dogs, with no ab-
normalities in alanine aminotransferase activ-
ity, creatinine, and urea concentrations. These
facts indicate similar trends, and the differenc-
es relate only to numerical values, which are
explained by different approaches to research.
The study by V.A. Levytska et al. (2020) found
that in the group of dogs with azotemia, a
higher ratio of aspartate aminotransferase/ala-
nine aminotransferase activity was recorded.
This fact suggests that kidney damage causes
an increase in the activity of aspartate ami-
notransferase in affected dogs.

The diagnosed changes in the activity of
enzymes in the blood indicate a generalised
nature of functional and structural disorders in
the internal organs of sick dogs. In particular,
V. Djokic et al. (2021) reported disorders of the
structural organisation of specialised cells and
the dependent functional state of several inter-
nal organs (heart, liver, brain, kidneys). These
changes are also confirmed by A.S. Ubah et al.
(2019), who added skeletal muscle and brain
to the previous list. This suggests that the dys-
function of these organs is primarily associated
with intravascular haemolysis of red blood
cells affected by blood parasites, progressive
hypoxia, and intoxication of the body with
babesia waste products, as well as severe hepa-
totoxicity of potent therapeutic agents.

The development of circulatory and tissue
hypoxia in dogs with babesiosis occurs against
the background of the progression of haemo-
lytic anaemia and pathological changes in the
blood vessel wall. As noted by M. Torti et al.
(2020), with babesiosis infection in dogs, due to
a decrease in the partial pressure of oxygen in
the tissues, anaerobic glycolysis, the main end
product of which is lactate, becomes important
in maintaining the energy balance in cells. An
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increase in its concentration in the blood causes
the development of lactate acidosis. According
to these authors, acidification of the internal
environment of the body in sick dogs provokes
an increase in vascular wall porosity, vasodila-
tion, blood stasis and a decrease in blood pres-
sure, which are noted in the pathogenesis of
this blood-parasitic disease. The development
of lactate acidosis also causes a decrease in sen-
sitivity to circulate catecholamines, an increase
in the intensity of peroxidation of cell mem-
brane lipids, disruption of oxidative phospho-
rylation, a sharp decrease in the production of
adenosine triphosphoric acid, and, in general,
affects enzymatic activity. As a result, accord-
ing to T. Ullal et al. (2018), there are changes in
the intensity of metabolic reactions and their
direction, as well as disorganisation and disor-
ders of the functional state of cell membranes
of organs and tissues.

Thus, in the case of complex haematolog-
ical studies in dogs with babesiosis with dif-
ferent intensities of B. canis infection, marker
changes in the morphological and biochemical
parameters of blood were determined. The ob-
tained results are important for elucidating the
pathogenesis of this disease in dogs both at the
level of the whole organism and individual or-
gans and their systems, as well as for determin-
ing the features of functional changes at low
and high intensity of infection, which will con-
tribute to the development of new approaches
in their laboratory diagnosis, prevention of
complications and increase the effectiveness
of animal treatment.

Conclusions

Based on the results of comprehensive micro-
scopic, morphological, and biochemical studies
of blood samples taken from dogs with differ-
ent intensities of babesiosis infection (mild and
high) caused by B. canis, the most character-
istic metabolic and functional changes in the
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diseased organism were identified. Thus, depend-
ing on the level of babesiosis infection, the devel-
opment of leukocytopenia was diagnosed in sick
dogs, namely: a decrease in the absolute number
of leukocytes in the blood by 31.0% at low and
60.6% at high intensity, which manifested itself
against the background of eosinopenia (only at
low intensity of infection) and lymphocytopenia
with simultaneous monocytosis and neutrophil-
ia and indicates suppression of leukocytopoiesis.
In addition, these animals were characterised by
erythrocytopenia, hypochromemia, and throm-
bocytopenia with a decrease in thrombocrit and
hematocrit, indicating the development of anae-
mia and coagulopathy, which were more pro-
nounced at a high intensity of infection.

The most sensitive biochemical parameters
of blood plasma in sick dogs, especially at high
intensity of babesiosis infection, were enzymes:
aspartate and alanine aminotransferase, y-glu-
tamyl transpeptidase and alkaline phosphatase,

hypoproteinemia, hypoalbuminemia and hyper-
azotemia, which proves the presence of homeo-
stasis disorders and the prevalence of catabolic
processes in the cells of internal organs, in par-
ticular hepatocytes. The observed patterns of
changes in the morphological and biochemical
parameters of blood in dogs with different inten-
sities of babesiosis infection are important for
clarifying the pathogenesis of this disease, de-
termining the characteristic functional changes
in the diseased organism, and developing effec-
tive methods of their laboratory diagnosis, effec-
tive prevention of complications and clarifying
the strategy in the treatment of such patients.

A promising area for future research is to
determine the peculiarities of the rehabilita-
tion period for the restoration of functional
activity of internal organs and metabolism in
dogs suffering from various degrees of babesi-
osis infection caused by B. canis.
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€ 6a6e3i03 cob6aK. A TOMY, BCe aKTYAIbHIIIMM CTa€ 3/1i/iCHEHHS MOHITOPUHTY 32 (QYHKI[iOHATbHUM
CTaHOM OPraHi3My B XBOPUX COOaK Ta CBOE€UYACHE BUSBJIEHHS YPakeHb HUPOK, TEYiHKM, Cee3iHKM,
CepleBO-CyAMHHOI CUCTeMM, PO3BUTOK aHeMii i1 iHIIMX MOpYyIIeHb, M0 YCKIAIHIOTh mepedir
6a6e3io3y. MeToio po6OTM 6Yy/I0 3’ICYBaHHS OCOOAMBOCTEl MeTabOMiuHMX i (PYHKIIOHATBHUX
3MiH B OpraHi3mi cobak 3a pi3HOi iHTeHcuBHOCTi 6abe3iosHoi iHBasii. Ilim uyac TpoBemeHHS
J1a6opaToOpHOi 1iaTHOCTMKY BUKOPUCTOBYBa/IM 3arajibHi Ta creliajbHi MeTOOM JOCTiIKEHHS:
CBiTJIOBY MiKPOCKOITi10, IIeHTpU(YTYBaHHS, CIIEKTPODOTOMETPiI0 T MATEMATUYHOI CTATUCTUKU. 32
pe3yabTaTaMyu KOMIUIEKCHUX MiKPOCKOIIYHMX, MOPMOIOTiYHMX i 6i0XiMiYHMX JOCTIIKEHb KPOBi B
cobak 3a pi3HOi iHTeHCMBHOCTI 6a6e3i03H01 iHBa3ii BcTaHOB/IEHO HalixapakTepHillli GyHKIIiOHATbHI
Ta MeTabosiuHi 3MiHM B ixHbOMy oprasismi. Tak, 3a pi3Hoi iHTeHCMBHOCTI 6abe3io3Hoi iHBasii B
XBOPUX TBapWH OCOOIMBOCTSIMY T€MaTOJIOTiYHOTO MPOQIIIO € IEKOIMTOIIEHIsT Ha T/Ii €03MHOTIEHi 1
(3a J1erkoro ctymneHs iHBasii) Ta JiMpoIMUTOIeHii 38 OHOYACHOTO KOMIIEHCATOPHOTO 36i/TbIIIEeHHS
KiJIbKOCTi MOHOLIUTIB i HEMTPOQiTiB, a TAKOK €PUTPOLIMTOIEHIS, FIITOXPOMEMIisl, TPOMOOLIUTOTIEHisT
3i 3MEHIIIeHHSIM BeIVMYMHY TPOMOOKPUTY i reMaTokpuTy. KpiMm TOrO, Yy TakKux XBopux GikcyBamm
pO3BUTOK rinmepdepmenTemii acrmapraT- i anaHiHamiHoTpaHchepasu, mayskHO1 docdarasu,
Y-IyTaMiJITpaHCIIeNTHa31, 10 BKAa3ye Ha CTPYKTYPHO-(YHKIUiOHAJIbHI 3MiHM, HacaMmrepes,
y MioKap[i, MeviHIli, CkeleTHUX M’3ax, TOJIOBHOMY MO3KYy i HMpKax BHaCIiOK iX TOKCMYHOTO
YpaKeHHSI TPOAYKTaMMU SKUTTEIisNIbHOCTI 6abes3iii. BomHowyac y XBOpPUX TBapuH BigMmiuaau
rinmornporeiHeMilo, rinmoanb6yMiHeHi0 i rimepaszoTemito, [0 CBiZYNTH PO 3POCTAHHS iIHTEHCUBHOCTI
KaTabOMiYHMX TpoIleciB y GYHKIIOHAJbHUX KIITMHAX OPTaHiB i TKaHMH, HacaMmIlepes, IMeuiHKN!.
HaiiBupaskeHimni 3MiHM AOCTiIKYBaHMX TIOKAa3HMKIB BCTAHOBJIEHO 3a BMCOKOi iHTEHCHBHOCTI
6a6e3io3Hoi iHBa3ii. Bu3HaueHi 3aKOHOMIpPHOCTI JO3BOJSIOTH BMKOPUCTOBYBATM 3a3HauyeHi
reMaToJIOTiYHi ITOKa3HUKM B SIKOCTi MapKepiB QyHKIIIOHATbHUX Ta METa60MiYHMX 3MiH B OpraHizmi
cobak 3a pisHoi iHTeHcUBHOCTI 6a6e3i03HOi iHBasii

KniouoBi cimoBa: MopdosoriuHi IMOKasHUMKM KpPOBi; TeMaTOKPUT; TPOMOOKPUT; OioxXimiuHi
MOKa3HMKY KPOBi; JiefikorpamMma; eH3uMMu
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Abstract. The relevance of the study is conditioned by the fact that diseases that manifest various
degrees of lameness in cows are widespread (50-70%) among livestock. Milk productivity and
body weight gain decrease in sick animals, which causes their culling. It is important to establish
nosological forms of such pathologies and determine the effectiveness of their treatment. The
purpose of the study is to analyse the problems of motor activity in cows with orthopaedic pathology.
The study included an assessment of herd mobility before entering the milking parlour, which
allowed comprehensively considering the rhythm and length of steps and the load on the cows’
limbs. It was found that the development of purulent-necrotic processes is accompanied by severe
lameness in 66.6% of animals. A smaller number of animals (16.6%) were diagnosed with mild
lameness. It was found that in 100% of cases, pathological processes were localised in the pelvic
extremities. In the vast majority of animals, more than 3/4 of the lateral hooves were affected. There
were no differences in the development of pathological processes on the right or left pelvic limb.
The results of the examination of cows proved that the surgical pathology was accompanied by the
development of local purulent inflammation. The most common pathology of the distal limbs in
cows was purulent pododermatitis, which accounted for 66.6% of surgical diseases. Phlegmon in
the area of the corolla and interdigital ulcers were diagnosed less frequently, with their respective
shares in the pathology structure being 16.6%. It is proved that for the treatment of lame cows
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with the use of Levomekol ointment, clinical recovery was established with the disappearance of
symptoms of lameness for purulent pododermatitis up to 24 days, and for phlegmonic processes in
the corolla area and lesions of the finger arch — up to 22 days. The proposed therapy regimens will
help to reduce the duration of treatment of purulent pododermatitis, phlegmon in the corolla area
and lesions of the finger arch compared to conventional methods

Keywords: hoof; limb damage; purulent pododermatitis; corolla phlegmon; interdigital ulcer; lameness

Introduction

Pathologies in the finger area in cows have a
great impact on both animal productivity and
health. As noted by A. Stotskiy et al. (2020) the
number of cows with finger tissue lesions is
50-70% in dairy complexes. N.M. Khomyn et al.
(2019) found that violation of the conditions of
keeping animals and the lack of an appropri-
ate level of veterinary and sanitary culture on
farms does not allow achieving a balance be-
tween the body of livestock and its habitat. The
uneven distribution of body weight on the sole
surface caused by keeping animals on uneven
floors contributes to the appearance of bruises,
sprains and ligaments, slippery floors lead to
falls and various injuries, including limb frac-
tures, ligament tears, joint capsulitis, and ex-
cessively hard floors lead to excessive abrasion
of the heel horn, etc. In such herds, it is difficult
to maintain the health of animals at the proper
level and prevent the occurrence, in particular,
of aseptic pododermatitis. In the hoof of the
thoracic and pelvic limbs of cows with aseptic
pododermatitis, the amount of moisture de-
creases by 8.2 and 9.3%, respectively, and the
concentration of SH-groups increases by 10.6
and 15.8% with a likely decrease in the con-
tent of calcium, sulphur, copper and zinc. The
density of the hoof horn decreases and the re-
sistance to abrasion of the hooves of the pelvic
limbs decreases by 1.6 and 18.0%.

Lameness is a symptom of many diseases
in the extremities (muscles, joints, tendons, lig-
aments, hooves) and one of the most common
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causes of culling of cows from the herd. In
dairy cows, lameness has serious negative con-
sequences for the economy of production due
to harmful effects on herd productivity. Viola-
tion of the function of movement of animals
is manifested in a change in activity, which is
associated with damage to the hooves, espe-
cially in the pelvic extremities. Hoof diseases
are severe, which affects the well-being of dairy
cows. Important factors that affect the health
of the limbs are nutrition, animal hygiene,
maintenance techniques, genetic and breed-
ing predisposition. Nutrition is one of the main
preventive factors that determine the quality
and growth of the heel horn and the associated
prevalence of diseases. The strength and struc-
ture of the heel horn are affected by the com-
position of the feed diet (amino acids, minerals,
vitamins, toxic substances that pollute the feed
or occur in them in the form of fungal metabo-
lites) (Langova et al., 2020). The main aetiolog-
ical factors of hoof diseases are improper main-
tenance of animals, reduced feeding levels and
unbalanced feed rations, lack of regular active
exercise, sun exposure and regular orthopaedic
cleaning (Khomyn et al., 2017).

Observation and logistic regressions are
used to obtain data and evaluate factors asso-
ciated with lameness. As a result of research by
M. Sadiq et al. (2020), hoof damage was reported
in 470 cows out of 1,001 cows studied. Lame-
ness was increased on farms with a high live-
stock density and in the presence of paths with
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dirty concrete floors. There is also other data
available, established by P. Kriz et al. (2021),
on the prevalence of lameness and severe tar-
sal lesions and contamination of cows. Based
on the results of collecting anamnesis and
observations on 54 farms, cows were assessed
for hock disease and the relationship with hy-
giene. Thus, it was found that the condition of
the resting surface of cows is largely associated
with the prevalence of lameness and the degree
of lameness. The researchers found that on
farms with loose keeping (17.4%), animals had
a significantly lower prevalence of lameness
(score >3 on a scale of 1 to 5, where 1 = normal
movement) than on farms with loose keeping,
installs and rubber bedding (30.5%).

Lameness is causing more and more prob-
lems for the dairy industry around the world.
However, little is known about lameness and
its causes in grazing cattle, especially in trop-
ical climates. Researchers have established the
prevalence of hoof lesions and lameness in
dairy herds of cattle grazing year-round in trop-
ical conditions, and also identified the main le-
sions associated with lameness. In particular,
48 farms located in the state of Minas Gerais,
Brazil, were studied. It was found that among
the 2,267 cows evaluated during lactation,
16.0% were rated as lame and 7.0% as severely
lame. The researchers noted that cows had at
least one type of hoof lesion, of which heel horn
erosion (90.0%), white line fissure (50.0%), and
finger dermatitis (33.0%) were the most com-
mon. Heel horn erosion was present on all
farms, and finger dermatitis was diagnosed in
96.0% of farms. A sole ulcer was observed in one
animal. The results of the study show that fin-
ger dermatitis and white line cracking are the
main problem and the main cause of lameness
in cows (Moreira et al., 2018).

Cattle lameness is an important welfare
issue that also has an economic impact on
the dairy industry. Factors associated with

lameness were found to be poor assessment of
body condition, long time spent in pens, con-
finement in pens during periods of drought,
and poor hygiene. For hoof lesions, floor fea-
tures were the most significant factor in de-
termining the probability of heel horn erosion,
white line cracks, and sole haemorrhage — more
than 3 times. Results of the study by M. Kibar &
T. Caglayan (2016) show that improving the
hygiene conditions and floor conditions of
rooms where animals are kept is the first step
to planning measures aimed at reducing lame-
ness. Lameness, according to M. Huyssteen
et al. (2020), is a major concern for the health
and productivity of dairy cattle, which is ex-
tremely common in North American herds. The
researchers provided information on the prev-
alence of lameness and hoof damage in loose
herds in the province of Alberta. It remains
high, which indicates a low level of adoption by
manufacturers of mitigation strategies.

The purpose of the study was to investigate
the motor activity of cattle in pathologies of the
motor system and test a new treatment regimen
for purulent pododermatitis and phlegmon in
the finger area in animals.

Literature Review

B.E. Griffiths et al. (2018) found that the mean
prevalence of lameness on a farm was 31.6%
with a standard deviation of 13.9% and a range
of 5.8-65.4%. A total of 14,700 cows were eval-
uated for mobility, of which 4,145 cows were
found to be lame (28.19%); 536 cows received
a score of 3 (which is 3.65% of the cows evalu-
ated). The repeatability of mobility assessment
was investigated by evaluating one herd (189
dairy cows) twice on the same day. In particular,
it was found that the prevalence of lameness
in the herd was 27.5 and 28.0% (morning and
afternoon milking, respectively). Researchers
cite summary data estimates of the frequency
of lameness that indicate a high level of the
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disease. It is estimated that approximately 30%
of British dairy cattle suffer from this disease
during the year. This statement is reinforced
in the paper by O. Atkinson (2022), who in-
vestigated the prevalence of lameness in dairy
herds in the UK. The latter is estimated at about
30-32%. The researcher notes that most farm-
ers constantly underestimate this indicator
(Afonso et al., 2020).

J. Somers et al. (2019) note that herd-level
risk factors are associated with the cow’s en-
vironment and lameness. The uncomfortable
surface of the stall, insufficient depth of the
litter, and the abrasive surface of the floor are
factors that contribute to an increase in the
level of lameness. It was found that dairy cat-
tle that are grazed are exposed to a different
set of lameness risk factors, mainly related to
the animal’s motor activity. Researchers have
established the risk of lameness in the first
150 days of lactation. Lameness data were col-
lected from 10 dairy herds in pastures. A total
of 1,715 cows were examined, of which 1,675
cows were available for analysis. The associa-
tion between lameness status and potential risk
factors at the cow level was determined using
multivariate logistic regression. The research-
ers note that data collected as part of herd
health monitoring can be used in conjunction
with lameness records to identify deficiencies
in controlling it. J. Tunstall et al. (2021) suggest
that animal lameness in beef production is not
given enough attention in the UK, despite the
fact that it is a generally recognised problem in
the dairy industry. The researchers found that
British beef farmers underestimated the prev-
alence of lameness on their farms. It is consid-
ered that its indicator is 7% with a range from 5
to 9%. L. Randall et al. (2019) note that obtain-
ing accurate estimates of lameness levels in a
dairy herd is challenging due to the difficulty
of selecting truly random samples. Accurately
quantifying the incidence of lameness in herds
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is problematic because most of the available in-
formation is based on non-random and poten-
tially biased data sets.

The researchers determined the prevalence
of lameness and examined potential risk factors
in cows in Canada’s Maritime provinces. Cows
were also evaluated in 46 free-range herds and
33 tethered herds in Nova Scotia, New Brun-
swick, and Prince Edward Island. Thus, the prev-
alence of lameness was 21.0% for cattle that
were kept loose, and 15% for cattle in premises.
Of the 1,488 cows kept in stalls, 68.0% showed
no behavioural changes, while 15, 15, 2, and
<1% showed 1, 2, 3, or 4 changes, respectively.
With the loose method of keeping, the chances
of lameness were higher when cows spent >3
hours/day in the milking area compared to
cows in this area <3 hours/day. In animal herds,
a higher probability of lameness was observed
when the litter was wet than when it was dry.
For both types of rooms for lactating cows,
keeping dead cows and heifers in deep bedding
compared to a tethered or loose method was
associated with a reduced chance of lameness
(Zhao et al., 2015).

D. Beggs et al. (2019) note that on Austral-
ian pasture farms, where cows can often walk
several kilometres and stand for several hours
a day in a crowded concrete yard while they
wait to be milked, the potential for the negative
impact of lameness on animal welfare is a con-
stant concern. Several studies have shown that
farmers tend to underestimate cases of lame-
ness. The researchers evaluated 19,154 cows on
50 farms for lameness in herd groups of about
100 to 1,000 cows after milking. The research-
ers compared these results with farmers’ data
on lameness of the same day. The following rat-
ing system was used: 0 — moves normally; 1 -
moves unevenly; 2 — limps; 3 — severely limps.
All very lame cows were identified by the farmer,
but overall they identified only 24% of the cows
identified by the lameness assessment. Analysis
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of the position of lame cows in the milking or-
der showed that an assessment of the lameness
of the entire herd was necessary to identify all
lame cows. However, the lameness score in only
the last 200 cows that were milked can be used
as a screening test to determine the prevalence
of lameness below a given threshold.

J. Kofler et al. (2021) note that the effect
of lameness on milk yield in dairy cows has
already been investigated in many countries
by many, but most often mobility indicators
>3 were considered almost exclusively. Over-
all, data from 4,005 cows from 144 dairy farms
across Austria were evaluated using two statis-
tical models. The farm, year and time of calving
were considered, and the number of lactation
days were included in the analysis of milk, fat,
and protein yield indicators. The researchers
found that the average cumulative prevalence
of lameness during the follow-up period was
51.0%, and 8.1% of cows had adverse motor
activity indicators. During the first 100 days of
lactation, 34.7% of all cows were lame.

M. Garvey (2022) noted that lameness is
one of the three main problems of dairy cattle
worldwide after mastitis and infertility, lead-
ing to reduced productivity, economic losses,
and animal welfare problems. Lameness is as-
sociated with reduced milk yield, insufficient
weight gain, low fertility, and frequent culling
of animals. Environmental risk factors (tem-
perature, humidity) and surrounding animals
contribute to the severity of the disease, making
this multi-faceted disease difficult to eradicate
and control. Thus, worldwide, the prevalence of
lameness in dairy herds ranges from 17 to 35%.

D. Kucevic et al. (2022) investigated the
effect of the system of keeping (tethered and
free-stall cows) on the prevalence of hoof dis-
eases, and also established the percentage of
culling in 6,348 dairy cows of Holstein breed
from 5 farms. Over three months of hoof ex-
amination, it was found that both retention

systems were equally affected by the same dis-
eases. In this regard, pathology in the area of
the white line was diagnosed in both systems
with a prevalence of 0.5-1%, finger ulcer 5% and
necrosis in 3-6% of animals, Rusterholz ulcer in
20-23%, finger dermatitis in 18-20%, interdigi-
tal thyloma in 10-12%, interdigital phlegmon in
0.7-0.77%, while the prevalence of mechanical
damage was insignificant and in similar quan-
tities — 0.2-0.5%. According to the researchers,
cows with untethered keeping were more likely
to suffer from interdigital dermatitis (39.11%)
compared to cows in the tethered keeping sys-
tem (20.40%). In contrast, diagnosed acute,
chronic, and haemorrhagic laminitis was more
pronounced in cowsheds with a tethered stall
(18.61%) than in cowsheds with a free stall
(0.88%). In the statistical analysis performed,
statistically significantly more diseases were
registered in the tethered keeping system
than in the untethered one (P<0.01). For three
months of the study, the average percentage of
culling with untethered keeping was 5.4%, and
with tethered keeping — 4.9%. This difference
was not statistically significant (P<0.05).

Materials and Methods

The research was conducted in the period from
October 2022 to March 2023 at the private en-
terprise “Agroecology” of the Myrhorod district,
Poltava Oblast. At the beginning of the work,
limb diseases in cows were monitored. Digital
colour photographs available in the literature in
accordance with the international classification
system adopted during the 15th International
Lameness Committee (2008) were used to iden-
tify each hoof lesion. Animal conditions and
experimental research methods were conduct-
ed in compliance with the requirements of the
“general ethical principles for conducting ani-
mal experiments” approved by the 1st National
Congress on Bioethics (Law of Ukraine..., 2006)
and the provisions of the “European Conven-
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tion for the Protection of Vertebrate Animals
used for Experimental and other Scientific Pur-
poses” (1986). A total of 12 cows with lameness
were examined and treated. All the animals had
hoof lesions in the pelvic limbs. The cows of
the dairy herd were evaluated for mobility when
they left the parlour after morning, afternoon,
or evening milking. The mobility of each herd
was evaluated at the entrance to the milk-
ing parlour. The proportion of clinically lame
cows was calculated for each farm. 0 points —
the animals have a gait with uniform support
and rhythm on all hooves with a flat back,
long smooth steps; 1 point — steps are uneven
(rhythm or length of steps is shortened, the af-
fected limb or limbs do not immediately move
to the stage of support on all four hooves with a
flat back, long smooth steps during movement;
2 points - uneven load on the limb, the affected
limb immediately after removal tries to return
to a static position (accelerated rhythm of move-
ment of the affected limb, shortened steps, the
affected limb or limbs not immediately identi-
fied as diseased, clearly curved towards the cen-
tre of the back; 3 points - the animal is unable
to move as fast as a healthy one, does not keep
up with a healthy herd. The movement of the
cow was observed when the animal walked at a
normal pace and moved along a straight route
through the pen.

Diagnosis of hoof lesions in the studies was
carried out during trimming based on visual
analysis, the presence of a specific smell in the
pathological focus, and local pain reactions
of cows based on the international standard-
ised diagnosis described by ]. Espinasse et al.
(1982). Lesions were marked as absent or pres-
ent on the pelvic extremities. Additionally, the
cleanliness of the shin, flanks and udder was
also assessed on a 4-point scale based on the
amount and freshness of the manure present
(Militaru et al., 2019). The evaluated limb area
was located between the corolla and the lower
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half of the tarsal joint on the lateral surface of
the right limb. The state of contamination on
the right side of the animal was assessed. The
surface was considered clean at O (fresh manure
spatter on <50% of the area); 1 point (fresh ma-
nure spatter on >50% of the area). Dirty at 2 (dry
manure on >50% of the area); 3 (dry manure on
the entire area). Given that the accumulation of
contamination occurs mainly due to the spatter
of manure on the lower part of the limb during
movement, it is advisable to have a balanced dis-
tribution for the cleanliness of the lower leg. It is
well known that cows do not choose which side
they lie on. Thus, it can be expected that manure
contamination will be equally distributed on the
right and left sides. Therefore, for consistency
between cows and to reduce the amount of time
spent on animal measurements, only the right
side score was chosen. The obtained data on the
spread of pathology and its types allowed plan-
ning further procedures aimed at recovering an-
imals from lameness. It also made it possible to
calculate the resources needed to overcome the
disease. In addition, the survey data provided an
opportunity to set priorities for initiatives in the
treatment of animals, considering the time as-
pect. After performing orthopaedic hoof clean-
ing in sick animals and primary surgical treat-
ment of the pathological area, a Chemi-spray
aerosol drug was applied to the affected area.
Levomekol ointment was applied to the affected
surface of the tissues using cotton-gauze swabs
on top of the “chemi-spray”. The therapeutic
substance was fixed with a dressing material
(bandage). Manipulations were performed once
every 48 hours. At the end of the experiments,
the material was processed statistically and pre-
sented in the form of tables. Statistical data pro-
cessing was performed in Excel.

Results and Discussion

During the monitoring studies, the analysis of
reporting data on the frequency of hoof lesions
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was carried out. It was established that in 2022-
2023, the diagnosis of pathology in the distal

part of the limb was made 12 times. The find-
ings are presented in Table. 1.

Table 1. Assessment of motor activity of sick cows using the AHDB system

. Animal
Scores Indicator units (%)
0 Gait with uniform support and rhythm on all hooves with a flat back. Long smooth )
steps are possible
The steps are uneven (the rhythm or length of the steps is shortened, the affected limb
1 or limbs do not immediately go into the stage of support on all four hooves with a flat 2 (16.7)
back, when moving long smooth steps
Uneven load on the limb, the affected limb immediately after removal tries to return
2 to a static position (accelerated rhythm of movement of the affected limb, steps are 8 (66.6)
shortened, the affected limb or limbs are not immediately identified as patients, :
clearly curved to the centre of the back)
The animal is not able to move as fast as a healthy one, does not keep up with a
3 2 (16.7)
healthy herd
Total 12 (100)

Source: developed by the author based on research by AHDB (2020)

The established results prove that the vast
majority of cows were diagnosed with severe
lameness, the steps were different in size, sig-
nificantly shortened compared to the norm.
The animals held the limb in the air. In dynam-
ics, the animal has long smooth steps. In the
herd under study, both mild motor activity dis-
orders and severe motor activity disorders were
recorded in the same number of percentages.
The results obtained are consistent with data
by E. Flor & N. Tadich (2008), who noted that
the prevalence of lameness was 33.12% in LDH
and 28.7% in SDH (P<0.02). Of all lame cows,
50.85% and 44.05% had a lameness score >2
for LDH and SDH, respectively. The three main
lesions on large farms were white line lesions
(54.9%), sole bleeding (52.7%), and heel erosion
(48.4%), while on small farms they were white
line lesions (82.5%), heel erosion (53.3%), and
haemorrhages (24.6%). 92% of lesions were
found in the pelvic limb area in both types of
herds. The authors concluded that lameness is
highly common on dairy farms.

4 behavioural changes were evaluated in an-
imals at rest: standing on the edge of the stall,

supporting one pelvic limb, moving weight be-
tween the pelvic limbs, and uneven load when
moving from side to side. Before starting the
assessment, the cows had to stand for at least 3
minutes, the cow was observed from behind for
30 seconds, and behavioural changes were eval-
uated from different angles. The cow was then
urged to step from side to side 2-4 times to assess
the condition of the pelvic limbs. The cow was
monitored after moving for another 30 seconds
for behavioural changes. A cow with 2 or more
behavioural changes was considered lame. A cow
that rested on one limb and held its weight un-
evenly while moving from side to side was more
likely to suffer damage to the hooves of the pel-
vic limbs than a cow that did not exhibit this be-
haviour. When considering specific hoof lesions
in a cow whose one limb was at rest and carried
uneven weight, it had a higher chance of devel-
oping pathology compared to those that did not
exhibit this behaviour. Behavioural indicators of
weight resistance and limb position helped iden-
tify cows with pelvic limb hoof damage.

The expediency of conducting such an
assessment is reflected in the papers by
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P.T. Thomsen et al. (2012), who evaluated the
motor activity of cows, recorded the behaviour
of animals in a supine position and collected
data on hoof damage seen during trimming.
The results were analysed using logistic regres-
sion with hoof damage as a result and motor
activity assessment (1-5), which found that
the probability of all hoof and skin lesions in-
creased with increasing locomotion assessment
and an increase in the average duration of su-
pine seizures. It was concluded that motor ac-
tivity assessment can be used as a tool for man-
aging healthy hoof health in dairy herds.

The researchers evaluated the state of an-
imals in static dynamics and local changes.
During a clinical examination, it was found that
animals in which motor activity was estimated
at 1 point showed uneven gait when moving,
they limped, but not constantly, and lameness
increased with intense movements. In a stat-
ic position, the animals transferred their body
weight as much as possible to the opposite
healthy limb, the diseased limb was periodi-
cally removed from the support and supported
only on the hooked part of the hoof. In animals
that were given 2 points for lameness, a load
transfer to the cervical part was noted clini-
cally during movements. When the animal took
a step, it raised its head up as much as possible
and quickly carried the diseased limb out and
returned it to a static position after carrying it
out. That is, the animal took quick shortened
steps with a sick limb. Cows that were rated
limp at 3 points did not move much and often
lay down. In the state of movement, they practi-
cally did not lean on the affected limb, jumping
on three limbs. In a static position, the affected
limb was in a suspended state and, only occa-
sionally, the animal rested on the hooked hooves
of the affected hooves for a short time. The ob-
tained data matches the data of R.C. Ebling et al.
(2019), who note that hoof damage is one of
the main causes of reduced productivity in the
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dairy industry and is conditioned by the degree
of motor activity of cows and the frequency of
horn trimming in the area of the animal’s finger.

N. Browne et al. (2022) identified lesions
associated with a higher lameness score, estab-
lished a relationship between the lesions, and
identified risk factors. On 98 farms during the
grazing period and on 74 of the same farms dur-
ing the housing period, each cow was assessed
for lameness (0-3 lameness score), including
examination of the pelvic hooves of lame cows
(scores 2 and 3) (maximum 20 cows per visit),
and the prevalence of each type of lesion was
recorded. The most common types of lesions
during both grazing and keeping were white
lines, sole haemorrhages, and pointed hooves;
all other lesions had a prevalence of less than
15%. The prevalence of lesions at the cow level
was 19% during the grazing period and 25%
during the housing period; the most common
lesion was sole ulcers in both periods. The re-
searchers found significantly more foreign bod-
ies in the sole of the hoof (pasture = 14%, in-
door = 7%) and sharp-angled hooves (pasture =
71%, indoor = 55%) during the grazing period
compared to the housing period. Cows with
hoof damage, sole ulceration, pododermatitis,
finger necrosis on the limb, or amputated hoof
were more likely to develop severe lameness
compared to mild lameness. According to the
researchers, the results of such assessment will
help understand the causes of lameness in par-
tially pasture-raised dairy cows and can be used
to develop prevention and treatment protocols.

Evaluating the localisation of pathological
processes, the authors found that they were
100% localised on the pelvic extremities. In the
vast majority of cows, more than 3/4 of the later-
al hooves were affected. There was no difference
in the development of pathological processes on
the right or left pelvic limb. M. Rodriguez et al.
(2021) indicate that to some extent, this effect
on the pelvic limbs is equally conditioned by the
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distribution of weight between paired pelvic
limbs and the presence of hoof horn destruc-
tion. This apparently affected differences in
local blood circulation in the affected and unaf-
fected contralateral pelvic limbs in lame cows.
According to the results of clinical studies, it can
be concluded that the surgical pathology of cows

was accompanied by the development of local
purulent inflammation, according to the pathol-
ogy of the finger, the development of lameness
was recorded in the vast majority of moderate
degrees (2 points). Nosological forms of lesions
in the distal part of the limbs of cows were also
established (Table 2).

Table 2. Nosological forms of hoof lesions in cows

Type of pathology

Purulent pododermatitis

Corolla phlegmon
Interdigital ulcer
Total

Source: compiled by the authors

The results obtained indicate that purulent
pododermatitis was the most common patholo-
gy of the hoof area, and phlegmon in the corolla
area and interdigital ulcers were less diagnosed.
Investigating the causes of the development of
purulent pododermatitis, it was found that its
appearance was provoked by mechanical dam-
age that animals received when moving on a
concrete floor. A contributing factor was that
the concrete floor was rough and significantly
erased the sole when the animal moved. Thus,
the sole was thin and did not fulfil its protective
properties. This fact was confirmed by the fact
that when trimming, the soles of some cows
had dark blue spots, which is evidence of the
development of pododermatitis. The reason for
the development of phlegmonous processes in
the corolla area is also seen in the constant in-
jury of the corolla area. Thus, the simultaneous
influence of mechanical force and constant mi-
crotrauma caused the development of a patho-
logical process in this area.

Symtomatics for corolla phlegmon in cows
had a classic manifestation. Thus, with the co-
rolla phlegmon, clinically the process was ac-
companied by swelling of the inflamed area,
soreness when pressing on the hoof, pulsation

Animal units (%)
8 (66.6)
2 (16.7)
2 (16.7)
12 (100)

of the digital arteries, an increase in local tem-
perature, the release of purulent exudate from
the fistula and a slight increase in the total body
temperature in the range of 0.2-0.4°C, a de-
crease in milk yield in the range of 10-15%. Sick
animals were lying down for a long time and
lost their appetite. When the animal moved,
lameness of the operated limb of a moderate
degree was noted. In cases of diagnosis of pu-
rulent pododermatitis, the symptoms had some
differences. Thus, with superficial purulent po-
dodermatitis, similar symptoms were noted in
sick cows as with a phlegmonous process in the
corolla area and fistulas were detected, from
which purulent exudate was secreted. When di-
agnosing deep purulent pododermatitis in sick
animals, there were signs of a more pronounced
effect on the animal body. The increase in the
total body temperature in such cows has al-
ready reached 0.4-0.5°C.

A. Stotskiy et al. (2020) indicate that while
in the superficial course of the process, the
lameness was of a moderate degree, in the
deeply severe course, the animals held the
limb in a bent position and stood only on the
hooked part of the hoof. In a clinical study of
animals, pathological processes in the finger
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area were characterised by the following symp-
toms. In purulent pododermatitis, swelling in
the sole area was noted, and pressing it with
fingers could cause a strong painful reaction in
the animal. The cow tried to free the limb from
fixation. When palpating the digital arteries,
their strumming (an increase in the amplitude
of vibrations) was observed. When performing
a funnel-shaped autopsy in the sole area, pu-
rulent exudate leakage was observed. Evaluat-
ing the exudate, it was found that it was of a
liquid consistency, the colour ranged from pink
to dirty grey. In more than half of the animals
under study, purulent exudate had a sharp,
unpleasant, sweet smell. In phlegmon, local
formation of a crescentic painful swelling of
a doughy consistency in the corolla area was
noted. The fingers were slightly apart. When
performing oblique autopsies, the release of
thick white purulent exudate without foreign
impurities and smell was observed (Fig. 1).

Figure 1. Corolla phlegmon of cattle
Source: developed by the author

Symptoms of an interdigital ulcer were the
presence of a skin defect in the area between
the fingers, in which signs of connective tissue
development and weakly expressed skin epithe-
lialisation processes were noted. The processes
were localised in the middle third of the inter-
digital arch. High humidity in the premises in

Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 4

winter causes softening and maceration of the
skin in the area of the interdigital gap. In addi-
tion, given that cattle were cloven-hoofed ani-
mals, foreign objects often got between the fin-
gers in addition to manure, which injured the
area, and the bacteria complicated the patho-
logical process (Fig.2)

Figure 2. Ulceration of tissues in the area
of the interdigital arch
Source: developed by the author

After conducting studies, it was found that
the predominant cause of finger pathology in
cows was injuries, a low percentage of lame-
ness reflects a high level of farm management.
As noted by J. Kofler (2017), three theories for
the development of finger lesions of the limb
are currently proposed: traumatic hoof injury;
disruption of blood vessels in the finger area
due to both external and internal factors; and,
as a result, the development of laminitis. To un-
derstand the influence of the environment on
the pathological process, the contamination of
the skin surface was assessed in the area of the
limb, flanks, and udder on a 4-point scale based
on the amount and freshness of the manure
present (Table 3).

The results prove that the body surface of
sick cows, despite the pathological process, re-
mained clean (Fig. 3).
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Table 3. Assessment of skin surface contamination of lame cows

Scores Indicator Animal units (%)
0 Fresh manure spatter on <50% of the area 2 (16.6)
1 Fresh manure spatter on >50% of the area 10 (83.4)
2 Dry manure on >50% of the area -
3 Dry manure on the entire area =
Total 12 (100)

Source: compiled by the authors

Figure 3. Assessment of skin surface contamination of cows with lameness

Source: developed by the author

Thus, B.E. Griffiths et al. (2018) note that
improving the sanitary and hygienic condi-
tions of keeping animals and the quality of the
stable floor condition is the first step towards

planning measures aimed at reducing lameness
and hoof damage. The effectiveness of Levome-
kol ointment was established for the pathology
diagnosed above in cows (Table 4).

Table 4. Effectiveness of the treatment performed

Type of pathology
Purulent pododermatitis, n=8
Corolla phlegmon, n=2

Skin ulcer of the interdigital arch, n=2

When using Levomekol ointment in animals
with phlegmonous and ulcerative processes of
the skin of the interdigital arch, the wound sur-
face was released from necrotic detritus. How-
ever, a small amount of thick purulent exudate
was simultaneously observed in the wound.
After the first treatment, improvements in the
general condition were recorded in the animals.

Recovery period, days
24.0
22.0
22.0

They were less depressed, tried to lean on the af-
fected limb, and their lameness decreased. After
the 10th day of drug use, most animals showed
no lameness and only some animals showed it
during movement. In the lesion, the wound sur-
face was released from the purulent exudate and
the defect was filled with granulation tissue.
In addition, in animals with phlegmonous and
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ulcerative processes, the absence of inflamma-
tory oedema and pus leaks was noted.

The use of Levomekol ointment helped ac-
celerate the recovery of animals with pathologies
in the finger area. Signs of lameness disappeared
with purulent pododermatitis in 24 days. With
phlegmonic processes in the corolla area and
lesions in the finger arch area — in 22 days. The
results obtained are consistent with the results
of I. Bondarenko & S. Rublenko (2020), who note
that Levomekol ointment in the treatment of
pododermatitis promotes faster recovery com-
pared to the use of other drugs of similar action.
Thus, it was found that Levomekol ointment and
Chemi-spray helped accelerate the elimination
of clinical symptoms such as lameness, swell-
ing, soreness of the sole and in comparison with
conventional treatment with Chemi-spray and
iodoform powder provided a reduction in the
duration of treatment by 1.4 times.

Research of research by M. Ninkovic et al.
(2021) confirm the findings, indicating that reg-
ular hoof trimming (twice a year) and adequate
conditions of maintenance are crucial for im-
proving hoof health. J. Afonso et al. (2020) note
that monthly hoof examinations significantly
reduce the prevalence of finger pododermatitis
in the herd. After hoof trimming, removal of de-
stroyed tissues and first treatment, animals with
purulent pododermatitis showed a decrease in
exudative phenomena and the release of the
wound surface from avitalised tissues (Fig. 4).

e

Figure 4. Trimming of the hoof horn in the
area of the hoof sole in a cow with purulent
pododermatitis
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Confirmation of the effectiveness of max-
imum removal of necrotic tissues is found in
the paper by R. Rinnovati et al. (2019), where
a clinical study found out the effectiveness of
various methods of treating pathologies in
the finger area. The effectiveness of thorough
and aggressive surgical removal of lesions of
destroyed tissues for pathology in the white
line area was established by treating 236 cows
with lameness in combination with a therapeu-
tic dressing. This contributed to rapid clinical
healing (a marker of which was the growth of
new tissue), followed by improved milk produc-
tion. M. Alvergnas et al. (2019) note that the
most effective strategy is early detection (reg-
ular checking of hooves with mirrors, pressure
plates or infrared thermometers) and diagnosis
(by veterinarians or trained farmers), regular
trimming of hooves (no more than twice a year),
bedding with sand and a clean and dry floor, a
balanced diet to avoid any scarring acidosis.

Hoof baths are important for the preven-
tion of infectious diseases of cattle hooves.
Their use on farms, according to N.B. Cook
(2017), helps maintain high milk yields by re-
ducing the occurrence of musculoskeletal dis-
eases. These treatments help reduce the risk
of these disorders, especially finger dermatitis.
According to M. Alvergnas et al. (2019), weekly
use of 5% CuSO, solution for hoof baths has a
therapeutic effect on bovine toe dermatitis, as
this solution has antibacterial properties. How-
ever, according to N.B. Cook (2017), since 2006
in the European Union due to the toxicity of
this compound and its insufficient biodegrada-
bility, the use of CuSO, was forbidden.

Thus, diseases such as purulent pododer-
matitis and interdigital ulcers are pathologies
that were most often registered in cows during
the study. When monitoring the cleanliness of
the skin surface in the area of the affected limb,
it was noted that cows with lameness remained
clean. The treatment regimen using Levomekol
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ointment and Chemi-spray aerosol has proven its
effectiveness and can be proposed for use by prac-
titioners in the treatment of cows with patholo-
gies in the finger area accompanied by lameness.

Conclusions

Using a systematic review of prevalence and
morbidity as a methodology in the field of ev-
idence synthesis, it was proved that the vast
majority of cows (66.6%) were diagnosed with
severe lameness. The dominant pathology in
the hoof area was purulent pododermatitis, the
share of which in the structure of pathology was
66.6%. The spatter of fresh manure on >50% of
the area was observed in 83.4% of the animals
under study. There was no difference whether
inflammation occurred on the right or left limb.
The reason for the development of purulent po-
dodermatitis was the mechanical damage that
animals received when walking on a concrete
floor. The main aetiological factor was that the
concrete floor had a rough surface, and there-
fore, cows significantly erased the sole during
movement on it. This was confirmed by trim-
ming the horn in the sole area. In some cows, the
base of the skin had dark blue spots, which was
evidence of the development of pododermatitis.
The reason for the appearance of phlegmonous

the digital arteries, their strumming (an increase
in the amplitude of vibrations) was observed.
When performing a funnel-shaped autopsy in
the sole area, purulent exudate leakage was ob-
served. As a result of its evaluation, it was found
that the purulent exudate had a liquid consist-
ency, and the colour ranged from pink to dirty
grey. In more than half of the animals, exudate
had a sharp, unpleasant, sweet smell. Topical
application of Levomekol ointment for the treat-
ment of sick animals already on the 10th day
contributed to the removal of purulent exudate
from the wound surface and filling the defect
with granulation tissue. The use of Levomekol
ointment provided clinical recovery with the dis-
appearance of symptoms of lameness for puru-
lent pododermatitis in 24 days, for phlegmonous
processes in the corolla and lesions of the finger
arch in 22 days, and in the treatment of wounds
and abscesses, respectively, on 27 and 29 days.

In the future, it is planned to continue
studying the nature of lameness in cows on
farms and the effectiveness of using various
therapeutic schemes for sick animals, consider-
ing the features of the influence of numerous
environmental factors on the development of
the pathological process.

processes in the corolla area is a constant injury Acknowledgements
to its area. According to the clinical examina-  None.
tion of cows, pathological processes in the hoof
area were characterised by the development of Conflict of Interest
local purulent inflammation. When palpating  None.
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edekTUBHOCTI iX JikKyBaHHS. MeTa MPOBEIEHOT0 MOCTiIKeHHST — MPOBeIeHHsST aHai3y nmpobiem
PYXOBOi aKTMBHOCTI B KODiB 3 OPTOIENMYHOIO MaToJoTi€ln. HaykoBe IOCTiIKeHHS BK/IIOYAIO
MpOBeleHHSI OLIiHKM MOOGITbHOCTI CTala epef BXOLOM Y IOiJIbHY 3aI1y, 0 J03BOJIS/IO KOMIUIEKCHO
PO3IJIIHYTM PUTM i JOBXMHY KDOKiB Ta HaBaHTaXeHHSl Ha KiHLiBKM KOpiB. BcTaHOBIIEHO, 11O
PO3BUTOK THilfHO-HEKPOTUYHMX TIPOIECIB CYIIPOBOMKYETLCS Y 66,6 % TBAapuH BUPAKEHOIO
KyJIbraBicTio. Y MeHIIO1 KibKocTi TBapuH (16,6 %) miarHOCTOBAHO Ky/IbIraBiCTh JIETKOTO CTYIIEHSI.
3’sscoBaHo, 1m0 B 100 % BMUIAAKiB MATOJNOTiIUHI MPOLeCH JIOKAIi3yBalMCsS Ha TA30BUX KiHITiBKaX.
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Problems of motor activity in cows with orthopaedic pathology

V nepeBaykHOi GiNbIIOCTI TBAPUH, GBI HiIXK 3/4, Bpaxkayucs gatepaiabHi patuili. [Ipu 1ipomy, He
Bimmivasm pisHMUI MOAO PO3BUTKY MATONOTIYHMX TPOLIECiB HA MPaBiit UM JiBiii Ta30Biii KiHIIiBIIi.
PesynbTaTaMy OOCTEXEHHS KOPiB [JOBENEHO, IO XipypriuHa MaToNoTis CYMpOBOIKYBaIacs
bopmyBaHHSIM JIOKQJIBHOTO THIMTHOTO 3amajeHHs. [3 maTosorii B AMCTaJIbHOMY Biniii KiHI[iBOK
Yy KOpiB HaMIOMIMPEHIIIOW TMAaTOJMOTi€l0 AUISTHKY Maiblisl OyaM THiifHI TOJOJepMaTUTH, YacTKa
SIKUX B CTPYKTYpi XipypriyHuMX XBOpo6 cTaHOBWIA 66,6 %. MeHIle [TiarHOCTOBAaHO (aermMoH
B AUISHII BiHUMKA Ta MIiXIIajablieBOi BMpa3KM, iX YaCTKM BiAMOBIAHO B CTPYKTYpi MaTOJOTii
CTaHOBWIN TI0 16,6 %. OGIPYHTOBAHO, 110 3a JIIKYBaHHSI Ky/JIbralouyx KOPiB i3 3aCTOCYBaHHIM Ma3i
JleBOMEKOJTb BCTAHOBJIEHO KJTiHiUYHEe OAY)KaHHS i3 3HUKHeHHSIM CMMIITOMIB Ky/IbI'aBOCTi 3@ THiIHUX
MoJLoLepMaTuTiB 10 24 mobu, a 3a ¢yieMOHOHO3HMX MPOLECiB y AiNgHII BiHUMKA Ta ypakKeHHS
aJIbLIEBOTO CKJIEMiHHS — 70 22 A06M. 3arIporIOHOBaHI CXeMU Tepartii CIpUSITUMYTb CKOPOUYEHHIO
TepMiHiB JiKyBaHHSI THifHMX TIOZOAEPMATUTIB, (QerMoH y [MiASHII BiHYMKA Ta YpaskeHHS
TMaJIbI[€BOTO CKJIEITiHHS MOPiBHSIHO 3 TPAAUIIITHMMM METOHAMMU

KimiouoBi cmoBa: paTuilsl; ypaskeHHSI KiHITIBOK; THilfHMIT momomepMaTuT; (iaermMoHa BiHUMKa;
MikTIa/IblieBa BUpa3Ka; KyJbraBicThb
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Abstract. The role of Proteus bacteria in human and animal pathology has increased significantly in
recent years, causing acute intestinal diseases, respiratory, hearing, nervous and urinary systems,
as well as contributing to the formation of kidney and bladder stones, postoperative complications,
and nosocomial infections. The persistence of some issues, such as their properties and interaction
with the microbiocenosis, remains a subject of debate even after a long study of Proteus bacteria.
The research aims to identify promising areas for further study of Proteus microorganisms. The
information from scientific primary sources on the results of studying microorganisms of the genus
Proteus was used for the analysis. The study results of Proteus bacteria performed by domestic
and foreign scientists on the knowledge of their bioecology and potential pathogenicity factors
(adhesins, toxins, haemolysins, etc.), characterisation of the positive role of proteins as biodegraders
of harmful substances — bioremediators of proper environmental ecology; substantiation of
promising areas for further research of bacteria of the genus Proteus, which will contribute to the
development of an effective methodology for the prevention and treatment of diseases caused
by them, the development of rational technologies for the use of their strains — bioremediators
of the environment contaminated with harmful substances — are presented in the study. Further
study of the genomic properties of Proteus bacteria will contribute to a clear understanding of
the mechanisms of their potential pathogenicity factors and help to identify and understand the
essence of the processes that contribute to the acquisition of new pathogenicity factors and drug
resistance. The study of their interaction with representatives of the intestinal microbiocenosis of
humans and animals will help to establish the nature of such interaction, determine the feasibility,
prospects and rational directions in the creation of effective probiotics
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Introduction

Bacteria of the genus Proteus are widespread
prokaryotes in nature. They are often isolated
from the intestines of clinically healthy humans
and animals without any symptoms of disease,
from various environmental objects such as
soil, water, etc. (Al-Kubaisi & Al-Deri, 2022).
The isolation of proteins from the intestines of
clinically healthy mammals prompts some re-
searchers to consider them representatives of
the normal microflora of the macroorganism,
but the arguments in this regard are insuffi-
cient. Currently, it would be more appropriate to
consider such cases as bacterial carriers. How-
ever, it would be incorrect to categorically deny
their possible belonging to the representatives
of the intestinal microbiocenosis of macroor-
ganisms in the future - the distinct plasticity of
the biological properties of these prokaryotes,
the presence of naturally circulating avirulent
strains of them create prerequisites for the for-
mation of the most rational variant of symbi-
osis with macroorganisms. At this stage of the
phylogeny of proteins, the opinion of experts
who consider them pathogens, causing a range
of diseases in humans and animals, should be
accepted. In particular, it concerns the natu-
rally occurring Proteus mirabilis, which causes
gastroenteritis and extraintestinal infections in
humans, such as tympanitis, meningitis, ure-
thritis, pyelonephritis, infectious cystitis, uro-
lithiasis, etc. (Girlich et al., 2020). In animals,
proteins are also an etiological factor in gastro-
intestinal diseases, urinary tract, urolithiasis,
etc. In humans and animals, they often cause
postoperative complications, colonise medical
instruments (mainly catheters) (Al-Sudani &
Abdul-Kareem, 2023), and are also involved in
foodborne toxicity (Gong et al., 2019).
Potential pathogenicity factors of differ-
ent proteus species have been studied in detail
(Beltrao et al., 2022; Liu et al., 2023). Their na-
ture and mechanism of pathogenic action have

been characterised at an acceptable methodo-
logical level. This applies, in particular, to ad-
hesins, toxins, haemolysins, and other factors
(Girlich et al., 2020; Gahlot et al., 2022). At the
same time, the circumstances (conditions) that
affect the intensity of expression of genetic
determinants of pathogenicity factors and the
possible translocation of the latter within a
species remain insufficiently characterised.

Effective prevention of infectious diseases,
including those of protean aetiology, is pos-
sible only if the biology and ecology of their
pathogens are fully comprehended. The basic
biological properties of proteins have been
thoroughly studied for a long time. Recently,
molecular genetic mechanisms of protein film
formation and drug resistance have been in-
tensively studied (Akhter et al., 2019). In this
regard, it is promising to identify the facts and
circumstances of the translocation of antibiotic
resistance factors. Studies on the ecology of Pro-
teus bacteria are also important. In this regard,
their ecological niches have been identified and
characterised both within populations of living
beings and in various objects of the avital envi-
ronment (Al-Kubaisi et al., 2022). The results of
the identification of protein strains capable of
utilising harmful substances in a polluted en-
vironment are considered extremely encourag-
ing. The creation of bioreanimator drugs based
on them will allow us to address pressing envi-
ronmental issues more effectively.

The data obtained by domestic and foreign
researchers on the biology, ecology and patho-
genicity factors of Proteus bacteria are not sys-
tematised, which hinders their effective use in
the organisation of anti-epidemiological and
anti-epizootic measures.

The research involved a comprehensive
analysis of scientific sources aimed at study-
ing the biological characteristics and patho-
genic potential of Proteus bacteria. The search
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and selection of literature included a thorough
search in scientific databases such as Web of
Science, Scopus, and PubMed and a selection
of sources that best reflected the current state
of research in this area. The sources were then
systematised to create a coherent review. This
included a thorough analysis and synthesis of
information on the biology of Proteus bacteria,
their role in natural and macrobiotic systems,
and mechanisms of pathogenicity. The study
will review both well-known and up-to-date ar-
ticles to ensure that the research on this topic is
complete and up to date. This approach allowed
us to systematise and summarise the available
knowledge and discoveries in this area, reveal-
ing key aspects of the bioecology and patho-
genicity of bacteria of the genus Proteus. The
research aims to analyse the literature reports
on the bioecology and pathogenicity of bacteria
of the genus Proteus and to identify promising
areas for further research.

Systematics, morphology, culture,
and enzymatic properties
of Proteus spp.

According to the modern taxonomy of micro-
organisms, proteins are defined: Domain -
Bacteria, Type — Proteobacteria, Class — Gam-
maproteobacteria, Order - Enterobacteriales,
Family — Enterobacteriaceae, Genus — Proteus.
Latter includes P. vulgaris, P. mirabilis, P. penneri,
and P. myxofaciens (Brenner et al., 2005).
Morphology. The Proteus bacteria are ex-
tremely polymorphic, as reported by the German
microbiologist Hauser in 1885, who first identi-
fied and characterised the main morphological
and cultural properties of Proteus vulgaris and
Proteus mirabilis (Brenner et al., 2005). Later,
due to the improvement of microbiological
research methodology, the emergence of more
advanced equipment, in particular electron
microscopes, the introduction of molecular
genetic studies, etc., the ultrastructure and all
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other properties of proteins were studied in de-
tail, revealing their biology, ecology and patho-
genicity in great detail.

Proteus are gram-negative rods 0.4-0.6 pm
by 1-3 um in size, motile (peritrichs), do not form
spores, and no typical capsules are detected. In
the process of growth and proliferation, cells
of different shapes, sizes and ultrastructure
are also observed. The membrane of bacteria
of the genus Proteus is virtually indistinguish-
able in its ultrastructural organisation from the
cell membranes of other microorganisms of the
family Enterobacteriaceae. Electron microscopy
using cryotechnology reveals the outer and cy-
toplasmic membranes with a transparent peri-
plasm 10.6-14.3 nm thick between them. The
outer membrane is wavy, with a thin, 2-3 nm
peptidoglycan layer intertwined. The cyto-
plasmic membrane is a thin bilayer structure
closely adjacent to the periplasm. The proteins
do not form typical capsules, but in P. mirabilis
a capsular polysaccharide of fibrous structure
with fibres located perpendicular to the cell
surface was found. Lipopolysaccharide of the
outer membrane (O-antigen) in P. mirabilis and
P, vulgaris, in addition to monosaccharides typ-
ical for enterobacteria — glucose, glucosamine,
D-glycero-D-manno-heptose, also contains
galacturonic acid and, often, lysine (Brenner
et al., 2005). The peptidoglycan of P. mirabilis,
unlike the peptidoglycan of other enterobac-
teria, is O-acetylated, which makes it resistant
to lysozyme. The surface structures of bacteria
of the genus Proteus are represented by flagel-
la and fimbriae. Other structures (spines, curls)
are also found (Gahlot et al., 2022).

Culture and enzymatic properties. Pro-
teins are facultative anaerobes, chemo-organo-
trophs, with both respiratory and fermentative
metabolic types. They grow in the temperature
range of 10-43°C. The temperature optimum
for populations that exist as part of microbio-
cenoses in human or animal habitats is about
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37°C. Proteins are undemanding to cultivation
conditions, growing on simple nutrient media
(pH 7.2-7.4). In meat and peptone broth, MPBs
cause diffuse turbidity; in old cultures, sedi-
ment and a surface film are detected. On dense
media, O-forms of the proteus form round,
compact colonies, and H-forms are character-
ised by “creeping” growth, the medium is grad-
ually covered with a kind of “veil” of smoky blue
colour, which is called “swarming”. During the
latter process, the primary colony undergoes
cell differentiation. Short rod-shaped bacteria
(vegetative cells) differentiate into unsegre-
gated multinucleated schwerm cells, ranging
in length from 20-30 to 80-100 um, with 50-
500 times more flagella than their predeces-
sors. The cytoplasm of the swarmer contains
about 20 nucleoids. Compared to vegetative
cells, swarmer cells are dominated by lipopol-
ysaccharides (LPS) with long O-antigenic side
chains, differences in the expression of some
proteins and enzymes, and a markedly higher
fluidity of the outer membrane (Allison et al.,
1994). The transformation of vegetative cells
into swarmer cells is only the first phase of
three observed during the swarming process.
The next phases are “bacterial mass migra-
tion” and “consolidation” (Allison et al., 1993).
The migration of proteins on the surface of a
dense medium is strictly multicellular. A group
of swarmer cells rapidly migrates radially away
from the colony on the surface of the dense me-
dium. Gradually, their movement stops, and the
swarmer cells differentiate into vegetative cells.
The latter is called the consolidation phase.
These phases are repeated, which is manifest-
ed by the formation of concentric rings on the
surface of the medium. When swarmer cells are
sown in a liquid medium, they differentiate into
vegetative cells. The translocation of P. mirabi-
lis cells on a dense surface is facilitated by a cell
surface polysaccharide enriched with galactu-
ronic acid and N-acetylgalactosamine, capsular

polysaccharide (CPS), apparently due to a de-
crease in surface friction. The latter is substan-
tiated by the fact that mutations in the 1112 bp
gene encoding the enzymes necessary for the
synthesis of LPS and the assembly of the above
polysaccharide significantly inhibit cell migra-
tion (Gygi et al.,, 1995). Based on the analysis
of cell differentiation and group motility, a
unique kinetic model of P. mirabilis swarming
was developed, the key element of which is the
proven dependence of the swarming process on
cell age (Esipov & Shapiro, 1998). The differ-
entiation of vegetative cells of uropathogenic
P. mirabilis strains into schwerm cells is accom-
panied by an increase in the activity of some of
their pathogenicity factors, in particular, ex-
tracellular haemolysin and metalloproteases,
and intensification of invasion of urogenital
epithelial cells (Allison et al., 1993). Genetic
analysis of the bases of P. mirabilis swarming
shows that this process is regulated by at least
40-60 genes. Signalling molecules were found
to initiate cell differentiation and migration.
When studying the effect of 20 amino acids on
the swarming process in proteins, it was proved
that only glutamine can initiate this process on
a minimal growth medium (Allison et al., 1993).
The authors consider glutamine to be a specific
chemoattractant for swarming cells. Other fac-
tors, such as the viscosity of the medium and
the presence of “anti-tagging” antibodies, are
also likely to be involved in cell differentiation.
It was found that with increased medium vis-
cosity and the presence of antibodies, the ro-
tational movement of flagella slows down, and
abnormal differentiation of swarm cells is ob-
served. It is believed that flagella function as
tactile sensors of external growth conditions
(Massad et al., 1996).

Swarming is observed not only on solid
media but also on the surface of many dense
avital substrates, as well as in the macroor-
ganisms contaminated with proteins - on
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mucous membranes and other tissues (Brenner
et al., 2005). Proteins are characterised by a
distinct enzymatic activity, in particular, they
liquefy gelatin, peptidise milk, reduce nitrates
to nitrites, decompose urea with the release of
ammonia, etc. Based on the results of the enzy-
matic activity study, the genus of proteins with-
in the Enterobacteriaceae family is determined
and their species are identified.

Antigenic structure and
pathogenicity factors of Proteus spp.

The antigenic structure of Proteus bacteria is
complex, with O-, H- and, in some strains, K-an-
tigens. The somatic (O-antigen) and flagellar
(H-antigen) antigens of P. mirabilis and P. vul-
garis have been characterised in detail. The
chemical nature of the O-antigen is lipopoly-
saccharide. About 50 varieties of O- and about
20 H-antigens have been identified in proteins.
Based on O-antigens, a methodology for de-
termining the serogroup affiliation of clinical
strains of proteins and serological diagnosis of
diseases caused by them has been developed
(Knirel et al., 2011). However, this area requires
further research because antigenically distinct
strains are often isolated, especially among
P. penneri (Palusiak, 2016).

The pathogenicity factors of bacteria of the
genus Proteus are generally typical for members
of the family Enterobacteriaceae. They ensure
the ability of certain species (strains) to para-
sitise living organisms and cause pathological
phenomena. Since the latter are most often
observed under circumstances that lead to a
weakening of the defence reactions of the hu-
man or animal body, proteins are classified as
opportunistic microorganisms, and the diseas-
es caused by them are called opportunistic infec-
tions. In the presence of pathogenicity factors,
proteins adhere to the cell surface, colonising
mucous membranes or the wound surface of
the skin, form a biofilm, sometimes penetrate
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cells, and exert toxic effects directly on cells,
tissues, organs and indirectly, causing a cas-
cade of pathological phenomena in the infected
macroorganism.

Regarding the representatives of the genus
Proteus, it is worth noting their extremely pro-
nounced biological plasticity, which contributes
to the survival of bacteria in various environ-
mental conditions and parasitism in humans
and animals (Prystupa et al., 2017). The latter
is possible only if a particular strain has certain
pathogenicity factors that provide it with vir-
ulence — the ability to penetrate the body and
stay there, to resist the factors that maintain
the latter’s homeostasis, and to reproduce.

Adhesins. The primary phenomenon in the
development of any infectious process caused
by a pathogen is its adhesion to the surface of
the epithelium or other cells in the macroor-
ganism. It is ensured by physicochemical pro-
cesses that occur when molecules located on
the surface of the pathogen and molecules of
the infected cells (tissues) come into contact.
Only pathogens that synthesise adhesins, sub-
stances of protein or glycoprotein nature that
are part of certain surface structures of their
microbial cells, can attach to the cells of the
latter reliably. In bacteria of the Enterobacte-
riaceae family, including Proteus, adhesins are
concentrated mainly in the fimbriae (Massad
et al.,, 1996) and are characterised by a certain
specificity - the ability to attach to the surface
of certain cells (tissues) in an infected organ-
ism. An illustration of the latter can be found in
strains of bacteria of the genus Proteus, which
adhere intensively to urogenital epithelial
cells. In this regard, it would be appropriate to
assert that bacterial adhesins have a “targeted
function”, which is manifested by the patho-
gen’s distinct tropism to certain tissues of the
microorganism. Several types of fimbriae have
been identified in representatives of the genus
Proteus, which differ, in particular, in structure:
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thick (7 nm in diameter) and thin (4 nm in
diameter) (Armbruster et al., 2012). The former
is called MR/P (Proteus-like fimbriae), and the
latter are called MR/K (Klebsiella-like fimbriae).
It was found that MR/P fimbriae provide more
efficient adhesion of bacteria to epithelial cells
compared to MR/K fimbriae (Silverblatt & Ofek,
1978). A 21 kDa protein isolated from MR/P
fimbriae from P. mirabilis strain 3087 reacted
intensively with urethral epithelial cells of the
urinary tract in vitro. It was found that in the in-
fected human body, it causes intensive coloni-
sation of the kidneys and, as a result, pyelone-
phritis. MR/K fimbriae (MR/K haemagglutinins)
differ from MR/P fimbriae not only in structure
but also in their ability to bind to the tissues
of the infected organism. They cause intensive
adhesion of cells in the Bowman’s capsule and
basement membranes of the renal tubules and
do not adhere to other epithelial cells of the
urinary system. MR/K fimbriae are more com-
mon in P. penneri strains (Yakubu et al., 1989).
In P. mirabilis, in addition to those described
above, the following are also described: “PMF
fimbriae”, “ambient temperature fimbriae” (ATF)
and “uroepithelial cell adhesins”. PMF fimbriae
contain a polypeptide of 184 amino acids. It is
believed that by recognising certain cell recep-
tors in the infected organism, they ensure the
adhesion of P. mirabilis to the bladder epithelium.
A mutant of P. mirabilis that did not synthesise
the above polypeptide colonised the bladder of
experimentally infected mice to a much lesser
extent compared to the field strain (Massad
et al, 1996). Ambient temperature fimbriae
(ATF) are described by G. Massad et al. (1996).
Electron microscopy revealed that they look like
rod-like structures located on the surface of mi-
crobial cells. The main subunit of ATF fimbriae
is a protein with a molecular weight of 24 kDa.
The synthesis of ATF fimbriae depends on the
culture conditions, in particular the temperature
of the medium. Intensive expression of fimbriae

in Luria broth occurred at a temperature of 23°C
during the stationary phase of microbial cul-
ture growth. The pathogenetic significance of
ATF-fimbriae has not been reported.

S.K. Wray et al. (1986) isolated a protein
from the uropathogenic isolate P. mirabilis HU
1069 and, having studied its properties, named
it uroepithelial cell adhesin (UCA). The re-
searchers found that UCA adhesin is a polypep-
tide with a molecular weight of 17.5 kDa and
causes bacterial adhesion to uroepithelial cells.
I.G.W. Bijlsma et al. (1995), studying UCA ad-
hesin synthesised by P. mirabilis strains isolat-
ed from dogs using electron microscopy, found
that it has the appearance of thin fimbriae
with a diameter of 4 nm. R. Pellegrino et al.
(2013), using a wild type uropathogenic P. mi-
rabilis strain that synthesised UCA adhesin and
a P. mirabilis mutant that was unable to express
UCA, confirmed in experiments on various bio-
logical models that UCA adhesin plays an im-
portant role in the colonisation of the urinary
tract by P. mirabilis.

Proteins adhered to the cell surface can
penetrate intracellularly under certain con-
ditions. There is no convincing evidence that
they possess the invasion factors characteristic
of enterobacteria. However, the very fact of the
ability of Proteus bacteria to penetrate macro-
organism cells is well established. It has been
proven that P. mirabilis and P. vulgaris invade
Vero and Hela cells, mouse fibroblasts L-929
and human blood lymphocytes. The intensity
of P. mirabilis invasion both in vivo and in vitro
is stimulated by urea and correlates with the
haemolytic activity of the strains. The ability of
P. mirabilis to multiply in invaded cells of the
permanent cell line L-929 and human blood
lymphocytes has been experimentally con-
firmed (Peerbooms et al., 1984).

Toxins. Bacteria of the genus Proteus syn-
thesise endotoxins and exotoxins. The endo-
toxin is an outer membrane lipopolysaccharide
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(LPS) (described previously as an O-antigen).
Its pathogenic effect in an infected organ-
ism is similar to that of endotoxins of other
gram-negative bacteria, characterised by py-
rogenicity, the ability to cause hypotension,
disseminated intravascular coagulation and le-
thal shock (Roézalski et al., 2007). Its toxic effect
on various cell types, including macrophages
and lymphocytes, is realised through the li-
pid complex A, which is part of LPS. When it
binds to the LPS-binding protein in the blood,
it activates the CD14 receptor on macrophages,
which leads to the intensive synthesis of bio-
logically active mediators (TNF-a, IL-1, IL-6,
IL-8 and IL-10). Depending on the level of ex-
pression of the latter, the effect in an infected
organism can vary from beneficial adjuvant to
toxic (Rietschel & Brade, 1992). Lipid A in P. mi-
rabilis is considered to be an important factor
of pathogenicity, characterised by mitogenic
activity, lethal toxicity, and the ability to induce
a local Schwartzman reaction (Sidorczyk et al.,
1983). A study has been published that proved
the negative effect of LPS from Proteus bacteria
on the activity of cytochrome P-450 enzymes
in mouse liver (Kaca et al., 1996). It is known
that the destabilising effect on the latter, which
is represented by a whole complex of enzymes
and plays an important role in the metabolism
of steroids, bile acids, unsaturated fatty acids,
phenolic metabolites, as well as in the neutrali-
sation of xenobiotics (poisons, drugs, etc.), leads
to a disruption of physiological processes, which
is manifested by a wide variety of pathophysio-
logical phenomena in the infected organism.
Proteinases, urease, lecithinase. Other
potential pathogenicity factors of proteins are
their proteinases, hyaluronidase, urease, lecithi-
nase, DNA and RNA nucleases. Protein strains
isolated from patient materials are usually
characterised by high proteolytic activity with
a clear specificity for muscle and connective tis-
sue proteins. They can hydrolyse gelatin, fibrin,
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albumin, and casein (Brenner et al., 2005). The
most pronounced biodestructive effect of these
enzymes is observed when they are combined
with microbial hyaluronidase. The latter, by de-
stroying hyaluronic acid, causes increased tissue
permeability in the infected organism, thus fa-
cilitating the migration of the pathogen.

The urease enzyme in Proteus mirabilis
(PMU) consists of three subunits: PmUreq,
PmUrep and PmUrey, formed into a quaternary
structure. In the course of studying urease as
a potential pathogenicity factor in bacteria of
the genus Proteus, its significant role in the pa-
thology of the kidneys and urinary organs was
proved. In particular, it was found that P. mira-
bilis and P. penneri are involved in the formation
of kidney and bladder stones due to the pres-
ence of urease (Rozalski et al., 2007). As a result
of urea hydrolysis caused by bacterial urease,
the pH of urine increases, which leads to pre-
cipitation of its components — Mg? and Ca?". As
a result, stones are formed, in particular stru-
vite (MgNH,PO,- 6H,0) (Broll et al., 2021).

Immunoglobulin proteases. IgA protease has
been found in P. mirabilis, P. vulgaris and P. renneri
strains of different origin (Senior et al., 1991). It
has also been reported that a strain of P. mira-
bilis isolated from a patient with a chronic dis-
ease secreted a proteolytic enzyme that cleaved
two classes of antibodies - IgA and IgG, as well
as gelatin, casein, and bovine serum albumin. It
turned out that proteases are metalloenzymes,
the action of which is manifested in an alkaline
environment, at a pH of 8 (Loomes et al., 1992).

Lecithinase. The role of lecithinase as a
pathogenicity factor in many bacteria is well
known. P. vulgaris and P. mirabilis strains with
pronounced lecithinase activity are often iso-
lated from patients with signs of purulent in-
flammatory processes. Their O-forms produce
the enzyme more intensively, especially during
the period of dissociation of strains from the
H-form to the O-form (Bozhko, 2012).



https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B5%D1%80%D0%BE%D0%B8%D0%B4%D1%8B
https://ru.wikipedia.org/wiki/%D0%96%D0%B5%D0%BB%D1%87%D0%BD%D1%8B%D0%B5_%D0%BA%D0%B8%D1%81%D0%BB%D0%BE%D1%82%D1%8B
https://ru.wikipedia.org/wiki/%D0%96%D0%B8%D1%80%D0%BD%D1%8B%D0%B5_%D0%BA%D0%B8%D1%81%D0%BB%D0%BE%D1%82%D1%8B

Bioecology and pathogenicity of Proteus bacteria: A literature review

Haemolysins. Hemolysins are considered to
be one of the leading factors in the pathogenic-
ity of microorganisms. In bacteria of the genus
Proteus, haemolytic activity correlates with
the invasiveness of their strains (Peerbooms
et al., 1984; Rozalski et al., 1993). Haemolysins
of the Proteus genus belong to the family of
pore-forming toxins (Braun & Focareta, 1991).
There is enough information on the study of
the haemolytic properties of bacteria of the ge-
nus Proteus to demonstrate the importance of
this indicator, which has long been used as a
marker of the pathogenicity of clinical strains.
In a study of 84 strains of P. mirabilis and P. vul-
garis isolated from patients with signs of uri-
nary tract infection (UTT), it was found that the
vast majority of them caused signs of a-haemol-
ysis (greenish colouration around colonies) on
dense medium (Kotetko et al., 1983). The re-
sults of a study of the haemolytic properties of
126 strains of P. mirabilis and P. vulgaris isolated
from various materials (from patients with signs
of UTI, soil, etc.) are also reported. All studied
strains haemolyse human and sheep erythro-
cytes during incubation in nutrient broth. The
10 strains of P. mirabilis studied under similar
conditions also haemolyzed erythrocytes of
guinea pigs, rabbits, mice, horses, cattle, and
chicken (Kotetko et al., 1983). A study of 45
strains of P. penneri revealed that they synthe-
sised extracellular and/or cellular haemolysins
(Senior et al., 1991). The synthesis of extracel-
lular haemolysin by P. penneri strains correlated
with their cytotoxic activity determined in vitro
on Vero cell lines and mouse fibroblasts L-929
(Rozalski et al., 1993).

Siderophores are extremely important el-
ements in the body of living things, including
microorganisms. Prokaryotes, in the event of a
deficiency of soluble iron in their environment,
in particular in the human or animal body, syn-
thesise and excrete their siderophores. The
latter binds to iron and transports it into the

microbial cell using transport mechanisms,
thus causing iron deficiency in the infected mi-
croorganism, and weakening its resistance. In
P, mirabilis, a-hydroxyisovaleric acid has been de-
scribed as a siderophore (Rozalski et al., 1993).

Peptidoglycan (murein) and a “capsular”
acetylated highly hydrated polymer are also fac-
tors in the pathogenicity of the proteins. P. mira-
bilis peptidoglycan, unlike other enterobacteria,
is glycosylated, which provides its resistance to
lysozymes. It has been established that in the
body of people infected with the protein, frag-
ments of O-glycated peptidoglycan cause several
pathological phenomena, including rheumatoid
arthritis. The pathogenicity of Proteus bacteria
also includes motility, film formation (Akhter
et al., 2019), and drug resistance.

Mobility. In the process of swarming, the
proteins intensively colonise the epithelial
membranes in the infected organism, forming
biofilms that significantly protect them from
immune defence factors and antibacterial drugs,
in particular antibiotics. In addition, during this
period, the activity of several other pathogenic-
ity factors may increase. It was found that the
differentiation of vegetative cells of uropatho-
genic P. mirabilis into schwerm cells is accom-
panied by an increase in the activity of extracel-
lular haemolysin, urease, and metalloproteases
(Allison et al., 1994). It has also been reported
that P. mirabilis swarmer cells, compared to
vegetative cells, invade urogenital epithelial
cells more intensively both in vitro and in vivo
(Allison et al., 1994). Recently, researchers de-
voted much attention to the study of virulence
genes of pathogenic microorganisms, including
the genus Proteus. It has been reported that the
genetic profile of 36 clinical isolates of Proteus
mirabilis isolated from patients with urinary
tract infections in Brazil revealed the following
genetic determinants of pathogenicity factors:
mrpG, pmfA, ucaA, nrpG and pbtA (Beltrao
et al., 2022).
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The pathogenicity factors described above
are capable of providing certain strains with a
parasitic mode of existence, usually in an in-
sufficiently protected (immunologically weak-
ened) human or animal organism. The design
of pathogenicity factors in proteins is not sta-
ble within their species (strains). Some of them
may be lost or, on the contrary, appear in the
process of circulation of their strains in nature.
The translocation of pathogenicity factors, as
well as many other traits, occurs by mechanisms
known in bacterial populations: transduction,
conjugation, and transformation. Transmission
of pathogenicity factors is possible both verti-
cally — from parental individuals, and horizon-
tally - to other strains and species. In the latter
case, it is mainly due to plasmids. The above
argues for the importance of continuous mon-
itoring of the pathogenicity of clinical strains
of proteins that cause diseases in humans and
animals. Reliable information in this regard can
be obtained both by using the modern meth-
odology of molecular genetic testing of patho-
genicity factors and the classical methodology
based on the detection of phenotypic signs of
virulence in clinical strains.

Protein-driven infection can be triggered
by the pathogenic action of bacteria in the
body’s microbiocenosis or by exogenous infec-
tion. Autoinfection occurs mainly against the
background of various other phenomena that
weaken the immune system, including local
(tissue) immunity, for example, in entero-, oral-,
coronavirus, Escherichia coli or other infec-
tions, or under the influence of various toxic
substances of avital nature, etc. Depending on
the design of the strain in terms of the con-
tent of its virulence factors, the dose and site
of penetration into the macroorganism, and
finally, the immunoresistance of the latter and
the nature of its exposure to environmental
conditions, the pathogenesis and clinical mani-
festation of the disease may be different. This is
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clearly illustrated by the peculiarities of patho-
genesis in urolithiasis and gastrointestinal dis-
orders in humans and animals (Kroemer et al.,
2014; Vozianov et al., 2016).

J.N. Schaffer et al. (2016) analysed the
pathogenesis of urolithiasis and showed that
Proteus mirabilis forms urease- and man-
nose-resistant clusters in the bladder of in-
fected dogs and cats, which accumulate miner-
als, which is the starting point for the formation
of urinary stones. The role of microbial urease
in the formation of struvite stones in the kid-
neys and bladder of patients has already been
reported. In addition to the above factors,
glycocalyx substances (highly hydrated poly-
mers on the surface of microbial cells) are also
involved in the stone formation mechanism
(Beynon et al., 1992).

In the case of localisation of a protein-
driven pathological process in the gastrointes-
tinal tract, microbial toxins, in particular exo-
toxin, play a particularly important role in the
pathogenesis of the disease. The thermolabile
exotoxin synthesised by the protein penetrates
intestinal epithelial cells via receptor-depend-
ent endocytosis and causes several phenomena
that activate adenylate cyclase, which begins
to synthesise cyclic adenosine monophosphate
(cAMP). The latter triggers a signalling pathway
that leads to the outflow of chloride ions and
other ions from the cell through CFTR chan-
nels and stops the entry of sodium ions into
the cell. The latter are transported with water
molecules, so their content in the cell is signif-
icantly reduced. Disruption of the water-salt
balance leads to diarrhoea, intoxication, and re-
lated phenomena. In experiments using white
mouse intestinal explants (Skibytsky, 1993), the
toxic effect of P. mirabilis and P. vulgaris strains
isolated from the intestine of a person with
signs of gastrointestinal tract damage was man-
ifested by the destruction of mucosal epithelial
microvilli. A significant pathogenic role in the
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gastrointestinal localisation of the process
is also played by amino acid decarboxylation
products: histamine, putrescine and cadaver-
ine, which accumulate intensively as a result
of the action of decarboxylases synthesised by
proteins. Their pathogenic effect can also be
intensified by the antagonism of proteins to
representatives of the microbiocenosis of the
contaminated biotope. In the case of mixed in-
fection, in particular viral-bacterial infection,
the pathogenesis of the disease can be much
more complex, due to the nature of the direct
interaction of proteins and other pathogens, or
indirectly through the infected macroorganism.

Distribution of bacteria of the genus
Proteus in the natural environment

To assess the epidemiological (epizootological)
aspects of diseases caused by bacteria of the ge-
nus Proteus, in particular, to identify sources and
factors of pathogen transmission, it is necessary
to consider their ecological niches. First of all,
the detection of Proteus in mammals. Bacteria
of the genus Proteus are often isolated from the
intestinal contents of humans and animals with-
out any symptoms of disease. In particular, it has
been reported that 4% of faecal samples from
clinically healthy people contained bacteria of
the genus Proteus (Bartges et al., 1995). There
have also been many reports on the isolation of
Proteus from clinically healthy animals. Bacteria
of the genus Proteus have been isolated, mainly
from the intestinal contents, from gorillas
(Bittar et al., 2014), horses (Meyer et al., 2010),
cattle (Sadovsky, 1997), pigs (Kozlovska et al.,
2022), dogs (Liu et al., 2023) and other animals.
Analysing the literature on the isolation
of bacteria of the genus Proteus from various
sources, D. Drzewiecka (2016) reports their
isolation from various species of wild birds, in-
cluding sparrows, blackbirds, white storks, wild
turkey vultures, as well as from synanthropic
rodents, snakes, bees, flies, cockroaches, aquatic

animals — turtles and various fish species, in-
cluding mackerel, freshwater Nile tilapia, tila-
pia from Lake Victoria, as well as from oysters
and shrimps. Proteus spp. found in sea turtles
near the Canary Islands in Spain have been
identified as one of the causes of their deaths.
P. renneri and P. vulgaris, isolated on Jekyll Is-
land (USA), were found to be involved in em-
bryonic mortality in turtles. The etiological role
of Proteus sp. in the disease of alligators, which
led to their death, was also proved. P. hauseri
has also been reported to be involved in carp
(Cyprinus carpio) disease (Kumar et al., 2015).

Proteins are often found in food prod-
ucts (Al-Kubaisi et al., 2022). In this regard,
V.A. Bezugla (1975) carried out significant re-
search in Ukraine. In the study of 1457 samples
taken from slaughtered animals, she isolated
130 cultures of Proteus, which is 8.9% of the
total number of samples examined. More than
70% of the isolates were identified as P. mirabi-
lis, the rest were identified as P. vulgaris. Among
the 365 P. mirabilis strains isolated, 105 (29.5%)
were pathogenic to white mice, both by paren-
teral and enteral administration of the microbial
culture. More than 60% of the isolated proteus
cultures synthesised hyaluronidase, and more
than 80% caused haemolysis of erythrocytes.

In a bacteriological study of 14 samples of
minced meat and 38 samples of sausages (frank-
furters) collected in the city’s retail network,
proteins were detected in seven cases (3.6%) —
2 strains of Proteus vulgaris from minced meat
and 5 strains (4 strains of Proteus vulgaris, 1
strain of Proteus mirabilis) from the surface
of sausages and frankfurters (Kozlovska et al.,
2022). It is also important to mention the posi-
tive role of Proteus species in the environment.
Strains of Proteus spp. that protected legumes
from the pathogenic Fusarium moniliformae
and strains that produced volatile organic com-
pounds that had a detrimental effect on nem-
atodes, such as the soil-borne Caenorhabditis
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elegans and the plant-pathogenic Meloidogyne
incognita, have been identified (Lu et al., 2014).

Many reports have been published on the
important role of proteins in environmental
bioremediation. In particular, the participation
of Proteus spp. in the destruction of petroleum
hydrocarbons in soil has been proven (Ibrahim
et al., 2013). The strains of P. mirabilis and
P, vulgaris were found to be effective destructors
of crude oil. A strain of P. vulgaris has been re-
ported to be effective in utilising crude oil and
diesel fuel (Olajide & Ogbeifun, 2010). A strain
of P. vulgaris capable of reducing dichlorodi-
phenyltrichloroethane (DDT) to dichlorodiphe-
nyldichloroethane (DDD) was isolated from the
mouse intestine (Foght et al., 2001). The ability
of Proteus sp. to degrade dyes used in the textile
industry has also been reported (Drzewiecka,
2016). Proteins are also related to the utilisa-
tion of heavy metals. In particular, a strain of
Proteus sp. was found to be able to significantly
reduce the concentration of the toxic metal Cr
(VI) in seawater (Ge et al., 2013).

Resistance to physical and chemical
factors and drugs of bacteria of the
genus Proteus

The global spread of proteins in nature is facili-
tated by their pronounced resistance to physical
and chemical factors and drugs. Bacteria of the
Proteus genus can adapt to survive in seawater.
It has been reported that osmophilic (halotol-
erant) strains of Proteus spp. were isolated from
the water of a Salt Lake in the Algerian Sahara
(Hacene et al., 2004). The resistance of bacteria
of the genus Proteus to copper and other heavy
metals has been reported (Ge et al., 2013).

N. Rau et al. (2009) found P. mirabilis to be
resistant to arsenic, copper, chromium, cobalt,
cadmium, zinc, mercury, nickel, and lead. The
sensitivity of proteins to drugs has been deter-
mined by many researchers. When antibiotic
susceptibility of 100 strains of Proteus mirabilis
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isolated from urine was determined, 16 (16%)
were found to be multidrug-resistant to ceph-
alosporins. High resistance was observed con-
cerning co-trimoxazole (97%), nalidixic acid
(93%), cefotaxime (77%) and amoxicillin (62%).
The highest susceptibility was observed for
aminoglycosides, cephalosporins, glycopep-
tides, polypeptides, and macrolides in a study
of antibiotic susceptibility of 20 strains isolated
from animals in Ukraine (Aishpur et al., 2016).
They were less sensitive to penicillin. The ge-
netic profile of 36 clinical isolates of Proteus mi-
rabilis isolated from patients with urinary tract
infections in Brazil revealed the presence of the
following drug resistance determinants (bla,,,,
bla blaSPM’ blaGES, blaOXA-zz-like’ blaOXA»ztS-like’
bla,,, o . andbla , . ) (Beltrdo et al., 2022).

It has been proven that natural resistance
to antibiotics is due to the ability of proteins
to synthesise enzymes that inactivate antibi-
otics, in particular, B-lactamases: extracellular
penicillinase, carbenicillin hydrolysing peni-
cillinase, ampicillinase, etc. Resistance of nat-
urally circulating strains is not a stable indica-
tor and may change under certain conditions.
Mechanisms of resistance modification may be
associated with mutations in structural genes,
recombination, and the acquisition or loss of
R-plasmids (Luzzaro et al., 2006).

An analysis of literature reports on the
study of Proteus bacteria shows their widespread
distribution in the environment and their in-
volvement in diseases in humans, animals, and
other living creatures, including amphibians
and fish (Kumar et al., 2015; Drzewiecka, 2016;
Al-Kubaisi & Al-Deri, 2022). In humans, bacte-
ria of the genus Proteus affect the digestive and
respiratory organs, urinary tract, nervous sys-
tem, etc. (Hamilton et al., 2018). In animals, pro-
teins are etiological factors of gastrointestinal
diseases and the urinary tract, and often cause
secondary infection in viral enteritis in new-
born animals, etc. Proteins are also implicated

IMP?
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in foodborne toxicity (Gong et al., 2019). Scien-
tists have carried out many important studies
concerning, in particular, the biology of bacteria
of the genus Proteus (Esipov & Shapiro, 1998),
factors of their pathogenicity (Armbruster et al.,
2012; Broll et al.,, 2021; Gahlot et al., 2022), in
particular, film formation and drug resistance
(Akhter et al., 2019), pathogenesis of diseases
caused by them in humans and animals (Schaffer
et al., 2016; Prystupa, 2017), and involvement in
foodborne toxicity (Gong et al., 2019).

Studies on the ecology of bacteria of the
genus Proteus are also important. In this regard,
their ecological niches have been identified and
characterised both within populations of living
beings (Drzewiecka, 2016) and in various ob-
jects of the avital environment (Lu et al., 2014;
Drzewiecka, 2016). The results of the identifica-
tion of protein strains capable of utilising harm-
ful substances in a polluted environment are
extremely encouraging (Ibrahim et al., 2013; Ge
et al., 2013). The development of bioremediation
drugs based on them will allow us to solve urgent
environmental problems more effectively.

The literature review shows that molecular
genetic methods are widely used in the study
of Proteus bacteria (Allison et al., 1994; Beltrao
et al., 2022). The results obtained have allowed
us to more clearly interpret important elements
related to both the biology of proteins and the
phenomena in nature caused by them, includ-
ing diseases in humans and animals.

Conclusions

The study highlights the significant growth of
the role of bacteria of the genus Proteus in the
pathology of both humans and animals. They
are known for their ability to cause a variety of
diseases, including acute intestinal diseases,
respiratory, hearing, nervous and urinary sys-
tems, and contribute to the formation of kid-
ney and bladder stones. It is noted that bac-
teria of the genus Proteus have become active

participants in nosocomial infections, which
indicates their prevalence and potential threat
to public health. The results of the literature
review also reflect the positive role of Proteus
bacteria in environmental bioremediation and
the fight against harmful substances and em-
phasise the importance of further research in
this area. It is determined that the study of their
genomic properties and interaction with the
intestinal microbiota of humans and animals
is crucial for understanding the mechanisms
of pathogenicity and the development of drug
resistance. This will also contribute to the de-
velopment of effective probiotics and rational
technologies for the use of Proteus bacterial
strains as bioremediators in the environment.
The presented analysis of literature reports
shows the relevance of scientific research on
bacteria of the genus Proteus. However, despite
the long period of study of Proteus, a significant
number of studies conducted at different meth-
odological levels, several important phenomena
related to both their biology and pathogenic po-
tential remain insufficiently deciphered. The is-
sues of understanding the mechanisms of possi-
ble antagonistic action of representatives of the
ubiquitous gastrointestinal microflora against
Proteus and the prospects for developing ef-
fective means of preventing excessive Proteus
proliferation in human and animal habitats on
their basis remain relevant. The methodology
for diagnosing diseases of protean aetiology
also needs to be improved. An important aspect
of further research on proteins is to detail the
conditions that affect the intensity of toxin for-
mation in various products and animal feed.
The natural adaptive capacity of proteins
argues for the importance of researching to
further analyse the known and likely ecolog-
ical niches for them. The latter concerns, first
of all, various water bodies, in particular, the
determination of conditions that affect the
intensity of inter-population and interspecies
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translocation of genetic determinants of path-
ogenicity and drug resistance. Intensification
of research on interspecies communication, de-
tailing the factors and circumstances that regu-

antimicrobial agents. Further study of proteins
as potential utilisers of harmful substances in
terms of developing effective environmental
bioremediators remains extremely important.

late its nature and consequences would certainly
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BioekoJiorisa Ta maToreHHicTh 6akTepii poay Proteus:
JiTepaTypHUH OIS

lanna BomogumupiBHa KosinoBcbka
Kanpupat BeTepuMHApHUX HAYK, JOIEHT
HarionanbHMiT yHiBepcuTeT 6iopecypciB i MpUpPOmOKOPUCTYBaHHS YKRpaiHu
03041, Bysn. TepoiB O6oponn, 15, m. Kuis, Ykpaina
https://orcid.org/0000-0003-1149-9970

AHoranig. B ocTaHHi pokyu 3HAUHO 3pocia posib 6akTepiit pomy Proteus y martosnorii JroguHu i
TBapyH, CIPUYMHIOIUM TOCTPi KUIIKOBI 3aXBOPIOBaHHS, YpakeHHS OPraHiB IMXaHHS, CIyXY,
HEPBOBOI Ta CEYOBMBITHOI CUCTEM, a TAKOXK CIIPUSIIOUM YTBOPEHHIO KAMEeHiB Y HUPKaX i ceuoBOMY
Mixypi, MmicasionepauiifHMM YCKIaJHEHHSIM Ta HO30KOMiaabHMM iHekuisM. BTpumanicTh
IesKUX TUTaHb, TAKMX SK IXHi BIACTMBOCTi, B3a€MOIis 3 MiKpoO6iOllEHO30M, 3aaMIIAE€ThCS
MpeiMeTOM OUCKYCili HaBiTh MpU TPMBaJOMYy BMBUYEHHi 6akTepiit pony Proteus. Meta po6oTu —
BU3HAUYEHHSI MEPCIEKTUBHMX HAIPSIMIiB IMOAAIbIIOr0 BUBYEHHS MiKpoopraHismiB pomy Proteus.
Bysno BUKOpHMCTAHO MJig aHajiizy iH(opMmallilo B HAyKOBUX IepILIOKepesax PO pe3yabTaTu
BMBUEHHSI MipoOpraHi3mMiB pomy Proteus. Y cTaTTi BUKIaAeHi pe3yiabTaTy JOCTIIKeHb OakTepiit
pony Proteus, BUKOHAHMX BITUM3HSHMMM Ta 3apyOiKHMMM HAyKOBISIMM, IMOMO TIi3HAHHS iX
6ioekosorii Ta MOTeHNifHMX (aKTOPiB MATOTeHHOCTi (aAre3MHiB, TOKCUHIB, TeMONi3UHIB Ta
iH.), oXapaKTepyu30BaHO TMO3UTKUBHY POJIb MPOTeiB K GiomerpamaHTiB MIKiAJMBUX PEUOBUH —
6iopeaHiMaToOpiB HaJMEXKHOI eKOJMOTrii JOBKIISI; OOGIPYHTOBAHO TMEPCIEKTUBHI HaMpsSiMu
MOJAsbIIOTO NOCTiIkKeHHsT 6Gakrepiit poxy Proteus, ki CIpUSTUMYTb PO3poOLi edeKTUBHOL
MeTomosorii MpodisakTMKY Ta JIiKyBaHHSI OOGYMOBJIIOBAHMX HMMM 3aXBOPIOBaHb, pPO3poOIIi
pallioHaJIbHMX TEXHOJIOTiii BMKOPUCTAHHS iX ImTaMiB — 6GiopeaHiMaTopiB 3a6pyaHEHOTO
MIKiIJIMBYMY PeYOBMHAMM HOBKi/UIs. [Tomasblile BUBUEHHSI TEHOMHMX BJIACTUBOCTEl GakTepiit
pony Proteus cipusiTuMe 4iTKOMY PO3YMiHHIO MeXaHi3MiB peasisallii MoTeHLiitHMUX iX dhaKkTopiB
MMaTOreHHOCTi, JOTIOMOXe BUSIBJIATU Ta PO3YMITU CyThb MPOLIECIB, IO CIPUSIIOTh HAOYTTIO HUMM
HOBMX (PAKTOpPiB MATOT€HHOCTI, PE3UCTEHTHOCTI A0 JIiKapChbKMUX 3aco0iB. BuBUYEHHS B3aeMofii
ix i3 mpencTaBHMKAaMM KUIIKOBOTO MiKpOOiOI€HO3Y JIIOAVHMU i TBAPUH JO3BOIUTbH BCTAHOBUTU
XapakTep TaKoro B3a€EMOBIUINBY, BUSHAUUTD JOIIIbHICTD, IEPCIIEKTUBY Ta pallioHa/IbHI HAIIPsIMU
Y CTBOpPEHHi e(eKTUBHUX ITPO6iOTUKIB

KimiouoBi c1oBa: BIacTMBOCTi; POiHHS; MAaTOTeH; CMMOGIOHT; Giomerpapmailis; MepCIIeKTUBHI
HaTpsSIMU OOCITiI’KeHb
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Levchenko et al.

Abstract. The relevance of the study is due to the current lack of data on cortical mechanisms of
protein metabolism regulation in dogs, which is important to consider when developing methods of
corrective action on metabolism. The aim of the study was to determine the peculiarities of protein
metabolism in dogs with different types of higher nervous activity, and to establish the relationship
between the main characteristics of nervous processes and indicators of protein metabolism in the
blood. The leading method in the study of this issue was a new method for determining the typological
features of the nervous system in dogs, and the obtained scores of strength, balance, and mobility
of nervous processes helped to identify the degree of their influence on protein metabolism. A
significant effect of short-term nutritional deprivation on the content of certain indicators of protein
metabolism in the blood of dogs, depending on their temperament, was established. Under the
action of the stimulus during the day, a decrease in the level of albumin and changes in the ratio of
globulins were observed in the blood of dogs, in particular, an increase in the relative content of - and
B-globulins and a decrease in y-globulins. It was determined that the type of higher nervous activity
has a significant effect on the content of total protein, albumin, globulins, B-globulins, y-globulins and
the value of the albumin-globulin ratio (F=3.02-14.6>FU=2.90; P<0.05-0.001) in the blood plasma of
dogs. A direct relationship between the strength of nervous processes and the content of total protein
and albumin, y-globulins (r=0.62-0.73; P<0.01) and an inverse relationship between the content of a-
and B-globulins (r=-0.51-0.56; P<0.01) was found three days after the onset of short-term nutritional
deprivation. The balance of nervous processes was inversely related to the content of B-globulins
(r=-0.44; P<0.05). The fundamental knowledge gained is of practical value for the development of
new, modern methods of metabolic correction taking into account the temperament of animals
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Introduction

The dog (Canis familiaris) was the first domes-
ticated animal, and today there are hundreds
of breeds in the world. During domestication,
dogs were primarily selected for temperament,
behaviour and cognitive abilities. However,
the genetic basis of these abilities is not fully
understood (Tonoike et al., 2022). Like many
other mammals, they have a complex nervous
system that allows them to perceive, process,
and respond to a variety of stimuli. Research on
higher nervous activity (HNA) in dogs focuses
on understanding their cognitive abilities, per-
ception, learning and social behaviour.

While studying the physiological basis of
temperament, I.P. Pavlov developed a classi-
fication of HNA types that is still relevant to-
day. This classification is based on the ratio of
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the main characteristics of nervous processes
(strength, balance, and mobility), which to-
gether define four types of HNA. In modelling
the HNA, Pavlov highlighted the dynamic and
largely plastic nature of brain functioning, as
well as the functional nature of some long-term
behavioural disorders in dogs (Derouesné, 2021).
Despite the fact that in 1934, in an article in
Imago, Schilder sharply criticized Pavlov’s HNA
theory, his teachings have been widely used both
in scientific research and in cynology (Morris,
2022). A link has been established between the
type of HNA, certain biochemical parameters,
and drug responsiveness (Netter, 2018).
Temperament directly determines how an
animal copes and reacts to the current phys-
ical and social environment, including during
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stressful situations. For example, when thera-
py dogs interact with strangers in new medical
facilities. Despite the fact that temperament
is to some extent genetically determined, its
formation depends on the environment. Dogs
are characterized by a high rate of adaptation
to changes in environmental conditions, which
determines their high adaptive capacity. Dogs
are an integral part of society, performing a
wide range of work, from assistance (guide
dogs), therapy (canine therapy), service (search
and rescue dogs, explosive detection dogs), etc.
However, success in these roles, which require
dogs to meet complex behavioural criteria and
undergo extensive training, is far from guaran-
teed (Bray et al., 2021).

The parameters of the main characteris-
tics of nervous processes determine the speed
and quality of training of working and domestic
dogs. Dogs with strong and balanced nervous
processes are easy to train and are used for a
wide range of tasks (Liczner et al., 2021). Dogs
with strong, balanced inert nervous processes
are good handlers and are used in social pro-
grammes, including canine therapy. Dogs with
unbalanced nervous processes are excellent bod-
yguards. Thus, taking into account the typolog-
ical features of the dog’s nervous system allows
for the optimal use of their working qualities.

The study of the state of protein metab-
olism in dogs with different types of nervous
system under the influence of a food stimulus
is an important task for the development of new
methods of metabolic correction in veterinary
medicine. The aim of the study is to investi-
gate protein metabolism in dogs with differ-
ent characteristics of the nervous system and
to establish their relationship with the main
features of this system under the influence of
short-term nutritional deprivation. It is planned
to compare these values and determine how the
properties of the nervous system affect protein
metabolism. The study is based on fundamental

knowledge of the cortical mechanisms of protein
metabolism regulation in dogs, and it will help
to develop new methods of metabolic correction,
taking into account individual characteristics of
the types of nervous activity in animals.

Literature Review

There are currently two main approaches to
optimizing the use of working dogs: developing
tests and selection criteria that can efficiently
and effectively identify ideal candidates from
the general pool of candidate dogs, and de-
veloping approaches to improve performance,
both at the individual and population level,
through improvements in rearing, training and
breeding (Bray et al., 2021). Improvements in
the selection process are critical to the effec-
tiveness of working dog programmes and have
the potential to optimize how resources are in-
vested in these programmes, increase the num-
ber of available working dogs and improve their
welfare (Lazarowski et al., 2020).

There is a wide range of methods for deter-
mining the temperament, higher nervous activ-
ity or working qualities of dogs, which vary con-
siderably and are used for different purposes. In
particular, based on behavioural observations, it
is possible to reliably assess the temperament
of dogs (introvert or extrovert) (Karpinski et al.,
2022). Quantifying behaviour and temperament
with sensor-based dog toys can provide a way to
predict which dogs will be suitable for guide dog
work (Byrne et al., 2022). The method of deter-
mining the type of behavioural profiles of dogs
using LCA (Latent class analysis) based on the
C-BARQ (Canine Behavioural Assessment and
Research Questionnaire) has proven to be an ef-
fective and flexible tool for determining temper-
ament (Zapata et al., 2022). The influence of the
dog-owner relationship on the emotional reac-
tivity of dogs, behavioural changes, and physical
activity has been proven to have an impact on
the animal’s temperament (Somppi et al., 2022).
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Behavioural traits, such as aggression, anx-
iety, and learning ability, differ significantly
between dog breeds and are heritable (Hecht
et al., 2021). However, the neural basis for these
differences is unknown. Morphology and age are
important factors that influence temperament
and emotional reactivity in dogs. Studies have
shown that large dogs with long muzzles are
less sensitive to negative stimuli and punish-
ment than dogs with short muzzles, while the
opposite is true for small dogs. Even the body
weight of the dogs showed an influence on their
temperament. At the same time, heavier dogs
were less sensitive to negative stimuli (Ayrosa
et al., 2022). The established link between dog
body size and behaviour, which is associated
with a disproportionate increase in areas in dogs
with larger brains, explains the greater reactiv-
ity with decreasing body size in dogs (Hecht
et al., 2021). Todayj, it is already known that the
type of HNA of dogs is formed during ontogeny,
but its general features are inherited. Recent
studies have shown that puppies born to bitches
with more childbirth experience and better
maternal behaviour had higher basal cortisol
concentrations and better adaptability, a more
balanced nervous system, and higher levels of
resistance (Nagasawa et al., 2021). Thus, the lay-
ing of the temperament of dogs begins immedi-
ately after birth, ends after puberty, and, in the
absence of critical environmental changes and
severe stress, does not change throughout life.

Proteins are known to perform a number of
vital functions, including cell reproduction, en-
zyme synthesis, and the production of antibod-
ies and hormones. The state of protein metab-
olism determines and regulates most chemical
transformations in the body (Oltjen, 2013). The
majority of plasma proteins are synthesized in
the liver - albumin, « -, a,- and some B-globu-
lins, fibrinogen, some clotting factors, and the
rest of 8- and y-globulins are synthesized in the
cells of the immune system. The metabolism
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of amino acids in dogs has its own differences.
Domesticated dogs, which evolved after domes-
tication by humans, have slightly altered their
protein metabolism compared to their wild rel-
atives (Humbert et al., 2002).

The effect of nutritional deprivation on
biochemical changes in dogs has been well
studied, in particular, changes in metabolism
at different durations of fasting. Metabolism in
dogs changes after just one day without feeding
(Duckett et al., 2021). The highest priority of a
dog’s metabolic processes is the need to main-
tain blood glucose concentration at a normal
level. In this case, both lipid and protein me-
tabolism are affected (Khoo et al., 2019).

To date, a number of studies have been
conducted that indicate cortical mechanisms of
metabolic regulation in cows and pigs (Danchuk
et al., 2020) and other animal species. However,
the influence of the main characteristics of the
nervous system on protein metabolism in dogs
has remained unexplored.

Materials and Methods

The study was conducted during 2020-2023 at
the Multidisciplinary Laboratory of Veterinary
Medicine of Odesa State Agrarian University
(Odesa), VITAVET and Bravo Vet veterinary
clinics (Kamianets-Podilskyi). To conduct the
experiment, 20 dogs (5 of each type of HNA) of
the Beagle breed were selected. The strength,
balance, and mobility of nervous processes in
dogs were determined by the author’s modi-
fied method. On the basis of the experiment,
4 groups of animals were formed, 5 animals in
each group: Group I — strong balanced mobile
type (SBM); Group II - strong balanced inert
type (SBI); Group III - strong unbalanced type of
HNA (SU); Group IV — weak type of higher nerv-
ous activity (W). Nutritional deprivation was
performed for 36 hours. Blood samples obtained
before food deprivation, one and three days af-
ter it were used as material for the study. The
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content of total protein, albumin, globulins, and
their fractions was determined in the blood plas-
ma of dogs and the value of the albumin-globu-
lin ratio was calculated (Vlizlo et al., 2012).

The experiment was carried out in com-
pliance with the requirements of the European
Convention (1986, March) and the Law of
Ukraine No. 3447-1V “On Protection of Animals
from Cruelty” (2006, February). Three tests
were conducted to determine the typological
features of nervous activity in dogs. It is im-
portant that all manipulations with animals are
carried out playfully to prevent stress.

Test 1. The animals were kept on a starva-
tion diet 24 hours before the experiment. After
that, the experimenter (a stranger to the dog)
took the animal to the exercise area with a plate
with a small amount of food, about 20 g (it is
important that the food is traditional for these
animals). Based on the results of this exper-
iment, the strength of the dogs’ nervous pro-
cesses was assessed, and the following scores
were awarded: 3 points — the animal reacts
normally to the experimenter and immediately
after the approach begins to eat food from the
plate; 2 points — the dog reacts with caution to
the experimenter, sometimes resists, eats food
immediately or after a certain period of time
(1-2 minutes) when approaching the plate,
constantly looks around and is distracted while
eating; 1 point — the dog reacts with caution
to the experimenter, resists, does not eat the
food at all or can only partially taste it when
approaching the plate. During the experiment,
it looks frightened. Based on the results of this
test, a conclusion was made about the strength
of the animals’ nervous processes. Animals that
scored 2 or 3 points were classified as dogs with
strong nervous processes, and those that scored
1 point were classified as dogs with weak nerv-
ous processes.

Test 2. Mobility of nervous processes. The
test was performed with animals with strong

nervous processes immediately after the first
test in the same place. To do this, the animal
was brought to two bowls (placed at a distance
of 1-1.5 m from each other), one of which con-
tained a small amount of food. It was given the
opportunity to eat this food. Then we took it
aside and filled the same bowl again (without
the animal seeing it). The animal was allowed
to eat the food. The test was carried out until
the animal made five consecutive approaches
to the food bowl. Each time, the animal was
led to an empty bowl. After that, the bowls
were swapped and the animal was allowed to
go in. The approaches were performed until
the conditioned reflex to a different location
of the food bowl was relearned. The number of
approaches for the formation and processing
of the reflex was recorded. Based on the test
results, the corresponding number of points
was assigned: 3 points — conditioned food re-
flexes were formed within 3-5 approaches and
reworked in 3-7 approaches; 2 points — condi-
tioned food reflexes were formed within 5-10
approaches and were not reworked or fixed in
more than 10 approaches; 1 point — during the
experiment it was not possible to form or re-
work conditioned food reflexes.

Test 3. Conducted immediately after the
second test. To do this, a significant amount
of food was poured into a bowl and the dog
was allowed to eat it freely. After 10-15 s after
the start of feed intake, an unexpected sound
stimulus was applied (a starting horn in a com-
pressed air canister of 400 Hz, 112 dB - at a
distance of 1 m, a ratchet and other means can
be used). After that, the animal’s reaction was
assessed: 3 points — the dog does not react at all
to the sound stimulus, or leans back more often,
gets scared, but continues to eat food from the
plate after a short period of time; 2 points — the
dog reacts strongly to the sound stimulus, leans
back, becomes frightened, and continues to eat
food from the plate after a long period of time
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(3-5 minutes); 1 point — the dog reacts strongly
to the sound stimulus, or the reaction to the
stimulus is inadequate and does not return to
eat food from the plate within 5 minutes.

Having conducted the experiment accord-
ing to the above methodology, the values of
strength, balance, and mobility of excitation
and inhibition processes in the cerebral cortex
were obtained, which allowed establishing the
affiliation of an individual animal to the cor-
responding type of HNA. Biometric data pro-
cessing was performed on a PC using MS Excel
software with built-in statistical functions. The
arithmetic mean (M) and its error (m) were de-
termined, and two-factor analysis of variance
and correlation were performed. The proba-
bility of differences in mean values was deter-
mined by the Student’s criterion. Changes in
indicators were considered significant at P<0.05
(including P<0.01 and P<0.001).

Results and Discussion

Today, there are a number of methods for de-
termining the typological characteristics of the
nervous system in dogs. However, most of them
are difficult to perform and require time and

resources. On the other hand, these methods
are only able to establish the temperament of
the animal, without characterizing the param-
eters of the main cortical processes. Improving
and standardizing assessment technology that
allows for the identification and improvement
of behavioural characteristics will be key to the
development of dog detection technology in
general (Lazarowski et al., 2020). Therefore, the
authors set out to develop an express method
for determining the type of HNA in dogs with a
scoring system for assessing the strength, bal-
ance, and mobility of cortical processes.

The parameters of the main characteris-
tics of nervous processes determine the speed
and quality of training of working and domestic
dogs. Dogs with strong and balanced nervous
processes are easy to train and are used for a
wide range of tasks (Liczner et al., 2021). After
conducting the experiment according to the
above-mentioned author’s methodology, the
values of indicators of strength, balance, and
mobility of the nervous processes of dogs were
obtained (Table 1). Animals with strong pro-
cesses of excitation and inhibition in the cer-
ebral cortex.

Table 1. Indicators of cortical processes in dogs with different types of higher nervous activity
(M#m, n=5; conventional unit)

Type of higher nervous Index of cortical processes
activity power balance mobility average score
SBM 3.00£0.00 2.80+0.22 2.80%0.22 2.87%0.15
SBI 2.80+0.22 2.60+0.27 1.00+0.00™ 2.13+0.09™
SU 2.80+0.22 1.00+0.00™ 2.40%0.27 2.07+0.08™
W 1.00+0.00" 1.00£0.00™" 1.00+0.00™ 1.00+0.00"

Note: A significant difference with a strong balanced mobile type of higher nervous activity: ” P<0.01; " P<0.001

Source: author’s development

The determination of the typological fea-
tures of the HNA in dogs using this methodolo-
gy made it possible to form experimental groups
of dogs, the Beagle breed, with different types of
HNA for further research. The obtained results
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of temperament tests in dogs are comparable in
terms of reliability to similar studies on cattle
and pigs (Danchuk et al., 2020). Higher nervous
activity, including the processes of thinking,
perception, emotions, decision-making, and
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other cognitive processes, affects the body’s
metabolism. This interaction occurs through
a complex system of signals and reactions be-
tween the nervous, humoral system and or-
gans involved in the regulation of metabolism
(Niijima, 1989; Berthoud & Neuhuber, 2019),
including protein metabolism. It was found that
the content of total protein and its fractions be-
fore the effect of food deprivation in dogs with
different types of HNA did not differ signifi-
cantly and did not exceed physiological limits
(Figs. 1-4).
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Figure 1. Content of total protein in the blood
plasma of dogs with different types of HNA,
g/L (M*m, n=5)

Note: Significant difference with the previous period of

research: "P<0.05; “"P<0.01
Source: author’s development
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Figure 2. Albumin content in the blood plasma
of dogs with different types of HNA,
g/L (M+m, n=5)
Note: Significant difference with the previous period of
research: "P<0.05; “P<0.01
Source: author’s development
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Figure 3. The content of globulins in the blood
plasma of dogs with different types of HNA,
g/L (M*m, n=5)

Note: Significant difference with the previous period of

research: "P<0.05

Source: author’s development
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Figure 4. The value of albumin-globulin ratio
in the blood plasma of dogs with different
types of HNA, units (M*m, n=5)

Note: Significant difference with the previous period of
research: "P<0.05; “P<0.01; ""P<0.001

Source: author’s development

According to M.E. Duckett et al. (2021),
signs of anxiety in dogs occur as early as four
hours after a missed feeding, which leads to the
gradual development of stress syndrome. The
highest priority of a dog’s metabolic processes
is the need to maintain blood glucose concen-
tration at a physiological level. At the same
time, both lipid and protein metabolism change
(Khoo et al., 2019). Under the influence of nutri-
tional deprivation, the content of total protein
in the blood plasma of dogs with SBM and SBI of
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the HNA type decreased within the trend, while
in dogs with SU and W type it was significantly
reduced by 10.3% (P<0.01) and 10.8% (P<0.05),
respectively (Figs. 5-7). A decrease in the con-
tent of total protein in the blood plasma of
dogs was also recorded by C.G. Vecchiato et al.
(2023), which, in their opinion, is explained by
the development of stress in animals.

16.5
16
15.5
15
14.5
X 14
13.5 /‘\
13
12.5 +
Before the In a day In 3 days
influence of
the stimulus
—4—SBM SBI —e—SU —e—W

Figure 5. The content of a-globulins
in the blood plasma of dogs with different
types of HNA, % (M#*m, n=5)
Source: author’s development
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influence of
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—4—SBM SBI ——SU -—e—W

Figure 6. The content of B-globulins
in the blood plasma of dogs with different
types of HNA, % (M+m, n=5)
Note: Significant difference with the previous period of
research: *P<0.05; **P<0.01
Source: author’s development
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Figure 7. The content of y-globulins
in the blood plasma of dogs with different
types of HNA, % (M+m, n=5)
Note: Significant difference with the previous period of
research: *P<0.05

Source: author’s development

The decrease in the content of total pro-
tein in the blood plasma of dogs under short-
term food deprivation was due to albumin.
The content of globulin fractions in the blood
plasma of dogs did not change significantly. At
the same time, the content of albumin in the
blood plasma of dogs of SBM, SBI, SU and W
type of HNA decreased by 13.2% (P<0.05), 7.9%
(P<0.001), 16.2% (P<0.001) and 18.3% (P<0.05),
respectively, during the day from the begin-
ning of the experiment. The researchers note
that the reasons for the decrease in plasma
albumin levels may be a lack of protein in the
diet, starvation, and stress (Van De Wouw &
Joles, 2022). As for the decrease in albumin
levels due to short-term nutritional depriva-
tion, its mechanism is apparently not so much
related to its deficiency (as it will not appear in
a day), but rather to stress and adaptive meta-
bolic changes. Differences in the content of this
protein fraction in blood plasma are probably
due to the different reactivity of dogs with dif-
ferent temperaments. Protein metabolism, ac-
cording to M.A. Tarnopolsky (2000), serves as
an auxiliary source of energy during exhaustive
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exercise. However, as noted by M.]. Rennie et al.
(2006), under certain conditions, the percent-
age of energy metabolism from protein sources
can reach 20%. Obviously, the decrease in the
content of total protein and albumin in the
blood plasma of dogs under the influence of
food deprivation may be associated with the
use of blood proteins as an additional source of
energy during short-term food deprivation.

Some researchers have proposed a number
of potential markers of stress, among which
the albumin-globulin ratio is mentioned (Ijiri
et al., 2022). This is justified by the inflamma-
tory and acute-phase response that is known to
occur under stress. As a result of these changes
in various protein fractions of blood plasma,
within a day of the onset of food deprivation,
the value of the albumin-globulin ratio in the
blood plasma of dogs decreased by 7.8-15.1%,
which confirms the development of a stressful
state in animals.

Three days after the effect of food depriva-
tion, the content of total protein in the blood
plasma of dogs with different types of HNA
did not change significantly, while the content
of albumin in dogs with SBM type of HNA in-
creased by 11.4% (P<0.01). This pattern was
also found in animals with other types of HNA.
However, these differences had the character of
a trend (6.0-13.1%). It should be noted that the
lower content of albumin in the blood plasma of
dogs with SU and W types of HNA, respectively,
by 11.4% (P<0.05) and 19.1% (P<0.001) of the
indicators of animals with SBM type. The con-
tent of globulins in the blood plasma of dogs
from the first to the third day from the begin-
ning of the study decreased in dogs depending
on the type of HNA by 6.7-8.5%. The content of
globulins in the blood plasma of dogs with HF
and mild type of HNA three days after the start
of the study was 9.7% (P<0.05) and 8.9% less
than in animals with SBM type, respectively.
Due to the dynamic changes in the content of

albumin and globulins in the blood plasma of
dogs, there was a significant increase in the
value of the albumin-globulin ratio in the blood
plasma of dogs depending on their type of HNA
by 17.2-23.7% (P<0.05-0.001).

J.W. Oltjen (2013) reports that the state of
protein metabolism determines and regulates
most chemical transformations in the mam-
malian body. Most proteins found in the blood
plasma are formed in the liver. This includes al-
bumin, as well as a,, a, globulins, some 8 glob-
ulins, fibrinogen, and some clotting factors. On
the other hand, the rest of the B- and y-globu-
lins are produced by cells of the immune system
(Humbert et al., 2002). Therefore, the dynamic
changes in protein metabolism metabolites in
the blood of dogs under the influence of short-
term nutritional deprivation indicate the corre-
sponding functional changes in liver tissue and
the state of the immune system. Despite the
lower variability of total globulins in the blood
plasma of dogs under the influence of food dep-
rivation compared to the content of albumin,
the level of different globulin fractions under-
went significant changes (Figs. 5-7). It should be
noted that the proportion of a- and B-globulins
increased in the day after the onset of food dep-
rivation, and the proportion of y-globulins de-
creased in the blood plasma of dogs of all types
of HNA. Although these changes were mostly
in the nature of trends. The most reactive were
dogs with type W of HNA, in particular, in these
animals, the proportion of a- and B-globulins in-
creased by 1.2% and 6.4%, respectively, one day
after the onset of food deprivation (P<0.05), and
the content of y-globulins decreased by 3.4%
(P<0.05). It is known that a decrease in the level
of immunoglobulins in the blood plasma of dogs
under stress negatively affects their resistance to
infectious diseases (Lensen et al., 2019).

It should be noted that as of 2023, cortisol
and secretory immunoglobulin A are widely
used as an indicator of acute stress in dogs of
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all ages. H. Zeier et al. (1996) attributed the
increase in secretory immunoglobulins after
short-term stressors to the action of cortisol. At
the same time, there is evidence of a decrease
in the level of immunoglobulins A under stress
in dogs (Fahlman et al., 2001). In children, high-
er cortisol concentrations were associated with
lower immunoglobulin concentrations, and this
was associated with a higher incidence of dis-
ease (Watamura et al., 2010). Thus, the available
data on the reactivity of the humoral immune
system under stress in dogs is rather contradic-
tory. It is obvious that the content of immuno-
globulins in the blood plasma of dogs during
short-term food deprivation decreases during
the day due to the secretion of hormones and
mediators of the stress system, which suppress-
es immunoreactivity. Later, by the third day of
the study, corticosteroids, in particular cortisol,
stimulate the function of cells that produce an-
tibodies, resulting in an increase in the content
of immunoglobulins in the blood plasma. Thus,
three days after the start of the study, the con-
tent of various globulin fractions in the blood
plasma of dogs with SBM, SBI and SU type of
HNA returned to the values that were before
the start of the study. Whereas, in dogs with
W type of the HNA, the content of a-globulins

continued to increase and was 2.2% higher
than before the experiment, while the level of
y-globulins became lower by 2.8% (P<0.05).
Thus, three days after the start of the study,
the content of B-globulins in the blood plas-
ma of dogs with type W of the HNA was 3.4%
higher (P<0.05) and y-globulins was 3.0% lower
(P<0.01) compared to animals with type SBM.

Functional between the
strength, balance, and mobility of cortical pro-
cesses and the intensity of protein metabolism,
as well as the degree of influence of individual
characteristics of the nervous system on the
indicators of their metabolism in pigs, have al-
ready been established (Karpovskyi et al., 2017).
The results of our studies indicate that before
the effect of food deprivation, the balance of
nervous processes had a direct correlation with
the albumin content in the blood plasma of
dogs (r=0.47; P<0.05), while other indicators of
protein metabolism did not significantly cor-
relate with the main characteristics of nervous
processes (Table 2). However, already a day af-
ter the effect of food deprivation, a direct re-
lationship between the strength and balance
of nervous processes in dogs and the content
of total protein and albumin appeared (r=0.55-
0.72; P<0.05-0.001).

connections

Table 2. Relationships of the main characteristics of nervous processes with indicators of protein
metabolism in the blood plasma of dogs (n=20)
Characteristics of nervous processes

Study period power balance mobility
r D r D r D
Total protein

Before the stimulus 0.36 0.13 0.24 0.06 0.24 0.06

A day later 0.55" 0.30" 0.64™ 0.41™ 0.23 0.05

In 3 days 0.67" 0.44™ 0.67" 0.45™ 0.33 0.11
Albumins

Before the stimulus 0.33 0.11 0.47 0.22° 0.38 0.15

A day later 0.55° 0.30" 0.72" 0.52™ 0.30 0.09

In 3 days 0.73™ 0.53™ 0.71° 0.50™" 0.36 0.13
Globulins

Before the stimulus 0.25 0.06 -0.04 0.00 0.04 0.00

A day later 0.39 0.15 0.39 0.15 0.10 0.01

Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 4




Indicators of protein exchange in dogs...

Table 2. Continued

Characteristics of nervous processes

Study period power balance mobility
r D r D r D
In 3 days 0.37 0.14 0.41 0.17 0.18 0.03
Albumin-globulin ratio

Before the stimulus 0.00 0.00 0.39 0.15 0.24 0.06

A day later 0.21 0.04 0.38 0.14 0.22 0.05

In 3 days 0.55" 0.31" 0.50° 0.25° 0.27 0.07
a-Globulins

Before the stimulus -0.19 0.04 -0.19 0.04 0.02 0.00

A day later -0.18 0.03 -0.25 0.06 0.00 0.00

In 3 days -0.51" 0.26™ -0.34 0.12 0.26 0.07
B-Globulins

Before the stimulus 0.10 0.01 -0.27 0.07 -0.19 0.04

A day later -0.29 0.08 -0.37 0.14 -0.30 0.09

In 3 days -0.56™ 0.31" -0.44" 0.19° -0.29 0.08
y-Globulins

Before the stimulus -0.10 0.01 0.09 0.01 -0.02 0.00

A day later 0.39 0.15 0.36 0.13 0.26 0.07

In 3 days 0.62" 0.39™ 0.35 0.12 0.32 0.10

Notes: 1. ris the correlation coefficient, D is the coefficient of determination. 2. Indicators are reliable for: "P<0.05;

“P<0.01; ""P<0.001
Source: author’s development

Three days after the start of the study, the
relationship between the strength of nervous
processes and the content of total protein and
albumin only increased (r=0.67-0.73; P<0.01-
0.001), while the relationship with balance
did not change significantly. In addition, there
was an inverse relationship between a- and
B-globulins (r=-0.51-0.56; P<0.01) and a direct
relationship with the content of y-globulins
(r=0.62; P<0.01) and the strength of nervous
processes. At the same time, the balance of
nervous processes was inversely related to the
content of B-globulins (r=-0.44; P<0.05). There
were no significant correlations between the
mobility of nervous processes and the studied
indicators of protein metabolism in the blood
plasma of dogs during the experiment.

The effect of nutritional deprivation on
biochemical changes in the body of dogs is
a sufficiently studied issue, in particular,
changes in metabolism at different duration
of fasting have been established. For exam-
ple, M.E. Duckett et al. (2021) noted that me-
tabolism in dogs changes significantly after a
day without food consumption. A two-factor
analysis of variance determined that short-
term nutritional deprivation had a significant
effect on the content of albumin, globulins,
B-globulins, y-globulins, and the value of the
albumin-globulin ratio in the blood plasma of
dogs. At the same time, the effect of the irritant
on the content of total protein and a-globulins
in the blood plasma of these animals was not
observed (Table 3).

Table 3. Multivariate variance analysis of indicators of protein metabolism in the blood of dogs
with different types of HNA under the effects of food deprivation

Source of variation SS df MS F P-value F critical
Total protein
HNA type 390.1 3 130.0 11.2 <0.001 2.90
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Table 3. Continued

Source of variation SS df MS F P-value F critical
Action of the stimulus 5.11 1 5.11 0.439 0.512 4.15
Interconnection 0.299 3 0.100 0.009 0.999 2.90
Internal 372.8 32 11.7 - - -
In total 768.3 39 - - - -
Albumins
HNA type 172.2 3 57.4 14.6 <0.001 2.90
Action of the stimulus 75.1 1 75.1 19.1 <0.001 4.15
Interconnection 1.20 3 0.402 0.102 0.958 2.90
Internal 126.0 32 3.94 - - -
In total 374.5 39 - - - -
Globulins
HNA type 48.2 3 16.1 3.02 0.044 2.90
Action of the stimulus 41.0 1 41.0 7.71 0.009 4.15
Interconnection 0.614 3 0.205 0.039 0.990 2.90
Internal 170.0 32 5.31 - - -
In total 259.8 39 - - - -
Albumin-globulin ratio
HNA type 0,078 3 0.026 3,12 0.040 2.90
Action of the stimulus 0.274 1 0.274 32.7 <0.001 4.15
Interconnection 0.004 3 0.001 0.176 0.912 2.90
Internal 0.268 32 0.008 - - -
In total 0.624 39 - - - -
a-Globulins
HNA type 21.7 3 7.23 1.497 0.234 2.90
Action of the stimulus 4.23 1 4.23 0.876 0.356 4.15
Interconnection 10.5 3 3.49 0.724 0.545 2.90
Internal 154.4 32 4.825 - - -
In total 190.8 39 - - - -
B-Globulins
HNA type 99.1 3 33.0 4.07 0.015 2.90
Action of the stimulus 319.2 1 319.2 39.3 <0.001 4.15
Interconnection 1.08 3 0.358 0.04 0.9871 2.90
Internal 259.6 32 8.11 - - -
In total 679.0 39 - - - -
y-Globulins
HNA type 48.7 3 16.2 5.52 0.004 2.90
Action of the stimulus 34.2 1 34.2 11.7 <0.001 4.15
Interconnection 6.88 3 2.29 0.780 0.514 2.90
Internal 94 32 2.94 - - -
In total 183.8 39 - - - -

Notes: df — the number of factor levels (-1); F is the criterion for evaluating the influencing factor on the dependent
variable; F critical - critical value of the impact factor; MS — mean square; SS — sum of squares; P is reliability
Source: author’s development

The role of HNA in the regulation of me-  nervous system and the main characteristics of

tabolism in mammals is undoubted, but the nervous processes on metabolism, in particular,
mechanisms of regulatory influence of the proteins, remain poorly defined (Niijima, 1989;
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Myers Jr & Olson, 2012). According to Table 3,
the type of HNA had a significant effect on the
content of total protein, albumin, globulins,
B-globulins, y-globulins and the value of the
albumin-globulin ratio in the blood plasma of
dogs. The influence of dog temperament on the
content of a-globulins was not observed. Thus,
taking into account the obtained patterns of
protein metabolism in dogs with different types
of HNA and establishing the relationship be-
tween the main characteristics of nervous pro-
cesses and indicators of their metabolism in the
blood can be used in the development of new
methods of metabolic correction depending on
the temperament of animals.

Conclusions

The new method of determining the typolog-
ical features of the nervous system in dogs al-
lows reliably establishing their type of higher
nervous activity within 30-60 minutes of the
experiment. A significant effect of short-term
nutritional deprivation on the content of cer-
tain indicators of protein metabolism in the
blood plasma of dogs with different types of
HNA was determined. Under the action of the
stimulus during the day, the albumin content
in the blood of dogs decreased and the ratio of
globulins changed, in particular, the propor-
tion of a- and B-globulins increased and the

Under the influence of nutritional depri-
vation, changes in plasma protein metabolism
are closely related to the main characteristics of
nervous processes in dogs. Three days after the
onset of short-term nutritional deprivation, a di-
rect correlation between the strength of nervous
processes and the content of total protein and
albumin (r=0.67-0.73; P<0.01-0.001), y-globu-
lins (r=0.62; P<0.01) and an inverse correlation
with the content of a- and B-globulins (r=-0.51-
0.56; P<0.01) in the blood plasma of dogs was es-
tablished. The balance of nervous processes was
inversely related to the content of B-globulins
(r=-0.44; P<0.05) in the blood plasma of dogs. No
significant correlations between the mobility of
nervous processes and the studied indicators of
protein metabolism in the blood plasma of dogs
were observed during the experiment.

The two-factor analysis of variance revealed
a significant effect of short-term food depri-
vation on the content of albumin, globulins,
B-globulins, y-globulins and the value of the
albumin-globulin ratio (F=3.02-14.6>FU=2.90;
P<0.05-0.001) in the blood plasma of dogs. In
the future, it will be useful to study the devel-
opment of methods for correcting protein me-
tabolism with the help of nanoaquahelates feed
additives, taking into account the characteris-
tics of the nervous system of dogs.

proportion of y-globulins decreased. The most Acknowledgements
pronounced changes in protein metabolism  None.
under the influence of short-term food depri-
vation were found in animals with a weak type Conflict of Interest
of HNA. None.
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AHoTalisl. AKTyaJbHICTh [OCTIIKEHHSI 3yMOBJIEHA BiJICYyTHICTIO Ha ChOTOMIHI OaHUX IOM0
KOPTUKaJIbHMX MeXaHi3MiB perynsnii o6MiHy G6inkiB B opraHismi cobak, Ha IO BaXKIUBO
3BaKaTM y po3pobIli METOMiB KOPUTYBaJIbHOTO BILUIMBY Ha MeTaboji3M. MeTa po6oTH Tossraia
y BM3HAUeHHi ocob6iuBocTeil 06MiHY OiKiB y cobaKk i3 pi3HMMM TUIIAMM BUINOI HEPBOBOI
IiSUTbHOCTI Ta BCTAHOBJIEHHSI B3a€MO3B’SI3KiB OCHOBHUX XapaKTepPUCTUK HEPBOBUX IPOIECiB i3
MOKasHMKaMM 00MiHy 6i/IKiB B KpoBi. [IpOBigHMM METOIOM y JOCTiIsKeHHi 1IbOTO MUTAaHHS Oy/a
HOBA METOAMKA BU3HAUEHHS TUTIOTIOTIYHUX OCOBIMBOCTEN HEPBOBOI cUCTEMM Y CO6AK, a OTPUMaHi
6anM cuiM, BPiBHOBasKEHOCT] i PyXJIMBOCTI HEpBOBMX IPOLECIB CIIPUSIIM BUSIBIEHHIO CTYIIEHSI
iX BIUIMBY Ha ITOKa3HMKYM OOMiHY OiJIKiB. BCcTaHOBIEHO MOCTOBipHMII BIUIMB KOPOTKOTPUBAIOL
XapuoBOi AernpuBallii Ha BMiCT OKpeMuX IMOKa3HMKiB 06MiHY 6iJIKiB B KpOBi co0aK 3aJIe3KHO Bif ix
TeMIlepaMeHTy. 3a il MoApasHMKa BIPOIOBXK J06M B KPOBi coOaK Bimmivaay 3MeHIIEHHS PiBHS
anbOyMiHIB Ta 3MiHM y CHiBBiZHOIIEHHI IJIOGY/iHIB, 30KpeMa, 3POCTAHHS BiZHOCHOTO BMIiCTY
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a- i B-mI06GYITiHIB Ta 3MEHIIeHHS — Y-TITI00Y/IiHiB. BusHaueHo, 1110 THUIT BUIIIOT HEPBOBOI AisSTBHOCTI
YMHUTD JOCTOBiPHMII BILUTMB Ha BMiCT 3aTaIbHOTO MPOTeiHy, ab6yMiHiB, I106Y/IiHiB, B-T/T06YIiHIB,
y-TI06yMiHIB Ta BeMMUMHY aabOyMiHO-IoGyniHoBoro criBBigHommeHHs (F=3,02-14,6>FU=2,90;
P<0,05-0,001) y ruiasmi kpoBi cobak. BusiBieHO mpsiMuii 3B’I30K CWJIM HEepPBOBUX IPOLIECiB i3
yMiCTOM 3arajabHOro MpOTeiHy Ta aabOyMiHiB, y-rmobymiHiB (r=0,62-0,73; P<0,01) Ta ob6epHeHwMii
B3a€MO3B’SI30K MiX yMicTOM a- i B-mno6yniniB (r=-0,51-0,56; P<0,01) uepe3 Tpu mobu micist
I0YaTKy KOPOTKOTPMBAJIOI XapuoBoi mempuBaliii. BpiBHOBaskeHiCTh HEPBOBMX IIpOLieciB 6yia
06epHeHO B3a€MO3B’sI3aHa 3 yMicTOM B-ro6yiiHiB (r=-0,44; P<0,05). OTpumani pyHmaMeHTaIbHi
3HAHHS CTAHOBJISITh IPAKTUYHY I[iHHICTb /ISt PO3POOKM HOBUX, CYUYaCHNX METO/IiB KOPeKLii 06MiHy
PEeUOBMH i3 ypaxyBaHHSIM TeMIlepaMeHTy TBapuH

KniouoBi c1oBa: anbOymiHM; [I0OOyIiHM; 3arajbHMii MpOTEiH; aabOyMiHO-IJI0GYITiHOBE
CITiBBiAHOIIIEHHST; TJIa3Ma KPOBi; TeMIIepaMeHT
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Abstract. The relevance of the research is due to the spread of protozoal diseases of animals,
which, in the absence of the necessary veterinary care, lead to death. In this regard, the aim of
the study was to investigate changes in clinical and haematological parameters in dogs under
complex treatment of babesiosis with simultaneous red blood cell transfusion. Transfusions were
performed in five animals infected with Babesia canis by intravenous injection of red blood cells,
the volume of which was calculated using the Sackmen formula. The diagnosis of babesiosis was
made based on anamnesis, clinical symptoms (weakness, refusal to food, pallor of visible mucous
membranes, fever up to 40°C), and confirmed by microscopic detection of babesiae in blood smears.
Before transfusion, rapid tests were performed to exclude heartworm disease in donor dogs.
The compatibility of the blood of the donor and recipient animal was determined using a large
cross-test. The condition of the abdominal organs of the patients was assessed using ultrasound
diagnostics. Clinical examination of the dogs’ blood before treatment indicated the development
of anaemia. The results of biochemical blood tests indicated an increase in the activity of alanine
aminotransferase and gamma-glutamyl transpeptidase, which indicates a load on the hepatobiliary
system. There were no contraindications to blood transfusion. After haemotransfusion, the clinical
condition of the dogs was monitored based on the results of the examination of the animals, taking
into account the anamnesis and haematological studies on the second, fifth, and tenth days of
treatment. During the second and fifth days, a gradual increase in blood haemoglobin content and
haematocrit value was noted. On the tenth day, there was a significant positive trend in the number
of red blood cells, haemoglobin content and haematocrit to the reference values. It was established
that the use of red blood cell transfusion in dogs with babesiosis as part of therapy contributed to
the fastest recovery of the general condition of the animal. The material of the article is of practical
value for the use of red blood cell transfusion in the treatment of dogs with babesiosis

Keywords: hemotransfusion; blood groups; blood components; hemoglobin; haematocrit; enzymes

Introduction

The practice of blood transfusion has a long his-
tory. Blood has been used for various diseases,
blood loss, stimulation of various organs and
systems (Zaremba et al., 2022), detoxification,
haemostasis, and parenteral nutrition (Muche
et al., 2023). Blood transfusion has been used in
veterinary medicine since the 1950s and has be-
come an important aspect of intensive and emer-
gency therapy for dogs (Herter et al., 2022). Sci-
entific advances in recent years (Gul et al., 2023)
have contributed to the development and imple-
mentation of haemocomponent therapy.

Over the past decades, interest in transfu-
siology has been growing. Today, many dogs re-
ceive blood or blood components as part of their
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treatment, if necessary. Plasma components,
such as fresh frozen plasma, are used mainly for
the treatment of coagulopathies. Plasma con-
tains therapeutic levels of functional clotting
factors, which are an important component of
the treatment of many congenital and acquired
coagulopathies. In allogeneic transplantation,
healthy stem cells from bone marrow, periph-
eral blood or umbilical cord blood donors are
used as a source to restore haematopoietic
function in patients (Gul et al., 2023). Haemo-
transfusion of red blood cells increases pa-
tients’ haemoglobin levels and reduces hypoxia
(Maliuk et al., 2022). Transfusion of blood,
plasma or moulded cells can cause potentially
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life-threatening reactions in recipients (Herter
et al., 2022). Blood transfusion in animals is
always associated with immunological risks.
Factors affecting the effectiveness of transfu-
sion include immune and non-immune factors
(Malyuk et al., 2023). It should be noted that
transfusion-related complications occur de-
spite the correct protocols for blood collection
from donor animals, storage, and preparation
for transfusion of blood and its components (in
vitro immune reactions) to recipient animals
(Maliuk et al., 2022).

Blood transfusions are mainly performed
on patients in intensive care. Therefore, addi-
tional complications arising from violations in
the technology of donor blood storage should be
avoided. Red blood cells undergo changes that
are considered to be a series of interdependent
processes, including metabolic disorders and ox-
idative stress. Haematological changes and oxi-
dative stress are present as early as the first week
of storage, leading to depletion of the antioxi-
dant system and further accumulation of oxida-
tion products, as well as erythrocyte haemolysis,
which is most pronounced at the end of storage
(Bujok et al., 2022). Blood transfusion is increas-
ingly used in veterinary medicine. Indications for
blood transfusion are conditions associated with
severe anaemia (Herter et al., 2022). Anaemia is
a condition of reduced oxygen carrying capacity
of the blood, which can be caused by an absolute
decrease in the number of red blood cells, hae-
moglobin content and haematocrit value. In re-
cent years, there has been a spread of protozoal
diseases in animals, which, in the absence of the
necessary veterinary care, can lead to death. One
of these diseases is babesiosis, which has been
registered throughout Europe. This pathology
causes changes in the circulatory system, which
are manifested by direct damage to red blood
cells (Penzhorn, 2020).

According to R. Zaremba et al. (2022), it was
found that whole blood transfusion is a safe

and physiological way to eliminate acid-base
and blood-gas disorders associated with severe
babesiosis in dogs. In recent years, the issue of
haemotransfusion in dogs has become more
widely known and increasingly used in the
practice of veterinarians. Taking into account
all the above, the aim of the study was to inves-
tigate the effect of red blood cell transfusion on
clinical and haematological parameters in dogs
with haemolytic anaemia caused by babesiosis.

Literature Review

Babesiosis is an acute or chronic vector-borne
disease that affects carnivores. The main
symptoms inherent in this pathology are high
body temperature, anaemia, jaundice of the
mucous membranes, nervous system disor-
ders and digestive system functions (Levytska
et al., 2020). Babesia is a protozoan that be-
longs to the Protozoa type and is the causative
agent of Babesia canis. They can have different
shapes (round, oval, pear-shaped, amoeboid)
and are found in red blood cells. As a result
of B. canis infection in dogs, the functions of
all organs and systems are impaired, and mor-
phological changes develop (Penzhorn, 2020).
A. Almendros et al. (2023) indicate that Babe-
sia spp. are intraerythrocytic, tick-borne hae-
matozoan parasites that infect a wide range of
mammals, including cattle, dogs, cats, and hu-
mans. Babesiosis is a complex of diseases caused
by the infection of some hosts, in particular cat-
tle and dogs, with certain Babesia species.
According to A. Corali¢ et al. (2018), ca-
nine babesiosis, caused by various Babesia
species, is a protozoan tick-borne disease of
worldwide distribution and global significance.
Babesiosis infection is common among dogs
not only in Europe (Penzhorn, 2020) but also
on other continents (Yin et al., 2022). Accord-
ing to D.H. Muguiro et al. (2023), the preva-
lence in stray populations is up to 40%. Their
recent study identified B. gibsoni as the most
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common Babesia spp. infecting dogs in Hong
Kong (>90%), followed by B. vogeli. The study
by G. Baneth et al. (2019) showed that three
completely different vector-specific parasite
species existed in specific geographic regions,
the response of animals to infection varied
from subclinical to acute, and it was found that
immunity to one parasite species did not neces-
sarily protect against infection with other spe-
cies. A.]. Birkenheuer et al. (2003) indicate that
natural transmission in dogs occurs via Ixodes
ticks, but horizontal transmission via fights,
blood transfusions or transplacental transmis-
sion has been reported. Similar transmission
routes are also found in cats. Although defini-
tive evidence of regional tick species is lacking,
D.H. Muguiro et al. (2023) suggest that the ticks
Rhipicephalus sanguineus sensu lato and Hae-
maophysalis longicornis are likely to be vectors.
A. Almendros & R. Burchell (2021) noted that
infected dogs are often asymptomatic and the
diagnosis of babesiosis infection is incidental.
A feature of the pathogenesis of the disease
is the multiplication of the causative agent of
babesiosis in the red blood cells of a suscepti-
ble animal. Most often, erythrocytes located in
the vessels of the microcirculatory system are
affected. The metabolic products of parasites
released in this process often cause dysfunction
of the hematopoietic organs, which leads to cir-
culatory disorders. Research results show that
the pathogenesis of this disease is dominated by
the breakdown of red blood cells, which results
in anaemia. As a result of the destruction of af-
fected red blood cells in the liver, free haemo-
globin appears in the blood, which is excreted in
the urine in unchanged form or as urobilinogen
(Schober et al., 2018). R. Narurkar et al. (2017)
note that one of the main causes of poisoning in
babesiosis is the waste products of the pathogens
of this disease. Against the background of rapid
destruction of red blood cells, a hypoxic state de-
velops in the body of animals. The activity of the
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respiratory function of the blood decreases. The
rate of aerobic biochemical processes and their
total volume decrease. Energy expenditure is
levelled out by the production of lactate (lactic
acid) in the process of glucose breakdown. Lac-
tic acid is produced in large quantities, which
far exceeds the capacity of the buffer systems of
cells. This causes the development of acidosis
due to a shift in pH to the acidic side.

In allergic reactions, babesia, their waste
products, and infected red blood cells (endoal-
lergens) act as allergens. The cells of the im-
mune system recognize them as foreign and
destroy them. If the immune system also de-
stroys non-invasive red blood cells, autoallergic
processes develop, which lead to a sharp pro-
gression of anaemia. Y. Otsuka et al. (2002) and
AK. Ebelt et al. (2020) reported that dogs can
develop immune-mediated haemolytic anaemia
(IMHA) and thrombocytopenia (IMTP), which is
a secondary infection of Babesia. The results of
]J.P. Schoeman’s (2009) research indicate that the
main clinical manifestations in dogs with babe-
siosis are regenerative haemolytic anaemia and
thrombocytopenia. S.Y. Wong et al. (2022) note
that transfusion of blood and its components
is effective in animals with anaemia of vari-
ous genesis (post-haemorrhagic, haemolytic,
aplastic). B. Davidow et al. (2013) point out that
anaemia is quite common in animals. A state of
decreased oxygen carrying capacity develops,
which can be caused by an absolute decrease
in the number of red blood cells, haemoglobin
concentration or cell volume, which requires im-
mediate intervention by veterinary specialists.
E. Rozanski & A.M. de Laforcade (2004) stated in
their work that indications for blood transfusion
are conditions associated with severe anaemia —
a decrease in the number of red blood cells,
white blood cells, platelets, blood coagulation
factors, as well as due to acute blood loss. Thus,
the reaction of the immune system in recipient
animals after transfusion is of concern.
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The results of studies by I. Goralska &
O. Pinsky (2016) indicate that blood is an ex-
cellent diagnostic test for diseases of various
geneses. After all, haematopoietic organs are
extremely sensitive, especially in the patholog-
ical state of the body, to the effects of various
physiological factors. That is why the study of
the morphological composition of the blood of
dogs with babesiosis when using blood compo-
nents during drug therapy of patients remains
an urgent issue.

Materials and Methods

The studies were conducted at the Educa-
tional and Research Laboratory (ERL) “Animal
Blood Bank” of the Department of Surgery and
Pathophysiology named after Academician
1.0. Povazhenko and at the Educational and Re-
search Clinical Centre (ERC) “Vetmedservice”
of the National University of Life and Environ-
mental Sciences of Ukraine (NULES) during
2022-2023. The animal experiments were con-
ducted in compliance with the requirements of
the Law of Ukraine No. 3447-IV “On the Protec-
tion of Animals from Cruelty” (2006) and the
provisions of the European Convention for the
Protection of Vertebrate Animals Used for Ex-
perimental and Scientific Purposes (1986). Per-
mission to use animals in research according
to the relevant scheme was obtained from the
local bioethics’ committee of the National Uni-
versity of Life and Environmental Sciences of
Ukraine (dated 27.10.2020), protocol No. 31-1.
The animals were kept, transfused, manipulat-
ed, and the studies were performed at the Ani-
mal Blood Bank of the Department of Surgery
and Pathophysiology named after Academician
1.0. Povazhenko of the National University of

Life Sciences of Ukraine and at the Vedmedser-
vice Research Centre.

Sick dogs were clinically examined. The
study was conducted according to generally
accepted methods. First, anamnesis data was
collected, and then the animals were thermo-
metrically examined. The pulse rate and the
number of respiratory movements per minute
were counted, auscultation, percussion, pal-
pation, etc. were performed. The animals were
vaccinated and fed on premium commercial dry
feed. To confirm the diagnosis of babesiosis,
microscopic examination of thin smears from
capillary blood stained with Leukodif 200 (LDF
200) stain (Erba Lachema, Czech Republic) was
performed. The intensity of parasitemia in dogs
was determined by the rate (%) of Babesia in-
fection of erythrocytes. Haematological studies
were performed using an automatic haemato-
logical analyser (MINDRAY BC-2300b, China).
The morphological examination of dogs’ blood
included counting the number of red blood cells
(10'%/L), leukocytes (10°/L), platelets (10%/L), and
haematocrit. Biochemical analysis of blood plas-
ma was performed on a semi-automatic analyser
(StatFax 1904, Awarness Technology, USA).

To exclude structural changes in the ab-
dominal cavity, all dogs underwent ultrasound
examination (US). Visual methods of examina-
tion of the abdominal organs were performed
using an Esaote Mylab 50 device (USA). For the
study, a sample of 5 dogs of the same age group
and with a similar clinical picture of babesiosis
was made (Table 1). All animals underwent a
general clinical examination, abdominal ultra-
sound, morphological and biochemical blood
tests, and a native blood smear for babesia in-
fection.

Table 1. Experimental dogs suffering from babesiosis (n=5)

The nickname of the dog Age, years Sex Weight, kg Body temperature, °C
Yuki 3.5 Female dog 28 39.7
Asya 4 Female dog 24 39.3
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Table 1. Continued

The nickname of the dog Age, years Sex Weight, kg Body temperature, °C
Baghira 3 Female dog 29 40.0
Milady 3.5 Female dog 21 39.6
Moly 4.5 Female dog 27 39.8

Source: author’s development

The blood of the donor dogs was exam-
ined for morphological and biochemical blood
parameters (erythrocytes, leukocytes, haema-
tocrit, and haemoglobin content), blood par-
asitic diseases (babesiosis and heartworm dis-
ease), and blood groups were determined. In
preparation for haemotransfusion, the blood
group of the recipient dog was determined, and
in vitro compatibility tests were performed on
the blood of the donor and recipient dogs. Thus,
in order to avoid complications during the
transfusion of blood components from donor

to recipient, group and individual compatibility
was determined (large crossmatch).

The large crossover test was performed
in a Micromed BV-4 water bath (Ukraine) at a
temperature of 37°C. In this case, the serum of
the recipient animal and the blood of the do-
nor animal were mixed on a slide in a ratio of
1:5; 1:10. The reaction time was 5 min. After
that, a microscopic examination was performed
(Fig. 1). In the absence of agglutination, the
biological sample was analysed for individual
compatibility.

D.© Q

Figure 1. Large crossover sample. The agglutination reaction is negative (magnification x40)

Source: author’s development

The blood group was determined using the
RapidVet-H (Canine) test system (Italy). This
assay is based on an agglutination reaction
that occurs when the DEA 1.1 antigen, which
is found on the surface of red blood cell mem-
branes, interacts with a mouse monoclonal an-
tibody that is lyophilized on a test plate. The
monoclonal antibody was re-dissolved with a
solvent to form an antiserum and thoroughly
mixed with the patient’s whole blood. All DEA
1.1-positive red blood cells react with the an-
tiserum, causing agglutination. The antiserum
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does not react at all with all DEA 1.1-negative
erythrocytes. The results were determined vis-
ually. Dirofilariosis was tested using the Canine
Heartworm Rapid Test (CHW Ag) by ZRBIO
Ltd. Co. (China). The rapid test for the detec-
tion of specific antigens of mature females of
heartworm (Dirofilaria immitis) is based on
the immunochromatographic method (ICA),
which includes the reaction between antigens
(Ag) taken from a blood sample of a diseased
animal and monoclonal antibodies (Ab) applied
to a test strip in a cassette. A native smear test
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was performed, the essence of which was that a
drop of venous stabilized dog blood was exam-
ined under a microscope for the presence of live
heartworm larvae of stage 1. Laboratory tests of
blood were performed. The microscopic method

of diagnosing babesiosis was used. It is based
on the direct detection of babesia in erythro-
cytes by light microscopy with oil immersion
of thin and thick blood smears stained by the
Romanowsky-Gimse method (Fig. 2).

Figure 2. Lesion of erythrocytes B. Canis for microscopic examination
of canine capillary blood smears
Notes: a, b — magnification x1000; ¢ in — x400 magnification, manufacturing “Leukodif 200 (LDF 200)” (Erba
Lachema, Czech Republic)

Source: author’s development

Treatment of sick animals was carried out
according to the scheme: imkar (imidocarb di-
propionate, 120 mg/mL) in a dosage of 0.5 mL
per 10 kg of body weight subcutaneously, once;
cyanocobalamin 0.02% in a dosage of 1 mL per
animal, intramuscularly, once a day, for 5 days;
prednisolone (30 mg/mL) in a dosage of 0.5 mg
per 1 kg of body weight subcutaneously, once a
day, for 3 days; tioprotectin 2.5%, 4 mL per ani-
mal, intramuscularly, once a day, for 5 days. The
required blood volume (RBV) for hemotransfu-
sion was calculated according to the formula
given by Sackmen (1998).

Kx BW x (Hbg—Hbr)

RBV = Hbd

where: K is a constant coefficient (K=85) for
dogs, BW is the body weight of the recipient;
Hbg - necessary haemoglobin; Hbr — recipient’s
haemoglobin; Hbd — haemoglobin of the donor.

Allogeneic red blood cell transfusion was
performed after administration of the an-
tiparasitic drug. Red blood cells were admin-
istered to recipient animals once. The eryth-
rocyte mass of donors was stored for 10 days
in a pharmaceutical refrigerator “AEG-317”
(Denmark) at t 2-6°C in the conditions of the
educational and research laboratory “Animal
Blood Bank”. Microscopic studies of cells and
their photography were performed using a mi-
croscope — Sigeta Biogenic LED (China) with a
built-in camera for a microscope, Sigeta MDC-
560 CCD (China). The statistical processing of
the obtained research results was performed
using the computer program Microsoft Excel
for Windows 2000 with the determination of
the arithmetic mean (M), its error (m) and the
level of probability (P) using the Student’s
t-test table and the Tukey test with the Bon-
ferroni correction.
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Results and Discussion

According to the results of the clinical study
of animals, it was found that the increase in
body temperature of the studied dogs ranged
from 39.3°C to 40.0°C. The results of the study
coincide with the findings of I. Yeruham et al.
(1998), who indicate that animals with babesi-
osis showed the appearance of fever, which can
last for 8-10 days with a critical drop to normal
or subnormal levels in the terminal stage of the
disease. ]J.P. Schoeman (2009) explains this by
the fact that the destruction of red blood cells
releases a large amount of parasite waste prod-
ucts and heterogeneous proteins into the blood-
stream. This is what leads to the development
of general intoxication of the animal’s body and
the occurrence of a pyrogenic reaction.

The owners of the animals turned to the
veterinary clinic with complaints of decreased
appetite and apathy. There were no complaints
of vomiting or digestive tract disorders. Su-
perficial lymph nodes were not enlarged. Vis-
ible mucous membranes were pale or icteric.
M.P. Prus et al. (2017) note that in their prac-
tice, doctors often encounter various symptoms
of babesiosis. At the same time, jaundice and
haemoglobinuria may often be mild or absent,
whereas they were considered the main symp-
toms of the disease. Thus, clinically, babesiosis
can manifest itself in different ways, its syn-
dromes are unstable and in most cases insuffi-
ciently informative.

Auscultation of the chest revealed vesicular
breathing without extraneous noise. The heart
rate ranged from 85 to 105 beats per minute, the
pulse was rhythmic, and respiration was 20-24
breaths per minute. A mild degree of dehydra-
tion was also observed in the experimental ani-
mals. The reaction to external stimuli was mod-
erately reduced. No external visible injuries were
found during clinical examination of the dogs.
K.M. Young et al. (2019) note in their work that
the clinical manifestation of babesiosis can be
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observed in 3-5% of red blood cells. D.H. Muguiro
et al. (2023) indicate that a prolonged immuno-
suppressive state (about 6 weeks) may occur.
Without specific treatment, the mortality rate
can be up to 80%. A long time after the disease,
as found by Y. Otsuka et al. (2002) found that an-
imals remain parasite carriers.

Ultrasound examination (UE) of ani-
mals with babesiosis revealed that the liver
was not enlarged, with a smooth contour;
medium-grained echostructure, homogeneous;
echogenicity was typical; liver margin: sharp;
hepatic veins: unchanged; no focal lesions were
found. The gallbladder is of typical shape, the
wall is not thickened, the cavity is visualized.
No concretions with a complete distal acous-
tic shadow were detected, no parietal plaque
was noted. There was no kink in the gallblad-
der floor. Internal and extrahepatic bile ducts
were moderately dilated. The spleen was not
enlarged, with a homogeneous echostructure
and no neoplasms. The kidneys, both right and
left, were not enlarged, with smooth, clear con-
tours. They had a homogeneous, undeformed
and non-compacted parenchyma. The pelvis
was filled with fluid, with no signs of urinary
outflow disorders. No concretions or cysts were
found. The bladder was moderately filled, with-
out calculi and neoplasms. The uterus was not
visualized as the animals were sterilized. No
free fluid or focal lesions were found in the ab-
dominal cavity.

R. Narurkar et al. (2017) in their work ex-
pressed that in the cells of the body (mainly in
the liver) in a state of energy starvation, the
amount of neutralized toxic products decreases.
Toxins begin to increase acidosis due to accu-
mulation in tissues. In most internal organs,
according to S.M. Radulescu et al. (2021), in-
flammatory and dystrophic processes develop
against this background, leading to changes in
their functional state. That is why the general
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condition of animals deteriorates sharply in
babesiosis with toxicosis. In this case, animals
lose their appetite and the digestive process
is disrupted. Often, the excretory capacity of
the kidneys can also be sharply reduced, which
sometimes leads to acute renal failure, which
may be the result of clogging of the renal tu-
bules by damaged red blood cells.

No structural changes and concomitant
pathologies that could affect the statistical

reliability of the study results were recorded in
the dogs selected for the study based on the re-
sults of ultrasound. The main contraindications
to haemotransfusion for babesiosis, as noted
by W. Zygner et al. (2023) and R. Zaremba et al.
(2019), are severe liver and kidney dysfunction,
which were not diagnosed in the studied ani-
mals. Before starting the therapy, the animals
underwent biochemical and clinical blood tests
(Tables 2, 3).

Table 2. Biochemical analysis of blood plasma of dogs
with hemolytic anaemia caused by babesiosis (n=5)

Dogs, sick with

The nickname of the dog

Indicator Norm babesiosis Yuki Asya  Baghira Milady Moly
Total bilirubin, pmol/L 0.0-15.3 20.3%0.52* 18.9 20.2 22.0 21.4 19.0
ALT, U/L 9-42 47.8+0.91* 46.3 48.0 49.7 45.0 49.8
AST, U/L 5-40 34.4+1.48* 38.0 35.7 34.7 30.1 33.3
GGTP, U/L 1-6 6.9+0.09 6.9 6.7 6.5 7.0 7.4
Urea, mmol/L 2.0-8.3 7.5+0.36 7.7 8.0 6.4 8.2 7.0
Creatinine, pmol/L 26-120 97.2+3.72* 94.3 85.6 97.2 105.8 103.1
General protein, g/L 53-76 69.8%1.42 70.8 68.9 65.4 72.9 71.0
Glucose, mmol/L 3.5-7.3 5.7%0.30 5.4 6.3 4.8 6.1 5.9
Mg, mmol/L 0.72-1.12 0.8+0.02* 0.84 0.82 0.91 0.78 0.88
Ca, mmol/L 2.3-3.3 2.8+0.073 3.1 2.7 2.9 2.95 2.6
P, mmol/L 1.1-3.0 2.0£0.079 2.0 1.78 1.9 2.2 2.1

Notes: ALT - alanine aminotransferase; AST - aspartate aminotransferase; GGTP — gamma-glutamyltranspeptidase

*— P<0.05 compared to pre-transfusion values using Tukey’s test with Bonferroni correction; SEM1 is the standard

error of the mean (n=5)
Source: author’s development

The analysis of the results of biochemical
studies made it possible to identify a number of
quantitative changes in the activity of transam-
inases and the content of total bilirubin in the
blood plasma during the acute course of babe-
siosis in dogs. For example, in sick animals with
an acute course of this blood-borne disease, an
average 30% increase in plasma total bilirubin
levels relative to the norm was observed, which
is associated with massive red blood cell break-
down (Pervushina et al., 2018) and the release of
a large amount of hemoglobin, which is broken
down to bilirubin in the liver. An average 16%

increase in plasma gamma-glutamyl transpep-
tidase (GGTP) and alanine aminotransferase
(ALT) - activity by an average 13% may indicate
high hepatotoxicity of this disease and an addi-
tional burden on the hepatobiliary system. The
plasma concentration of creatinine and urea
in the group of diseased dogs corresponded to
the limits of the reference values of the norm,
which is a marker of the absence of impaired
renal glomerular filtration capacity. Other pa-
rameters were within the reference values of
the norm. Results of the general clinical blood
test of dogs (Table 3).
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Table 3. Indicators of the general clinical analysis of dogs
for hemolytic anaemia caused by babesiosis (n=5)
Blood count

Norm (reference values) Dogs, patients with babesiosis

Erythrocytes, 10%%/L 5.50-8.50 1.74+0.42*
Hemoglobin, g/L 110-190 53.60+3.45*
Hematocrit, % 39.0-56.0 13.28+1.42*
Platelets, 10%/L 117-460 86.62+3.57*
Leukocytes, 10%/L 6.0-17.0 22.13+0.96*

Notes: * P<0.05 compared with pre-transfusion values using Tukey’s test with Bonferroni correction; SEM1 —

standard error of the mean (n=5)
Source: author’s development

As a result, a significant decrease in the
number of red blood cells was found - by 3.2
times, haemoglobin content by 2 times, and
haematocrit by 3 times. R. Narurkar et al. (2017)
stated in their work that this is how the me-
chanical effect of the parasite on the body man-
ifests itself. It is caused by the fact that when
babesia gets into the bloodstream of animals,
they enter red blood cells, which are destroyed
and die as a result, which manifests itself in the
form of progressive haemolytic anaemia.

I. Goralska & O. Pinsky (2016) noted that
in the case of a decrease in the number of red
blood cells, haemoglobin content and haemat-
ocrit, there is a violation of blood oxygenation
in the body of the affected animal. General in-
toxication of the body develops due to the ac-
cumulation of underoxidised decomposition
products, which leads to a deterioration in the
clinical condition of the animal. A decrease in
haematocrit, according to the results of studies
by W. Zygner et al. (2023), is a prognostic marker
in dogs infected with B. Canis, and it is signifi-
cantly lower in non-survivors compared to sur-
vivors. Anaemia in canine babesiosis is caused
by intravascular and extravascular haemolysis.
Extravascular haemolysis occurs in the spleen
and in liver phagocytes, whereas intravascu-
lar haemolysis is the result of the parasite life
cycle (merogony) and immune-mediated lysis
of red blood cells. Allogeneic red blood cell
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transfusion was performed in sick dogs, taking
into account the results of clinical examination
and changes in haematological parameters in-
dicating the presence of anaemia (Fig. 3).

Figure 3. Transfusion of erythrocyte mass to a
recipient dog with hemolytic anaemia caused
by babesiosis

Source: author’s development

After hemotransfusion, the clinical condi-
tion of the dogs was monitored, based on the
clinical examination of the animals, a survey of
the owners of the animals, and haematological
studies on the second, fifth, and tenth days of
treatment (Table 4).
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Table 4. Hematological parameters of the blood of dogs suffering from babesiosis (n=5)

Reference
Indicator values of i1 i
indicators before
transfusion
Erythrocytes, 10'2/L.  5.50-8.50 1.74+0.42
Hemoglobin, g/L 110-190 53.6£7.73
Haematocrit, % 39.0-56.0 13.28+3.1
Platelets, 10°/L 11.7-460 86.62+33.7
Leukocytes, 10%/L 6.0-17.0 22.13+2.1

Day of treatment
the second the fifth the tenth
after transfusion

2.43+0.58 4.13+0.75* 5.89+0.70%*
58.2+8.52 96+3.31* 120.2+8.43*
17.84+3.52 33.81%1.9% 41.66+2.7*

135+24.0 226.84+51.0* 303.2+38.7*
21.04+1.5 31.04%15.0 19.72+5.4

Notes: *— P<0.05 compared with values before transfusion using Tukey’s test with Bonferroni correction; SEMI is

the standard error of the mean (n=5)
Source: author’s development

The general condition of the animals im-
proved dramatically over the next 3-4 days.
There was a decrease in clinical manifestations
of anaemia. The appetite and motor activity
of the animals returned to normal 5 days af-
ter component transfusion. Regarding changes
in the parameters of the clinical blood test of
dogs, it is possible to note a significant positive
dynamics on the second and fifth days after red
blood cell transfusion and the return of indica-
tors to the normal reference values by the tenth
day. One day after haemotransfusion, there was
a 42% increase in the number of red blood cells
and a 35% increase in the haematocrit. On the
fifth day of treatment, a statistically significant
increase in haematological parameters was ob-
served compared to the values at the beginning
of treatment, namely: the number of red blood
cells — by 2.4 times, haematocrit — by 2.5 times,
haemoglobin - by 80%. According to the results
of the clinical blood test on the tenth day, a
statistically significant positive dynamics and
bringing the indicators to the reference val-
ues of the norm was noted, except for a slight
increase in the number of leukocytes, which,
compared to the second and fifth days of treat-
ment, significantly decreased and approached
the upper limit of the norm. This improvement
in haematological parameters in dogs with

babesiosis on the fifth day of treatment with
red blood cell transfusion is associated with the
ability of red blood cells to bind oxygen to hae-
moglobin in the lungs, transfer and release it to
tissues, and absorb carbon dioxide from tissues.
It is the function of oxygen transport that is the
main mechanism of action of transfused red
blood cells.

M.A. Claus et al. (2022) note that red blood
cells are involved in blood clotting and fibrinol-
ysis due to an agent similar to factor PIin plate-
lets, as well as erythrokinase, which activates
and converts profibrinolysin to fibrinolysin. The
large surface area of red blood cells (4000 m?),
rapid turnover of non-deposited red blood cells
(45 seconds), and their pronounced sorption ca-
pacity contribute to their detoxification func-
tion. Although it should not be forgotten that
the main function of red blood cells is respira-
tory. According to O. Denysova et al. (2021), red
blood cell transfusion is performed mainly for
replacement purposes, in accordance with the
modern concept of component haemotherapy.
The advantages of transfusion of red blood cell
components over transfusion of preserved do-
nor blood, as shown by S. Gul et al. (2023), are
as follows: increased oxygen transport activity
in a small volume of the transfusion medium.
J.L. Morris et al. (2021) note that the advantages
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of using red blood cells include the absence or
minimal content of sensitizing factors (plasma
proteins, leukocytes, platelets). The results
of studies by Y. Otsuka et al. (2002) showed
that this ability is particularly pronounced in
washed red blood cells. W. Zygner et al. (2023)
reported the absence or minimal content of
decay products and vasoactive substances
(potassium, sodium, nitrogen, serotonin, his-
tamine) when using red blood cells. S.Y. Wong
et al. (2022) found in their research that the
use of red blood cells reduces the number of
microaggregates, the absence of plasma co-
agulation factors and a significant number of
platelets, and reduces the risk of contracting
vector-borne infections.

Given the results of laboratory studies and
clinical examination of animals with babesiosis,
it can be assumed that red blood cell transfu-
sion is a safe method of restoring the number of
red blood cells in the body of recipient animals
with babesiosis. It should be noted that the res-
toration of red blood cell count, haemoglobin
content and haematocrit value leads to an im-
provement in tissue oxygen saturation in recip-
ient animals, and as a result — to a decrease in
general intoxication due to the normalization
of redox processes.

Conclusions

During the clinical study of sick animals, it was
found that the body temperature increased
from 39.3°C to 40.0°C, appetite decreased, and
apathy was observed. A mild degree of dehy-
dration was observed. The reaction to external
stimuli was moderately reduced. According to
the results of ultrasound examination of the
state of internal organs in the studied dogs, no
abnormalities were found.

Under babesiosis in dogs, there was an in-
crease in the number of leukocytes, indicating
the course of an acute inflammatory process in
the body of diseased animals. It was found that
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in diseased dogs, there was a 13% increase in
the plasma activity of alanine aminotransferase
and a 16% increase in gamma-glutamyl trans-
peptidase. Such changes in enzyme activity in-
dicate that sick animals are characterized by an
additional burden on the hepatobiliary system.
Allogeneic red blood cell transfusion in combi-
nation with specific and symptomatic treatment
had a positive result in reducing the anaemic
syndrome in dogs with babesiosis. Transfusion
of red blood cell mass during the treatment of
dogs with acute babesiosis contributed to the
restoration of red blood cell count, haemoglo-
bin content and haematocrit value, which had
a positive effect on the elimination of anaemia,
restoration of blood oxygenation and faster
improvement of the clinical condition of dogs
after the disease.

It was found that the use of red blood cell
transfusion in sick dogs led to an increase in
blood haematocrit and haemoglobin content,
as well as the number of red blood cells in the
first day. On the tenth day, these blood param-
eters were close to the reference values of the
norm and almost twice as high as the number of
red blood cells, haemoglobin content and hae-
matocrit value in the peripheral cortex of the
experimental animals before transfusion. The
use of allogeneic red blood cell transfusion in
dogs with babesiosis after antiparasitic treat-
ment also led to a 2.5-fold increase in the num-
ber of red blood cells and haematocrit, and an
80% increase in haemoglobin. It was found that
in dogs with babesiosis, the use of allogeneic
red blood cells as part of transfusion therapy
contributed to the rapid recovery of the general
clinical condition of animals.

Given the positive result of the use of red
blood cell mass in the treatment of dogs with
acute babesiosis, the prospects for further re-
search are to study the effectiveness of the use
of blood components in recipient animals with
anaemia of various geneses.
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AHoTanis. AKTyaJbHICTb HAyKOBOTO MAOCTi[KEHHS 3yMOBJIEHA IIOIIMPEHHSIM IPOTO30MHUX
3aXBOPIOBaHb TBApWH, SIKi 3a BiJCYTHOCTi HEOOXimHOI BeTepMHAPHOI IOMOMOIY MPU3BOASITH 10
3arubesi. Y 3B’SI3Ky 3 I[MM, METOIO POOOTM OYJI0 BUBUMUTM 3MiHM KIiHIUHMX Ta T€MaTOJOTIYHUX
MTOKA3HMKIB y co0aK 3a KOMIUIEKCHOTO JIiKyBaHHSI 6a6e3io3y 3 OmHOYACHOIO TpaHcdy3sicio
epuTporUTapHOi Macu. IlepenuBaHHSI NPOBOAMIM IUSSThOM TBapuHaM, iHdikoBaHux Babesia
canis, MUIIXOM BHYTPIiTHbOBEHHOTO BBENEHHSI €PUTPOIUTIB, 06CAT SIKUX HJs1 reMoTpaHcdysii
pospaxoByBaiu 3a (opmynoio Sackmen. [liarHo3 Ha 6a6e3i03 BCTAHOBJIIOBAIM 3 ypaxyBaHHSIM
JaHMX aHaMHe3y, KIiHIYHMX CUMMIITOMIB (c1abKicTh, BimmoBa Bim Kopmy, GMiZicTh BUIMMUX
C/TM30BUX 0O0JIOHOK, MMiIBUILEHHS TeMIlepaTypu Tina 1o 40 °C) Ta migTBepIKyBaiu pe3ynbTaTaMu
MiKpOCKOIIYHOTrO BMSIBJIEHHSI 6abe3iii y Maskax KpoBi. Ilepen mepenyBaHHSIM ITPOBOAVIIN
eKCIIpec-TecTy Ha BUKIIIOUEHHST Aupodiispiosy y cobak-moHOpiB. BM3Hauaam cymicHicTh KpOBi
JIOHOpa i TBapMHM-PELMIIiEHTa 3a JOTIOMOTOI0 BeJMKOI mepexpecHoi mpo6u. CraH opraHis
YyepeBHOI TOPOXKHMHM XBOPUX OI[iHIOBAIM 3 BUKOPUCTAHHSIM YIbTPA3BYKOBOI [1iaTHOCTUKMA.
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KriniyHe mocmigkeHHs KpoBi co6ak mepes MOYaTKOM JIiKyBaHHSI CBiIUMJIO TIPO PO3BUTOK
aHemii. PesynbraTy 6ioXiMiuHOTO aHasi3y KpOBi BKa3yBaJy Ha TiABUINEHHS aKTUBHOCTI
ana”iHaMmiHoTpaHchepasy i raMma-mIyTaMiITpaHCIeNTUAasu, IO KOHCTATye HaBaHTAXKeHHS
Ha remaTo-6imiapHy cucremy. I[IpoTuIiokasaHb [0 TepeMBaHHS KPOBi He BuUsIBWIN. Ilicis
remoTpaHcdysii MPoOBOAMIM KOHTPOJIb KAIHIYHOTO CTaHy cobaK 3a pe3y/ibTaTaMy OMISIY TBAPUH
3 YPaxyBaHHSIM JaHUX aHAMHe3y Ta TeMaTOJIOTiYHUX AOCTiIKeHDb Ha APYTY, ITSITY Ta JeCsITy 00U
JiKyBaHHS. BripomoBsk Apyroi Ta m’stoi mi6 Bimmiuaau mocTymoBe 36ilbIIeHHS B KPOBi BMiCTY
reMoOIJIO0iHy Ta BEeIUYMHM reMaTokputy. Ha mecsity mo6y Big3Havyaiu NOCTOBIpHY TO3UTUBHY
OVMHaAMiKy IIOAO KiJIbKOCTi €pUTPOIMTIB, BMICTy reMOIO6iHY Ta BEIMUMHM T€MAaTOKPUTY M0
pedepeHTHUX 3HAaUeHb. BCTAHOBIEHO, 1O BUKOPUCTAHHS TpaHcdysii epuTporuTapHoi Macu
cobakaM-peruIieHTam 3a 6a6e3io3y, Ik YaCTMHM Tepariii, CIpUsI0 HANIIBUIIIOMY BiJHOBIEHHIO
3araJibHOro CTaHy TBapMHM. MaTepian CTaTTi CTAHOBUTb IIPAKTUYHY LIiHHICTb [ 3aCTOCYBaHHS
TepeIMBaHHs epUTPOIMTAPHOI Macy MpM JIiKyBaHHi cobak 3a 6abe3io3y

KimouoBi coBa: remorpaHcdysist; rpyny KpoBi; KOMIIOHEHTM KPOBi; TeMOIIO6iH; reMaTOKPUT;
dbepmenTn
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