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Abstract. To restore the biological and morphological properties of fastidious bacteria during lyophilization, one of which
is a type of streptococcus — bacteria of the genus Streptococcus, it is necessary to use expensive specialized nutrient media
that are limited in availability for laboratories. In this regard, the purpose of this study was to find the most effective
methods of preservation and recovery of fastidious microorganisms using the example of Streptococcus spp. The study was
performed by a bacteriological method. The isolates of Streptococcus spp., which had the property of alpha- or beta-haemolysis,
were selected for the study. The microorganisms were collected as a result of bacteriological research of pathological and
biological materials from 20 animals (10 dogs and 10 cats). Microorganisms were determined and counted using Vitek 2
compact, easySpiral, and Scan 500 systems. As a result, the effectiveness of using various combinations of nutrient media
for cryopreservation, freeze-drying, and further revitalization of cultures was proven. It was found that the most effective
medium for lyophilization is meat-peptone broth with the addition of 5% bovine blood serum, diluted 1:1 with Faibich’s
medium, and for recovery after lyophilization — meat-peptone broth with the addition of 5% blood serum cattle and 5%
glucose. With this combination, the concentration of viable cells corresponded to the limits of 1.7x10°-2.4x10° CFU/cm?®.
The use of other combinations of nutrient media for the revitalization of Streptococcus bacteria showed lower efficiency,
which corresponded to the concentration of viable cells within 1.2x10%-2.1x10° CFU/cm?®. The obtained results increase the
efficiency of the method of lyophilization of demanding cultures due to combination of non-selective nutrient media and
components available in laboratory practice
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Introduction

Bacteria of the genus Streptococcus spp. can cause various
diseases, ranging from mild skin infections to necrotizing
fasciitis, which can threaten the health of not only animals,
but also humans (Belstrom et al., 2021). This genus consists
of both commensal species that colonize the skin and nose,
as well as pathogenic and opportunistic strains that can be
isolated for various diseases: upper respiratory tract, pneu-
monia, meningitis, sepsis, otitis, ophthalmitis, hepatitis,
endometritis, and aerosacculitis (Weiser et al., 2018; Kim et al.,
2018; Chang et al., 2022).

Some types of streptococci are one of the main col-
onizers and normal flora of the oral cavity — Streptococcus
mitis and S. oralis, which protect it from inflammatory pro-
cesses by producing hydrogen peroxide, neutralizing acids,
and secreting antimicrobial compounds, competing with
opportunistic and pathogenic microorganisms. The com-
petitive properties of these bacteria open the possibility for
the use of cultures such as S. mitis and S. oralis in the bac-
teriotherapy of diseases in combination with antibacterial
preparations (Thurnheer & Belibasakis, 2018; Kim et al.,
2018; Park et al., 2020).

Streptococci are less common in the environment than
staphylococci (Belstrom et al., 2021). They are not resistant
to the influence of physical environmental factors, die quickly,
and are demanding to the cultivation conditions. There-
with, if cultivation and storage conditions are not observed,
bacteria lose their virulence, which reduces their scientific
value for researchers and practical use (Nasran et al., 2020).

Success in the commercialization of strains of
Streptococcus spp. as potential valuable agents for several
types of research largely depends on their preservation
technologies. Appropriate methods can maintain high cell
viability not only during the conservation process, but,
most importantly, during the long stay of these strains in
collections (Halim et al., 2017). Because these bacteria have
vulnerable characteristics, freeze-drying under vacuum is
often considered one of the best methods for preserving
cells (Bircher et al., 2018; Bodzen et al., 2020).

Freeze drying, or lyophilization, is a dehydration
process that stabilizes bacteria to maintain their long-term
viability until use. This process is often used for produc-
tion or valuable collection strains of bacteria (Bodzen et al.,
2021) and is the most efficient way of long-term storage of
microbial strains in collections. The quality of restoration
of biological and morphological properties of lyophilized
demanding bacteria directly depends on the culture me-
dia (Boey et al., 2022). The technological stress that occurs
during the freeze-drying process can cause cell damage
and, in some cases, their death (Bodzen et al., 2021). De-
hydration of cells caused by osmotic stress due to the ad-
dition of protective solutes and freezing itself is a source
of mechanical and structural stress on cells and cellular
components. During severe dehydration, the plasma mem-
brane can be permeabilized, which is often the cause of
cell death. Proceeding from this, the choice of an effective
protective environment to reduce the effects of the above
factors is a crucial step for effective lyophilization. For this
purpose, colloidal substances are used, which reduce the
temperature point at which water crystallization occurs.
This, in turn, extends the time for cooling the cells and
creates conditions for minimizing the negative effect of

ice crystals on these microbial cells. Another major step in
sublimation drying is rehydration, which precedes the use
of bacteria and affects both their survival and functionality
(Oslan et al., 2017; Bodzen et al., 2021).

In the study of Ukrainian scientists Ushkalov et al.
(2021), who conducted studies on the lyophilization of
some pathogenic bacteria, also used the method of differ-
ent combinations of nutrient media to revitalize cultures,
namely a gram-positive coccal culture of S. aureus. There-
with, the highest productivity in reconstituted crops was
observed upon the use of heart-brain broth.

Haindl et al. (2022) investigated the effect of in vitro
freeze-drying on beneficial faecal microbiota for poten-
tial use in the treatment of gastrointestinal diseases. They
found that freeze-drying affects cell number, saturation,
diversity, and microbial composition, but these effects can
be reversible and disappear upon re-cultivation.

Nicco et al. (2020) investigated the effect of cryo-
preservation on the survival of gastric microflora using
various temperature conditions from -20°C to -196°C. High
survival of microorganisms was noted in the temperature
range from -70°C to -120°C.

Meneghel et al. (2017) described the effect of several
types of sugars on cell membrane stability during freez-
ing of cell cultures. The use of complex sugars resulted in
greater destruction of microbial walls than the use of mon-
osaccharides. Similar experimental study with comparable
results was performed by Vekeman et al. (2013), which also
involved the use of distinct types of sugars for cryopreser-
vation of nitrite-oxidizing bacteria.

The purpose of this study was to find the most ef-
fective and practical methods for long-term storage and
subsequent recovery of alpha- and beta-haemolytic strep-
tococci isolated from dogs and cats.

Materials and Methods

The study was conducted in 2020-2021 in the Ukrain-
ian Laboratory of Quality and Safety of Products of the
agro-industrial complex of the National University of Life
and Environmental Sciences of Ukraine and the bacterio-
logical laboratory of the Kyiv Regional Clinical Hospital.

The isolates of Streptococcus spp., which had the
property of alpha- or beta-haemolysis, were selected for
the study. The microorganisms were collected as a result
of bacteriological research of pathological and biological
materials from 20 animal patients (10 dogs and 10 cats) of
the “Multivet” Veterinary Clinic (Kyiv region).

Isolates of Streptococcus spp. was collected as fol-
lows: using a sterile cotton swab pre-moistened with a 0.2%
TWEEN 20 solution (Merck, Germany). Swabs with the se-
lected material were immersed in a test tube with Amies
transport medium (BioTesMed, Ukraine) and transported
to the bacteriological laboratory. The tampon material was
seeded on selective and differential diagnostic nutrient
media: 5% blood agar (GRASO, Poland) and meat-peptone
broth (HiMedia, India) with the addition of 5% glucose. The
inoculated cups were incubated in a thermostat at 37°C
for 24 hours. For further research, colonies were selected,
which, according to the results of bacterioscopy, were
formed by gram-positive coccal microflora. The final iden-
tification of microorganisms was carried out using a bac-
teriological analyser Vitek 2 compact (bioMérieux, France).
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Identified cultures of Streptococcus spp. underwent
the process of cryopreservation and subsequent sublimation
(Iyophilization) as follows: as a cryoprotectant, Faibich’s
protective medium was used (gelatine — 1%; sucrose — 10%,
distilled water — 89%) in a ratio of 1:1 with broth con-
taining 24-hour cultures of Streptococcus spp. Therewith,
meat-peptone broth (HiMedia, India) was used in two var-
iations: pure meat-peptone broth and meat-peptone broth
with the addition of 5% bovine blood serum to 95% of the
broth volume. Each test culture was packed with 1.0 cm?®
in bottles with a volume of 5 cm®. Before starting lyophili-
zation, three vials were selected from each experimental
batch to establish the typicality, uniformity, and concen-
tration of bacterial mass in the suspension (CFU/cm?). The
experimental cultures were cryopreserved in a Forma 700
Series freezer (Thermo Scientific, USA) at -70°C. An LP-3
machine (TelStar, Spain) was used to ensure the lyophilization
process. Lyophilization was performed at a deep vacuum
of 0.17 mbar and a condenser temperature at 45-50°C.

After 6 months, pre-lyophilized cultures were revi-
talized using different combinations of nutrient media. For
this, the following combinations of nutrient media were

Figure 1. Alpha-haemolysis of S.equinius
isolate on blood agar

tested: pure meat-peptone broth; meat-peptone broth with
the addition of up to 95% of the broth volume of 5% bo-
vine blood serum; meat-peptone broth with the addition of
5% glucose to 95% of the broth volume; and meat-peptone
broth with the addition of 5% bovine serum and 5% glucose
to 90% of the broth volume. After 24 hours, the broth cul-
tures were tested for typicality, uniformity, and concentra-
tion of viable microbial cells (CFU/cm?®) by seeding on blood
agar using the easySpiral system (Interscience, France) and
counting on Scan 500 (Interscience, France).

Statistical analysis was performed in a Microsoft
Excel 2016 spreadsheet. The Online Epitools Epidemiolog-
ical Calculator was used to estimate the 95% confidence in-
terval (CI) (Epitools Epidemiological Calculators..., 2018).
P<0.05 was considered a statistically significant result.

Results and Discussion
During the study of pathological and biological materials
from 20 patient animals (10 dogs and 10 cats), 5 isolates of
Streptococcus spp. were isolated, which had alpha- (Fig. 1)
or beta-haemolysis (Fig. 2) and were used in further re-
search (Table 1).

Figure 2. Beta-haemolysis of S.agalactiae B
isolate on blood agar

Table 1. Place of isolation, type of haemolysis, and concentration of viable cells of isolates
of Streptococcus spp. under study

Indicator S. agalactiae A S. agalactiae B S. anginosus S. equinius S. pseudoporcinus
Place of isolation Wound (dog) Wound (cat) Mouth (dog) Oral cavity (cat) Nasal cavity (dog)
Type of haemolysis s s a a a
Concentration of < 108 . 108 109 109 109
viable cells, CFU/cm? 1.9 %10 4.9 x 10 1.6 x 10 1.7 x 10 1.8 x 10

Therewith, the isolates that were taken from the
pathological material (from the wound) had a positive
reaction to alpha-glucosidase, Ala-Phe-Pro arylamidase,
phosphatase and leucine arylamidase according to the
results of biochemical analysis on the Vitek 2 compact
system and were identified as S. agalactiae A, and S. aga-
lactiae B. An isolate taken from the pharynx of a healthy
animal was positive for D-amygdalin, arginine dihydro-
lase 1, Ala-Phe-Pro arylamidase, phosphatase and leucine
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arylamidase and was identified by the system as S. angino-
sus. An isolate taken from the oral cavity of a healthy ani-
mal showed a positive reaction to D-amygdalin, cyclodex-
trin, leucinarylamidase, and L-pyrrolidonyl-arylamidase
and was identified by the system as S. equinius. An isolate
taken from the nasal cavity of a healthy animal showed a
positive reaction to Ala-Phe-Pro arylamidase and leucine
arylamidase and was identified by the system as S. pseu-
doporcinus (Table 2).
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Table 2. Biological properties of the Streptococcus spp. isolates under study

Completed test S. agalactiae A

S. agalactiae B

S. anginosus S. equinius S. pseudoporcinus

D-amygdalin - -

+ + -

Phosphatidylinositol-
phospholipase C

D-xylose - -

Arginine dihydrolase 1 - -

beta-Galactosidase - -

alpha-Glucosidase + +

Ala-Phe-Pro
arylamidase

Cyclodestrin - =

L-aspartatarylamidase - -

beta-
Galactopyranosidase

alpha-Mannosidase - -

Phosphatase

Leucinarylamidase

L-Prolinarylamidase = =

beta-Glucuronidase - -

alpha-Galactosidase - -

L-Pyrrolidonyl-
arylamidase

Note: “+” - 95-100% positive reaction; “~” — 0-5% positive reaction

The isolates under study were cryopreserved and
then lyophilized using two different media. For 6 months,
freeze-driedcropswerestoredintherefrigeratorat+2—-+8°C.

Table 3 presents the results of revitalization of cul-
tures after 6 months using pure meat-peptone broth be-
fore lyophilization without the addition of bovine blood
serum. Therewith, the survival rate of isolates compared

to the concentration of viable cells before lyophiliza-
tion using pure meat-peptone broth was 0.16-1.07%,
meat-peptone broth with the addition of 5% glucose -
0.46-1.68%, meat-peptone broth with the addition of 5%
bovine blood serum - 0.33-3.89%, meat-peptone broth
with the addition of 5% bovine blood serum and 5% glu-
cose — 1.05-5.26%.

Table 3. The concentration of viable cells of Streptococcus spp.,
restored with different nutrient media by lyophilization with pure meat-peptone broth

Concentration of viable cells after lyophilization, CFU/cm?
Revitalizati di
evitatization medim S. agalactiae A | S. agalactiae B S. anginosus S. equinius S. pseudoporcinus
Meat-peptone broth 1.7 x 10° 2.4 x10° 7.9 x 10° 5.8 x10° 3.0 x10°
- [ 3
NIEEPEA IS I e SOEAE g 1.2 % 108 1.7 % 108 1.6 x 100 2.0 % 10°
blood serum
_ o,
Meat-peptone broth + 5% 3.2 % 105 4.9 % 10° 8.1 % 10° 7.9 % 105 6.1 10°
glucose
- o,
BUEHEDEROI DG £ 1.0 x 10¢ 1.6 x 10¢ 2.1 % 10¢ 1.8 x 108 2.1 % 108
glucose + 5% bovine blood serum

Table 4 presents the results of revitalization using
meat-peptone broth with the addition of 5% bovine blood
serum before lyophilization. Therewith, the survival rate
of isolates compared with the concentration of viable cells
before lyophilization using pure meat-peptone broth was

0.25-1.04%, meat-peptone broth with the addition of 5%
glucose — 0.36-2.47%, meat-peptone broth with the addi-
tion of 5% bovine blood serum — 1.05-4.68%, meat-pep-
tone broth with the addition of 5% bovine blood serum
and 5% glucose — 1.17-8.94%.
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Table 4. The concentration of viable cells of Streptococcus spp. revitalized with different nutrient media
by lyophilization with meat-peptone broth with the addition of 5% bovine blood serum

Concentration of viable cultures after lyophilization, CFU/cm?

Revitalization medium
S. agalactiae A S. agalactiae B S. anginosus S. equinius S. pseudoporcinus
Meat-peptone broth 1.8 x 10° 5.1x10° 1.0 x 10° 7.7 x 10° 4.5x10°
Meat-peptone broth + s I A A -
+ 5% bovine blood serum 8.9 x 10 1.3x 10 1.9 x 10 1.8 x 10 2.1 x 10
Meat-peptone broth + 4.7 % 10° 5.5%10° 1.2410¢ 1.1¥10¢ 6.6°10°
+ 5% glucose
Meat-peptone broth +
+5% glucose + 5% 1.7 x 10° 1.9 x 10° 2.3 x 10° 2.0 x 10¢ 2.4 x 10¢
bovine blood serum

Cultures of Streptococcus spp. required special
cultivation conditions and complex nutrient media con-
taining blood or its serum. In turn, they were used for
cryopreservation, lyophilization, and subsequent revitali-
zation of these cultures.

Thus, in case of the cryopreservation procedure, the
most effective was the preliminary cultivation of cultures
of Streptococcus spp. with the addition of 5% bovine blood
serum to the broth. All cultures that were lyophilized with
the introduction of this nutrient medium showed a higher
survival rate (0.25-8.94%) compared to the use of pure
meat-peptone broth (0.16-5.26%) for revitalization in all
combinations of nutrient media (Table 4).

Using various combinations of nutrient media to
revitalize streptococci after lyophilization, the highest sur-
vival rates were obtained when using meat-peptone broth
with the addition of 5% glucose and 5% bovine blood serum
(1.17-8.94%) when lyophilizing meat-peptone broth with
the addition of 5% bovine blood serum. Other combina-
tions of nutrient media showed lower efficiency, in which
the recovery rate was lower (0.25-5.26%). This phenome-
non can be explained by the tenderness and fastidiousness
of streptococcal cultures, in which the use of additives that
enrich non-selective media with additional nutrients pro-
vides a higher probability of these cultures escaping subli-
mation. Therewith, the isolates under study stayed viable
during the use of all combinations of nutrient media.

The results obtained coincide with the study of
Ukrainian scientists Ushkalov et al. (2021), which deter-
mined the effectiveness of various nutrient media in revi-
talizing cultures after lyophilization. The composition and
nutritional value of the media substantially affected the ef-
ficiency of revitalization of Iyophilized cultures. At the same
time, media with higher nutritional value were marked by a
large amount of CFU during revitalization after lyophiliza-
tion. It should also be noted that this study uses the most
common nutrient media and components in laboratory
practice, which increases the accessibility of this method.

The results of the study revealed some discrepancies
with the study of Haindl et al. (2022). In this study, cultures
of Streptococcus spp. almost did not alter their cultural and
morphological properties after lyophilization and main-
tained their scientific and practical qualities even from the
first reinoculation. This is primarily because unlike the re-
search methodology of R. Haindl et al. (2022), in this study
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single isolates of alpha- and beta-haemolytic streptococci
were used for lyophilization, rather than a pool of cultures.

The studies of Nasran et al. (2020) and Bodzen et al.
(2021) indicated that an increase in the colloid of the liquid
that is part of the cell walls of cultures contributes to a bet-
ter preservation of the viability of these cultures after the
lyophilization process, which is also followed in the pre-
sented study — the addition of glucose to nutrient media
increased the resistance of microbial cells to lyophilization
drying and ensured a higher percentage of their survival
compared to combinations of environments in which glucose
was not applied.

It is also important to note the studies of Oslan et
al. (2017) and Bircher et al. (2018), in which the results of the
study of different nutrient media for cryopreservationare pre-
sented. As in this study, it was shown that the use of a medium
with added sugars contributed to better preservation of mi-
croorganisms during their freezing, which is explained by the
lower destructive effect of water crystals on microbial cells.

Therewith, the studies of Boey et al. (2022) and
Vekeman et al. (2013), which used various types of complex
and simple sugars, found the destructive effect of com-
plex sugars on bacterial cell walls. The established fact is
explained by a violation of osmotic regulation of bacteria
during binding to cell wall molecules. At the same time, the
use of simple sugars, on the contrary, increased the resist-
ance of bacteria to cryopreservation. This coincides with
the results of the present study, where simple sugars were
used for cryopreservation. With this combination of glu-
cose-containing nutrient media, bacterial resistance, and
survival after the lyophilization process were higher than
using a combination of glucose-free nutrient media.

In the study of scientists Nicco et al. (2020) indicate
the optimal temperatures for cryopreservation of bacteria
using various freezing methods. At the same time, the pres-
ently described method in case of applying a temperature of
-70°C was characterized by obtaining the same limits on cul-
turesurvival thatthese scientists described intheirresearch.

Conclusions
The process of cryopreservation and subsequent lyophili-
zation causes a considerable load on the microbial cell. In
case of Streptococcus spp. cells, the greatest efficiency of
cryopreservation and lyophilization, in which the survival
of cultures was the highest, was obtained upon combination
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of meat-peptone broth with the addition of 5% bovine
blood serum with Faibich’s medium 1:1 for cryopreservation
and meat-peptone broth with the addition of 5% bovine
blood serum and 5% glucose for revitalization of cultures
after lyophilization.

The use of pure meat-peptone broth with Faibich’s
medium 1:1 compared to the use of meat-peptone broth
with the addition of 5% bovine serum before lyophilization
shows a lower percentage of survival of isolates of Strepto-
coccus spp. using all combinations of revitalization media.

The use of other combinations of nutrient media for
revitalization shows less efficiency but keeps a sufficient

number of colony-forming units for further practical appli-
cation of revitalized cultures.

To improve the efficiency of lyophilization and make
it more accessible to revitalize cultures that are demand-
ing on the composition of nutrient media and cultivation
conditions, it is possible to use cheaper available nutrient
media and components that are widely used in laboratory
practice.

In the future, it is planned to continue research on
identifying effective and practical methods for long-term
storage and subsequent revitalization of alpha- and beta-
haemolytic streptococci.

References

[1] Belstrom, D., Constancias, F., Markvart, M., Sikora, M., Sorensen, C., & Givskov, M. (2021). Transcriptional activity of
predominant streptococcus species at multiple oral sites associate with periodontal status. Frontiers in Cellular and
Infection Microbiology, 11, article number 752664. doi: 10.3389/fcimb.2021.752664.

[2] Bircher, L., Geirnaert, A., Hammes, F., Lacroix, C., & Schwab, C. (2018). Effect of cryopreservation and lyophilization
on viability and growth of strict anaerobic human gut microbes. Microbial Biotechnology Journal, 11(4), 721-733.
doi: 10.1111/1751-7915.13265.

[3] Bodzen, A., Iaconelli, C., Charriau, A., Dupont, S., Beney, L., & Gervais, P. (2020). Specific gaseous conditions
significantly improve Lactobacillus casei and Escherichia coli survival to freeze drying and rehydration. Applied Food
Biotechnology Journal, 7(1), 1-9. doi: 10.22037/afb.v1i1.26343.

[4] Bodzen, A., Jossier, A., Dupont, S., Mousset, P.Y., Beney, L., Lafay, S., & Gervais, P. (2021). Increased survival of
Lactococcus lactis strains subjected to freeze-drying after cultivation in an acid medium: Involvement of membrane
fluidity cultivation in acid medium to improve bacterial survival of freeze-drying. Food Technology and Biotechnology
Journal, 59(4), 443-453. doi: 10.17113/ftb.59.04.21.7076.

[5] Boey, K.PY., Zhu, P., Tan, H., Abdullah, M.A.B., Tang, K.F., Li, M.M., Loke, I., & Hariharan, M. (2022). Effects of
cryopreservation on gram-positive bacteria contaminants in umbilical cord blood. Transfusion Medicine, 32(1), 82-87.
doi: 10.1111/tme.12834.

[6] Chang,C.Y.,Gan,Y.L.,Radhakrishnan, A.P., & Ong, E. (2022). Acute abdomen revealed Streptococcus gordonii infective
endocarditis with systemic embolism. Oxford Medical Case Reports, 1,29-31. doi: 10.1093/omcr/omab145.

[7] Haindl, R., Totzauer, L., & Kulozik, U. (2022). Preservation by lyophilization of a human intestinal microbiota:
Influence of the cultivation pH on the drying outcome and re-establishment ability. Microbial Biotechnology, 15(3),
886-900. doi: 10.1111/1751-7915.14007.

[8] Halim, M., Mohd Mustafa, N.A., Othman, M., Wasoh, H., Kapri, M.R., & Ariff, A.B. (2017). Effect of encapsulant and
cryoprotectant on the viability of probiotic Pediococcus acidilactici ATCC 8042 during freeze-drying and exposure to
high acidity, bile salts and heat. LWT — Food Science Technology Journal, 81, 210-216. doi: 10.1016/j.Ilwt.2017.04.009.

[9] Kim, D.H., Kang, S.M., Park, S.]., Jin, C., Yoon, H.]., & Lee, B.]J. (2018). Functional insights into the Streptococcus
pneumoniae HicBA toxin-antitoxin system based on a structural study. Nucleic Acids Research, 46, 6371-6386.
doi: 10.1093/nar/gky469.

[10] Kim,S.L., Gordon, S.M., & Shrestha, N.K. (2018). Distribution of streptococcal groups causing infective endocarditis: A
descriptive study. Diagnostic Microbiology and Infectious Disease,91,269-272.doi: 10.1016/j.diagmicrobio.2018.02.015.

[11] Meneghel, J., Passot, S., Cenard, S., Réfrégiers, M., Jamme, F., & Fonseca, F. (2017). Subcellular membrane fluidity
of Lactobacillus delbrueckii subsp. bulgaricus under cold and osmotic stress. Applied Microbiology and Biotechnology,
101(18), 6907-6917. doi: 10.1007/s00253-017-8444-9.

[12] Nasran, H.S., Mohd Yusof, H., Halim, M., & Abdul Rahman, N. (2020). Optimization of protective agents for the
freeze-drying of Paenibacillus polymyxa Kp10 as a potential biofungicide. Molecules, 25(11), article number 2618.
doi: 10.3390/molecules25112618.

[13] Nicco, C., Paule, A., Konturek, P., & Edeas, M. (2020). From donor to patient: Collection, preparation and cryopreservation
of fecal samples for fecal microbiota transplantation. Diseases, 8(2), article number 9. doi: 10.3390/diseases8020009.

[14] Oslan, S.N.H., Halim, M., Ramle, N.A., Saad, M.Z., Tan, J.S., Kapri, M.R., & Ariff, A.B. (2017). Improved stability of
live attenuated vaccine gdhA derivative Pasteurella multocida B:2 by freeze drying method for use as animal vaccine.
Cryobiology, 79, 1-8. doi: 10.1016/j.cryobiol.2017.10.004.

[15] Park, O.].,Jung, S., Park, T., Kim, A.R., Lee, D., Jung, Ji, H., Seong Seo, H., Yun, C.H., & Hyun Han, S. (2020). Enhanced
biofilm formation of Streptococcus gordonii with lipoprotein deficiency. Molecular Oral Microbiology, 35(6), 271-278.
doi: 10.1111/0mi.12319.

[16] Sergeant, E.S.G. (2018). Epitools epidemiological calculators. Ausvet. Retrieved from https://epitools.ausvet.com.au.

[17] Thurnheer, T., & Belibasakis, G.N. (2018). Streptococcus oralis maintains homeostasis in oral biofilms by antagonizing
the cariogenic pathogen Streptococcus mutans. Molecular Oral Microbiology, 33, 234-239. doi: 10.1111/omi.12216.

Ukrainian Journal of Veterinary Sciences. 2022. Vol. 13, No. 4




Boianovskyi and Rudnieva

[18] Ushkalov, V., Vygovska, L., Ushkalov, A., Boianovskyi, S., Hranat, A., Tereshchenko, S., Davydovska, L., & Vishovan, Y. (2021).
A study of the efficiency of culture media for the recovery of lyophilized pathogenic bacteria. Ukrainian Journal of
Veterinary Sciences, 12(1), 40-50. doi: 10.31548/ujvs2021.01.005.

[19] Vekeman, B., Hoefman, S., De Vos, P., Spieck, E., & Heylen, K. (2013). A generally applicable cryopreservation method
for nitrite-oxidizing bacteria. Systematic and Applied Microbiology, 36(8), 579-584. doi: 10.1016/j.syapm.2013.07.002.

[20] Weiser,].N.,Ferreira, D.M., & Paton, J.C. (2018). Streptococcus pneumoniae: Transmission, colonization and invasion.
Nature Reviews Microbiology, 16, 355-367. doi: 10.1038/s41579-018-0001-8.

EdeKTUBHICTh MOKMBHUX CepeIOBUIII A/ BiTHOBI€HHS
miodinizariB BMOArMMBMX MiKpoopraHizMiB Ha IpuKIaai Streptococcus spp.
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Anorauis. [Ina BimHOBIeHHS Gionoriunux i MopdonoriyHuX BiIacTUBOCTel BMbGamMBUX GakTepiit mpu miodinisarii,
OMHUMM 3 SKUX € BUJ CTPEeNTOKOKM — OakTepii pomy Streptococcus, HeOOXiTHO 3aCTOCOBYBATM IOPOTOBapTiCHi
crieriasisoBaHi MOXMBHI cepeloBUINA, SIKi MAlOTh OOMEXEHY AOCTYIHICTh i JabopaTopiit. Y 3B’I3Ky 3 1M, METOIO
po6oTu 6ys0 BM3HAUEHHST Haile)eKTUBHIIIMX METOMiB 30epeskeHHs Ta BiJHOBJIEHHS BMOAIIMBMX MiKpOOpraHi3mMiB Ha
npuknani Streptococcus spp. HOCTimKeHHS] BUMKOHAaHe OaKTepioJoriuHuM MeTomoM. [Jist AOCTiIsKeHHS BimOupanucs
i3onsTu Streptococcus spp., sSIki Manu BAACTMBIiCTb 10 anbda- abo Gera-remormisy. 36ip MiKpoopraHi3miB MpoOBOAMIIN
y pe3ynbTaTi 6aKTepioIorivHOro AOCTIKEeHHS MaToIoTivyHoro i 6iomoriunoro matepianis Bix 20 TBapuH (10 cobak i 10
KOTiB). Bu3HaueHHs Ta MigpaXxyHOK MiKpOOpraHi3miB 37iiicHeHO 3a momomorow cucrem Vitek 2 compact, easySpiral i
Scan 500. Y pe3ynbTaTi MpOBeIeHNX JOCTiIKEHb OBeIeHO e(DeKTUBHICTh 3aCTOCYBAHHS Pi3HMX KOMOiHAIIii1 TTOKUBHUX
cepemoBMIII 1JIsI KpioKOHCepBallii, mioginizallii Ta mogasbIiIoro OXuBJIeHHs KyJIbTyp. BcTaHOBIIEHO, 1110 Halie PeKTUBHIIMM
cepemoBuIleM s Jiodinizallii € M’sIco-TIenToOHHUI OYy/IbiioOH 3 JOomaBaHHSAM 5 % cUpOBATKM KpOBi BeaMKOi poratoi
xymo6u, po3senennii 1 : 1 3 cepemosuiem daitbiva, a 1151 BigHOBIEHHS Tic/Is Jiodinisaiii — M’sco-TIenTOHHM GY/IbitoH
3 IOJaBaHHAM 5 % CMPOBATKM KpOBi Benukoi poraToi xymo6u i 5 % rmokosu. 3a Takoi KoMmbGiHaIlii KOHIIEHTpaIlis
SKUTTE3TATHUX KIITUH BifmoBimana mexkam Bif 1.7x106 mo 2.4x10° KYO/cm3. BUKOpMCTaHHS iHIIMX KOMOIHALIil TOKMBHIX
cepemoBUIIL /1T OKMBJIEHHS 6aKTepiit poxy Streptococcus BUSIBISIIIO MeHITY e(heKTUBHICTb, 10 BiIIOBiAaI0 KOHIIEHTpaIlii
SKUTTE3MATHUX KIITMH y AinasoHi Big 1.2x10° go 2.1x10° KYO/cm®. OTpuMaHi pe3yiabTaTy MiIBUINYIOTh e(eKTUBHICTDb
Mertony siodinmizarnii BUbarmMBMUX KyJIbTyp 3aBASKM BUKOPMUCTAHHIO KOMOiHAIl JOCTYITHMX Y 1a60pAaTOPHii MpakTuili
HeCeJIeKTUBHMUX MMOXUBHUX CEPEIOBUIL i KOMITOHEHTIB

KirouoBi citoBa: 6akTepist, KpiokoHcepBallis, iodinisalis, KylIbTypaibHe cepeloBUIIe, CTPEIITOKOK
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Abstract. In dairy cows, metabolic disorders are mainly found in the last weeks of the dry period and the first weeks
after calving (transit period). Therefore, the purpose of this study was to investigate the hormonal regulation of the
concentration of glucose and its derivatives in the blood of dairy cows during the transit period. The study was conducted on
cows of 2-4 lactations, with a capacity of 7.8-8.2 thousand kg of milk for previous lactation. Blood for research was taken
from cows 7-10 days before calving and Days 2-4, Days 10-14, and Days 30-40 after calving. The concentration of glucose
in blood plasma was determined by the glucose oxidase method, pyruvate — by the modified Umbright method, lactate — by
reaction with paraoxydyphenyl, and hormone content — by enzyme-linked immunosorbent assay. It was established that
high-performance dairy cows during the transit period experience substantial changes in carbohydrate metabolism and
the functional state of organs and systems, which are aimed at ensuring high productivity. Thus, hypoglycaemia is found
in cows within two weeks after calving. At the same time, with a decrease in the concentration of glucose in the blood
plasma of cows, the content of pyruvate and lactate increases, as well as the lactate/pyruvate ratio, which indicates an
increase in gluconeogenesis. Negative energy balance and increased gluconeogenesis lead to a decrease in the synthesis
of insulin and insulin-like growth factor. Compared to the final dry period, on Days 2-4 of lactation, the concentration of
leptin in the blood plasma of cows decreased threefold and stayed at a low level until Day 40 of lactation. Plasma cortisol
levels were highest on Days 2-4 and 10-14 of lactation. Intensive cortisol synthesis during the period of energy deficiency
increases gluconeogenesis, which is possible due to lipolysis and proteolysis. In the first days after calving, the content
of thyroxine and triiodothyronine in the blood plasma of cows decreased. Inhibition of thyroid hormone production is a
consequence of the physiological regulatory features of this period. Thus, in highly productive cows during the transit
period, attention should be paid to maintaining vital body functions and their well-coordinated endocrine regulation,
which will ensure a physiologically balanced metabolic rate, successful calving, high milk productivity, and animal health
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Introduction

In recent decades, cow productivity has considerably in-
creased in countries with highly developed dairy cattle
breeding (Barkema et al., 2015). Today in Ukraine, dairy
productivity has exceeded 6,500 kg on average, and in the
best farms it has reached 10,000 kg or more per cow per year
(State Statistics..., 2021). A high level of milk productivity
requires a sufficient amount of nutrients and vital biolog-
ically active substances for the body. Therefore, in highly
productive dairy cows in the last weeks before and the first
after calving, there is an increase in metabolism (Stivanin
et al., 2021). In the specialized literature, this period is
called transition (Knob et al., 2021). For highly productive
dairy cows, it is the crucial stage that determines the state
of their health and the calves born from them, and in gen-
eral - the level of productivity and profitability of the farm.

In the final stage of pregnancy, the main expendi-
ture of nutrients is spent on fetal growth, placental devel-
opment, and breast preparation for lactation. After calving,
cows lose body weight from the main body depots due to
considerable energy needs and insufficient supply of en-
ergy deriving from feed. Due to the inability to ensure that
the body receives enough energy to cover the body’s needs
and milk production, highly productive dairy cows have
a negative energy balance at the beginning of lactation
(Soonberg et al., 2021). In the first days after calving, the
lack of energy is first compensated by the breakdown of
glycogen in the liver and muscles. However, glycogenolysis
quickly fades, since glycogen reserves are enough only for
the first two to three days, and with a considerable energy
deficiency — even less (Soonberg et al., 2021; Cabezas-Garcia
et al., 2021). Therefore, to cover the energy deficit, a highly
productive cow uses reserve fats that are deposited during
the mobilisation and dry periods.

A slight energy deficit that occurs in cows after
childbirth is considered a physiological phenomenon. The
milk productivity of cows is maximum in the first two months
after calving, but currently the assimilation of basic nutri-
ents from the feed is insufficient to provide them to the
body. First of all, an energy deficiency occurs, which causes
rapid weight loss and increases the risk of metabolic dis-
eases in animals (Vossebeld et al., 2022). Excessive and
prolonged intake of lipids causes insufficient oxidation in
the tricarboxylic acid cycle and activation of ketogenesis
(Mezzetti et al., 2019). Therefore, with the intensive course of
metabolic processes in highly productive cows, even minor
management errors on farms cause the development of
morbidity, specifically metabolic pathology (Banda et al.,
2022; Grala et al., 2022).

Metabolic diseases of cows are a considerable ob-
stacle to increasing productivity in dairy cattle breeding.
They lead to significant economic losses in animal hus-
bandry due to a shortfall in offspring and milk, an increase
in the cost of production (Van Saun, 2016).

Metabolic disorders in the body of animals often
occur subclinically, and therefore are not established in
time by livestock breeders and are not diagnosed by veter-
inary doctors. The study of the content of metabolic indi-
cators in the body of cows during the transit period should
be considered when developing a strategy for monitoring
metabolic disorders, which is a component of preventive
measures against the spread of relevant diseases and early
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culling of valuable livestock. Therefore, it is important for
specialists working with highly productive dairy cows to
consider the patterns of metabolism in the body of healthy
animals during the transit period (Smith et al., 2017). This
is also important for determining effective means of treat-
ing sick animals and timely implementation of preventive
measures that would prevent the progression of pathology.
At the same time, the negative energy balance and meta-
bolic disorders that occur during the transit period contrib-
ute to immunosuppression, which can lead to the devel-
opment of both internal diseases and infectious pathology
(Hailemariam et al., 2014; Lacassea et al., 2018).

Consequently, the state of metabolism in the body
of dairy cows during the transit period undergoes signif-
icant changes, which are aimed at compensating for in-
creased needs for energy, nutrients, and biologically active
substances. The cow’s body responds to the negative state
of energy balance through compensating for the lack of en-
ergy by mobilizing carbohydrates, proteins, and lipids of the
body depot (Weber et al., 2013). The conducted literature
analysis and earlier studies by authors of the present paper
indicate that it is currently important to conduct medical
examinations or monitoring studies in dairy farms to estab-
lish the main blood parameters that characterize the state
of metabolism in cows during the transition period (Simonov
& Vlizlo, 2015; Walter et al., 2022).

The purpose of this study was to find the concentra-
tion of glucose, pyruvate, and lactate in the blood plasma of
dairy cows before calving and in the first weeks of lactation,
as well as hormonal regulation and mechanisms of metabolic
disorders during this period.

Materials and Methods

The study was carried out per the provisions of the “Eu-
ropean Convention for the protection of vertebrates used
for experimental and other purposes” (Strasbourg, 1986)
(European convention..., 1986) and considering the “Gen-
eral Ethical Principles of Animal Experiments” (Galkin &
Grigorenko, 2011), which were adopted by the first National
Congress on Bioethics (Ukraine, 2001).

The cows were studied on the farm of the Lviv region,
and blood tests were carried out in the laboratory of Mo-
lecular Biology and Clinical Biochemistry of the Institute
of Animal Biology of the National Academy of Agrarian
Sciences and at the Department of Internal Diseases of
Animals and Clinical Diagnostics of the Stepan Gzhytskyi
National University of Veterinary Medicine and Biotech-
nologies Lviv during 2020-2021. The object of this study
was highly productive cows of the Holstein breed, at vari-
ous stages of the physiological state and periods of main-
tenance. The first period of the study concerned cows
7-10 days before calving, the other three periods - after
calving: the second - Days 2-4, the third — Days 10-14, and
the fourth — Days 30-40. Analogous cows were selected for
the study in terms of productivity, body weight, and age.
Cows corresponded to 2-4 lactations, with a productivity of
7.8-8.2 thousand kg of milk per previous lactation. Overall,
the study was conducted on 80 dairy cows. All animals un-
derwent a daily clinical examination. If sick animals were
identified, they were prescribed treatment, depending on
the diagnosed pathology. Animals that were treated were
not used for further studies.
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Blood for research was obtained from the jugular vein
of cows, in the morning, before feeding them. The blood was
stabilized by adding heparin to the test tubes. After taking
blood from cows, plasma was obtained directly on the farm.
For this, the blood was immediately centrifuged at 3,000 rpm
for 20 minutes. The resulting blood plasma was transferred
to chemically clean, dry test tubes, and transported in a
portable refrigerator to the laboratory, where it was stored
in a stationary refrigerator at +4-6°C and used for analysis
(up to three days). The rest of the obtained blood plasma was
frozen at -20°C and stored for up to two months before the
next analysis. In the blood plasma of cows, glucose concen-
trations were determined using the glucose oxidase method,
pyruvate — according to the modified Umbright method, and
lactate — by reaction with paraoxydyphenyl. These studies
were performed on a biochemical Evolution 3000 analyser
(Ttaly). The concentration of hormones in the blood plas-
ma (insulin, cortisol, insulin-like growth factor, leptin, thy-
roid-stimulating hormone, triiodothyronine, thyroxine) was
established according to the enzyme immunoassay method
using test kits from the companies “Human” (Germany),
“DRG” (Germany), and “Orgentec” (Netherlands).

3
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Statistical analysis of blood parameters was performed
using a personal computer and Microsoft Excel software.
In distinct groups of cows, the arithmetic mean (M) and
statistical error of the arithmetic mean (m) were found
from the obtained blood parameters. The correlation co-
efficient (r) was calculated between individual groups and
indicators. The probability of differences in values between
groups was calculated using the Student’s criterion. Dif-
ferences were considered significant at P<0.05-0.001. Di-
agrams in figures were constructed using Excel according
to generally accepted algorithms. The figures in this paper
contain average values of quantities (M).

Results and Discussion

The concentration of glucose in the blood is the main indica-
tor according to which the level of energy supply to the body
is determined. Studies have proved that the low concentra-
tion of glucose in the blood plasma of cows (Fig. 1) is re-
corded in the last 7-10 days before calving (2.5 £ 0.2 mmol/L),
while on Days 2-4 and 10-14 after calving, its concentration
was marked by the lowest values (2.2 *# 0.1 mmol/L and
2.2 0.1 mmol/L, respectively).

2.6 2.5
24 e
2+ T

7-10 days Days 2-4
before calving Oafter calving
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Days 10-14 Days 30-40
after calving after calving

Figure 1. Concentration of glucose in the blood plasma of cows during the transit period, mmol/L

Low plasma glucose concentrations in cows are usu-
ally recorded during the first weeks after calving (Vossebeld
et al., 2022). Such changes can be considered as a result of
a mismatch between energy intake with feed and glucose
consumption for metabolic processes and milk synthesis. In
healthy, highly productive cows, the need for energy and pro-
tein in the first days after calving exceeds their consumption
with feed. Therefore, with a shortage of glucose, cows use
their lipid reserves from the depot of the body, which causes
an increase in the level of non-esterified fatty acids and ke-
tone bodies in the blood (Imhasly et al., 2015). Such changes
can cause metabolic disorders, specifically the development
of ketosis. Furthermore, glucose is the best fuel for immune
cells,soitslow concentration during the transition period and
high content of ketone bodies can cause immunosuppression
(Ingvartsen & Moyes, 2013) and weaken the body’s defences.

On Days 30-40 after calving, the blood glucose con-
tent of cows increased to 2.7 + 0.3, or 23% compared to the
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first two weeks after calving (Fig. 1). However, in another
40% of animals, its level stayed below the lower limit of
physiological fluctuations (2.5-3.5 mmol/L).

Glucose metabolism in body cells depends on access
to oxygen. During the oxidation of glucose under aerobic
conditions, pyruvate is formed in the body, and when the
breakdown occurs without oxygen, glycolysis occurs anaer-
obically with enhanced formation of lactate. It was found
that simultaneously with a decrease in the concentration
of glucose in the blood plasma of cows after calving, the
content of pyruvate and lactate increases (Figs. 2 and 3),
which indicates the activation of metabolic processes both
by aerobic and anaerobic pathways.

Thus, on Days 2-4 after calving, the content of pyru-
vate in the blood plasma of cows was 114.9 * 4.8 umol/L,
and lactate — 1.4 = 0.3 mmol/L, which is 8% and 50% higher,
respectively, compared to the period before calving (106.2 *
% 4.01 ymol/L and 0.9 * 0.2 mmol/L, respectively).
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Figure 2. Concentration of pyruvate in the blood plasma of cows during the transit period, pmol/L
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Figure 3. Concentration of lactate in the blood plasma of cows during the transit period, mmol/L

Pyruvate and lactate values increased even more at
Days 10-14 and 30-40 of lactation. During these study pe-
riods, the concentration of pyruvate in the blood plasma
of cows exceeded its value in the prenatal period by 23%
(130.4 + 5.3 ymol/L; P<0.01) and 48% (157.4%7.03 umol/L;
P < 0.001), and lactate — by 2.3 times (2.1 # 0.3 and
2.10 £ 0.5 mmol/L; P < 0.001), respectively. Notably, after

20

calving, the ratio of lactate to pyruvate in the blood of
cows was consistently higher than that of dry cows (Fig. 4),
which may indicate an increase in gluconeogenesis pro-
cesses. Thus, if 7-10 days before calving the ratio of lactate
to pyruvate corresponded to 9, then on Days 2-4 after calv-
ing it corresponded to 12, on Days 10-14 - to 17, and on
Days 30-40 days - to 14.

17

12
) 9 .
0 ‘ . .
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Days 10-14
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Days 30-40
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Figure 4. Ratio of lactate to pyruvate in cow blood plasma during the transit period

The metabolism of carbohydrates in the body of
ruminants is aimed at maintaining the stability of the
concentration of glucose in the blood, including during
energy deficit, since the brain feeds exclusively on glu-
cose. Proceeding from this, at the beginning of lactation,
when the need for glucose for milk lactose synthesis is
high and the supply of glucose precursors from feed is
low, activation of gluconeogenesis is a vital compensa-
tory mechanism (Schulz et al., 2014). In ruminants, to
provide the body with energy, gluconeogenesis is contin-
uous and increases after feeding. Their need for glucose is
provided as a result of gluconeogenesis by 90% or more,
which is regulated by the endocrine system (Knob et al.,
2021). Thus, in the blood plasma of cows on Days 2-4
after calving, a decrease in the concentration of insulin
to 122.8 # 16.5 pmol/L (P < 0.001) was found compared

to 260.9 £ 19.2 pmol/L in the period of 7-10 days before
calving (Fig. 5). On Days 10-14 and 30-40 after calving,
the plasma insulin concentration was 163.5 * 17.7 and
164.6 £ 15.8 pmol/L, which was 33% and 34% higher, re-
spectively, compared to Days 2-4 (122.8 # 16.5 pmol/L),
but even lower by 38% (P < 0.05) and 37%, respectively, than
in dry animals (260.9 # 19.2 pmol/L). Low insulin concen-
trations lead to inhibition of glycogenesis and contribute
to the support of plasma glucose levels (Vossebeld et al.,
2022). In the literature, the reduction of insulin synthesis
by the pancreas of dairy cows of the transit period is called
insulin resistance (Rico et al., 2015). Insulin resistance is a
consequence of the body’s metabolic adaptation to energy
deficiency. This process increases gluconeogenesis in the
liver in cows and reduces glucose uptake by skeletal mus-
cles and other tissues (Spachmann et al., 2013).
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Figure 5. Concentration of insulin in the blood plasma of cows during the transit period, pmol/L

However, insulin resistance accelerates lipolysis during
the transition period, and this increases the risk of meta-
bolic diseases in dairy cattle (Rico et al., 2015). Therefore, a
decrease in insulin synthesis at the beginning of lactation is
probably associated with glucose deficiency and increased
gluconeogenesis. Activation of gluconeogenesisincreases the
mobilization of energy substances from the depot, especially
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lipids, which can adversely affect the intensity and direction
of metabolism and provoke the development of metabolic
pathologies (Weber et al., 2013; Gruber & Mansfeld, 2019).
Specifically, increased lipomobilization and the develop-
ment of excessive amounts of free fatty acids causes func-
tional liver overload and the development of fatty hepatocyte
infiltration (Ingvartsen & Moyes, 2013; Imhasly et al., 2015).
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The next pathway of physiological metabolism
regulation occurs through the activation of the adrenal
glands, which produce glucocorticoids, primarily cortisol.
The latter induces all key enzymes of gluconeogenesis and
provides this process with starting compounds and reduces
the need for glucose in tissues, thereby increasing its level
in the blood (Ebinghaus et al., 2020). In turn, this helps the

body overcome stress, support a certain level of glucose in
the blood, even with insufficient intake of carbohydrates.
By stimulating protein breakdown, cortisol promotes the
release of amino acids, which are also essential elements
of gluconeogenesis. The conducted studies of cortisol con-
centration in blood plasma of cows indicated (Fig. 6) its
highest level on Days 2-4 and 10-14 of lactation.

164.3 171.7
] - . 130-2
87.7 I
7-10 days Days 2-4 Days 10-14 Days 30-40

before calving after calving

after calving after calving

Figure 6. Concentration of cortisol in the blood plasma of cows during the transit period, ulU/L

Thus, the content of cortisol in blood plasma after calv-
ing on Days 2-4 was higher by 87% (164.3 + 17.3ulU/L; P<0.01),
on Days 10-14 - by 96% (171.7 = 16.9 uIU/L; P < 0.001), and on
Days 30-40-by 48% (130.2+ 14.8 uIU/L; P < 0.05) compared to
the end of the dry period (87.7 + 12.4 uIU/L). Increased cortisol
synthesis during energy deficiency can enhance gluconeo-
genesis through lipolysis and proteolysis (Gross et al., 2015).

Apart from insulin and cortisol, markers of metabo-
lism in dairy cows can also be the concentration of insulin-like
growth factor (IGF, somatomedin) and leptin in blood plasma
(Petruh et al., 2018). Presently, IGF and leptin can be attributed

to understudied hormones. Insulin-like growth factor is syn-
thesized mainly in the liver in response to an increase in the
level of somatotropic hormone in the blood. In its physiological
properties, IGF is close to insulin, structurally similar, and has
common receptors that trigger the same reaction chains (Si-
monov et al., 2021). It stimulates the transport of amino acids
and glucose in muscles, increases the sensitivity of cells to in-
sulin, while in adipose tissue it promotes the transport of glu-
cose, its oxidation and transformation into lipids (Mollo et al.,
2021). That is why the concentration of IGF decreased in the
blood of cows after calving (Fig. 7) compared to the dry period.

13.4 T 15.6 15.1
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Figure 7. Concentration of insulin-like growth factor (IGF) in cow blood plasma during the transit period, nmol/L

Thus, the concentration of IGF in blood plasma on
Days 2-4 days of lactation was 29% lower (9.5 = 1.5 nmol/L;
P < 0.05) compared to the period of 7-10 days before calv-
ing (13.4 £ 1.3 nmol/L). The correlation between blood in-
sulin concentrations and IGF during the first day after calv-
ing is remarkably high (r = +0.9). Consequently, when dairy
cows develop a negative energy balance after calving and
a decrease in blood glucose concentration, the endocrine
system inhibits the synthesis of insulin, IGF, and glucagon
(Vossebeld et al., 2022; Fazio et al., 2022).

On Days 10-14 after calving, compared to Days 2-4,
the concentration of IGF in the blood plasma of cows in-
creased by 64% (15.6 £ 1.4 nmol/L; P < 0.01) and stayed at
this level until Days 30-40 (15.1 # 1.7 nmol/L; P < 0.05).
However, the correlation between IGF and insulin levels on

Days 10-14 after calving was still quite positively high (r = +0.7).
This suggests that IGF is important in the energy supply of
the body of dairy cows.

The tissue hormone leptin is synthesized by adipo-
cytes, and its main physiological function is to reduce the
synthesis of macroergic compounds and increase energy
expenditure. Circulating in the blood, leptin helps support
optimal glucose levels, which are essential for the body’s
energy needs (Petruh et al., 2018). The results of the con-
ducted studies indicate (Fig. 8) that, compared to the end
of the dry period (8.10 + 0.76 ug/L), on Days 2-4 of lacta-
tion, the content of leptin in blood plasma decreased by
three times (2.67 = 0.33 ug/L; P < 0.001) and tayed at a low
level on Days 10-14 (2.22 * 0.42 pug/L; P < 0.001) and until
the Day 40 of lactation (2.30 £ 0.61 pg/L; P < 0.001).
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Figure 8. Leptin content in cow blood plasma during the transit period, pg/L
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Leptin is involved in the regulation of appetite, in-
teracting with specific receptors located in the hypotha-
lamic region, activates the production of nerve impulses
directed to the corresponding areas of the brain. An ele-
vated concentration of leptin in the blood signals that the
body has received enough nutrients. Thus, the low content
of leptin in the blood plasma of cows after calving estab-
lished by the results of the study contributes to an increase
in feed consumption at the beginning of lactation, when
the body’s need for nutrients, especially energy, increases
considerably.

Thyroid hormones (triiodothyronine, thyroxine)
and its main regulator, the pituitary gland, which produces
thyroid-stimulating hormone (TSH) play a vital role in the
regulation of metabolism in the body of cows, specifically
energy metabolism (Fazio et al., 2022). Studies have proved
that in comparison with the period of 7-10 days before
calving, in the first four days after calving, the concentration
of triiodothyronine (T3) decreases (Figs. 9 and 10) in the
blood plasma of cows by 54% (from 4.8 + 0.5 to 2.2 = 0.3 nmol/L;
P < 0.001) and thyroxine (T4) - by 35% (from 80.6 % 6.3 to
52.2 # 5.0 nmol/L; P < 0.01).
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Figure 9. Triiodothyronine concentration (T3) in the blood plasma of cows during the transit period, nmol/L
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Figure 10. Thyroxine concentration (T4) in the blood plasma of cows during the transit period, nmol/L

At the same time, the study of the concentration
of thyroid-stimulating hormone in the blood plasma of
cows showed no significant difference (Fig. 11). It was

at the same level (0.21 + 0.031 and 0.2 = 0.027 mIU/L,
respectively, in the pre-calving period and on Days 2-4
after calving).
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Figure 11. Thyroid-stimulating hormone (TSH) concentration in blood plasma of cows during the transit period, mIU/L

Havingconductedthecorrelation,itwasestablishedthat
on Days 2-4 after calving, it was strongly positive (r = +0.7)
between the level of thyroxine and insulin-like growth
factor, and moderately positive (r = +0.4) between the con-
centration of triiodothyronine and IGF. This may indicate
regulatory metabolic processes both in the liver, which
produces IGF, and in the thyroid gland. The established low
level of IGF and thyroid hormones indicates a decrease in
the use of energy compounds by body tissues and increas-
es their availability to the mammary gland. This is one of
the mechanisms of energy redistribution in favour of milk
formation. This suggests that a decrease in the synthesis of
IGF and thyroid hormones is a consequence of the physi-
ological regulatory features of this period. It is indicated
that the level of IGF in the blood depends on the concen-
tration of thyroid hormones that increase the secretion of
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IGF by the liver (Petruh et al., 2018). Starting from Days 10-14
after calving, compared to Days 2-4 days, the concentration
of T3 in the blood plasma of cows increased by 2.1 times
(4.7%0.5 nmol/L; P<0.001) and T4 — by 53% (79.9 £ 6.2 nmol/L;
P < 0.01). On Days 30-40, the concentration of T3 stayed
stable (5.1 = 0.4 nmol/L; P < 0.001), while T4 - increased
(110.5 £ 9.7 nmol/L; P < 0.001) and was the highest for all
periods under study (Figs. 9 and 10). The growth of thy-
roid hormones activates the carbohydrate and protein ca-
tabolism, stimulates lipomobilization with a negative en-
ergy balance. On Days 10-14 after calving, the correlation
between the level of IGF and thyroid hormones was weak
(r = +0.2-0.3), in contrast to the nature of the correlation
between IGF and insulin level (r = +0.7).

Thus, the analysis of the literature and research
of the authors of the present paper indicate that in




Hormonal regulation of the concentration of glucose and its derivatives in the blood of dairy cows during the transit period

high-yielding dairy cows in the transit period, the state
of metabolism, specifically energy metabolism, should be
monitored, since even minor deviations can cause its dis-
ruption and the development of diseases.

Conclusions

In highly productive dairy cows, in the last weeks before
calving and the first weeks of lactation period, there is
a considerable increase in energy metabolism, which is
aimed at ensuring high productivity. In the first 14 days af-
ter calving, the concentration of glucose in the blood plas-
ma of cows decreases to 2.2 = 0.1 mmol/L, which indicates
a lack of energy in the body. Compared to the pre-calving
period, during the first 40 days of lactation, the concentra-
tion of pyruvate in the blood plasma of cows increases by
48% (157.4 = 7.03 umol/L; P < 0.001), and lactate, even by
2.3 times (2.1 £ 0.5 mmol/L; P < 0.001), which indicates an
increase in the breakdown of carbohydrates, specifically by
anaerobic means.

Supporting the physiological course of metabolism
in the body of cows of the transit period is actively regulated

by the endocrine system. With a low level of glucose in the
blood plasma of dairy cows in the first weeks of lactation,
compared to the period before calving, the body produces
37-47% less insulin (122.8%16.5-164.6%15.8 pmol/L;
P <0.001-P < 0.05) and leptin by 3.0-3.5 times (2.67 £ 0.33-
2.30 £ 0.61 pg/L; P < 0.001), and in the first 4 days also in-
sulin-like growth factor by 29% (9.5 = 1.5 nmol/L; P < 0.05)
and increases the synthesis of cortisol from 48% to 96%
(130.2 = 14.8-171.7 = 16.9 puIU/L; P < 0.05-0.001), and from
10 to 40 days - triiodothyronine (5.1 + 0.4 nmol/L; P < 0.001)
and thyroxine (110.5 £ 9.7 nmol/L; P < 0.001), which contrib-
utes to the stabilization of energy metabolism. Therefore,
in the transit period, a well-coordinated regulatory action
on the part of the endocrine system is important, which
would ensure the completion of pregnancy, successful
calving, high milk yield due to increased activity and
support of metabolic intensity at the physiological level.

Further research will relate to the investigation of
metabolic pathology, elucidation of aetiological factors,
and pathogenetic mechanisms of metabolic diseases in dairy
cows in the first weeks after calving.
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AHoranis. [TopymeHHs 06MiHY PeYOBUH Y MOJIOUHMX KOPiB IMepPeBakHO PEECTPYIOTh B OCTAHHI TUMKHI CyXOCTillHOTO
nepiomy Ta mepuri — Micas OTeleHHs (TPaH3UTHMIA Tepion). MeTol poboTH 6y/I0 SOCTIAUTY TOPMOHATBHY PEryJsiiio
KOHILIEHTpallil INII0KO3M Ta 1i MOXiJHMX Y KPOBI MOJIOYHMX KOPIB MiJ] 4ac TPaH3UTHOrO nepiony. JJoctiiKeHHS TPOBOAIIN
Ha KOopoBax 2-4 jakTaliiif, MpOOyKTUBHICTIO 7,8—8,2 TUC. KT MOJIOKa 3a MOMepeHIo jaKralii. KpoB mys mociigkeHb
BimOupaau B KopiB 3a 7-10 1i6 mo oTeneHHs Ta Ha 2—4 o6y, 10—-14 Ta 30-40 mo6u micist Hboro. KoHeHTpallio y riasmi
KpOBi IJIIOKO3Y BM3HAYAIM [TTIOKO300KCUIA3HMM METOIOM, TTipyBaTy — MoaAudikoBaHMM MeTomoM YM6paiiTa, JakTaTy —
3a peakilielo 3 mapaokcuaudeHisom, a BMICT TOpMOHIB — MeTOIOM iMyHO(QEpPMEHTHOTO aHasi3y. BcraHoB/eHO, IO Y
BMCOKOIIPOSYKTUBHUX MOJIOUHMX KOPIB TIif, Uac TPAaH3UTHOTO Mepiofy BinOyBarOThCs iCTOTHI 3MiHM B 0OMiHi BYT/IEBO/IiB
Ta QYHKI[IOHAJBHOTO CTAHy OPraHiB i cucTeM, IKi CIIpSIMOBAaHi Ha 3a0e3TeYeHHs BMCOKOI MPOAYKTUBHOCTI. Tak, y KOpiB
YIIPOJOBX JIBOX TVDKHIB ITiC/IS1 OTEJIEHHSI PeeCTPYEThC TiMnoraikeMis. BogHouac 3i 3MeHIIeHHSIM KOHI@HTpPallii III0KO3U
y mia3Mi KpoBi KOpiB 3pOCTa€ BMICT MipyBaTy Ta JaKTaTy, a TaKOX BiJHOLIEHHS JaKTaTy A0 IMipyBaTy, IO CBiIUUTH
PO MOCUJIEHHS TIIOKOHeoTeHe3y. HeraTuBHMI eHepreTUUHMII GallaHC Ta MOCUIEHHS TIIOKOHEOTeHe3y MPU3BOASTH 10
3HIDKEHHSI CMHTE3 iHCY/TiHY Ta iHCY/TiHOMOLiOHOTO GaKkTopy pocTy. ITopiBHSIHO i3 3aBepIIaIbHMUM MEPiOAOM CYyXOCTOM, Ha
2—-4 106y naKTalii, KOHIEHTPAIis JeNTUHY B I71a3Mi KpOBi KOPiB 3MEHIIIyBa/Iacsl BTPMUYi Ta TpUMasacs Ha HU3bKOMY PiBHi
o 40 mo6wm yakraliii. PiBeHb KOpTMU30y B TUIa3Mi KpoBi OyB HaiiBuimyuM Ha 2—-4 ta 10-14 go6y nakraiii. IHTeHCMBHMIT
CUHTE3 KOPTMU30/y B Iepiof eHepreTMYHOro fedilluTy MOCUIIIOE NIIOKOHeoreHe3, [0 MOK/IMBE 38 PaXyHOK JiMomi3y Ta
mpoTeosisy. Y mepiiri 06U Mic/is OTeleHHs Y IIa3Mi KpOBi KOPiB 3MeHIIYBaBCsSI BMIiCT TUPOKCUHY Ta TPUAOATUPOHIHY.
IpurHiYeHHS MPOAYKIIii TMPEOIAHUX TOPMOHIB € HaCTimKOM (i3ionoriuHMX PeryasTOpHUX 0COBIMBOCTE IIbOTO Tepiomy.
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Abstract. The adrenal gland is a peripheral organ of the endocrine system that directly affects the formation of bird
productivity indicators, which is an important characteristic for the development of industrial poultry farming. The
purpose of this study was a morphometric assessment of the microstructural components of the adrenal gland of birds
of the order Galliformes (domestic quail, chicken, turkey), Anseriformes (Muscovy duck, domestic duck, and goose) and
Columbiformes (common pigeon). Anatomical, histological, morphometric, and statistical research methods were used in
this study. It was found that the thickness of the adrenal capsule of birds directly depends on their body weight and varies
from 10.82 * 0.56 pm (domestic quail) to 28.53 * 1.36 pm (domestic turkey). Interrenal tissue compared to suprarenal
tissue in Muscovy ducks, common pigeons, domestic ducks, and geese occupies a larger (P < 0.001) area of the central zone
(3.50, 2.77, 3.10, and 3.11 times, respectively) and peripheral zone (1.27, 2.71, 1.38, and 1.55 times, respectively) of the
adrenal gland, which indicates its morphofunctional activity. The area of the venous sinuses in the central zone compared
to the peripheral zone of the adrenal gland is larger in domestic quail by 2.80 times (P<0.05), domestic chicken - by
3.62 times (P < 0.05), domestic turkey — by 3.68 times (P < 0.05), domestic ducks — by 5 times (P < 0.01), domestic ducks —
by 3 times (P < 0.05), domestic geese — by 2 times (P < 0.05). The common pigeon is characterized by a uniform placement
of venous sinuses along the entire periphery of the adrenal gland and, as a result, similar indicators of their area in the
peripheral and central zones. The index of the nuclear-cytoplasmic ratio of endocrinocytes of the adrenal gland of birds
varies. It is the lowest in the cells of the second type of interrenal tissue (from 0.052 * 0.004 in the common pigeon to
0.092 + 0.016 in the domestic quail), slightly higher in the cells of the first type of interrenal tissue (from 0.065 + 0.004
in the common pigeon to 0.111 # 0.012 in the domestic turkey) and the largest in chromaffin cells of the supranarial
tissue (from 0.102 = 0.015 in the domestic chicken to 0.166 + 0.018 in the common pigeon). It is recommended to use the
established features of the morphometric indicators of the microstructural components of the adrenal gland of birds to
create a base for its normal morphological characteristics. This allows assessing the morphological and functional state of
the adrenal gland under several factors and pathology
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Introduction

Birds are a large class of vertebrates. Presently, about
10 thousand bird species from 27 genera and 170 families are
known. Among them, over 5 thousand birds are songbirds.
The total number of birds reaches 100 billion specimens.
The largest number of species is recorded in countries such
as Colombia (1,700), Ecuador (1,357), and Brazil (1,440). Amuch
smaller number of bird species is typical for Cameroon (670),
the USA and Canada (775), and very few - for Portugal (315)
and Greece (339) (Batool et al., 2020; Lees et al., 2022).

Over many centuries, humans have domesticated
several Galliformes — turkeys, guineafowl, chickens, quails,
pheasants, peacocks; of Anseriformes — ducks, geese,
mute swan; of Columbiformes — common pigeon. Man has
learned to breed canaries, ostriches, cormorants, parrots,
and other birds in captivity (Domyan & Shapiro, 2017).

Industrial poultry farming occupies a leading posi-
tion among livestock industries (Hafez & Attia, 2020). At
the beginning of the 21% century, the production of eggs
and poultry meat increased fivefold (OECD-FAO Agricul-
tural..., 2016). According to the OECD-FAO agricultural
forecast for 2019-2028, poultry is the most consumed animal
protein in the world (OECD-FAO Agricultural..., 2019).

The main area of development of modern poultry
farming and veterinary medicine is to improve the pro-
ductive qualities of birds and prevent diseases of various
origins (Rudik et al., 2021). Organizational and economic
activities measures require an in-depth study of the bird
body in general and the morphology of organs and systems
in particular. Morphometric studies of endocrine organs in
clinically healthy birds at the tissue and cellular levels are
an urgent issue, since they can be used as morphological
criteria for diagnosing diseases in humans and animals.
The high efficiency of morphometric assessment of the
state of the animal body at the organ, tissue, and cellular
levels has been proven (Shevchenko, 2018).

The endocrine system, together with the nervous
system, coordinates the activity of the entire body (Lotfi,
2018). According to the modern classification, the organs
of the endocrine system are divided into three groups:
central, peripheral, and mixed. They also include single
endocrinocytes. They are located in non-endocrine organs,
forming a dissociated endocrine system (Scanes, 2015).

An essential role in the functioning of the endocrine
system of birds belongs to the adrenal gland. Its hormones
affect tissue differentiation and growth, the development
of reproductive organs, and the course of the sexual cycle
(Banerjee, 2018; Kot et al., 2021; Gjuen, 2022). They regu-
late water, protein, carbohydrate, fat and mineral metabo-
lism (Lotfi et al., 2018; Di Lorenzo, 2020). The adrenal gland
is sensitive to changes in the internal and external envi-
ronment. Stress, hypothermia, and diseases change the
mass, size, vascularization of the adrenal glands, the ratio
of cortical and cerebral zones, and their cytophysiological
characteristics (Lotveld et al., 2017; Qureshi et al., 2020).

In birds, compared to mammals, the microscopic
structure of the adrenal gland has class features of the his-
toarchitectonics of its structural components. Externally,
the adrenal gland of birds is covered with a connective tissue
capsule, under which the parenchyma is located. The latter
is formed by suprarenal and interrenal tissues, which are
represented by cell cords that are chaotically intertwined.

The different configuration of cell cords of interrenal and
suprarenal tissues allows conditionally distinguishing two
zones — peripheral and central - on the section of the ad-
renal gland of birds. The narrow spaces between the cellu-
lar cords of the suprarenal and interrenal tissues are filled
with loose fibrous connective tissue with venous sinuses
and sinusoidal hemocapillaries (Kober et al., 2012; Matos,
2008; Colcimen & Carmak, 2020; Prokopenko & Kot, 2021).

Morphology uses a variety of research methods:
anatomical, pathoanatomical, histological, immunohisto-
chemical, ultramicroscopic, histochemical, and morpho-
metric. The latter method is characterized by high accuracy
for assessing the structural and functional state of animals
at the levels of organs, tissues, and cells in normal and
pathological conditions (Bancroft & Gamble, 2007). Scien-
tific sources mainly present information on organometry
of the adrenal gland of birds (Kober et al., 2012; Colcimen
& Cakmak, 2020; Prokopenko & Kot, 2021). Information
on the morphometry of microstructural components of the
adrenal glands in birds is limited. Most authors investigated
one to two adrenal micromorphometric parameters in birds
of certain species and age groups. Specifically, Fathima &
Lucy (2014) established an inter-suprarenal ratio of the ad-
renal glands in domestic ducks. Matos (2008) determined
the height of endocrinocytes and the diameter of their nu-
clei in this gland in domestic chicken. Moghadam & Mo-
hammadpour (2017) specified the relative volume of the
interrenal and suprarenal tissues of the adrenal gland in
domestic guineafowls. El-Desoky & El-Zahraa (2021) noted
the area of interrenal and suprarenal adrenal tissues in do-
mestic quail. There are no data from a comprehensive mor-
phometric study of the microstructural components of the
adrenal gland of birds in the comparative-species aspect.
The issue of cytomentric parameters of adrenal endocrino-
cytes in birds is not covered.

Therefore, the purpose of this study was a compre-
hensive morphometric assessment of the microstructural
components of the adrenal gland of birds of various spe-
cies, the indicators of which are morphological criteria of
physiological and pathological changes in the endocrine
system and can be used during the diagnosis of diseases of
various aetiology.

To fulfil the purpose of the study, it was necessary to
solve the following tasks after anatomical and histological
examination of the adrenal gland: to establish the thick-
ness of the adrenal capsule; to find the area of suprarenal,
interrenal tissues, and venous sinuses in the peripheral and
central zones of the adrenal gland; to conduct morphometric
analysis of adrenal endocrinocytes.

Literature Review
The specialized literature of the last five years presents in-
formation on the morphology of the adrenal gland of fish,
amphibians, reptiles (Gaber & Abdel-maksoud, 2019; Di
Lorenzo et al., 2020) and mammals (Kigata & Shibata, 2018;
Zakrevska & Tybinka, 2019). Regarding birds, most of the
studies by ornithologists and morphologists provide data
on the anatomical and microscopic structure of the adrenal
gland of various bird species (Qureshi et al., 2020; Proko-
penko & Kot, 2021). The adrenal gland is a parenchymatous
organ, the microscopic structure of which corresponds to
the regularities of the structure and function of endocrine
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organs. There are no excretory ducts in the endocrine or-
gans. The products of their activity (hormones) are released
directly into the lymph and blood. In terms of the structure,
endocrine organs consist of connective tissue stroma and
parenchyma. The latter forms follicles, rods, islands, the
cells of which are in close contact with the vessels of the
microcirculatory channel. There are many blood capillaries
between the structural components of the adrenal paren-
chyma, mainly of the sinusoid type (Scanes, 2015; Kigata
& Shibata, 2018; Zakrevska & Tybinka, 2019). Externally,
the adrenal gland of birds is covered with a capsule, which
is formed by loose fibrous connective tissue, contains blood
vessels and clusters of nerve cells. In the common pigeon,
nodes of the autonomic nervous system are also registered in
it, in the domestic chicken - supplementary adrenal glands.

In birds of the Anseriformes order, the outside of
the capsule of the adrenal gland contains a layer of adi-
pose tissue, in Muscovy duck — a group of nodes of the au-
tonomic nervous system (Kot et al., 2021; Prokopenko &
Kot, 2021). The results of the morphometric study of the
macro- and microscopic components of the adrenal gland
of birds are incomplete, scattered, and refer to individual
species. There is evidence that the mass, length, thickness,
and width of the right and left adrenal glands of birds are
not the same. In domestic birds, the left adrenal gland
has a larger mass (Prokopenko & Kot, 2021). The absolute
mass index of the right and left adrenal glands of domestic
chickenis 97.2 + 1.2 and 104.1 * 1.4 mg; length — 0.8 + 0.0 and
0.9+ 0.0 cm; width - 0.6 £ 0.0 and 0.5 # 0.0 cm; thickness —
0.5+ 0.0 and 0.4 = 0.0 cm, respectively (Kober et al., 2012).

According to Fathima et al. (2014), adrenal gland
mass is more correlated with bird age than with body
weight. In common pigeon (Columba livia), house sparrow
(Passer domesticus), house crow (Corvus splendens), com-
mon myna (Acridotheres tristis), bank myna (Acridotheres
ginginianus), black kite (Milvus migrans), grey francolin
(Francolinus pondicerianus), and in western cattle egret
(Bubulcus ibis), the mass of adrenal glands increases during
the period of their sexual activity (Vyas & Jacob, 1976). In
addition, the organometric indicators of the adrenal gland
of birds are affected by their growing conditions, stress, and
the effect of pharmacological preparations (Qureshi et al.,
2020; Rudik et al., 2021).

In terms of the morphometric parameters of the mi-
crostructural components of the adrenal gland of birds, the
ratio between the interrenal and suprarenal tissues is de-
termined by the species, age, and sex of the birds. Accord-
ing to Kober et al. (2012), in the adrenal gland of domestic
chicken, the proportion of supraranal tissue in the central
zone (49.7%) is twice as high as in the peripheral zone
(24.8%). In general, the inter-supraranal ratio is 1.6:1. In
the domestic duck, the inter-suprarenal ratio of the adrenal
gland changes from 1.15:1 (one day old) to 2:1 (24 weeks
old) due to an increase in the proportion of interrenal tis-
sue in the gland (Fathima & Lucy, 2014). In domestic chick-
en, the inter-suprarenal ratio in males and females is not
the same — 1.9:1 and 1.43:1, respectively. In a 35-day-old
domestic quail, this indicator is 1:1, and by the 55% day it
changes to 6:1 (Matos, 2008).

Morphological analysis of the cells of the adrenal
parenchyma of birds shows that the endocrinocytes of the
suprarenal tissue have a basophilic cytoplasm, a polygonal
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shape, and a rounded nucleus located in the centre (Vyas &
Jacob, 1976; Prokopenko & Kot, 2021).In domestic chickens,
the height of cells and the diameter of their nuclei in the ad-
renal glands of males (8.72 + 0.231 pym and 4.39 * 0.359 pm,
respectively) are greater than in females (8.67 + 0.218 pym
and 3.84#0.326 pm, respectively) (Matos, 2008). Cells of
the interrenal adrenal tissue of birds have an eosinophilic
stained cytoplasm, columnar or cubic shape, rounded or
oval nucleus, which is located eccentrically (Fathima &
Lucy, 2014; Prokopenko & Kot, 2021). In domestic chickens,
the height of cells and the diameter of their nuclei in the
adrenal glands of males (8.96 # 0.159 ym and 4.26 = 0.166 pm,
respectively) are smaller than in females (10.57 £ 0.628 um
and 3.69 # 0.087 um, respectively) (Matos, 2008).

Materials and Methods

The study was conducted during 2019-2022 in the Educa-
tional and Scientific Clinical and Diagnostic Laboratory of
the Faculty of Veterinary Medicine of the Polissia National
University (Zhytomyr). The study performed is a fragment
of the research “Morphology of the adrenal gland of birds”
(State Registration No. 0120U101089). The adrenal gland
was collected from sexually mature birds of such species as
domestic quail (Coturnix coturnix. var. domesticus), domes-
tic chicken (Gallus gallus. var. domesticus), domestic turkey
(Meleagris gallopavo. var. domesticus), domestic duck (Anas
platyrhynchos. var. domesticus), Muscovy duck (Cairina mo-
schata), domestic goose (Anser anser. var. domesticus) and
common pigeon (Columba livia).

The test birds were clinically healthy and showed no
signs of disease. All intervention and slaughter of birds was
carried out in compliance with the recommendations of
Directive 2010/63/EU of the European Parliament and the
Council of September 22, 2010 “On the Protection of ani-
mals used for Scientific Purposes” (Directive 2010/63/EU...,
2010) and accordingly to the Law of Ukraine No. 692 “On
the Protection of Animals from Cruel Treatment” (3447-1V)
dated February 21, 2006 (On the Protection..., 2006).

Morphometric studies of the adrenal glands of birds
were preceded by anatomical and histological studies. Ana-
tomical studies included weighing of birds, their slaughter
and exsanguination, dissection of the chest cavity, prepa-
ration of the adrenal gland and its subsequent removal
(Reavill & Schmidt, 2019). Avian euthanasia included an
inhaled overdose of chloroform followed by acute exsan-
guination due to subclavian artery incision (Brooks Brown-
lie & Munro, 2016). Body weight of birds (233.17 + 3.84 g -
domestic quail, 1,703.33 * 37.74 g - domestic chicken,
4,330.00 £ 67.18 g — domestic turkey, 2,145.17 + 16.86 g —
Muscovy duck, 2,492.50 + 12.23 g - domestic duck,
3,147.50 + 26.13 g — domestic goose, 327.00£13.28 g — com-
mon pigeon) was determined by weighing on a PS6000/C/2
scale (Poland). For histological examination, the adrenal
glands of birds were fixed in a 10% aqueous neutral solu-
tion of formalin, gradually dehydrated in 40°, 70°, 96° and
100° ethyl alcohol, compacted in one portion of alcohol-xy-
lene in a 1:1 ratio and two servings of xylene, poured into
paraffin at a temperature not exceeding 60°C. Histological
sections 5-8 pm thick were made from paraffin blocks on
a sled microtome MC-2 (Ukraine). They were placed on
slides and stained with hematoxylin and eosin (Mulisch &
Welsch 2015; Bancroft & Gamble, 2019).




Micromorphometric characteristics of the adrenal gland in birds

Morphometric methods were used to obtain objec-
tive morphometric parameters of the microstructural com-
ponents of the adrenal glands in birds. For this, the authors
of this study used the Aperio ImageScope software (Leica
Biosystem Inc. USA, 2021). The following morphometric
parameters were determined: capsule thickness, area of
supreranal and interrenal tissues, venous sinuses, volume
of endocrinocytes and their nuclei, nuclear-cytoplasmic
ratio. These morphometric parameters were determined on
5 preparations from each bird, in 10 fields of view of a Primo
Star microscope (Carl Zeiss, Germany).

Since the endocrinocytes of the adrenal gland of birds
have a shape close to an ellipsoid, the Equation 1 of W. Jacobi
was used to determine the volume of these cells and their
nuclei (Bancroft & Gamble, 2018).

V=2xAxB? 1)
where Vis the cell volume;
mis 3.14; A — large diameter;
B - small diameter.

The nuclear-cytoplasmic ratio is the main cytomor-
phometric indicator of the level of cell differentiation and
metabolism in animals, depending on their living condi-
tions (Gaber & Abdel-maksoud, 2019). Therefore, thanks to
this indicator, it is possible to establish the functional ac-
tivity of adrenal endocrinocytes. The nuclear-cytoplasmic
ratio was determined according to the Equation 2:

Vnucleus
NCR = Vcells—Vnucleus ).

Digital data of morphometric studies were pro-

cessed using the variational statistical method using the

Common pigeon I (3.46

Statistica 6 software package (Stat Soft Inc., USA). The
analysis of the obtained data was based on indicators of
descriptive statistics, specifically the arithmetic mean (M)
and the standard error of the mean (m). The reliability of
the results obtained was evaluated according to the Fischer
F-criterion. The difference between the two values was
considered significant at P < 0.05; P < 0.01; P < 0.001.

This study is a continuation of a series of works in-
vestigating the features of the morphology of the adrenal
glands of sexually mature birds in the species aspect (Kot
et al., 2021; Prokopenko & Kot, 2021). Preliminary studies
were conducted on the topography, shape, consistency, and
colour of the adrenal gland of birds; determination of the
mass, length, thickness, and width of the adrenal gland of
birds; clarification of the features of the microscopic structure
of the adrenal gland of birds.

Results and Discussion

Analysis of morphometric studies has proved that the
thickness of the adrenal capsule of chickens directly de-
pends on their body weight. The greatest absolute mass
of the adrenal gland is typical for the domestic turkey
(28.53 £ 1.36 um), slightly smaller - for the domestic chick-
en (20.12 = 1.41 pm), and the smallest — for the domes-
tic quail (10.82 £ 0.56 um). An analogous dependence of
this indicator on body weight was recorded in birds of the
Anseriformes order. The thickness of the capsule of the ad-
renal gland of the domestic goose (27.0 + 0.89 um) is the
largest, the duck (21.30 £ 1.09 pm) is the smallest, and the
domestic duck (24.82 * 0.51 pum) is intermediate. In the
common pigeon (Columbidae order), the thickness of the
adrenal capsule occupies an intermediate position among
all the birds under study and is 13.46 + 0.67 um (Fig. 1).

Domestic goose I 27

Domestic duck I 0 4. 8 2

Muscovy duck I 2 1.3

Domestic turkey | 2. 8. 53

Domestic chicken I 0. 1 2

Domestic quail I [ 0.82
0 5 10

15

20 25 30

Figure 1. Capsule thickness (um) of the adrenal gland of birds

The parenchyma of the adrenal gland of birds is
formed by cell cords of suprarenal and interrenal tissues
that are closely intertwined. Between the cords of these
tissues, layers of loose fibrous connective tissue with ve-
nous sinuses and sinusoidal hemocapillaries are observed
(Prokopenko & Kot, 2021; Erdem et al., 2021). The specif-
ic features of the location and configuration of these cell
cords are determined by the formation of two zones of the
adrenal gland parenchyma of the birds under study - pe-
ripheral and central, which confirms the research of other
authors who investigated the adrenal gland of the domestic
goose (Ye et al.,2018; Grymak et al., 2020). H. Kober et al. (2012),
investigating the adrenal gland of a domestic chicken, recorded
the peripheral and central zones, as well as the subcapsular

layer, which corresponds to the research by Fathima and
Lucy (2014) in the domestic duck. In the adrenal gland of
the ostrich, the central and peripheral zones are distin-
guished. The latter consists of the outer (subcapsular zone)
and inner parts (Ye et al., 2018).

The morphometric study allowed establishing that
in the peripheral zone of the adrenal gland, the area of the
interrenal tissue compared to the area of the suprarenal
tissue is significantly larger in all species of birds under
study. Specifically, in domestic quail — by 2.65 times, P < 0.001
(71.67 = 2.93 vs. 27.0 = 3.17%); domestic chickens - by
2.66 times, P<0.001 (71.87 £ 3.62 vs. 27.01 + 2.64%); turkeys —
by 2.85 times, P < 0.001 (73.22 # 5.12 vs. 25.67 + 4.18%);
Muscovy duck — by 3.5 times, P < 0.001 (77.0 + 4.95 vs.
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22.0+3.17%); domestic duck — 3.10 times, P < 0.001 (74.5 =
+ 3.54 vs. 24.0 = 3.65%); domestic goose — 3.11 times,
P < 0.001 (74.17 = 4.09 vs. 23.83 = 4.35%); grey pigeon —
2.77 times, P < 0.001 (71.5 * 3.46 vs. 25.83 = 3.51%). Such
ambiguous morphometric indicators of the interrenal and
suprarenal tissues of the adrenal gland of experimental
birds are consistent with the results of the study of its
inter-suprarenal ratio by other researchers (Vyas & Ja-
cob, 1976; Matos, 2008; Grymak et al., 2020). According
to (Matos, 2008), the inter-suprarenal ratio of the adrenal
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Common pigeon — 25.83
PIg! 2.67

gland of birds can vary widely from 2:1 (domestic duck)
to 6:1 (domestic quail). Venous sinuses occupy the small-
est part of the peripheral zone of the adrenal gland of the
birds under study. The indicator of their area varies in the
birds of the Galliformes order — from 1.12 + 0.47% (domes-
tic chicken) to 1.33+0.33% (domestic quail), in the birds of
the Anseriformes order — from 1.0 = 0.26% (Muscovy duck)
to 2.0 £ 0.63% (domestic goose). In common pigeon, the
value of this indicator is the highest among the birds under
study and is 2.67 + 0.33% (Fig. 2).
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Figure 2. Area (%) of structural components of the peripheral zone of the adrenal gland of birds

In the central zone of the adrenal gland compared
to the peripheral zone of domestic quail, chicken, turkey,
duck, goose, and Muscovy duck, a significant (P < 0.001) de-
crease in the area of the interrenal tissue was registered
by 1.43, 1.50, 1.44, 1.35, 1.35, and 1.45 times, respectively,
to 50.21 * 1.85%, 48.09 = 2.03, 50.83 * 2.30, 55.0 + 4.68,
58.33 + 3.07, and 53.08 + 3.82%, respectively. The indica-
tor of the area of suprarenal tissue of birds of these spe-
cies, on the contrary, significantly increased (P < 0.001)
to 46.88 = 4.75%, 47.86 = 2.83, 45.05 * 2.40, 40.5 + 5.03,
37.67 £ 2.86 and 41.92 * 3.37%, respectively. As a result, in
birds of the Galliformes order, interrenal and suprarenal

0 10 20 30 40

tissues occupy a relatively equal share of the central zone
of the adrenal gland.

In Anseriformes birds, the area of interrenal tissue is
significantly (P < 0.001) larger than the area of suprarenal
tissue by 1.27 times (Muscovy duck), 1.38 times (domestic
duck), and 1.55 times (domestic goose), which indicates a
greater morphofunctional activity of interrenal tissue in
this area of the adrenal gland. In common pigeon, the area
of the interrenal and suprarenal adrenal tissues in the cen-
tral zone (71.0 = 3.50 and 26.17 * 3.56%, respectively) does
not significantly differ from that in the peripheral zone
(71.50 £ 3.46 and 25.83 + 3.51%, respectively) (Fig. 3).
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Figure 3. Area (%) of structural components of the central zone of the adrenal gland of birds
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In terms of venous sinuses, the indicator of their
area in the central zone compared to the peripheral adrenal
gland increases in most of the species of birds under study.
Specifically, in domestic quail - by 2.80 times (3.73 +0.25%,

P < 0.05), in domestic chickens — by 3.62 times (4.05 * 0.12%,

P <0.05), turkeys — 3.68 times (4.12 £ 0.51%, P < 0.05), Mus-
covy ducks — 5 times (5.0 £0.52%, P < 0.01), domestic ducks —
3 times (4.5 * 0.46%, P < 0.05), domestic goose — 2 times
(4.0 £ 0.26%, P < 0.05). In common pigeon, there was no
significant difference between the area of the venous sinus-
es of the central (2.83 * 0.48%) and peripheral (2.67 * 0.33%)
zones of the adrenal gland (Figs. 2, 3), which indicates the
uniform placement of this microstructure in the adrenal
parenchyma (Kot et al., 2021; Erdem et al., 2021).

According to the special literature on morphologi-
cal characteristics of adrenal parenchyma cells in domestic
goose (Prokopenko & Kot, 2021), endocrinocytes of supra-
renal and interrenal tissues differ in shape, location of the
nucleus, and colour of the cytoplasm. The former have a
basophilic cytoplasm, while the latter have an acidophilic
one. The same two types of cells (basophilic and acido-
philic, respectively) were differentiated in domestic ducks
by other researchers (Fathima & Lucy, 2014), which contra-
dicts the data of Matos (2008) on four types of cells of the
interrenal adrenal tissue of domestic ducks and guineafowl.

To assess the morphological and functional state
of the cellular component of the adrenal parenchyma of

0 10 20 30 40
11.83

birds, the volume of endocrinocytes of interrenal and su-
praranal tissues was found (Figs. 4, 5). According to the
obtained digital data, interrenal tissue cells can be di-
vided into two types. Cells of the first type were placed
in the peripheral zone, cells of the second type - in the
central zone of the adrenal gland of birds. The volume
of cell nuclei of these two types probably did not differ
and ranged within 11.83 * 0.65-14.0 = 1.03 um® (domes-
tic quail), within 18.50 = 1.12-18.66 * 1.5 ym3 (domes-
tic chicken), within 20 * 1.69-22 * 1.13 um® (domestic
turkey), within 19 + 1.86-20.0 £ 1.29 ym3 (Muscovy duck),
within 19.83 + 1.08-20.17 # 1.05 pym?® (domestic duck),
within 22 #+ 2.35-23.17 £ 1.94 pym® (domestic goose), within
20.17 £ 1.25-21.33 = 1.82 um® (common pigeon). However,
the indicator of the volume of cells of the second type
compared to the volume of cells of the first type was sig-
nificantly greater in all birds under study. Specifically, in
domestic quail — by 1.31 times, P < 0.001 (171.82 * 15.12
vs. 131.0 £ 16.02 um?®); domestic chicken — by 1.19 times,
P <0.01 (249.5 * 16.53 vs. 209.67 * 24.11 um?®); turkey — by
1.43 times, P < 0.001 (286.0 = 13.65 vs. 200.17 = 13.34 um?),
Muscovy duck — by 1.32 times, P < 0.001 (265.67 * 33.7 vs.
200.67 = 18.92 ym3), domestic duck — by 1.14 times, P < 0.01
(299.83 £ 25.08 vs. 262.67 * 24.06 pm?), domestic goose — by
1.22 times, P < 0.001 (367.67 * 38.72 vs. 300.33 * 23.33 pm®),
common pigeon — 1.17 times, P < 0.001 (401.17 £ 22.15 vs.
342.33 = 13.80 pm>).
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Figure 4. The volume of the nucleus (um?®) of endocrinocytes of the adrenal gland of birds
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Figure 5. Cytoplasm volume (um?®) of endocrinocytes of the adrenal gland of birds
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Consequently, the cells of the second type of inter-
renal tissue located in the central adrenal zone of the birds
under study are the largest, and probably the most func-
tionally active. They possibly correspond to zona fasciculi
cells in the adrenal gland of mammals, which are also char-
acterized by large sizes (Kigata & Shibata, 2018; Zakrevska
& Tybinka, 2019). Endocrinocytes of the zona fasciculi of
the adrenal gland synthesize cortisone, hydrocortisone, and
corticosterone. These hormones regulate the metabolism
of carbohydrates, proteins, and lipids, suppress inflamma-
tory processes, and stimulate energy metabolism (Scanes,
2015). According to U. Moawad et al. (2017), the cytoplasm
of acidophilic cells of the domestic chicken adrenal gland
contains many mitochondria, ribosomes, lipid droplets,
as well as agranular and granular endoplasmic reticulum.

As noted above, basophilic cells form the suprarenal
tissue of the adrenal glands. Individual authors (Fathima &
Lucy 2014; Moghadam, & Mohammadpour 2017; El-Desoky
& El-Zahraa, 2021) call these cells chromaffin cells because
of their ability to reduce chromium, silver, and osmium
oxides. The cytoplasm of chromaffin cells contains mito-
chondria with tubular crystals, ribosomes, endoplasmic
reticulum, lipid droplets, and secretory granules. Depend-
ing on the shape of the secretory granules, they are divided
into two types: norepinephrine cells containing secretory
granules with an electron-dense nucleus limited by a light
border and adrenaline cells containing homogeneous pol-
ymorphic electron-dense secretory granules (Moawad &
Hassan, 2017). It is proved that hormones of adrenal chro-
maffin cells and mediators of the sympatho-adrenal sys-
tem belong to the main regulators of adaptive responses of
the body and to exo- and endogenous factors. The biologi-
cal effects of catecholamines contribute to the transition of
the body from a state of rest to a state of arousal, and also
ensure its stay in this state for a long time (Scanes, 2015).

In the specialized literature, information on the
morphometry of chromaffin cells of the adrenal gland is
contradictory and incomplete (Matos, 2008; Kober et al.,
2012; El-Desoky & El-Zahraa, 2021). According to the re-
sults of morphometric studies, it was found that the chro-
maffin cells of the adrenal glands of birds were character-
ized by a large nucleus. Its volume exceeded that of cells of
the second type of interrenal tissue and was 25.32 + 1.05 pm?®
(domestic quail), 20.83 = 2.06 um?® (domestic chicken),
22.17 £ 1.22 pm3 (domestic turkey), 21.83+1.42 pym3 (Muscovy

duck), 22.50 # 1.02 ym?® (domestic duck), 33.50 + 3.68 um? (do-
mestic goose), 26 £ 1.69 um3 (common pigeon). Therewith,
the significant (P < 0.05) difference between these indicators
was recorded in domestic quail, domestic goose, and com-
mon pigeon. In terms of the volume of chromaffin cells, this
indicator is probably smaller compared to the volume of
cells of the second type of interrenal tissue of the domestic
chicken by 1.13 times, P < 0.01 (219 # 24.09 ym®); domestic
turkey — by 1.42 times, P < 0.001 (201.67 # 16.59 pym?®); Mus-
covy ducks - by 1.47 times, P <0.001 (180.67 * 13.16 pm?®);
domestic ducks - by 1.67 times, P < 0.001 (180 * 20.22 pm?®),
domestic geese — by 1.24 times, P < 0.001 (269.17+26.15 ym?®),
common pigeon — by 2.2 times (182.67 = 17.60 pm3). Com-
pared to the volume of cells of the first type, the volume
of chromaffin cells decreased by 1.11 times (P < 0.05) in
Muscovy duck and by 1.46 times (P < 0.05) in domestic
duck. In domestic quail, on the contrary, the volume of
chromaffin cells significantly (P < 0.001) exceeded the vol-
ume of cells of the first and second type of interrenal tis-
sue by 1.67 and 1.28 times, respectively, and amounted to
219.66 = 19.33 um? (Figs. 4, 5).

The volume of the nucleus and cytoplasm of somatic
cells are unstable values. Their average values vary with the
age of animals, biological rhythms, gender, etc. (Gyorfy et al.,
2021). Therefore, during the analysis of the morphological
and functional activity of cells, according to the results of
cytometric indicators, it is advisable to consider the nucle-
ar-cytoplasmic ratio of endocrinocytes, which, undoubtedly,
is a criterion for evaluating the endocrine function of the
adrenal gland (Zakrevska & Tybinka, 2019). It was found
that domestic quail, chicken, turkey, duck, goose, Muscovy
duck, and blue pigeon have the lowest nuclear-cytoplasmic
ratio inherent in cells of the second type of interrenal tis-
sue (respectively: 0.092 £ 0.016, 0.082 + 0.009, 0.083 + 0.010,
0.072 £0.010, 0.066 * 0.005, 0.076 + 0.007, and 0.052 * 0.004),
slightly larger — for cells of the first type of interrenal tis-
sue (respectively: 0.109 + 0.009, 0.097 £ 0.012,0.111 £ 0.012,
0.081+0.008,0.079 #£0.007,0.110 #0.015, and 0.065 + 0.004),
and the largest — for chromaffin cells of the suprarenal tis-
sue (respectively: 0.113 £0.014,0.102 £ 0.015,0.112 +0.010,
0.138+0.007,0.126 +0.006,0.137 +0.003, and 0.166 = 0.018) (Fig. 6).
Such ambiguous cytometric parameters of endocrinocytes
may be associated with their various morphofunctional
activities, specifically with the development of their hor-
mone-synthesizing apparatus and the state of metabolism.
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Figure 6. The nuclear-cytoplasmic relationship of endocrinocytes of the adrenal gland of birds
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Thus, the adrenal gland of the birds under study has
certain differences in morphometric parameters of micro-
structural components. They can be used to create a base
for the normal morphological characteristics of the adrenal
gland. This allows assessing the morphofunctional state
of the adrenal gland of birds of individual species under a
range of factors and pathology.

Conclusions
Morphometric parameters of the microstructural compo-
nents of the adrenal gland of birds of the Galliformes or-
der (domestic quail, domestic chicken, domestic turkey),
Anseriformes (Muscovy duck, domestic duck, domestic
goose) and Columbidae (common pigeon) are not the same.
They also differ in individual species within the same or-
der. The thickness of the adrenal capsule of birds directly
depends on their body weight. Values of indicators of the
area of interrenal and suprarenal tissues testify to different
morphofunctional activity of these tissues, specifically to
more intensive development of interrenal tissue in the pe-
ripheral zone of the adrenal gland of all birds under study.
In the central zone of the adrenal gland of domestic quail,
chicken, and turkey, the indicators of the area of interrenal

inherent morphometric feature of this microstructure of
the adrenal gland of chickens.

Indicators of the area of venous sinuses in the cen-
tral and peripheral zone of the adrenal gland of the common
pigeon (Columbidae order) do not differ significantly, which
corresponds to the uniform placement of venous sinuses in
the parenchyma of the organ under study. In the adrenal gland
of birds of the Galliformes and Anseriformes orders, the cen-
tral zone, in contrast to the peripheral one, is characterized by
greater vascularization, which was reflected in the values of
the venous sinus area indicator. The nuclear-cytoplasmic ra-
tio is the smallest in the cells of the second type of interrenal
tissue (from 0.052 + 0.004 in common pigeon to 0.092 £ 0.016
in domestic quail), slightly higher in the cells of the first type
of interrenal tissue (from 0.065 = 0.004 in common pigeon to
0.111 £0.012 in domestic turkey) and the largest in the chro-
maffin cells of the suprarenal tissue (from 0.102 £ 0.015 in do-
mestic chicken to 0.166 * 0.018 in common pigeon), which is
associated with the morphological and functional activity of
endocrinocytes, namely with the development of their hor-
mone-synthesizing apparatus and the state of metabolism.

Further research intends to involve the histochemical
study of the structural components of the adrenal glands in

and suprarenal tissues probably do not differ, which is an  birds at the tissue and cellular levels.
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MikpomopdomMeTpuyHa XapaKTepUCTHKA HAJHUPKOBOI 3a/103U IITaxiB

TerssHa ®panniBHa Kor!, Bragucias CepriiioBuu [IpoKomieHKO?

ITokTop BeTepuHAapHUX HAYK, Tpodecop. ORCID: https://orcid.org/0000-0003-0448-2097.
[TosichbKMi1 HAL[iOHAIbHUI YHIBEPCUTET,
10008, 6-p Crapwuii, 7, M. JKutomup, Ykpaina

?AcmipanT. ORCID: https://orcid.org/0000-0002-7120-1411.
[Monicbkuii HalliOHANBbHUI YHIBEPCUTET,
0008, 6-p Crapwmit, 7, M. >Kutomup, YkpaiHa

Anotanis. HaguupkoBa 3an03a — nepudepuuHmnii opraH eHIOKPMHHOI cucTeMu, siKuii Ma€e 6esrocepenHiit BIUIMB Ha
dbopmMyBaHHS MTOKAa3HMKIB MPOAYKTUBHOCTI IMTaxiB, 0 € BAKIMBOI XapaKTEPUCTUKOI /IS PO3BUTKY ITPOMUCIOBOTO
NTaxiBHUITBA. MeTa po6OTM TossArasa y IMpoBeneHHi MOpGOMEeTPUYHOI OILIHKM MiKPOCTPYKTYPHUX KOMITOHEHTIB
HaJHUPKOBOI 3ayo3u mnraxiB psay Kyporomi6Hi (cBilichKi Ieperes, KypKa, iHAMK), 'yceromibHi (iHmokauka, CBilichbKi
Kauka i rycka) Ta Fomy6oroni6Hi (romy6 cu3uit). BUKopucTaHO aHaTOMiuHi, TiCTOMOTiUHi, MOphOMETPUYHI Ta CTATUCTUYHI
MeTOAM NOCTiAKeHb. BcTaHOBIIEHO, 1110 TOBIMHA KaIlCy/IX HAZHUPKOBOI 3271031 MTAXiB MPSIMO 3aJI€XUTh Bif MacH ixX Tiia
i Bapiroe Big 10,82 * 0,56 MKM (cBijicbkuii meperien) mo 28,53 * 1,36 MKM (CBifichbKuii iHAMK). IHTeppeHasoBa TKaHMHA
MOPiBHSTHO 3 CYITPapeHaI0BOI0 TKAHMHOIO B iHIOKAUKM, TOy6a CU30T0, CBIMIChKMX KauKM i rycku 3aiimae 6imbiry (P < 0,001)
TLJIONTY IIeHTpa/ibHOI 30HM (BimmoBigHo B 3,50, 2,77, 3,101 3,11 pasa) i nepudepuuHoi 30uu (BimnmosigHo B 1,27, 2,71, 1,38
i 1,55 pasa) HaEHMPKOBOI 31031, 1O CBiTUMTH PO ii MopdodyHKIiOHANIBbHY aKTUBHICTb. I110IIa BEHO3HUX CUHYCIB Y
LIeHTPasIbHil 30Hi MOPIBHSIHO 3 NeprdeprUHOI0 30HOI0 HASHUPKOBOI 321031 6ibila y cBijicbkoro nepernena — B 2,80 pasa
(P < 0,05), cBiiicpkoi Kypru — B 3,62 pasa (P < 0,05), cBiiicbkoro inguka B 3,68 pasa (P < 0,05), inmokauku B 5 pasis (P < 0,01),
cBiticbkoi kauky B 3 pasu (P < 0,05), cBificbkoi rycku B 2 pasu (P < 0,05). [l roy6a c1M30T0 XapakTepHe piBHOMipHe
PpO3MillleHHSI BEHO3HMX CMHYCIB I10 BCiii mepudepii HaAHMPKOBOI 3a/103M i SIK HACTiTOK 6/11M3bKi 38 3HAUEHHSIM ITOKa3HMUKIU
ix rromi y mepudepnuHiii Ta ieHTpambHil 30HaX. [IOKA3HUK SIAEPHO-IUTOIIA3MATUYHOTO BiTHOIIIEHHST eHAOKPUHOLIUTIB
HaJJHMPKOBOI 3a/103! IITaxiB Pi3HUTHCS, 30KpeMa HaliMeHINI BiH y KIiTMHAX APYroro TUITy iHTEPPeHaJOBOI TKaHMHU
(Bim 0,052 # 0,004 y romy6a cuzoro go 0,092 = 0,016 y cBiiicbKoro neperiena), femo 6iMbIINii — y KIITUHAX [TePIIOTO TUITY
inteppenanoBoi TkauuHu (Bim 0,065 * 0,004 y romy6a cusoro go 0,111 £ 0,012 y cBificbkoro iHaMKa) i HAMGiIAbIINIT — Y
xpoMadiHHMX KITITMHAX CyIpapHaaoBoi TkaHmHu (Bim 0,102 + 0,015 y cBiiicbkoi Kypku 1o 0,166 + 0,018 y rosry6a c130ro).
BcraHoBIeHi 0c06MBOCTI MOPGOMETPUUHNX TOKA3HMUKIB MiKPOCTPYKTYPHMX KOMIIOHEHTIB HaIHMPKOBOI 3a/I031 TITaxiB
PEeKOMEHIOBAHO BUKOPMCTOBYBATU [Jisi CTBOpPeHHS 6asy ii HopmanbHOi Mopdosoriunoi xapakrepuctuku. lle macTtb
MOXXTUBICTh POOUTH OLIIHKY MOPGO-DYHKIIOHATHHOIO CTAHy HALHMPKOBOI 321031 B YMOBaX BIUIMBY pi3HUX GaKTOPiB i
3a MaToJIOrii

KniouoBi cs1oBa: 30HM HAJHMPKOBOI 3aJ1031, iHTeppeHaaoBa i cyrpapeHasoBa TKAHWHU, BeHO3HI CMHYCH, eHTOKPUHOIUTH,
SIIePHO-I[UTOTUIa3MaTUYHE BiHOIIEHHS
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Abstract. The relevance of the study is that pathological and morphological changes with feline infectious peritonitis
have been studied by few authors and are not fully described. The purpose of this study was to investigate the effect
of the causative agent of infectious peritonitis on the structure of the spleen in cats. The paper highlights the results
of histological studies of sections obtained from distinct parts of the spleen of cats of different ages who died from
mixed (26 animals) and dry (7 animals) forms of infectious peritonitis. Sections were stained with haematoxylin and
eosin according to the generally accepted method. The paper describes the details of microscopic changes in the spleen
in dry and mixed forms of feline infectious peritonitis. It was found that these changes are not affected by the form of the
disease but are characterized by features depending on the duration of its course. In cats in which the disease lasted up to
three weeks before death, the red pulp of the spleen was unevenly swollen, infiltrated by lymphocytes and monocytes, in
some places contained foci of necrotic cells, and red blood cells were absent. Changes in the white pulp were represented
by hyperplasia of lymphoid nodules. These nodules were of varied sizes and were located eccentrically relative to the
central arteries. There are no distinct lymphoid nodules around part of the central arteries. On the surface of the capsule,
fibrinous-necrotic overlays are present in places, under which there is no mesothelium, and the capsule is infiltrated
with lymphocytes and monocytes. In other areas, mesotheliocytes underwent distinct metaplasia — from flat cells, they
turned into columnar cells. In some areas of the spleen, some animals have no serous membrane. In cats with the disease
lasting over three weeks, the red pulp is noticeably more swollen, and the lymphoid nodules are single and small. Other
microscopic changes were the same as in animals that were ill for less than three weeks. The results of the study are of
practical value for pathologists, as well as for scientists investigating the pathogenesis of feline infectious peritonitis
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Introduction

Coronaviruses in humans and animals cause diseases of the
respiratory system, gastrointestinal tract and central nerv-
ous system (Enjuanes et al., 2006; Boley et al., 2020). They
can adapt to new environments through mutations and
recombination with relative ease, and therefore are pro-
grammed to effectively change the host range and tissue
tropism (Li et al., 2006; Graham & Baric, 2010; Li, 2013).
One of the diseases caused by coronaviruses is feline infec-
tious peritonitis, a disease diagnosed in cats worldwide (An-
drew, 2000). Currently, feline infectious peritonitis is con-
sidered as a viral immunological disease (Kipar et al., 2001).

The coronaviruses affecting this animal species
exist in the form of two pathogenic types — low-virulent,
called feline intestinal coronaviruses, and virulent — feline
infectious peritonitis viruses. The first pathogenic type
dominates, since infection with feline coronaviruses occurs
by faecal-oral route and pathogens, first of all, enter the in-
testines. Therewith, the disease does not progress, or man-
ifests itself only with mild enteritis. However, in 4-5% of
adult cats and 5-10% of kittens, at some point, after expo-
sure to coronaviruses, infectious peritonitis develops (Ad-
die et al., 2009), as a result of de novo emergence of highly
virulent coronaviruses that are formed from low-virulent
coronaviruses through mutations in the body of a particu-
lar infected cat. This usually occurs without horizontal
transmission of the pathogen (Vennema et al., 1998).

In vitro studies have proved that the expansion of
the spectrum of cellular pathogenicity of feline coronavi-
ruses, which ensures the growth of their virulence, occurs
as a result of efficient and stable replication in macrophages,
and not as a result of the expansion of the ability to penetrate
the cell (Stoddart et al., 1989).

Presently, it is known that the infectious peritonitis
virus is a mutation of the feline intestinal coronavirus,
leading to the formation of numerous infectious peritonitis
viruses (Stoddart et al., 1989; Vennema et al., 1998). Muta-
tions of enteric coronavirus to infectious peritonitis virus
occur frequently and relatively mildly, and probably, occur
in a unique and highly variable region of the feline enteric
coronavirus genome. At the end of the last century, it was
established that infectious peritonitis viruses evolved as de-
letion mutations of feline intestinal coronaviruses (Poland
et al., 1996; Vennema et al., 1998). To date, two genotypes
of feline coronavirus are known: feline type I coronavirus,
which prevails in the field (Addie et al., 2003; Li et al., 2019)
and feline type II coronavirus, which emerged as a result of
recombination between feline coronavirus type I and ca-
nine coronavirus (Decaro et al., 2008; Terada et al., 2014).

Both serotypes of feline coronavirus can cause in-
fectious peritonitis, but cat populations are certainly dom-
inated by type I coronaviruses, with the number of sero-
positive animals reaching 98%. Therewith, feline type I
coronaviruses induce higher antibody titres than type II
coronaviruses and are more likely to cause intestinal dis-
eases and infectious peritonitis. Therewith, a higher prev-
alence of type II coronaviruses was reported, which ranged
from 10% to more than 30% in cats with infectious peri-
tonitis, and sometimes mixed infection with type I and II
coronaviruses (Kipar et al., 2014).

According to Levy et al. 1999), in 70% of cases, the
disease is registered in animals under the age of 1 year.

According to Addie & Jarrett (1998), infectious peritonitis
affects cats of all ages, but typically 50% of affected cats are
under 2 years of age. At the same time, McReynolds & Macy
(1997) emphasize that all cats are susceptible to infection
with infectious peritonitis, but the clinical manifestation
of the disease is most often observed in young cats aged
3 months to 3 years. Furthermore, it was established that
this disease is more common in non-neutered cats com-
pared to neutered ones (Pesteanu-Somogyi et al., 2006;
Hartmann, 2000). The incidence of infectious peritonitis is
not affected by the age of cats, their gender, methods, and
methods of raising and keeping, as well as the presence or
absence of concomitant diseases (Foley et al., 1998).

Based on pathological and morphological changes,
there are three forms of infectious peritonitis: wet, dry, and
mixed forms. In case of the latter, changes inherent in both
dry and wet infectious peritonitis are recorded. The wet
form of the disease is characterized by polyserositis (chest
and abdominal effusion) and vasculitis, and the dry form by
granulomatous lesions of various organs (Kipar et al., 2005).

In infectious peritonitis, the pathogenesis of the
disease and pathological and morphological changes are
understudied (Kipar et al., 2014). In this regard, the purpose
of this study was to establish pathological and morpholog-
ical changes in the spleen of cats in mixed and dry forms of
infectious peritonitis.

Materials and Methods

The study was conducted during 2019-2022 at the Faculty
of Veterinary Medicine of the National University of Life
and Environmental Sciences of Ukraine (Kyiv). As a result, a
histological examination of the spleen was performed from
26 cadavers of cats that died from a mixed form of infec-
tious peritonitis, 7 cadavers of animals that died from a dry
form of this disease, and 5 cadavers of cats (control) that
died as a result of lethal injuries. All cats were of different
breeds and ages.

The autopsy of the cadavers of all cats was per-
formed by partial evisceration in the dorsal position (Zon
et al., 2009). According to this method, after external ex-
amination of the cadaver, skin removal and examination of
subcutaneous tissue, skeletal muscles and somatic lymph
nodes, all organs of the oral, neck, and chest cavities were
removed in a single complex, after which they were exam-
ined, paying attention to macroscopic changes visible to
the naked eye. Organs of the gastrointestinal tract were
separated from the abdominal and pelvic cavities as a sin-
gle complex, and all macroscopic changes visible to the
naked eye were recorded. Together with the organs of the
gastrointestinal tract, the mesentery, mesenteric lymph
nodes, and pancreas were removed and examined. Macro-
scopic changes in the liver, spleen, kidneys with ureters,
adrenal glands, and bladder were removed from each cat’s
corpse separately, and genitals were removed and investi-
gated in a single complex.

During the autopsy, pieces of the spleen were se-
lected for histological studies. From each spleen, at least
5 pieces were obtained from various parts of the organ -
from its central and peripheral parts. In cats that died from
infectious peritonitis, areas of the organ were necessarily
selected for histological studies, both covered from the sur-
face with fibrinous-necrotic overlays, and without them.
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All pieces of spleen were fixed in a 10% aqueous
solution of formalin (pH 7.2-7.4) for a week, dehydrated at
room temperature in a series of ethanol of increasing con-
centration (60°, 70°, 80°, 96°, and 100°) and kept in each of
them for one day. Subsequently, they were transferred to a
mixture of 100° ethanol and chloroformin a 1:1 ratio, where
they were kept for one day at room temperature. Next, these
pieces were placed in chloroform, in which they were also
kept for one day at room temperature, and subsequently,
they were kept in a thermostat TSO-80 (Ukraine) in a mix-
ture of chloroform and paraffinin a 1:1 ratio at 37°C. Then,
in the same thermostat, they were kept in liquid paraffin at
56°C. After that, pieces of spleen were poured into paraffin.
Histological sections were made using a sledge microtome
MS-2 (Ukraine), pasted onto glass slides with a mixture of
egg albumin and glycerol in a 1:1 ratio, and then the sec-
tions were stained with Carazzi haematoxylin and eosin
(Goralskij et al., 2011). During staining, the sections were
deparaffinized in xylene for 7 min and passed through 100°
and 70° ethanol, keeping in each of them for 5 min. Further,
the sections were stained with Carazzi’s haematoxylin.
Subsequently, they were stained with a 0.5% aqueous solu-
tion of eosin, dehydrated in 70° and 100° ethanol, clarified
in xylene, and embedded in Canadian balsam. The man-
ufactured histological preparations were investigated and
photographed using an MC 100 LED microscope (Austria).

Results and Discussion
During the autopsy, it was found that macroscopic changes
in the spleen of all cats that died from mixed and dry forms

of infectious peritonitis are similar, but have certain fea-
tures, depending on the duration of the disease. Thus, in
animals that were ill for less than 3 weeks before the on-
set of death, fibrinous-necrotic overlays of varied sizes,
shapes, and localization were found on the surface of the
organ. Analogous fibrinous-necrotic overlays on the sur-
faces of various internal organs of cats that died from a
dry form of infectious peritonitis were described by oth-
er authors (Wolfe & Gricsemer, 1966; Kipar et al., 2005).
Compared to animals in control, the pulp of the spleen was
somewhat pale.

In animals that were ill for more than 3 weeks be-
fore death, apart from fibrinous-necrotic overlays on the
surface of the spleen and paler pulp, compared to cats in
the control, atrophy of this organ was established. Macro-
scopically, such atrophy was manifested by a flaccid, some-
times (in 7 animals, or 21.2% of cases) slightly wrinkled
capsule and flaccid pulp.

The results of histological studies of the spleen of
cats who died from infectious peritonitis show that micro-
scopic changes in this organ were similar in animal corpses,
regardless of the form of the disease, age, and gender. How-
ever, these changes varied depending on the duration of
the disease before death.

In animals that were sick for up to 3 weeks before
the onset of death, fibrinous-necrotic overlays were found
on the surface of the capsule in places (Fig. 1).

A small number of unchanged lymphocytes and
monocytes were found in these fibrinous-necrotic overlays
(Fig. 2).

Figure 1. Spleen of a cat with infectious peritonitis for
less than 3 weeks. Carazzi’s haematoxylin and eosin, x 50
Note: 1 - red pulp; 2 — trabeculae; 3 — capsule; 4 — infiltration of
the capsule by lymphocytes and monocytes; 5 — fibrinous-necrotic

overlays

Therewith, macrophages were not detected, which
indicates the absence of transformation of monocytes into
macrophages, which could be explained by both the lack of ap-
propriate stimulation and damage to the mechanisms of the
monocytes themselves responsible for such transformation.

Mesothelium under fibrinous-necrotic overlays was
absent, and the spleen capsule in these areas was infiltrated
by lymphocytes and monocytes (Fig. 1). Other researchers
have only stated the presence of such overlays, but have
not described their composition, namely intact lymphocytes
and monocytes and destruction of mesotheliocytes under
such overlays (Kipar & Meli, 2014).
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Figure 2. Fibrinous-necrotic overlays on the capsule of

the spleen of a cat that had infectious peritonitis for less
than 3 weeks. Carazzi’s haematoxylin and eosin, x 400

Note: 1 - fibrinous-necrotic masses; 2 — lymphocytes; 3 — monocyte

At the same time, it was established that the capsule
of the spleen is focally or diffusely infiltrated by lympho-
cytes and monocytes under fibrinous-necrotic overlays.
Focal infiltration in the spleen capsule revealed foci of a
fairly dense accumulation of these cells, and diffuse infil-
tration found single lymphocytes and monocytes located
remotely from each other.

In the wet form of infectious peritonitis, the cell
infiltrate is represented mainly by neutrophils and mac-
rophages and a small number of T-lymphocytes with plas-
ma cells (Marioni-Henry et al., 2004). However, neutrophil
infiltration is inherent in bacterial infections, and therefore

$
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it can be registered in cats with infectious peritonitis com-
plicated by bacterial pathogens. During bacteriological
studies, Wolfe & Gricsemer (1966) found out that from pa-
tients with feline infectious peritonitis with infiltration of
affected tissues and organs by macrophages, neutrophils,
Ilymphocytes and plasma cells, a variety of bacterial micro-
flora is secreted — non-haemolytic staphylococcus, haemo-
Iytic streptococcus, enterococci, and E. coli.

Other authors have found that with the dry form
of infectious peritonitis, the cellular infiltrate consists of
macrophages and B-lymphocytes and impurities of plasma

cells (Pedersen, 2009). Microscopic studies found that it is
infiltration by monocytes (macrophage precursors) and
lymphocytes that occurs in both dry and mixed forms of
this disease.

In areas of the organ surface without fibrinous-ne-
crotic overlays, significant microscopic changes were de-
tected in the serous membrane and in the spleen capsule, al-
though these morphological formations stayed unchanged
in some areas of the organ. Spleen capsule — swollen (Fig. 3).

Therewith, there is no swelling in the trabeculae in
all forms of the disease under study (Fig. 4).

Figure 3. Spleen of a cat with infectious peritonitis for
less than 3 weeks. Carazzi’s haematoxylin and eosin, x 400
Note: 1 - swelling of the red pulp; 2 - swelling of the connective
tissue capsule; 3 — discomplexation of columnar mesotheliocytes;
4 - separation of mesotheliocytes from the spleen capsule;
5 — destruction of mesotheliocytes

Mesotheliocytes of the serous membrane in most
areas of the spleen underwent pronounced metaplasia —
from flat cells, the long axis of which is oriented parallel
to the surface of the capsule of the organ, they turned into
cubic and columnar cells (Fig. 3).

The authors of this study believe that this is a reflec-
tion of the stages of such metaplasia: initially, due to a grad-
ual increase in the volume of the cytoplasm, cubic-shaped
cells are formed, and with a subsequent increase in the vol-
ume of the cytoplasm, these cells acquire a columnar shape.

The nuclei of mesotheliocytes that underwent
metaplasia noticeably increased in size. They, both in cubic
and columnar cells, acquired a rounded or somewhat oval

Figure 5. Spleen of a cat with infectious peritonitis for
less than 3 weeks. Carazzi’s haematoxylin and eosin, x 400

Figure 4. Spleen of a cat with infectious peritonitis for
less than 3 weeks. Carazzi’s haematoxylin and eosin, x 50
Note: 1 - swelling of the red pulp; 2 — infiltration of red pulp by
lymphocytes and monocytes; 3 — trabeculae; 4 — connective tissue

capsule; 5 - columnar mesothelium

shape, contained one, rarely two nucleoli. A significant part
of such nuclei was occupied by heterochromatin, which, ac-
cording to modern concepts (Thayer et al., 2022), reflects
an increase in the number of active sites of transcription.
Such activation of the mesotheliocyte genome indicates an
increase in their functional or synthetic activity. Arguably,
there is an intensification of the processes of synthesis of
cytoplasmic components, as a result of which a noticeable
increase in cell volume is observed. Some altered mesothelial
cells were destroyed (Figs. 3, 5).

In the spleen of 7 cats, small foci of complete de-
struction of the organ capsule were recorded on the part
not covered with mesothelium (Fig. 6).

Figure 6. Spleen of a cat with infectious peritonitis for
less than 3 weeks. Carazzi’s haematoxylin and eosin, x 400

Note: 1 - capsule not covered by mesothelium; 2 — a layer of  Note: Spleen of a cat with infectious peritonitis for less than 3 weeks.

mesotheliocytes near the outer surface of the capsule; 3 — destruction
of mesothelium cells on the surface of the capsule; 4 — subcapsular
swelling

Carazzi’s haematoxylin and eosin, x 400
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Dyscomplexation of the metaplastic cells of the
mesothelium and separation of individual mesotheliocytes
or their small groups from the spleen capsule was often
found (Fig. 3). Such changes indicate considerable viola-
tions of cellular contacts. In some places, entire layers of
mesotheliocytes were separated from the capsule (Fig. 5).
This can be caused by both destruction of intercellular
contacts and damage to cell adhesion molecules.

In the red pulp of the spleen, irregularly located
foci of marked oedema were found. No red blood cells were
observed in the red pulp. Instead, uneven infiltration by
Ilymphocytes and monocytes and foci of necrotic cells were
observed (Figs. 1, 3-6). It was not possible to identify which
cells of the red pulp of the spleen were necrotic.

Apart from clear changes in the red pulp, hyper-
plasia of the lymphoid nodules of the spleen was found.
Therewith, lymphoid nodules in the spleen of cats that
had infectious peritonitis for less than 3 weeks had varied
sizes and were located eccentrically relative to the central
arteries. These arteries were localized not in the central

Figure 7. Spleen of a cat with infectious peritonitis for
less than 3 weeks. Carazzi’s haematoxylin and eosin, x 50
Note: 1 - red pulp; 2 — a large lymphoid nodule; 3 — a small lymphoid
nodule; 4 — the central artery in the peripheral part of the lymphoid

nodule; 5 - central artery without a distinct lymphoid nodule

part of the lymphoid nodules, which is characteristic of
control cats, but in the peripheral areas of these lymphoid
formations.

Notably, the red pulp of the spleen around the lym-
phoid nodules is infiltrated by a noticeably larger num-
ber of lymphocytes and monocytes compared to its more
distant areas. Therewith, there were no distinct lymphoid
nodules around individual central arteries (Figs. 7, 8).

Necrosis and destruction of the walls were found in the
central arteries without distinct lymphoid nodules (Fig. 9).

Perhaps such damage to the walls of these arteries led
tothe fact that lymphoid nodules did not form near them.On
the other hand, such changes could be caused by the action
of some factor(s) that caused both the absence of lymphoid
nodules and damage to the walls of the central arteries.

In cats in which the disease lasted for more than 3 weeks
and less than 3 weeks before death, the microscopic changes
in the spleen were similar, but they had some features. The
red pulp was noticeably more swollen, and the lymphoid nod-
ules were few and small or were not detected at all (Fig. 10).

T ——

Figure 8. Spleen of a cat with infectious peritonitis for
less than 3 weeks. Carazzi’s haematoxylin and eosin, x 100
Note: 1 — a large lymphoid nodule; 2 — the central artery in the
peripheral part of the lymphoid nodule; 3 — infiltration of the red pulp
by lymphocytes and monocytes

Figure 9. Spleen of a cat with infectious peritonitis for
less than 3 weeks. Carazzi’s haematoxylin and eosin, x 400
Note: 1 — necrosis and destruction of the wall of the central artery;
2 — a small number of lymphocytes and monocytes near the central
artery; 3 — oedema

The described microscopic changes suggest that a
long course of infectious peritonitis leads to considerable
depletion of the immune system in sick cats. Comparable
microscopic changes were observed in animals that had in-
fectious peritonitis for less than 3 weeks.
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Figure 10. Spleen of a cat with infectious peritonitis for
more than 3 weeks. Carazzi’s haematoxylin and eosin, x 30
Note: 1 - pronounced swelling of the red pulp; 2 — a small lymphoid
nodule with an enlarged central artery

In general, detailed histological studies of the spleen
of cats with infectious peritonitis have not previously been
conducted abroad (Thayer et al., 2022). In Ukraine, micro-
scopic changes in the spleen of cats in wet and dry forms
of infectious peritonitis are described only in one scientific
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paper by Halania (2020). The author found that in case of
the wet form of the disease, there is a reduction in white
pulp. Analogous changes in the white pulp according to the
results of pre-microscopic studies were established in cats
in which the disease lasted more than 3 weeks. In the same
paper, it is indicated that with the dry form of infectious
peritonitis, there is intense blood filling of the red pulp and
hyperplasia of lymphoid nodules due to T-lymphocytes.

In the red pulp of the spleen of cats whose disease
lasted up to 3 weeks before death, the absence of red blood
cells, foci of oedema of assorted sizes, uneven infiltration
by lymphocytes, monocytes, and small foci of cell necrosis
were found, and in the white pulp - hyperplasia of lymphoid
nodules.

Since Halania (2020) did not consider the duration
of cat disease before death, the author may have studied an-
imals that had a wet form of infectious peritonitis for more
than 3 weeks before death, and a dry form for up to 3 weeks.

Various changes in the red pulp in the dry form of
the disease could be caused by changes in some properties
of the causative agent of the disease, which is character-
ized by numerous and rapidly emerging mutations (Poland
et al., 1996; Vennema et al., 1998).

Thus, the conducted studies indicate that with in-
fectious peritonitis, microscopic changes in the spleen of
cats depend on the duration of the course of the disease
until death. In the initial stages of the disease, the disap-
pearance of red blood cells from the red pulp, mesotheli-
ocyte metaplasia, and signs of activation of the immune
system in the form of hyperplasia of lymphoid nodules

are recorded. With the further development of the disease,
changes in the red pulp and mesothelium persist, and the
lymphoid nodules atrophy.

Conclusions
Microscopic changes in the spleen of cats with infectious
peritonitis did not depend on the form of the disease, but
slightly differed depending on the duration of its course.

In cats in which the disease lasted up to 3 weeks be-
fore death, the red pulp of the spleen showed the absence
of red blood cells, foci of oedema, uneven infiltration by
lymphocytes and monocytes, and foci of necrotic cells.

The number of lymphoid nodules of the spleen in-
creased, and necrosis and destruction of their walls were
recorded in part of the central arteries.

In the serous membrane of the spleen, the absence of
mesothelium under foci of fibrinous-necrotic overlays and
metaplasia of mesothelial cells in other areas was established.
The nature of mesotheliocyte metaplasia on the surface of
the same spleen is different. In some areas of the organ, mes-
otheliocytes turn from flat cells into cubic cells, and in other
areas they are columnar cells. Such metaplasia in the spleen
is established in all cats with various forms of the disease.

In cats in which the disease lasted more than
3 weeks, the red pulp is noticeably more swollen, and the
lymphoid nodules are few and small, which indicates the
exhaustion of the potential of the immune system.

The prospects of the research involve further detailed
investigation of pathological and morphological changes
upon feline infectious peritonitis in other organs and tissues.
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MikpockomniuHi 3MiHM B cenesiHIli 3a iH(eKIifTHOro NepUTOHITY KOTiB
BikTopis BikropiBua JlicoBa!, Enyapa CepriiioBnu Kotnsspos?
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HarionanbHuit yHiBepcuTeT 6iopecypciB i MpUPOIOKOPUCTYBAaHHS YKpaiHu,
03041, Byin. l'epoiB O60oponu, 15, M. Knis, Vkpaina
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AHoOTauifA. AKTYaJIbHICTb JOCTIIKeHHST 3yMOBJIEHA TUM, 10 TaTOMOPGOOTiuHi 3MiHM Npu iHeKIiiHOMY TePUTOHITI Y
KOTiB BUBUA/IMCSI HeGaraTbMa aBTOPaMMU i OIMCaHi HeZOCTaTHLO MOBHO. MeTa po60TH Mossirana y BUBUEHHI BIUIMBY 36y JHMKA
iHGeKIIiiTHOTO MepUTOHITY Ha GYIOBY cesie3iHKM B KOTiB. Y pOGOTi BUCBITIIEHO Pe3y/IbTaTH TiCTOMOTIYHNX JOCTiKEHD 3Di3iB,
OJlep’KaHMX i3 pi3HUX MISTHOK ceie3iHKYM KOTiB Pi3HOTO BiKYy, [0 3arMHY/IN Bif 3MilaHoi (26 TBapuH) i cyxoi (7 TBapuH)
dopm iHdekiftHOrO IEPUTOHITY. 3pi3u dhapOyBasM reMaTOKCWIIHOM Ta €03MHOM 32 3araJbHOMPUITHITOI METOAVKOW. Y
po60Ti meTaabHO OIMMCAHO MiKPOCKOIIUHI 3MiHM B ceyesiHIli 3a cyxoi i 3mimranoi ¢popm iHDEKIIiTHOrO IePUTOHITY KOTiB.
3’s1cOBaHoO, 1110 Ha IIi 3MiHM He BILIMBa€ (opMa XBOpPOOU, ajle BiI3HAUaIOThCSI OCOOIMBOCTSIMM 3aJIEXKHO Bif TpUBAIOCTI ii
nepe6iry. V KOTiB, B SIKMX XBOpP0Oba 0 HACTaHHS CMePTi TpUBaJIa 10 TPhOX TVSKHIB, YUepBOHA ITy/IbIIa ceie3iHKM HepiBHOMipHO
Habpskia, iHdimbTpoBaHa miMdonyuTaMM i MOHOIMTAMM, MOAEKYOM MICTWIA BOTHMINA HEKPOTM30BAaHUX KIIITUH, a
€PUTPOLINTU BiACyTHi. 3MiHM 6i/10oi My/abIIM TIpeACTaB/eHi rinepruiasiero aiMdoigHMx By3nuKiB. Lli By3amuky mManu pisHi
po3Mipu Ta Gy/M PO3TANIOBaHI eKCIIEHTPUYHO BiJTHOCHO IIEHTPAIbHUX apTepiit. HABKOIO YacTVHY IEHTPATbHUX apTepiit
BUpasHi JiMdoigHi By3nmmku BimcyTHi. Ha moBepxHi Karcynu MiclssMyu HasiBHI (GiOpMHO3HO-HEKPOTUYHI HAK/IaJaHHS, TTij,
SIKMMM Me30Teiii BiICyTHiii, a Karicyna iHdineTpoBaHa riMmdbonyTamu Ta MoHOLMTaMK. Ha iHIMX DiTSTHKaX Me30TeTioUTH
3a3Ha/ly BUPA3HOI MeTariasii — 3 IIOCKMX KIITVH BOHM NepeTBOPWIMCS Ha CTOBIYACTI KIiTMHMU. Ha okpeMux IinsHKax
cesle3iHKM Y IeSIKMX TBapyH Cepo3Ha 060I0HKA BiiCyTHS. B KOTiB, y sIKuX XBopo6a TpyuBasia Gijiblile TPhOX TUKHIB, Ye€PBOHA
MTyJ/TbITa TIOMITHO Gi/IbII HAOPSIKIIA, a JIiMMOITHI BY3/MKY — MOOAMHOKI Ta HEBEIMKUX PO3MipiB. [HIII MiKpOCKOITiuHi 3MiHM
OyJ/IM TAKMMM 3K, SIK i Y TBApVH, 1[0 XBOPi/IM MEHIIIe TPhOX TVDKHIB. Pe3ybTaT JOCITiIKEHHS MAatOTh MPAKTUYUHY IIiHHICTb IJ15
JlikapiB-11aToMOpdOJIOTiB, a TAKOXK JIJIST HAYKOBIIIB, SIKi BUBYAIOTh ITaTOreHe3 iH(eKIIiiiHOTO MePUTOHITY KOTiB

Kiio4oBi cJioBa: KOpoHaBipyc, MaKpOCKOITiUHI 3MiHM, 'iCTOMIOTiIUHI JOCTiIKeHHS, TiMPOIgHI BY3/IMKM, MeTaruiasist
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Abstract. The relevance of this paper is that transfusion of allogeneic blood to recipient animals is always associated
with immunological risks. In this regard, the purpose of this study was to assess the state of phagocytic activity of blood
neutrophils by indicators of phagocytic index, phagocytic number, and oxygen-dependent bactericidal activity, as well
as to establish changes in antibody-dependent cytotoxic activity of lymphocytes in recipient rabbits during allogeneic
whole blood transfusion. Modelling of blood transfusions was performed on five clinically healthy rabbits by intravenous
administration of whole blood at the rate of 5.5 ml/kg of body weight. Blood samples were taken from animals on Days 3, 7, and
23 after blood transfusion. Neutrophil populations were obtained from blood samples by centrifugation on a double density
gradient of 1.077 and 1.093 Ficoll-Verografin. The absorption activity of phagocytes was determined in a microscopic test.
To investigate the oxygen-dependent bactericidal activity of neutrophils, a spontaneous test with nitroblue tetrazolium
was performed. Antibody-dependent cytotoxic activity of lymphocytes was investigated by colorimetric method. It was
found that after the transfusion of whole blood, the phagocytic activity of neutrophils increases with a simultaneous
decrease in their absorption capacity. On Days 3 and 7, the results of the spontaneous test with nitroblue tetrazolium
decreased. This indicates inactivation of the oxygen-dependent bactericidal activity of neutrophil granulocytes during the
first phase of post-transfusion immunological reactions. On Day 23, there was an increase in the values of the indicators
of the spontaneous test with nitroblue tetrazolium, which indicates the activation of the bactericidal properties of
phagocytes. It was found that on Day 3, the antibody-dependent cytotoxic activity of lymphocytes significantly decreased
relative to the initial state, and on Days 7 and 23, it increased. An increase in the antibody-dependent cytotoxic activity
of lymphocytes should be associated with the active synthesis of antibodies of the late phase of the immune response.
Consequently, transfusion of allogeneic blood causes an immune response in recipient rabbits, without causing immediate
and long-term transfusion reactions (changes in heart rate, respiratory rate, body temperature). The obtained results are
of practical value both for scientists and practising doctors who use transfusion of whole blood and its components to
animals with acute anaemia, impaired functional activity of blood coagulation factors, parasitic, and oncological diseases
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Introduction

Over the past decade, interest in veterinary transfusiology
has increased rapidly. Transfusion of whole blood and
its components is vital for parasitic diseases, violation of
blood circulation factors, cancer, and polytrauma. That
is why whole blood prepared in advance is crucial during
intensive veterinary care to sick animals (Lo et al., 2019,
Yehorov et al., 2020).

Reactions to blood transfusions in recipient animals
are classified as immunological and non-immunological, as
well as acute and delayed (Stepura et al., 2020). It is known
that acute transfusion reactions are observed in recipient
animals (3-8%) after whole blood transfusion (Stepura et al.,
2020). In such animals, as in humans, whole blood trans-
fusions can cause severe acute respiratory distress syn-
drome (Irani et al., 2017; Brugué et al., 2018; Yehorov et al.,
2021). This condition is characterized by non-cardiogenic
pulmonary oedema. It is arguably related to the response
of donor antibodies to recipient leukocytes (Yehorov et al.,
2022). It is also known that blood transfusion in dogs causes
a simultaneous increase in the number of neutrophil gran-
ulocytes and the content of C-reactive protein, which
indicates the development of an inflammatory process
in the animal’s body (Day et al., 2020; Claus et al., 2022).

Blood transfusion is considered an allogeneic tissue
transplantation operation, which can have serious compli-
cations. Despite strict compliance with the requirements
concerning the blood group of the donor and the recipient, as
well as conducting an in vitro compatibility reaction, an im-
mune conflict may occur in the body of the recipient animal.
This is because, apart from transplanted erythrocytes, their
body receives many immunogenic corpuscular (leukocyte,
platelet) and humoral (plasmatic) antigenic factors that can
cause both humoral (activation of class M, G immunoglobu-
lins) and cellular immune response. Notably, a non-cardio-
genic pulmonary reaction in recipient animals occurs as a
result of transfusion of leukocyte antibodies (Ab). Naturally,
a pronounced immune conflict in the body of the recipi-
ent animal can occur even with a minimal volume of blood
transfusion (Yagi & Holowaychuk, 2016; Poh et al., 2018).

Taylor et al. (2021) argue that transfusion responses
in cats are unpredictable and vary in severity. Post-transfu-
sionreactions can be both acute and chronic. The most com-
mon transfusion reactions are manifested in the form of fever,
allergies, as well as circulatory overload associated with
transfusion. Transfusion reactions can trigger immune-me-
diated hemolysis, which causes jaundice and an increase in
body temperature, which occurs due to the development of
an antigen-antibody complex. Such reactions can also lead
to non-hemolytic consequences - fever, itching of the skin,
swelling in the facial area of the head (Taylor et al., 2021).

It is known that phagocytes are essential in main-
taining the constancy of the immune status of the animal
body. As non-specific protection factors, they not only cap-
ture and digest microorganisms, but also activate specific
mechanisms of resistance of the macroorganism. Therefore,
it is important to investigate the functional state of phago-
cytes, specifically neutrophils (Shcherba & Korda, 2018).

The leading characteristic of granulocytes is the as-
sessment of their phagocytic activity. Its decrease can be
the result of both a lack of opsonizing factors in the serum,
and defects in the cells themselves. It is known that white
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blood cells can change their morphological and functional
state, taking part in the immune processes of the mammalian
body (Yelyseyeva et al., 2020). This ability acts as a criterion
for the degree of activity and the nature of the process.
Among white blood cells, neutrophils, due to their func-
tional activity, play an important role in the humoral-cel-
lular system of cooperation in the immune response to the
antigen. That is why in the mammalian body, neutrophils
are both indicators and a universal target for various dis-
orders of homeostasis. Their quantitative and qualitative
composition ensures leukocyte activity and is manifested
primarily by phagocytic activity (Yelyseyeva et al., 2020).

The hereditary immune system includes large granu-
lar lymphocytes — NK cells. Under interleukin-15 (IL-15),
they are formed from a lymphocyte stem cell in the bone
marrow (Lo et al., 2019). They belong to the system of in-
nate immunity since they develop without rearrangement
of the genes of the receptor apparatus. However, unlike
other innate immune cells, they recognize molecular struc-
tures of antigenic origin that are foreign to the mammalian
body. NK cells detect and neutralize altered cells in their
own body. At the same time, their targets are cells of the
own body that have partially or completely lost the expres-
sion of major histocompatibility complex (MHC) class I
molecules but express a normal or increased level of surface
molecules induced by cellular stress (Lo et al., 2019; Baeva,
2019; Abbas et al., 2020).

Such molecular changes are inherent in cells infected
with viruses, cytosolic parasites, as well as for tumour cells.
NK cells can neutralize target cells without any prior ac-
tivation (immunization). This property is called natural
cytotoxicity (NK activity) and underlies the term “natural
killers”. Furthermore, due to the expression of Fc receptors,
NK cells can take part in antibody-dependent cellular cyto-
toxicity reactions, i.e., neutralize IgG-opsonized antigens.
Involvement of Fc receptors in the recognition of antigen
epitopes considerably increases the effectiveness of cytoly-
sis (Baeva, 2019).

Neutralization (lysis) of infected macroorganism
cells and tumour cells is the main function of NK cells. Due
to the ability to independently recognize “own-foreign”
on the surface of the target cell, cytolysis by NK cells oc-
curs, which distinguishes them from cytotoxic T-lympho-
cytes. Lysis of target cells is provided by perforin and gran-
zymes — proteins found in the lytic granules of NK cells.
During their interaction with target cells, lysis of the latter
occurs due to perforins and granzymes — proteins stored in
the lytic granules of NK cells, while during their interaction
with the target cell, degranulation occurs. Granzymes, en-
tering the cytosol of the target cell with perforin, induce its
apoptosis (Lo et al., 2019; Kyivska, 2019).

It is known that phagocytes play an important role
in protecting the tissues of the mammalian body and sup-
porting the constancy of the immune status of the body.
These cells act as non-specific defence factors that not only
phagocytize and process the antigen (Ag), but also mobilize
specific resistance mechanisms of the animal body (Legen-
chuk & Nemyrovych, 2022). Therefore, it is important to
understand allogeneic tissue transplantation to investigate
the functional state of phagocytes by oxygen-dependent
bactericidal activity of blood neutrophils using the nitroblue
tetrazolium test (NBT test) (Stasenko, 2019).
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The purpose of this study was to investigate the
functional properties of neutrophilic granulocytes and
antibody-dependent cytotoxic activity of lymphocytes in
recipient animals by allogeneic blood transfusion.

Materials and Methods
The study was conducted during 2021-2022 at the Scientific
and Educational Laboratory “Animal Blood Bank” of the Acad.
1.0. Povazhenko Department of Surgery and Pathophysiology
and in the conditions of the Educational and Scientific Pro-
duction Clinical Centre “Vetmedservice” of the National
University of Life and Environmental Sciences of Ukraine.

Experiments on rabbits were conducted per the
requirements of the “General Ethical Principles of Con-
ducting Experiments on Animals”, approved by the First
National Congress on Bioethics (September 20, 2004, Kyiv,
Ukraine) (Law of Ukraine..., 2006), the Regulations of the
“European Convention on the Protection of Vertebrates
Used for Experimental and Other Scientific Purposes”
(Strasbourg, 1986) (European Convention for..., 1986) and
the Law of Ukraine “On the Protection of Animals from
Cruel Treatment” (2006).

Five clinically healthy rabbits of the White Pannon
breed were used in the experiments. The diet of experi-
mental animals corresponded to their need for nutrients
and biologically active substances. The animals had free
access to water and food.

Blood from donor animals was taken from the jug-
ular vein by a semi-closed method. At the blood sampling
site, the animals’ fur was shaved, and the skin was treated
with a 70% alcohol solution. During the selection of ani-
mal blood, the tissues in the place where the jugular vein
passes were moderately stretched. The head of the animal
was diverted to the side opposite to the side of blood sam-
pling. A jugular vein puncture was performed in the upper
and middle third of the neck. At an angle of 45°, a needle
was inserted, piercing the skin and vein wall against the
blood flow. For the convenience of manipulation, the vein
below the puncture site was pressed with the finger of the
left hand. Donor blood samples of rabbits were collected
in polymer containers with the CPDA anticoagulant (citrate,
phosphate, dextrose, and adenine). Recipient rabbits received
whole blood transfusions in the amount of 5.5 ml/kg of body
weight.

The study was based on blood plasma samples taken
from five rabbits on Days 3, 8, and 23 after transfusion. The
population of blood neutrophils was obtained by centrifu-
gation (Hettich EVA laboratory centrifuge, Germany) on a
double density gradient of 1.077 and 1.093 Ficoll-Verografin
(Yamashita et al., 2019).

The phagocytic activity of blood granulocytes (ab-
sorbing activity of phagocytes) was determined in a micro-
scopic test. When investigating the phagocytic activity of
neutrophils, standard latex particles for phagocytosis (10%
polystyrene suspension) with a diameter of 1.0-1.3 um were

used as test systems. The functional activity of phagocytes
was assessed by determining phagocytic number (PN), % is the
number of phagocytizing cells per 100 counted; phagocytic
index (FI), c.u. is the average number of latex captured by
one phagocyte.

A suspension of neutrophil cells was introduced into
a test tube in the amount of 0.1 ml and incubated at 37°C
for 60 min with 0.1 ml of latex suspension. Smears were
prepared on glass slides, dried, fixed, and stained according
to Romanowsky-Giemsa. 100 neutrophils were counted in
each smear (Crawford et al., 2022).

The oxygen-dependent bactericidal activity of blood
neutrophils was determined by a spontaneous nitroblue
tetrazolium test (HBT test). When setting up a spontaneous
HBT test, phagocytes were cultured in the presence of ni-
troblue tetrazolium without prior cell activation (Grasso
et al., 2019). The oxygen-dependent bactericidal activity
of neutrophils in the HBT test was investigated using the
spectrophotometric method (Grassoetal.,2019). A suspen-
sion of phagocytes in culture medium 199 (1x106 cells/ml)
was introduced into centrifuge tubes and centrifuged at
1,000 rpm for 5 minutes. Subsequently, the supernatant
fraction was removed, and 0.2 ml of HBT solution in a
phosphate-salt buffer with a mass fraction of 0.2% was
added to the phagocytes. Cells were cultured for 60 min at
37°C in a water-saturated atmosphere with a constant CO,
level (5%). After incubation, the tubes were centrifuged at
1,000 rpm for 1-2 minutes. Then the supernatant fluid was
removed, and 0.2 ml of HCI was added to the phagocytes. The
test tubes were thoroughly shaken and centrifuged again
under the same conditions. Subsequently, the supernatant
fraction was removed from the test tubes and 0.2 ml of di-
methyl sulphoxide was added for phagocyte lysis. After cell
lysis, 3 ml of phosphate-salt buffer was added to the test
tubes. The optical density of diformazan in the samples
was measured on a Ulab 102 UV spectrophotometer (China)
at an optical wavelength of 492 nm in cuvettes (1x1 c¢cm)
against a solution of 2.8 ml of phosphate buffer with 0.2 ml
of dimethyl sulfoxide (Grasso et al., 2019).

Antibody-dependent cytotoxic activity of lymphocytes
was determined by the colorimetric method (Grasso et al.,
2019).

Statistical processing of the research results was
performed using the “Statistica 5.0” software (StatSoft Inc.,
USA). Differences between two indicators of the compared
samples were considered statistically significant at P<0.05,
P<0.01, P<0.001 (Filimonova et al., 2005).

During the studies, the main clinical indicators (body
temperature, heart rate, respiratory rate) were monitored
in experimental animals.

Results and Discussion
Changes in the phagocytic activity of neutrophil granu-
locytes in the blood of recipient rabbits during allogeneic
whole blood transfusion are presented in Table 1.

Table 1. Dynamics of changes in the phagocytic activity of neutrophilic granulocytes
in rabbit blood during allogeneic whole blood transfusion (M = m, n = 5)

Segq. No. Cells Initial state
1 Phagocytic index, c.u. 26 £2.50
2 Phagocytic number, % 7.86+0.18

Day 3 Day 7 Day 23
30£1.50 37 £ 2.80%* 39 * 3.40%*
7.12£0.13** 6.20 £(0.18%** 6.87 £ 0.24**

Note: * P<0.05; **P<0.01; ***P<0.001, significant relative to the initial state
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As a result of determining the phagocytic activity of
neutrophil granulocytes in rabbits after whole blood trans-
fusion, the phenomenon of “phagocytosis dysfunction”
was identified. Thus, during whole blood transfusion, the
phagocytic index increased in recipient rabbits on Days 7
and 23 of the experiment by 42.3% and 50.0% (P < 0.01),
respectively (Table 1).

Therewith, the phagocytic number significantly
decreased relative to the initial state on Day 3, Day 7, and
Day 23 of the experiment by 9.4% (P<0.01),22.0% (P <0.001),
and 13.0% (P < 0.01), respectively.

Thus, in case of whole blood transfusion in the body
of recipient rabbits, the absorption capacity of blood neu-
trophils decreases against the background of an increase
in their phagocytic activity, which indicates a dysfunction

0.12
0.1
0.08

0.06

HBT-test,
optical density

0.04

0.02

0 |

Initial state

= optical density 0.04

of phagocytosis. The obtained data indicate considerable
compensatory capabilities of neutrophils, which can main-
tain the overall balance in the phagocytic system under
conditions of intense load on specific and non-specific
links of immunity. Notably, under these conditions, the
body temperature of the experimental animals was within
the normal range. The established regularities coincide with
the results of studies described by other authors (Callan et al.,
2013; Suddock & Crookston, 2022).

Oxygen-dependent phagocyte metabolism was de-
termined using the NBT test. This test reflects the degree
of functional irritation of phagocytic cells and is an indirect
indicator of the functional activity of cells. The NBT test
was used to characterize the ability of phagocytes to de-
stroy microbial cells, i.e., their antibacterial activity (Fig. 1).

Day 23
0.1

Figure 1. Dynamics of functional activity of neutrophils in the reaction of reduction
of nitroblue tetrazolium in rabbit blood during allogeneic whole blood transfusion

Note: *P < 0.05, values are significant relative to the initial state

Indicator of the NBT test (Fig. 1) in rabbits, whole
blood transfusions experienced a decrease of 15% (P < 0.05)
and 12.5% (P < 0.05), respectively, compared to the initial
state. At the same time, on Day 23 of the experiment, the
level of this indicator increased by 16.6% (P < 0.05) relative to
the initial state. The established increase in the value of this
indicator during whole blood transfusion correlates with the
dynamics of the phagocytic index (PI), which was also marked
by an increase, but already by 50.0% (P<0.01) relative to the
initial level (Table 1). Activation of antibacterial oxygen-de-
pendent systems within phagocyte cells on Day 23 after
whole blood transfusion probably occurs due to the destruction
of transplanted cells in the recipient animal body during this
period (Yagi & Holowaychuk, 2016; Day et al., 2020).

Portnov (2021) notes that the HBT test scores may
also increase at the initial stage of acute bacterial infec-
tions. While in the subacute and chronic course of the in-
fectious process, their decrease is noted. Rehabilitation of
the body from pathogens is accompanied by the restoration
of the values of this indicator. A sharp decrease in its level
indicates decompensation against infectious defences and
is considered a prognostically unfavourable sign.

A complex of reactions aimed at recognizing, ab-
sorbing, and eliminating microscopic particles from the
body is called phagocytosis. Kling et al. (2020) indicate that
many cell types are more or less capable of phagocytosis,
but the phagocytic activity of neutrophils is most important
for the immune system.
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Kriiger (1995) noted that the storage of blood affects
all its components. Preliminary removal of polymorphonu-
clear neutrophils from the blood improves the quality of
its components. Therewith, a decrease in their number can
lead to the disappearance of important mechanisms of an-
tibacterial protection.

Antibody-dependent cytotoxic activity of lympho-
cytes in the blood of recipient rabbits during allogeneic
whole blood transfusion was investigated. The dynamics of
antibody-dependent cytotoxic activity of lymphocytes in the
blood of recipient rabbits during whole blood transfusion is
presented in Figure 2.

On Day 3 of experimental studies, in the case of allo-
geneic whole blood transfusion to recipient rabbits, the an-
tibody-dependent cytotoxicity of leukocytes significantly de-
creased by 16% relative to the initial state (P < 0.01) (Fig. 2).
The described pattern is similar to the results of other re-
searchers (Yagi & Holowaychuk, 2016; Day et al., 2020). It
is probable that the decrease in the antibody-dependent
cytotoxic activity of lymphocytes in the peripheral blood of
recipient rabbits on Day 3 of experimental studies relative
to the initial state is due to the activation of the activity of
the immune system as a whole and the synthesis of class M
immunoglobulins (pentamers), to which natural killer cells
(NK cells) have no specific receptors. Notably, it is Class M
antibodies that are synthesized by plasma cells during the
acute period of the immune response, i.e., in the case of first
contact with certain epitopes of antigens (Keir et al., 2012).
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Figure 1. Dynamics of antibody-dependent cytotoxic activity of lymphocytes in the blood
of recipient rabbits during allogeneic whole blood transfusion
Note: * P < 0.05; ** P < 0.01; ***P < 0.001, values are significant relative to the initial state, and /*** P < 0.001, significant compared to the

previous stage of the experiment

On Day 7 of experimental studies (Fig. 2) when
whole blood was transfused to recipient animals, the anti-
body-dependent cytotoxic activity of blood lymphocytes
increased by 71.3% (P<0.001) relative to the initial state.
Notably, at this time of the experiment, antibody-depend-
ent cellular cytotoxicity increased by 2 times compared to
3 days of the experiment. An increase in antibody-depend-
ent cell cytotoxicity on Day 7 of the experiment relative
to the initial state and 3 of its days should be associated
with the active synthesis of late-phase immune response
antibodies (IgG) that interact with Fc domains with surface
receptors of NK cells. Class G immunoglobulins have only
2 antigen binding centres and a lower molecular weight,
thereby providing greater specificity with epitopes of cor-
puscular and humoral antigens (red blood cells, white blood
cells, platelets, plasma proteins), thus providing stable
avidity (antibody-antigen relationship) (Abbas et al., 2020).

On Day 23 of the experiment, the cytotoxic activity
of blood lymphocytes significantly increased relative to
the initial state by 61.5% (P<0.05), and relative to Day 3 of
the experiment by 1.9 times (/*** P<0.001). The increase
in antibody-dependent cell cytotoxicity on Day 23 of the
experiment on allogeneic whole blood transfusion in recip-
ient rabbits is probably associated with the active synthesis
of Class G immunoglobulins by plasma cells, which actively
opsonize transplanted antigens, forming an Ag-Ab complex,
and thereby activate antibody-dependent cell cytotoxicity
reactions (Australian Red Cross..., 2020). At the same time,
antibody-dependent cell cytotoxicity tended to decrease by
5.6% compared to Day 7 of the experiment (26.7%). Such
changes occur due to apoptosis of transplanted platelets
and leukocytes on Days 7-9 days and 14-16 after transfusion,
which coincides with the results of research by Day et al.
(2020).

The decrease in antibody-dependent cellular cyto-
toxicity in experimental animals is caused by a decrease in
the antigenic load, especially corpuscular antigens, on the
immune system of recipient animals on Day 23 relative to
Day 7 of the experiment. The results obtained are consist-
ent with those of Dani et al. (2017), Poh (2018) and Yagi &
Holowaychuk (2016).

As noted by Ueta et al. (2018), when recipient lympho-
cytes and donor stimulating cells are co-cultured, cytotoxic

T lymphocytes appear among the cells. They can destroy
target cells that carry antigens that are also present on
stimulating cells. The study of cellular cytotoxicity in
mixed lymphocyte culture in some cases allows predicting
whether the graft will stimulate the formation of cytotoxic
T-lymphocytes or not.

Crawford et al. (2019) demonstrated that transfusion
of donor-specific blood induces alloresponses and leads to
immunosuppression. Using fully allogeneic combinations
of rat blood cells in scientific experiments, scientists have
found that red blood cell products can directly modulate the
function of immune cells. This is called transfusion-asso-
ciated immunomodulation (TRIM), which provides an ap-
propriate adaptive mechanism. A single blood transfusion
effectively induces a T-cell-dependent helper response of
antibody-forming cells of the main histocompatibility com-
plex (MHC) Class I with a change in the class of immunoglob-
ulins and a donor-specific response of regulatory lympho-
cyte cells (Treg). This occurs mainly in the spleen, probably
by indirect allorecognition via resident dendritic cells (DCs).

Notably, during the studies in experimental animals,
the main clinical indicators (body temperature, heart rate,
respiratory rate) stayed within the physiological parameters
and corresponded to the range of values of 38.5-39.5°C,
180-250 heartbeats/min, 50-60 respiratory movements/min,
respectively.

Thus, the results of the conducted studies indicate
that whole blood transfusion causes complex immunological
changes in the body of recipient animals in the form of
a two-phase course of post-transfusion immunological
reactions. The first phase is characterized by inhibition of
phagocytic activity of neutrophilic leukocytes and the HBT
test index. The second one can be considered a stimulation
phase. It is characterized by reverse immunological processes
relative to the first phase. By stimulating the phagocytic
and, specifically, oxygen-dependent bactericidal activity of
neutrophil granulocytes in recipient rabbits.

Conclusions
It was found that allogeneic whole blood transfusion to
recipient rabbits increases the phagocytic activity of
blood neutrophils, with a simultaneous decrease in their
absorption capacity.
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On Days 3 and 7 after allogeneic whole blood trans-
fusion to recipient rabbits, there is a significant decrease in
the value of the spontaneous HBT test in the animal body,
respectively, by 15% and 12.5%, which indicates inactiva-
tion of oxygen-dependent bactericidal activity of neutrophilic
granulocytes during the first phase of post-transfusion im-
munological reactions.

On Day 23 after whole blood transfusion, a signifi-
cant increase in the value of the spontaneous HBT test by
16.6% occurs in the body of rabbits, which indicates the
activation of oxygen-dependent mechanisms of phagocyte
killing and proves their bactericidal property.

It was found that on Day 3 after allogeneic whole
blood transfusion, antibody-dependent cellular cytotoxic-
ity decreases by 16% in the body of recipient rabbits. The
authors of this study believe that the established pattern
may be related to the synthesis of Class M immunoglobu-
lins by plasma cells in the first days of the experiment, to
which natural killers do not have specific Fc receptors.

On Day 7 of the experiment, 71.3% of antibody-de-
pendent cellular cytotoxicity is significantly activated in
recipient rabbits relative to the initial state. A probable in-
crease in the value of this indicator indicates the activation
of the synthesis of immunoglobulins of the secondary im-
mune response (Ig G), to which natural killers (NK) have a
complementary Fc receptor.

Antibody-dependent cytotoxic activity of lympho-
cytes on Day 23 after whole blood transfusion significantly
increased by 61.5% in the body of recipient rabbits. The
value of this indicator on Day 23 of the experiment in
experimental animals was less by 5.6% relative to its Day 7,
which occurs due to simultaneous natural apoptosis of al-
logeneic platelets and white blood cells within 7-16 days
after whole blood transfusion.

Further studies will concern the investigation of
the response of the cellular link of immunity (T, B, and 0
lymphocytes), in dynamics, in recipient animals by allogeneic
transfusion.
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AHoTanisg. AKTyaJbHiCTb HAYKOBOTO OOCTiIKeHHsSI 3yMOBJIeHa TUM, 110 MepeauBaHHS ajJOreHHOi KpPOBi TBapuHaM-
peluIlieHTaM 3aBXKAY TMOB’si3aHe 3 iIMyHOJNOTIYHMMM pU3UKaMU. Y 3B’SI3KY 3 I[MM, METOI0 PO60TH 6y/I0 OLiHUTU CTaH
(darouutapHoi akTMBHOCTI HeiTpodiniB KpoBi 3a MokasHMKamu ¢aronuTapHoro iHgexcy, ¢dbaronuTapHOro 4mucIa
Ta KMUCEHb-3aJeKHOI GaKTePUIMIHOI aKTMBHOCTi, a TaKOX BM3HAUUTM 3MiHM aHTUTIIO3AJIEKHOI IUTOTOKCUUHOL
aKTUBHOCTi JIMGOUMTIB Y KPOJiB-pPEIMITIEHTIB 3a ajoreHHoi TpaHcdy3sii mibHOT KpoBi. MomenoBaHHS MepeIyBaHHS
KpOBi 37iliCHIOBA/IM Ha I’SITU KJIiHIYHO 3J0POBUX KPOJISX, HIJIIXOM BHYTPIilTHbOBEHHOTO BBEIEHHS iM IIiJIbHOI KPOBi 3
pOo3paxyHky 5,5 mui/kr macu Tina. Ha 3, 7 ta 23 go6y micis remoTtpancdysii y TBapuH Bigb6upany 3pa3ku Kposi. 3i 3pa3kis
KpPOBi OTpMMYyBaIM MOMYJALIiI0 HeITpodiniB nuisixom 1eHTpUdyryBaHHsSI Ha MONBiifHOMY TpanieHTi minbHOCTI 1,077 i
1,093 dikony-Beporpadiny. IlornuHanbHy aKTUBHICTb GarouuTiB BU3HAYAIM Y MiKPOCKOIIYHOMY TecTi. [Jis1 BUBUEHHS
KUCEeHb-3aJIeKHOI 6aKTePULIMIHOI aKTMBHOCTI HeiTpodisiB mPOBOAMIN CIIOHTAHHUI TECT 3 HITPOCKMHIM TeTpa30jieM.
KonmopMeTpuyHUM METOAOM JOCTiIKYBaIM aHTUTIIO3aJEKHY IIUTOTOKCUYHY aKTMBHICTD JiMounTiB. BcraHoBIEHO,
o0 micsg TpaHcdysii 1iabHOT KPOBi BigOyBaeThCs MiABUIIEHHS (arouuTapHOI aKTUBHOCTI HEMTPOQiIiB 3 OMHOYACHUM
3MEHIIEeHHSIM iX MorMHaiouoi 3maTHocTi. Ha 3 i 7 o0y MOKa3HMKM CIIOHTAHHOTO TECTY 3 HiTPOCMHIM TeTpa3osiieM
3a3HaBaIM 3HIOKeHHS. Lle CBiguMTh MpO iHAKTUBALIIO KMCeHb-3a/I€KHOI OaKTepUUMIHOI aKTUBHOCTI HeiTpodinbHMX
TPaHY/IOIMTIB 3a mepinoi ¢as3yu moctrpaHcdysilinux iMyHomoriuHux peaxiiit. Ha 23 mo6y BimsHauamocs MigBUIEHHS
3HAUeHb ITOKa3HMKIB CIIOHTAHHOTO TECTY 3 HITPOCMHIM TeTpasoslieM, IO BKasye Ha aKTMBAllilo GaKTepUIMIHOI
BJIACTMBOCTi arouuTiB. 3’1COBaHO, IO Ha 3 AOOY aHTUTIIO3A/IEXKHA [UTOTOKCMYHA aKTUBHICTh JiMQPOUNTIB BipoOTigHO
3MeHIIyBasiacsl BiTHOCHO BMXiJHOTO CTaHy, a Ha 7 i 23 moby — 36inbinmyBanacs. ITigBUIIEHHS aHTUTIIO3aIesKHOL
IMTOTOKCMYHOT aKTYMBHOCTI TiM(OLUTIB CJ1if] TOB’SI3yBaTy 3 aKTMBHMM CMHTE30M aHTUTLJ MTi3HbO1 a3y iMyHHOI BiIMOBiIi.
Otxe, TpaHcdysis aJoreHHOI KPOBi CIPUUMHSIE IMyHHY BiAOBib Y KPOMiB-pelUIi€HTIB, He BUKIMKAIOUM TIPU LIbOMY
HeramHux i BigmameHux TpaHcdysiiiHMX peakiliit (3MiHM YacCTOTU CePIEBUX CKOPOUEHb, YaCTOTU AMXAHHS, TeMIIepaTypu
Tina). OTpMMaHi pe3y/ibTaTy CTAHOBJISITh MPAKTUUHY IiHHICTD SIK JJIs1 HAYKOBIIiB, TaK i AJIs1 TPAaKTUKYIOUYMX JTiKapiB, sKi
3aCTOCOBYIOTH ME€PEIMBAHHS LIJIbHOT KPOBi Ta 11 KOMITOHEHTIB TBapMHAaM 3a roCTpoi aHeMii, mopyuieHHi GyHKI[iOHATBHOT
aKTUBHOCTi (hakTOpiB 3ropTaHHS KPOBi, MapasUTapHMUX i OHKOIOTIUHMX 3aXBOPIOBAHHSIX

KitouoBi cioBa: neiikounty, arouyurapuuit ingexc, HCT-Tect, aHTUTIIA, TPAaHYIOLUTH, IMyHITeT

Ukrainian Journal of Veterinary Sciences. 2022. Vol. 13, No. 4




ODURNAL Q 2022. Volume 13, No. 4. P. 50-59

A Received: 04.08.2022 Revised: 11.10.2022 Accepted: 23.11.2022

UDC: 619.9:636.7
DOI: 10.31548/ujvs.13(4).2022.50-59

Adenovirus infections in dogs: Diagnostic features

Mykola Radzykhovskyi'", Olha Dyshkant?, Bogdan Gutyj’, Roman Sachuk*, Yuliia Palytsia®

'Full Doctor in Veterinary Sciences, Associate Professor. ORCID: https://orcid.org/0000-0003-0518-8148.
National University of Life and Environmental Sciences of Ukraine,
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine

PhD in Veterinary Sciences, Associate Professor. ORCID: https://orcid.org/0000-0003-0256-5112.
Polissia National University, 10008, 7 Staryi Bvld., Zhytomyr, Ukraine

SFull Doctor in Veterinary Sciences, Professor. ORCID: https://orcid.org/0000-0002-5971-8776.
Stepan Gzhytskyi National University of Veterinary Medicine and Biotechnologies,
79010, 50 Pekarska Str., Lviv, Ukraine

“Full Doctor in Veterinary Sciences, Associate Professor. ORCID: https://orcid.org/0000-0003-4532-4220.
Rivne State University of Humanities, 33000, 31 Plastova Str., Rivne, Ukraine

PhD in Pharmacological Sciences, Associate Professor. ORCID: https://orcid.org/0000-0002-3352-763X.
National University of Life and Environmental Sciences of Ukraine,
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine

Abstract. In the general pathology of dogs, viral diseases occupy a leading place, and infectious hepatitis, the causative
agent of which is a virus of the Adenoviridae family, is of particular concern. Recently, the virus has spread to many countries
around the world, which indicates changes in the properties of the pathogen. At the same time, the epizootic situation
concerning infectious diseases, including adenoviruses, whose development is influenced by the mass keeping of dogs, has
worsened in Ukraine. The purpose of this study is to supplement, clarify, and generalize data on epizootological features,
morphological and biochemical parameters of blood and pathological and anatomical changes in type I canine adenovirus.
The following research methods were used to conduct the research: epizootological analysis, clinical (determination of the
general clinical condition of animals), pathological and anatomical (detection of macroscopic changes), haematological
(morphological and biochemical parameters of blood) and statistical (processing of digital data to determine the probability
of changes in indicators). According to the results of comprehensive studies, it was proved that dogs of different breeds,
including mongrels, are susceptible to type I adenovirus, and the peak manifestation of the disease is the spring-summer
period in animals aged one to two years. Infectious hepatitis is characterized by the development of erythrocytopenia,
a decrease in haematocrit, leucocytosis, and lymphocytopenia. Changes in biochemical indicators are characterized by
a decrease in haemoglobin, creatinine, urea, glucose in the blood, and a decrease in the activity of a-amylase and an
increase in the content of total bilirubin, hyperfermentaemia of alkaline phosphatase and alanine aminotransferase. The
most pronounced pathoanatomical changes are an increase in the size of the liver with the development of necrosis,
and in the gastrointestinal tract-haemorrhages in the small intestine. The multisystem pathogenic effect of the virus is
characterized by nephrosis, pinpoint haemorrhages in the pancreas, and inflammatory changes have been established
in the lymph nodes. As a result of an experimental study of haematological parameters and pathoanatomical changes,
a complex pathogenesis of the disease with multiple organ failure was established. In the study of infectious diseases of
dogs, the most important aspect is clinical and diagnostic information content. Therefore, scientific research on a more
profound understanding of the diagnosis of canine adenovirus will determine the algorithm for justifying the diagnosis
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Introduction

Since ancient times, man needed an assistant in the house-
hold and hunting, and the most suitable animal for this was
a dog that was tamed over ten thousand years ago. Today,
dogs are one of the most popular animal species and com-
panions for humans, as evidenced by the increase in their
number by 1.4% over the past decade (Ghasemzadeh &
Namazi, 2015). It is established that more than 60% of Euro-
pean families have pets, most of which are dogs. Numerous
studies have confirmed the significant and irreplaceable
role of pets in human life and their positive impact on the
psychosocial and mental health of their owners. Owning a
pet can increase the activity of owners, reduce the risk of de-
pression and mental stress, and increase self-esteem (Kat-
agiri & Oliveira-Sequeira, 2008; Ghasemzadeh & Namazi,
2015). Therefore, an increase in the population of small
animals, including dogs, has recently been recorded, which
inevitably leads to an exacerbation of the epizootic situ-
ation (Netherton & Wileman, 2011; Radzikhovsky, 2016).
Usually, diseases of infectious aetiology in dogs, in contrast
to productive animals, do not lead to economic losses be-
cause hobby-class animals have a moral and psychological
significance for their owners, and the death of a pet as a
result of the disease can provoke a stressful state in them.

Many problems with the functioning of the gastro-
intestinal tract seem similar, but in reality, there are many
aetiological factors that can lead to the death of an animal.
Considering the data of professional literary sources, the
authors of the present study state that in dogs, the main
causes of the development of diarrhoea followed by symp-
toms of haemorrhagic enteritis are usually viruses, bacte-
ria, and parasites (Rocha-Gizzi et al., 2014; Ortega et al.,
2017; Lisova & Radsikhovskyi, 2018). On the territory of
Ukraine, 60% of dogs are inpatient diagnosed with diseas-
es with damage to the digestive system (Lisova & Radsik-
hovsky, 2018). The most common are viral enteritis, hepatitis,
and gastroenteritis of unknown aetiology.

World literature sources indicate that the main
causative agents of adenovirus infection in dogs are of two
types: canine adenovirus type I (Rubart’s disease, CAV-1),
which causes canine infectious hepatitis, and canine ade-
novirus type 2 (CAV-2), which is associated with respiratory
type canine adenovirosis. Types CAV-1 and CAV-2, which
pertain to the Adenoviridae family, are closely related an-
tigenically and genetically. Despite their antigenic and ge-
netic affinity, they exhibit different patterns of cellular tro-
pism. CAV-1 recognizes vascular endothelial cells and liver
and kidney parenchymal cells as targets for viral replication,
and CAV-2 efficiently replicates in the respiratory tract and,
to a limited extent, in the intestinal epithelium (Decaro
et al., 2008; Balboni et al., 2019; Zhu et al., 2022). One of the
most frequent causes of gastrointestinal disorders in dogs is
an infectious factor, which accounts for 63%, and aetiologi-
cally, these are viruses of the Adenoviridae and Parvoviridae
families and bacteria of the Salmonella genus. It is worth
separately noting the significant prevalence and, accord-
ingly, the aetiological factor of the parasitic agent, namely
Giardia, which was found in 37% of dogs with the corre-
sponding symptoms. Of particular concern is the presence
of mixed infection, i.e., the presence of two or more path-
ogens of different nosological groups in the body (Radzik-
hovskyi, 2016; Mitchell et al., 2017; Dowgier et al., 2018).
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Adenoviruses affect the respiratory tract, gastroin-
testinal tract, and excretory system of animals. As a rule,
they cause subclinical infection, but avian and canine ade-
noviruses cause a clinical manifestation of the disease. In
animals with reduced immunity, the infection causes high
morbidity and mortality. Adenovirus was first isolated in
1953 from culture explants of degenerated human adenoids
by Wallace Rowe and his colleagues. Canine adenovirus be-
longs to the family Adenoviridae and the genus Mastadeno-
virus and is divided into canine adenovirus serotypes (De-
caro et al., 2008 Timurkan et al., 2018; Musto et al., 2021).

Adenovirus infection of the first type (CAV-1), in-
fectious hepatitis, Rubart’s disease is an acute contagious
disease characterized by fever, catarrhal inflammation of
the mucous membrane of the respiratory tract and intes-
tines, liver, and central nervous system damage. The dis-
ease is common in many countries of the world and occurs
both among domestic animals and in the wild. Regular
vaccination has reduced the number of clinical cases of the
disease. The CAV-1 virus affects a considerable group of
carnivores, including dogs of various breeds and ages, but
most often puppies aged 2 to 6 months get sick. Therewith,
the mortality rate is 30-40% and in the literature it is noted
that female virus carriers can infect their puppies and
males for many years (Garcia-Marin et al., 2018; Hornsey et al.,
2019; Yang et al., 2019).

Adenovirus type 2 is a highly contagious virus that
damages the respiratory tract in dogs, especially puppies,
when kept in conditions of considerable crowding. CAV-2 pro-
vokes disorders in the respiratory organs, including tonsil-
litis, pharyngitis, tracheitis, bronchitis, and having an af-
finity for the epithelium of the upper respiratory tract. This
virus was first detected in Canadian shelter dogs in 1961
with symptoms of upper respiratory tract infection, and
in the following years its presence was reported in many
countries such as Italy, Brazil, and India (Hechinger et al.,
2017; Ramidi et al., 2019; Bergmann et al., 2020).

Adenovirus infection in dogs is characterized by
multifaceted clinical symptoms, but the main ones should
be highlighted, namely lethargy, vomiting, dehydration,
pallor, hypothermia, leukocytosis, neutrophilia, lymphopenia,
and thrombocytopenia, increased activity of alkaline phos-
phatase, alanine aminotransferase, and creatine kinase.
Over time, anaemia, hypoalbuminaemia, bilirubinaemia,
bilirubinuria, haematuria, and proteinuria, splenomegaly,
hepatomegaly, and pulmonary haemorrhage progress (Bulut
etal.,2013; Pereira et al., 2021).

Based on the analysis of literature sources, the re-
sults of monitoring and own research, it was found out
that viral diseases occupy a leading place in the infectious
pathology of dogs and cause their mortality. And one of
the most common is infectious hepatitis (Decaro et al.,
2008; Radzikhovskyi, 2016; Mitchell et al., 2017). However,
despite considerable progress in investigating the aetio-
pathogenesis of infectious diseases of animals and opti-
mizing preventive measures, timely diagnosis of adenovirus
infection in dogs stays an urgent issue on which the thera-
peutic effect depends.

The purpose of this study was to establish the no-
sological profile of viral diseases in dogs and to determine
the share of adenovirus infection, as well as to conduct
an analysis of morphological and biochemical indicators




Adenovirus infections in dogs: Diagnostic features

of blood, the state of erythrocytopoiesis and pathomor-
phological changes to establish added diagnostic markers
of this disease.

Materials and Methods
The study was conducted during 2021 at the Faculty of
Veterinary Medicine at the National University of Life and
Natural Sciences of Ukraine, as well as at the base of the vet-
erinary clinics “Bahira” (Zhytomyr) and “Viktoria” (Kyiv).
The study material was pedigreed and mongrel dogs with
adenovirus infection.

During the study, the main rules of good laboratory
practice (GLP) (On approval of the Procedure..., 2009),
the provisions of the “General ethical principles of animal
experiments” adopted by the First National Congress of
Bioethics (Kyiv, 2001) were followed (On the protection...,
2021). The entire experimental part of the study was con-
ducted per the requirements of the international principles
of the “European Convention for the Protection of Verte-
brate Animals Used for Experimental and Other Purposes”
(Strasbourg, 1986) (European Convention..., 1986), “Rules
for Conducting Work Using Experimental Animals”, ap-
proved by the Order of the Ministry of Healthcare No. 281
dated November 1, 2000 “On Measures to Further Improve
Organizational Forms of Work with the Use of Experimen-
tal Animals” and the corresponding Law of Ukraine “On the
Protection of Animals from Cruelty” (No. 3447-IV dated
02/21/2006, Kyiv) (Law of Ukraine..., 2006). Euthanasia was
performed using drugs that ensure rapid, painless death,
according to the “European Convention for the Protection
of Vertebrate Animals Used for Experimental and Other
Purposes” (European Convention..., 1986).

At the first stage of research, the epizootic situation
regarding infectious diseases of dogs in the service area
of veterinary medicine clinics was analysed. For this, the
authors of this study used the primary documentation of
outpatient logs of animal admissions. At the same time, the
anamnestic data presented by the owners of dogs with a
confirmed diagnosis or suspicion of adenovirus infection
were additionally considered.

During the analysis of the documentation regarding
the epizootological features of the course of the disease for
the year 2021, the presence of viral pathogens was found and
confirmed in 105 dogs, and adenovirus infection in 60 animals.

Diagnostic studies to confirm adenovirus were con-
ducted using VetExpert express test systems (CAV Ag, solid
phase immunochromatographic analysis for qualitative de-
tection of Canine Adenovirus antigen) manufactured in Po-
land. Diagnostic studies on the presence of adenovirus an-
tigen in dogs were also conducted at the private veterinary
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laboratory Bald LLC (Kyiv) using enzyme-linked immuno-
sorbent assay and polymerase chain reaction. Morphological
and biochemical indicators of blood were studied using a
BioChem SA (USA) biochemical analyser using High Tech-
nology, Inc. reagents (USA).

At the second stage of research, haematological
studies were conducted and indicators of erythrocytopoie-
sis in the blood of dogs (n = 21) with adenovirus infection
were determined. The control group included clinically
healthy dogs (n = 10).

General clinical blood analysis included the deter-
mination of the number of erythrocytes and leukocytes by
the melanger method in a chamber with a Goryaev grid;
haemoglobin content in blood — haemoglobin cyanide
method; haematocrit value — by Shklyar microcentrifuga-
tion. Based on the obtained results, red blood indices were cal-
culated - the haemoglobin content in one erythrocyte (MCH),
the average concentration of haemoglobin in an erythrocyte
(MCHC), and the average volume of erythrocytes (MCV).

During the biochemical examination of blood serum,
the following were determined: the content of total protein —
refractometrically, the concentration of urea — by colour re-
action with diacetyl monooxime, and creatinine - by the Jaffe
method, the activity of aspartate aminotransferase (AST)
and alanine aminotransferase (ALT) by the Reitman-Frankel
method. Blood for research was collected from dogs from the
superficial vein of the forearm v. Anterbrachium and medial
or subcutaneous vein of the lower leg v. Saphena.

To determine the replication and persistence of
adenovirus, a pathoanatomical study of dogs of different
ages who died from infectious hepatitis was conducted.
Pathoanatomical autopsy of dog corpses was performed in
the dorsal position, by partial evisceration in the generally
accepted sequence. Each time, the autopsy was recorded,
and the detected changes were photographed with a Nikon
camera (Indonesia).

Digital data were biometrically processed according to
generally accepted methods of variational statistics using
the computer software Statistica 6.0 and Microsoft Excel
2007. The probability of differences between the values of
indicators was evaluated according to the Student’s t-test.
Three degrees of probability were calculated: *P < 0.05;
**P < 0.01; ***P < 0.001.

Results and Discussion
To find the epizootic situation regarding adenovirus in-
fection and its prevalence, epizootic monitoring was con-
ducted, and the level of morbidity of dogs with various viral
diseases was analysed. Based on the results obtained, a no-
sological profile of viral diseases of dogs was formed (Fig. 1).
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Figure 1. Nosological profile of viral diseases of dogs in 2021, %
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In 2021, pathogens of viral infectious diseases were
identified and confirmed in 105 dogs as follows: adenovi-
rus — 57%, parvovirus — 26%, rotavirus — 3%, and paromyx-
ovirus — 14% (Fig. 1). The obtained results coincide with the
data of S. A Headley et al., (2018), which note the tension of
the epizootological situation regarding viral diseases of dogs
and the rapid spread of infectious ones, with a growing
trend not only in Ukraine, but also throughout the world.
Therewith, a special place is occupied by adenovirus infec-
tion, which is described in Ukrainian and foreign scientific
publications (Ortega et al., 2017; Lisova & Radsikhovskyi,
2018; Ji et al., 2020).

The initial diagnosis of infectious diseases begins
with an epizootological analysis, which highlights the pat-
terns of infectious disease development. During the study
of epizootological features, certain factors were considered —
the migration of animal owners with their animals to other
clinics of veterinary medicine, as well as the pedigree, sea-
sonality, and age-related susceptibility to viral diseases
were determined by analysing the data of 44 dogs infected
with adenovirus. Thus, the most susceptible to adenovirus
infection of the first type are mongrel dogs — 12 (27%), and
among pure-bred dogs: Dobermanns -9 (20%), Boxers — 8 (18%),
and Rottweilers — 5 (11%). Adenovirus was considerably
less frequently diagnosed in German shepherds, Kurtz-
haars, and Great Danes (5%) and the lowest number of
cases (2%) was found in Shepherds (Asian and European),
Spaniels and Dalmatians. Adenovirus infection manifests
itself seasonally, specifically in the spring-summer period,;

it accounts for 27 to 40% of cases, which corresponds to the
pattern of the peak manifestation of viral diseases. During
this period, there is close contact between animals during
longer walks and exhibitions, which is facilitated by the
climatic conditions of Ukraine.

One of the important criteria for assessing epizooto-
logical features is the determination of age-related predis-
position to adenovirus infection. Therewith, the highest
rate was diagnosed in dogs aged one to two years — 26%,
in puppies and dogs aged up to one year, and from two to
five - 21%, and in animals aged two to six months - 18%.
Adult animals over the age of five are susceptible to this
disease in 18%. In most infectious diseases, maternal (co-
lostral) antibodies play a significant role, and adenovirus
infection is no exception, which was not diagnosed in puppies
under two months of age according to this study.

Two forms of manifestation of adenovirus infection
were established - intestinal, which is characterized by dam-
age to the gastrointestinal tract, and adenovirus of the first
type acts as an antigen (Fig. 2 A, B), and specific — haemor-
rhagic diarrhoea, vomiting, jaundice and dehydration, some-
times ascites developed. In case of adenovirus of the second
type, damage to the respiratory organs was established with
the development of a corresponding symptom complex, the
specific manifestation of which is the occurrence of kera-
titis, called “blue eye” (Fig. 2 C). Notably, eye damage and
the manifestation of uveitis is observed in adenovirus type 1.
At the same time, Zhu et al., 2022 indicate that CAV-1 and
CAV-2 are closely related antigenically and genetically.

Figure 2. Main clinical symptoms in dogs with adenovirus
Note: A — haemorrhagic enteritis and lethargy due to CAV-1; B - jaundice of the visible mucous membrane of the eyes due to adenovirus CAV-1;

C - uveitis due to CAV-1 and CAV-2

Analysing the results of the authors’ earlier research
and studies presented in specialized literature sources
(Hornsey et al., 2019; Thompson et al., 2020; Musto et al.,
2021), it was established that the respiratory form of ad-
enovirus infection has a benign course, the mortality rate
does not exceed 10%, and it is effectively treated accord-
ing to generally established protocols. But the intestinal
form often leads to generalization of the pathological
process and is characterized by a considerable mortality
rate of 40%. Therefore, for a more detailed definition of
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the specific features of the physiological state of animals
under adenovirus type I, changes in the morphological
composition of the blood were subject to investigation
(Table 1). Blood parameters are sensitive and informative
indicators of the state of the body, undergo changes due
to the action of both exogenous and endogenous factors.
During the experimental study, the manifestation of an
intestinal form of adenovirus with characteristic symptoms
of gastrointestinal tract damage was established in 21 out
of 39 animals.
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Table 1. Morphological parameters of the blood of dogs with adenovirus, M = m

Indi Clinically healthy animals Animals infected with adenovirus
ndicator _ . -
(control group), n = 10 (experimental group), n = 21
Red blood cells (RBC), 10'%/1 6.1£04 4.3+0.6*
Haematocrit value (HCT), % 454+24 27.9 = 1.7%%*
Platelets (PLT), 10°/1 428.1+11.2 343.6 £ 34.1*
White blood cells (WBC), 10%1 9.4+0.2 19.2 + 1.3%**
J 0 -
Neutrophils (NEU), % S 58.5+1.4 78.6 + 1.8%**
B 1.7+0.2 1.6%£1.2
Eosinophils (EO), % 1.8+0.3 1.2+0.1
Monocytes (MON), % 3.0£0.2 1.2 £0.3%%*
Lymphocytes (LYM), % 35.0+1.3 18.6 + 3.2%**
ESR, mm/h 4.4%0.5 17.0 £ 2.2%%*

Note: *P < 0.05; **P < 0.01; ***P < 0.001, significant compared to the control group

According to the results of the haematological stud-
ies (see Table 1), it was found that with adenovirus infec-
tion of the first type in the blood of dogs, the number of
erythrocytes significantly decreases by 29% (P<0.05) com-
pared to animals of the control group. It is assumed that
a decrease in the number of red blood cells in the blood of
dogs infected with adenovirus stimulates the development
of an infectious agent and causes their haemolysis. It was
established that the haematocrit value is probably lower by
17.5% (P < 0.001) compared to that of healthy animals and,
considering erythropenia, may indicate the development of
anaemia. A probable decrease in the number of platelets in
the blood by 20% (P < 0.05) is associated with their destruc-
tion in the liver and spleen due to the features of the path-
ogenic influence of adenovirus. A pathological increase in
the number of leukocytes in the blood by 2 times (P < 0.001)
occurs under an infectious agent, which stimulates the
formation of leukocytes and is a protective reaction of the
body. In adenovirus infection, neutrophilic leucocytosis was
established as a result of a probable increase of 20% (P < 0.001)
in the number of segmented neutrophils, which indicates a
shift of the leukocyte formula to the right and characterizes

anaemia and the development of hepatorenal syndrome. In
relation to the significant decrease in the number of mono-
cytes by 2.5 times (P < 0.001), this fact may indicate not
only the onset of anaemia, but also bone marrow damage.
A probable decrease of 1.9 times (P < 0.001) in the number
of lymphocytes was also established, which distinguishes
infectious processes with an acute course. Lymphocyto-
penia was probably caused by low molecular weight pro-
teins — interferons, which are synthesized in response to a
viral infection. The rate of sedimentation of erythrocytes
in the blood of infected animals probably increased by
4 times (P < 0.001) compared to a similar indicator in healthy
animals. This fact is possibly related to an increase in plasma
concentration of acute phase proteins, namely fibrinogen,
C-reactive protein, and immunoglobulins (Table 1).

The results of biochemical studies of the blood se-
rum of dogs with adenovirus infection type I did not differ
significantly from similar indicators in clinically healthy
animals (Table 2). Therewith, considering the “red blood”
indices, they characterize the intensity of maturation of
red blood cells and their saturation with haemoglobin in
the bone marrow due to adenovirus hepatitis.

Table 2. Biochemical indicators of dog blood serum with adenovirus, M # m

Indicator

Haemoglobin content in one red blood

Clinically healthy animals
(control group) n = 10

Animals infected with adenovirus
(experimental group), n = 21

cell (MCH), pg 23.6*1.6 22.3+1.8
A ythrocyies (MCHOy g1 339+ 14 335%17
Average red blood cell volume (MCV), fl 67.1 3.7 66.1£2.8
Haemoglobin (HGB), h/1 145.0+12.5 93.1 £ 7.2%*
Glucose, mmol/1 4.2+0.2 1.7 + 0.4%%
Total bilirubin, umol/1 0.22+0.2 2.8+ 0.3%%*
Alkaline phosphatase (ALP), IU/1 34.6+2.7 74.8 * 3. 4%%*
Total protein, g/l 71.0%1.8 69.6 % 8.4
Aspartate aminotransferase (AST), IU/1 50.1+3.8 46.7+ 4.1
Alanine aminotransferase (ALT), IU/1 46.6 £ 3.3 113.8 = 6.4%**
De Ritis coefficient, IU/1 1.24%0.2 0.42 £ 0.3%*
Urea, mmol/1 5.3+0.2 2.2 + (.4%%*
Creatinine, umol/l 97.0+3.9 48.8 + 7.%%*
(a-Amylase), IU/L 1120.0 £ 65.4 205.0 £ 15.2%**

Note: *P < 0.05; **P < 0.01; ***P < 0.001, significant compared to the control group
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Notably, according to the indicators presented in the
Table 2, it is possible to state the development of microcytic
hypochromic iron deficiency anaemia. Furthermore, this is
confirmed by a significant decrease in haemoglobin content
by 36% (P<0.01) compared to the control. Adenovirus infec-
tion was diagnosed as a violation of the functional state of
the liver, as evidenced by changes in such biochemical in-
dicators as a probable decrease in urea concentration by
2.4times (P <0.01), the De Ritis coefficient by 2.95 times, and
anincrease in the level of total bilirubin by 12.7 times (P < 0.001).
At the same time, there is a 2.4-fold increase in ALT activity
in the blood serum (P < 0.001), which characterizes the de-
velopment of cytolysis of liver cells. A probable increase in
the activity of alkaline phosphatase by 2.2 times (P < 0.001)
with a simultaneous decrease in the activity of a-amylase by
5.5 times (P < 0.001) was also established, which character-
izes the development of hepatopathology in infected dogs.

Creatinine concentration is an important indicator of
kidney activity, especially their filtration capacity. During
adenovirus infection, this indicator was characterized by
probably 2 times lower values (P < 0.001) than in healthy
animals, which also indicates changes in muscle mass due
to exhaustion of the body.

When diagnosing adenovirus in dogs, the concen-
tration of glucose in the blood serum should be analysed
because this carbohydrate is a vital energy substrate, which
in infectious hepatitis acquires values significantly lower
by 2.5 times (P < 0.001) than in healthy animals. The au-
thors of the present study believe that this fact character-
izes hypoglycaemia due to the occurrence of hepatorenal
syndrome and damage to the gastrointestinal tract. In ani-
mals with low blood glucose levels, there is a compensatory
increase in gluconeogenesis, which is primarily inherent in
the liver, as well as to some extent the cortical layer of the
kidneys and the epithelium of the small intestine (Table 2).

Thus, the results of the analysis of morphological
and biochemical parameters of dog blood indicate a mul-
tisystem effect of adenovirus infection of the first type on
their body. The obtained results, namely anaemia and an
increase in the activity of liver enzymes in the blood serum
and changes in indicators characterizing the damage to
the renal system, coincide with the data of other scientists
(Verin et al., 2019; Polovitzer et al., 2022).

For a comprehensive study of the deceased animal,
it is necessary to conduct an autopsy with clarification of
the correctness of the lifetime diagnosis. Therewith, the
cause of death of animals can be determined by patho-
logical and morphological changes in the organs. Organ
damage caused by adenovirus infection of the first type
depends on the duration and severity of the disease. Usu-
ally, the corpses of puppies that have died from an ade-
novirus infection are depleted and anaemic. Their serous
integuments are dry. During an autopsy, a considerable
amount of clear or serous-haemorrhagic fluid was found
in the abdominal cavity of dog corpses. Haemorrhages
and catarrhal inflammation of the duodenum were ob-
served on the mucous membrane of the small intestine,
and haemorrhagic foci were observed in the thymus and
pancreas. The lymph nodes were enlarged, hyperaemic,
and swollen. The spleen was enlarged, dense, and fibrin-
ous perisplenitis (inflammation of the connective tissue
capsule covering the spleen) with central pyogranuloma-
tous necrotic inflammation (splenitis) was observed,
sometimes haemorrhages and infarctions were found on
the surface (Fig. 3).

In isolated cases, the mucosa of the small intestine
was light pink, without damage or necrosis. The surface of the
villi epithelium is destroyed. The contents of the intestines
are liquid, the faecal masses had an unpleasant smell, their
colour ranges from dirty yellow to dark red (Fig. 4).

Figure 4. External view of a section of a fragment of the small intestine of a dog with adenovirus type I
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The faeces contained mucus. Haemorrhagic enteri-
tis has been established in most animals due to adenovirus
infection. Macroscopic changes of the liver in adenovirus
infection type I are considered pathognomonic, namely an
increase in size (hepatomegaly), a yellowish-brown colour,
full blood with isolated haemorrhages and rounded areas
of necrosis, a loose consistency, which collapses under slight
pressure. The gallbladder is grey green, swollen, and thickened,

pear-shaped, without damage, filled with bile inside, which
to some extent coincides with the results of research by
M. Wong et al. (2017) (Fig. 5).

During the development of light pink lung disease,
heterogeneous areas of consolidation due to broncho-
pneumonia are noticeable. The consistency of the organ
is doughy, loose to the touch and with the phenomena of
pneumonia, atelectasis of the lungs is noted (Fig. 6).

d

Figure 6. Macroscopic view of the dog’s lungs with adenovirus type I

Kidneys are smooth, single papilla, have a bean-like
shape, grey-red colour, flabby consistency (Fig. 7 A). The
capsule is easily removed. On the section (Fig. 7 B), de-
pending on the duration of the disease, the pattern is from
weakly expressed to indistinct, the edges of the section do

b

not converge. Some animals were diagnosed with capsule
haemorrhages and nephrotic changes.

Preyf3-Jageler et al. (2022) note that infectious agents
can cause glomerulopathy and acute kidney injury and are a
common complication and a common cause of death in dogs.

Figure 7. Macroscopic view of the dog’s lungs with adenovirus type I

In case of adenovirus infection type I in dogs, the
pancreas is slightly enlarged, hyperaemic and blood-filled
with pinpoint haemorrhages.

Pathological and anatomical changes were also found
in the lymph nodes, namely serous lymphadenitis with
individual or multiple point haemorrhages both from the
surface and on the incision. Therewith, the colour of the
Iymph nodes ranges from greyish red to dark cherry.

Conclusions
This paper summarizes the authors’ own and international
experience concerning the main aspects of epizootological
features, clinical manifestation and pathological and mor-
phological changes upon canine adenovirus infection type I.
It was established that among viral diseases, adenovirus
antigen was diagnosed in 57% of dogs under study, with
specific clinical symptoms of damage to respiratory organs
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and disorders of the gastrointestinal tract. Epizootologically,
adenovirus type I is characterized by spring-summer sea-
sonality with a frequency of occurrence in dogs from 27%
to 40%, and the most pronounced breed predisposition in
Dobermanns, Boxers, and Rottweilers aged from one to two
years (21%). One of the specific clinical symptoms of infec-
tious hepatitis B in dogs is disorders in the gastrointestinal
tract and liver, which are manifested by haemorrhagic di-
arrhoea and jaundice. A supplementary and specific marker
of the clinical manifestation of adenovirus is eye pigmentation,
the so-called “blue eye”.

The development of microcytic hypochromic iron
deficiency anaemia was established based on the results of
a decrease in the number of red blood cells in the blood
by 29%, haematocrit value — by 17.5% and haemoglobin

content — by 35-40%. Therewith, a significant increase in the
total bilirubin content in blood serum should be noted -
by 12.7 times, alkaline phosphatase activity — by 2.2 times,
and ALT - by 2.4 times, and a decrease in urea concen-
tration — by 2.4 times, which indicates the development
of hepatitis. This is confirmed during an autopsy and is a
pathognomonic symptom. A 2-fold decrease in creatinine
concentration indicates a reaction of the renal system and
considering neutrophilic leucocytosis with a shift in the
leukocyte formula to the right, the development of hepato-
renal syndrome. A 2.5-fold decrease in the concentration of
glucose in the blood serum was also found, which indicates
the development of hypoglycaemia, inherent in diseases of
the gastrointestinal tract with the manifestation of haem-
orrhagic enteritis.
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AHoTanjis. Y 3arajibHiii matosnorii cobak BipycHi XBOpoOU IOCiIal0Th MPOBifgHE Miclie, a 0COO/IMBe 3aHEITOKOEHHSI BUKITMKAE
iHndexuiitHmit rermatut, 36yIHUKOM SIKOTO € Bipyc ponuHu Adenoviridae. 3a OCTaHHI POKU Bipyc MOIIMPUBCSI B 6araTbox
KpaiHax cBiTy, ITI0 CBiIUMTH ITPO 3MiHM BJIaCTUBOCTe 36ymHMKa. BomHouac i B YkpaiHi 3arocTpumiacs emisooTMuHa CUTYaIlis
om0 iHPeKIiifHX XBOpo06, BKIIOUAIOUM aJieHOBipyCHi, Ha PO3BUTOK SIKMX BIUIMBAE€ MAcoBe YyTpUMaHHsS cob6ak. MeToro
pO6GOTH € MOTIOBHEHHSI, YTOUHEHHSI Ta y3araJbHEHHS TaHMX MO0 eMi300TONOTiYHMX 0COGMMBOCTE, MOpdOMOTiUYHNX i
6ioxXiMiuHMX TIOKa3HMKIB KPOBi Ta MATOIOrOAHATOMIYHMX 3MiH 32 aieHOBipo3y cobak MmepIiroro Tuiy. i TpoBeseHHs
IOC/TiIKeHb OyaM BUKOPUCTAHI TaKi METOAM AOCTIIKEHb SIK: €Ii300TONOriuHi (ermi300ToNMOTiYHMII aHaui3), KIiHiYHi
(BM3HAUEHHS 3arajibHOTO KJIIHIYHOTO CTaHy TBapuH), IMATOJOTOAHATOMIUHiI (BUSIBJIEHHSI MaKPOCKOMIYHMX 3MiH),
remMaTosoriudi (Mopdosoriuni Ta 6ioximMiuHi MOKa3HMKM KPOBi) Ta CTAaTUCTUUHI (06po6Ka HMGPOBUX JAHUX 3 METOIO
BU3HAUYEHHSI BipOTiZHOCTiI 3MiH MMOKAa3HMKIB). 3a pe3yJbTaTamMi MPOBEJeHNX KOMIUIEKCHUX OOCTiIKeHb JOBeIeHO, 110
IO a/IeHOBipO3y TMEPIIOTO TUITY CIPUITHSITIMBI CO6aKM Pi3HMX IMOPiJ, BKIOUalOUM 6e3MMOpomHMX, a MK MaHidecrarrii
XBOPOOU — 1€ BEeCHSIHO-TITHI! TIepiof y TBApMH BiJ, OGHOTO A0 ABOX POKiB. Iy iHGEKIIITHOTO remaTuTy XapakTepHUM €
PO3BUTOK €PUTPOLIMTOTIEHIT, 3HVKEHHSI TeMaTOKPUTHOI BEJIMYMHMA, JIEMKOLIMTO3 Ta JiM@oLuToneHis. 3MiHM 6ioXiMiuHMX
MMOKa3HMKIB XapaKTepU3yIThCS 3MEHIIIEHHSIM Y KpOBi BMiCTy TeMOII06iHY, KpeaTHHiHY, CeUOBMHM, TVIIOKO3Y i 3SHMKEHHSIM
aKTMBHOCTI a-amisiasy Ta 36ilbIIEHHSIM YMICTy 3arajbHOro 6inipy6iHy, rimepdepmeHnTemicio aykHoi dochaTasu Ta
ajaHiHamiHoTpaHcdepasu. HaliBupaskeHilMMM MaTOJIOr0aHATOMIUHMMM 3MiHaMM € 36iblIeHHs] PO3MipiB MediHKu 3
PO3BUTKOM HEKPO3Y, a Y INTYHKOBO-KUIIIKOBOMY TPaKTi — KDOBOBWJIMBY B TOHKOMY BifIIi/Ti KMIIeYHUKY. MyabTUCKCTEMHMI
MaTOTeHHMII BIUIMB BipyCy XapaKTepu3YeThCs Hedpo30M, TOUYKOBMMM KPOBOBMWIMBAMM Y MiIUUTYHKOBIii 3am03i, a y
JiMGaTUYHUX BY3/JaX BCTAaHOBJIEHO 3MiHM 3allajlbHOTO XapaKTepy. B pe3ysbraTi eKCIepuMeHTaTbHOTO JOC/TiIyKEeHHS
reMaTONOTiYHMX MTOKA3HMKIB Ta AaTOJ0T0aHATOMIUHIX 3MiH BCTAHOBJIEHO CKJIaIHMI1 TaTOTeHe3 XBOPO6 3 MOIiOpraHHOI0
HeIOCTaTHiCTIO. Y BUBUEHHI iH(eKLiiiHuX XBOpo6 co6GaK HaMBasKIMBILIOW € KIiHiKO-AiarHOCTMYHA iHGOPMATUBHICTD.
ToMy, HAyKOBi MONIYKY I[O/I0 IJIMOIIOT0 PO3YMiHHS AiaTHOCTMKY aIeHOBipO3y c06aK BM3HAUATb aJITOPUTM OO PYHTYBAHHSI
MOCTaHOBKU JjiarHO3y

KirouoBi cimoBa: iHGbeKIIifiHMIT renaTuT, emni3ooTosoriuHi 0cob6aBocTi, Mopdosoriyi Ta 6ioXiMiuHi TOKa3HUKM KPOBI,
epUTPOIUTOIO0E3, MAKPOCKOMIIUHI 3MiHU
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Abstract. The relevance of the study lies in the need for forensic veterinary examination of animal corpses for scientific
justification of informative diagnostic criteria for assessing the prescription of death, especially in the early post-mortem
period. However, information about early post-mortem changes in dog cadavers at the microstructural level in the
Ukrainian and foreign scientific literature is quite fragmentary. In this regard, the purpose of this paper is to establish the
informative dynamics of the processes of cell destruction and bacterial contamination of internal organs of dog corpses
during the first post-mortem day to establish probable expert criteria for the prescription of death of sub-expert animals
during the forensic veterinary examination. A leading approach to the investigation of this problem is the method of
obtaining a series of necroptates from lungs, heart, liver, spleen, kidney, pancreas, and brain from canine cadavers, over the
same time interval during the first day after death. In cytological preparations obtained from necroptates, the number of
destroyed cells and bacterial units was counted using optical microscopy. Based on the results of the dynamics of bacterial
contamination and the intensity of morphological changes in spleen and pancreatic cells, their expert information content
was established to solve the question of the prescription of death of dogs, regardless of weight and fatness indicators. It
was found that the dynamics of bacterial contamination and cellular destruction of the brain, kidneys, and lungs of dog
corpses have average expert information content, while the liver and heart are not informative. It was proved that the
dynamics of destructive post-mortem processes in the cells of the compact organs of the corpses of dogs of different
weight and fatness at the appropriate times probably do not differ and develop with the same intensity. The obtained
results of the study will have significance both in the theory of forensic veterinary examination and directly applied,
specifically when the forensic expert solves the question regarding the time limit for the death of the animal
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Introduction

Forensic veterinary examination is a new type of forensic
examination in Ukraine, which was established in 2019 at
the initiative of the National Research Centre “Ex. Prof.
M.S. Bokarius Institute of Forensic Examinations” in the
system of specialized state institutions of the Ministry of
Justice of Ukraine (Klyuyev, 2019).

During a forensic veterinary examination, only a
forensic veterinary expert is the subject of expert activity,
who is authorized by law to resolve issues related to the
identification and assessment of bodily injuries caused
to an animal as a result of cruel treatment (Yatsenko &
Parilovskyi, 2020; Randour et al., 2021), during a traffic ac-
cident (Conroy et al., 2019), poaching (Franckenberg et al.,
2015), in case of violation of their exploitation regime (Hall
et al., 2020), use in various spectacular events (Doelling
et al., 2021) etc. One of the objects of forensic veterinary
examination is the cadaver of an animal (Ang et al., 2019;
Yatsenko & Kazantsev, 2021), examining which the forensic
expert has to solve various questions, including regarding
the time of its death (Yatsenko et al., 2019).

Modern practice and tactics of forensic veterinary
diagnostics in Ukraine require scientific substantiation of
informative diagnostic criteria at the level of European
forensic veterinary science (Parry & Stoll, 2020), namely
regarding the assessment of the age of death of animals,
primarily in the early post-mortem (antemortem) period.
This is especially important for the most correct and pre-
cise establishment of the post-mortem interval and can
substantially affect the further course of the investigation
of crimes against animal life and health (Listos et al., 2018).

The problem of determining the statute of limitations
for the occurrence of animal deaths stays relevant for forensic
veterinary experts, law enforcement agencies, and the court,
which has been repeatedly discussed at scientific forums of
various levelsboth in Ukraine and abroad (Munro et al., 2020).

Currently, the most accessible method of determin-
ing the statute of limitations for the occurrence of animal
death in forensic veterinary examination is a visual assess-
ment of post-mortem changes, which are a macroscopic
manifestation of biochemical and biophysical processes
occurring in the animal’s body after death. These include
studies of cadaver spots, cooling, desiccation, post-mortem
rigidity, supravital reactions, etc. They are quite informa-
tive, have important diagnostic forensic value, but do not
always allow reliably and reasonably accurately establish-
ing the duration of the post-mortem period of an animal
corpse. This is explained by the fact that the natural changes
that occur in the animal’s body after death are complex and
mostly unpredictable, since the emergence and development
of post-mortem phenomena is influenced by a considerable
range of factors (Touroo & Fitch, 2016).

The accuracy of visual methods for investigating
an animal’s corpse requires improvement. Therefore, the
focus of forensic veterinary experts is shifted towards cyto-
logical and biochemical methods, which are based on sys-
tematic pathophysiological changes and are more precise
and objective compared to such external factors.
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At the current stage of the development of forensic
veterinary expertise, scientists have developed and imple-
mented into expert practice differential diagnostic criteria
for determining the age of death of animals based on a
limited range of signs (Listos et al., 2018; Cao et al., 2021).
However, in forensic humane medicine, there are already
many proven methods that give positive results and help in
obtaining answers to numerous questions that have not yet
been resolved. However, even the proposed latest research
methods cause obstacles in their adaptation to forensic prac-
tice due to problems of material and technological support.

One of the options for solving this problem is to
increase the accuracy and objectification of the structural
and functional changes in the internal organs of the animal
body of different morphological types in the post-mortem
period (Ceciliason et al., 2021).

A prominent place in forensic and veterinary thana-
tology is occupied by cytomorphological studies, the re-
sults of which can be used to establish the time of death
of animals (Wunsche et al., 2016). These issues are peri-
odically discussed on the pages of scientific periodicals of
Ukraine (Kazantsev & Yatsenko, 2021). However, many is-
sues are still unresolved, including the cytomorphological
characteristics of necroptates of internal organs of dogs
in the early post-mortem period in the aspect of foren-
sic veterinary examination. Thus, the issue under study
is relevant from the standpoint of the practice of forensic
veterinary expertise.

Therefore, the purpose of this study was to provide
cytomorphological characteristics of necroptates of internal
organs of dog cadavers in the early post-mortem period
and to substantiate its informativeness for establishing the
time of death during a forensic veterinary examination.
Such studies were conducted in Ukraine for the first time.

Literature Review
The possibilities of the classic method of examining ani-
mal cadavers - forensic autopsy, due to the frequent ab-
sence of macroscopic changes in the antemortem and early
post-mortem period, are limited. This predetermines the
need for forensic experts to use the latest research meth-
ods. Thus, Heng et al. (2009) described serial post-mortem
radiographic data of the abdominal cavity in cadavers of
dogs; Listos et al. (2016) provided a post-mortem estimate
of time of death based on renal versus rectal temperature
measurement; Panasiuk-Flak et al. (2021) proved the in-
formativeness of the method of determining the time of
death of dogs using atropine and pilocarpine in the early
post-mortem period; Listos et al. (2017) demonstrated the
possibility of estimating the time of death of animals by the
development of microflora in the calf muscle of a dog; Li
et al. (2020) provided molecular characterization of intestinal
microbial shift in rats after death for 30 days; Paltian et al.
(2019) described a procedure for estimating the post-mor-
tem interval by determining the activities of catalase and
delta-aminolevulinate dehydratase in liver, kidney, skeletal
muscle, and brain tissues of mice; Swiss et al. (2022) inves-
tigated post-mortem changes in the electrical conductivity
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of Dicentrarchus labrax skeletal muscles to estimate the
post-mortem period; Del’Annunziata et al. (2022) char-
acterized the post-mortem interval using MALDI-TOF
mass spectrometry analysis in mouse cadavers; EI-Din et al.
(2021) assessed post-mortem skin changes on animal and
human cadavers to estimate time since death; Welson
et al. (2021) determined the duration of death in male
albino rats by investigating markers of oxidative stress,
histopathological and molecular changes in internal organs;
Zhang et al. (2022) established the statute of limitations for
the occurrence of death of rats in the case of drowning by
the composition of vitreous metabolites; Grela et al. (2018)
substantiated the possibility of using imaging methods of
sectional research in forensic veterinary medicine.

However, these and other proposed methods for
determining the post-mortem interval require the use of
appropriate equipment, special skills of forensic experts
who use them, which is not always possible in everyday
forensic veterinary practice.

A separate place in the diagnostic process is occupied
by the analysis of microstructural (histological and cytolog-
ical) changes in the internal organs of the animal corpse,
which are a reflection of the biochemical and biophysical
processes occurring in it after death, especially in the early
post-mortem period, when its morphological changes are still
invisible to the naked eye (Brooks Brownlie & Munro, 2016).

However, fragmentary studies of foreign scientists
on histological changes in the internal organs and skeletal
muscles of animal corpses of various species in the early
post-mortem period do not cover the issue sufficiently.

Thus, the clarification of cytomorphological changes
in the internal organs of dog corpses in the early post-mor-
tem period in the practice of forensic veterinary expertise
will be important both in the theory of forensic veterinary
expertise, and directly applied, specifically when a forensic
expert decides on the statute of limitations for the occurrence
of death of a sub-expert animal.

Materials and Methods

The study was conducted during 2021-2022 in the condi-
tions of the Department of Sanitation, Hygiene, and Fo-
rensic Veterinary Medicine of the State Biotechnological
University (Kharkiv).

For a randomized study, cadavers of domestic dogs
(Canis familiaris,n = 14) of the same age (3-4 years) were se-
lected and divided into two experimental groups according
to the principle of analogues in terms of their weight, degree
of fattening, and in the absence of anamnesis morbi. All ca-
davers, according to the Law of Ukraine “About by-products
of animal origin, not intended for human consumption”
(Law of Ukraine No. 1089-IX..., 2020), are classified as cate-
gory III by-products, safe for humans and other animals.

Group 1 included cadavers of dogs (n = 7) with a
weight of 8.0 = 1.0 kg, fatness above average. Other cadavers
of dogs (n=7) with below-average fatness and body weight
of 16.0 = 1.0 kg were selected for Groups 2. After the same
time interval (3 hours) during the first day after death, a

series of necroptates from the lungs, heart, liver, spleen,
kidneys, pancreas, and brain in the size of 1 x 1 x 1 cm?®
were taken from the corpses of dogs of both groups. The
study was conducted on the cadavers of dogs during the
first day after the animal death before the emergence of
late cadaveric phenomena, i.e., in the early post-mortem
period. Native smears-imprints were made from each
necroptate. The slides without prior fixation were immediately
dried in air at 20°C. The obtained cytological preparations
were stained according to the Pappenheim method in the
A.L. Kryukov’s modification, which provides the possibility
of accelerated differentiation of structural elements of in-
ternal organs and their changes in smears-imprints at the
cellular level (Zaporozhan et al., 2002).

Microscopic examination of the obtained cytological
preparations was performed using an optical binocular mi-
croscope Granum R50 (China) in the fields of view of 10 x 10
and 10x100. Cytograms were obtained using a ToupCam
UCMOSO03100KPA digital camera (China), which were ana-
lysed at the final stage of the experiment, considering the
recommendations of Ressel (2017).

In cytological preparations, the number of destruc-
tively changed cells and bacteria was counted separately in
ten fields of view of the microscope, and then their average
was determined.

The obtained digital data was statistically processed
using a personal computer, using the software package “MS
Office Excel 2016 (Statistica)”, by calculating the arithmetic
mean (M * m) for each of the two indicators. The results
of the study were evaluated by the level of significance (P).
The dynamics and intensity of cell destruction and bacterial
contamination of the internal organs of dog cadavers in each
group were compared for the previous and subsequent time
intervals, as well as between each other in the intervals when
they were first detected and at 24 hours of the experiment.

Results and Discussion

The cytoarchitectonics of smears-imprints obtained from
the tissues of the internal organs of dog cadavers, imme-
diately after the onset of their death, preserves the usual
lifetime condition. Thus, pneumocytes, cells of the ciliated
epithelium, and neutrophils are well visualized on the cy-
tograms of the lungs of the cadavers of dogs of both ex-
perimental groups. Nuclear cells present in large numbers
are mainly well-differentiated respiratory epithelial cells.
Pneumocytes (Fig. 1) and neutrophils (Fig. 1) are located
discretely or in small clusters. They are spherical or oval.
Their cytoplasm is grey, with a few optically transparent
vacuoles. The cell nucleus contains compact chromatin,
and the nucleolus is visualized in individual cells. The
background of the cytogram is represented by a popula-
tion of unchanged neutrophils. Ciliated epithelium of the
lungs (Fig. 2) the cadavers of dogs of the EG 2 are located in
small clusters. The cytoarchitecture of its cells is bipolar:
at the basal pole there is a single nucleus with fine-grained
chromatin and a nucleolus without signs of morphological
changes. Pink cilia are visible at the apical pole.
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Figure 1. Cytogram of the lungs of the corpse of a dog
of the EG 1 immediately after death. Eyepiece 10xlens 100,

stained according to Pappenheim-Kryukov
Note: 1 - pneumocytes; 2 — neutrophils

Brain cytograms obtained immediately after the death
of dogs of both research groups determine the average size
of population cells: mainly neurons, oligodendrocytes, as-
trocytes. Neurons are large cells located singly. Their cy-
toplasm is blue with clear edges, without noticeable inclu-
sions. The nucleus contains fine-grained chromatin and a
single nucleolus.

The cytoarchitecture of neurons consists of a
body (Fig. 3), from which an axon (Fig. 3) and a dendrite
depart. The background of cytopreparations is represented

Figure 3. Cytogram of the brain of the cadaver of a dog
of the EG 1 immediately after death. Eyepiece 10xlens 100,
stained according to Pappenheim-Kryukov

Note: 1 - the body of the neuron; 2 — the axons of the neuron

Liver cytograms obtained immediately after the death
of dogs of both experimental groups reveal a dense popula-
tion of hepatocytes of various shapes (Figs. 5, 6), mainly in

Figure 5. Cytogram of the liver of the cadaver of a dog
of EG 1 immediately after death. Eyepiece 10xlens 100,
stained according to Pappenheim-Kryukov
Note: 1 - crystal structures in the nucleus of a hepatocyte;

2 - hepatocytes
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Figure 1. Cytogram of the lungs of the cadaver of a dog
of the EG 2 immediately after death. Eyepiece 10xlens 100,
stained according to Pappenheim-Kryukov

Note: 1 - ciliated epithelium

by diffusely located red blood cells. Astrocytes are medi-
um-sized cells placed discretely. Their cytoplasm is light
blue, without noticeable inclusions, contains a single nucleus
with fine-grained chromatin without a nucleolus.
Oligodendrocytes are smaller cells located discretely.
Their cytoplasm is light blue and contains a single nucleus
with fine-grained chromatin without nucleoli. Inclusions are
not visualized. The background of the cytopreparation is vac-
uolized, represented by ordinary neuropil and partially neu-
ronal processes of the brain (Fig. 4), light pink or light purple.

|

Figure 4. Cytogram of the brain of the corpse of a dog
of the EG 2 immediately after death. Eyepiece 10xlens 100,

stained according to Pappenheim-Kryukov
Note: 1 — accumulation of neuronal processes

the form of spheres, with light blue granular cytoplasm, a
large part of them contains a single nucleus with crystalline
structures (Figs. 5; 6) and nucleoli with compact chromatin.

Figure 6. Cytogram of the liver of the cadaver of a dog
of EG 2 immediately after death. Eyepiece 10xlens 100,
stained according to Pappenheim-Kryukov
Note: 1 - crystal structures in the nucleus of a hepatocyte;

2 - hepatocytes
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Liver cytograms obtained from the cadavers of dogs
of both experimental groups 3 hours after death do not sub-
stantially differ in morphological changes in hepatocytes
(Figs. 7, 8) from the structure of necroptates for the previous

Figure 7. Cytogram of the liver of the corpse of a dog
of the EG 1, 3 hours after death. Eyepiece 10xlens 100,
stained according to Pappenheim-Kryukov
Note: 1 - crystal structures in the nucleus of a hepatocyte;
2 - binuclear hepatocytes; 3 — hepatocyte

On the examination micropreparation of the liver
obtained from the cadaver of a dog from the EG 2, a back-
ground represented by white blood cells of a small diameter
is visualized (Fig. 9). However, pancreatocytes and erythrocytes

Figure 9. Cytogram of the liver of a dog cadaver of the EG
2, total cytogram 3 hours after death. Eyepiece 10xlens 10,
stained according to Pappenheim-Kryukov

Cells of the pancreas of cadavers of dogs of both
experimental groups are mainly represented by the epi-
thelium of exocrine ducts (Fig. 11) both in clusters without
clear cytoarchitecture and in structured formations in the
form of clusters of acinar and tubular forms (Fig. 11). The

Figure 11. Cytogram of the pancreas of the cadaver
of a dog of the EG 1, 3 hours after death. Eyepiece 10xlens
100, stained according to Pappenheim-Kryukov
Note: 1 - accumulation of exocrine epithelium; 2 - accumulation
of exocrine epithelium in the form of tubular structures

studyperiod.Therearebinuclearcellsof theliver parenchyma
(Fig. 7) of various stages of mitosis. Hepatocyte nuclei often
contain separate crystal structures (Figs. 7, 8), which is com-
mon in the cytoarchitecture of liver cells in dogs of this age.

LS

Figure 8. Cytogram of the liver of the corpse of a dog
of the EG 2, 3 hours after death. Eyepiece 10xlens 100,
stained according to Pappenheim-Kryukov
Note: 1 - crystal structures in the nucleus of the hepatocyte;
2 - hepatocyte

of high density are observed on the examination micro-
preparation of the pancreas of the cadaver of a dog from
the EG 1 (Fig. 10).

Figure 10. Cytogram of the pancreas of the corpse of a dog
of the EG 1, total cytogram 3 hours after death. Eyepiece
10xIens 10, stained according to Pappenheim-Kryukov

cells are polygonal, with a large volume of cytoplasm, dark
blue, and with a small nucleus. Cytograms of the pancreas of
the cadaver of a dog from the EG 1 show a cluster of stromal
cells (Fig. 12) around the exocrine epithelium (Fig. 12) against a
light blue background.

g

Figure 12. Cytogram of the pancreas of the cadaver of a
dog of the EG 1, 3 hours after death. Eyepiece 10xlens 100,
stained according to Pappenheim-Kryukov

Note: 1 - stromal cells; 2 - exocrine epithelial cells
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Acinar clusters of pancreatic cells (Fig. 13) of the cadaver
of adog of EG 2, 3 hours after death, polygonal with an eccentri-
cally located round nucleus in each cell and two small nucleoli.
Cytoplasm of exocrine epithelial cells in the form of a tubular

MR U

Figure 13. Cytogram of the pancreas of the cadaver
of a dog of the EG 2, 3 hours after death. Eyepiece 10xlens
100, stained according to Pappenheim-Kryukov

Note: 1 - accumulation of exocrine epithelial cells in the form of an
acinar structure

Cytograms obtained from smears-imprints of the
kidneys of the cadavers of dogs of the EG 1, 6 hours after
death contain, in large quantities, erythrocytes and renal
epithelium of nephrons (Fig. 15). However, there are no
cells with signs of structural degeneration. Examining the
cytograms of the kidneys obtained from the cadavers of
dogs of the EG 2, it was observed that the cells are mainly
located discretely and in tubular clusters of renal epitheliocytes
of nephrons (Fig. 16). The cytoplasm of kidney epithelial

oy

Figure 15. Cytogram of the kidney of the corpse of a dog
of the EG 1, 6 hours after death. Eyepiece 10 x lens 10,

stained according to Pappenheim-Kryukov
Note: 1 - renal body

The cells of cytograms of the heart, obtained from the ca-
davers of dogs of the EG 1, 6 hours after death, are represented by

-

Figure 17. Cytogram of the heart of a cadaver dog
of EG 1, 6 hours after death. Eyepiece 10xlens 100, stained

according to Pappenheim-Kryukov
Note: 1 - cardiomyocytes
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structure (Fig. 14) occupies most of the area of each cell. The nu-
clei of individual pancreatic cells are basilar, uniform in structure,
their shape is mainly spherical — from rounded to oval. Nuclear
chromatin is speckled, with one small nucleoli with clear edges.

[ -

Figure 14. Cytogram of the pancreas of the cadaver
of a dog of the EG 2, 3 hours after death. Eyepiece 10xlens

100, stained according to Pappenheim-Kryukov
Note: 1 - exocrine epithelial cells in the form of a tubular structure

cells occupies half the cell area, most of them do not have a
clear border between the cytoplasmic organelles. The col-
our of the cytoplasm varies from light blue to light pink.
One nucleus with fine-grained chromatin is differentiated,
and the nucleolus is not visible in it. Common features of
the cytograms of the kidneys of cadavers of dogs of both
experimental groups are numerous renal corpuscles and
a protein-lipid, grey body that contains single unchanged
neutrophils.

MR, A
Figure 16. Cytogram of the kidney of the corpse of a dog

of the EG 2, 6 hours after death. Eyepiece 10 x lens 10,

stained according to Pappenheim-Kryukov
Note: 1 - renal body

fragmented cardiomyocytes (Fig. 17) in clusters. Their cytoplasm
is dark blue with well-defined transverse striations (Fig. 18).

Figure 18. Cytogram of the heart of a cadaver dog

of EG 1, 6 hours after death. Eyepiece 10xlens 100, stained

according to Pappenheim-Kryukov

Note: 1 - cardiomyocytes
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Micropicture of cytograms obtained from the heart
of cadavers of dogs of the EG 2, 6 hours after their death
is characterized by a sparse cellular composition. The nu-
clei of cardiomyocytes (Fig. 19) are located parallel to the

Figure 19. Cytogram of the heart of the cadaver of a dog
of the EG 2, 6 hours after death. Eyepiece 10xlens 100,
stained according to Pappenheim-Kryukov
Note: 1 - cardiomyocytes

Microscopic examination of smears-imprints of the
spleen, obtained from the cadavers of dogs of the EG 1, 6 hours
after their death, confirmed the presence of a heterogeneous
population of white blood cells: lymphocytes of different
sizes (Fig. 21), large lymphocytes (4%), small lymphocytes
(79%), medium lymphocytes (11%), neutrophils (2%), eo-
sinophils (1%), plasma cells (3%) (Fig. 21). No signs of cellu-
lar degeneration were recorded. However, when examining

Figure 21. Cytogram of the spleen of the corpse of a dog
of the EG 1, 6 hours after death. Eyepiece 10xlens 100,
stained according to Pappenheim-Kryukov
Note: 1 - lymphocytes of varied sizes; 2 — plasmocide
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Figure 23. Cytogram of the brain of the cadaver of a dog
of the EG 1, 9 hours after death. Eyepiece 10xlens 100,
stained according to Pappenheim-Kryukov
Note: 1 - bacteria

central axis of the cell, oval, without visible nucleoli. The
background of cytopreparations is represented by red and
white blood cells: red blood cells, neutrophils, small lym-
phocytes, and eosinophils (Fig. 20).

Figure 20. Cytogram of the heart of the cadaver of a dog
of the EG 2, total cytogram 6 hours after death. Eyepiece
10 = lens 10, stained according to Pappenheim-Kryukov

the cytological preparations of the spleen of the cadavers of
dogs of group 2, 9 hours after their death, destroyed paren-
chyma cells (Fig. 22) and cocci-like bacteria (Fig. 22) were
revealed for the first time. The background of cytograms
is protein, grey, represented by high-density erythrocytes.

At 9 hours after the death of the dogs of both exper-
imental groups, bacteria (Fig. 23, 24) and destroyed neuro-
cytes (Fig. 24) were first detected in the brain.

Figure 22. Cytogram of the spleen of the corpse of a dog
of the EG 2, 9 hours after death. Eyepiece 10xlens 100,
stained according to Pappenheim-Kryukov
Note: 1 - destroyed cells; 2 — bacteria
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Figure 24. Cytogram of the brain of the corpse of a dog
of the EG 2, 9 hours after death. Eyepiece 10 x lens 100,
stained according to Pappenheim-Kryukov
Note: 1 - destroyed cells; 2 — bacteria
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The general cytogram of smears-prints of the myo-  characterized by further fragmentation of cardiomyocytes
cardium of cadavers of dogs of both experimental groupsis  (Fig. 25) with a violation of their striation (Fig. 26).

Figure 25. Cytogram of the heart of the cadaver of a dog Figure 26. Cytogram of the heart of the cadaver of a dog
of the EG 1, total cytogram 9 hours after death. Eyepiece of the EG 2, total cytogram 9 hours after death. Eyepiece
10xlens 10, stained according to Pappenheim-Kryukov 10xlens 10, stained according to Pappenheim-Kryukov

12 hours after the death of the dogs of both experi-  They are cocci and rod-shaped (Fig. 28). Due to the vital
mental groups, the number of bacteria in the brain increases.  activity of bacteria, the destruction of brain substance cells
Bacteria are placed in clusters around neurocytes (Fig. 27).  increases (Fig. 28).
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Figure 27. Cytogram of the brain of the cadaver of a dog Figure 28. Cytogram of the brain of the cadaver of a dog

of the EG 1, 12 hours after death. Eyepiece 10xlens 100, of the EG 2, 12 hours after death. Eyepiece 10xlens 100,
stained according to Pappenheim-Kryukovv stained according to Pappenheim-Kryukov
Note: 1 - accumulation of bacteria around the neuron body Note: 1 - cocci-like bacteria; 2 — rod-shaped bacteria; 3 — destroyed
neurocytes

Intensive processes of cell destruction with simul-  colonization is noted (Fig. 29), and in the tissue of the
taneous bacterial contamination were also observed in  spleen of cadavers of dogs of EG 2, apart from bacterial
other internal organs. Thus, on the cytograms of the pan-  contamination (Fig. 30), significant destructive changes
creas of the cadavers of dogs of EG 1, intensive bacterial are detected (Fig. 30).

.
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Figure 29. Cytogram of the pancreas of the corpse of a Figure 30. Cytogram of the spleen of the corpse of a dog
dog of the EG 1, 12 hours after death. Eyepiece 10xlens of the EG 2, 12 hours after death. Eyepiece 10 x lens 100,
100, stained according to Pappenheim-Kryukov stained according to Pappenheim-Kryukov
Note: 1 - bacteria Note: 1 - destroyed cells; 2 — bacteria

12 hours after death, it can be stated that on the of the parenchyma cells of the organ continue to intensify
cytograms of the liver obtained from the cadavers of dogs  (Figs. 31, 32), which occurs against the background of colo-
of both experimental groups, the processes of destruction  nization by bacteria (Figs. 31, 32).

Ukrainian Journal of Veterinary Sciences. 2022. Vol. 13, No. 4




Cytomorphological characteristics of necroptates of internal organs of dogs in the early post-mortem period ...
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Figure 31. Cytogram of the liver of the corpse of a dog Figure 32. Cytogram of the liver of the cadaver of a dog
of the EG 1, 12 hours after death. Eyepiece 10xlens 100, of the EG 1, 15 hours after death. Eyepiece 10xlens 100,
stained according to Pappenheim-Kryukov stained according to Pappenheim-Kryukov
Note: 1 - destroyed cells; 2 — bacteria Note: 1 — destroyed cells; 2 — hepatocyte; 3 — bacteria

On the cytograms of the liver of the corpse of a dog of  for the presence in the nuclei of hepatocytes of non-specific
the EG 2, obtained 15 hours after its death, the destructive  crystal structures (Fig. 33), which is a variant of the cytolog-
changes in the cells are noted (Fig. 33) and the number of  ical norm for these animals in adulthood. 18 hours after the
bacteria (Fig. 33) do not differ significantly from the necrop-  death of dogs of the EG 1, the presence of bacterial colonies
tates obtained in the previous periods of the study, except  around the bodies of neurons in the brain was noted (Fig. 34).

i Ll y
Figure 33. Cytogram of the liver of the corpse of a dog Figure 34. Cytogram of the brain of the cadaver of a dog
of the EG 2, 15 hours after death. Eyepiece 10xlens 100, of the EG 1, 18 hours after death. Eyepiece 10xlens 100,
stained according to Pappenheim-Kryukov stained according to Pappenheim-Kryukov

Note: 1 - destroyed cells; 2 — bacteria; 3 — crystal structure in the  Note: 1 — accumulation of bacteria around the neuron’s body
nucleus of the hepatocyte

However, 21 hours after the death of dogs, bacterial  experimental groups in the form of clusters of bacterial colonies
contamination of the brain substance is detected in both  (Figs. 35, 36) over the entire area of the object under study.

Figure 35. Cytogram of the brain of the cadaver of a dog Figure 36. Cytogram of the brain of the cadaver of a dog

of the EG 1, 21 hours after death. Eyepiece 10xlens 100, of the EG 2, 21 hours after death. Eyepiece 10xlens 100,
stained according to Pappenheim-Kryukov stained according to Pappenheim-Kryukov
Note: 1 - bacteria Note: 1 - bacteria

24 hours after the death of dogs, active destructive  with localization over the entire area of cytopreparations.
processes are noted in their spleen. Thus, on the cytograms  Thus, on cytological preparations, the processes of to-
of the spleens of the cadavers of dogs of both experimental  tal destruction in the cellular composition were recorded
groups, the prevalence of bacteria is observed (Figs. 37,38)  (Figs. 37; 38).
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of the EG 1, 24 hours after death. Eyepiece 10xlens 100,

stained according to Pappenheim-Kryukov
Note: 1 - bacteria; 2 — destroyed cells

Attention is drawn to the cytological picture
of the liver and heart, smears-prints from which were
obtained a day after the death of animals. Necrobiotic
processes in these internal organs are close to cytolysis.
Only single indestructible hepatocytes are preserved on

Figure 39. Cytogram of the liver of the cadaver of a dog
of the EG 1, 24 hours after death. Eyepiece 10xlens 100,
stained according to Pappenheim-Kryukov
Note: 1 - destroyed cells; 2 — hepatocyte

During the cytological examination of smears-im-
prints of internal organs after 12 hours of the experiment,
their common optical property of eosinophilic staining was
established, which is evidently associated with the begin-
ning of the destruction of nuclear components of cells, lysis
by karyolium, the exit of nuclear components outside the

Figure 38. Cytogram of the spleen of the cadaver of a dog
of the EG 2, 24 hours after death. Eyepiece 10xlens 100,
stained according to Pappenheim-Kryukov

Note: 1 - destroyed cells; 2 — bacteria

liver cytograms of cadavers of dogs of the EG 1 (Fig. 39).
However, most cells are subject to total destruction
(Fig. 39). At the same time, cytograms of the heart of ca-
davers of dogs of the EG 1 reflect fragmentation of car-
diomyocytes (Fig. 40).
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Figure 40. Cytogram of the heart of the cadaver of a dog
of the EG 1, 24 hours after death. Eyepiece 10xlens 100,

stained according to Pappenheim-Kryukov
Note: 1 - cardiomyocyte

nucleus and their mixing with substance of the cytoplasm.
Observation of the quantitative dynamics of bacte-
rial contamination of cadaver organs in dogs of both ex-
perimental groups at the same time intervals in the early
post-mortem period allowed establishing that the intensity
of its manifestation is specific for each of them (Table 1).

Table 1. Dynamics of bacterial contamination of internal organs of cadavers of dogs of experimental groups
at the same time intervals of the early post-mortem period (n = 14)

Experiment | Experimental Number of bacterial units on cytograms of internal organs
interval (h) group Lungs | Heart Liver Spleen | Kidneys | Pancreas Brain
0-3 1 Bacterial contamination is not observed
2 Bacterial contamination is not observed
1 - - - 1.36 £0.13 - - -
36 2 - - - 1.83 +0.22 - - -
6-9 1 - - - 4.23+0.06™ - 10.07 £0.11 1.01 £0.03
2 - - 4.51+0.08™ - 11.83+0.22""| 1.34+0.05"
9-12 1 0.94 +0.04 - 8.23+0.07 | 2.97+0.08" |16.07 #0.09"" | 1.49+0.08™
2 1.11+£0.03" - 8.21+0.13 | 2.60£0.09 |13.86+0.08"*| 1.99+0.05™
12-15 1 1.13£0.03™ 1.11+£0.03 [16.33+0.12"| 3.8+0.04™ |16.70*0.06™" | 2.41 £0.05™
2 1.16 £ 0.04 1.07+0.05 [15.70+0.26™| 3.51 £0.04™* | 16.16 £ 0.05"" | 3.24 £0.06™"
15-18 1 1.23+0.05 2.10%£0.06™19.69 £0.36™" | 4.43+0.08 | 17.79+0.07"" | 2.97 £0.08"
2 1.29 +£0.03" 2.61+0.06718.86 £0.17""| 4.51+0.04™ |18.33+0.04™ | 3.93+0.05™
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Table 1, Continued

Experiment | Experimental Number of bacterial units on cytograms of internal organs
interval (h) group Lungs Heart Liver Spleen Kidneys Pancreas Brain
18-21 1 1.33+£0.04 = 3.11+0.087| 21.01 £0.217 | 4.99+£0.057 | 18.47 £0.04™ | 3.29 £0.04°
2 1.37 £0.05 - 3.34£0.077°(20.07 £0.06™| 5.24+0.06™ | 18.71+0.04™ | 4.46+0.06™
91-24 1 1.50 £0.03"[0.91 £0.05 | 3.97 £ 0.05™" | 22.54 £ 0.05™" | 6.86*0.06™" | 19.20+0.11"" | 4.43 +0.08™
2 1.50+0.02"|1.00 +0.05 | 4.26 + 0.07"" | 24.40+0.22""""| 7.53 £ 0.06""""" | 21.16 £ 0.39"""" | 5.77 £ 0.06""**

Note: 'P < 0.05, "P < 0.01, ""P < 0.001 compared to the indicators of the previous study period within the experimental group; "P < 0.05, P < 0.01,
""P < 0.001 compared to the indicators between the experimental groups in the same time frame of the experiment

It was established that 3 hours after the death of
dogs in both experimental groups, bacteria were not de-
tected in any organ (Table 1). However, as early as 6 hours
of follow-up, they are registered in the spleen of cadavers
of dogs of these groups. During the experimental period,
the number of bacteria in the internal organs of the cadav-
ers of dogs of the experimental groups gradually increases.
Thus, at 24 hours, it significantly increases by 16.57 times
(P < 0.001) in the spleen of cadavers of dogs of the EG 1,
and by 13.33 times (P < 0.001) - in cadavers of animals of
the EG 2 compared to the period of their first detection (at
6 hours of the experiment). By comparing the quantitative
indicators of bacterial contamination on the spleen cyto-
grams of cadavers of dogs of the experimental groups 1
and 2, it was found that at 6 hours of examination, these
indicators did not significantly differ from each other. At
the same time, at 24 hours, the number of bacteria in the
spleen of cadavers of dogs of the EG 2 was significantly
higher by 1.08 times (P < 0.001) than in the spleen of cadavers
of dogs of the EG 1.

The bacteria appeared in the pancreas and brain of
cadavers of dogs in both experimental groups at 9 hours of
examination. During the examination period, it was found
that the number of bacteria gradually increased on the cy-
tograms of the pancreas and brain of cadavers of dogs of
the experimental groups 1 and 2.

Thus, at 24 hours, their number significantly in-
creased by 1.9 times (P < 0.001) in the pancreas of the ca-
davers of dogs of the EG 1 and by 1.79 times (P < 0.001) - in
the cadavers of animals of the EG 2 compared to the period
when they were detected for the first time (at 9 hours of
the experiment). Comparing the quantitative indicators of
bacterial contamination on the cytograms of the pancreas
of cadavers of dogs of the experimental groups 1 and 2 with
each other, it was found that at 9 hours the number of bacteria
in this organ of cadavers of dogs of the EG 2 significantly
increased by 1.17 times (P < 0.001), and at 24 hours — by
1.1 times (P < 0.01) compared with such indicators in the EG 1.

An analogous trend was found when analysing
brain cytograms in the cadavers of dogs of both experi-
mental groups. Thus, at 24 hours of the experiment, the
number of bacteria in the brain of cadavers of dogs of the
EG 1 significantly increased by 4.39 times (P < 0.001) and
in cadavers of animals of the EG 2 — by 4.31 times (P < 0.001)
compared to the period when they were detected for the
first time (at 9 hours of the experiment). Comparing the
quantitative indicators of bacterial contamination on the
brain cytograms of cadavers of dogs of experimental groups
1 and 2 with each other for 9 hours, it was found that the
number of bacteria in this organ of cadavers of dogs of EG 2
significantly increased by 1.33 times (p < 0.01) thanin EG 1.

These dynamics persisted for 24 hours of the study. Thus,
the number of bacteria in the brain of cadavers of dogs of
EG 2 significantly increased by 1.3 times (P < 0.01) compared
toEG 1.

After 12 hours of the experiment, the bacteria were
recorded simultaneously in the lungs and kidneys of cadavers
of dogs of both experimental groups. During the study pe-
riod, the number of bacteria in the lungs and kidneys of
cadavers of dogs in these groups gradually increased with
varying intensity over the examination time intervals.

Thus, at 24 hours, the number of bacteria in the
lungs of cadavers of dogs of the EG 1 was significantly higher
by 1.6 times (P < 0.01) compared to the time when they
were first detected. Comparing the indicators of bacterial
contamination on the cytograms of the lungs of cadavers
of dogs of experimental groups 1 and 2 with each other, it
was found that by 12 hours, the number of bacteria in this
organ of cadavers of dogs of EG 2 significantly increased
by 1.18 times (P < 0.05) compared to EG 1. However, at
24 hours of examination, the values of bacterial contamina-
tion indicators did not significantly differ.

A comparable dynamic of bacterial contamination
was found in the kidneys of cadavers of dogs of both exper-
imental groups. Thus, at 24 hours in the kidneys of cadav-
ers of dogs of EG 1, the number of bacteria is significantly
higher by 2.31 times (P<0.001), and in EG 2 - by 2.9 times
(P <0.001) compared to the period when they are detected
for the first time (at 12 hours of the experiment). Comparing
the indicators of bacterial contamination on the kidney cy-
tograms of cadavers of dogs of experimental groups 1 and
2 with each other, it was found that at 12 hours of obser-
vation, the number of bacteria in this organ of cadavers of
dogs of EG 1 is significantly higher by 1.14 times (P < 0.05),
and at 24 hours — by 1.1 times (P < 0.001) compared to EG 2.

According to the results of analysis of liver cyto-
grams of cadavers of dogs of both experimental groups, it
was found that bacteria in this organ appear for the first
time at 15 hours of examination. Further, during the last
study period, the number of bacteria in both groups gradually
increases at certain examination time intervals. Thus, at
24 hours, the number of bacteria in the liver of cadavers of
dogs of experimental groups 1 and 2 is significantly higher
by 3.58 times (P < 0.001) and 3.98 (P < 0.05), respectively,
compared to the period when they are detected for the first
time (at 15 hours of the experiment). At the same time, at
24 hours, the number of bacteria in the liver of cadavers of
dogs of EG 2 significantly increases by 1.07 times (P < 0.05)
compared to EG 1. At 15 hours of the experiment, there was no
statistically significant difference in the number of bacteria
on the liver cytograms of cadavers of dogs of experimental
groups 1 and 2.
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Late bacterial contamination is inherent in the myo-
cardium. Bacteria on the cytograms of the heart of cadavers of
dogs of both experimental groups were detected for the first
time after death at 24 hours of the experiment. Comparing
the indicators of contamination of the heart by bacteria in the
cadavers of dogs of experimental 1 and 2 with each other, a

significant difference between these indicators has not been
established. Analysing the quantitative dynamics of destruc-
tive cells in the organs of cadavers of dogs of both experimen-
tal groups at the same time intervals of the early post-mortem
period, it was found that the intensity of their manifestation
is specific for the organ in which they are detected (Table 2).

Table 2. Dynamics of destructive cells in the internal organs of dog cadavers at the same time intervals
in the early post-mortem period (n = 14)

Experiment | Experimental Number of units of destructive cells on cytograms of internal organs
interval(h) group Lungs | Heart | [Liver | Spleen | Kidneys | Pancreas | Brain
0-3 1 No destructive cells were observed
2 No destructive cells were observed
36 1 - - - - - 2.56 +0.26 -
2 - - - - - 2.49£0.12 -
6-9 1 - - - 9.73£0.27 - 9.86 £0.10™ | 0.87 =0.04
2 - - - 10.76 £0.25" - 7.70 +0.08™ | 0.94+0.04
9-12 1 0.44 £ 0.06 - - 14.87 £0.25| 1.91£0.06" |12.33+0.14™| 1.16 £ 0.04™
2 0.40 £ 0.04 - - 16.53+0.09| 1.49+0.08 |11.53+0.16™| 1.23 £0.05"
12-15 1 0.87 £0.04™ = 2.14£0.10 [22.37+0.14™|2.63*0.04™ |13.16 £ 0.04"| 1.67 £ 0.04™
2 1.01 £0.03™ - 2.17+0.04 |18.59+0.12""|2.41+0.057|12.61 £0.077| 1.67 = 0.05™
15-18 1 1.36 £0.05™ = 3.76 £0.087" | 23.40+0.54 | 3.01+0.03|13.53+0.077|3.21 £0.07"
2 1.34£0.05™ - 3.64+0.047(22.93 £0.06"| 2.97 £0.08™ | 13.53+0.04™| 3.71 £ 0.07™
18-21 1 1.96 £0.06™ - 5.26 £0.08™ | 27.09 £ 0.55™ | 3.21 £0.03™ |14.24 = 0.07""| 5.99 # 0.03™"
2 2.06 £0.06™ - 5.50+0.05"|27.93£0.41""| 3.29+0.04" |14.79+0.04™|5.54 +0.05™
9104 1 2.51+0.03™ - 8.50+0.13™ |36.74 + 0.43™"| 4.06 = 0.07"" | 15.71 £0.10™"| 6.71 £ 0.05™
2 2.49+0.04" - 8.94+0.09"" |38.54 +0.16™""| 4.43 +0.08"" | 15.83 £ 0.08""| 6.46 + 0.08"""

P

Note: 'P<0.05, "P<0.01,

P < 0.001 compared to the indicators of the previous study period within the experimental group; "P < 0.05, "P < 0.01,

""P<0.001 compared to the indicators between the experimental groups in the same time frame of the experiment

It was established that 3 hours after the death of
dogs of both experimental groups, destructive cells were
not detected in any organ (Table 2). However, as early as
6 hours of the experiment, destructive cells are registered
in the pancreas of cadavers of dogs of both experimental
groups, although a statistically significant difference in their
number has not been established.

During the study period, the number of destructively
altered cells in the studied organs of dog cadavers gradu-
ally increases. Thus, at 24 hours, their number increases
significantly by 6.14 times (P < 0.001) in the pancreas of
cadavers of dogs of EG 1 and by 7.71 times (P < 0.001) - by
EG 2 compared to the period when they are detected for
the first time (at 6 hours of the experiment).

At 9 hours of the experiment, destructively altered
cells were found in the spleen and brain of cadavers of
dogs of both experimental groups. During the entire study
period, the number of destructive cells in the spleen and
brain of dog cadavers in both experimental groups gradu-
ally increased. Thus, at 24 hours of the experiment, their
number in the spleen of cadavers of dogs of EG 1 signifi-
cantly increases by 3.78 times (P < 0.001) and by 3.58 times
(P < 0.001) — EG 2 compared to the period when they are
detected for the first time (at 9 hours of the experiment).
Comparing the number of destructive cells on the spleen
cytograms of cadavers of dogs of experimental groups
1 and 2 with each other at 9 hours of the experiment, it
was found that the number of destructive cells in this or-
gan of cadavers of dogs of EG 2 is significantly greater by
1.14 times (P < 0.05) compared to that in EG 1. Similar dynamics
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were found at 24 hours of the experiment, when the indicator
of the number of destroyed cells in the spleen of cadavers
of dogs of EG 2 significantly increased by 1.05 times (P < 0.01)
compared to its values in EG 1.

During the analysis of brain cytograms of cadavers
of dogs of both experimental groups, it was found that at
24 hours of the experiment, the number of destructive cells
in this organ of cadavers of dogs of experimental groups
1 and 2 is significantly higher by 7.71 times (P < 0.001)
and 6.87 times (P < 0.001), respectively, compared to the pe-
riod when they are detected for the first time (at 9 hours
of the experiment). There was no statistically significant
difference in the number of destructive cells on the brain
cytograms of the cadavers of dogs of experimental groups
1 and 2 at 9 hours of the experiment. However, at 24 hours
of the experiment, the number of destructive cells in the
brain of cadavers of dogs of EG 1 significantly increased by
1.04 times (P<0.05) compared to that of cadavers of dogs of
EG 2. The obtained data on the post-mortem cytomorphol-
ogy of brain cells coincide with the results of the studies of
Wunsche et al. (2016), who investigated the cytograms of
the human brain to identify lifelong organic lesions of its
membranes during septic processes.

After 12 hours of the experiment, destructive cells
appear in the lungs and kidneys of cadavers of dogs of both
experimental groups.

Thus, during the study of cytograms of the lungs of
cadavers of dogs of experimental groups 1 and 2, it was found
that the number of destructively altered cells significantly in-
creases by 5.7 times (P < 0.001) and 6.23 times (P < 0.01),
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respectively, compared to the period when they are detected
for the first time (at 12 hours of the experiment). Compar-
ing the number of destructive cells on the cytograms of the
lungs of cadavers of dogs of experimental groups 1 and 2 at 15
and 24 hours of the experiment, no statistically significant
difference was established.

In the kidneys of cadavers of dogs of EG 1, the number
of destructive cells at 24 hours was significantly greater by
2.13 times (P < 0.001) and 2.97 times (P < 0.001), respectively,
compared to the period when they were detected for the
first time (at 12 hours of the experiment). At the same time,
at 12 h of the experiment, the number of destructive cells in
the kidneys of the cadavers of dogs of EG 1 is significantly
1.25 times greater (P < 0.01) compared to those of cadavers
of dogs of EG 2. However, at 24 hours, this indicator in the
kidneys of cadavers of dogs of EG 2 significantly increased
by 1.1 times (P < 0.05) than in cadavers of dogs of EG 1.

Examining the cytograms of the livers of dog cadavers
in both groups, it was established that destructive cells in
this organ appear for the first time at 15 hours of observa-
tion and their number gradually increases during the ex-
perimental period. Thus, at 24 hours of the experiment, the
number of destructive cells in the liver of the cadavers of
dogs of experimental groups 1 and 2 probably increased by
3.97 times (P < 0.001) and 4.11 times (P < 0.001), respectively,
compared to the time when they were first detected (at
15 hours of the experiment). At 24 hours of the experiment,
the number of such cells in the liver of cadavers of dogs of
EG 2 significantly increased by 1.05 times (P < 0.05) than in
cadavers of dogs of EG 1 (Table 2).

Comparing the number of destructive cells on liver
cytograms of dog cadavers between experimental groups 1
and 2 at 15 hours of the experiment, no statistically signif-
icant difference was found. The obtained data completely
coincide with the studies of Ceciliason et al. (2021), who
established the sequence of processes of necrobiosis of liver
cells in humans.

During the study of cytograms of the heart of cadav-
ers of animals of both experimental groups, no destructive
changes in cells were registered during the experimental
period. The obtained data on the cytomorphology of the
heart confirm the results of the studies of Welson et al. (2021),
who prove that the processes of fragmentation and vacu-
olization of the cytoplasm in rat cardiomyocytes begin no
earlier than 96 h after the death of the animals.

Thus, summarizing the results obtained during the
cytomorphological study of the compact organs of dog
corpses with different indicators of mass and fatness, the
authors of this study believe that the most intense cadaveric
dynamics of bacterial contamination and cell destruction
in the first day of the post-mortem period occurs in the

spleen and pancreas. Therewith, pronounced putrefactive
biotransformation of the spleen is caused by decomposi-
tion products in these organs. Necrobiotic changes that de-
velop intensively in the cells of the spleen and pancreas ev-
idently provoke bacterial contamination. At the same time,
bacterial contamination of pancreatic cells, which was ob-
served later than in the spleen, may also be the result of
an inhibitory effect on the intensity of bacterial growth of
autolytic enzymes of exocrine epithelial cells. Therefore,
the intensity of dynamics of cytomorphological changes in
spleen and pancreatic cells is of informative value when
deciding on the duration of the post-mortem period during
the first day after the death of dogs.

Conclusions
Based on a randomized study of cells of compact organs of
cadavers of dogs, it was proved that only cytomorphological
changes in spleen and pancreas cells in terms of their in-
tensity have expert information content to solve the ques-
tion of the prescription of death during the first day of the
post-mortem period in dogs, regardless of their body weight
and fatness. The dynamics of bacterial contamination and
destruction of brain, kidney, and lung cells are moderately
informative, while the liver and heart are uninformative.

The most intense simultaneous dynamics of bacterial
contamination and cell destruction occurs in the spleen and
pancreas of dog cadavers, regardless of their body weight
and fatness, which is evidently associated with autolysis
of pancreacites, the release of a considerable number of
proteolytic enzymes from their lysosomes. Simultaneous
pronounced putrefactive biotransformation of the spleen
is caused by the emergence of a considerable number of
protein catabolism products. Necrobiotic changes that dy-
namically develop in the cells of the spleen and pancreas
obviously initiate intense bacterial contamination. Bacte-
rial contamination of pancreatic cells, which was observed
later than in the spleen, is also explained by the inhibitory
effect of autolytic enzymes of exocrine pancreatic epithelial
cells on the intensity of bacterial growth.

The dynamics of destructive post-mortem processes
in the cells of internal organs of dog cadavers with different
weights and fatness during the experimental period does
not significantly differ and develops with the same intensity.
However, apart from the direct dynamics of increasing the
indicators under study, there is a paradoxical dynamics of
cell destruction in the kidneys, pancreas, and brain of dog
cadavers and bacterial contamination of the liver and kid-
neys. In the future, it is planned to continue investigating
other cytomorphological characteristics of necroptates of
internal organs of dogs in the early post-mortem period in
the aspect of forensic veterinary examination.
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IlnTomopgonoriuaa XxapakTepucTHKa HEKPONTaTiB
BHYTPIilIHiX OpraHiB co00aK y paHHBOMY IIOCTMOPTAJILHOMY Iepiofi
B aCIIEKTi Cy/I0BO-BeTePUHAPHOI eKCIepTU3HN

IBaH Bomogumuposuu SliieHko!, Pomau l'enHagiiiosnu Kasauies?
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AHOTAaIig. AKTYyaJIbHICTh AOCTIIKEHHS 3yMOBJIEHA MOTPEO0I0 CYyIOBO-BETEPUMHAPHOI €KCIepTU3y TPYIiB TBapUH
00 HAYKOBOTO OOIPYHTYBAaHHS iHOOPMATMBHUX AiaTHOCTUYHUX KPUTEPIiiB AJIS OILiHKYM JaBHOCTi HACTaHHS CMEpTi,
0COOJIMBO Y paHHbOMY TOCTMOpTaabHOMY Iepiofi. [Tpore, iHGOpMalis OO0 paHHIX IOCTMOPTAJbHUX 3MiH TPYIIiB
cobak Ha MiKpOCTPYKTYPHOMY PiBHi B YKpaiHCbKiit Ta 3apy6ixkHilt HAyKOBiii JiTepaTypi Mae fOCUTh GpparmMeHTapHMI
xapakrep. Y 3B’I13Ky 3 I[MM JlaHa CTATTs CIIPSIMOBaHa Ha 3’ICyBaHHS iHGOPMATMBHOCTI AMHAMIKM TPOLIECIB KIiTUHHOI
JIecTpykiiii Ta 6akrepiasibHOi KOHTaMiHallil BHYTPIlIHIX OpraHiB TPyIMiB cOOaK YIPOJOBXK IEpIIOi MOCTMOPTATbHOL
00U [T BCTAHOBJIEHHST BipOTiMHMX €KCIepPTHMX KPUTEepiiB JaBHOCTI HACTAHHS CMEpPTi MiJeKCIepTHUX TBapWUH IIif,
Yyac MpPOBeIeHHs CyI0BO-BeTepPUHAPHOI eKcrepTusu. [IpoBigHUM ITigX0m0M 0 HOCTiIKeHHS Iiiei mpobieMu € MeToau
OTPMMAHHS Bif TPYIiB cO6aK cepii HEKPOIITATIB i3 JIETeHiB, Ceplis, MeUiHKM, Cene3iHKu, HUPOK, MiAIUTYHKOBOI 3271031 Ta
TOJIOBHOTO MO3KY, UYepe3 OLHAKOBU YaCOBMIT iHTepBaJT YIIPOLOBXK MepLIoi ;06U Mic/Isl HACTaHHS CMePTi. Y IIUTONMOTiYHMUX
mperaparax, OTPYMMaHUX 3 HEKPOITATiB, MiJpaxOBYBalM KiTbKiCTh 3PYMHOBaHMX KITUH i GakTepiaJbHUX OOUHUIL
3a JIOMOMOTOI0 ONMTUYHOI MiKpocKorii. 3a pesyabTaTamMyu AMHAMiKM 6GakTepiaqbHOI KOHTaMiHalii Ta iHTEHCUBHOCTI
MOp(dOMOTiuHMX 3MiH KJIITMH ceje3iHKM Ta MiJIUTYHKOBOI 3a/I03M BCTAHOBJIEHA iXHSI eKCIlepTHa iHQOpMaTUBHICTh
IIOA0 BUPIIIEHHS MMUTaHHS PO JaBHICTh HACTaHHS CMepPTi cobaK, He3aJeKHO BijJ IMOKa3HMKIB Baru Ta BrOJOBaHOCTI.
3’s1cOBaHoO, 110 JMHaMiKa 6akTepiaabHOI KOHTaMiHaIlil i KITITMHHOI eCTPyKIIii TOTOBHOTO MO3KY, HUPOK i JIereHiB TPyIIiB
cobaK MawTb CEPEIHIO eKCIePTHY iHPOpMaTUBHICTb, a IEeUiHKM Ta ceplist — He iHpopmaTuBHi. [loBe[IeHO, 1110 AMHaAMiKa
PYVHIBHMX MiCISICMEPTHUX TPOLIECiB y KIiTMHAaX KOMIIAKTHUX OPTaHiB TPYIiB coOaK pi3HOi Macu Ta BroJoBaHOCTi
Ha BiINOBiZHMX TepMiHaX BipoOrigHO He Bimpi3HSIOTHCS Ta PO3BMBAIOTHCS 3 OJHAKOBOIO iHTeHCHBHicTIO. OTpuMaHi
pe3ynbTaTy OOCTIIKEHHS MaTUMMYTh 3HAUEHHS SIK Y Teopii Cy0oBO-BeTepUMHAPHOI eKCIIepTu3u, Tak i 6e3mocepeqHbo
NpUKIaHe, 30KpeMa, IIij1 yac BUPillIeHHs CYJOBMM €KCIIepTOM NMUTaHHS I0A0 AAaBHOCTI HACTaHHS CMepTi TBAPMHU

KirouoBi cyIoBa: mijekcrepTHi TBapuHY, TPyIHA 6ioTpaHchopMallis, KIiTMHHA TeCTPYKILisl, 6akTepiasbHa KOHTaMiHAIlis,
IOCMEPTHi 3MiHM OpraHiB

Ukrainian Journal of Veterinary Sciences. 2022. Vol. 13, No. 4




YKPATHCBKUI YACOIIMC BETEPMHAPHUX HAYK

Haykoeuti »cypHan

Tom 13, N2 4. 2022

3acHoBaHuit y 2010 p. Buxoauts 4oTHpy pasu Ha pik

OpuriHan-mMakeT BUAAHHS BUTOTOBJIEHO Y BiI[Ii/li HAYKOBO-TeXHIUHOI iHpopMaliii
HanioHaapHOTO yHiBepCcUTETY 6iopecypciB i MpUpPOmOKOPUCTYBaHHS YKpaiHu

BignoBigaabHUI penaKkTop:
II. Ha6oxk

PenaryBaHHSI aHIJIOMOBHMX TEKCTIB:
C. Boposcbkuii, K. KacbsiHOB

Komn'roTepHa BepcTKa:
K. Cocenko

[Migmcano go apyky 25 rpyoust 2022 p. @opmat 60%84/8
VYMOB. IpyK. apk. 8,9
Haknazm 50 mpum.

Anpeca BUJaBHUIITBA:
HarnioHanpHMIA YHiBEpCUTET 6iopecypciB i MPUPOIOKOPUCTYBAHHS YKpaiHu
ByI1. epoiB O6oponn, 15, m. Kuis, 03041, Ykpaina
E-mail: info@veterinaryscience.com.ua
https://veterinaryscience.com.ua/uk



UKRAINIAN JOURNAL OF VETERINARY SCIENCES

Scientific Journal

Volume 13, No. 4. 2022

Founded in 2010. Published four times per year

The original layout of the publication is made in the Department of Scientific and Technical
Information of National University of Life and Environmental Sciences of Ukraine

Managing Editor:
D. Nabok

Editing English-Language Texts:
S. Vorovsky, K. Kasianov

Desktop publishing:
K. Sosiedko

Signed for print of December 25, 2022. Format 60%84/8
Conventional printed pages 8.9
Circulation 50 copies

Editors Office Address:
National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony, Kyiv, Ukraine
E-mail: info@veterinaryscience.com.ua
https://veterinaryscience.com.ua/en





