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Abstract. The clinical efficiency of the antibiotic is determined by its distribution in
organs and tissues, the ability to penetrate the physiological and pathological barriers
of the body. The article presents the results from a study of the intake, distribution, and
excretion of doxycycline hyclate — the active substance of the antibiotic pollodoxin from
the body of broiler chickens (the Cobb-500 cross) with ornithobacteriosis.

It has been established that 24 hours after the pollodoxin solution application in
broiler chickens with ornithobacteriosis, the highest content of its active substance
(doxycycline hyclate) was found in the lungs, liver, slightly less — in the kidneys, and least
—in the heart and pectoral muscles. After 48 and 72 hours, the content of doxycycline
hyclate increases in the liver, kidneys, heart, and pectoral muscles compared to 24
hours, while in the lungs decreases slightly after 48 hours and does not differ from it
after 72 hours. At 96 hours, the content of doxycycline hyclate in the kidneys, lungs, and
pectoral muscles reaches maximum values; in the liver it is smaller than the previous
one (72 hours), while in the heart it does not differ from it. Doxycycline hyclate does
not show cumulative properties and “organ affiliation” during 96 hours of entry into
the body of broiler chickens with ornithobacteriosis. After 24 hours of discontinuation
of pollodoxin use (120 hours of the experiment), the content of doxycycline hyclate
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in all studied organs decreases but remains high enough, indicating a relatively long
elimination half-life and antimicrobial action. Pharmacokinetic indicators will allow the
doctor to determine an effective drug that will provide a therapeutic effect and will
prevent the development of resistance of microorganisms.
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Introduction

In conditions of intensive poultry
farming, bacterial diseases with pre-
dominant respiratory system injury
cause great economic damage. In re-
cent years, in poultry farms, previous-
ly little-known diseases of various bird
species have become widespread in
Ukraine. Among them, ornithobacteri-
osis occupies an important place. The
disease is characterized by respiratory
system lesions, decreased growth, and
increased mortality rates.

Considering that ornithobacterio-
sis causative agent (Ornithobacterium
rhinotracheale) affects, foremost, the
respiratory organs — lungs, trachea, air
sacs, and the disease is often complicat-
ed by other microorganisms (mycoplas-
mas), or a secondary disease, therefore,
pluripotential antibiotics are preferred
in the treatment.

One of the main indicators that de-
termine the antibiotic effectiveness in
the body is its high bioavailability, the
ability to penetrate and accumulate in
high concentrations in the places of the
pathological process, to have an elimi-
nation half-life sufficient for the anti-
microbial effects (Fairchild et al., 2005;
Sanders et al., 2016).

Several factors, among which the
most important are the drug’s chemical
structure, the administration route, the
frequency and duration of use, the an-
imal’s age, and the pathology presence

(Ambrose et al., 2007; Barbosa et al.,
2020), affect the drugs’ bioavailability
and distribution in the body.

Therefore, it is currently topical to
study individual pharmacokinetic pa-
rameters of chemotherapeutic agents in
the body of broiler chickens with orni-
thobacteriosis in order to find the most
effective one.

Analysis of recent researches
and publications

Ornithobacteriosis is a respiratory
system disease in poultry, which is wide-
spread in the world and causes signifi-
cant economic damage. In broiler chick-
ens, ornithobacteriosis leads to stunting
and significant growth retardation, air
sacculitis, pneumonia, and death. The
disease develops as an independent no-
sological unit. It can also complicate the
course of other bacterial and viral dis-
eases (Ellakany et al., 2019).

Viruses cause integrity disruption of
the respiratory system’s mucous mem-
brane, and so open the way for bacteria.
The main pathogens of the respiratory
system’s pathology are O. rhinotracheale
and mycoplasma. The ornithobacteriosis
causative agent widespread occurrence
is evidenced by the monitoring results
of industrial poultry in Germany. During
this monitoring, it was found that about
90% of the investigated birds had anti-
bodies to the ornithobacteriosis causative
agent (Szabo et al., 2017).
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The ornithobacteriosis causative
agent (O. rhinotracheale) is a small,
gram-negative bacillus with rounded
ends, does not form spores and cap-
sules. It is extremely difficult to isolate
it by classical bacteriological methods,
and therefore, ornithobacteriosis often
remains an “undiagnosed” and ‘“under-
treated” infection.

The circulating strains’ wide popu-
lation (449 $trains and 9 serovars), the
rapid development of resistance, and
the O. rhinotracheale ability to acquire
cross-species resistance due to plasmid
conjugation significantly complicates
the treatment of birds with ornithobac-
teriosis (Oca-Jimenez et al., 2017).

In vitro, several antibiotics are effec-
tive against O. rhinotracheale but, in
practice, the results are ambiguous. The
reason for this is precisely that the orni-
thobacteriosis causative agent is “accom-
panied” by other pathogens and a large
number of O. rhinotracheale serotypes,
the sensitivity of which to chemothera-
peutic agents is rapidly changing.

O. rhinotracheale are most sensitive
to tetracyclines, macrolides, fluorfenicol,
semi-synthetic penicillins. In the Euro-
pean countries and Ukraine, it is recom-
mended to control ornithobacteriosis by
using antibiotics of the tetracycline and
macrolide group (Mayahi et al., 2016).

Tetracyclines belong to broad-spec-
trum antibiotics and have high biolog-
ical activity. Tetracycline’s positive
characteristics are resistance to diges-
tive enzymes and gastric juice, the abil-
ity to be rapidly absorbed from the diges-
tive tract, which is important for oral
administration (Smith & Leyden, 2005;
Ochsendorf, 2010; Bailey et al., 2016).

The pharmacokinetics of tetracyclines
begins with the substance absorption in
the initial part of the small bowel, and
the effective concentration in the blood is

reached in 2-4 hours. However, oral bio-
availability varies significantly between
drugs. In particular, doxycycline is better
absorbed after internal administration,
while chlortetracycline is almost not ab-
sorbed (Agwuh & MacGowan, 2005).

One of the most common tetracy-
cline antibiotics used in veterinary med-
icine is doxycycline. It is a semi-synthet-
ic antibiotic with a bacteriostatic effect.
It has a wide spectrum of action against
gram-negative and gram-positive aer-
obic and anaerobic bacteria, rickettsia,
chlamydia, mycoplasma, and some pro-
tozoa (Roberts & Chopra, 2001; Mileva
& Milanova, 2020).

Compared to other tetracyclines, the
doxycycline’s pharmacokinetic proper-
ties include better lipid solubility and
tissue distribution, complete absorption,
and a long half-life (Ho et al., 2014;
Papich et al., 2016). The doxycycline’s
antimicrobial activity in vitro is more
effective than in other tetracyclines,
therefore, its best activity for the treat-
ment of patients with respiratory pa-
thology is noted (Bousquet et al., 1997,
Widyasari-Mehta et al., 2016).

The drug’s distribution and accumu-
lation in the organs are important indica-
tors that determine the antibiotic’s activ-
ity at the site of the pathogen. The study
of the doxycycline accumulation in the
broiler chickens’ organs shows that with
the doxycycline introduction at a dose
of 20 mg/kg b.w., on the 5th day of use
the antibiotic in the highest concentra-
tion was found in the kidneys and liver,
then in the lungs, and the lowest in the
muscles (Anadon, et al., 1994). In other
studies, 5 days after feeding 35-day-old
broiler chickens with doxycycline at a
dose of 10 mg/kg b.w., the highest drug
concentrations were found in the kid-
neys, which was 6.5 pg/g, in the liver —
4.79 pg/g, in the muscles — 1.46 pg/g, in
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the skin — 1.23 pg/g. The drug was com-
pletely excreted from the muscles after
6 days, from the liver and kidneys — 8§,
from the skin — 7 days (Mestorino et al.,
2018). Similar results were also obtained
by other researchers, finding the highest
drug concentrations in the kidneys and
liver (Kramer et al., 1978; Croubels et
al., 1998; Gajda et al., 2014).

Purpose — to investigate the distri-
bution of doxycycline hyclate when it is
used in the form of the drug pollodoxin
in the body of broiler chickens with or-
nithobacteriosis.

Materials and methods
of research

All stages of research were carried
out in accordance with the “European
Convention for the Protection of Ver-
tebrate Animals used for Research and
Other Scientific Purposes” (Strasbourg,
1986) and approved by the Commission
on Bioethics. The laboratory analysis was
carried out in 2019-2020 on the basis
of the chemical analytical sector of the
Expert Center for Diagnostics and Lab-
oratory Support “Biolights” (urban-type
settlement Baryshivka), accredited in
accordance with the requirements of
DSTU ISO/IEC 17025:2017 according to
Ne 201864, and on the basis of the labora-
tory of the pharmacology of the Depart-
ment of Pharmacology, Parasitology and
Tropical Veterinary Medicine, the Nation-
al University of Life and Environmental
Sciences of Ukraine (Kyiv). Statistic for
analysis of experimental data was carried
out by conventional methods of variation
statistics and using the computer program
Microsoft Excel 2019. The research was
carried out on the basis of a poultry farm
in Ivano-Frankivsk region. For the re-
search, 20 broiler chickens of the Cobb-
500 cross at the age of 25 days, with an av-

erage body weight of 1200 g, were used.
By means of bacteriological examination,
ornithobacteriosis was diagnosed in broil-
er chickens, which in some of them was
complicated by colibacillosis.

Bacteriological research. To identify
the causative agents of pneumonia and
aerosaculitis, from a bird slaughtered in
a state of light ether anesthesia, swabs
were taken from the tracheal mucosa
using a sterile SWAB applicator of the
Biomerieux trademark. Selected material
from the tracheal mucosa was plated by
direct inoculation on blood agar. The cul-
tivation was carried out under microaero-
philic conditions at 37° C for 48 hours.
The growth of small matte gray colonies
was found after cultivation.

Maldi-Tof Mass Spectrometry. The
two-day culture was identified by the
method of Maldi-Tof mass spectrometry
by direct deposition. The basic solvent
was prepared from 475 ul of ultrapure
deionized water, 500 pl of acetoni-
trile and 25 pl of 100% trifluoroacetic
acid. To prepare the matrix, 250 pl of
stock solution was added to a test tube
with a-cyano-4-hydroxy-brown acid
(HCCA). The mixture was vortexed
thoroughly for 5 min until completely
dissolved. To control the compliance
and intensity of the peaks, the instru-
ment was calibrated with the 100% con-
centration Bruker bacterial test standard
(cat. No 255343). A small amount of
bacterial culture was applied in a thin
layer to the surface of the target strip.
After drying, the dot was covered with
1 pl of the HCCA matrix solution, and
an hour after its complete drying, the
detection was performed. Mass spectra
were obtained using Maldi-Tof in the
mass range of m/z from 3000 to 20,000.
The SCiLS Lab software was used to
collect spectra, identify peaks, and ana-
lyze them. All settings and manufactur-
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er’s recommendations for standard use
were employed.

For research, we used the drug pol-
lodoxin of the INVESA trademark (the
active substance is doxycycline hy-
clate 100 mg/ml), which was mixed in
an amount of 1 cm?® with 1000 cm® of
drinking water. The broiler chickens
were watered with pollodoxin solution
for 4 days instead of drinking water
in accordance with the recommend-
ed scheme used in industrial poultry
farming. For poultry feeding, we used
full-feed compound feeds produced by
“Plakhtyanskiy Kormy”.

The doxycycline hyclate intake and
distribution in the body of broiler chick-
ens with ornithobacteriosis was deter-
mined 24, 48, 72, and 96 hours after the
pollodoxin solution administration per
os. To determine the doxycycline hy-
clate content in the internal organs, three
chickens were slaughtered in a state of
light ether anesthesia in 120 hours from
the beginning of the experiment. Patho-
logical material samples (pectoral mus-
cles, heart, lungs, liver, and kidneys)
were frozen. Doxycycline hyclate deter-
mination by liquid chromatography-mass
spectrometry was performed after prelim-
inary extraction with acetonitrile and sub-
sequent purification of the samples. Ex-
traction, concentration, and purification
of the studied samples were carried out
on columns for solid-phase extraction.
Doxycycline hyclate was extracted from
the column with the eluent. The identifi-
cation was performed by the time of the
content, and the quantitative determina-
tion was carried out by the external stan-
dards method, by the area of the peaks.
A Waters LC/MS/MS liquid chromato-
graph with a Premier XE tandem quadru-
pole detector was used for detection. The
research results were considered by the
variation statistics methods.

Results of the research
and their discussion

During the clinical examination of
sick broiler chickens, a general depres-
sion, ruffled plumage, apathy, and refus-
al to feed were noted. In some individu-
als, nasal discharge and swelling of the
nasal mucosa were observed.

Bacteriological studies with the
identification of Maldi-Tof mass spec-
trometry identified the isolated culture
of microorganisms from the trachea as
O. rhinotracheale (Fig. 1). The research
results shown in Fig. 1 are original pro-
tocols that are automatically generated
by the SCIiLS Lab software.

After 24 hours from the beginning
of the administration of the pollodoxin
solution, its active substance (doxycy-
cline hyclate) was distributed in descend-
ing order in the organs: lungs>liver>kid-
neys>heart>pectoral muscles (Table 1).

The distribution of doxycycline hy-
clate depended on the structure of the
studied organs. Data in Table 1 show
that after 24 hours, its content in the
parenchymal organs (kidneys, liver,
lungs) was 1.6-2.4 times higher than in
the muscles and heart, the basis of the
structure of which are striated muscles.

In 48 hours after the start of drinking
the pollodoxin solution, the content of
doxycycline hyclate increased compared
to the previous value in the liver by 21%,
kidneys — by 35%, heart — by 15%, pec-
toral muscles — by 10%. The content of
doxycycline hyclate in the lungs during
this experimental period decreased com-
pared to the previous figure by 4%.

Drinking a pollodoxin solution
during the third day was accompanied by
a further increase in the content of dox-
yeycline hyclate in the studied organs.
Thus, at 72 hours, its content in the liver,
kidneys, heart, and muscles was higher
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Analyte3
Analyte Name:
Analyte Description: 5.0
Analyte ID: 2223-1
Analyte Creation Date Time: 2019-12-17T10:19:44.555
Applied MSP Library(ies):
Applied Taxonomy Tree: Bruker Taxonomy
Rank Score NCBI
hY .
(Quality) fatched Pattern Value | Identifier
( ':0 ) Omithobacterium rhinotracheale GD60 GDD 2.419 28251
( :. ) Omithobacterium rhinotracheale 11_00488_01 VAXM 2.291 28251
3
( ’ ) Omithobacterium shinotracheale 11_00507_01 VAXM 1.998 28251
4
(+) Omithobactenium rhinotracheale DSM 15997T DSM 1.894 28251

Fig. 1. Identification protocol of the studied cultures by mass spectrometry
obtained using the SCiLS Lab software

by 24%, 44, 23, and 21%, respectively,
than at 24 hours. The content of doxycy-
cline hyclate in the lungs did not differ
from that determined at 24 hours.

After 96 hours, the content of doxy-
cycline hyclate in the kidneys, lungs, and
muscles was higher in all previous study
periods while in the liver it decreased to
the level determined at 24 hours.

Data in Table 1 show that doxycy-
cline hyclate in the body of broiler chick-
ens with ornithobacteriosis is distributed
in the largest quantities in the liver, kid-
neys, and lungs, and in much smaller — in
the heart and muscles. Studies have not

established an organ, in which doxycy-
cline hyclate accumulates to maximum
values in all periods of research, which
indicates the absence of “organ affilia-
tion” and material accumulation.

Higher levels of doxycycline hyclate
in the liver, kidneys, and lungs than in the
heart and muscles are explained by the bet-
ter blood supply to these organs, as well
as their participation in the processes of
biotransformation and excretion from the
body. Similar results on the distribution of
doxycycline in broiler chickens have been
obtained by foreign researchers, like us, but
in studies conducted on healthy chickens.

1. The content of doxycycline hyclate in the organs of broiler chickens with
ornithobacteriosis after feeding a solution of pollodoxin, pg/g (M £ m, n = 3)

Research time, hours
Organ
24 48 72 96 120
Muscle 2.11+£0.06 2.32+0.11 2.56 +£0.31 3.12+0.04 1.09 £ 0.02
Kidney 427+0.19 5.80 +0.08 6.15+0.03 6.19+£0.02 2.49+0.28
Liver 5.02+0.05 6.09 + 0.06 6.24 +0.08 5.04 +0.45 2.07+0.03
Lung 5.09 +0.08 4.90+0.10 5.06£0.12 5.62+0.23 1.61+£0.23
Heart 2.68 +£0.44 3.09+0.04 3.30+0.20 3.28+0.10 1.39+0.21
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After discontinuation of feeding a
pollodoxin solution, the content of dox-
yeycline hyclate in the internal organs
decreases intensively, which indicates
its biotransformation and excretion from
the body (Table 1). Thus, 24 hours after
discontinuation of pollodoxin (120 hours
of the experiment) the content of doxycy-
cline hyclate was lower than 96 hours: in
the lungs — 3.4 times, pectoral muscles —
2.9 times, kidneys — 2.5 times, liver and
heart — 2.4 times (Kramer et al., 1978;
Anadon, et al., 1994; Croubels et al., 1998;
Gajda etal., 2014; Widyasari-Mehta et al.,
2016; Mestorino et al., 2018; Tyshkivska
et al., 2020).

Although the content of the active
substance (doxycycline hyclate) in the
studied organs decreased rapidly 24 h
after discontinuation of the pollodoxin
solution, its relatively high levels indi-
cate a long elimination half-life and an-
timicrobial action.

Conclusions and future
perspectives

When feeding with pollodoxin solu-
tion broiler chickens with ornithobacteri-
osis, in accordance with the recommend-
ed scheme, the highest concentrations
of its active substance (doxycycline hy-
clate) were found in the liver, kidneys,
and lungs. Research has not established
the cumulative properties and “organ af-
filiation” to doxycycline hyclate.

A day after the pollodoxin discon-
tinuation in broiler chickens with orni-
thobacteriosis, doxycycline hyclate was
distributed in the following sequence:
pectoral muscles<heart<lungs<liv-
er<kidneys. Directions for future re-
search are to study the pharmacokinetic
characteristics of antibiotics of other
groups in the body of broiler chickens
with ornithobacteriosis.
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Haoxo0xceHHs ma po3rodin OOKCUUUKIHY 8 opaaHi3mi Kypyam-6polinepie, X80pux Ha ...

Tyshkivska, A., Dukhnitsky, V., & Tyshkivsky, M. Widyasari-Mehta, A., Suwito, H. R. K. A., & Kreuz-

(2020). Intake and distribution of doxycy- ig, R. (2016). Laboratory testing on the re-
cline in the organism of broiler chickens. moval of the veterinary antibiotic doxycycline
Scientific Journal of Veterinary Medicine, during long-term liquid pig manure and di-
2020 (2), 158-165. doi: 10.33245/2310- gestate storage. Chemosphere, 149, 154-160.
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A. M. Tuwikiecoka, B. b. lyxHuybkuiil, M. A. Tuwkiecokuli, H. B. TuwkiecbKka (2021).
HAOXOAKEHHA TA PO3MOAI1 JOKCULIMKIIIHY B OPIAHI3MI KYPYAT-6POJ/IEPIB,
XBOPUX HA OPHITOBAKTEPIO3. Ukrainian Journal of Veterinary Sciences, 12(1):

5-13, https://doi.org/10.31548/ujvs2021.01.001

AHomayis. KniHiyHa egekmueHicme aHmubiomuka eu3Hayaemocsa (020 po3nodinom 8
0p2aHax i MKAHUHax, 30aMHICMI0 MPOHUKAMU 4epes gizionoziyHi ma namosnozivyHi 6aprepu
opaaHismy. Y cmammi HasedeHo pe3ynbmamu 00CniOHeHb HAOX00MEHHs, po3nodiny ma
sugedeHHA OOKCUYUKIHY 2iKaamy — 0itoYoi peqo8uUHU aHMUBIOMUKA 0s1b000KCUHY 3 Op2aHi3My
Kyp4yam-6polinepie kpocy KObb-500 xeopux Ha opHimobakmepios.

BcmaHoesneHo, wo vepes 24 200 nicaa 3acmocy8aHHA M06000KCUHY X8OPUM KypYamam-
bpolinepam, Halibinbwie OOKCUYUKAMIHY 2iKaamy Micmumecs 8 e2eHsAX i neviHyj, 0ewjo MmeHwe — 8
HUpKax, a HalimeHwe — y cepui ma 2pyOHUx m’asax. Yepes 48 ma 72 200 emicm OOKCUYUKAMIHY
2iknamy 3pocmae y neyviHyi, HUPKax, cepyi ma 2pyOHUX M’A30X MOPIBHIOOYU 3 MOKA3HUKOM HO
24 200, MmoOi AK y ne2eHAX He3HAYHO 3MeHWYEMbCcs Yepe3 48 200 ma He 8iOpizHAEMbCA 8i0
Hb020 Yepe3 72 200. Ha 96 200 emicm OOKCUYUKAIHY 2iKAamy y HUPKAX, 1e2EHAX ma 2pyOHUX
M’A30X HaBYy8AE MAKCUMAbHUX 3HAYeHb; Y neviHyi eiH meHwul 3a nonepedHil (Ha 72 200),
mo0di AK y cepuyi He 8i0pi3HAEMbCA 8i0 Hb020. JOKCUYUKAIHY 2iKAam He MpoAaenae KyMyaamueHuUxX
enacmusocmeli ma «Op2aHHOI MPUHAAEHHOCMI» 8rPo008H 96 200 HAOXOOHEHHA 8 OP2aHI3M
X80pUX Ha OpHIMobakmepios Kypyam-bpolinepie. Yepes 24 200 nicna npunuHeHHA 3acMocy8aHHA
nonbodokcuHy (Ha 120 200 0ocnidy), 8micm OOKCUYUKAIHY 2ikaamy 8 ycix 00CniOHy8aHuUx opeaHax
3MEeHWY€eMbCs, 00HAK 30AUWAEMbCA 00CMAMHbLO BUCOKUM, WO 3aC8idYye nopigHAHO mpusanuli
nepiod lioeo HaniesusedeHHA Ma nNPOMUMIKPO6HyY Oito. [TOKA3HUKU hapmMakoKiHemuKu 0adyme
3Moey niKapto su3HaYumu egpekmusHuli npenapam, AKkuli 3a6e3ne4umes mepanesmuyHuli epekm,
i 6yde 3anobizcamu po3sumky pe3ucmeHmHocmi MiKpoopaaHiamis.

Knrouoesi cnoea: nonbo0oKcUH, OOKCUYUKAIHY 2ikaam, Kypyama-6polinepu, opHimobakmepios,
Ornithobacterium rhinotracheale, MOKa3HUKU hapmakoKiHemuKu
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Abstract. The acquired domestic and foreign experience of pig breeding
development, an increase of animal productivity, and reduction of pork cost by 65—70%
and more is determined by scientifically substantiated feeding. At the same time, the
biochemical parameters of pig blood serum can be used to assess the functional state
of the body and predict animal productivity and meat quality.

The purpose of the study was to determine the morphological and biochemical blood
parameters in young pigs with the inclusion of LG-Max and Sel-Plex feed additives to the main diet.

When using in pig feeding LG-MAX feed additive at a dose of 4.0 g/day, the blood
biochemical parameters in pigs of the experimental groups compared with the control
were within physiological limits according to the age of the animals.

At the same time, during the experimental period it was found that the biochemical
parameters in blood serum of pigs of the experimental group compared to the control
of the appropriate age are in the following dynamics: in 120-day-old pigs, significantly
increases the content of total protein, the concentration of y-globulins and aspartate
aminotransferase, decreases the content of albumin, glucose, creatinine, cholesterol,
and alkaline phosphatase; in 155-day-old pigs, the concentration of y-globulins and
the albumin/globulin ratio significantly increases and the urea, calcium, and chloride
content increases; cholesterol and iron levels were significantly lower.

Keywords: biochemical parameters, blood serum, LG-MAX feed additive
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Introduction

The organization of full-fledged an-
imal feeding contributes to the achieve-
ment of an intensive type of pig breeding
development and the formation of suffi-
cient volumes of supply of high-quali-
ty and safe pig products. The acquired
domestic and foreign experience in the
development of pig breeding, increas-
ing animal productivity, and reducing
the cost of pork by 65-70% or more is
determined by scientifically substantiat-
ed feeding (Ibatullin, 2017).

Today, it remains important to create
conditions for improving the consumption
and efficiency of feed use, obtaining qual-
ity food, which can be ensured by a high
level of balanced feeding with the use of
various feed additives. At this stage of
feed industry development, a large num-
ber of feed additives are used in animal
feeding (Polishchuk et al., 2010).

Among the variety of feed additives
are those that contain polyunsaturated
fatty acids (PUFAs). It is known that
PUFAs play an important role in the
functioning of a living organism, in
particular humans. Currently, there are
several classes of fatty acids that are
part of dietary fats: saturated (myristic,
palmitic, stearic, and others), monoun-
saturated (omega-oleic), polyunsaturat-
ed (omega-arachidonic, linoleic, omega
3-eicosapentaenoic, and docosahexae-
noic). Indispensable (essential) Ome-
ga-6 and Omega-3 PUFAs are almost
not synthesized in the human body but
are received with food. For normal hu-
man life, Omega-3 PUFAs should be
received not only in sufficient quantities
but also in a balanced ratio with Ome-
ga-6 PUFAs (ideal Omega-6/3 ratio —
4:1) (Sirenko et al., 2012). It is metab-
olites that determine the physiological
effects of PUFAs in the human body.

By consuming in sufficient quantities,
Omega-3 PUFAs replace Omega-6 in
membrane phospholipids and numer-
ous metabolic reactions. Eicosanoids
formed from Omega-6 and Omega-3
PUFAs have opposite properties.
However, peroxidation of PUFAs
into low-density lipoproteins plays an
important role in the pathogenesis of
atherogenesis (Jenkins et al., 2006).
Intermediate metabolites of biohydro-
genation of linoleic and linolenic acids
are biologically active compounds that
have a regulatory effect, prevent the oc-
currence of cancer and cardiovascular
disease in humans (Kilian et al., 2009).

Analysis of recent researches
and publications

It is known that the biochemical com-
position of blood can serve as an indica-
tor of the functional state of the body
and be used to predict animal produc-
tivity and meat quality. The circulatory
system provides two important mecha-
nisms of natural resistance: cellular and
nonspecific humoral protection. The
state of humoral mechanisms of natural
resistance is evidenced by the following
blood parameters: red blood cell count,
hemoglobin concentration, white blood
cell count, leukocyte blood formula,
the concentration of total protein and its
fractions (including albumins, a-, - and
v-globulins). The morphological and bio-
chemical blood composition has a signif-
icant impact on the intensity of metabol-
ic and redox processes in pigs, and which
might indicate the intensity of metabo-
lism that, in turn, affects the level of their
productivity. Metabolism is influenced
by genotype, gender, age, level of animal
feeding, etc. (Strizhak et al., 2014).

A number of scientists have shown
that the assessment of morphological and
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biochemical blood parameters in pigs af-
ter application of probiotics (Kluczek,
2006), mineral feed additives (Kuche-
riavyi et al., 2017), biologically active
additives (Grushanska et al., 2017), en-
zyme preparations (Kovalenko et al.,
2010; Bankovska et al., 2011; Hutsol,
2013), homogenized feed (Derzhgovsky,
2008) is a necessary study to establish
the scientific evidence of the effects on
the body of additives used in pig feeding.
In other studies, researchers have
shown a correlation between the qual-
ity of muscle tissue and the assessment
of the biochemical blood parameters in
pigs of different categories. Thus, it was
found that young pigs of the “low qual-
ity” meat category in terms of moisture
retention, tenderness, and intramuscular
fat content are characterized by a higher
content of total protein (0.67-6.73 g/L),
the activity of aspartate aminotransfer-
ase (0.06-0.31 mmol/h/L) and alkaline
phosphatase (4.89-47.56 IU/L) in blood
serum compared to peers of the “high
quality” category. Significant correlation
coefficients were established by pairs of
characteristics: “tenderness x cholester-
ol content” (r = 0.420 + 0.1892, tr=2.22)
and “color intensity, extinction units x
1000 x alkaline phosphatase activity”
(r=-0.483 + 0.1826, tr = 2.64) (Khalak
et al., 2017). In this context, the author
proved that in young pigs at the age of
6 months albumin concentration ranged
from 32.06 to 35.68 g/L with the best
values of moisture retention, tenderness,
fat content, and color intensity of muscle
tissue from longissimus dorsi muscle.
According to the indicators of al-
bumin/globulin ratio in blood serum, it
is possible to determine the biological
characteristics of pigs of different gen-
otypes in different physiological con-
ditions. Thus, it has been proven that
the most precocious animals were from

combinations of local sows and local
sows with Duroc boars (Kodak, 2011).

Purpose — to determine the morpho-
logical and biochemical blood param-
eters in young pigs under inclusion of
LG-Max and Sel-Plex feed additives to
the main diet.

Materials and methods
of research

Pigs were fed with feed additives as
a premix added to the feed to meet the
needs of pigs in Omega-3 PUFAs (a daily
requirement for Omega-3 in pigs is 672
mg; the experimental feed additive con-
tains 353 mg of Omega-3PUFAs per 1 g).
Based on this, a scheme of the sci-
entific and economic experiment was
built. After a 15-day equalization pe-
riod, 4 groups of analogs from young
pigs (5 animals in the control and exper-
imental groups) by origin, age, and live
weight were formed. The animals were
kept in pens with 5 pigs in each. The
experimental groups were formed from
wild boars — young castrated male pigs.
According to the experimental
scheme, the pigs of the control group
were fed the main diet, the animals of
the experimental groups — main diet
+ different amounts of feed additives.
Thus, pigs of the 1st experimental group
were fed 2.0 g/day of LG-MAX supple-
mented to the main diet, 2nd experi-
mental group — 4.0 g/day of LG-MAX,
and 3rd experimental group — 2.0 g/day
of LG-MAX and Sel-Plex (0.5 mg/kg)
according to the registration certificate.
This article presents the results of a bio-
chemical study of blood serum in pigs
of the 2nd experimental (E,) group (4.0
g/day of LG-MAX feed additive).
Determination of morphological and
biochemical blood parameters in young
pigs (45-, 120- and 155-day-old) was per-
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formed after a 15-day equalization period.
To do this, blood samples were taken from
clinically healthy pigs. Blood was taken
from the marginal ear vein in the morning
before feeding (Tkachyk et al., 2019).

For morphological studies, blood
was collected in special tubes with
Trilon B, and for biochemical — whole
blood, which was defended and centri-
fuged to obtain serum.

The count of white blood cells (WBC)
and red blood cells (RBC), hemoglobin
content (Hb) were determined on an au-
tomatic hematology analyzer PCE 90 Vet.

Serum  biochemical parameters
were determined using an automatic
biochemical analyzer GBG ChemWell
2910 (USA) and using a test system —
Global Scientific (USA).

Results of the research
and their discussion

Table 1 shows the blood biochemi-
cal analysis in pigs under feed supple-
mentation with LG-MAX feed additive
(4.0 g/day).

According to the obtained results
(Table 1) for 45-day-old pigs of the ex-
perimental group, the concentration of
B-globulins in blood serum was signifi-
cantly lower by 1.0% (P < 0.05), urea
— by 0.44% (P < 0.01), phosphorus — by
0.19% (P < 0.05), and aspartate amino-
transferase (AST) activity — by 12.2%
(P <0.01) compared with the control.

An increase in y-globulin concentra-
tion in blood serum compared to that in
pigs of the control group indicates the sta-
bilization of immune defense processes.

In general, globulins are a heteroge-
neous mixture of protein molecules, in
which a-, B- and y-globulins are secret-
ed. Each of these fractions contains spe-
cific proteins that perform certain bio-
chemical functions. The composition of

this fraction includes transferrin, hemo-
pexin, P2-microglobulin, low-density
lipoproteins, components of the com-
plement system (C3). The physiologi-
cal norm for globulin concentration in
blood serum of pigs is from 50 to 65%.

Important for the body of animals are
blood y-globulins, which are the materi-
al for the construction of antibodies, as
well as a-, B-globulins, which bind such
complex compounds as carbohydrates,
cholesterol, phosphatase, vitamins, and
hormones.

To study the response to changes in
animals caused by disease or stress, the
albumin/globulin ratio is determined.

Scientists have proved that in young
pigs of large white breed of Hungarian
selection, the albumin/globulin ratio
was 0.5 for the entire study period and
had the smallest deviations from the
mean, which indicates that for animals
of this genotype albumin/globulin ratio
is the most stable value and indicates
their sufficiently high resistance and
adaptability (Kyslynska, 2012).

On the 120th day of the experiment,
the content of total protein in blood se-
rum of pigs of the experimental group
was significantly higher by 9.48% (P <
0.001), y-globulins — by 2.0% (P < 0.05),
AST activity— by 3.0% (P < 0,05) com-
pared with the control. Instead, the albu-
min content was significantly lower by
1.8% (P < 0.05), glucose — by 0.34% (P <
0.05), creatinine — by 43.0% (P < 0.001),
cholesterol — by 0.54% (P < 0.001), and
alkaline phosphatase — by 34.6% (P <
0.001) compared with the control.

The increase in total protein content
can be explained by the fact that blood
proteins are able to provide the body
with the disease resistance, building
muscle tissue. Intensively growing an-
imals have higher levels of total protein
(Vognivenko et al., 2015).
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It is known that albumins are simple
globular proteins that play an import-
ant role in the body, namely: involved
in maintaining oncotic blood pressure,
therefore, when the concentration of al-
bumin is less than 30 g/L, the oncotic
pressure decreases and edema occurs.
Albumins bind and transport free fatty
acids. This binding reduces the concen-
tration of physiologically active free
fatty acids by 10,000 times. Therefore,
a decrease in the amount of albumin
may be one of the reasons for the de-
velopment of fatty infiltration of the
liver. Perform accumulative and plastic
functions. A significant decrease in the
concentration of albumin (up to 5 g/L)
is possible for kidney disease with se-
vere nephrotic syndrome.

One of the important components
of protein metabolism in blood serum
are transamination enzymes, especially
aspartate and alanine aminotransfer-
ase. These enzymes are catalysts for
the amine group transfer reaction be-
tween amino and keto acids resulting in
the formation of new amino acids, i.e.
protein synthesis. The higher their con-
centration, the higher the activity of a
particular metabolic process, the more
active the enzyme, the more intense
are the metabolic processes in the body
(Voloshchuk, 2018).

Before slaughter of pigs on the 155th
day of the experiment, the concentration
of y-globulins significantly increased by
2.8% (P < 0.05) and Alb/Glo ratio — by
0.22% (P < 0.05). However, the con-
tent of urea was significantly higher by
1.24% (P < 0.01), calcium — by 0.22
(P < 0.05), and chloride — by 2.6%
(P <0.05) compared with the control. At
the same time, the cholesterol content
was significantly lower by 0.66 (P<0.01)
and iron — by 2.94% (P < 0.001) com-
pared with the control.

It is known that urea is the end prod-
uct of protein metabolism, the main
component of residual nitrogen in mam-
malian blood. The concentration of urea
depends on the intensity of its synthesis
and excretion, so it is an important test
to assess both the function of the liver
where it is synthesized and the kidneys
through which it is excreted (Noviko-
va, 2013). An important indicator of
the state of metabolic processes, animal
growth, ensuring the synthesis of bio-
logically active compounds, the ability
to bind toxic substances and disinfect
them, participation in the formation of
bile acids, vitamin D, hormones, and
gonads, is cholesterol.

It is known that unsaturated fatty ac-
ids affect the normalization of blood ves-
sel walls, increasing their elasticity and
reducing permeability, as well as pro-
mote the rapid conversion of cholesterol
into folic acid and their excretion from
the body. Unsaturated fatty acids have
been linked to cholesterol metabolism.

The results obtained for a significant
decrease in cholesterol level in blood
serum of pigs of all experimental groups
may indicate an increase in the forma-
tion of muscle tissue and a decrease
in the adipose tissue when used in the
feeding of LG-MAX and Sel-Plex or-
ganic feed additives. It is also possible
that the regulation of lipid metabolism
is due to the content of Omega-3 PUFA
in LG-MAX feed additive. Also, it may
be similar to the use of fermented feed
in pigs (Zinoviev, 2011) and the begin-
ning of lipid deposition in the fat depot,
and, therefore, they are found in smaller
quantities in blood serum of these ani-
mals (Vikulina, 2008).

According to other studied indica-
tors (Table 1), there is a tendency to
change between the experimental group
and the control.
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1. Biochemical parameters of pig blood serum under feed supplementation
with LG-MAX feed additive (4.0 g/day), M+ m,n=5

Group

Parameter Control E, Control E Control E
45 days 45 days 120 days 120 éays 155 days 155 éays

g;’ﬁal Protein, | 51541080 | 51.94+ 144 | 73.00+0.16 | 79.92 + 1.05%** | 76.80 + 0.81 | 77.44 +0.79

Albumin, % | 59.40 +1.08 | 60.20 +0.86 | 52.60 +0.40 | 50.80+0.49* | 48.60+0.51 | 50.40+0.93
Globulins, % | 41.20+0.86 | 39.80 £0.86 | 50.0+1.70 | 50.00+0.63 | 54.40+1.21 | 52.00+0.89
al-globulins | 3.60+0.24 | 3.40+0.24 | 3.40+0.40 3.40+0.24 3.80+£0.37 | 3.20+£0.20
a2-globulins | 14.40+0.24 | 1520+ 0.37 | 1740+0.51 | 1520+1.07 | 19.40+1.50 | 16.60 + 1.03
p-globulins | 10.60 +0.24 | 9.60 +0.24* | 16.60+0.51 | 16.80+0.58 | 19.20+0.86 | 18.00 £ 0.45

y-globulins | 10.80+0.58 | 10.40£0.24 | 9.60 £ 0.51 11.60+£0.68* | 820+0.58 |11.00+0.89*
Alb/Glo
ratio

Glucose, | 661005 | 634+020 | 694009 | 6.60+009% | 646+014 | 644+0.14
mmol/L

ALT, U/L 41.00£0.71 | 40.40+£0.51 | 46.20+0.37 | 47.00+£2.17 |46.80+1.39 | 47.20+1.77
AST, UL 76.60 + 1.47 | 6440+2.01%* | 66.40+0.51 | 68.40+0.51* | 63.60+1.81 | 67.00+0.84

1.54+0.03 | 1.59+0.03 | 1.05+0.23 1.04 £0.02 0.89+£0.02 | 0.96+0.08

Urea, ) amao0s | 25| 4ese024 | asex022 | amzoa2 | 528%
Srrfglt/lﬁm 10320 199204570 | 1160+451 | 73.00 141+ 1652.-%) + 16%2 +
Cholesterol, | 5440.16 | 2.5840.15 | 294007 | 2400071+ | 2942013 | 223
g%?‘l’i}?aetase’ oo | T | 1232122*% 1220 1153.0+1.70
glrlrlﬁl/jﬁn 380049 | 4.00£0.71 | 5.60+£0.24 | 480+037 | 6.00£0.71 | 7.00+045
o | Moks” | Conss | soas | 720s308s | Tt | MEG

Caleium, | 5 454 002 | 2414004 | 2504004 | 248003 | 2424001 | 2.64+0.07*
mmol/L

Phosphorus, | 1 75 007 | 15340.03*% | 2004007 | 2204007 | 242012 | 2.14+007
mmol/L

Potassium, | 4 50 18 | 4144014 | 496£007 | 484+007 | 518008 | 5224007
mmol/L

Iron, 25.70+0.60 | 23.80£0.97 | 2448078 | 2650057 |2808+001| 2314%
mol/L : : : : : ' : : : : 0.58%**
Sodium, 14220 + 145.40 + 14520 + 147.80 + 145.00 +
mmol/L 1.07 121 0.86 147.00+0.71 136 0.84
Chlorides, 104.80 + 103.00 + 105.60 +
ol 99.00+ 1.09 | 99.00 + 1.30 3 107.00+0.71 071 D5]*
Magnesium, |y 55 11 | 130£0.00 | 154012 | 132£0.12 | 1.88+0.09 | 2.00+0.07
mmol/L

Note: * P<0.05; ** P<0.01; *** P<0.001 compared with the control of the corresponding age.
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Conclusions and future
perspectives

When using in pig feeding LG-MAX
feed additive in a dose of 4.0 g/day, the
biochemical blood parameters in pigs of
the experimental groups compared with
the control, were within physiological
limits according to the age of the animals.

At the same time, during the exper-
imental period, it was found that the
biochemical parameters in blood serum
of pigs of the experimental group com-
pared with the control of the appropri-
ate age are in the following dynamics:
in pigs aged 45 days, the concentration
of B-globulins is significantly reduced
and the content of aspartate aminotrans-
ferase, urea, and phosphorus is reduced;
in 120-day-old pigs, significantly in-
creases the content of total protein, the
concentration of y-globulins and as-
partate aminotransferase, significantly
decreases the content of albumin, glu-
cose, creatinine, cholesterol, and alka-
line phosphatase; in 155-day-old pigs,
the concentration of y-globulins and
albumin/globulin ratio significantly in-
creases and urea, calcium and chloride
content increases; cholesterol and iron
levels were significantly lower.

Further plans include histological
examination of the liver in young pigs
when feeding different amounts of this
feed additive.
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CUPOBATKU KPOBI MOJ/IOAHAKY CBUHEN 3A 3roJOBYBAHHA KOPMOBOI
JAOBABKU LG-MAX. Ukrainian Journal of Veterinary Sciences, 12(1): 14-22,
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AHomauyia. Habymul eim4usHaHuli ma 3apybixcHuli 0oceid po3sumky ceuHapcmea, niosu-
WeHHA MPoOYKMUBHOCMI MBAPUH i 3HUMCEHHA cobisapmocmi ceuHuHU Ha 65—70% i binbwe 8u-
3HAYAEMBLCA HaYKO0BO-06rPyHMoBaHo 200igneto. BodHouac, 3a 6ioxiMiyHUMU MOKA3HUKAMU Cu-
POBAMKU Kpo8i c8UHEl MOMHA OUIHUMU GyHKYIOHAAbHUL cmaH Op2aHi3My ma npoz2Ho3ysamu
iXHIO MPOOyKmMueHicme i AKicme m’sca.

Memoto 0ocnionceHHsA byano 8usHa4uMu mMopgonoziyHi ma bioximidHi MOKA3HUKU Kposi Mo-
7100HAKY ceuHell 30 000a8aHHA 00 OCHOBHO20 PAUioOHY Kopmosux 006asok LG-Max i Cen-llneKc.

32i0HO 3i cxemoro 00CNIOHEHHA CBUHAM KOHMPOAbHOI 2pynu 320008y8asaU KOPMU OCHOBHO-
20 payioHy, meapuHam 00CaiOHUX 2pyn — Pi3HY KinbKkicme Kopmosux 0obasok. Tak, epyni [1 do
0CHOB8HO20 payioHy 320008yeanu 2,0 2/006y dobasku LG-MAX, epyni ]2 — 4,0 2/006y dobasKu
LG-MAX, a epyni [13 — 2,0 2/006y dobasku LG-MAX i Cen-lnekc (0,5 me/ke) 8idrnosioHo 0o pe-
ecmpayiliHozo noceid4yeHHsA. Y uili cmammi HasedeHo pe3ynbmamu 6ioximidHo20 00CAIOHEHHSA
cupo8amku Kposi cauHel epynu 2 — 4,0 2/006y dobasku LG-MAX.

3a 3acmocyeaHHsA e 2odieni cauHeli Kopmoeoi 0obasku LG-MAX 4,0 2/006y bioximiyHi nokas-
HUKU Kpogi cauHeli 0CniOHUX 2pyr, MOpiBHIOKYU 3 KOHMPOsbHOKW, byauU y hiziono2idHUX Mexcax,
8i0M08iIOHO BiKYy MBAPUH.

BodHouac, yrnpooosx nepiody 00CniomeHHA 8CMmaHo8uu, wo bioxiMiyHi MOKAa3HUKU 8 cuposa-
muyji Kposi docnidHoI epynu ceuHeli MOPIBHIOYU 3 KOHMPOsLHO 8i0NOBIOHO20 BiKy rnepebysanu 6
makiti duHamiyi: y ceuHeli 45-00608020 8iKy 00CMOBIPHO 3HUHCYEMbCA KOHUEHMPAyis B-2n06yniHie i
3MeHWYEMbCA 8MiCM acnapmamamiHompaHcgepasu, ce4o8uHU ma gpocgopy; y cauHel 120-0o6o-
8020 8iKYy 00CMOBIPHO Mi0BULYEMbLCA 8MICM 3020/16H020 BinIKa, KOHUEHMpPAUi' y-2nobynivie i acriap-
mamamiHompaHcghepasu, 3MeHWyeMsca emicm anbbymiHie, 2H0KO3U, KpeamuHiHy, Xxonecmeposny
U nyxcHoi pocchamasu; y ceuHeli 155-00608020 8iKy 00CMOBIPHO MiGBUWYEMbCA KOHUeHMpauis
y-enobyniHie i KoegiyicHm anbbymiH/2n06yniH i 36in6WyeEMbCA MOKA3HUK 8MICMY CE408UHU, Kaslb-
uito i xnopuois, docmosipHo MeHWUM by MOKA3HUK 8micmy xonecmeposy ma depymy.

Knrovoei cnoea: bioximivHi MOKAa3HUKU, CUposamka Kposi, Kopmoea 0obaeka LG-MAX
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Abstract. Recently, the number of non-communicable pathologies in dogs is
increasing and a large part of them are caused by diseases of the oral cavity area. A
significant number of them are dental problems. One of them is periodontitis.

More often periodontitis occurs as a result of tooth fractures and the development
of caries, which are complicated by necrotic pulpitis. The main forms of periodontitis in
dogs: fibrous, granulomatous, granulating, and suppurative.

The work describes clinical manifestations of periodontal pathology and interprets
the radiological images taken for final diagnosis of oral cavity pathology.

Fibrous periodontitis was found to be asymptomatic and characterized by insignificant
equitable expansion of the periodontal slit in the apex area. Granulating periodontitis is
characterized by hyperemia and swelling of the mucous membrane of the gums in the area of
tooth root projection and uneven jaw bone destruction with deformation of the periodontal
slit. Granulomatous periodontitis is asymptomatic and is characterized by the development of
a rounded defect of the jaw bone, which is associated with periodontitis and is radiologically
detected. A fistula in the infraorbital region (fourth upper premolar) is observed quite often.
In cases of suppurative periodontitis in dogs, toothache, hyperemia and swelling of the gums,
fistula, destruction and melting of the periodontal ligament were noted.

Odontogenic abscesses can be considered not only as an independent nosologic unit but
also as a kind of suppurative periodontitis. Granulomas of periodontal tissue are a part of
chronic periodontitis including its similar etiology, pathogenesis, symptoms, and localization.

Keywords: fistulas, caries, tooth fractures, deformation, periodontal slit
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Introduction

Recently, the number of non-commu-
nicable pathologies in dogs has been in-
creasing, the majority of which are caused
by diseases of the oral cavity. A significant
number of them are dental problems.

One of them is periodontitis, which
is widespread in 15-23% of cases (Bori-
sevich, 1997; Lovegrove, 2004) among
dental diseases in dogs, and according
to Petrenko (1998), this pathology con-
stitutes 7% of all dental diseases in vet-
erinary medicine.

The main etiological factors of peri-
odontal diseases are dental trauma fol-
lowed by penetration of infection into
the tissues of the oral cavity through the
tooth or by the hematogenous route. But
the presence of dental calculus can also
be a source of infection.

Regardless of the causes of occur-
rence, periodontal pathology has clini-
cal signs that are manifested by symp-
toms of inflammation, which must be
differentiated from other pathologies in
the oral cavity. In each particular case, it
is necessary to combine different meth-
ods of diagnostics to clarify the diagno-
sis, which is important both for practic-
ing veterinarians and scientists.

Analysis of recent researches
and publications

The root of the tooth is connected to
the bone tissue of the jaw by the con-
nective tissue sheath, which is called
periodontium (Small, 1967). The peri-
odontium is a connective tissue located
between the root and the dental alveolus.
Physiologically, the structure of the peri-
odontium corresponds to the structure of
the periosteum (Nimand & Suter, 1998).

The important function of the peri-
odontium in animals is the retention and

cushioning of the teeth because the teeth
of predators are subjected to different
loads during the retention of prey or the
gnawing of bones.

Periodontitis is the inflammatory
process in the structures of the periodon-
tal tissues — periosteal inflammation in
the tooth root area, i.e. inflammation of
the periodontium (Lukyanovsky et al.,
1988; Frolov, 2003).

Periodontitis apart from inflamma-
tion of the periodontium is also charac-
terized by inflammation of the perioste-
um, which can be marginal, apical, or
diffuse (Belov et al., 1990; Pinto et al.,
2020). Periodontal disease is divided
into acute and chronic, and into aseptic
and purulent (Nises et al., 2018).

Periodontal diseases also include
odontogenic abscesses, which according
to Frolov (2003) have a prevalence of up
to 10% of clinical cases. They occur as a
result of the penetration of microorgan-
isms into the tissues of the jaw around
the tooth by exogenous or endogenous
route (Pavlica et al., 2008). This results
in the melting of some tissues with clear-
ly demarcated purulent inflammation and
necrosis (Simpson et al., 2003; Frolov et
al., 2003, 2006; Wallis et al., 2015).

Granulomas of periodontal tis-
sue occur in dogs not more often than
abscesses and are characterized by
peri-apical proliferative inflammato-
ry processes, which lead to local bone
resorption (Small, 1967; DeBowes et
al., 1996). In this case, there is a spread
of infection, colonization by second-
ary microflora, accumulation of decay
products, and alveolar pyorrhea (En-
lund et al., 2020). Pus may come out of
the formed fistula into the oral cavity,
alveolus of the tooth but its release is
often visible with the penetration of the
skin under the eye or in the nose (Simp-
son et al., 2003; Garanayak et al., 2019).
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According to Loesche (1985), peri-
odontal disease is a combined term giv-
en to the different inflammatory condi-
tions of the tissue, which support and
bond the teeth to the jaw bone. The in-
flammatory reaction occurs to bacterial
products and/or bacteria that enter the
tissues from the dental plaque.

Dental plaque is a complex microbial
community containing about 190 different
taxons that exist on dental surfaces (Har-
vey, 1998). Until recently, there were few
consensus pathogens, and trying to dis-
tinguish pathogenic from nonpathogenic
was a difficult task for dental researchers
for a variety of reasons (Joanne et al.,
2004). Periodontal disease is widespread
and often has a very severe course in
dogs. This is caused by the accumulation
of bacterial plaque, especially gram-nega-
tive anaerobic rods. Tissue rupture results
from autodegradation caused by an on-
going inflammatory reaction. Small dogs
are, particularly, at risk. Prophylaxis by
slowing the accumulation of plaque is a
key concept (Harvey, 1998).

The results of the research show that
there is a relationship between the predict-
ed “burden of periodontal disease”, which
is caused by periodontal diseases associated
with bacterial plaque, and the level of inter-
nal pathology in the examined group of ani-
mals, bearing in mind that periodontitis can
contribute to the development of systemic
pathology in dogs (Pavlica et al., 2008).

Thus, the analysis of literary sources
shows that the issues of etiology, treatment,
symptoms, and diagnostics of canine peri-
odontal diseases are insufficiently covered
in the Ukrainian veterinary community. It
should also be noted the contradictions in
the classification of these pathologies.

Purpose. To investigate etiology,
symptoms, and to conduct radiologi-
cal examination in dogs with different
forms of periodontitis.

Materials and methods
of research

The work was carried out on the ba-
sis of the veterinary and surgical center
“Chance”, located in Kyiv on Volzka
Street. Among the animals admitted to the
reception according to the results of the
clinical examination, 20 dogs with the final
diagnosis “periodontitis” were selected.

Animals for study were selected
according to the results of the clinical
examination in dogs by the generally
accepted methods taking into account
anamnestic data. Special attention was
paid to the examination of the oral cavity,
the condition of the mucous membrane
of the oral cavity was determined: gums,
hard and soft palate. The position, shape,
color, the number of teeth and their mo-
bility were determined. Probing of cari-
ous cavities on toothless areas was per-
formed, alveoli were examined.

Radiography of organs of the maxil-
lofacial system is one of the most widely
used methods of examination. Radiog-
raphy gives valuable information about
the condition of hard tissue of the crown
and root, size and features of the tooth
cavity, root canals, width and character
of the periodontal slit, condition of the
compact plate of an alveolar wall and
spongy part of the alveolar process.
That is why to clarify the diagnosis we
carried out a radiological examination
of the oral cavity in dogs using extraoral
imaging in rigid cassettes and intraoral
— in small cassettes. Apart from intra-
oral (focused) imaging, the pantomog-
raphy method was used, which allows
obtaining panoramic radiographs of
dental rows and jaws. Using extraoral
radiography (in different settings), we
examined areas of the upper and lower
jaws, the temporomandibular joint, and
the bones of the facial part of the skull.
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Results of the research
and their discussion

All cases of periodontitis manifested
themselves by the presence of caries or
old tooth fractures with pulp exposure.
These pathologies were accompanied by
necrotizing pulpitis. The manifestation
of the disease in the animals was not de-
pendent on the breed or gender charac-
teristics of the dogs. The age of the dis-
eased animals varied from 5 to 12 years.
Localization and causes of periodontitis
in the studied dogs are given in Table 1.

Our tests showed that the causes of
periodontitis in dogs were tooth frac-
tures in 75% of the animals and dental
caries in only 25% of cases.

All the animals that had tooth fractures
showed tooth deformation as a result of
complete or partial loss of the crown, pres-
ence of the broken surface, the area of pulp
exposure, and in case of caries, the destruc-
tion of the crown and the softening of the
walls and bottom of its cavity, and penetra-
tion into the pulp chamber is marked.

During the examination with peri-
odontal instruments, the pulp was re-
moved in pieces, grayish-black in color,
without bleeding, indicating its necrosis.

Animals with oral cavity pathology
underwent radiological examination.

X-ray images clearly showed viola-
tions of the anatomical shape of the tooth
and pathological processes in the peri-

odontium, which varied depending on
the form of the disease.After conducting
all the necessary examinatons, the fol-
lowing forms of periodontitis were iden-
tified in the studied dogs: fibrinous, gran-
ulating, granulomatous, and purulent.
Fibrinous periodontitis was observed
in 7 cases (5 fourth premolars and two
canines). At the same time pain was
absent, with their mobility and change
of gingival tissues. On X-ray images
— slight uniform expansion of the peri-
odontal slit around the apex of the root
in the form of a strip in the area of the
apex, which was limited by the contours
of the tooth and the uneven line of the
compact plate of the jaw bone (Fig. 1).
Granulating periodontitis was ob-
served in two cases (fourth premolars
with fistulas). During the examination
of this group, there was no tooth pain,
the teeth were undisturbed, there was
a slight hyperemia and swelling of the
gingival mucosa at the site of the tooth
root projection. On the X-ray images,
we observed uneven enlargement and
deformation of the periodontal slit near
the root apex with jaw bone rupture,
osteolysis manifested as a darkened
area near the apex with blurred edges.
A characteristic feature was an uneven
toothed line of a compact lamina of the
tooth sockets with sites of wedge-shaped
entrance into it of the periodontium
(Fig. 2). Granulomatous periodontitis

1. Localization and causes of periodontitis in dogs (M £ m, n = 20)

TheT cause Qf Jaw Tooth type Number of o
periodontitis occurrences

Caries Upper 1st molar 4 20

4th premolar 1 5

Tooth fractures Upper Canines 2 10

4th premolar 9 45

Lower Canines 4 20
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was observed in 8 animals (four ca-
nines and four fourth premolars). In
this group, oral cavity examination did
not show tooth pain, and there were no
changes in the tooth mobility and the
gingival tissues. Three dogs with premo-
lar fractures were found to have fistulas
in the periorbital region, with swelling

&

Fig. 1. Fibrous periodontitis of the fourth upper premolar

and pain in the eyelids (the fistulas dis-
appeared after tooth extraction).

X-rays revealed granulomas attached
to the tooth root in the bone (in the form
of a sac), which appeared as intense
rounded darkening in the jaw, connect-
ed with the tooth root, clearly separated
from the surrounding tissues (Fig. 3).

il
s

Fig. 2. Granulating periodontitis of the fourth upper premolar
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-

Fig. 3. Granulomatous periodontitis of the lower canine

The digital image clearly shows
a thin opening of the fistula, which
stretched cranially along the maxillary
bone. In acute suppurative periodonti-
tis, local and general manifestations of
pain are pronounced. Pain sensations in-
crease. As a result of the purulent melt-

ing of the ligamentous apparatus, the
tooth becomes mobile.

Acute suppurative periodontitis is
sometimes accompanied by the appearance
of collateral edema in the soft tissues of the
head and hyperemia of the gums in the area
of the diseased tooth forming an abscess.

Fig. 4. Turgidity in the infraorbital region with swelling of eyelids
due to suppurative periodontitis of the fourth upper premolar in a dog
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Suppurative periodontitis was ob-
served in three animals (in two of them
— the first premolar, in one — the fourth
premolar of the upper jaw) as a result
of caries. Toothache, hyperemia, and
swelling of gums were noted. When the
upper premolars are affected — fistula in
the infraorbital region with swelling of
eyelids and abscesses (Fig. 4).

In chronic periodontitis, we noted
changes in the position of teeth, increased
degree of their mobility, the appearance of
interdental fissures. With exacerbation of
periodontitis, the bleeding of the gums was
observed. In advanced cases, the external
output of purulent exudate with disruption
of the integrity of the skin covering in the
area between the lower eyelid and the upper
jaw (formation of fistulas) was observed.

When caries of the fourth premolar,
there was strong mobility of the tooth,
the gums were detached from its neck
and the release of purulent exudate was
seen, and when caries of the canines, the
gums were detached from the neck of
the tooth (Fig. 5).

The previous diagnosis was made on
the basis of oral cavity examination. Atten-
tion was paid to the presence of swelling
of the salivary glands, lymph nodes, dental
calculus, and gingivitis. Residual conclu-
sions were made after oral cavity examina-
tion under general anesthesia (the degree
of dental calculus formation, the depth of
periodontal pocket were determined).

Conclusions and future
perspectives

The main cause of periodontitis in
dogs is tooth fractures and caries, which
are complicated by necrotic pulpitis.

Fibrous periodontitis has an asymp-
tomatic course and is characterized by
a slight equitable expansion of the peri-
odontal slit in the apex area.

Granulating periodontitis is charac-
terized by hyperemia and swelling of the
gingival mucosa at the site of the tooth
root projection and uneven destruction
of the jaw bone with deformation of the
periodontal slit.

Fig. 5. Gum detachment from the neck of the tooth
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Granulomatous periodontitis has an
asymptomatic course and is characterized
by the development of a rounded defect of
the jaw bone associated with periodontitis
that is radiologically detected. Fistulas in
the infraorbital region (fourth upper pre-
molar) may sometimes be observed.In
case of suppurative periodontitis in dogs,
a toothache, hyperemia and swelling of
the gums, fistulas, destruction and melting
of the periodontal ligament are noted.

Odontogenic abscesses can be con-
sidered not only as an independent no-
sologic unit but also as a kind of sup-
purative periodontitis. Granulomas of
periodontal tissue are a form of chronic
periodontitis, taking into account their
similar etiology, pathogenesis, symp-
toms, and localization.
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AHomayia. OcmaHHIM Yacom 36inbWyeMbCA KinbKicmes He3apasHux namonoeili cobak, ceped
AKUX 008011 8enuKuli 8iI0coMoK rpunadae Ha xeopobu 8 OifAHYi POMOBOI MOPOHHUHU. 3HAYHY
KinbKicmo ceped HUx 3alimarome cmomamosoeivyHi npobaemu. OOHiEr 3 HUX € nepiodoHmMuM.

Yacmiwe nepiodoHMuUmMu 8UHUKAOMb YHACAIOOK repesiomie 3ybie ma po3sumky Kapiecy, AKi
YCKAAOHIOOMbCA HEKPOMUYHUM rysenimom. OcHosHI ¢hopmu nepiodoHmumie y cobak: ¢ibpos-
Hul, epaHynemamo3sHul, epaHyaoryuli ma eHitiHud.

Y pobomi onucaHo KniHiYHi npossu namosnoeil nepiodoHma ma rnposedeHo iHMepnpe-
mayito peHmaeHon02i4HuUX 3HIMKi8, AKi 3pobunu 0719 ocmamoy4yHoi diazHOCMUKU namosoaili
pPOMOBOI MOPOHHUHU.

BcmatossneHo, wo ¢ibposHuli nepiodoHmum mae 6ezcumnmomuuli nepebiz i xapakmepu3sy-
EMbCA HE3HAYHUM PIBHOMIPHUM PO3WUPEHHAM Nepio0OHMANbHOI WinuHU 8 OinaHyi anekca. 3a
2PaHYn4020 NepiodoHMuUmy crocmepieanu 2inepemito ma HabpAK cAU3080i 0O60NOHKU AceH
y micyi npoekyii KopeHa 3yba ma HepisHOMipHe pylHYy8aHHA WenenHoi Kicmku 3 degopmayieto
nepiodoHManbHoi WinuHu. MpaHynemamo3sHuli nepiodoHMum mae 6escumnmomHuli nepebie i xa-
PAKmMepu3yeEMsCA PO38UMKOM OKpyaso20 dedpekmy ujenenHoi Kicmku, Akuli noe’asaHull i3 nepio-
O0HMUMOM i BUABAAEMbCA peHM2eH0102i4HO. [Jocums Yacmo crnocmepieanu ymeopeHHsA Hopuyi
8 nidoyHiti dinaHyi (vemeepmuli sepxHili npemonsp). Mid 4yac zHiliHozo nepiodoHMumy 8 cobak
8i03Ha4anu bontovicme 3ybis, 2inepemito i HAOBPAK ACeH, HOpUYi, pylHy8AHHA MA PO3rAasneHHs
nepiodoHMasnbHoI 38’A3KU.

3saxaro4u Ha ye, 000HMozeHHI abcyecu Mo#yms po321a0amuca He MisibKu, AK camocmiliHa
HO30/102i4Ha 00UHUUA, a U AK Pi3HOBUO 2HiliHo2o nepiodoHMumMy, 8i0rN08IOHO 2pPAHYLOMU nepio-
00HMANbHOI MKAHUHU — AK (hOPMA XPOHIYHO20 nepio0oHMuUmMy, ujo, Ha Hawy OyMKy, € binbw 06-
rPYHMOBAHUM, 3 02150y HA ixHIO MO0iBHY emiosnoeito, namozeHes, CUMMTMOMU Ma /10KANI3ayito.

Knroyoei cnoea: Hopuyj, Kapiec, nepenomu 3ybis, deghopmayis, nepiodoHManbHa WinuHa
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Abstract. The article covers a clinical case of spine trauma with spinal cord injury
in a cat. He was diagnosed with a bullet wound to the lumbar spine with spinal cord
compression. Dorsal laminectomy was performed with the removal of the bullet at
the L3-L5 level. The surgical intervention was performed without complications with a
complete recovery of the animal after 2 months.

Because the prognosis of functional recovery remains cautious in spinal cord injuries
without deep pain perception, as spinal cord function is completely blocked, it is important
to note that nociceptive pathways are most resistant to compression and ischemia. It is
established that for the diagnosis and control of the treatment results for spinal cord
injuries in cats, the most appropriate is an X-ray examination of the damaged areas in
lateral and dorsoventral projections using an X-ray contrast agents (myelography).

Laminectomy, which involves the partial or complete removal of an element that
causes a compression effect, allowing additional free space to form for the spinal cord, is
an effective method for treating spine injuries and spinal cord traumas in cats. Additional
stabilizing systems are used to fix the spine and preserve its functions. Laminectomy
allows eliminating the pressure of other anatomical structures on the spinal cord of
the animal and nerve endings by resection of the vertebral arches in the affected area,
their spinous processes, intervertebral discs, etc. The restoration of the functional state
of the animal requires a comprehensive application of rehabilitation measures, such as
control of motor activity of the animal (namely its restriction), massage, physiotherapy
procedures aimed at reducing pain and improving blood circulation in the injured area.

Keywords: spine, vertebra, laminectomy, cat, trauma, spinal cord
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Introduction

Currently, in Ukraine, animals are
not fully protected from cruelty, so cases
of trauma to small animals are common
in the practice of a veterinarian. Due to
the constant urbanization of polytrauma
in animals are quite common. They are
most often associated with a fall from a
height or injury from a car accident. Due
to the availability of air guns, the number
of cases of bullet wounds has increased.

After a spinal cord injury, one of the
main problems for cat owners is wheth-
er their cat will be able to fully recover
(ability to walk, maintaining the func-
tions of self-selection). Unfortunately,
in fact, the most common is “suboptimal
recovery”, when weakness and urinary
incontinence in animals persist forever.

Analysis of recent researches
and publications

In general, in any patient with a spi-
nal cord injury with paraplegia/tetraple-
gia without a deep perception of pain, the
prognosis of functional recovery remains
cautious because spinal cord functions
are completely blocked or intersect at the
site of injury (Olby, 2012). It should be
borne in mind that the nociceptive path-
ways are the most resistant to compres-
sion and ischemia. Further examination
is required to confirm the integrity of the
spinal cord. Thorough neurological ex-
amination is fundamental to assess spinal
cord function and provide the client with
a prognosis (Zamprogno et al., 2010).

Injured animals in shock should be
treated before assessing spinal cord func-
tion. Tactics for treating such animals
should always be based on the assumption
that the spine is unstable, so care should be
taken when manipulating or moving the
patient (Knipe et al., 2001). After stabili-

zation of vital signs, a review radiograph
(2 projections: lateral and dorsoventral)
of the entire spine is usually performed,
as approximately 20% of patients with
spinal cord injury have multiple vertebral
fractures or dislocations (Jeffery, 2010).
Instrumental research methods may in-
clude plain radiography, myelography
(contrast radiography or spondylogra-
phy), computed tomography, magnetic
resonance imaging. Diagnostic imaging
is the most important step in making a
diagnosis. However, plain radiography is
characterized by low sensitivity in iden-
tifying a pathological disc (55-60%),
therefore, this method is advisable to use
for screening diagnostics in order to ex-
clude fractures (Schur et al., 2010).
Laminectomy is the partial or com-
plete removal of an element that caus-
es a compression effect, allowing the
formation of additional free space for
the spinal structures (Kranenburg et al.,
2012). Additional stabilizing systems
are used to fix the spine and preserve
its functions (Sharp & Wheeler, 2005).
Laminectomy allows eliminating the
pressure of other anatomical structures
on the spinal cord of the animal and
nerve endings by resection of the ver-
tebral arches in the affected area, their
spinous processes, intervertebral discs,
etc. (DiFazio & Fletcher, 2013). Thanks
to these measures, it is possible to elim-
inate pressure on sensitive spinal struc-
tures and to release the clamped nerve
endings releasing an animal from the
expressed pain, and also paresthesias
and paresis (Yadhati et al., 2017).
Purpose. To determine the most opti-
mal algorithm for the diagnosis and treat-
ment of spine trauma with spinal cord
injury in cats. To raise the awareness of vet-
erinary practitioners about the most effec-
tive methods for treating complex spine
traumas with spinal cord injury in cats.
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Materials and methods of research

The private veterinary clinic in Kyiv
received an animal: a cat, age 8 months,
male, half-breed, with signs of trauma
to the spinal canal (penetrating hole,
probably a bullet in the lumbar region).
The clinical examination revealed com-
plete paralysis of the pelvic limbs, the
absence of any reflexes and types of
sensitivity. Research methods are clini-
cal and instrumental (radiological). The
animal underwent myelography. Before
myelography, we performed neurolep-
toanalgesia with Meditin at a dose of
1.0 mg/kg. For premedication, we used
atropine at a dose of 0.5 mg/kg. Imme-
diately after the neuroleptoanalgesia, we
intubated the animal, which made it pos-
sible to immediately resort to artificial
ventilation in case of respiratory arrest.

When contrasting the cerebrospinal
fluid spaces of the spinal cord, a very im-
portant step is to calculate the dose of a
radiopaque substance. With an increase
in concentration, the quality of visualiza-
tion improves but, at the same time, an
increase in the concentration of contrast
agents in the liquor spaces increases the
risk of complications, allergic reactions,
and side effects. Therefore, the choice of
radiopaque contrast agents is very im-
portant. Based on our own experience,
we recommend Omnipaque, which we
used at a dose of 1.0 ml per cat.

We performed the caudal approach
by subarachnoid injection in the lumbar
spine. For this, the animal was fixed in a
lateral position by extending the cranial
pelvic limbs (so that the animal’s spine
was in a flexed position). The injection
was performed at the L5-L6 level.

Guided by the wings of the ilium, L7
was palpated, located at the level of their
cranial edge, and L6, L5, and L4 were
identified. Then the needle was inserted

in the sagittal plane into the interver-
tebral space, between the two spinous
processes, parallel to the caudally locat-
ed spinous process. After the sensation
of “falling through” of the needle (when
the dura mater was punctured), the man-
drel was removed and, in the presence
of cerebrospinal fluid outflow, a radi-
opaque substance was injected (Royce
et al., 1993).

Contrast radiography was performed
on a mobile X-ray machine Fujifilm
FCR Go 2 (Japan). Thanks to its high
power (max, anode current 250 mA) and
a small focal spot size (0.6 mm), the de-
vice allows obtaining clear images with
a short exposure time.

The animal underwent laminectomy.
Meditin, Zoletil, and Sevoflurane were
used for anesthesia. The correct position
of the animal during the surgery is of
great importance and facilitates its im-
plementation.

Results of the research
and their discussion

For the most accurate determination
of the lesion in the spine, an X-ray ex-
amination was performed in lateral pro-
jection. After a preliminary X-ray exam-
ination in the spinal canal of the animal,
a foreign body (bullet) was found in the
lumbar region at the L4 level (Fig. 1).

This injury was an open penetrating
fracture of the vertebral arch with a large
number of fragments, which causes com-
pression of the spinal cord at the L4 lev-
el (myelopathy), and radiculopathy due
to swelling of the surrounding tissues.
In this case, the vertebra itself remains
stable relative to others, so it does not
require additional fixation. Prolonged
compression of the spinal cord can cause
irreversible consequences, so medical
manipulations should be performed im-
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Fig. 1. Radiography of the damaged area of the spine in lateral projection

mediately. Immediately before surgery, termine the degree of spinal cord injury,
myelography with an X-ray contrast after which the presence of spinal cord
agent Omnipaque-300 ata dose of 1.0 ml  compression and narrowing of the spinal
(Fig. 2) was performed to accurately de-  canal was established.

Fig. 2. Myelography of the damaged area of the spine
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This figure shows an X-ray image
with a contrast agent injected into the
subarachnoid space. The radiopaque
substance clearly indicates the location
of the spinal lesion and the violation of
the integrity of the spinal canal.

We removed the bullet and fragments
of the vertebral arch, as well as hemila-
minectomy to reduce spinal cord com-
pression, during which we removed parts
of the arches of two adjacent vertebrae
and articular processes (Fig. 3, 4).

Figures 3, 4 show the stages of dor-
sal laminectomy — separation of soft tis-
sues from the arches and joints of the
vertebrae; reaming the contour of the
removed part of the vertebral arch with
a diamond bur; removal of the vertebral
arch and release of the spinal cord from
compression; spinal cord imaging and
collection of accumulated blood.

The skin was dissected 1-2 vertebrae
cranially and 1-2 vertebrae in the caudal
area of the injury. Then, the fascia was dis-
sected with a coagulator along the same
length. The longest and multifidus mus-
cles were dissected bluntly. The spinous
processes were skeletonized from the side
of the hemilaminectomy (separating the

multifidus muscles with a rasp), the arch
of the vertebra, articular processes, pedi-
cles of the arch, transverse or transverse
costal processes. When isolating the ar-
ticular processes, it is necessary to cut the
muscles as close to the joint as possible.
Into the cranial and caudal wound site,
Gelpi retractors were installed. Bleeding
was stopped with a coagulator, as well as
tight tamponade with 3% hydrogen per-
oxide or warm saline solution. The bow
was removed either with a high-speed
bur or, more often, with a laminectomy
(Kerrison’s nippers) and Jansen’s nippers.
At the same time, the pressure was not
allowed with the instrument on the spi-
nal cord. After the arch was removed, the
spinal canal was revised. The wound was
sutured in layers.

This figure shows a view of the final
stage of the operation and the removed
foreign body (bullet).

Subsequently, an X-ray examination
was performed after surgery (Fig. 5).

This figure shows an X-ray of a cat 53
days after the surgery. It can be seen that
the lumen of the spinal canal is preserved.

In the postoperative period as an an-
ti-inflammatory drug was used “Meloxi-

Fig. 3. Stages of laminectomy
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cam” at a dose of 0.2 mg/kg body weight
ofthe animal for 3 days, for postoperative
analgesia was used the drug “Butorpha-
nol” at a dose of 0.1 mg/kg body weight
for 5 days. To accelerate the reparative
processes in the injured spinal cord was
used vitamin preparation ‘“Neurorubin”
at a dose of 0.2 ml/kg body weight of
the animal, once a day for only 12 days.
For the next 30 days the animal was re-

Fig. 4. Removed foreign body (bullet)

stricted in movement, and after suturing
(10 days) was a course of special phys-
ical rehabilitation exercises, as well as
massage and physiotherapy procedures
(iontophoresis with lidocaine, and ultra-
sonic heating). In 14 days after the surgi-
cal intervention, the animal fully restored
its independent excretory functions (uri-
nation and defecation). After 28 days, a
shaky gait was registered in the animal.

Fig. 5. Radiography of the spine in lateral projection after surgery
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Complete recovery of motor activity in
the animal was registered on the 53rd
day after surgery.

Conclusions and future
perspectives

The most appropriate for the diag-
nosis and control of the treatment re-
sults for spinal cord injuries in cats is
an X-ray examination of the damaged
areas in lateral and dorsoventral pro-
jections using an X-ray contrast agents
(myelography). Laminectomy is an ef-
fective method for treating spine trau-
ma and spinal cord injuries in cats. The
restoration of the functional state of the
animal requires a comprehensive appli-
cation of rehabilitation measures, such
as control of motor activity of the an-
imal (namely its restriction), massage,
physiotherapy procedures aimed at re-
ducing pain and improving blood circu-
lation to the injured area.
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AHomayia. Y cmammi euceimseHo KaiHiyHul eunadok mpasmu xpebma 3 YUWKOOHEHHAM
CMUHHO20 MO3KY 8 Koma. bys10 8BcmaHoseHo 0ia2HO3 Kysbose NopaHeHHA nornepexKo8ozo 8iddiny
Xpebma 3 KoMMApecieto CUHHO20 MO3KY. byno 8UKOHaHO dopcasbHy AAMIHEKMOMItO i3 sudaseH-
HAM Kyni Ha pieHi L3-L5. OnepamusHe empy4YaHHsA 6ysn0 8UKOHAHO 6e3 YCKAAOHeHb i3 Mo8HUM
00YHCAHHAM MBAPUHU Yepe3 2 MicAui.

OcKinbKu 3a mpasm criuHHo20 Mo3Ky 6e3 21ubokozo cripuliHamms 60710 NPo2HO3 hyHKYio-
HG/IbHO20 8iOHOBAEHHA 3GAUWIAEMbLCA 0BEPEHHUM, OCKiNbKU (DYHKYIi CMUHHO20 MO3KY M08Hi-
cmto 3a6/10K08aHI, HEObXIOHO 38aXaMU HA Me, W0 HOUUUenmueHi wasaxu Halibinew cmiliki 0o
cMucHeHHA ma iwemii. BcmaHoeneHo, wo 015 diazHOCMUKU Ui KOHMPOIO Pe3yAbMamis MiKyeaH-
HA mpasm xpebma i CiuHHO20 MO3KYy 8 Komie Halibinbw O0UinbHUM € peHmaeHosozidHe 00Ci-
OXeHHSA YUWKOOHEHUX OifIAHOK Yy 1amepanbHili i 0opcoseHMpanbHili npoeKyisx i3 3acmocy8aHHAM
peHmMaeHKOHMPAcmMHuUx pe4osuH (mienoepadis).

JlamiHeKmomis, Wo rnonA2ae 8 YacmKkosomy abo nosHomy 8UdaneHHI enemeHmy, Wo CrPUYUHIOE
KomnpeciliHy dito, darouu 3moey cghopmysamu dodamkosuli 8inbHUl npocmip 05 CNUHHOMO3KO-
8UX CMPYKMYyp € eqheKMUBHUM MemoOOM OA1A /iKYBAHHA YWKOOHEHb Xpebma i mpasm cruHHO20
MO3Ky 8 Komie. [na gikcauii xpebma i 36epexceHHs lio2o yHKYil suKopucmosyromeca 000amKosi
cmabinisytoui cucmemu. JlamiHeKmomis 0ae 3moay yCyHymu muckK iHWUX aHaGMOMIYHUX CMpPyKmMyp
Ha cnuHHUl MO30K meapuHu U Hepe8osi 3aKiH4YeHHs Yepe3 pe3eKuyito OyHoK xpebuie y dinaHyi ypa-
HCeHHS, IXHIX ocmucmux sidpocmkis, Mixcxpebuyesux duckie mowio. 1 8i0H08AEHHSA PyHKYiOHAb-
HO20 CMAHy y MBAPUHU HeobXiOHe KOMMAeKCHe 3a0cmocys8aHHA peabinimayiliHux 3axodis, maxkux
AK KOHMPOs1b PYX080i AKMUBHOCMI MBapuHU (a came i obMexeHHs), Macax, pisiomepanesmuyHi
npouedypu, CAPAMOBAHI HO 3MeHWeHHA 6010 MA NOKPAU,eHHS Kposoobiay yWKOOHeHOT OinAHKU.

Knrovoei cnoea: xpebem, xpebeub, 1amMiHEKMOMis, Kim, mpaema, CruHHUG MO30K

Vol. 12,Ne 1, 2021 YKpaiHCbKMI YaconNnC BETEPUHAPHUX HayK ISSN 2663-967X | 39



UDC 619:616.98:579.861.2 https://doi.org/10.31548/ujvs2021.01.005

A STUDY OF THE EFFICIENCY OF CULTURE
MEDIA FOR THE RECOVERY OF LYOPHILIZED
PATHOGENIC BACTERIA

V. 0. USHKALOV, Doctor of Veterinary Sciences, Professor
https://orcid.org/0000-0001-5694-632X
E-mail: ushkalov63@gmail.com
Ukrainian Laboratory of Quality and Safety of Agricultural Products of the Na-
tional University of Life and Environmental Sciences of Ukraine, Kyiv, Ukraine
L. M. VYGOVSKA, Doctor of Veterinary Sciences, Research Fellow
https://orcid.org/0000-0001-6745-5753
E-mail: Invygovska@gmail.com
Ukrainian Laboratory of Quality and Safety of Agricultural Products of the Na-
tional University of Life and Environmental Sciences of Ukraine, Kyiv, Ukraine
A. V. USHKALOV, Candidate of Veterinary Sciences
https.//orcid.org/0000-0001-8317-7909
E-mail: vetdocman@gmail.com
Main Administration of State Service of Ukraine on Food Safety and Consumer
Protection in Kharkiv region, Kharkiv, Ukraine
S. 0. BOIANOVSKYI, Junior Research Fellow
https://orcid.org/ 0000-0002-4621-5192
E-mail: sboyanka@gmail.com
Ukrainian Laboratory of Quality and Safety of Agricultural Products of the Na-
tional University of Life and Environmental Sciences of Ukraine, Kyiv, Ukraine
A. V. HRANAT, Junior Research Fellow
https://orcid.org/0000-0003-3273-903X
E-mail: andriy.hranat@gmail.com
Ukrainian Laboratory of Quality and Safety of Agricultural Products of the Na-
tional University of Life and Environmental Sciences of Ukraine, Kyiv, Ukraine
S. A. TERESHCHENKO, Junior Research Fellow
https://orcid.org/0000-0002-5786-8711
E-mail: kelas1993@gmail.com
Ukrainian Laboratory of Quality and Safety of Agricultural Products of the Na-
tional University of Life and Environmental Sciences of Ukraine, Kyiv, Ukraine
L. O. DAVYDOVSKA, Engineer of the 3rd category
E-mail: li.davydovskaya@gmail.com
Ukrainian Laboratory of Quality and Safety of Agricultural Products of the Na-
tional University of Life and Environmental Sciences of Ukraine, Kyiv, Ukraine

40 | ISSN 2663-967X Ukrainian Journal of Veterinary Sciences Vol. 12, N2 1, 2021



LlocnioaceHHs eheKmusHOCMI KyslbmypasibHUX cepedosull, 0115 8I0HOB/EeHHS Mi0GiNi308aHUX...

Yu. Yu. VISHOVAN, Junior Research Fellow
https://orcid.org/0000-0003-1128-593X
Ukrainian Laboratory of Quality and Safety of Agricultural Products of the Na-
tional University of Life and Environmental Sciences of Ukraine, Kyiv, Ukraine
E-mail: anatomi1991@gmail.com

Abstract. Today, the most appropriate way of long-term storage of most
microorganism strains in collections is their lyophilization. The rate and quality of the
recovery of biological properties in lyophilized bacterial cultures depend on the quality
of culture media used for this purpose. The purpose of this study was to investigate the
effectiveness of culture media for the recovery of lyophilized pathogenic bacteria.

The strains of Salmonella typhimurium, Pasteurella multocida, Yersinia
pseudotuberculosis, and Staphylococcus aureus from the collection of the Ukrainian
Laboratory of Quality and Safety of Agricultural Products of the National University of
Life and Environmental Sciences of Ukraine were used in the study. In order to restore
lyophilized bacterial cultures, several variants of culture media were used: meat-peptone
broth (Pharmactive, Ukraine) with the addition of 5% equine serum and 0.5% glucose;
meat-peptone broth (Pharmactive, Ukraine) with the addition of 5% bovine serum and
0.5% glucose; meat-peptone broth (Pharmactive, Ukraine) with the addition of 5% bovine
serum and 0.5% glucose; brain-heart infusion broth (HiMedia, India) and tryptone soya
broth (HiMedia, India). Faibich protective medium was used as a cryoprotectant. It was
found that in the process of sublimation and cryopreservation of cultures of Salmonella
typhimurium, Pasteurella multocida, Yersinia pseudotuberculosis, and Staphylococcus
aureus, the loss of viable microbial cells was 99.91-99.98%. The concentration of viable
microbial cells in lyophilized cultures of Salmonella typhimurium, Pasteurella multocida,
Yersinia pseudotuberculosis, Staphylococcus aureus was recorded in the range of
1.4 x 10°-1.7 x 10° CFU/cm?’. During a single passage on different culture media,
obtained biomass of the studied cultures was in the initial titer x x 10°. The highest
productivity in recovered cultures was obtained using brain-heart infusion broth
manufactured by HiMedia, India (concentration of live microbial cells in experimental
cultures was recorded in the range of 5.7—6.4 x 10° CFU/cm’).

Keywords: Salmonella, Pasteurella, Yersinia, Staphylococcus, nutrient media,
lyophilization

Introduction

In order to preserve the activity of
microorganism strains, several main
methods are used: lyophilization, cryo-
preservation, freezing of agar media
grown bacterial cultures at -70 °C, peri-
odic reseeding on nutrient media, culti-
vation in appropriate biological systems

(chicken embryos, cell culture, etc.)
(Cherkasskiy et al., 1988; Osadchaya
et al., 2002; Holovko et al., 2004; Aky-
menko, 2007; Vygovska et al., 2007,
Ushkalov et al., 2009).

To date, the most appropriate way
of long-term storage of most microor-
ganism strains in collections is their ly-
ophilization (Akymenko, 2007; Vygov-
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ska et al., 2007). For cryopreservation
and subsequent freeze-drying, it is rec-
ommended to use cells in the stationary
phase of growth, when the highest level
of bacterial accumulation is reached,
the intensity of metabolic processes de-
creases, there is an increase in cell resis-
tance to freezing and drying (Vygovska
et al., 2007; Vyigovskaya et al., 2008).

The choice of a protective suspension
medium is important for effective lyo-
philization. Colloidal solutions are used
for this purpose. The components of the
suspension protective media, as a rule,
introduce substances that reduce the crys-
tallization point of water; this prolongs
the cooling time of the cells and creates
conditions for minimizing the negative
effects of ice crystals, as well as in some
way provides a protective effect during
freeze-drying (Emtsova et al., 1991;
Osadchaya et al., 2002; Akymenko,
2007; Romanko, 2010; Hordiienko et al.,
2011; Romanko et al., 2012; Holovko et
al., 2015; Hordiienko et al., 2018).

For bacteria, cryopreservation and
subsequent freeze-drying under vacuum
are stressors that affect the cell due to
increased osmotic pressure, temperature
shock, changes in intracellular pH, high
salt concentration. They lead to the accu-
mulation of non-lethal and lethal damage
to the structures (cells) of the biological
object (Osadchaya et al., 2002; Holovko
et al., 2004; Romanko et al., 2006; Vy-
govska et al., 2007; Ushkalov et al.,
2008; Hordiienko et al., 2011).

Non-lethal damage and the result-
ing changes in the properties of bacterial
cultures are usually reversible and are re-
stored to normal under appropriate condi-
tions and with the use of certain methods.
The rate and quality of the recovery of bi-
ological properties in lyophilized bacteri-
al culture depend on the quality of culture
media used for this purpose. Some au-

thors recommend adding specific compo-
nents to the culture media intended for the
cultivation and recovery of certain micro-
organism species (Ushkalov et al., 2008;
Kovtun et al., 2013; Holovko et al., 2015).
The effectiveness of the used culture me-
dia determined by comparing the biolog-
ical properties of bacterial cultures at the
stage of laying for long-term storage, after
lyophilization of the culture, and after its
recovery in the appropriate culture medi-
um (Postoienko et al., 2011; Hordiienko
etal., 2011; Kovtun et al., 2013; Holovko
etal., 2015).

Purpose. To investigate the effec-
tiveness of culture media for the recov-
ery of lyophilized pathogenic bacteria.

Materials and methods
of research

The Salmonella typhimurium, Pasteu-
rella multocida, Yersinia pseudotubercu-
losis, Staphylococcus aureus $trains from
the collection of Ukrainian Laboratory of
Quality and Safety of Agricultural Prod-
ucts of the National University of Life and
Environmental Sciences of Ukraine (UL-
QSAP of NUBIP) isolated during micro-
biological studies of pathological material
from animals in the research department
of ULQSAP of NUBIP of Ukraine, were
used in the study.

Cultural and protective media were
prepared and controlled in accordance
with ISO 11133:2014 “Microbiology
of food, animal feed and water. Prepa-
ration, production, storage and perfor-
mance testing of culture media”.

Faibich protective medium was used
as a cryoprotectant (gelatin — 1.0%, su-
crose — 10.0%, distilled water — 89%)
in a ratio of 1:1 with the broth of 24-
hour cultures of Salmonella typhimuri-
um, Pasteurella multocida, and Staph-
vlococcus aureus. Each test culture
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was packaged 1.0 cm?® into 5 cm? vials.
Before lyophilization (cryopreservation
and subsequent sublimation), three vi-
als were taken from each experimental
batch to determine the typicality, ho-
mogeneity, and concentration of bacte-
rial mass in the suspension (CFU/cm?).
Cryopreservation of cultures was car-
ried out in a freezer Forma 700 Series
Thermo Scientific (USA) at -70 °C.
Sublimation drying was performed in
an LP-3 apparatus from TelStar (Spain)
with a deep vacuum of 0.17 mB and a
condenser temperature of 45-50 °C.
After lyophilization, the typicality, ho-
mogeneity, and concentration of viable
microbial cells (CFU/cm®) were deter-
mined in the experimental samples. In
order to establish the concentration of
viable microorganisms, samples were
prepared in accordance with ISO 6887-
1:2003 “Microbiology of food and an-

imal feeding stuffs. Preparation of test
samples, initial suspension and decimal
dilutions for microbiological examina-
tion. Part 1. General rules for the prepa-
ration of the initial suspension and dec-
imal dilutions”.

The biological properties of the stud-
ied strains were determined before lyo-
philization and in cultures recovered on
different nutrient media. The studies were
performed according to ISO 6888-1:1999/
Amd 1:2003 “Microbiology of food and
animal feeding stuffs — Horizontal method
for the enumeration of coagulase-positive
staphylococci  (Staphylococcus — aureus
and other species) — Part 1: Technique
using Baird-Parker agar medium; EN
12824:1997 « Standard Details « Micro-
biology of food and animal feeding stuffs
— Horizontal method for the detection of
Salmonella”; Metodychni rekomendatsii
z diahnostyky, profilaktyky ta zakhodiv

1. Culture media for bacterial cultures

Strain Nutrient media Manufacturer
Pharmactive
Meat-peptone broth (MPB) o
Salmonella Ukraine
typhimurium Brain-hearth infusion broth (BHIB) HiMedia(India)
Tryptone soya broth (TSB) HiMedia (India)
MPB culture media with the addition of 5% equine Pharmactive,
serum and 0.5% glucose Ukraine
Pasteurella MPB with the addition of 5% bovine serum and Pharmactive,
multocida 0.5% glucose Ukraine
Brain-hearth infusion broth HiMedia (India)
Tryptone soya broth HiMedia (India)
Pharmactive
Meat-peptone broth MR
Yersinia pseudo- Ukraine
tuberculosis Brain-hearth infusion broth HiMedia (India)
Tryptone soya broth HiMedia (India)
MPB culture media with the addition of 5% equine Pharmactive,
serum and 0.5% glucose Ukraine
Staphylococcus MPB with the addition of 5% bovine serum and Pharmactive,
aureus 0.5% glucose Ukraine
Tryptone soya broth HiMedia (India)
Brain-hearth infusion broth HiMedia (India)
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borotby z pasterelozom (kholeroiu) ptytsi.
(Stehnii et al., 2009); Metodicheskie uka-
zaniya «Epidemiologicheskiy nadzor i
profilaktika psevdotuberkuleza i kishech-
nogo iersinioza» (2009).

In order to restore lyophilized bacte-
rial cultures, several variants of culture
media were used (Table 1).

Results of the research and their
discussion

At the beginning of the experiment,
the studied culture biological properties
of the matrix broods of Salmonella typh-
imurium, Pasteurella multocida, Yersin-
ia pseudotuberculosis, Staphylococcus
aureus were determined (Table 2).

The studied cultures were charac-
terized by population homogeneity and
corresponding for each species typical-
ity by morphological, cultural, and bio-
chemical properties.

Culture of S. typhimurium on bismuth
sulfite agar (BSA) medium (Pharmac-
tive, Ukraine) formed black S-shaped
colonies with a metallic luster, rounded,

regular shape, 3—4 mm in diameter, the
color of the medium around the colonies
became black-gray. S. typhimurium fer-
mented (with the formation of acid and
gas) glucose, arabinose, mannitol, malt-
ose, sorbitol, dulcite; reduced nitrates
to nitrites, isolated H,S. The culture of
S. typhimurium was agglutinated with
O-complex sera 1, 2 and monoreceptor
H-agglutinating serum of the 1st phase
and the 2nd phase — 1, 2, 5, 6.

Culture of Y. pseudotuberculosis on
plate count agar medium (HiMedia, India)
formed R-colonies at a temperature of 37
°C, diameter 3-4 mm, large, irregularly
shaped, with uneven edges, hilly, opaque,
greenish-cream color, esculin, fermented
glucose, a-arabinose, mannose, xylose,
rhamnose, maltose, mannitol.

The culture of P. multocida on plate
count agar medium (HiMedia, India)
formed homogeneous S-colonies with a
diameter of 0.7-1.2 mm, rounded, con-
vex, shiny, with a smooth clear edge,
milky white, translucent; fermented
with the formation of acid without sug-
ar: glucose, mannitol, sucrose.

2. Biological properties of the studied cultures (matrix cultivation)

Determined indicator | Salmonella typh- | Yersinia pseudotuber- | Pasteurellamul- | Staphylococcus
(n=15) imurium culosis tocida aureus
Concentration of 9 o 9 o
viable broth bacteria 4.5x10 2.8x10 1.6 x 10 6.6 x 10
(MPB), CFU/cm®
Concentration of via-
ble cells (broth culture 2.1 x10° 1.4 x10° 0.9 x 10° 33x10°
+ protective medium,
1:1), CFU/cm?
Typical growth on Typical of the Typical of the species Typical of the Typical of the
solid nutrient media species species species
Homogeneous Homogeneous H
h . omogeneous
. Homogeneous gram-negative cocci | small gram-neg- o
Homogeneity of the i d ovoids. 0.8-12 i gram-positive
microorganism pop- gram-negative anc ovouds, 1.0 atve coccl, size
ulation rods in size 0.5-0.8 um in size, mo- | ovoids, size 1.0-1 x 1.5-2.0
2-4x0.5-0.8 um | bile at 23 °C, immobile | 0.5-1 x 0.5-0.8 ’ e
at37°C um Hm
Biochemical properties Typ;;zlcifg; the Typical for the species Typ;;a;lcf(e); the Typ;;zél(:ifgsr the
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Fig. 1. Culture of S. typhimurium on bismuth sulfite agar (BSA) medium
(Pharmactive, Ukraine)

Culture of S. aureus on Baird-Parker The studied cultures were lyophilized.
Agar medium (HiMedia, India) formed Viability was determined in lyophilized
S-colonies, 1-2 mm in diameter, black, shiny,  cultures: population homogeneity, growth
surrounded by a zone of enlightenment (Iec-  typicality on solid nutrient media and con-
ithinase activity); coagulated rabbit plasma,  centration of viable cells. The research re-
fermented to form mannitol acid, glucose. sults are shown in Table 3.

Fig. 2. Culture of Y. pseudotuberculosis R-colonies at a temperature of 37 °C
on Yersinia isolation agar (HiMedia, India)
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Fig. 3. Culture of S. aureus on Baird-Parker agar medium (HiMedia, India)

It was found that cultures subjected to
lyophilization had a changed morpholo-
gy: in smears of rehydrated lyophilizates
of S. typhimurium, Y. pseudotuberculo-
sis, P multocida cultures recorded small
polymorphic gram-negative structures:
ovoids, rods; in smears of S. aureus —
small gram-positive cocci, ovoids. On

solid nutrient media after the appropri-
ate incubation period, the rehydrated
cultures formed colonies typical for the
respective species of microorganisms.
There was a significant decrease in the
concentration of viable microbial cells
in cultures after lyophilization. Thus,
the concentration of viable microbes in

3. Viability of lyophilized cultures

Determined indi- Salmonella | Yersinia pseudo-| Pasteurella Salmonella
cator (n =5) typhimurium tuberculosis multocida typhimurium
Concentration
of viable cells 1.9 x 10° 1.8 x 10* 1.4 % 10* 1.7 x 10°
after lyophiliza-
tion, CFU/cm?
Homogeneity Small polymor- | Small polymor- | Small polymor-
of the phic gram-neg- | phic gram-neg- | phic gram-neg- Smftlll\l/ grc at)rzléli)os-
microorganism ative structures: | ative structures: | ative structures: ovoids ’
population ovoids, rods ovoids, rods ovoids, rods
zr};ps gﬁllg; 1?;‘;2 }rllt Typical for the | Typical for the | Typical for the | Typical for the
media species species species species
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cells of a lyophilized culture of P. multo-
cida was 1.4 x 10* CFU/cm?®, Y. pseudo-
tuberculosis — 1.8 x 10* CFU/cm?, S.
typhimurium 1.9 x 10° CFU/em?®, S. au-
reus — 1.7 x 10 CFU/cm?, which is from
baseline 0.09%, 0.013%, 0.016%, and
0.05%, respectively. Rehydrated cultures
were inoculated into appropriate culture
media (Table 4). After the appropriate
incubation period in the studied cultures,
the homogeneity of the population of
microorganisms and the concentration
of viable cells were determined. From
daily broth cultures made sowings on the
corresponding solid nutrient media. Af-
ter the appropriate incubation period, the
typical growth of inoculated cultures was
determined. The studied populations of

cultures had homogeneous cell morphol-
ogy, during incubation on solid nutrient
media formed typically for the species
colonies. The results of determining the
concentration of viable cells in microor-
ganism populations on different culture
media are shown in Table 4.

The obtained results indicate that the
biomass of the studied cultures in the initial
titer x x 10° was obtained by a single pas-
sage on different culture media. The high-
est productivity in recovered cultures was
obtained with the use of BHIB, (HiMedia,
India) (the concentration of live microbial
cells in the experimental cultures was re-
corded in the range of 5.7-6.4 x 10° CFU/
cm?). The productivity of S. syphimurium
culture with the use of MPB and TSB was

4. Concentration of viable cells in recovered cultures

Culture media

Concentration of viable cells, CFU/cm?

Salmonella typhimurium

Meat-peptone broth 2.1 x10°

Brain-hearth infusion broth 6.0 x 10°

Tryptone soya broth 2.6 x 10°

Yersinia pseudotuberculosis

Meat-peptone broth 1.8 x10°

Brain-hearth infusion broth 5.7 % 10°

Tryptone soya broth 2.1 x 10°

Pasteurella multocida

MPB culture media with the addition of 5% 15%10°
. o .

equine serum and 0.5% glucose

MPB with the addition of 5% bovine serum and o
o 1.1 x 10

0.5% glucose

Brain-hearth infusion broth 6.1 x 10°

Tryptone soya broth 1.0 x 10°

Staphylococcus aureus

MPB culture media with the addition of 5% o
X o 2.3 x10

equine serum and 0.5% glucose

MPB with the addition of 5% bovine serum 20 10°

and 0.5% glucose )

Brain-hearth infusion broth 6.4 x 10°

Tryptone soya broth 4.1 x10°
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Fig. 4. The process of lyophilization

lower by 65 and 57%, respectively. The
productivity of Y. pseudotuberculosis cul-
ture with the use of BHIB and TSB was
lower by 68 and 63%, respectively. The
productivity of P multocida culture with
the use of MPB with 5% equine serum and
0.5% glucose, MPB with 5% bovine serum
and 0.5% glucose and TSB was lower by
75%, 82, and 84%, respectively. The pro-
ductivity of S. aureus culture with the use
of MPB with 5% equine serum and 0.5%
glucose, MPB with 5% bovine serum and
0.5% glucose, TSB was lower by 64%,
69, and 36% respectively.

Conclusion and future
perspectives

1. It was found that in the process of
sublimation and cryopreservation
of Salmonella typhimurium, Pasteu-
rella multocida, Yersinia pseudotu-

berculosis, Staphylococcus aureus
cultures, the loss of viable microbial
cells was 99.91-99.987%.

2. The concentration of viable microbial
cells in lyophilized cultures of Sal-
monella typhimurium, Pasteurella
multocida, Yersinia pseudotubercu-
losis, Staphylococcus aureus was re-
corded in the range of 1.4 x 10*-1.7
x 10° CFU/cm?.

3. During a single passage on different
culture media, the biomass of the
studied cultures was obtained in the
initial titer x x 10°.

4. The highest productivity in recovered
brain-hearth infusion broth manufac-
tured by HiMedia, India (concentra-
tion of live microbial cells in exper-
imental cultures was recorded in the
range of 5.7-6.4 x 10° CFU/cm?).
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AOCNIAMEHHA EOEKTUBHOCTI KY/1IbTYPA/IbHUX CEPELJOBULL]

/1/14 BIJHOBJ/IEHHA /110®I/1I30BAHUX MATOTEHHUX BAKTEPIN. Ukrainian Journal

of Veterinary Sciences, 12(1): 40-50, https://doi.org/10.31548/ujvs2021.01.005

AHomauyia. Ha cbo200Hi Halibinbw OouyineHUM crnocobom 0oszompusanozo 3b6epieaHHA
binbwocmi wmamie MikpoopaaHiamie y KoneKkuisax € ix nioginizayis. LLlsudkicme ma sxicme
8i0HO8n1eHHA GionoeiyHUX enacmusocmeli nioginizosaHux bakmepianeHUx Kyaemyp 6azamo
3an7exums 8i0 AKOCMI KynbmypanbHUX cepedosuw, WO BUKOPUCMOBYIOMb 3 Ui€l0 Memoro.
Memoto 6yno Oocnidumu eghekmusHicmb KynbmypanbHUX cepedosuw, 071 Bi0HOBMAEHHSA
niogpinizosaHux namoaeHHUXx 6akmepild.

Y pobomi sukopucmosysanu wmamu Salmonella typhimurium, Pasteurella multocida,
Yersinia pseudotuberculosis, Staphylococcus aureus 3 Konekyii YkpaiHcokoi nabopamopii akocmi
i 6e3neku npodykyii AMK HayioHanbHo20 yHisepcumemy 6iopecypcie i npupodoKopucmysaHHs
YKpaiHu. [na e8i0HOoBnAeHHA nioginizosaHuUx b6akmepianbHUX Kysaemyp euKopucmosysanu
OeKinbKa eapiaHmie KysbmypanbHUx cepedosuw: Maco-nenmoHHuli bynelioH (Papmakmus,
YkpaiHa) 3 0odasaHHAM 5% cuposamku Kpogi koHA ma 0,5% entoKosu; mrAco-nenmoHHul
bynblioH (Papmakmus, YKkpaiHa) 3 0odasaHHAM 5% cuposamKu Kposi sesnukoi poeamoi xydobu
ma 0,5 % enwoKo3u; cepyeso-moskosuli bynvlioH (HiMedia, India) ma mpunmot-coesuli
bynblioH (HiMedia, India). B akocmi kpionpomeKkmopa 8UKopucmosysanu 3axucHe cepedosulye
@alibuya. BcmaHosneHo, wo 8 npouyeci cybaimayii ma KpiokoHcepsauyii Kynemyp Salmonel-
la typhimurium, Pasteurella multocida, Yersinia pseudotuberculosis, Staphylococcus aureus
smpamu Humme3zoamHux MIKpObHUX KaimuH cmaHosunu 99,91-99,98%. KoHueHmpayito
HUMME3OAMHUX MIKPOOHUX KAIMUuH y nioginizosarHux Kynemyp Salmonella typhimurium,
Pasteurella multocida, Yersinia pseudotuberculosis, Staphylococcus aureus peecmpysanu e
mexax 1,4x10°-1,7x10° KYO/cm?. 3a 00HOKPamMHO20 nacamcy8aHHA Ha Pi3HUX Ky/abmypanbHUX
cepedosuwax bysn0 ompumaHo biomacu 00CniOHcy8aHux Kysnemyp y euxioHomy mumpi X x
10°. Hatlisuwy npodykmueHicme y 8iOHO8MAeHUX Kyabmyp 6in0 ompumMaHo 3a 3aCMOCy8aHHA
cepyeso-mMo3K08020 bynblioHy supobHuymea komnarii HiMedia, India (koHueHmpauyito #usux
MIKPOBHUX KAimUuH y 00CAIOHUX Kysbmyp peecmpyeanu 8 mexax 5,7—6,4 x 10° KYO/cm?).

Knrouoei cnoea: Salmonella, Pasteurella, Yersinia, Staphylococcus, noxcusHi cepedosuwa,
nioginizayis
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Abstract. The behavior of farm animals, especially cattle, is an important economic and useful
feature, which significantly facilitates the operating condlitions and production of livestock products.
The parameters of the nervous system in cattle determine its behavior in various situations,
including keeping in the pen, herding, and milking. The optimal content of minerals in the body
leads to the normal course of metabolic processes and high productivity. Based on the results of
studying the conditioned reflex activity, four experimental groups were formed. Whole blood,
serum, and blood cells were used for laboratory analysis. Based on the results of the analysis of
variance of the lithium content in different blood fractions of cows, no reliable interaction between
the typological features of the nervous system and the season has been established. The mobility of
nervous processes, regardless of the season, is reliably associated with the lithium content in whole
blood, blood cells, and blood serum (r = 0.15-0.22). Along with this, the parameter of the lithium
transmembrane potential (Licell/Liserum) is reliably associated mainly with the strength and
balance of nervous processes in cows in the warm season—=0.62—0.76 (P<0.05-0.01). Asignificant
dependence on the type of higher nervous activity in cows and the lithium content in blood serum
(F=13.2>FU =3.01; P <0.001), whole blood (F = 14.8 > FU = 3.01; P < 0.001), and blood cells
(F=23.1>FU=3.01; P<0.001) is established. In cows with a weak type of higher nervous activity,
the lithium content in blood serum and its cells was lower by 12.1% (P < 0.05) and 18.0% (P < 0.05),
respectively, compared with the parameters of cows with a strong balanced mobile type.
Keywords: higher nervous activity, micronutrients, types of higher nervous activity,
nervous processes
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Introduction

Over the past decades, there have been
fundamental changes in the field of world
veterinary medicine, which make it pos-
sible to assert that without the application
of advances in biochemistry, physiology,
microbiology, and other disciplines, it is
impossible to fully realize the productive
and breeding qualities of animals. Mi-
crobiological, biochemical, and physio-
logical processes in the body of animals
determine the entire course of individual
development in animals, its existence, and
the productivity development (Avtsyn et
al., 1991). The behavior of farm animals,
especially cattle, is an important econom-
ically useful feature, which significantly
facilitates the operating conditions and
production of livestock products (Gapon
& Yashchenko, 2005). The parameters of
the nervous system in cattle determine its
behavior in various situations, including
keeping in the pen, herding, and milking.
The use of knowledge in technology on
the temperament of animals, the type of
their higher nervous activity, and the state
of the autonomic nervous system due to
both heredity and environmental impact,
creates the preconditions for the full reali-
zation of its genetic potential.

Analysis of recent researches
and publications

The type of higher nervous activity in
animals determines not only the nature
of the adaptive reactions in the organism
but also the main characteristics of cor-
tical processes affecting various metabo-
lism levels, which is reflected in the eco-
nomically useful properties of productive
animals (McDowell, 2003). The optimal
mineral content in the body leads to the
normal course of metabolic processes
and high productivity (Hrushanska et

al., 2017). The value of mineral nutrition
in cattle depends on animal’s provision
with essential micronutrients that are
part in the structure of many enzymes or
are their activators, taking a leading role
in redox reactions (Guyot et al., 2012).
However, insufficient attention is paid
to the studying of individual features of
mineral homeostasis in the body of pro-
ductive cows in intact and stressful state
(McDowell, 2003; Zinko, 2017). The de-
termination of the individual features of
higher nervous activity in animals allows
understanding deeper the cortical mech-
anisms of regulation of various physio-
logical functions, creating the precon-
ditions for targeted exposure (Pogorlov,
2010; Danchuk et al., 2017). Micronu-
trients play a significant biological role
despite their low content in the body
(Byts, 2010; Gromova et al., 2010). In
addition to the general positive effect on
the growth and development processes,
the specific effect of several micronutri-
ents on the most important physiological
processes has been established, and their
importance is explained by the fact that
they come into a close relationship with
biologically active substances — hor-
mones and vitamins (Zakharenko, 2004).
Lithium is a very valuable and important
micronutrient for animals. This element
affects the serotonin release and receptor
sensitivity, as well as modulates the nor-
epinephrine action (Skalny, 2004; Ka-
lyn, 2011). Today it is believed that the
mechanism of lithium action is associat-
ed with the depletion of inositol reserves
in the central nervous system (Marushko,
2013). It is known from literature sources
that lithium has the ability to reduce the
excitability of the central nervous system
by releasing magnesium from cellular
“depots” and inhibiting the transmission
of nerve impulses; regulate sodium trans-
port in nerve and muscle cells.
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Materials and methods
of research

The experiments were carried out on
cows of the Ukrainian black-and-white
dairy breed of the 2-3rd lactation. The
types of higher nervous activity were
determined by the express method for
assessing conditioned reflex activity in
cattle, which allows reliably assert that
the animal belongs to the correspond-
ing type of higher nervous activity in
20-30 minutes of the experiment. The
conditions of use, keeping, diet, and
feeding frequency were the same in all
experimental animals. To study the con-
ditioned reflex activity, 100 cows were
selected. The strength, balance, and mo-
bility of the nervous processes were de-
termined in all animals using a modified
method. The method is based on the ob-
servance of the behavior in an animal in
a group and individual pen, the reaction
of the animal to the experimenter, the
reaction of a hungry animal to feeding,
unexpected sensory stimuli, and the for-
mation of conditioned reflexes.

The typological characteristics of
the nervous system were determined by
three tests analysis.

According to the results of studying
the conditioned reflex activity, 4 exper-
imental groups were formed. The first
group included animals with a strong
balanced mobile type, the second — a
strong balanced inert type, the third — a
strong unbalanced type, and the fourth
— a weak type of higher nervous activi-
ty. Blood from cattle was obtained from
the jugular vein. During blood sampling,
the unnecessary abuse of the animal was
avoided. Whole blood, serum, plasma,
and blood cells were used for labora-
tory analysis. Blood from animals was
collected in three test tubes. The first
test tube contained the whole blood, the

second was used to extract blood serum
for analysis, and the third one — to ob-
tain plasma and blood cells. To stabilize
whole blood and to obtain plasma, three
drops of 1% heparin solution were pre-
liminarily introduced into the test tube.
To obtain plasma, blood with the antico-
agulant immediately after its collection
was centrifuged at 2000-3000 rpm for
15-20 min, after which the plasma was
poured into another tube. To obtain blood
cells, the cell pellet was washed out three
times in cold saline solution, followed by
centrifugation at 3000 rpm for 15 min.
To obtain blood serum, no anticoagulant
was added. After blood sampling, the
tube was left at room temperature until
the serum was completely separated, af-
ter which manipulations were performed
to obtain the serum following standard
procedures. After preparing the samples,
they were immediately sent to the labora-
tory in a cooler bag (Vlizlo et al., 2012).
To determine micro- and macro-
nutrients, the samples are preliminari-
ly mineralized by the method of dry or
wet ashing. After ashing, acid extraction
is carried out. In prepared samples, the
elements are determined by atomic ab-
sorption spectrophotometry. Experimen-
tal research is consistent with the basic
principles of the European Convention
for the Protection of Vertebrate Animals
used for Experimental and other Scientif-
ic Purposes (Strasbourg, 1986) and the
Declaration on the Humane Treatment of
Animals (Helsinki, 2000). The obtained
digital data were processed statistically
using the applied software package “Mi-
crosoft Office Excel 2013”. The arith-
metic mean value (M) and its error (m)
were determined. The probability of dif-
ferences in mean values was determined
by the Student’s test. Parameters changes
were considered significant at P < 0.05
(including P < 0.01 and P < 0.001). In

Vol. 12,Ne 1, 2021

YKpaiHCbKMI YaconNnC BETEPUHAPHUX HayK

ISSN 2663-967X | 53



O. B. }KypeHkKo, B. |. Kaprnioscokuli, B. B. X{ypeHko

addition, correlation, regression, one and
two-factor analysis of variance of the ob-
tained results were carried out.

Results of the research and their
discussion

Studies have shown that in animals
with different types of higher nervous
activity, the lithium content in blood se-
rum, whole blood, and its cells did not
exceed physiological limits and was
0.42-0.52 pg/100 ml, 0.33-0.42 pg/100
ml, and 0.18-0.23 pg/100 ml, respec-
tively (Table 1).

There were no significant differences
in the lithium content in different blood
fractions in cows with strong balanced
mobile and strong balanced inert type
of higher nervous activity in different
seasons of the year. Also, the lithium
content in different blood fractions in
cows with different types of higher
nervous activity in cold and warm
seasons did not differ significantly.

In summer, in cows with a strong un-
balanced type of higher nervous activity,
the lithium content was lower by 15.7%
(P<0.01), 17.5% (P<0.05), and 19.1%
(P<0.01) in serum, whole blood, and its
cells, respectively, than in animals with a
strong balanced mobile type. Whereas in
winter, the lithium content in the blood se-
rum, whole blood, and blood cells in cows
of this type of higher nervous activity was
lower by 8.9-11.6 (P <0.05-0.01), respec-
tively, compared with the indicators in
cows with a strong balanced mobile type.

In summer, cows with a weak type of
higher nervous activity had lower lithi-
um content in blood serum and its cells by
12.1% (P<0.05) and 18.0% (P <0.05), re-
spectively, compared with the indicators of
cows with a strong balanced mobile type.
Whereas in winter, the lithium content in
blood serum, whole blood, and blood cells in
cows of this type of higher nervous activity
was lower by 14.6-16.3% (P <0.05-0.01),
respectively, compared with the indicators
of cows with a strong balanced mobile type.

1. Lithium content in the blood of cows with different types of higher nervous
activity depending on the season (ng/100 ml; M + m, n = 5)

Type of higher nervous activity
Substrate Strong balanced | Strong balanced Strong
mobile inert unbalanced Weak

Summer
Blood serum 0.495+£0.016 0.523+£0.015 | 0418 +0.011** | 0.435+0.034*
Whole blood 0.400+0.011 0.421+£0.014 | 0.330+0.010%* 0.345+£0.027
Blood cells 0.223 £0.006 0.230+£0.007 | 0.180 4 0.004** | 0.183 +0.012*
Licell/Liserum | 0.450 +0.003 0.440£0.009 | 0.431+0.004* | 0.421 +0.008*

Winter
Serum 0.488 £ 0.009 0.510£0.009 | 0.443 +£0.009* | 0.415+0.022%
Whole blood 0.393 £0.006 0.413£0.009 | 0.358+0.006* | 0.335+0.017*
Blood cells 0.215+£0.003 0.225+£0.006 | 0.19+£0.004** | 0.180 = 0.008**
Licell/Liserum | 0.441+0.007 0.441 +0.005 0.430+0.015 0.435+£0.010

Note: significant differences compared to cows with a strong balanced mobile type of higher

nervous activity at * P <0.05, ** P <0.01.

54| ISSN 2663-967X

Ukrainian Journal of Veterinary Sciences

Vol. 12, Ne 1, 2021



KopmukKansHi mexaHizamu peaynsuii emicmy aimito e Kposi Kopie 3as1exHo 8i0 rnopu poxy

2. Correlation (r) of the lithium content in blood of cows with the main
characteristics of nervous processes (CU, n = 16)

Indicator The main characteristics of nervous processes
Strength Balance Mobility
Summer 0.28 0.66** 0.17
Blood serum ;
Winter 0.28 0.68** 0.21
Summer 0.39 0.81%** 0.22
‘Whole blood -
Winter 0.45 0.70%* 0.21
Summer 0.63** 0.69** 0.20
Blood cells -
Winter 0.65%* 0.71%* 0.15
. . Summer 0.62%* 0.76%** 0.10
Licell/Liserum -
Winter 0.08 0.30 -0.22

Note: indicators are significant at * P < 0.05,** P <0.01, *** P <0.001.

Theratioofthelithiumcontentinblood
cells to the blood serum (Li_/Li__ )
in cows with different types of higher
nervous activity was 0.42-0.45 CU. It
should be noted that this indicator in the
blood of cows with different types of
higher nervous activity in the cold sea-
son did not differ significantly, however,
in summer, in cows with strong unbal-
anced and weak type of higher nervous
activity it was lower by 4.1% (P < 0.05)
and 6.4 % (P <0.05), respectively.

The relationship between the main
characteristics of nervous processes in
cows and the lithium content in blood
depending on the season has been estab-
lished (Table 2).

The strength of nervous processes
is directly related to the lithium content
only in blood cells in summer (r = 0.63;
P<0.01) and in winter (r=0.65;
P<0.01). Instead, the balance of ner-
vous processes, depending on the sea-
son, is directly related to the lithium
content in blood serum — r=0.66-0.68
(P <0.05), whole blood — r=0.70-0.81
(P<0.01-0.001), and blood cells —
r=0.69-0.71 (P<0.01). The mobility
of nervous processes, regardless of the
season, is significantly associated with

the lithium content in whole blood,
blood cells, and blood serum (r=0.15-
0.22). Along with this, the indicator of
the transmembrane potential of lithium
(Li/Li_ ) is significantly associated
with the s$trength and balance of ner-
vous processes in cows in the warm
season — r = 0.62-0.76 (P <0.05-0.01).
The strength of nervous processes in the
warm season does not significantly limit
the lithium content in blood (%, = 0.11—
0.22), however, it significantly affects
the ratio of the lithium content in blood
cells and serum -1, =0.30 (P <0.05).
Whereas in the cold season, the strength
of nervous processes increases the effect
on the lithium content in whole blood, se-
rum, and blood cells to a significant level
- 1% =0.39-0.42 (P <0.001). However,
the existing influence of the strength of
nervous processes on the ratio of lithium
in the blood cells and serum in cows be-
comes insignificant (n?, = 0.04).

The balance of nervous processes
in cows in summer significantly affects
the lithium content in blood serum —
n%=0.54 (P<0.001), whole blood —
n%=0.58 (P<0.001), and blood cells
- 1%=0.73 (P<0.001). In winter, the
balance of nervous processes retains a
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3. Regression analysis of the dependence of the lithium content in blood
of cows on the main characteristics of nervous processes (CU; n = 16)

The main characteristics of nervous processes
Indicator Strength Balance Mobility
Summer | Winter | Summer | Winter | Summer | Winter
Blood serum
Regression coefficient 0.019 |0.033%*| 0.041** | 0.034** | 0.011 0.01
Coefficient of determination 0.08 0.39*%* | 0.43** 0.48** 0.03 0.04
Whole blood
Regression coefficient 0.016 ]0.028** | 0.036** | 0.027** | 0.011 | 0.006
Coefficient of determination 0.08 0.42%* | 047** 0.5%* 0.04 0.02
Blood cells
Regression coefficient 0.012 | 0.015% | 0.024*** | 0.018*** | 0.007 | 0.002
Coefficient of determination 0.15 0.38*% | 0.65%** | (.58%%* 0.05 0.01
Licell/Liserum
Regression coefficient 0.008 0.002 | 0.012%** 0.006 0.004 | -0.004
Coefficient of determination 0.2 0.01 0.49** 0.09 0.05 0.05

Note: indicators are significant at * P < 0.05,** P < (.01, *** P <0.001.

significant effect on the lithium content
in the blood of cows up to the %, = 0.64—
0.71 (P <0.001). The mobility of nervous
processes does not significantly affect the
lithium content in serum, whole blood,
and cells of cows regardless of the season
(% =0.08-0.17).

It should be noted that the ratio of
lithium content in cells and blood se-
rum in summer is significantly limited
by the strength, balance, and mobility
of nervous processes — 1% = 0.27-0.37
(P<0.05), while in winter this effect
becomes insignificant (n% = 0.02-0.06).

Regression analysis established the
dependence of the lithium content on
the mobility of nervous processes in
cows (Table 3).

On the other hand, regardless of the
season, when the balance of nervous pro-
cesses changes by one unit, the lithium
content in whole blood, blood cells, and
its serum changes in the same way by

0.02-0.04 pg/100 ml (P <0.01-0.001).
The coefficient of determination of the
strength of nervous processes with the
content of this micronutrient indicates
that 43-65% (P <0.01-0.001) of vari-
ations in its content in different blood
fractions are due to the variability of in-
dicators of nervous process balance.

Unlike it, only in winter, when the
strength of the nervous processes changes
by one unit, the lithium content in differ-
ent blood fractions changes in the same
way by 0.02—0.03 mg/100 ml (P <0.001).
In cows’ blood cells in winter 38-42%
(P<0.001) of variations in the content of
this element are due to the variability of
indicators of nervous process strength.

In addition, it was found that in sum-
mer only 49% (P < 0.01) of variations in
the ratio of the lithium content in blood
serum to blood cells in cows might be
caused by the balance of nervous pro-
cesses. Therefore, when the indicator of
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4. Multivariate analysis of variance of the influence of higher nervous activity
type and the season on the lithium content in blood of cows

Source of variation | SS | df | MS | F | P-value | F-test

Blood serum
Higher nervous activity type | 0.0491 3 0.0164 | 13.2 | <0.001 3.01
Season 0.0001 1 0.0001 | 0.09 0.766 4.26
Correlation 0.0024 3 0.0008 | 0.63 0.600 3.01
Internal 0.0298 24 0.0012
Total 0.0814 31

Whole blood
Higher nervous activity type | 0.0348 3 0.0116 | 14.8 | <0.001 3.01
Season <0.001 <0.001 | 0.003 | 0.952 4.26
Correlation 0.0019 3 0.0006 | 0.822 | 0.495 3.01
Internal 0.0188 24 0.0008
Total 0.0556 31

Blood cells

Higher nervous activity type | 0.0132 3 0.0044 | 23.1 | <0.001 3.01
Season <0.001 1 <0.001 | 0.066 | 0.799 4,26
Correlation 0.0004 3 0.0001 | 0.637 | 0.598 3.01
Internal 0.0046 24 0.0002
Total 0.0181 31

nervous processes balance changes by
one unit, the ratio of the lithium content
in blood serum to blood cells changes in
the same way by 0.012 CU (P <0.01).

The results of the multivariate anal-
ysis of variance of the influence of the
higher nervous activity type and the sea-
son on the lithium content in blood of
cows are shown in Table 4.

A significant dependence between
the type of higher nervous activity in
cows and the lithium content in blood se-
rum (F=13.2>FU=3.01; P<0.001),
whole blood (F=14.8>FU=3.01;
P <0.001), and blood cells
(F=23.1>FU=3.01; P<0.001) was
found. The season, in contrast to the
type of nervous system in cows, does
not have a significant effect on the lithi-
um content in different blood fractions.

Based on the results of the analy-
sis of variance of the lithium content
in different blood fractions in cows, no
significant interaction between the typo-
logical features of the nervous system
and the season has been established.

Conclusions and future
perspectives

A significant dependence between
the cows’ type of higher nervous activity
and the lithium content in blood serum
(F=13.2>FU=3.01;P<0.001), whole
blood (F = 14.8 > FU =3.01; P<0.001),
and blood cells (F=23.1>FU=3.01;
P <0.001) has been established. In cows
with a weak type of higher nervous ac-
tivity, the lithium content in blood se-
rum and its cells was lower by 12.1%
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(P <0.05) and 18.0% (P < 0.05), respec-
tively, as compared with the indicators
in cows with a strong balanced mobile
type. Prospects for further research con-
sist in the development of modern tools
and methods for correcting the content
of macro- and micronutrients in cows’
blood, considering the individual charac-
teristics of their nervous system.
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AHomayis. 08ediHKa CinbCbKO20Cno0apcbKUX meapuH, a ocobauso eenukoi pozamoi
Xy0obu, € 8amsUBOI 20Cr100APCLKO-KOPUCHOK O3HAKOK, WO 3HAYHO r0/e2Wy€e YMosU
ekcnayamauii ma supobHuymea npodykyii meapuHHuUymea. Mapamempu Hepeosoi cucmemu
8enuKoi poeamoi xy0obu eu3Ha4arome ii Mo8eOiHKY 8 Pi3HUX cUMYQAUifx, 30Kpema, 8 3a20Hi,
sueyni, ni0 yac 00iHHA. ONMUManbHUU emicm MiHepasabHUX PEYOBUH 8 OP2aHi3Mi 3YMOB/IOE
HopmaneHul nepebie npouyecie memaboniamy i BUCOKY NPOOYKMUBHIiCMb. 3a pe3zyanbmamamu
docnidmeHHA yMosHO-pedriekmopHoi disanbHocmi 6yno cghopmosaHo Homupu OO0CioHI
epynu. [na n1a6opamopHO20 aHAAMIZYy BUKOPUCMOBYBAAU UilbHY KPO8, CUPOBAMKY, NaAa3my ma
KAimuHu Kposi. 3a peaynbmamamu oucnepciliHozo aHanizy emicmy Jlimito 8 pizHUX ppakuyisax
Kpo8i Kopig 8ipo2idOHy 830EMO0i0 MiX mMunosnoziyHUMuU 0cobausocmamu Hepsoeoi cucmemu
ma ropoto PoKy He 8CMAHOB/EHO. Pyxaugicme Hepeosux npoyecie He3anexHo 8i0 Mnopu poKy
8ipo2idHo noe’asaHa 3 emicmom Jlimito 8 YinbHili KPosi, KAIMUHAx KPosi ma cuposamuyi Kposi
(r = 0,15-0,22). BoOHO4aC MOKA3HUK MpPAaHCMembpaHHo20 nomexuiany 3a Jlimiem (LikaimuH/
Licuposamku) 8ipo2idHo noe»a3aHuli auwe i3 U0 ma 8piBHOBAXEHICMIO HEPBOBUX MPOYEC8
y Kopis y meniay nopy poky —r = 0,62-0,76 (P < 0,05-0,01).

BcmaHoesneHo 8ipo2idHy 3anexcHicme 8i0 muny suwoi Hepeoeoi disnbHocMi Kopie ma emicmy
Jlimito 8 cuposamuyi Kposi (F = 13,2 > FU = 3,01; P < 0,001), yineHili kpoei (F = 14,8 > FU = 3,01;
P <0,001) ma knimuHax Kposi Kopie (F= 23,1 > FU = 3,01, P < 0,001). ¥ Kopie 3i cnabkum murnom BH/
emicm Jlimito & cuposamuji Kposi ma ii KnimuHax 6ye meHwum 8idnosioHo Ha 12,1% (P < 0,05) ma
18,0 % (P < 0,05) nopigHaHO G0 MOKA3HUKI8 KOpI8 i3 CUnbHUM 8PI8HOBAHCEHUM PYXAUBUM MUIMOM.

Knroyoei cnoea: suwia Hepsoea disiabHICMb, MaKpoenemeHmu, murnu suwoi Hepeosoi disiibHocMi
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Abstract.The modern approach to the treatment of animals with surgical pathology
requires the application of infusion solutions throughout the whole perioperative period:
before the surgery (in case of emergency treatment), during the surgery, and after it.

In animals with surgical diseases that come for treatment, there are quite often
varying degrees of water-electrolyte balance disorder. The cause of these disorders is both
surgical pathology itself (for example, peritonitis, bowel obstruction), and concomitant
pathology present in the patient (renal failure, diabetes mellitus, cardiac deficiencies,
etc.). The success of surgery treatment largely depends on the proper assessment and
correction of these disorders.

This article presents modern approaches to the issues on infusion therapy in veterinary
surgery of dogs and cats.

Great attention is paid to the selection of means for infusion therapy in animals in
the perioperative period. The article contains examples of determining the volume of
solutions for infusion during the preoperative preparation, intensive therapy for massive
intraoperative blood loss, and postoperative management of patients.

Keywords: perioperative period, infusion therapy, blood loss, crystalloids, colloids,
infusion solutions
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Introduction

The modern approach to the treat-
ment of animals with surgical patholo-
gy requires the application of infusion
solutions throughout the perioperative
period: before surgery (in case of acute
interventions), during surgery, and after
surgery (Battaglia & Steele, 2021).

In animals with surgical diseases that
come for treatment, a varying degree of
water-electrolyte balance (WEB) disorder
is often observed. The cause of these dis-
orders is both surgical pathology itself (for
example, peritonitis, bowel obstruction),
and concomitant pathology present in the
patient (renal failure, diabetes mellitus, car-
diac deficiencies, etc.). The success of the
surgical treatment depends on the proper
assessment and correction of these disor-
ders (Belyayev et al., 2004).

The purpose of the study was to in-
vestigate modern approaches to the is-
sues on infusion therapy in veterinary
surgery of dogs and cats.

Materials and methods
of research

The material of the research was modem
publications that describe the issues of infu-
sion therapy in veterinary surgery of dogs and
cats, which is very important in the practical
training of veterinary medicine practitioners.
The methodological basis of the study is an
investigative approach, dialectically com-
bined with the principles of systematicity.
Chronological, systematic, and analytical
methods were used in the research process.

Results of the research and their
discussion

Preoperative infusion therapy.
The scope and tasks of preoperative
infusion preparation depend on many fac-

tors and often differ significantly in prepa-
ration for planned and urgent surgery.
Planned surgical interventions. When
preparing the animals for planned surgical
treatment, it is necessary first of all to com-
pensate for the existing violations of hemo-
concentration indices. Thus, it is recom-
mended in most clinical cases that before
the planned surgery, the hemoglobin level
should be within the range of 110-180 g/L
for dogs and 80150 g/L for cats, hemato-
crit level — at least 37% for dogs and 26%
for cats, and albumin level — at least 25 g/L
for dogs and cats. Maintenance of such
indicators creates optimal conditions for
healing of postoperative wounds, recovery
of functions, as well as protection against
the development of dangerous anemia as a
result of possible development of intraop-
erative blood loss (Cherniy et al., 2012).
Three variants of infusion therapy are
possible in preparation for planned sur-
gery depending on the patient’s category:
The first category of patients —
healthy or sick animals that do not re-
quire infusion therapy. This applies to
patients who do not have significant
health impairments, which are planned
for surgical procedures with small du-
ration and injures (castrations, ampu-
tations of stubby fingers, extractions of
milk teeth). As a rule, these patients do
not have signs of dehydration and WEB
disorders, and after the surgery, they
quickly start taking water. Thus, WEB
disorders do not develop in these ani-
mals, and, therefore, infusion therapy in
the perioperative period is not required;
The second category of patients —
animals with chronic disorders of wa-
ter-electrolyte metabolism that require
appropriate treatment. Most often these
disorders are caused by a deficiency of
one or several ions. For example, the hy-
pokalemic and hypochloremic alkalosis
is formed during pyloroduodenal steno-
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sis, which requires clear determination
of potassium and chlorine deficiency
and its appropriate correction (Table 1);

The third category of patients — those
who develop severe WEB disorders be-
fore the planned surgery or are first di-
agnosed with a new concomitant disease
during the examination, at which danger-
ous WEB disorders are possible. Exam-
ples of such disorders can be firstly de-
tected signs of cardiovascular deficiency,
renal deficiency, and diabetes mellitus
(Butrov & Galenko, 2008; Ko, 2019).

In a large number of cases, latent dis-
eases are detected accidentally during the
screening examination of patients before
surgical treatment. In this case, it is rec-
ommended to postpone planned operative
treatment for further follow-up examina-
tion of the patient, to ensure compensation
for the detected disease and to determine
the risk degree (Shlapak et al., 2013).

Urgent surgical interventions. Most of-
ten these interventions are performed due
to urgent surgeries on abdominal cavity
organs, traumas. Infusion therapy in these
situations should be focused on the support
of adequate hemodynamics, preloading,
and cardiac output (Detyu, 2009).

It should be remembered that preoper-
ative preparation significantly reduces the

risk of complications and mortality in sick
animals with signs of “‘acute abdomen”. The
disadvantages of infusion therapy in such pa-
tients may not have a significant effect on the
course of the surgery itself but will certainly
be fully manifested after it. The consequenc-
es of poor preoperative infusion preparation
in such patients are varying degrees of dam-
age to the kidneys, lungs, liver, which might

be completely avoided (Galushko, 2011).
The modern standards for preoper-

ative preparation of sick animals with

urgent surgical pathology include the
following actions:

- catheterization of two veins;

- catheterization of the
bladder;

- infusion therapy with crystalloid and
colloidal solutions in the appropriate
volumes.

It is important to note that infusion
preparation of the patient for surgery
should be started with the introduction
of crystalloids. Under no circumstances
can infusion therapy be started with the
introduction of colloids. First of all, it is
necessary to carry out the rehydration
of the body. If the sick animal has water
deficiency — it should first of all be given
water, i.e. crystalloidal solutions. If you
start the infusion of colloids, the patient is

urinary

1. Pathologic conditions, losses of electrolytes and their replenishment
(Hilberi, 1989)

Condition Losses Replenishment
Gastric vomiting K+, H+, CI, Na+, H,O Sol. 0.9% NaCl + KCI 10-20
2 mmol/L

Duodenal vomiting

Mixed losses

Hartmann’s solution

Diarrea

Na+, CI, HCO, K+, H,0

Hartmann’s solution + soda 2—-3
mmol/L + KCl 10-20 mmol/L

Bowel obstruction d
egree

Mixed losses of a severe

Hartmann’s solution + plasma to
relieve hypovolemic shock

Unclear etiology (in case

of unaccounted losses) I

Multicomponent salt solutions
(Normofundin + 5% glucose)

Uremia (rupture of the
bladder)

Accumulation of metabolic
waste products, K+, H+

Sol. 0.9% NaCl or Normofundin +
5% glucose + soda 2-3 mmol/kg
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highly likely to develop side effects. Thus,
in the postoperative period, it should be
expected the appearance of symptoms of
acute renal failure and various blood co-
agulation disorders (Shlapak et al., 2013).

For more effective redistribution of
fluid from the interstitial space, Rheosor-
bilact solution might be administered
as a part of infusion therapy. Hyperton-
ic NaCl solution (7.5-10%) can also be
used, which in the case of intravenous ad-
ministration also contributes to the quick
transition of an intracellular fluid into the
intracellular space. This results in a gentle
but not long-lasting increase in the vol-
ume of fluid in the vascular bed. In this
case, so-called low-volume infusion ther-
apy is carried out. Maximum recommend-
ed doses for 7.5% NaCl solution: 6 ml/kg
for dogs and 4 ml/kg for cats.

The following approach is typical for
current infusion therapy: if the program of
infusion therapy is designed to administer a
large volume of fluids, there must be a col-
loidal component in its composition. The
ideal crystalloid/colloid ratio is 3:1. Thus,
for each 100-150 ml of crystalloids, 40
or 50 ml of colloids should be infused de-
pending on the clinical situation. Colloidal
solutions must necessarily be included in the
infusion program for patients with a blood
level of total protein < 35 g/L, albumin
<20 g/L, anemia with hematocrit <20% or
hemoglobin < 70 g/L. Based on our practi-
cal experience, we recommend including
in the program of infusion therapy, when
guiding the animals with surgical pathology,
dextran solutions (Polyglucin, Rheopoly-
glucin), hydroxyethyl starch (HES) (Re-
fortan, Stabisol, Gecoton, Gecodez), and/or
gelatin solution (Volutens, Gelofusine). The
patient’s condition should be monitored at
the beginning of the infusion of these solu-
tions, as they often have allergic reactions, in
which case the infusion of this drug should
be discontinued (Ko, 2019).

Intraoperative infusion therapy.

The main objectives of intraopera-
tive infusion therapy are:

- elimination of fluid deficiency in
diseased animal, which developed
before the surgery;

- replenishment of physiological
needs of the organism for fluid;

- replacement of pathological fluid
losses that occur during the surgery.
Even if the patient is scheduled for

planned surgery, he or she will have a

certain fluid deficit before it begins. This

is due to a 12—24 hour starvation diet be-
fore the operation. In addition, laxatives
or enemas are often prescribed to prepare
the intestine. These manipulations lead
to loss of fluids and electrolytes, which is
advisable to renew with balanced crystal-
loid solutions, e.g. Glykosteril F5, Nor-
mosol R, Sterofundin ISO, Plasma-Lyte,

Hartmann (Battaglia & Steele, 2021).

It should also be taken into account that
surgical trauma leads to varying degrees of
fluid loss in tissues and its sequestration.
This deficit is manifested by a decrease in
the fluid volume in the interstitial and intra-
vascular space (Shlapak et al., 2013).

The estimated amount of fluid to be
administered to patients to compensate
for the deficit and loss during surgery is
calculated according to the commonly
accepted formulas of infusion therapy.

The determined needs are met according
to the following infusion therapy regimen.
During the first hour, 1/4-1/3 of the volume
of the balanced electrolyte solution is ad-
ministered. After that, the infusion is admin-
istered at a rate of 5 ml/kg/h, increasing to
70 ml/kg/h for severe surgical trauma. The
goal is to maintain diuresis >1 mlkg/h.
When administering infusion therapy, first
of all, pay attention to the patient’s condi-
tion and changes in physiological indicators
(temperature, blood pressure, breathing,
pulse, and heart rate, presence of nasal dis-
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charge, excitation, tremors, vomiting). If
these signs occur, it is necessary to review
the tactics and volume of infusion therapy in
this patient. Sometimes it is better to adminis-
ter a smaller volume of solutions rather than
to deal with the consequences of excessive
or rapid infusion (Butrov & Galenko, 2008).

Particular situations occur when
there is severe bleeding during surgical
intervention.

Massive surgical blood loss accom-
panies long-termed surgical interventions
and is a specific critical condition that de-
velops very quickly and, in the pathogen-
esis of which, severe persistent hypovole-
mia, anemia and threatened coagulopathy
combined with severe shock-induced
sympathoadrenal stress and inflammatory
mediator release as well as body cooling
are dominating ( Gorobets et al., 2010).

These blood losses may occur during
the surgical intervention and most often
are associated with the complexity of the
intervention. It is often necessary to take
into account not only the need to remove
the damaged organs within healthy tis-
sues but also pathological angiogenesis
that can lead to the severe vasculariza-
tion of the surgical zone. Both of these
factors can strongly influence the volume
of blood loss (Gorobets et al., 2011).

However, several surgeries (especial-
ly large and unusual) are accompanied
by massive blood loss, which requires an
active infusion-transfusion therapy (ITT).

Traditionally, massive blood loss is
a loss of more than 30% of total blood
volume during 24 hours (30 ml/kg in
dogs and 20 ml/kg in cats).

Rapid blood loss of the same volume
due to damage of a large vessel during sur-
gery (with correct actions of the surgeon
and anesthesiologist) is usually easier to
tolerate than prolonged bleeding during a
long-term traumatic intervention (Goro-
bets et al., 2011; Rozanski & Rush, 2012).

The combination of hypotension,
hypothermia, coagulopathy, and acido-
sis is a constant syndrome during the
development of hemorrhagic shock,
which maintains and strengthens the
“vicious circle”, and if it is not broken
— the result will be unfavorable.

The basis of an effective ITT for
high blood loss in the surgery:

- supporting sufficient preloading of
the heart using intensive intravenous
infusion;

- gradual manipulation with the composi-
tion of infusion with a focus on the vol-
ume of already lost and expected blood
loss taking into account clinical charac-
teristics and hematologic indices;

- timely use of cardiovasotonics
(ephedrine, mesaton, noradrenaline,
dopamine) for support of post- and
preloading in cases of possible de-
velopment of hemodynamic crisis
and hypovolemic shock;

- prevention and treatment of hemo-
stasis system disorders (Gorobets et
al., 2011).

Eliminating the effects of massive
blood loss, it should be borne in mind that
bleeding occurs in a sick animal on the
background of both the underlying disease
and concomitant pathologies. Besides, the
sick animal is put under anesthesia, which
also affects its condition, and especially
hemodynamics and compensatory reac-
tions (Rozanski & Rush, 2012).

In most cases, it is only possible to
estimate approximately the volume of
blood loss during the massive blood
loss. It is more or less accurate if most
of the spilled blood enters a vacuum
aspirator or a cavity from which it has
been removed in a measuring container.
The weighing of napkins soaked in the
blood helps to estimate blood loss.

Calculations of blood loss by the lev-
el of hematocrit, albumin, platelets, and
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red blood cells, all sorts of tables and de-
vices are not accurate enough and require
additional assistants, devices, and time.

In the intensive care of the massive
blood loss, a major role is played by ITT
phasing — the transition from the infu-
sion of crystalloids and synthetic col-
loids to timely and reasonable transfu-
sion of blood components (fresh frozen
plasma, erythrocyte mass, whole blood,
donor platelets) (Shlapak et al., 2013).

The principle of ITT phasing in case of
ongoing bleeding allows the anesthesiolo-
gist to manage continuous intravenous in-
fusion, maintaining the required circulating
blood volume and not causing excessive
hemodilution with loss of minimally accept-
able coagulation potential and oxygen trans-
port function of the blood (Gorobets, 2010).

Separately, it should be mentioned about
urgent ITT for severe blood loss, which is
characterized by quick loss of a large vol-
ume of the blood. In similar situations, the
main task for the doctor who carries out ITT
is to replenish the vascular bed as quickly
and efficiently as possible (Table 2).

In 1944, the use of hypertonic NaCl
solutions was suggested for the treatment of
severe hemorrhagic shock. In 1980, 1. Vel-
asco has published experimental data on the
improvement of the condition in dogs with
simulated severe hemorrhagic shock.

Studies have shown that even at
blood loss up to 50% of the circulating
blood volume, infusion of 7.5% sodium
chloride at a dose of 4 ml/kg is enough
to restore cardiac output and regional
blood flow (Galushko, 2011).

Bolus administration of 7.5% sodium
chloride solution at a dose of 2040 ml
was associated with increased arterial
blood pressure, restoration of conscious-
ness, and improvement of urine excretion,
i.e. there were signs of shock reversibili-
ty that is confirmed by studies in human
medicine (Butrov & Galenko, 2008).

These works served as a basis for
further research and the emergence of
the concept of small-volume resuscita-
tion as one of the methods of emergen-
cy therapy for different stages of shock
and terminal conditions. This therapy
is based on a rapid infusion of a small
volume (4 ml/kg) of 7.2-7.5% sodium
chloride and is associated with rapid
mobilization of endogenous fluid into
the vascular bed from the interstitium
and intracellular space by the osmotic
gradient. This solution in a volume of
250 ml has the same volemic effect as 1
liter of 5% albumin solution (Ko, 2019).

The hemodynamic effect of hyperton-
ic solutions is very brief that is due to the
rapid alignment of the osmotic gradient
between the extracellular and intracellular
sectors (Makintayr et al., 2012). The use
of 5% glucose solution in the program of
infusion therapy (renewal of circulating
blood volume) is contraindicated.

To maintain the achieved increase in in-
travascular volume it was recommended to
use hypertonic sodium chloride solution to-
gether with colloids (Shlapak et al., 2013).
The obtained bicomponent solution, on the
one hand, increases plasma osmolarity and
mobilization of intracellular water (hyper-
tonic component) and, on the other hand,
it provides an increase in plasma oncotic
pressure and preservation of intravascular
volume (colloidal component) (Table 3).

Today it is believed that the most sta-
ble volemic effect is manifested when us-
ing a mixture of hypertonic NaCl solution
with dextran or HES in a 1:1 ratio at a
dose of 4-5 ml/kg (Belyayev et al., 2004).

One of such combined multicom-
ponent solutions is Gekoton. The main
active substances of the drug are the
third-generation of hydroxyethyl starch
130/0.4, xylitol, and sodium lactate.

Gekoton belongs to the group of
multicomponent colloidal hyperosmolar
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solutions. Gekoton has hemodynamic,
rheologic, anti-shock, and desintoxicating
effects. After administration of the drug
into the vein, the osmotic blood pressure
is increased, the evacuation of fluid from
tissues into the vascular bed is enhanced,
impaired hemodynamics is restored, the
microcirculation and blood rheological
properties are enhanced, cardiac activity,
the process of protein metabolism, desin-
toxicating function of the liver are in-
creased in animals (Shlapak et al., 2013).

The maximum daily dose (in ex-
ceptional cases overdose is allowed) is
5-10 ml/kg/day.

Gelatin solutions are solutions that
have a modified molecular structure.
They are derived from denatured pro-
tein. This protein is extracted from the

collagen tissue of cattle by thermal deg-
radation, hydrolysis, and succinution.
Gelatin drugs are isotonic, iso-oncotic
(4-8%) gelatin solutions and low mo-
lecular weight (20000-40000 Da) plas-
ma substitutes. Their pH is 7.1-7.7 and
they create a colloid osmotic pressure of
33.3 mmHg or 453 mmH,O, osmolarity —
274 mosmol/L, volume effect of these
drugs is 40-100% (Pulnyashenko, 1997).

The meaning of blood dilution is in
an effort to minimize the loss of formed
elements at the stage of the surgery when
blood volume loss is inevitable. If hemo-
dilution does not cause clinically signif-
icant bleeding, it is possible to expect
smaller losses of blood components (at
the loss of equal volume) through low he-
matocrit. If the situation allows, it should

3. The main colloidal solutions from the arsenal of veterinary and human
medicine that are used for the treatment of dogs and cats

Colloid Molecular Duration of
. Osmolarity, | osmotic Volemic .
Solution mass, o therapeutic pH
mosm/L | pressure, KD effect, % .
a action, hour
mmHg
Dextrans
10%
. 310.0 90 3545 200 34 4.5-6.5
Rheopolyglucin
6% Polyglucin 308.0 — 50-80 — 4-6 4.5-6.5
Gelatins
4% Gelofusine 274.0 34 23 100 34 7.1-7.7
4% Volutens 274.0 34 30 100 34 7.4
First-generation of HES

6% Stabisol 300.0 18 450 100 6-8 4.0-7.0

Second-generation of HES
6% Refortan,
6% Gek- 300.0 28 200 100 4-6 4.0-7.0
Infusion
10% Refortan,
10% Gek- 300.0 65 200 130 4-6 4.0-7.0
Infusion

Third-generation of HES

6% Voluven 308.0 36 130 100 4-6 4.0-5.5
Gecoton 890.0 - 130 100 4-6 5.5-7.5
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be seek to restore red blood counts only
after bleeding has stopped (Yin, 2008).

Fluid requirements during the post-
operative period.

When calculating the level of in-
fusion therapy for a sick animal in the
postoperative period, several factors
must be taken into account.

It is necessary to calculate the physio-
logical needs of the animal, which is about
30 ml/kg/day for cats and 30—60 ml/kg/day
for dogs. To this figure are added losses
that are not perceived (through salivation,
skin, and lungs): approximately 20 ml/kg/
day and approximately the same amount is
lost with fecal masses and urine. If a sick
animal has a fever, it is necessary to add
fluid in an amount of 4-8 ml/kg per de-
gree of total body temperature above nor-
mal physiological indicators (Rozanski &
Rush, 2012). Other losses (through probes,
drains, etc.) are also taken into account.

Specific losses and fluid requirements (in
cases of intestinal paresis, acute gastric dil-
atation with torsion, in case of loss into the
third space after laparotomy and thoracoto-
my or massive tissue damage) should also be
taken into account, during the first 24 hours
after surgery it is necessary to give solu-
tions at a level of about 4-15 ml/hour (100
400 ml/day), controlling indicators of the car-
diovascular system and respiratory organs.

Conclusions and future
perspectives

Before the planned surgery, the hemo-
globin level should be within the range
of 110-180 g/L for dogs and 80150 g/L
for cats, the hematocrit level should be
not less than 37% for dogs and 26% for
cats, and the albumin level should be not
less than 25 g/L for dogs and cats. Also,
it should be taken into account the ani-
mal’s general condition and the presence
of possible concomitant diseases.

The following approach is character-
istic for the current infusion therapy: the
ideal crystalloid/colloid ratio is 3:1. Thus,
for each 100—150 ml of crystalloids, 40
or 50 ml of colloids should be infused,
depending on the clinical situation. Col-
loidal solutions must be included in the
infusion program for patients with a blood
level of total protein < 35 g/L, albumin
<20 g/L, anemia with hematocrit < 20%
or hemoglobin <70 g/L.

When calculating the level of in-
fusion therapy for sick animals in the
postoperative period, several factors
must be taken into account: calculate
the physiological requirement in the an-
imal, which is about 30 ml/kg/day for
cats and 30-60 ml/kg/day for dogs and
specific losses and fluid requirements.
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AHomauyia. CydacHul nioxio y nikyeaHHi MEapuH i3 XipypaiyHOK Mamosioziero 8UMa2a€E 88e0eHHs
iHgby3iliHUX po34uHi8 yrpPoooex: 8cbo2o nepuonepayiliHozo nepiody: Ao onepayii (Mpu ekcmpeHux
8MpyYaHHsXx), nio yac onepauii i nicas Hei.

Y meapuH i3 XipypeidHUMU 30X80PHOBAHHAMU, AKI HAOXO00AMb HA AiKy8aHHS, OOCUMb 4acmo
crocmepieaomscA pi3HoO20 cmyneHs MopyWweHHA 800HO-e1eKmposimHo20 banaHcy. MPpuYuHoO yux
MopyweHs €, K Cama XipypeidHa namosoeisi (HanpPuKIao, NeEPUMOHIM, KUWKOBA HenpoxioHicms), mak
i HassHa 6 nayieHma cynymHs namonozia (HUpKosa HedocmamHicms, uykposuli diabem, cepuyesa
HedocmamHicms mouwo). Bid npasusibHo20 OUiHIOBAHHSA | KOPeKuii yux rnopyweHs 6aeamo 8 Yomy
3anexums ycriix 30ilicHIO8aHO20 0NEPAMUBHO20 MiKYBAHH.

Y cmammi npedcmaeneHo cydvacHi nioxodu 0o npobaem rnposedeHHs iHgy3iliHoi mepanii y
semepuHapHili xipypeii cobak i Komie.

Benuky yeazy npudineHo eubopy 3acobie 0ns iHpy3ilHOI nidmpumku meapuH y
nepuonepayiliHomy nepiodi. HaeedeHo npukaadu eu3Ha4yeHHs 06’emy po3vuHie 011 iHPY3ii
nid 4yac nepedonepauyiliHoi nidezomosKu, iHMeHcusHoi mepanii macusHoi iHMpaonepayiliHoi
Kpososmpamu U nicnsonepauiliHo2o se0eHHA nayjieHmis.

Kmrovoei cnoea: nepuonepayitiHuli nepiod, iHgys3iliHa mepanis, Kpogsosmpama, Kpucmaoiou,
Kon10i0u, iHepys3iliHi po34uHu
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