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Abstract. The article presents the results of studies of the effect of fenbenzyl and
fenbendazole on the antioxidant status in dogs under the experimental infection with
a causative agent of toxocariasis. Experiments were performed on 18 dogs, two and
four months old. Three groups of six animals in each were formed: control and two
experimental. Puppies in all groups were experimentally infected with causative agent of
toxocariasis at a dose of 5.000 embryonated Toxocara canis eggs per kg of body weight.
The control group of dogs was as untreated control. Puppies of the first experimental
group were fed with the drug fenbendazole at a dose of 150 mg per 3 kg of body weight
once a day for three days in a single dose. Puppies of the second experimental group
were fed with the drug fenbenzyl at a dose of 350 mg per 3 kg of body weight once a
day for three days. While studying the activity of the enzymatic part of the antioxidant
defense system, namely catalase, superoxide dismutase, glutathione peroxidase,
glutathione reductase, as well as a non-enzymatic part: the level of reduced glutathione,
an increase in the activity of these indicators was found in animals of experimental
groups. It should be noted that the application of the drug fenbenzyl in infected dogs
contributed to a better normalization of the antioxidant system in animals than the use
of the drug fenbendazole. The use of fenbenzyl in infected dogs contributed to a more
likely increase in the antioxidant status in dogs of the second experimental group, as
this drug includes milk thistle that exhibits antioxidant properties due to the presence
of silymarin, which restores damaged liver cells. Studies confirm the effectiveness of
the use of milk thistle in drug fenbenzyl in dogs with the development of toxocariasis
infection to activate the protective systems of their body.

Keywords: pollodoxin, doxycycline hyclate, broiler chickens, ornithobacteriosis,
Ornithobacterium rhinotracheale, pharmacokinetic parameters

Introduction

The results of research and generaliza-
tion of the literature indicate that among
the parasitic diseases of dogs the most
common in our country and abroad are
gastrointestinal  helminthiases, among
which the leading place has toxocariasis —
nematode infection from the order Ascar-
idida (Pryima, 2010; Bodnia, 2016; Ozlati
etal., 2016; Zibaei & Sadjjadi, 2017).

It is known that the intestinal form
of the disease is caused by mature Toxo-
cara, and the larvae — visceral. In the
process of migration, larvae, as well as
their metabolites, can cause severe mul-
tiorgan damage up to death (Moisieieva
et al., 2017; Said et al., 2018; Stybel et
al., 2021). However, some mechanisms

of activation of lipid-free radical oxi-
dation processes in the development of
toxocariasis in dogs and their relation-
ship with the body’s defense systems,
especially the immune system, which
is closely related to the antioxidant de-
fense system in animals, remain unclear.

Toxocara plays a significant role in
stimulating the formation of free radical
oxidation and imbalance between ox-
idant and antioxidant content with the
subsequent development in animals of
so-called oxidative stress, including blood
leukocytes, which are among the first to
respond to changes in the environment
under the influence of Toxocara metabo-
lites (Robertson & Thomson, 2002; Vidal
et al., 2003; Svirzhevska, 2011; Macuho-
va et al., 2013). An important role in the

6| ISSN 2663-967X

Ukrainian Journal of Veterinary Sciences

Vol. 12, N2 2, 2021



Bnaue ¢peHbeHcuny ma peHb6eHOa301y Ha AHMUOKCUOAHMHUU cmamyc opaaHiamy...

development of oxidative stress in infect-
ed animals is the balance of prooxidant
synthesis and antioxidant protection, the
shift of this balance towards prooxidants
causes compensatory activation of the
antioxidant system from the damaging
effects of free radicals and peroxide com-
pounds (Martyshuk et al., 2016; Gutyj et
al., 2017; Grymak et al., 2020).

The antioxidant defense system is a
system responsible for regulating the in-
tensity of radical formation and neutraliza-
tion of peroxidation products (Martyshuk
& Hutyi, 2021; Varkholiak et al., 2021).
The main mechanism of these reactions
control is related to the chain of reversible
redox reactions of metal ions, ascorbate,
tocopherol, glutathione, and other sub-
stances (Martyshuk et al., 2021). In addi-
tion, the importance of these methods is
especially important for the preservation of
long-standing macromolecules of nucleic
acids and proteins, some components of
membranes (Holovakha et al., 2018).

As a result of the application of an-
thelmintic drugs for treating animals
with toxocariasis, side effects caused by
the reaction of dogs to the death of Toxo-
cara can occur, because the destruction
of Toxocara also leads to the release of
toxins (Rubinsky-Elefant et al., 2011;
Zakharchuk & Harazdiuk, 2014; Noor
etal., 2019; Said et al., 2020).

A wide range of anthelmintic drugs
is used to treat dogs with toxocariasis.
As a result of the destruction of para-
sites’ bodies after the application of
anthelmintics, somatic poisons and
metabolites are released in the body
of the host that cause intoxication and
contribute to the reduction of its defense
systems. The inclusion of milk thistle in
the treatment of patients with toxocaria-
sis allows to protect their body from the
effects of parasite toxins and strengthen
the immune and antioxidant potential.

Some authors have found a stimulat-
ing effect of milk thistle on the activity of
antioxidant and hepatoprotective effects
in animals (Toklu et al., 2008; Martyshuk
& Gutyj, 2019; Martyshuk et al., 2021).
However, the complex application of milk
thistle and fenbendazole on the function
of the liver and the protective systems of
the dog’s body is currently insufficiently
covered in the scientific literature.

That is why the purpose of the study
was to investigate the effect of fenbenzyl
and fenbendazole on the antioxidant sta-
tus in dogs during experimental infection
with the causative agent of toxocariasis.

Materials and methods
of researches

The work was performed during 2017—
2020 at the Department of Parasitology
and Ichthyopathology, Stepan Gzhytskyi
National University of Veterinary Medi-
cine and Biotechnologies Lviv. The exper-
iments were performed on 18 dogs, two
to four months of age, and three groups of
six animals were formed in each: control
and two experimental groups. Puppies of
all groups were experimentally infected
with the causative agent of toxocariasis at
a dose of 5.000 embryonated 7. canis eggs
per kg of body weight. The control group
of dogs was as untreated control. Puppies
of the first experimental group were fed
with the drug fenbendazole drug at a dose
of 150 mg per 3 kg of body weight once a
day for three days in a single dose. Puppies
of the second experimental group were
fed with the drug Ffenbenzyl drug (TC U
00492990-027:2020 “The drug Fenben-
zyl”) at a dose of 350 mg per 3 kg of body
weight once a day for three days.

The drug fFenbenzyl drug was de-
veloped at the Department of Phar-
macology and Toxicology and the
Department of Parasitology and Ich-
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thyopathology of the Stepan Gzhytskyi
National University of Veterinary Med-
icine and Biotechnologies Lviv, which
contains fenbendazole and milk thistle.

The state of the antioxidant defense sys-
tem was assessed by the activity of cata-
lase, superoxide dismutase, and indicators
of the glutathione system in the blood. The
activity of superoxide dismutase (SOD, EC
1.15.1.1) was determined by the method of
Dubinina et al. (1983), catalase (CAT; EC
1.11.1.6) — by the method of Korolyuk
(1988), glutathione peroxidase (GPx) (EC
1.11.1.9.) and glutathione reductase (GR)
(EC 1.6.4.2.) — by the method of Lemes-
hko et al. (1985); the content of reduced
glutathione (RG) — by the method of Butler
(1963) (Vlizlo et al., 2012).

All animal manipulations were per-
formed in accordance with the European
Convention for the protection of vertebrate
animals used for experimental and other
scientific purposes (Strasbourg, 1986).

The analysis of research results was
performed using the software package Sta-
tistica 6.0. The probability of differences
was assessed by Student’s t-test. The re-
sults of the mean values were considered
statistically significant at * P<0.05, ** P<
0.01, #*P<0.001 (ANOVA).

Results of the research
and their discussion

It is established that with the devel-
opment of toxocariasis in dogs, the ac-
tivity of the antioxidant defense system
is suppressed, which is indicated by a
decrease in the activity of its enzymatic
and non-enzymatic parts. On the basis
of the conducted researches it is estab-
lished that during experimental toxoca-
riasis in dogs on days 20 and 25 of the
experiment, catalase activity in blood of
animals of the control group decreased
by 35.3% compared towith the initial

values. The lowest catalase activity was
in blood of infected dogs on day 30 of
the experiment, where it was 0.09 +
0.06 mg H,O,, which was 47.1% lower
than the initial values (Table 1).

It was found that catalase activity in
animals of the first experimental group
on the 5th day of the experiment in-
creased to 0.17 = 0.03 mg of H,O, when
fenbendazole was used in infected dogs.
Subsequently, a decrease in the activity
of this enzyme t0 0.11 +0.04 mg of H,O,
was observed. It should be noted that on
the 20th and 25th day of the experiment,
catalase activity in blood of dogs of the
first experimental group was higher by
27.3% compared with the control.

When using the drug Ffenbenzyl
drug in infected dogs, an increase in cat-
alase activity in their blood was found
throughout the experiment. Thus, on the
15th and 20th days of the experiment, an
increase in the activity of this enzyme by
23.1 and 63.6%, relatively, was found
compared with dogs of the control group.
On day 25 of the experiment, a slight de-
crease in catalase activity was observed
in blood of dogs of the second experi-
mental group compared with the previ-
ous day, but on day 30 of the experiment,
again a high catalase activity was found
in blood of dogs treated with fenbenzyl,
where it increased almost 2 times com-
pared with animals in the control group.

A decrease in superoxide dismutase
activity in blood was also found with
the development of toxocariasis in dogs,
which at 20 and 25 days of the exper-
iment decreased by 19.9 and 28.2%
compared with the initial values taken
before the infection with the causative
agent of toxocariasis. On day 30 of the
experiment, the activity of superoxide
dismutase in blood of dogs of the con-
trol group was the lowest — 10.3 = 0.64
IU/mg protein (Table 2).
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1. The effect of fenbenzyl and fenbendazole on catalase activity in blood
of dogs infected with toxocariasis (M + m, n = 6)

Catalase activity, mg H,0,
Blood test time group of animals

control experimental 1 experimental 2
Before treatment 0.17+0.05 0.15+0.04 0.16 = 0.05
Day 5 0.20+£0.04 0.17+£0.03 0.18 £0.05
Day 10 0.14 £ 0.06 0.15+0.03 0.17+£0.04
Day 15 0,13 +£0.05 0.15+0.04 0.16 £0.05*
Day 20 0.11+0.03 0.14 +0.06* 0.18 £ 0.04%**
Day 25 0.11+0.05 0.14 £ 0.03* 0.16 £ 0.02%**
Day 30 0.09 +£0.06 0.11 £ 0.04* 0.18 £ 0.05%**

Note: statistically significant differences were considered compared with the control group:

*P<0.05; ** P<0.01; *** P<0.001.

The use of drugs fenbendazole and
fFenbenzyl in dogs of the experimental
groups contributed to the activation of su-
peroxide dismutase activity in their blood,
so on the 20th day of the experiment, the
enzyme activity in dogs of the first exper-
imental group increased by 17.6% and
in the second experimental group — by
29.6% compared with the control. The
highest superoxide dismutase activity was
in blood of animals of the second exper-
imental group on days 20 and 25 of the

experiment, where it was 16.2 + 1.10 and
16.0 = 1.56 Ul/mg protein, respectively,
which is 42.9% higher than the values
in dogs of the control group. On the 30th
day of the experiment, it was found that in
blood of dogs of the second experimen-
tal group, the enzyme activity increased
by 54.4%, while in the first experimental
group — by 37.9%.

As a result of research, it is estab-
lished that the development of toxocari-
asis in dogs of the control group causes

2. The effect of fenbenzyl and fenbendazole on superoxide dismutase activity
in blood of dogs infected with the causative agent of toxocariasis (M = m, n = 6)

Superoxide dismutase, IU/mg protein
Blood test time group of animals

control experimental 1 experimental 2
Before treatment 15.6+0.70 15.9+0.65 15.7+0.68
Day 5 17.1+0.95 16.5+0.59 16.9 +0.87
Day 10 152+0.54 15.7+0.60 16.0+0.94
Day 15 14.4+0.82 15.4+047 15.9+£0,99*
Day 20 12.5+0.86 14.7 £ 0.90* 162+ 1.10%*
Day 25 11.2+0.64 14.4 £ 1.05%* 16.0 £ 1.56%**
Day 30 10.3+0.64 142 +£1.23%* 15.9 £ 1.10%**

Note: statistically significant differences were considered compared with the control group:

* P <0.05; ** P<0.01; *** P<0.001
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a decrease in the level of reduced gluta-
thione, one of the main indicators of the
non-enzymatic part of the glutathione
system of antioxidant protection. Thus,
on the 15th and 20th days of the exper-
iment, the level of reduced glutathione
decreased by 17.4 and 21.7% compared
with the initial values. On days 25 and
30 of the experiment in blood of ani-
mals of the control group, the level of
the studied indicator continued to de-
crease to 0.31 = 0.04 mmol/L (Table 3).

It should be noted that reduced gluta-
thione is the main antioxidant for red blood
cells, which plays the role of a coenzyme
for methemoglobin reduction to function-
ally active hemoglobin. In addition, it in-
volves the detoxification of several toxic
compounds, as well as hydrogen peroxide
and lipid hydroperoxides that are formed in
the reactions of interaction of reactive oxy-
gen species with unsaturated fatty acids of
red blood cell membranes. Thus, reduced
glutathione plays an important role in the
maintaining functional characteristics of
red blood cell membranes in dogs with the
development of toxocariasis.

While studying the effect of fenbenda-
zole and fenbenzyl on the level of reduced

glutathione in blood of dogs infected with
toxocariasis, it was found that its level in
blood of the first experimental group on
day 10 of the experiment was 0.43 = 0.04,
and the second experimental group —0.45 £
0.05 mmol/L, whereas in the control group
this figure was significantly lower — 0.40
+ 0.04 mmol/L. On the 25th and 30th day
of the experiment, we note an increase in
the level of reduced glutathione in dogs of
experimental groups, so in the first experi-
mental group this figure increased by 18.2
and 29.0%, and in the second — by 42.4 and
45.2% compared with the control.

An equally important enzyme of the glu-
tathione system of antioxidant protection is
glutathione peroxidase, which catalyzes the
reduction of hydrogen peroxide or organic
hydroperoxides and consequently protects
cells from the action of reactive oxygen spe-
cies. The results of the studies showed that
glutathione peroxidase activity decreased
in blood of animals with the development
of toxocariasis throughout the experiment.
The lowest glutathione peroxidase activity
was in blood of dogs of the control group on
days 25 and 30 of the experiment, where it
decreased by 23.9 and 26.7%, respectively,
compared with baseline values (Table 4).

3. The effect of fenbenzyl and fenbendazole on the level of reduced glutathione
in blood of dogs infected with toxocariasis (M + m, n = 6)

Reduced glutathione, mmol/L
Blood test time group of animals

control experimental 1 experimental 2
Before treatment 0.46 +0.03 0.44 +0.04 0.47+£0.04
Day 5 0.42+0.04 0.45+0.05 0.46 +0.03
Day 10 0.40+0.04 0.43+£0.04 0.45+0.05
Day 15 0.38 +£0.02 0.41+0.03 0.45+0.02*
Day 20 0.36 £0.03 0.40 £ 0.05* 0.46 £ 0.03**
Day 25 0.33+0.05 0.39 +£0.04* 0.47 £0.02%*
Day 30 0.31+0.04 0.40 £ 0.06** 0.45 £0.03%**

Note: statistically significant differences were considered compared with the control group:

* P <0.05; ** P<0.01; *** P<0.001.
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4. The effect of fenbenzyl and fenbendazole on glutathione peroxidase activity
in blood of dogs infected with the causative agent of toxocariasis (M + m, n = 6)

Glutathione peroxidase, umol NADPH _h/mg protein
Blood test time group of animals

control experimental 1 experimental 2
Before treatment 17.6 £2.47 17.8+£3.10 18.0 +2.85
Day 5 17.9+£2.99 18.0+3.15 18.1+2.89
Day 10 16.9 +2.85 17.5+3.00 17.8+£2.75
Day 15 152+3.15 16.0 +£2.56 16.6 +3.05*
Day 20 14.6 +£3.65 16.3 +£2.68* 17.0 £ 3.15%*
Day 25 13.4+3.55 16.0 £ 3.62* 17.7 +2.45%**
Day 30 129+3.10 16.2 £2.85%* 18.2 +2.59%**

Note: statistically significant differences were considered compared with the control group:

*P<0.05; ** P<0.01; *** P<0.001.

During the treatment of animals with
the development of toxocariasis with drugs
fenbendazole and Ffenbenzyl, it was found
that glutathione peroxidase activity on the
15th day of the experiment increased by
5.3 and 9.2% compared with the control.
On the 20th day of the experiment, gluta-
thione peroxidase activity in blood of dogs
of the first experimental group increased
by 11.6%, and the second experimental
group — by 16.4% compared with the con-
trol. On the 25th day of the experiment, the
enzyme activity in dogs of the experimental
groups ranged from 16.0 + 3.62 to 17.7 £
2.45 pmol NADPH,h/mg protein, while in
the control this figure was 13.4 & 3.55 pumol
NADPH h/mg protein. On day 30 of
the experiment, glutathione peroxidase
activity was the highest in dogs of the
second experimental group treated with
Ffenbenzyl.

In the $tudy of glutathione reductase
activity, it was found that in dogs of the
control group, its activity decreased by
21.1% on the 30th day of the experiment
compared with the initial values (Table 5).

When using the drug fenbendazole
in dogs of the first experimental group,
on the 15th day of the experiment, an in-
crease in glutathione reductase activity

by 5.5% was found, on the 20th day of
the experiment — by 9.3%, on the 25th
day of the experiment — by 16.1% and
on the 30th day of the experiment — by
12.4% compared with the control.
When treating dogs of the second exper-
imental group with the drug fFenbenzyl, a
more likely increase in glutathione reductase
activity was found in comparison with the
first experimental group. Thus, on the 10th
and 15th day of the experiment, the activity
of the enzyme in blood of dogs of the sec-
ond experimental group increased by 4.0 and
8.8% in comparison with the control. Sub-
sequently, the glutathione reductase activity
continued to increase and, accordingly, on
the 20th day of the experiment was 6.24 +
1.17 umol NADPH,h/mg protein, while in
the control this figure was 5.47 + 1.21 pmol
NADPH h/mg protein. On days 25 and
30 of the experiment, the enzyme activity
was the highest in the second experimental
group, where it increased by 20.9 and 27.3%,
respectively, compared with the control.
Thus, the drug Ffenbenzyl after use
in dogs with the development of experi-
mental toxocariasis activated the antiox-
idant defense system, as indicated by the
high content of reduced glutathione and
the activity of enzymes of the antioxidant
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5. The effect of fenbenzyl and fenbendazole on glutathione reductase activity
in blood of dogs infected with toxocariasis (M £ m, n = 6)

Glutathione reductase, pmol NADPH_h/mg protein

Blood test time (days) group of animals

control experimental 1 experimental 2
Before treatment 637+1.12 6.38+1.08 6.40+£1.15
Day 5 6.15+1.20 6.24+1.23 630+1.12
Day 10 6.01 £0.85 6.11+1.10 6.25+1.00
Day 15 5.82+0.96 6.14+£1.20 6.33+£1.09
Day 20 547+1.21 598 +£1.11 6.24+1.17
Day 25 521+1.30 6.05+1.22* 6.30 + 0.98%*
Day 30 5.02+0.57 5.64 £0.98* 6.39 £ 1.10**

Note: statistically significant differences were considered compared with the control group: *

P <0.05; ** P<0.01; *** P<0.001.

system: catalase, superoxide dismutase,
glutathione peroxidase, and glutathione re-
ductase. This may be due to the fact that
the drug contains milk thistle, which has
antioxidant properties, as it contains vita-
mins B, A, E, K, precursors of vitamin D,
carotenoids, macronutrients — Calcium,
Potassium, Magnesium, Iron and trace ele-
ments — Zinc, Copper, Manganese, lodine.

Conclusions and future
perspectives

The positive effect of the drugs fen-
bendazole and fFenbenzyl on the indi-
cators of the antioxidant defense system
in blood of dogs experimentally infected
with the with causative agent of toxoca-
riasis was revealed. It should be noted
that the use of the drug fFenbenzyl in
infected dogs contributed to a better
normalization of the antioxidant system
than the use of the drug fenbendazole.
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AHomayis. Y cmammi HagedeHHi pe3ysibmamu 0ocnioxeHs 8rausy heHbeHcuny ma gpeHbeHOa-
3071y HO GHMUOKCUOAHMHUU cmamyc opaaHiamy cobaK 3a eKcrepuMeHmasbHo20 iHea3y8aHHA 36y0-
HUKOM moKcokapo3y. [locniou nposedeHo Ha 18 cobakax, 080-4omupumica4Hoeo 8iKy. byso chopmo-
8AHO MPU 2pynu i3 Wecmu meapuH y KOXHIli: KoHMposbHy ma 08i 00cnioHi epynu. LiyyeHam ycix epyn
eKCcrepuMeHmMarsbHO 3apaxasnu 36yOHUKOM MOKcoKapo3y 8 003i 5000 iHeasiliHux Aeys T. canis Ha K2
macu mina. KoHmponbsHa 2pyna cobak byna 8 AKocmi HenikosaHo20 KoHmMpoto. LiyyeHamam nepwoi
docnioHoi 2pynu 320008ysasnu npenapam «PeHbeHOa30s1» y 003i 150 me Ha 3 K2 Macu meapuHu 00uH
pa3 Ha 006y enpodosx mpbox 0i6 8 00Hopa3oeili. LlyyeHamam Opyzoi 0ocnioHoi epynu 320008y8anu
npenapam «®eHbeHcun» y 003i 350 me Ha 3 Ke Macu meapuHU 00UH pa3 Ha 006y 8MPOO0BHE MPbOX
0i6. 0 Yac susYeHHA AKMUBHOCMI eH3UMHOI IAHKU cucmemu aHMUOKCUOAHMHO20 3axucmy, a came
Kamanasu, cynepoKcuoouCMymasu, 2aymamioHnepeoKcudasu, 21ymamioHpedykmasu, o MmaKoM
HeeH3UMHOI IHKU: pieHs 8IOHOBEHO020 271ymamioHy, Y meapuH O0CAIOHUX 2pyn 8CMAHOBAEHO Mio-
BULYEHHA aKMUBHOCMI YUX MOKA3HUKI8. Bapmo 3a3Ha4umu, Wo 3acmocysaHHs npernapamy «PeHbeH-
cun» iH8a308aHUM COBAKAM CIPUAO KPaWili HOPMAai3ayii MoKa3HUKIe AHMUOKCUOAHMHOI cucmemu
Yy MBApUH, HiXc 3acmocy8aHHs npenapamy «PeHbeHAa30». 3acMocy8aHHsA iHBA308aHUM cOBAKAM
npenapamy «®eHbeHcun» CrpusAno eipoioHiuomy nidsUUEHHIO GHMUOKCUOGHMHO20 cmamycy op-
2aHi3My cobaK Opy2oi 00CMiOHOI 2pynu, OCKinbKU 00 Ybo20 npenapamy exodums pPo3moponwa -
MUCMA, AKA MPOABAAE AHMUOKCUOGHMHI 810CMUBOCMI 3080AKU HAABHOCMI y CBOEMY CKAOI pe4o8UHU
cunimapuHy, AKul 8iIOHOB/HOE NMOWKOOMEHI KAIMUHU neYiHKu. [posedeHi 00cnioHeHHsA niomeepoxcy-
oMb eheKmusHICMb 3aCMOoCy8aHHA po3moponwi naamucmoi 8 cknadi npenapamy «deHbeHcusn»
cobaKaM 3a PO38UMKY MOKCOKAPO3HOI iHBA3ii 0717 aKmMuUBI3auii 3aXUCHUX cuCmem iXHbO20 Op2aHi3My.
Kntovosi cnosa: napasumoriozia, apmakosnoais, cobaKu, AaHMUOKCUOGHMHA Ccucmema,
po3moponwa naamucma
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Abstract. The total tasting score of meat (23.83 * 0.31 points) and broth
(23.90 + 0.24 points) from the experimental group of pigs fed with Lg-max feed additive
at a dose of 2.0 g/day was higher than in the control (22.33 + 0.38 points) and meat
taste in this group was significantly higher by 13.95% (P < 0.01) compared with the
control. In contrast, in the meat of pigs fed with Lg-max feed additive at a dose of
4.0 g/day, the indicator of appearance, smell and taste was significantly lower by
17.39% (P < 0.01), 23.40 (P < 0.01) and 13.9% (P < 0.05), respectively, compared with
the control. The appearance of meat from pigs fed Lg-max 2.0 g/day with Sel-Plex was
significantly lower by 10.87% (P < 0.05) compared to the control.

According to the indicators of the tasting evaluation of the broth from the meat of pigs
in the experimental groups, no statistically significant difference was found with those in the
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control, which may indicate a positive effect of the studied feed additives on the organoleptic
characteristics of pork. However, the odor of the broth (in the meat of pigs fed with Lg-max
feed additive at a dose of 4.0 g/day) was significantly lower by 20.8% (P < 0.01), and the taste
(meat from pigs fed with Lg-max feed additive at a dose of 2.0 g/day together with Sel-Plex) —
by 21.74% (P < 0.05) compared with the control.

According to microscopic and biochemical parameters, pork from pigs of
experimental and control groups met the requirements of current requlations for fresh

meat obtained from healthy animals.

Keywords: pork, microscopic and biochemical parameters, tasting, Lg-max and Sel-

Plex feed additives

Introduction

Clarification of problematic issues in
modemn pig farming is necessary to estab-
lish the compliance of keeping technologies
with the biological characteristics of animals
and the quality of food products. In addition,
the obtained food products must meet the
strict requirements of European legislation,
and therefore it is necessary to study the
quality of meat and fat products, which are
produced by traditional technologies by do-
mestic producers (Remizova, 2016).

Ensuring quality control of meat is pos-
sible through an integrated approach to this
problem solving, with a comprehensive
study that should be aimed at identifying
organoleptic and physicochemical param-
eters in the food product. All indicators are
defined by normative documents focused
on international and European standards
(Havrylenko et al., 2017).

Analysis of recent researches
and publications

Pork quality is assessed by the fol-
lowing indicators: appearance, color, pH,
water-holding capacity, tasting parame-
ters (Boles et al., 1998). These indicators
depend on various factors: breed, feeding
ration, which in turn affected the chemical
composition of pork, microscopic, bio-

chemical parameters, and sensory evalua-
tion (Moeller et al., 2010; Hoa et al., 2019).

At the same time, the feeding ration is
one of the main factors influencing the qual-
ity of pork. In recent years, various feed ad-
ditives have been used in pork production
(Han et al., 2000; Chae et al., 2002).

Currently, the main purpose of the use
of various feed additives is to obtain maxi-
mum productivity, increase feed efficiency
and ensure a high level of balanced feeding
and improve food consumption. According
to the analysis of the scientific literature, it
follows that modern producers use different
types of feed additives in pig feeding. Many
of them are produced in the USA, England,
France, and other countries and they belong
to flavoring and aromatic substances, en-
zyme preparations, probiotics, etc.

One of the most important parame-
ters of the nutritional value of feed is its
energy level, which should not only pro-
vide physiological processes to maintain
the body’s vital functions, but also animal
growth and development. It is known that
the main energy sources are starch from
cereals and fats from oilseeds. The choice
of fat source for pigs is determined by the
price of this raw material and in most cas-
es very rarely pays attention to the compo-
sition of the fat source, namely, which fat-
ty acids make up the oil or fat used in the
diet. After all, fat is primarily perceived as
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a source of energy (Schonfeld et al., 2016;
Zheng et al., 2021).

At the same time, preference is given to
natural feed additives, in particular, research
conducted over the past 5-10 years to ad-
dress the issue of the optimal ratio of ome-
ga-6 to omega-3 polyunsaturated fatty acids,
which is important for maintaining homeo-
stasis of biological processes and metab-
olism in animals and humans and affects
meat quality. Research results are in improv-
ing meat chemical composition, extension
its storage time, and reducing the ratio of
omega-3 to omega-6 polyunsaturated fatty
acids. It is known that the optimal ratio of
Omega-3 to Omega-6 polyunsaturated fat-
ty acids from various sources is from 1:2 to
1:4. While in the diet of most modern people
this ratio is about 1:20 to 1:30 (Jaturasitha et
al., 2001; Yefremov et al., 2012).

Among the essential polyunsaturated
fatty acids, in particular, the family of Ome-
ga-6 or Omega-3, have the ability to coun-
teract cardiovascular, neurodegenerative
diseases, and metabolic disorders, contrib-
ute to reducing blood cholesterol. Omega-3
polyunsaturated fatty acid derivatives can
actas signaling molecules by modulating the
anti-inflammatory response and controlling
cellular processes involved in programmed
cell death (apoptosis), lymphocyte prolif-
eration, inhibition of inflammatory cyto-
kines, and phagocytosis. Because omega-6
polyunsaturated fatty acids are involved in
the regulation of eicosanoid synthesis, they
control the activity of the immune system
(Gjerlaug-Enger et al., 2015; Shvediuk et
al., 2017; Midyk et al., 2018).

In this scientific study, Lg-max and Sel-
Plex feed additives were used in the feeding
of young pigs. The Lg-max feed additive
contains algae Schizochytrium limacinum
and Rosmarinus officinalis rosemary extract
and is a source for replenishment of animal
omega-3 polyunsaturated fatty acids, name-
ly docosahexaenoic acid, currently used for

dogs and cats. Therefore, for the first time,
our research proved the need to use Lg-max
feed additive in different amounts in the
main diet of fattening pigs.

In addition, the Sel-Plex feed additive,
as a source for organic form of selenium,
is widely used in pig feeding but mostly to
improve reproductive quality. The organic
form of selenium in comparison with inor-
ganic (sodium selenite) has several signif-
icant advantages. Sel-Plex contains 1000
mg/kg of selenium, more than 98% of
which is represented by selenomethionine
and selenocysteine, which are biological-
ly active forms of this trace element found
in nature (wheat, soybeans, etc.). It has a
higher availability, especially under stress,
and is not an oxidant, unlike selenite.

Purpose — to determine the sensory,
microscopic and tasting parameters of
pork after adding Lg-max and Sel-Plex
feed additives to the pig diet.

Materials and methods
of research

The material for the study was young
pigs of meat and fat breed (Landrace x
Large White) and muscle tissue samples
from the longest back muscle (m. longis-
simus dorsi) in pigs, taken at the level of
10-12 thoracic vertebrae at slaughter at
the end of the experimental period.

The experimental groups were
formed from young castrated male pigs.

To conduct the experiment, after a 15-
day equalization period, 4 groups of ana-
logs by origin, age, and live weight were
formed (5 animals in the control and exper-
imental groups). There were 5 pigs in the
pen (Table 1). The following periods of pig
breeding are used in the experimental farm:
suckling period — 28 days; growing period
—30-90 days; fattening — 90-180 days.

Feed additives for animals of the ex-
perimental group were administered as
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1. Scheme of scientific experiment

Group of animals Number Experimental period
of animals | equalizing growing fattening
Control 5 MD MD
1st experimental (E,) 5 MI]? gj—mzag & MI]? gfnfag &
] Main diet MD + 4.0 MD +4.0
2nd experimental (E,) 5 (MD) Lg-max £ Lg-max B
MD+20g MD +2.0 g
3rd experimental (E,) 5 Lg-max and Sel- Lg-max and Sel-
Plex (0.5 mg/kg). Plex (0.5 mg/kg).

part of a premix to feed, taking into ac-
count the needs of animals in Omega-3
polyunsaturated fatty acids (daily require-
ment is 672 mg). Experimental feed addi-
tive contains 353 mg of Omega per 1 g.

During the entire study period, the
animals were fed twice a day with dry
combined fodder and water ad libitum.
Feed was weighed at each feeding of the
pigs, and their actual consumption was
taken into account on a daily basis.

The sensory evaluation of pork was
performed according to the following in-
dicators: color, flavor, texture, condition
of tendons and fat (DSTU 4823.2:2007).

The pH value of meat was determined
by the potentiometric method using a pH
meter-150 according to (DSTU ISO 2917-
2001) 24 hours after the slaughter of animals.

The content of amino-ammonia ni-
trogen in mg per 10 cm® of meat-water
extract in pork was determined accord-
ing to Sofronov. The content of primary
degradation products of proteins in the
broth was determined by the reaction
with copper sulfate in the broth and the
determination of volatile fatty acids by
(GOST 23392-2016).

Results of the research
and their discussion

Evaluation of pork quality began af-
ter slaughter by sensory evaluation of

pig carcasses. The pigs were Landrace
x Large White (meat and fat). Thus, the
sensory evaluation confirmed the fresh
degree of meat and that it was obtained
from healthy animals, namely: the smell
on the surface of the carcasses was
pleasant, specific, the color of the meat
was pale pink, the carcasses were well
bled. The cut of the meat was dense,
elastic; the hole formed when pressed
with a spatula was quickly leveled. The
muscles were slightly moist, leaving no
wet spots on the filter paper. The fat was
white, the texture was soft and elastic.
The tendons were elastic, dense, the sur-
face of the joints smooth.

Post-mortem inspection and trichi-
noscopy of the meat confirmed that the
carcasses of pigs were obtained from
healthy animals.

Subsequently, in order to confirm
compliance with the requirements for
pre-slaughter aging, the slaughter of an-
imals and the fact that the meat is fresh
and obtained from healthy pigs, labora-
tory studies were performed: microscopy
of pork smears to determine the number
of microbial cells in the field of view of
the microscope ulcer tissue; reaction with
copper sulfate in the broth, the essence of
which is the precipitation of proteins by
heating, the formation in the filtrate of
complexes of copper sulfate with the prod-
ucts of primary decomposition of proteins
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that precipitate; the content of volatile
fatty acids by a method based on the iso-
lation of volatile fatty acids that may ac-
cumulate in the meat of sick animals, and
determining their amount by titration with
a solution of sodium hydroxide obtained
distillate; amino-ammonia nitrogen con-
tent, which is the most characteristic and
constant sign of spoilage of meat and the
presence of possible diseases of pigs.

According to the research results
presented in Table 2, it follows that all
these indicators correspond to the reg-
ulatory documents. For some of the in-
dicators obtained, a statistically signifi-
cant difference is observed.

Microscopy of  smears-imprints
obtained from meat should not reveal
microbial cells or there are up to 10 of
them in the field of view of the micro-
scope; by reaction with copper sulfate,
the broth should be clear; content of
volatile fatty acids —up to 4.0 mg KOH;
amino-ammonia nitrogen content — up
to 1.26 mg; The pH of fresh meat and
that obtained from healthy animals
should be in the range of 5.6 to 6.2; re-
action to peroxidase — positive.

According to the results of
Kravchuk’s research, the reaction with

copper sulfate should be used as an ad-
ditional method in the comprehensive
assessment of meat quality, and the de-
termination of volatile fatty acids — as
arbitration, together with bacterioscopy
of smears (Kravchuk, 2009).

Thus, microscopy of the smears did
not show any traces of muscle tissue
breakdown, the smears stained poorly.
However, the number of microbial cells
in the field of view of the microscope
in E, and E, groups was significantly
higher by 83.3 (P < 0.01) and 80.4%
(P < 0.05), respectively, compared with
the control. In the E, group, a tendency
to increase the number of microbial cells
in the field of view of the microscope was
found compared with the control. Thus,
the pork samples from pigs in the ex-
perimental groups corresponded to fresh
meat obtained from healthy animals. Al-
though, in E, and E, groups, there was
a significant increase in microbial cells
compared to the control.

Table 2 shows that the content of
volatile fatty acids in pork from pigs of
the E, and E, groups significantly in-
creased by 23.2 (P < 0.05) and 16.8%
(P < 0.01), respectively, compared with
the control. In E, group found a tendency

2. Microscopic and biochemical parameters of pork (M =+ m, n = 5)

. Experimental group
Indicator Control
E] EZ E3

Smear microscopy, the 2404051 | 2.60+£040 | 440+0.51%% | 433+042%
number of microbial cells
The content of volatile fatty | | 55, 01 | 131003 | 1.54+0.11% | 1.46+0.05%*
acids, mg KOH
The content of amino- 0.80+0.07 | 0.89+0.06 | 1.00+0.04* | 0.90+0.06
ammonia nitrogen, mg
PH value 5.76 £0.07 | 5.78 +£0.08 5.94 +0.04 5.80 +0.05

. . the broth is | the broth is the broth is the broth is
Reaction with copper sulfate ¢

ransparent | transparent transparent transparent

Reaction to peroxidase positive (+) | positive (+) | positive (+) positive (+)

Note: * P<0.05; ** P<0.01; *** P<0.001 compared with the control of the corresponding age.
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to increase the number of microbial cells
in the field of view of the microscope
compared with the control. A slight in-
crease in volatile fatty acids in the meat
from pigs of the E, and E, may be due to
an increase in microbial contamination
of the carcasses, as well as an increase in
the amount of subcutaneous fat.

It is known that volatile fatty acids
can be formed from both lactic acid
and amino acids by deamination. In ad-
dition, volatile fatty acids are formed
during the breakdown of lipoids. Re-
searchers have studied the role of vola-
tile fatty acids in various physiological
and pathophysiological conditions but
some of them indicate the possibility of
using volatile fatty acids as biochemical
markers for diagnosing several diseases
(Nezghoda et al., 2019).

One of the chemical reactions that
indicates the formation of amino com-
pounds and ammonia bases is a deter-
mination of amino-ammonia nitrogen
content in pork. Thus, in the E, group, the
content of amino-ammonia nitrogen was
significantly higher by 25.0% (P < 0.05)
compared with the control. In the E, and
E, groups, a tendency to increase volatile
fatty acids was found compared with the
control. It can be assumed that the amount
of amino-ammonia nitrogen in pork from
pigs of the experimental group that re-
ceived 4.0 g/day of Lg-max feed additive
is related to the content of volatile fatty
acids and the number of microbial cells.

One of the most important factors
characterizing the quality of pork is
acidity (pH). Because the concentration
of hydrogen ions in meat depends on
the content of glycogen and lactic acid
in the muscles at the time of slaughter
and, as a consequence, is a derivative
of the physiological state in animals
before slaughter, and reflects the course
of postmortem processes in the carcass.

Closely related to this indicator are col-
or, water-holding capacity, tenderness,
and other meat quality indicators. Due
to the processes of post-mortem gly-
colysis, the pH shifts to the acidic side
until a final value specific to each type
of meat. In pork, the final pH value is
reached after 24 hours and is from 5.6
to 6.4 under normal conditions. The
pH value is influenced by stressful sit-
uations that occur in animals before
slaughter (predominance, transporta-
tion, physical, mental stress, high tem-
peratures, etc.). All these factors cause
stress in animals that induces increased
adrenaline secretion and promotes the
breakdown of glycogen in the liver
(Teuteberg et al., 2021).

In addition, Kasyanchuk & Bogatko
(2017) noted that meat obtained from
animals with dystrophic changes in the
liver or kidneys has higher pH (6.2 +
0.1) than meat obtained from healthy
animals (5.6-5.7). At pH values up to
5.4 and below, conditions are created
for the survival and reproduction of
gram-negative bacteria, most strains of
yeast and fungi (Bohatko, 2017).

According to the reaction on deter-
mination the acidity of pork in the con-
trol and experimental groups, the pH
value ranged from 5.76 to 5.80, which is
within the normal range for fresh meat,
matured (after slaughter 24 hours) and
obtained from healthy animals.

In reaction with copper sulfate, the
obtained broth was transparent, indi-
cating that when the minced meat was
heated in a boiling water bath, no prima-
ry breakdown products of meat proteins
(peptones, polypeptides) were formed.

The reaction on the presence of per-
oxidase (an enzyme of protein nature)
was positive, which indicates a suffi-
ciently high activity of this enzyme.
Confirmation of a positive reaction is
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3. Tasting evaluation of pork (cooking test), points (M £ m; n = 5)

. Experimental group
Indicator Control
E, E, E,
Appearance 4.60+0.19 440+0.24 3.80+£0.12%*% | 4.10+0.10*
Color 430£0.20 4.50£0.22 430+0.12 4.80+£0.12
Flavor 4.70 £0.20 4.80+0.13 3.60 £ 0.10%* 430+0.20
Taste 4.30+0.12 490+£0.10%* | 3.70+£0.20* 4.50£0.16
Consistence 4.60+0.19 4.80+£0.20 4.70 £0.20 4.20+0.12
Succulence 430+0.25 4.70 £0.20 490+0.10 4.20+0.12
Total score 22.33+£0.38 23.83+£0.31 20.83 £ 1.12 21.75+0.53

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

the appearance of blue-green color,
which turns brown. This indicates that
the peroxidase decomposes oxygen
peroxide with the release of oxygen,
which oxidizes benzidine. This produc-
es para-quinone diamide, which with
underoxidized benzidine gives a blue-
green compound that turns brown.
Thus, the qualitative reactions can be
used to state that pig slaughtering tech-
nology is followed, as well as that the
meat is obtained from healthy animals.
At the same time, we conducted a
tasting evaluation of meat, which is an
important indicator of its quality. In sev-
eral scientific studies, meat tasting is used
to possibly identify differences between
species, lines and crosses, particularly
in poultry (Kucheruk, 2018) and in pigs
(Birtaetal., 2010; Novgorodskaya, 2014).
Researchers point to differences in
the sensory and tasting characteristics of
pig meat after slaughter, which depend
on different stress sensitivities. Meat
obtained from stress-sensitive pigs has
low consumer properties and autolyt-
ic processes are slower (Lykhach et al.,
2016). In addition, the smallest share of
stress-sensitive animals was in the group
of landrace animals (Vashchenko, 2017).
Tasting evaluation of meat (from the
longest back muscle) in pigs, as well as

meat broth, was performed by a 5-point
scale. The meat samples taken for tasting
had the same size and temperature accord-
ing to the current regulations (Table 3).

According to the results shown in
Table 3, it follows that the appearance
of pig meat from the E, group was sig-
nificantly lower by 17.39% (P < 0.01),
and E, — by 10.87% (P < 0.05), com-
pared with the indicator in the control.

At the same time, in the E, group,
the flavor and taste indicators were sig-
nificantly lower by 23.4 (P < 0.01) and
13.9% (P < 0.05), respectively, com-
pared to the control.

However, the meat taste index in the E,
group was significantly higher by 13.95%
(P <0.01) compared to the control. How-
ever, for the rest of the tasting indicators
of pork (in E, group), there is a tendency
to increase compared to the control.

Table 4 presents the results of the
tasting evaluation of the broth. Thus,
the flavor of broth in the E, group was
significantly lower by 20.8% (P < 0.01),
and the taste in the E, group — by 21.74%
(P <0.05) compared with the control.

However, most of the parameters by
the tasting evaluation of the broth from
the meat of the experimental pigs did not
have a statistically significant difference
with the control, which may indicate a
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4. Tasting evaluation of pork broth, points (M = m; n =5)

. Experimental group
Indicators Control
E, E, E,
Appearance 420+0.24 4.60+0.24 4.80+0.20 4.20+0.37
Flavor 4.80+0.20 4.80£0.20 3.80£0.21** 4.00£0.32
Taste 4.60+0.24 4.90=+0.10 4.60 £0.25 3.60 +£0.24*
Transparency 4.20+0.37 4.80 +0.20 4.80+0.20 4.40+0.24
Richness 4.80+0.20 4.80+£0.12 420+0.37 4.60£0.24
Total score 22.60+0.87 23.90+0.24 21.40+1.12 20.80+0.86

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

positive effect of the studied feed additives
on the sensory characteristics of pork.

No statistically significant difference
was found between the indicators of the
total score, but in the E group this in-
dicator was slightly higher than in the
other experimental groups.

Therefore, according to the results of
the tasting analysis, it can be stated that
the tasting values of meat and broth from
pigs in the E, group were higher com-
pared to control samples, apparently due
to increased content of extractives and
free amino acids in it under the influ-
ence of feed additives in different doses
on nitrogen and lipid metabolism in the
body of pigs.

Thus, according to the tasting evalu-
ation of pork and broth, the best quality
meat is obtained from pigs fed Lg-max
at a dose of 2.0 g/day.

Conclusions and future
perspectives

The total tasting score of meat (23.83
+ 0.31 points) and broth (23.90 + 0.24
points) from pigs of the experimental
group fed with Lg-max feed additive at
a dose of 2.0g/day was higher than in
the control (22.33 + 0.38 points) and the
meat taste in this group was significantly

higher by 13.95% (P <0.01) compared
with the control. In contrast, in the meat
of pigs fed with Lg-max feed additive
at a dose of 4.0 g/day, the indicator of
appearance, smell and taste was signifi-
cantly lower by 17.39% (P < 0.01), by
23.40 (P <0.01) and 13.9% (P < 0.05),
respectively, compared with the control.
The appearance of meat from pigs fed
with Lg-max 2.0 g/day with Sel-Plex
was significantly lower by 10.87% (P <
0.05) compared to the control.
According to the indicators of the tast-
ing evaluation of the broth from the meat
of pigs in the experimental groups no sta-
tistically significant difference was found
with those in the control, which may in-
dicate a positive effect of the studied feed
additives on the organoleptic character-
istics of pork. However, the favor of the
broth (in the meat of pigs fed with Lg-max
feed additive at a dose of 4.0 g/day) was
significantly lower by 20.8% (P < 0.01),
and the taste (meat from pigs fed with Lg-
max feed additive at a dose of 2.0 g/day
together with Sel-Plex) — by 21.74% (P <
0.05) compared with the control.
According to microscopic and bio-
chemical parameters, pork from pigs in
the experimental and control groups met
the requirements of current regulations for
fresh meat obtained from healthy animals.
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Further research concerns the histo-
logical examination of the liver in young
pigs after the use of different amounts of
feed additives.
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IMVAICA 3A 3ACTOCYBAHHA Y rofi1B/1l MOJ1I0AHAKY CBUHEV HATYPAJIbHUX
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AHomayjia. 3azanbHa Oe2ycmayiliHa ouyiHka m’aca (23,83 + 0,31 6anig) i 6ynvlioHy
(23,90 * 0,24 6anis) 8i0 ceuHeli 0ocnidHOT epynu, AKUM 320008y8asauU Kopmosy 006asKy Lg-max
2,0 2/006y, 6yna suwe, Hix y KoHmponi (22,3320,38 6anig) i NoKasHUK cMmaky m’aca yiei 2pynu 6ye
docmoesipHo binbwum Ha 13,95% (P<0,01), nopigHio4U 3 MOKA3HUKOM Yy KOHmMposi. Hamomicme,
y m’Aci cauHel, AKUM 320008y8asu Kopmosy dobaeky Lg-max 4,0 2/006y, MOKA3HUK 308HiUHb020
8u2nAdy, 3anaxy ma cmaky bye docmosipHo MeHwum gidrnosioHo Ha 17,39% (P < 0,01), 23,40%
(P<0,01)i13,9% (P < 0,05), nopisHtorouu 3 KoHmMposnem. [TOKA3HUK 308HiWHbLO20 8U2A0Y M’Aca
cuHell, AKUm 320008y8asu Kopmosy 006asKy Lg-max 2,0 2/006y pasom i3 Cen-llnekcom bye do-
cmogipHo meHwum Ha 10,87% (P < 0,05), Hixc y KoHMposi.

3a nokazHukamu de2ycmayiliHoi oyiHKku 6ynblioHy 3 m’Aaca cauHeli 00CniOHUX 2pyn He ecma-
HOBUAU CMAMUCMUYHO 3HAYYWOI Pi3HUYi i3 MAKUMU 8 KOHMPOI, W0 Moxce c8iduumu npo no-
3umusHull 8rianue 00csiOHy8aHUX KOpMOBUX 006ABOK HA OP2AHOAENMUYHI MOKA3HUKU C8UHUHU.
OO0HaK, nokasHukK 3anaxy bynelioHy (y m’aci epynu ceuHel, AKUM 320008y8asu KOpMogy 00b6asKy
Lg-max 4,0 2/006y) 6ye docmosipHo meHwum Ha 20,8% (P < 0,01), a cmaky (y m’sci ceuHel, AKUM
320008y8as1u Kopmosy 0obasKy Lg-max 2,0 2/006y pazom i3 Cen-lnekc) — Ha 21,74% (P < 0,05),
MOPIBHIOKOYU 3 MOKA3HUKAMU 8 KOHMPOJi.

3a mikpockoniyHumu G GioXiMiYHUMU MOKA3HUKAMU C8UHUHQ 8i0 ceuHell 00CniOHUX i KOH-
mponbHOI 2pyn 8idnosidasna 8UMO2aM YUHHUX HOPMAMUBHUX OOKYMeHMie w000 C8ix020 M’s-
€a, OMmpUMaHo20 8i0 300p0O8UX MBAPUH.

Knroyoei cnoea: cauHUHa, MiKPOCKOMiYHi ma bioximivHi MOKA3HUKU, de2ycmauis, Kopmosi 006asKu
Lg-max i Cen-lnekc
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Abstract. Ukraine is actively implementing safety legislation and certain indicators
of food quality, in particular, raw milk, to the requirements of the European Union.
Modern requirements for raw milk require careful analysis of hygienic indicators. Raw
milk materials supplied to “Bila Tserkva Dairy Plant” LLC and dairy plant in PISC “Vita”
of Kyiv Region were studied. The count of mesophilic aerobic and facultative anaerobic
microorganisms (MAFAM) and the species composition of milk microflora, in particular,
bacteria of the genus Salmonella, Staphylococcus aureus, Listeria monocytogenes,
bacteria of Escherichia coli group, psychrotrophic and spore-forming microorganisms
were determined by microbiological methods. Physicochemical methods were used to
determine: density, mass fraction of dry matter, somatic cell content, acidity, purity
group, mass fractions of protein and fat. According to research results, the quality of
farm milk is in an order of magnitude better than milk obtained from private households,
in particular, by MAFAM count. The technology of obtaining farm milk ensures its
production of extra and first grades, while milk obtained in the conditions of private
households — the first grade and non-grade. According to physicochemical parameters,
milk obtained under different conditions did not differ significantly. Microbiological
parameters differed significantly. The average count of MAFAM in the milk from
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private households was 4361.25 + 241.15, which is 12.6 times higher than MAFAM
count even in milk of the first grade produced by a dairy farm. Irrespective of the
season and conditions of raw milk production, all tested samples met the requirements
of the current DSTU for the absence of bacteria of the genus Salmonella in 25 cm?,
Staphylococcus aureus in 0.1 cm?, and Listeria monocytogenes in 25 cm®. Bacteria of
the Escherichia coli group were not detected in farm milk during the year, in contrast
to milk from private households, where they were detected in spring and autumn
(20% of cases). Both in farm and milk from private households, a group of mesophilic
microorganisms prevailed over spore-forming and psychrotrophic ones. However, their
number was different. Prospects for further research are to determine the sources of
entering various types of microorganisms in raw milk and to develop procedures to
eliminate the possibility of milk contamination with foreign microflora.

Keywords: raw milk, farm milk, milk from private households, milk microflora,

quality parameters

Introduction

Ukraine is currently undergoing the
necessary reforms to approximate regula-
tions on food safety and quality, in particu-
lar milk and dairy products, in accordance
with the Association Agreement with the
European Union. Ensuring the proper
quality and safety of raw milk and dairy
products is especially important for the do-
mestic consumer, as well as for the further
promotion of Ukrainian food products to
the European Union market (‘"Kondrasii et
al., 2016; Ministry of Agrarian Policy and
Food, 2019). Of course, a rational and log-
ical way to ensure the safety and quality of
raw milk, and in the future — dairy products
is to prevent their contamination by foreign
substances and microorganisms on farms
(CAC/RCP 57, 2004).

It should be noted that microorgan-
isms that enter the milk differ in type,
multiplication activity, and metabolism
and are a factor that limits milk shelf life
(Oliveira et al., 2011; Bohnlein et al.,
2021). This phenomenon in the dairy
industry also limits the export of dairy
products (Chaharovskyi, 2020; Ukrin-
form, 2020).

Analysis of recent researches
and publications

In 2018, a new national standard
DSTU 2662:2018 “Raw cow’s milk.
Technical conditions” was developed,
it was enacted on September 1, 2019
(2018). However, currently, it is almost
impossible to meet the requirements of
the standard for microbiological parame-
ters, especially on farms that use outdat-
ed raw milk production technologies and
do not always comply with modern hy-
giene requirements and private farms, and
the share of such raw milk is significant
for some facilities (Pronko et al., 2020).
The new standard aims to increase milk
quality requirements and regulate the use
of low-grade milk for certain purposes,
namely, for the production of non-food
products, such as animal feed or techni-
cal casein (Ministry of Agrarian Policy
and Food, 2019). However, such products
can be produced by a very small share of
market operators, and therefore often raw
milk that does not meet the requirements
is processed into dairy products, which
increases the risk not only of defects but
also diseases in consumers. Requirements
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of current regulations apply to operators
only and are not related to individuals
who produce milk for their consump-
tion. As a result, according to the current
requirements, producers must introduce
good practices in the production, pro-
cessing, and marketing of milk and dairy
products (*Kondrasii et al., 2016; Ministry
of Agrarian Policy and Food, 2019).

It should be noted that the count of
mesophilic aerobic and facultative an-
aerobic microorganisms (MAFAM) in
milk is one of the most important in-
dicators not only of its quality but also
safety. This indicator also determines
the sanitary conditions for obtaining and
primary processing raw milk, suitability
for the manufacture of dairy products.
The number of MAFAM in milk is con-
sidered the most critical indicator due
to the fact that, in Ukraine, a significant
share of raw milk for the dairy industry
is milk obtained from farms that do
not have proper hygiene and produc-
tion practices (GHP/GMP) and private
farms (Ministry of Agrarian Policy and
Food, 2019; Pronko et al., 2020).

However, its cooling is mostly insuf-
ficient and occurs prematurely (Pronko
et al., 2021). Such milk no longer has
bactericidal properties during deliv-
ery to milk processing facilities and, in
addition, with increasing temperature
during transportation to the milk pro-
cessing facilities, the microflora begins
to multiply actively. The development
of microflora in milk causes several
changes that complicate technological
processes and worsen the quality of
dairy products. The influence of this
factor depends on the season and ambi-
ent temperature (Bohnlein et al., 2021).

According to various authors, the
maximum number of anaerobic spores is
found in milk in late winter and spring,
which may be due to reduced feed qual-

ity and poor sanitation on farms during
this period. The maximum number of
heat-resistant bacteria was found in the
summer months. In the autumn, their
number decreased by two or more times
(Burke et al., 2021).

The presence of heat-resistant bacte-
ria in raw milk indicates that the milk
is not cooled or cooled insufficiently
immediately after milking because only
psychrotrophic microorganisms, most
of which have low heat resistance and
inactivate at low temperatures, can de-
velop in milk cooled to a temperature
of 3-5 °C. A large number of heat-re-
sistant bacteria in milk can also arise
due to violation in hygienic conditions
of its production, as a result of which
microorganisms from equipment, dairy
utensils, etc. enter it (Ledo et al., 2020).

In the process of obtaining raw milk
with proper quality, attention should
be paid to water hygiene. The quality
of water on the farm (for washing ud-
der, washing and disinfecting milking
equipment) must meet the requirements
of the current standard for drinking wa-
ter. High microbial contamination of
water occurred when from 438 to 589
thousand psychrotrophic microorgan-
isms were found in 1 cm?® of the experi-
mental sample (Ledo et al., 2020).

In the presence of inflammatory pro-
cesses in the udder, the number of mi-
croflora increases significantly, in par-
ticular, during the latent form of mastitis
—up to tens of thousands, and in the case
of clinical course — millions of bacteria
in 1 cm? of milk. Failure to comply with
sanitary and hygienic requirements for
milk production, animal diseases, espe-
cially subclinical mastitis, lead not only
to a decrease in the nutritional value of
milk but also to the fact that it becomes
dangerous for human health (Moradi et
al., 2021; Rios-Muniz et al., 2019).
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Thus, the safety and quality of raw
milk are closely associated with the or-
ganization of hygiene requirements and
compliance with sanitary measures on
the dairy farm during its obtaining, pri-
mary processing, cooling, storage, and
transportation to milk processing facili-
ties. ('Kondrasii et al., 2016; 2Kondrasii
et al., 2016; Jans et al., 2016; Willis et
al., 2018; Zulauf et al., 2018).

The purpose of the work was to ana-
lyze the physicochemical and microbio-
logical parameters of raw milk supplied
to milk processing facilities.

Materials and methods
of research

The work was performed in the pe-
riod from December 2019 to November
2020. Samples of raw milk for labora-
tory tests were taken at “Bila Tserkva
Dairy Plant” LLC and the dairy plant of
PJSC “Vita” (Kyiv region) during its re-
ception at the appropriate facilities.

The study of changes in the species
composition of the microflora in all raw
milk, which was received by the milk
processing facilities, was performed
depending on the season and the condi-
tions of its production.

Determination of subclinical mas-
titis and organoleptic evaluation were
performed at the sampling site. Physi-
cochemical and bacteriological analyses
were conducted in the Ukrainian Labo-
ratory of Quality and Safety of Agricul-
tural Products.

A sampling of milk was performed
according to DSTU 8553:2015 “Raw
milk and raw cream. Rules for accep-
tance, sampling and preparing samples
for control” (2015).

The milk microflora concerning the
contamination with microorganisms
of different groups was studied using

the following methods: the total count
of bacteria was determined according
to DSTU 7357:2013 “Milk and dairy
products. Methods of microbiological
control”, the number of psychrotrophic
microorganisms, cultures and colony
counts were determined similarly but in-
cubated in a thermostat at a temperature
of 7.0 + 1.0 °C for 7-10 days. Detected
microorganisms were identified using
the “Bergey’s manual of systematic bac-
teriology” (2007); spore-forming bacte-
ria were determined by seeding the 4th,
5% and 6th of six ten-fold dilutions of
milk heated to 85 °C for 10 minutes. Pas-
teurized milk of selected dilutions was
added to Petri dishes, filled with IPA and
kept in a thermostat at a temperature of
30 °C for 3 days, after which the number
of microorganism colonies was count-
ed; detection of Listeria monocytogenes
was performed according to DSTU ISO
11290-2:2000 “Microbiology of food
and animal feed — horizontal method of
detection of Listeria monocytogenes”;
detection of bacteria of the genus Sal-
monella was performed according to
DSTU IDF 93A:2003 “Milk and dairy
products. Determination of Salmonel-
la” (IDF 93A:1985, IDT).

The number of somatic cells was
determined according to GOST 23453-
90 “Milk. Methods for determining the
number of somatic cells”, milk den-
sity — according to DSTU 6082:2009
“Milk and dairy products. Methods for
determining the density”, acidity — ac-
cording to GOST 3624-92 “Milk and
dairy products. Titrometric methods
for determining acidity”, fat content
— according to DSTU ISO 1211:2002
“Milk. Gravimetric method for deter-
mining the fat content (control meth-
od)” (ISO 1211:1999, IDT), protein
content — by the method of formal ti-
tration GOST 25179-90 “Milk. Meth-
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ods for protein determination”; dry
matter content — according to DSTU
ISO 6731:2007 “Milk, cream and con-
densed milk”. Determination of total
dry matter content (control method) —
according to ISO 6731:1989, IDT.

The obtained research results were pro-
cessed statistically using MS Excel. We
calculated the mean values (M), the error
of the mean values (m). The difference was
considered probable for P < 0.05.

Results of the research
and their discussion

We conducted an analysis of micro-
biological and physicochemical parame-
ters of milk supplied to milk processing
facilities from December 2019 to No-
vember 2020. In this case, we considered
the origin of the milk (milk obtained un-
der conditions of farms or from cows in
private households) and the season.

During the study period, “Bila
Tserkva Dairy Plant” LLC received
30% of premium milk and 70% of the
first grade, however, according to some
indicators, the milk also corresponded
to extra grade. But the dairy plant did
not exhibit extra milk, because the hy-
gienic indicators (the content of somatic
cells and microorganisms) did not cor-
respond to this.

The research results of microbiological
and physicochemical parameters of milk
received for processing in “Bila Tserkva
Dairy Plant” LLC are given in Table 1.

According to Table 1, fluctuations in
performance depending on the season are
noted. In terms of density, milk correspond-
ed in most cases to extra grade in summer
and autumn, as evidenced by the average
density of milk received for processing from
dairy farms in these seasons. In winter and
autumn, the milk density corresponded to
extra and first grades. Similar results were

for the dry matter content. As for the number
of somatic cells, milk corresponded to extra
and higher grades only in summer, while in
other times of the year, corresponded to the
first grade. Moreover, the lowest number of
somatic cells was in summer, the highest
— in spring and winter due to the increase
in the number of cows with mastitis in the
cold season. The average number of somat-
ic cells was 421.70 + 15.26, which met the
requirements for the first grade.

Milk acidity complied with current
regulations during the year but was low-
est in winter. The protein content was
the highest in summer and autumn and
slightly higher than the baseline (base-
line — 3%), lower — in winter and spring
but within the current requirements
for raw milk. The average was 3.27%
during the year. The fat content in milk
obtained from farms was the lowest
in spring, and it was stable and slight-
ly exceeded the baseline (baseline for
Ukraine — 3.4%) in other seasons. The
average fat content, in this case, was
3.6%. According to the purity group,
the milk obtained from farms complied
with the current DSTU 3662:2018 and
was the first group throughout the year.

The data given in Table 1 shows that
in farm and chilled milk in winter and
spring the average MAFAM count was
<100 thousand CFU/cm?, which corre-
sponds to the extra grade, but the number
of somatic cells corresponded to the first
grade in these seasons. In summer, this
figure was more than 2 times higher and
according to DSTU 3662:2018 corre-
sponded to the extra grade. The average
value of MAFAM count was 132.43 +
2.7. Thus, we note the influence of the
season on physicochemical parameters
and MAFAM count in raw milk obtained
from farms. Taking into account all in-
dicators used to determine the grade,
high-grade milk was delivered to the
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1. Physicochemical and microbiological parameter of farm milk depending
on the season (“Bila Tserkva Dairy Plant” LLC) (M + m, n = 20)

Season
Parameter winter spring summer autumn
(03/12/2019— | (02/03/2020— | (01/06/2020— | (01/09/2020—

. 28/02/2020) | 29/05/2020) | 31/08/2020) | 19/11/2020)
E;;;;ty’ 27.99+0.15 | 27.91+0.19 | 28.18+0.09 | 28.08+0.22
X;‘tstserﬁ?/j“"“ ofdry | 11994003 | 11.89+001 | 12.36£0.01 | 12.39=0.02
Purity group, not I I 1 I
lower than
Acidity, °T 16224009 | 16514004 | 17.09+005 | 16.460.03
gfgf:fi%‘on . 3.28+0.02 3.19+0.01 3294002 | 3.31+0.02
Mass fraction of 361£003 | 358+002 | 3.63:001 | 3.64%0.02
Number of SOMAUC | 43622 425,01 | 441.23+26.02 | 381.21 £3.01 | 428.12+7.01
gﬁll:{:lfé[ ot | 96214206 | 992247 | 231274123 | 103.03+2.68

milk processing facility only in summer
and partially in autumn, while in spring
and winter milk corresponded to the first
grade, in particular, due to increased so-
matic cell content and low density.

In PJSC “Vita”, raw milk comes from
farms (41%) and private households
(59%). During the period under study, raw
milk was of the first grade and non-grade.
Quality parameters in milk obtained by
PJSC “Vita” are given in Table 2.

Analysis of the data given in Table
2, with regard to physicochemical pa-
rameters of raw milk received by PJSC
“Vita” from private households, it should
be noted that in some respects it differed
significantly from milk received from
farms. In particular, this applies to san-
itary and hygienic indicators — the num-
ber of somatic cells and MAFAM count.

Milk from private households con-
tained the least somatic cells in summer,
as well as milk obtained from the farm,
but the number of somatic cells in the first
case was on average 278.25 + 17.84, which
met the requirements for extra and higher

grades. However, if we compare the aver-
age values of the number of somatic cells
in milk obtained from farms and private
households, their number was 1.8 times
higher in milk from farms. According to
this indicator, milk from farms in winter
and autumn was low-grade, and only in
summer, it corresponded to the first grade.

According to MAFAM count, all milk
received by PJSC “Vita” was accepted
only in the second grade. Although ac-
cording to the current regulations, non-
grade milk for dairies was to be accepted
only for technical purposes from January
1, 2020. The highest MAFAM count in
milk from private households was in
summer, as well as milk from farms,
but this figure was 11 times higher in
milk obtained from private households.
Similar excesses were observed in oth-
er seasons, probably due to poor quality
and insufficiently rapid cooling of milk
in the private households. The average
MAFAM count in milk from private
households was at the level of 4358.61
+ 286.15, which is 4.9 times higher than
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MAFAM count in milk obtained on the
farm (892.10 = 75.58).

Farm milk in terms of density in some
seasons corresponded to the extra grade,
and from private households, the density
index ranged from 27.51 + 0.01 to 27.81
+ 0.20 kg/m?, which corresponds to ex-
tra and first grades. Dependencies on
the seasons were not noted. In terms of
dry matter, milk from farms and private
households did not differ much.

In terms of acidity, raw milk sup-
plied to PJSC “Vita” met the norma-

tive values (16-18 °T) and averaged
17.27 °T. Milk from farms had an av-
erage acidity of 16.57 °T, which is
0.7 °T higher because milk obtained
from private households is not always
able to cool quickly and efficiently im-
mediately after milking.

The average protein content in milk
from private households was 2.97% and
thus was slightly lower than the base-
line (3%), except for milk obtained in
autumn. In farm milk, this figure was on
average at baseline. During the calendar

2. Microbiological and physicochemical parameters of milk received for
processing by PJSC “Vita” from farms and private households (M £+ m, n = 20)

Season
Parameter winter spring summer autumn
(03/12/2019- | (02/03/2020— | (01/06/2020— | (01/09/2020—
28/02/2020) 29/05/2020) 01/08/2020) 19/11/2020)
Chilled milk from farms

Density, kg/m? 27.5+0.34 2730+0.26 | 28.03+0.36 | 28.04+0.24
Mass fraction of dry 11.51£0.16 | 1157+0.08 | 11.74+0.12 | 11.69+0.05
matter, %
Purity group, not lower I I I I
than
Acidity, °T 16.88 + 1.25 1701+ 1.14 | 18.03+1.16 | 17.22+1.24
MaSS.fraf“"n of 3.03+£0.01 | 2.99+0.03 | 3.01+0.04 | 3.06+0.01
protein, %
Mass fraction of fat, % 347+0.11 3.38+0.02 348+0.13 3.62+0.04
Number of somatic 629.14 + 480.70 = 398.04 + 496.53 +
cells, thousand/cm’ 23.01 34.42 45.01 26.43
MAFAM count, 933.42 + 1239.18 + 1291.27 + 1382.88 +
thousand CFU/cm? 89.97 69.83 65.01 74,00

Chilled milk from private houscholds
Density, kg/m? 27.69+0.05 | 27.81+0,20 | 27.52+0.06 | 27.51+0.01
Mass fraction of dry 11 69 004 | 11524005 | 11.99+0.12 | 11.57+0.03
matter, %
Purity group, not lower

1 1 I I

than
Acidity, °T 17.07+0.06 | 17.27+0.14 | 17.89+0.07 17.33 £0.29
Mass fraftlon of 298+001 | 2.89+0.07 | 2.99+0.03 | 3.02+0.04
protein, %
Mass fraction of fat, % 3.49+0.09 3.48+0.04 345+0.2 3.58+0.03
Number of somatic 297.16 271.16 = 266.36 + 279.75 +
cells, thousand/cm? 21.64 18.25 13.24 18.23
MAFAM count, 1412.58 + 1427.92 + 14579.58 + 1437.54 +
thousand CFU/cm’ 219.03 217.43 316.09 212.05
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year, the protein content in all samples
of raw milk from farms and private
households corresponded to the norm
(not less than 2.8%).

The fat content in milk obtained
in private households was on average
3.5%, which was 0.1% higher than the
basic fat content and 0.1% lower than
that in farm milk, so there is no reliable
difference. Regarding the fat content in
milk, depending on the season, this fig-
ure was the lowest in summer and the
highest in autumn, which coincides with
the trend observed for farm milk.

In terms of purity, milk obtained
from private households did not com-
ply with the current DSTU 3662:2018,
as during the year it was assigned to the
second purity group, which does not
meet the requirements of the current
standard and can be accepted at the milk
processing facilities only as non-grade
for technical purposes.

In addition, we studied the spe-
cies composition of the microflora in
milk obtained from farms and private
households, depending on the season
(Table 3).

3. The species composition of microorganisms in milk (M £+ m, n = 20)

Microorganism

Season

winter
(03/12/2019—
28/02/2020)

spring
(02/03/2020—
29/05/2020)

summer
(01/06/2020—
31/08/2020)

autumn
(01/09/2020-
19/11/2020)

Chilled farm milk

Bacteria of the genus
Salmonella, in 25 cm?

Staphylococcus aureus,
in 0.1 cm®

Listeria monocytogenes,
in 25 cm’

Bacteria of Escherichia
coli group, number of
|_cases, %

Spore-forming m/o,
thousand/cm?

12.09 £ 0.07

16.01 +0.04

19.37£0.07

11.02 +£0.03

Mesophilic m/o,
thousand/cm?

60.11 £0.06

55.18+1.24

173.58 £1.09

62.92 +0.74

Psychrotrophic m/o,
thousand/cm’?

24.01 £0.03

28.03 £ 0.07

38.32+0.79

29.09+0.12

Milk from private households

Bacteria of the genus
Salmonella, in 25 cm®

Staphylococcus aureus,
in 0.1 cm’

Listeria monocytogenes,
in 25 cm®

Bacteria of Escherichia
coli group, number of
cases, %

20

20

Spore-forming m/o,
thousand/cm’®

19.44+0.13

16.12+£0,03

67.18+0.02

33.78£0.02

Mesophilic m/o,
thousand/cm’

317.97+1.01

341.84 £0.59

449.60 + 1.26

34274 £1.92

Psychrotrophic m/o,
thousand/cm’®

75.17+0.09

69.96 + 0.74

29.98 £0.75

61.02+0.03
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The results of the study are given in
Table 3, indicate that regardless of the
season and conditions, all tested samples
of raw milk met the requirements of the
current DSTU for the absence of bacte-
ria of the genus Salmonella in 25 cm’,
Staphylococcus aureus in 0.1 cm® and
Listeria monocytogenes in 25 cm?.

Bacteria of Escherichia coli group
were not detected in farm milk during
the year, in contrast to milk from private
households, where this group of bacte-
ria was detected in spring and autumn
(20% of cases).

As for the other microflora, both in
farm and in milk from private households,
a group of mesophilic microorganisms
prevailed over spore-forming and psy-
chrotrophic ones. However, their num-
ber was different, because in general, the
average MAFAM count was 3.31 times
higher in milk obtained in the conditions
of private households (Tables 1, 2).

The number of spore-forming mi-
croorganisms in farm milk is 5.5 times
lower in summer and 3 times lower in
autumn than in milk obtained from pri-
vate households. In other seasons of
the year, the number of spore-forming
microorganisms in milk produced by
economic entities with different forms
of ownership did not differ significantly.

As for the mesophilic microflora,
milk contamination in all seasons of
the year was higher in the milk of cows
from private households, although the
smallest difference between the indi-
cators was in summer. In particular, in
winter — 5.3, in spring — 6.2, in summer
— 2.6, in autumn — 5.4 times.

The number of psychrotrophic mi-
croorganisms in farm milk, compared
to the milk of cows from private house-
holds, differed the most in winter and
was 3 times lower. In spring and au-
tumn, it was lower — 2.5 and 2.1 times,

respectively, and in summer it differed
the least and was only 1.3 times lower.
This difference in total bacterial
contamination and individual groups of
microorganisms in farm milk and milk
obtained from private households, ap-
parently, can be explained by the fact
that the latter technology involves mix-
ing several small batches of milk in one
container, and cow owners give milk
as a rule once a day, thus milk from
evening milking (cooled) and morn-
ing (warm) can be mixed that activates
growth and multiplication of micro-
flora. In addition, the sanitary and hy-
gienic conditions for obtaining, primary
processing of milk from private house-
holds, its storage, and transportation do
not meet modern requirements for the
production and circulation of raw milk.

Conclusions and future
perspectives

Quality parameters of raw milk depend
on the conditions of its production and
the season. Milk of extra and first grades
comes from farms, and private households
— only non-grade. In addition, in summer
and autumn more premium milk is re-
ceived. Problematic indicators that do not
allow to obtain milk of extra grade in farm
conditions are hygienic: MAFAM count
and the number of somatic cells.

Raw milk obtained in the conditions
of private households does not meet
the requirements of the current DSTU
3662:2018 in terms of purity and MA-
FAM count, so now it remains relevant
to cooperate with the owners and their
use of appropriate milking and refriger-
ation equipment.

All tested samples of raw milk, re-
gardless of the season and milk produc-
tion conditions, met the requirements
of the current standard for the absence
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of bacteria of the genus Salmonella in
25 e, Staphylococcus aureus in 0.1 cm?,
and Listeria monocytogenes in 25 cm?.

Bacteria of Escherichia coli group
were not detected in farm milk during
the year, while in milk from private
households they were recorded in spring
and autumn (20% of cases).

In farm milk and milk from pri-
vate households, a group of meso-
philic microorganisms prevailed over
spore-forming and psychrotrophic ones.

Prospects for further research are to
determine the sources of entering various
types of microorganisms in milk and to de-
velop procedures to eliminate the possibil-
ity of milk contamination with foreign mi-
croflora, especially in private households.

References
Ministry of Agrarian Policy and Food. Vymohy
do bezpechnosti ta yakosti moloka i mo-
lochnykh produktiv [Requirements for safe-
ty and quality of milk and dairy products].
Ne 118. (2019). Retrieved from https://za-
kon.rada.gov.ua/laws/show/z0593-19#Text
Codex Alimentarius Commission. Code of Hy-
gienic Practice for Milk and Milk Products.
CAC/RCP 57-2004. Retrieved from http://
www.fao.org/fileadmin/user_upload/live-
stockgov/documents/CXP_057e.pdf
Bohnlein,C.,Fiedler,G.,Loop,J.,Franz,C.,&Kabisch,J.
(2021). Microbiological quality and safety of
raw milk from direct sale in northern Germa-
ny. International Dairy Journal, 114, Article
104944, doi: 10.1016/].idairyj.2020.104944
Oliveira, C. J. B., Hisrich, E. R., Moura, J. F. P,
Givisiez, P.E. N., Costa, R. G., & Gebreyes, W. A.
(2011). On farm risk factors associated with
goat milk quality in Northeast Brazil. Small
Ruminant Research, 98(1-3), 64-69. doi:
10.1016/j.smallrumres.2011.03.020
Chaharovskyi, V. (2020). Molochna
Ukrainy ta yii maibutnie cherez 10 rokiv:
problemy, natsionalna prohrama rozvyt-

haluz

ku ta derzhavna pidtrymka [Ukraine’s dairy
industry and its future in 10 years: prob-
lems, national development program and
state support]. AgroPolit.com. Retrieved
https://agropolit.com/blog/412-mo-
lochna-galuz-ukrayini-ta-yiyi-maybut-
nye-cherez-10-rokiv-problemi-natsional-
na-programa-rozvitku-ta-derjavna- pidtrimka.

Ukrinform. (2020). Eksport molochnoi produkt-
sii z Ukrainy tsohorich skorotyvsia na chvert
[Exports of dairy products from Ukraine
fell by a quarter this year]. Retrieved from
https://www.ukrinform.ua/rubric-econ-
omy/3023697-eksport-molocnoi-produk-
cii-z-ukraini-cogoric-skorotivsa-na-cvert.
html (in Ukrainian).

DSTU 3662:2018. (2018). Moloko-syrovy-
na koroviache. Tekhnichni umovy [DSTU
3662:2018 Raw cow’s milk. Specifications].
Kyiv: DP “UkrNDNTs".

Pronko, L., Kolesnik, T., & Samborska, O. (2020).
Ukraine Dairy Market: State and Prospects
of Development. European Journal of Sus-
tainable Development, 9(1), 243-252. doi:
10.14207/ejsd.2020.v9n1p243

Burke, N., Zacharski, K., Adley, C. C., & Southern, M.
(2021). Acomparison of analytical test methods
in dairy processing. Food Control, 121, Article
107637. doi: 10.1016/j.foodcont.2020.107637

Campos, G. Z., Lacorte, G. A., Jurkiewicz, C., Hoff-
mann, C., Landgraf, M., Franco, B., & Pinto, U.
M. (2021). Microbiological characteristics of
canastra cheese during manufacturing and
ripening. Food Control, 121, Article 107598.
doi: 10.1016/j.foodcont.2020.107598

Ledo, J., Hettinga, K. A., & Luning, P. A. (2020). A
customized assessment tool to differentiate
safety and hygiene control practices in emerg-
ing dairy chains. Food Control, 111, Article
107072. doi: 10.1016/j.foodcont.2019.107072

Moradi, M., Omer, A. K., Razavi, R., Valipour, S.,
& Guimaraes, J. T. (2021). The relationship
between milk somatic cell count and cheese
production, quality and safety: A review.
International Dairy Journal, 113, Article
104884. doi: 10.1016/].idairyj.2020.104884

from

Vol. 12, N2 2, 2021

YKpaiHCbKMI Yaconnc BETEPUHAPHUX HayK

ISSN 2663-967X | 35



O. M. Alkybyak, T. B. TapaH, B. O. Ywkanos, C. B. Miduk, K. O. bepnoyc

Rios-Muniz, D., Cerna-Cortes, J. F., Lopez-Sauce-  2Kondrasii, L. A., Yakubchak, O. M., & Osy-

do, C., Angeles-Morales, E., Bobadilla-del pova, T. Yu. (2016). Naukovo-praktychne
Valle, M., Ponce-de Leon, A., & Estrada-Gar- obgruntuvannia pokaznykiv yakosti molo-
cia, T. (2019). Longitudinal analysis of the mi- ka-syrovyny za riznykh umov yoho vyrob-
crobiological quality of raw cow’s milk sam- nytstva [Scientific and practical substanti-
ples collected from three small family dairy ation of raw milk quality indicators under
farms in Mexico over a 2-year period. Jour- different conditions of its production].
nal of Food Protection, 82(12), 2194-2200. Problemy zooinzhenerii ta veterynarnoi
doi: 10.4315/0362-028x.jfp-19-155 medytsyny. 33(2), 149-154.

Jans, C., Kaindi, D. W. M., & Meile, L. (2016). In-  Willis, C.,Jorgensen, F., Aird, H., Elviss, N., Fox, A.,
novations in food preservation in pastoral Jenkins, C., Fenelon, D., Sadler-Reeves, L.,
zones. Revue Scientifique Et Technique-Of- & Mclauchlin, J. (2018). An assessment of
fice International Des Epizooties, 35(2), the microbiological quality and safety of
597-610. doi: 10.20506/rst.35.2.2527 raw drinking milk on retail sale in England.

*Kondrasii, L. A., & Yakubchak, O. M. (2016). Journal of Applied Microbiology, 124(2),
Yakisni zminy moloka-syrovyny za vplyvu 535-546. doi: 10.1111/jam.13660
riznykh hihiienichnykh umov otrymannia Zulauf, M., Zweifel, C., & Stephan, R. (2018).
[Raw milk changes qualitative under the Microbiological quality of raw milk sold
influence of different hygienic conditions directly from farms to consumers in Swit-
of production]. Naukovyi visnyk Lvivskoho zerland. Journal of Food Safety and Food
natsionalnoho universytetu veterynarnoi Quality-Archiv Fur Lebensmittelhygiene,
medytsyny ta biotekhnolohii imeni S. Z. 69(5), 140-144. doi: 10.2376/0003-925x-
Gzhytskoho. 18(3(71)), 41-44. 69-140

O. M. Alky6uak, T. B. TapaH, B. O. Yuwikanos, C. B. Miduk, K. O. bepnoyc (2021).

DI3UKO-XIMIYHI TA MIKPOBIO/IOrIYHI 4OCNIAMEHHA MOJIOKA-CUPOBUHU.

Ukrainian Journal of Veterinary Sciences, 12(2): 26-37, https.//doi.org/10.31548/

ujvs2021.02.003

AHomayisa. B YkpaiHi akmueHo 8i0bysaemeocs imnaemeHmayisa 3akoHodascmea 3 besney-
HOCMIi ma oKpemMux MOKA3HUKIi8 AKOCMI xap4yosux MpooyKmis, 30Kpema, MOsIOKA-CUPOBUHU G0
sumoe Esponelicbkozo coto3y. Cy4yacHi 8umMmoau 00 MOMOKA-CUPOBUHU BUMA2AHOMb pemesibHo20
lio2o aHani3y 3a 2icieHiYHUMU MOKA3HUKAMU. [Jocnidnysanu cupe MosoKO-CUPOBUHY, UjO HAOXO-
ouso Ha TOB «binoyepkiecokuli Mono4HUl KOMBiIHamM» ma mMoaoko3zasoo MAO «Bima» Kuiscekoi
o0b6sacmi. MikpobionoziyHUMU MemoOOM 8U3HAYAAU KinbKicmb me30@inbHUX aepobHuUx ma
haxkynemamueHo aHaepobHux mikpoopaaHizmie (KMAPAM) ma sudosuli cknad mikpograopu
Mos0Ka, 30kpema, 6akmepii pody Salmonella, Staphylococcus aureus, Listeria monocytogenes,
bakmepii 2pynu KUWKOBUX MAAUYOK, CIIOPOYMBOPIOOYI Ma MNcuxpompogHi MiKpoopaaHiamu.
Di3UKO-XIMIYHUMU MemOoOamu 8U3HAYAAU: 2YyCMUHY, MACO8Y YOACMKY CyXUX PEYo8UH, 8Micm
COMAaMUYHUX KAIMUH, KUCAOMHICMb, 2pyny Yucmomu, macosy Yacmky binka ma xupy. 3a pe-
3ynemamamu 00cnioHeHsb AKICMb hepMepcbKo20 MOTOKA € HA MOPAGOK KPAW,0k, MOPIBHIOYU
3 MO/IOKOM, OMPUMAHUM 8 YMOBAX 0CObUCMUX CeAHCbKUX 20crnodapcme, 30kpema, 30 KMA-
@PAM. TexHos102iA OMPUMAHHA hepMepPCbKo20 MO0Ka 3abesneyye (io2o 8upobHUYME0 8UL4020
Ui nepwoeo ramyHkis, y moli 4ac, AK MOsI0KO, OMPUMAHE 8 yMOBAX 0CObUCMUX CenAHCbKUX 20C-
nodapcme — nepwoao ramyHKy ma HeaamyHKose. 3a i3uKO-XiMiHHUMU MOKA3HUKAMU MOIOKO,
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@izuKo-ximiyHi ma mikpobiosnoaiyHi 0cniOHeHH MOMOKA-CUPOBUHU

OMPUMQHe 30 Pi3HUX MO8, 00CMOBIpPHO He 8idpi3HAnocA. Cymmego 8idpi3HAAUCA MiKpobiono-
2iyHi nokasHuKu. CepedHili nokaszHuk KMA®AM Monoka 3 ocobucmux censHCbKux 2ocnodapcma
6y6 4361,25 + 241,15, wjo y 12,6 paza nepesuwye KMA®AM, Hagime MO0OKA Mepuio2o ramyHkKy,
OMPUMAHO20 8 YyMOBAX MOIOYHOMOBAPHOI hepmu. HezanexcHo 8id0 nopu poky U ymos ompu-
MAHHA MOJIOKA-CUPOBUHU 8Ci 00CnioxceHi npobu eionosioanu sumozam YuHHoz2o0 ACTY wodo
siocymHocmi 6akmepitli pody Salmonella y 25 cm?, Staphylococcus aureus, y 0,1 cm® ma Listeria
monocytogenes, y 25 cm?. Y hepmepcokomy Mosoyi He 8ussnsanu bakmepili 2pynu KUWKOBUX na-
JIUYOK YrpPo008XH POKY, Ha 8iIOMIHY 8i0 MO/I0OKA 3 0COBUCMUX CenAHCbKUX 20crnodapcms, de ix eu-
A67A1U HagecHi | soceHu (o 20% sunadkis). AK y hepmepcbKomy, makK i 8 monouyi 3 ocobucmux
CenIAHCbKUX 20Cr100apcme nepesaxana epyna mMme3oqinbHUX MiKkpoopaaHiamie Had criopoymeo-
proroyumu i ncuxpompogHumu. lipome ixHA Kinbkicme 6yna pisHoto. Mepcrnekmusu nodanswux
00cnidneHb NoaA2aMe y 8U3HAYEHHI Oxcepesn MoMpanasaHHA pizHUX eudie MiKkpoopaaHiamie
Yy MO/IOKO-CUPOBUHY Ma po3pobreHHi npoyedyp YCYyHEHHA MOXAU8OCMi 06CiMeHiHHA MOsoKa
CMOPOHHLOIO MIKPOGh0POLO.

Kntouoei cnoea: MosoKo-cupo8UHA, hepmepCbKe MOIOKO, MOTOKO 3 0COBUCMUX CEMAHCbKUX
2ocnodapcms, MiKpoghnopa MosoKa, MOKA3HUKU AKOCMI
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Abstract. The leading role in the mobilization of the organism adaptive capabilities
is played by neuro-humoral mechanisms, primarily the activity of the central nervous
system. The full-fledged mineral nutrition of cattle depends on the animal supply with
macroelements, which are included in the structure of many enzymes or are their activators,
taking a leading role in redox reactions. The studies were carried out on cows of the Ukrainian
black-spotted dairy breed of 2-3rd lactation. By the results of studying the autonomic
nervous system tone, 3 experimental groups were formed: 1 — normotonics, 2 — vagotonics,
3 — sympathicotonics. Blood from cattle was collected twice a year in summer and winter.
Whole blood was stabilized with heparin, blood serum was obtained by sedimentation
method, and blood cells — by centrifugation of heparinized blood, plasma collection and
after triple washing of cells in the cold isotonic solution, followed by centrifugation. The
tone of the autonomic nervous system in cows in summer is inversely related to the content
of phosphorus in whole blood (r = -0.73; P < 0.05) and blood cells (r = -0.87; P < 0.001).
However, in blood serum, these relationships are unreliable both in summer and winter (r =
-0.02-0.24). In winter, the tone of the autonomic nervous system in cows is inversely reliably
associated only with phosphorus content in whole blood (r =-0.81; P < 0.01). Unlike the tone
of the autonomic nervous system, the season has a significant effect on calcium content in
whole blood (F = 8.94 > FU = 8.41; P < 0.01), while the content of this element in serum and
blood cells of cows did not depend from the season. So, the tone of the autonomic nervous
system and the season affect the content of calcium and phosphorus in blood of cows.

Keywords: cows, blood, nervous processes, the tone of the autonomic nervous
system, calcium, phosphorus
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Introduction

The current state of the agricultural indus-
try is due to the global impact of moderniza-
tion, which is accompanied by an increase in
the technogenic load on animals. The lead-
ing role in the mobilization of the adaptive
capabilities of the organism is played by neu-
ro-humoral mechanisms, primarily the activ-
ity of the central nervous system (Pogorlov,
2010). Studies on the influence of the higher
nervous activity type in cows on the mineral
status of the animal’s organism are of scien-
tific and practical interest. The full-fledged
mineral nutrition in cattle depends on the an-
imal supply with macroelements, which are
included in the structure of many enzymes
or are their activators, taking a leading role
in redox reactions (Guyot et al., 2012). Mac-
roelements, despite their low content in the
body, play a significant biological role (Byts,
2010; Gromova et al., 2010). In addition to
the general positive effect on the processes
of growth and development, the specific ef-
fect of several macroelements on the most
important physiological processes has been
established; their significance is also ex-
plained by their interaction with biologically
active substances — hormones and vitamins
(Zakharenko, 2004). The optimal content
and ratio of essential trace elements in the an-
imal’s organism determine the normal course
of their physiological functions, high resis-
tance, and productivity (Kalyn, 2011). The
absence or deficiency of individual mineral
elements, as well as their suboptimal ratio in
the diets, leads to a decrease in the efficiency
of feed nutrients and, as a consequence, to a
decrease in livestock productivity.

Analysis of recent researches
and publications

It is known that metabolic processes at
the cellular and subcellular levels are pro-
vided by the functioning of about 2000

enzymes, each of which catalyzes a corre-
sponding chemical reaction (Gapon, 2005).
In turn, the catalytic activity of enzymes
is provided by coenzymes of non-protein
origin — organic compounds or inorganic
elements (metal ions — macro- and micro-
elements). Despite the fact that minerals
have no energy value, like proteins, fats,
and carbohydrates, many enzymatic pro-
cesses in the body are impossible without
certain elements. Macroelements play a
key role in maintaining acid-base balance,
osmotic pressure, membrane potential, and
transmission of nerve stimuli. The conduct-
ed research has established a reliable influ-
ence of the main characteristics of cortical
processes on the content of macroelements
in bovine blood (Avtsyn, 1991). The mac-
roelement content in the body is quite sta-
ble, even relatively large deviations from
the norm are compatible with the vital ac-
tivity of the organism. The main process of
absorption of macro- and microelements
occurs in the upper part of the small intes-
tine, namely in the duodenum. Regulation
is carried out under the effect of the central
and autonomic nervous system, and the
endocrine system. However, insufficient
attention is paid to the study of the individ-
ual characteristics of mineral homeostasis
in the body of productive cows in an in-
tact and stressed state (McDowell, 2003;
Zinko, 2017). Determination of individual
characteristics of higher nervous activity in
animals provides a deeper understanding of
the cortical mechanisms in the regulation
of various physiological functions, creating
the prerequisites for a targeted impact on
them (Skalny, 2004; Danchuk et al., 2017).

Materials and methods
of research

The studies were carried out on cows

of the Ukrainian black-spotted dairy breed
of the 2-3rd lactation. By the results of
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studying the tone of the autonomic ner-
vous system, 3 experimental groups were
formed (5 animals in each): 1 — normo-
tonic, 2 — vagotonic, 3 — sympathicotonic
cows. Research material was blood sam-
ples from cattle taken from the jugular
vein in the morning before feeding. Blood
was collected twice a year in summer and
winter. Whole blood was stabilized with
heparin, blood serum was obtained by sed-
imentation method, and blood cells — by
centrifugation of heparinized blood, plas-
ma collection and after triple washing of
cells in the cold isotonic solution, followed
by centrifugation (Vlizlo et al., 2012). The
obtained digital data were processed statis-
tically using the applied software pack-
age “Microsoft Office Excel 2013”. The
arithmetic mean value (M) and its error
(m) were determined. The probability of
differences in mean values was determined
by the Student’s test. Parameters changes
were considered significant at P < 0.05 (in-
cluding P<0.01 and P <0.001).

Research results
and their discussion

The studies showed that in animals
with a different tone of the autonomic
nervous system the phosphorus content
in various blood fractions did not ex-
ceed physiological limits (Table 1).

In particular, the phosphorus con-
tent in bovine whole blood depending
on the vegetative status and season was
20.5-25.0 mg/100 mL, in blood serum
—10.9-12.1 mg/100 mL, and in blood
cells — 47.1-52.5 mg/100 mL. It was
found that both in warm and cold sea-
sons the phosphorus content did not dif-
fer significantly in different blood frac-
tions of normotonics and vagotonics.

In sympathicotonic animals, in the
warm season, the phosphorus content
was lower in whole blood by 11.8%

(P < 0.001), and in blood cells — by
8.2% (P < 0.001) in comparison with
indicators in normotonic cows.

Whereas in the cold season, the phos-
phorus content was significantly lower
in whole blood by 16.0% (P < 0.001)
and in blood cells — by 6.4% (P < 0.001)
compared with indicators in normotonic
cows. It should be noted that time of the
year affects the phosphorus content in
various fractions of bovine blood.

So, regardless of the vegetative status
in cows, in the cold season, the phosphorus
content in blood serum is 7.2-9.4% lower
(P<0.05-0.01) compared with the indica-
tor of these animals in summer. In addition,
in sympathicotonic cows, the content of
this metal in whole blood in winter is sig-
nificantly lower (by 6.8%; P < 0.05) com-
pared with the indicator in these animals
in summer. But the phosphorus content in
blood cells of these animals in warm and
cold seasons does not differ significantly.

Studies showed that in animals with
a different tone of the autonomic nervous
system, the content of inorganic phos-
phorus in the blood serum did not exceed
physiological levels and, depending on the
vegetative status of animals and season,
was 4.6-5.1 mg/100 mL. It was found that
both in warm and cold seasons in different
blood fractions of normotonics and vagot-
onics, the content of inorganic phosphorus
in blood serum did not differ significantly.
However, in the warm season, the content
of inorganic phosphorus in the blood se-
rum in sympathicotonic animals was lower
by 5.7% (P < 0.05) and in the cold season —
by 5.6% (P < 0.05) compared with indica-
tors in normotonic cows. It should be noted
that the season affects inorganic phospho-
rus content in bovine serum. Thus, in nor-
motonic, vagotonic, and sympathicotonic
cows in the cold season, this indicator was
6.0-7.7% (P < 0.05) lower than in these an-
imals in the warm season.
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1. Phosphorus content in blood of cows with different vegetative status
depending on the season, mg/100 mL (M = m, n=5)

Vegetative status
Substrate : ; - -
normotonic | vagotonic | sympathicotonic
Summer
Blood serum 2498 +0.23 2430+ 0.35 22.03 £ 0.26%**
Whole blood 12.08 +0.19 11.98+0.17 11.78 £ 0.33
Blood cells 51.15+0.60 52.45+0.26 46.98 £ 0.89%**
Winter
Blood serum 2443 +£0.46 23.58 +0.60 20.53 £ 0.30%**
Whole blood 11.20+0.34 10.85 + 0,40 10.88 +£0.37
Blood cells 50.30 £ 0.60 50.70 +0.95 47.08 £ 0.28***

Note: differences are significant in comparison with normotonics: * P < 0.05; ** P < 0.01;

**x P <0.001.

The studies have established the in-
fluence of the vegetative status in cows
on the phosphorus content in blood de-
pending on the season.

The predominance of the influence
of the parasympathetic division of the
autonomic nervous system on the heart,
both in summer and in winter, does not
affect phosphorus content in whole blood,
serum, and blood cells in cows (n% =
0.02-0.40). The predominance of the
sympathetic part of the autonomic ner-
vous system influence on the work of the
heart in summer affects the phosphorus
content in bovine whole blood — n%=0.92
(P < 0.001) and blood cells — 2, = 0.72
(P <0.01). In winter, the influence of the
tone of the autonomic nervous system in
sympathicotonic cows on the phospho-
rus content in whole blood and blood
cells stayed significant (%, = 0.80-0.89
(P <0.01-0.001). The relationship of the
autonomic nervous system in cows with
phosphorus content in their blood depend-
ing on the season has been established.

Thus, the tone of the autonomic nervous
system in cows in summer is inversely reli-
able related to phosphorus content in whole
blood (r = -0.73; P < 0.05) and its cells

(r=-0.87;P<0.001). However, in blood se-
rum, these relationships are unreliable both
in summer and winter (r = -0.02-0.24). In
winter, the tone of the autonomic nervous
system in cows is inversely reliable related
only to phosphorus content in whole blood
(r=-0.81; P<0.01). Thus, regardless of the
season, the changes in heart rate difference
according to the results of the trigeminova-
gal test in cows by one unit, the phospho-
rus content in whole blood changes in the
opposite way by 0.09-0.12 mg/100 mL
(P < 0.05-0.01). Moreover, up to 53%
(P < 0.01) in summer and up to 48%
(P < 0.05) variations in the content of this
metal in whole blood of cows in winter can
be caused by the tone of the autonomic ner-
vous system of animals.

Regardless of the season, the chang-
es in heart rate difference according to the
results of the trigeminovagal test in cows
by one unit, the phosphorus content in the
blood cells changes in the opposite way by
0.15-0.21 mg/100 mL (P < 0.001). In ad-
dition, up to 75% (P < 0.001) in summer
and up to 66% (P < 0.001) variations in the
content of this metal in blood cells in winter
can be caused by the tone of the autonom-
ic nervous system of animals. It should be
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noted that regression analysis did not show
areliable dependence of phosphorus content
in blood serum on the vegetative status of
animals. It was found that the tone of the
autonomic nervous system and phospho-
rus content in blood serum of cows did not
shown a significant relationship (F = 0.53
< FU = 3.55; P < 0.05), while the content
of this element in whole blood (F = 43.0 >
FU =3.55; P<0.001) and blood cells (F =
27.5>FU=3.55;P<0.001) depends on the
vegetative status. Unlike the tone of the au-
tonomic nervous system, the season has no
significant effect on phosphorus content in
blood cells of cows (F =2.44 <FU =441;
P < 0.05), while its effect on phosphorus
content in whole blood (F = 8.54 > FU =
441; P<0.01) and its serum (F = 14.4 >
FU=4.41;P<0.001) is significant. It should
be noted that analysis of phosphorus content
in whole blood, serum, and blood cells of
cows showed no reliable interaction between
the vegetative status and season of the year
(F=0.10-1.00 <FU =3.55; P<0.05).

The studies showed that in animals
with a different tone of the autonomic
nervous system, the calcium content in
various blood fractions did not exceed
the physiological limits (Table 2).

In particular, the calcium content
in whole blood of cows, depending on
the vegetative status and season, was
5.0-5.6 mg/100 mL, in blood serum —
7.7-8.5 mg/100 mL, and in blood cells —
2.3-2.6 mg/100 mL.

It was found that in the warm season,
the calcium content in blood cells of vag-
otonics is significantly higher by 10.4%
(P < 0.05) in comparison with the indica-
tors in normotonic animals. In addition, in
summer, the content of ionized calcium in
vagotonics is significantly lower by 4.6%
(P < 0.05) compared to the indicators of
normotonic animals. However, the content
of this macroelement in whole blood and
serum did not differ significantly.

Unlike the indicators in vagotonic an-
imals, in blood serum of sympathicotonic
cows, the content of ionized calcium in
summer was 7.3% higher (P < 0.05) than
that in cows with normotonia, and calcium
content in blood cells was higher by 12.4%
(P < 0.05) than in normotonics. It should
be noted that the ratio of ionized calcium
content to total one in blood of sympathico-
tonic cows in summer is 6.3% (P < 0.05)
higher than that in normotonic cows.

This indicator did not differ significant-
ly from that one in normotonic cows in the
cold season. Besides, in sympathicotonic
cows, the only calcium content in blood
cells significantly differs from the indi-
cators of normotonic animals in the cold
season (higher by 8.3%, P < 0.05).

It should be noted that the time of the
year affects calcium content in whole blood
of cows. Thus, calcium content in whole
blood of vagotonic and sympathicotonic
cows in the cold season is lower by 9.6%
(P<0.05) and 7.1% (P < 0.05), respective-
ly, than in these animals in summer. But
calcium content in other blood fractions
in these animals in warm and cold seasons
does not differ significantly.

The influence of the vegetative state of
cows on blood calcium content depending
on the season has been established.

The predominance of the influence
of both the sympathetic and the para-
sympathetic divisions of the autonomic
nervous system on the work of the heart
in summer affects calcium content in
blood cells of cows — n% = 0.58-0.65
(P < 0.05). Along with this, the effect of
the autonomic nervous system tone on
the content of ionized calcium in blood
serum of cows was established — 1%, =
0.65-0.70 (P < 0.05-0.01).

Thus, the tone of the autonomic ner-
vous system in cows in summer is sig-
nificantly directly related to the content of
ionized calcium in blood serum (r = 0.87;
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2. Calcium content in blood of cows with different vegetative status depending
on the season, mg/100 mL (M £ m, n =5)

Substrate . Vegetative é}atus : 4
normotonic | vagotonic | sympathicotonic
Summer
Whole blood 527+0.12 4.98+0.18 526+0.12
Blood serum 8.10£0.11 7.69 £0.28 8.17+0.20
Blood cells 2.30+0.07 2.54 +£0.05* 2.58 £0.05*
Ionized Ca™ 3.46 +0.04 3.3+£0.03*% 3.71 £0.06*
Ionized Ca/total Ca 0.43+0.01 0.43+0.01 045+0.01*
Winter
Blood serum 543 +0.16 546=+0.16 5.63+0.03
Whole blood 8.34£0.35 8.27+0.32 8.51+0.03
Blood cells 2.36+0.05 2.40+0.05 2.56 +0.03%*
Ionized Ca™ 3.60+0.17 342+0.14 3.68 +£0.03
Ionized Ca/total Ca 0.43+0.01 0.41+0.01 0.43+0.01

Note: differences are significant in comparison with normotonics: * P < 0.05; ** P < 0.01;

**% P <0.001.

P < 0.001) and the ratio of ionized calci-
um to total one in blood serum (r = 0.57,
P < 0.05). In winter, the tone of the auto-
nomic nervous system in cows has no sig-
nificant correlations with calcium content
in various blood fractions (r = 0.24-0.51).

There is a significant dependence of
calcium content in bovine blood on the
tone of the autonomic nervous system in
summer, while in winter, the tone of the
autonomic nervous system does not reli-
ably limit the content of this element in
blood of animals (Table 3).

However, in summer, if the heart rate
differences according to the results of the
trigeminovagal test in cows changes by
one unit, the content of ionized calcium in
whole blood changes in the same way by
0.02 conditional units (P < 0.001), and the
ratio of ionized to total calcium in blood
serum by 0.01 conditional units (P < 0.05).
Moreover, in summer, up to 75% (P<0.001)
of ionized calcium content and up to 33%
(P < 0.05) of variations in the ratio of ion-
ized to total calcium in blood serum of

cows can be caused by the tone of the auto-
nomic nervous system of animals.

Unlike the tone of the autonomic ner-
vous system, the season has a significant
effect on calcium content in whole blood
(F=8.94>FU="741; P<0.01), while the
content of this element in the serum and
blood cells of cows had no relationship
with the season. Also, should be noted the
significant influence of the vegetative status
of animals on the content of ionized calci-
um in blood serum (F = 6.19 > FU = 3.55;
P<0.01). Thus, boththe seasonand thetone of
the autonomic nervous system did not affect
the ratio of ionized to total calcium in blood
serum (F = 3.19-3.37 < FU = 3.55-441;
P> 0.05). Analyzing calcium content in var-
ious fractions of blood of cows, a significant
relationship between the vegetative status
of cows and the season was not established
(F=0.25-1.94<FU=3.55,P>0.05).

Therefore, the tone of the autonom-
ic nervous system and the time of year
affect the content of calcium and phos-
phorus in blood of cows.
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3. Regression analysis of the dependence of calcium content in blood of cows
on the tone of the autonomic nervous system, conditional units (n = 16)

Indicator
Substrate summer winter
coefficient R-squared coefficient R-squared
Whole blood 0.01 0.09 0.01 0.10
Blood serum 0.01 0.13 0.01 0.06
Blood cells 0.0001 0.02 0.01 0.26
ITonized Ca*™ 0.027%%* 0.75%%%* 0.01 0.16
Tonized Ca/total Ca 0.01* 0.33* 0.15 0.214

Note: differences are significant in comparison with normotonics: * P < 0.05; ** P < 0.01;

**x P <0.001.

Conclusions and future
perspectives

The tone of the autonomic nervous
system in cows in summer is significantly
inversely related to the content of phospho-
rus in whole blood (r=-0.73; P <0.05), its
cells (r=-0.87; P<0.001) and directly cor-
relates with the content of ionized calcium
in serum (r = 0.87; P <0.001). The regres-
sion analysis shown a significant effect of
the autonomic nervous system tone on the
content of ionized calcium in blood serum
(F=6.19>FU=3.55;P<0.01).
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AHomayisi. [posidHy ponb y mobinizauii adanmayiliHux moxcaueocmeli op2aHiamy gidieparoms
Helipo-eymopasbHi MexaHizmu, Hacammneped — OifnbHicmb yeHmpasnsbHoi Hepeosoi cucmemu. MogHo-
YiHHICMb MiHepasbHO20 HUBEHHA s8enukoi poeamoi Xxy0obu 3anexums ei0 3abesneyeHocmi mea-
PUH MaKpoeneMeHmamu, ki 8xo0ame 0o cmpykmypu 6a2ameox eH3umis abo € ix akmusamopamu,
npulimarodu NPosioHy posib 8 OKUCHO-B8IOHOBHUX peaKyiax. Jocniou npogodusnu Ha Koposax yKpaiH-
CbKOI YopHO-PpA60OI Mos104HOI opodu 2—3 nakmauii. 3a pe3ynsmamamu 00C1iOHEeHHS MOHYCy asmo-
HOMHOI Hepeosoi cucmemu 6yn0 cghopmosaHo 3 O0cnioHI epynu: | — HopMomoHiKu, Il — ea2omoHiku,
Il — cumnamukomoHiku. Biobip Kposi nposodusnu 0sidi Ha piK, eaimKy ma e3umky. LlineHy Kpoe cma-
6inizysanu 3a AorMomMoz0t0 2enapuHy, CUPOBAMKY KPO8i OmpumMysanu Memooom 8i0CMOKOBAHHS, d
KAiMuHU Kposi — 3a 00rmomo2oto yeHmpucghyaysaHHsA 2ernapuHy308aHOI Kpoei, 8i06UPaHHA naasmu ma
mpupa306020 MPOMUBAHHS KAIMUH Y X0100HOMY i30MOHI4HOMY PO3YUHI 3 HACMYNHUM UeHmpudgyay-
8aHHAM. TOHYC ABMOHOMHOI Hep8o8oi cucmemu 8 Kopig 8n1imKy 00cmosipHo obepHeHo noe’a3aHull i3
emicmom docghopy e yinbHili Kposi (r = -0,73; P < 0,05) ma ii knimuHax (r =-0,87; P < 0,001). Todi, Ak y
cupo8amuji Kpoesi OaHi 83GEMO38’A3KU HEOOCMOBIpPHiI, AK 8aIMKy mak i 83umKy (r = -0,02—0,24). B3umky
MOHYC GBMOHOMHOI Hep8o8soi cucmemu 8 Kopie 06epHeHo ocmosipHo noe’a3aHull auwe 3 emicmom
®ocghopy 8 yineHiti kposi (r=-0,81; P < 0,01). Ha 8idmiHy 8i0 moHycy asmoHOMHOI Hepeoeoi cucmemu
ropa poky mae docmosipHuli ensnue Ha emicm Kaneyito 8 yinbHili kposi (F = 8,94 > FU = 0,41, P< 0,01),
modi, AK 8MiCM Yb020 esemeHmy 8 CUpPO8aMUYi Ma KAIMUHAX KPoei Kopie He 3a51ex¢as 8i0 nopu PoKy.

Omi#e, moHyc a8MOHOMHOI HepB0OBOI cucmeMu ma ropa PokKy ernausaroms Ha emicm Kaneuyito i
docopy 8 Kposi Kopis.

Knto4osi cn108a: Koposu, Kpos, Hepeosi rnpouecu, MOHYC a8MOHOMHOI Hep8osoi cucmemu,
Kanwbuiti, ocgop

Vol. 12,Ne 2, 2021 YKpaiHCbKMI Yaconnc BETEPUHAPHUX HayK ISSN 2663-967X | 45



UDC 636.52.58.053.09:616.9:615.33  https://doi.org/10.31548/ujvs2021.02.005

TILMICOSIN INTAKE AND DISTRIBUTION
IN THE BODY OF BROILER CHICKENS
WITH ORNITHOBACTERIOSIS

A. M. TYSHKIVSKA, Graduate Student, Department of Pharmacology,
Parasitology and Tropical Veterinary Medicine
http://orcid.org/0000-0003-4419-2174
V. B. DUKHNYTSKYI, Doctor of Veterinary Sciences, Professor, Department
of Pharmacology, Parasitology and Tropical Veterinary Medicine
http://orcid.org/0000-0002-9670-1244
National University of Life and Environmental Sciences of Ukraine,

15 Heroiv Oborony st., Kyiv 03041, Ukraine
E-mail: annatyshkivska@gmail.com, dukhnytskyjvb@ukr.net

Abstract. One of the main indicators that determine the effectiveness of the antibiotic in
the body is its ability to penetrate and accumulate in high concentrations at the sites of the
pathological process. The article presents the results of studies of the intake, distribution, and
excretion of tilmicosin phosphate — the active substance of the antibiotic Tilmox 25% from the
body of broiler chickens (Cobb-500 cross) with ornithobacteriosis. It was found that in 24 hours
afterthe start of the feeding Tilmox 25% solution to broiler chickens with ornithobacteriosis, most
tilmicosin phosphate was contained in the lungs, while in the liver less than 1.6 times, kidneys —
3.0 times, heart muscle — 3.4 times, pectoral muscles — 3.5 times than in the lungs. After 48 and
72 hours, the tilmicosin content increased in all studied organs but the pattern of its distribution
was the same as after 24 hours. Tilmicosin phosphate levels in the lungs exceeded the values in
the liver, kidneys, heart, and pectoral muscles by 1.8 times, 2.7, 2.9, and 3.9 times, respectively,
at 72 hours of the experiment. At 96 hours, tilmicosin levels were highest in the pectoral muscles,
kidneys, liver, and lungs, and only slightly less in the heart than in previous research periods. The
obtained results testify to the organ affiliation of tilmicosin phosphate to the lung tissues in broiler
chickens with ornithobacteriosis. In a day (120 hours of the experiment) after discontinuation of
Tilmox 25%, the content of tilmicosin phosphate in the lungs, liver, kidneys, heart, and pectoral
muscles of broiler chickens was 53%, 50, 57, 68, and 34%, respectively, in comparison with values
after 96 hours. The Ornithobacterium rhinotracheale sensitivity to tilmicosin and its distribution
in maximum amounts in the lungs of broiler chickens with ornithobacteriosis provided a
therapeutic effect, which was confirmed by microscopic studies.

Studies on the pharmacokinetic properties of tilmicosin have been performed mainly
in healthy birds. Therefore, the optimization of treatment regimens of already known
antibiotics, which will be based on the study of pharmacokinetic and pharmacodynamic
properties not only on clinically healthy but also on diseased organisms is a relevant
and important issue in the field of veterinary pharmacology.

Keywords: Tilmox 25%, tilmicosin phosphate, broiler chickens, ornithobacteriosis,
Ornithobacterium rhinotracheale, pharmacokinetics, distribution, accumulation, excretion
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Introduction

Antibiotics are a key component of
modern veterinary medicine used in
the treatment of animals and poultry in
more than half of all diseases. They are
used as a primary therapy — to destroy
the pathogen and to treat patients with
secondary infections, which often oc-
cur as complications of viral and par-
asitic diseases, mycoses, and immuno-
deficiency. The pharmacokinetics of
the animal’s interaction with the drug
is studied. It describes the absorption
of the drug into the blood — bioavail-
ability, its distribution, biotransfor-
mation, accumulation, and excretion.
Pharmacokinetic indicators allow the
physician to select an effective drug
and calculate the most optimal treat-
ment regimen that will provide a ther-
apeutic effect and prevent the develop-
ment of bacterial resistance (Evans et
al., 2002; Lalonde et al., 2007; Ronald
etal., 2014).

One of the reasons for the develop-
ment of bacterial resistance is the insuf-
ficient bioavailability of the antibiotic
at the site of pathogen localization. This
leads to the fact that the concentration
required to kill bacteria is not reached
in the tissues, or the drug is excreted too
quickly (McClary et al., 2011).

In recent years, in European
countries, including Ukraine, the
semi-synthetic macrolide antibiotic
tilmicosin began to actively use for
the treatment of birds with respira-
tory diseases caused by Mycoplasma
gallisepticum, Mycoplasma synoviae,
Ornithobacterium rhinotracheale,
Pasteurella multocida.

Desirable pharmacokinetic proper-
ties of tilmicosin include rapid absorp-
tion, good airway penetration, and slow
excretion (Li et al., 2017).

Analysis of recent researches
and publications

Tilmicosin is a semi-synthetic mac-
rolide antibiotic synthesized from ty-
losin, with a broad spectrum of action,
which has a pronounced activity against
the causative agents of avian respiratory
diseases — respiratory mycoplasmosis, or-
nithobacteriosis, pasteurellosis. Positive
properties that characterize the tilmicosin
pharmacokinetics are its rapid absorption
after oral administration, good penetration
into the tissues of the respiratory tract, in
particular into the lungs and air sacs, slow
excretion, which provides a pronounced
prolonged effect (McClary et al., 2011;
El-Mahmoudy et al., 2016; Li et al., 2017,
Lietal., 2017; Timsit et al., 2017).

The tilmicosin’s pharmacokinetic prop-
erties have been studied by many scientists
in different dosage forms and animals of
different species. In particular, in 2007,
Jordanian scientists conducted studies on
broiler chickens with tilmicosin phosphate
in the composition of the drugs Provityl —a
ready-made aqueous solution for oral ad-
ministration and Pulmotyl AS — a powder
for solution. The drugs were used in broiler
chickens 30 days of age for 5 days. Stud-
ies have shown the tilmicosin phosphate’s
bioequivalence, rapid absorption, and slow
excretion (Moore et al., 1996; Shen et al.,
2005; Abu-Basha et al., 2007).

A pharmacokinetic study of tilmicosin
was also performed in healthy pigs and
infected with Haemophilus parasuis. The
drug was administered orally once at a
dose of 40 mg/kg body weight. Tilmicosin
concentrations were determined in blood
plasma at regular intervals after adminis-
tration for 96 hours. The maximum se-
rum concentration of tilmicosin in healthy
animals was 1.77 = 0.33 compared to 1.67
+0.128 pg/L in patients, indicating no sig-
nificant differences between pharmacoki-
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netic profiles in clinically healthy pigs and
infected with H. parasuis (Zhang et al.,
2017; Zhang et al., 2019).

Comparative characterization of the
pharmacokinetic parameters of tylosin and
tilmicosin in 12 lactating Holstein cows
after intravenous administration showed
that the maximum serum concentrations
are 1.30 £ 0.12 for tylosin and 4.55 +
0.23 pg/mL for tilmicosin. The time re-
quired to reach the peak concentration for
tylosin was 2 hours, while for tilmicosin —
4 hours. The half-lives were 20.46 + 2.08
hours for tylosin and 26.36 + 5.55 hours
for tilmicosin, indicating long-term excre-
tion of the drug and its prolonged action in
animals (Ziv et al., 1995; Dimitrova et al.,
2012; Avci et al., 2014).

The research results of the pharma-
cokinetics of tilmicosin in healthy broil-
er chickens, when administered orally,
indicate that the drug is well absorbed
from the digestive tract, and the maxi-
mum concentration in serum is reached
2 hours after ingestion. Similar results
were obtained in other studies performed
on laying hens and broiler chickens. In
particular, the maximum tilmicosin con-
centration in the serum of laying hens
was found after 2 h and was 1.28 ng/
mL, in broiler chickens — 1.297 pg/mL
(Keles et al., 2001; Kowalski et al., 2002;
Li, 2003). Other studies have shown
that with a single internal application of
tilmicosin to birds, the time to reach the
maximum concentration in blood plasma
is 2.5 hours. The antibiotic rapidly en-
tered organs and tissues, accumulated in
macrophages and lung tissues, where its
concentrations were higher than in blood
plasma (El-Ela et al., 2015).

The research results of the pharma-
cokinetics of tilmicosin presented in
the scientific literature apply mainly to
healthy animals and poultry. There is no
information on the intake, distribution,

and excretion of tilmicosin from broiler
chickens with ornithobacteriosis.

The purpose of the research is to
investigate tilmicosin phosphate intake,
distribution, and excretion when using
it in the form of the drug Tilmox 25% in
the body of broiler chickens with orni-
thobacteriosis.

Materials and methods
of research

The research was conducted on the
basis of one of the poultry farms in the
Ivano-Frankivsk region. For research,
20 broiler chickens of Cobb-500 cross
aged 25 days, with an average body
weight of 1200 g were used. Bacteriolog-
ical examination in birds diagnosed orni-
thobacteriosis, which in some individu-
als was complicated by Escherichia coli.

Before performing the experiment,
5 sick broiler chickens in a state of light
ether anesthesia were slaughtered and the
lungs and trachea were taken for micro-
scopic examinations and the tracheal wash-
es — for bacteriological examinations.

The effectiveness of the treatment
was monitored by clinical indicators
and microscopic changes in the studied
organs of broiler chickens on the second
and fourth days after administration of
Tilmox 25%. To do this, 3 chickens un-
der light ether anesthesia were slaugh-
tered and the lungs and trachea were
removed again.

To detect the causative agent of
pneumonia and aerosaculitis, from a
bird slaughtered in a state of light ether
anesthesia, washes were removed from
the tracheal mucosa using a sterile ap-
plicator SWAB (Biomerieux). Selected
material from the tracheal mucosa was
sieved by direct seeding on blood agar.
Cultivation was performed under mi-
croaerophilic conditions at a tempera-
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ture of 37 °C for 48 hours. After culti-
vation, the growth of small matte gray
colonies was found.

The two-day culture was identified
by the method of MALDI TOF mass
spectrometry by direct deposition.

Antibiotic sensitivity of the isolated
culture of microorganisms was deter-
mined using the disc-diffusion method.
From pure daily culture, a suspension was
prepared in a Sterile isotonic sodium chlo-
ride solution on a turbidity scale of 0.5
(according to McFarland). Mueller-Hin-
ton blood agar (Biomerieux) was inocu-
lated with the suspension and antibiotic
discs were spread on the surface. The cul-
ture of the isolated microorganisms was
cultured in Petri dishes at a temperature
of 37 °C for 24 hours. After cultivation,
growth retardation zones were measured
according to CLSI: M31-A3.

For studies, a solution of the drug
Tilmox 25% of the AVICO trademark
(active substance — tilmicosin phosphate)
was used, which in an amount of 0.3 ml
was mixed with 1 liter of drinking water.

The tilmox solution was fed to
broiler chickens for 96 hours instead of
drinking water, according to the recom-
mended scheme used in industrial poul-
try farming. For birds feeding, the com-
plete feed was used taking into account
the technological scheme of growing.

Three chickens in a state of light ether
anesthesia were slaughtered in 24, 48,
72, and 96 hours after the start of feeding
a solution of Tilmox 25%, and the lungs,
liver, kidneys, heart, pectoral muscles
were taken to control tilmicosin phos-
phate entry and distribution in the body
of broiler chickens with ornithobacterio-
sis, and 24 hours after discontinuation of
a tilmox solution (i.e. 120 hours after the
start of the experiment) to control its con-
tent in the internal organs and excretion.
Selected samples were frozen.

Tilmicosin phosphate detection by
liquid chromatography spectrometry was
performed after pre-extraction with ace-
tonitrile and subsequent purification of
the samples. Extraction, concentration,
and purification of test samples were
performed on solid-phase extraction col-
umns. Tilmicosin phosphate was extract-
ed from the column with eluent. Identifi-
cation was carried out by retention time
and quantification — by the method of
external standards, by the area of peaks.
Detection was performed using Waters
LC-MS-MS liquid chromatograph with a
Premier XE tandem quadrupole detector.
The results of the study were calculated
by the methods of variation statistics.

Results of the research
and their discussion

Clinical examination of sick broiler
chickens showed general depression,
plumage, apathy, and refusal to feed.
Nasal discharge and swelling of the
nasal mucosa were observed in some
individuals. Histological examinations
of organs in broiler chickens with or-
nithobacteriosis revealed the presence
of distinct microscopic changes. In the
lungs, the lumens of most parabron-
chi were markedly reduced due to the
swelling of their walls and infiltration,
mainly by lymphocytes, among which a
small number of monocytes and pseu-
do-eosinophils were found (Fig. 1, 2).
The epithelium on the surface of the
parabronchi was almost completely
absent. Only a few flattened epithelial
cells or their small groups were found.

Most of the air capillaries in all
parabronchial complexes, without ex-
ception, were narrowed due to the
marked expansion and overflow of
blood capillaries. Instead, a small part
of the air capillaries was clearly dilated
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Fig. 1. The lungs of a broiler chicken with ornithobacteriosis:
parabronchial lumen (1), dilated air capillaries (2), narrowed air capillaries (3),
unevenly swollen connective tissue (4). Hematoxylin Jill 2 and eosin

(Fig. 1-2), which, in our opinion, indi- All blood vessels of the lungs were
cated a compensatory response of the clearly dilated, full of blood cells. In
lungs to the loss of a significant part of  all cases, pronounced edema was found
the gas exchange surface. On the sur- around the blood vessels, and hemor-
face of almost all air capillaries, the epi-  rhages were also found around some of
thelium was also absent (Fig. 3). them (Fig. 4). Hemorrhages were also

Fig. 2. The lungs of a broiler chicken with ornithobacteriosis: parabronchial
lumen (1), absence of respiratory epithelium (2), lymphocytic infiltration, dilated
blood-filled capillaries (3), hemorrhage (4). Hematoxylin Jill 2 and eosin
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Fig. 3. The lungs of a broiler chicken with ornithobacteriosis:
absence of respiratory epithelium in the air capillary (1), edema and lymphocytic
infiltration of connective tissue between two adjacent parabronchial complexes (2).
Hematoxylin Jill 2 and eosi

found in the parenchyma of parabron-
chial complexes (Fig. 2).

The trachea was noticeably less affect-
ed than the lungs. The entire surface of the
tracheal mucosa was covered with a fairly
thick layer of thick mucus (Fig. 5). Part of

the epithelial cells in the tracheal muco-
sa was destroyed and part became clearly
flattened. All blood vessels of the mucous
membrane were significantly dilated and
overflowed with blood cells. The submu-
cosal base was clearly swollen. Instead,

Fig. 4. The lungs of a broiler chicken with ornithobacteriosis:
dilated blood-filled artery (1), edema and hemorrhage around the artery (2).
Hematoxylin Jill 2 and eosin
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Fig. 5. The trachea of a broiler chicken with ornithobacteriosis:
mucus on the surface of the mucosa (1), destruction of the epithelium (2),
foci of edema (3), dilated blood-filled vein (4), edema of the submucosal base (5).
Hematoxylin Jill 2 and eosin

microscopic changes were not detected in
the cartilage tissue.

Bacteriological examination with
the determination by MALDI TOF mass
spectrometry identified a culture of mi-
croorganisms isolated from the trachea
as Ornithobacterium rhinotracheale.

According to the results of the antibiotic
susceptibility reaction, it was found that the
culture of Ornithobacteria isolated from the
trachea is sensitive to doxycycline, tilmicosin,
rifampicin, cefazolin, amoxiclav, and benzyl-
penicillin, moderately sensitive to enrofloxa-
cin, and resistant to gentamicin (Table 1).

In 24 hours after the start of feeding
Tilmox 25% solution to broiler chickens
with ornithobacteriosis, the highest content
of its active substance (tilmicosin phosphate)
was found in the lungs, much less in the liver,
and least in the kidneys, heart, and pectoral
muscles (Table 2). During this research pe-
riod, the tilmicosin phosphate content in the
lungs was 1.6 times, 3.0, 3.4, and 3.5 times
higher than in the liver, kidneys, heart, and
pectoral muscles, respectively (Table 2).

Feeding Tilmox 25% solution to broil-
er chickens the next day was accompanied
by a slight increase in tilmicosin phos-
phate content in all studied organs. In par-
ticular, 48 hours after the start of drinking
tilmox solution, the tilmicosin phosphate
content was higher in the lungs by 14%,
liver — by 6%, kidneys — by 17%, heart —
by 19%, pectoral muscles — by 3%.

As in previous study periods, 72 hours
after the start of feeding tilmox solution
to broiler chickens, tilmicosin phosphate
was highest in the lungs, less in the liver,
and least in the kidneys, heart, and pecto-
ral muscles. Tilmicosin phosphate levels
in the lungs during this study period were
1.8 times, 2.7, 2.9, and 3.9 times higher
than in the liver, kidneys, heart, and pec-
toral muscles, respectively.

In 96 hours after drinking tilmox solu-
tion, the tilmicosin phosphate content
in the lungs, liver, kidneys, and pectoral
muscles reached maximum values for the
entire study period and exceeded the val-
ues observed at 24 hours in the lungs by

52| ISSN 2663-967X

Ukrainian Journal of Veterinary Sciences

Vol. 12, N2 2, 2021



Hadxo0xeHHs ma po3rodin muamiko3uHy 8 opeaHiami Kypuyam-bpolinepis, X8opux ...

1. Antibiotic sensitivity of Ornithobacterium rhinotracheale culture isolated
from the trachea in broiler chickens

Code The zones’ sizes interpretation
o (antibiotic of growth retardation Growth Research
Antibiotic : retardation
content in the R I Moderately S Zone. mm result
disk, ug/g) | Resistant sensitive Sensitive ’
Erythromycin E10 <20 21-22 >23 0 Resistant
Enrofloxacin EX10 <18 19-22 >23 20 | Moderatcly
sensitive
Oxytetracycline 030 <24(22) - >24 22 Resistant
Benzylpenicillin Pl <17 - >17 19 Sensitive
(penicillin-G)
Amoxiclav AMC30 <15 - >15 28 Sensitive
Gentamicin GEN30 <23 - <23 8 Resistant
Cefazolin CZ30 <14 15-17 >18 22 Sensitive
Rifampicin RIF15 <16 17-19 >20 21 Sensitive
Doxycycline DO30 <20 21-24 >25 20 Sensitive
Tilmicosin TL15 < 14-20 >21 21 Sensitive

17%, liver — by 8%, kidneys — by 32%,
pectoral muscles — by 4%. The tilmicosin
phosphate content in the heart muscle in
this study period decreased compared to
72 hours by 29% and was even lower than
after 24 hours by 4% (Table 2).

The obtained research results convinc-
ingly prove that tilmicosin phosphate in
the body of broiler chickens with ornitho-
bacteriosis during the period of feeding
Tilmox 25% solution in maximum quan-
tities is distributed in the lung tissue.

Although tilmicosin phosphate was
distributed in maximum amounts in

lung tissue, there is no reason to assert
material accumulation in this organ, as
its rate increased only by 17% during the
period from 24 to 96 hours of drinking
tilmox solution (Table 2). We believe
that the tilmicosin phosphate distribu-
tion in the largest quantities in the lungs
indicates its organ affiliation, which is
of great practical importance in bacteri-
al diseases of birds with respiratory le-
sions, in particular in ornithobacteriosis.

Higher levels of tilmicosin phos-
phate in the liver and kidneys than in
the heart and pectoral muscles are ex-

2. Tilmicosin phosphate content in organs and tissues of broiler chickens
with ornithobacteriosis while feeding a tilmox solution, pg/g (M = m, n = 3)

. Research time, hours
Organ/tissue
24 48 72 96 120
Pectoral muscles 3.18+0.02 | 3.27+0.02 | 3.29+0.03 | 3.31+£0.01 | 1.14+0.01
Kidneys 3.66+0.28 | 427+0.13 | 4.78+0.12 | 4.84+0.05 | 2.75+0.15
Liver 6.73+0.27 | 7.11+0.07 | 7.22+0.05 | 7.25+0.07 | 3.65+0.05
Lungs 11.05+0.04 | 12.57+0.34 | 12.72+0.28 | 1291 £0.06 | 6.88 +0.37
Heart 325+0.03 | 3.86+0.15 | 437+0.55 | 3.11+0.03 | 2.13+£0.03
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Fig. 6. The lungs of a broiler chicken with ornithobacteriosis on the 2nd day
of the treatment with tilmicosin: cellular detritus and red blood cells in the
lumen of the parabronchia (1), edema of the parabronchial wall (2), air capillaries
(3). Hematoxylin Jill 2 and eosin

plained by better blood supply to these
organs, as well as participation in the
processes of biotransformation and ex-
cretion from the body.

After the application of tilmicosin
to broiler chickens, cellular detritus and

erythrocytes were detected in the lungs
and lumen of the parabronchi for the sec-
ond day, which, in our opinion, testified to
the processes of organ cleansing (Fig. 6).
No marked inflammatory reaction
was observed, although the walls of the

Fig. 7. The lungs of a broiler chicken with ornithobacteriosis on the 4th day
of the treatment with tilmicosin: lumen of the parabronchia (1), dilation and
overflow of blood vessels (2), air capillaries (3). Hematoxylin Jill 2 and eosin
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Fig. 8. The trachea of a broiler chicken with ornithobacteriosis on the 4th
day of the treatment with tilmicosin: epithelium of the mucous membrane (1),
mucous membrane (2), cartilage (3). Hematoxylin Jill 2 and eosin

parabronchi were swollen. The air capillar-
ies were dilated. Small groups of narrowed
air capillaries were found only in some
places (Fig. 6). Such changes testified to
more intensive functioning of the lungs.

Only slight dilation and overflow of
mucosal blood vessels were observed in
the trachea.

On the 4th day after the tilmicosin
application, there was the only hyper-
emia in the lungs (Fig. 7). In the trachea,
no microscopic changes were detected
(Fig. 8).

After cessation of feeding broiler
chickens with a tilmox solution, the
content of its active substance (tilmico-
sin phosphate) in the internal organs has
decreased (Table 1). Thus, in a day af-
ter discontinuation of Tilmox 25% (120
hours of the experiment), the tilmicosin
phosphate content in the lungs, liver,
kidneys, heart, and pectoral muscles
was lower than in 96 hours by 47%, 50,
43, 32, and 66%, respectively, which, in
our opinion, provides a long-lasting an-
timicrobial effect.

Conclusions and future
perspectives

In the lungs of broiler chickens with
ornithobacteriosis, microscopic changes
were characterized by a decrease in the
lumen of the parabronchi due to swelling
of their walls and infiltration, mainly by
lymphocytes, lack of epithelium on the
surface of the parabronchi; narrowing of
air capillaries in parabronchial complex-
es; hemorrhages in the parenchyma of
parabronchial complexes; dilation of the
vessels in the lungs, their overflow with
blood cells and edema around the vessels.

Microscopic changes in the trachea were
characterized by the destruction of the part of
epithelial cells in the mucosa and the rest of
them became clearly flattened; swelling of
the submucosal base; dilation and overflow
of mucosal blood vessels with blood cells.

When feeding Tilmox 25% solution
to broiler chickens with ornithobacte-
riosis according to the recommended
scheme, the highest content of its active
substance (tilmicosin phosphate) was
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found in the lungs in all research peri-
ods, much less in the liver and least in
the kidneys, heart, and pectoral muscles.

The tilmicosin phosphate distribu-
tion in the maximum amounts in the
lungs indicates its organ affiliation and
minor fluctuations in the drug concen-
tration during different research periods
— the lack of cumulative properties.

In a day (120 hours of the experiment)
after discontinuation of Tilmox 25% solu-
tion in broiler chickens with ornithobac-
teriosis, the tilmicosin phosphate content
in the lungs, liver, kidneys, heart, and
pectoral muscles was 53%, 50, 57, 68,
and 34%, respectively, up to 96 hours. Re-
sidual amounts of tilmicosin phosphate in
the avian internal organs — 50% or more
in a day after discontinuation of feeding
tilmox solution indicate a long half-life,
and hence a long antimicrobial effect.

The high sensitivity of Ornithobac-
terium rhinotracheale culture to tilmi-
cosin and its maximum distribution in
the lung tissue in broiler chickens with
ornithobacteriosis, gives reason to rec-
ommend Tilmox 25% for practical use.

In four days after Tilmox 25% appli-
cation to broiler chickens with ornitho-
bacteriosis, only hyperemia in the lungs
was observed, and no changes in the
trachea, which are signs of the micro-
scopic structure restoration.

To study the pharmacokinetic charac-
teristics of antibiotics of other groups in
broiler chickens with ornithobacteriosis
are the prospects for our further research.
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AHomayia. OOHUM 3 OCHOBHUX MOKA3HUKIB, Uj0 BUSHAYAOMb eheKmusHicms aHmMubiomuKa
opaaHi3mi, € (ioeo 30amHicmb MPOHUKAMU Ma HAKOMUYy8aMUCh y 8UCOKUX KOHUEHMPAYIAX Y MICUAX
namosoeiyHo20 npouecy. Y cmammi HasedeHo pe3yabmamu 00cioHeHb HaOX00HEeHHS, po3rodiny
ma susedeHHs MUAMIKO3UHy hocghamy — Oiro4oi pevyosuHU aHMUBIOMUKA MUAMOKC 25% 3 opeaHi3-
My Kypuyam-6polinepie kpocy KObb-500, xeopux Ha opHimobakmepios. BcmaHoeneHo, wo Yyepes 24
200 8i0 Mo4YamMKy 8UMOKBAHHA PO34YUHY NpPernapamy muamoKc 25% Kypyamam-6polinepam, xeopum
Ha opHimobakmepios, Halibinbwe MuamiKozuHy gpocghamy micmusnoca 8 nezeHsx, mooi AK y neYiHyj
meHwe 8 1,6 pasa, Hupkax —y 3,0 pasa, cepuesomy m’asi —y 3,4 pasa, epyoHux m’azax —y 3,5 pasa,
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HiX¢ y nezeHsx. Yepesz 48 ma 72 200 8micm musamiKo3uHy 3pocmas 8 ycix 00CiOHy8aHUX op2aHax,
as1e 3aKoHoMipHicme (o2o po3nodiny byna mMakoro i, AK i Yyepes 24 200. BMmicm muamiko3uHy ¢oc-
hamy e nezeHsax Ha 72 200 0ocnidy nepesaxcas emicm 8 neyviHyi, HUPKaAx, cepyesomy ma epyoHUx
m’asax eidnoeioHo 6 1,8 pasa, 2,7, 2,9 ma 3,9 pasa. Ha 96 200 emicm munamiko3uHy 6ye makcumarns-
HUM y 2pyOHUX M’A30X, HUPKAX, MeYviHyi, n1e2eHaAx, nuwe 8 cepyi lioeo micmusnocsa 0eujo MeHwe, Hix
y nonepeoHi nepiodu 0ocnioneHs. OMpuMaHi peya6mamu 3aceiduyoms 0p2aHHY NPUHAAEHCHICMb
munmiko3uHy ¢hocchamy 00 MKaHUH ne2eHb y Kypyam-bpolinepis, xeopux Ha OpHimobakmepios. Ye-
pe3 006y (Ha 120 200 0ocnidy) nicasA NpUNUHEHHs 3aCMOCY8AHHA MUAMOKCY 25%, emicm munamiko-
3UHY hochamy e nie2eHsAx, neviHyi, HUPKax, cepyesomy ma epyOHUX M’A3ax Kypyam-bpolnepie cma-
Hoeus 8i0nogioHo 53%, 50, 57, 68 ma 34% 0o nokasHuKa Ha 96 200. Yymausicme Ornithobacterium
rhinotracheale 0o munmiko3uHy ma (io2o po3rnodin y MAKCUMAbHUX KiNbKOCMAX Y N€2EHAX Kyp-
yam-6bpolinepis, xeopux Ha opHiMobakmepios, 3a6e3ne4ysano nikysanbHUli echekm, wjo nidmeep-
0XeHo pe3ynbmamamu MiKPOCKOMIYHUX 0OCIOHEHb.

LocnidxceHHa ujodo hapmakoKiHemu4HUX enacmusocmeli musaMiKO3UHY BUKOHAHI, 8 OCHOBHOMY,
Ha 300posili nmuui. Tomy, onmumi3ayis cxem aiky8aHHA exce 8idoMux aHmMubiomukis, Aka byoe rpyH-
mysamucsa Ha 00CiOHEHHI haPMAKOKIHEMUYHUX i hapMaKoOUHAMIYHUX eaacmusocmeli He minbKu
Ha KniHi4HO 300po8ux, ane Ui Ha X80pUX OP2AHI3MAX € AKMYAAbHUM MA 8AX/IUBUM MUMAHHAM Y 2a:y3i
s8emepuHapHoi hapmarxosnoeil.

Knrovoei cnosa: munamokc 25%, munmiko3uHy ¢pocgham, Kypuyama-6polinepu, opHimobakmepios,
Ornithobacterium rhinotracheale, ¢hapmaKkokiHemuKa, po3noois, HAKOMUYEHHS, 8UBEOEHHS
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Abstract. The studies were conducted on 2—-3 months old males of C57BL/6 mice, weighing
20-24 g. Our work aimed at studying the functional state of the organs of the immune system
in mice after administration of allogeneic mesenchymal stem cells of adipose tissue origin.
Obtaining and cultivating mesenchymal stem cells were carried out in a sterile laminar box
with compliance of asepsis and antiseptic conditions. The abdominal adipose tissue from
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C57BL/6 mice was cultured in a co, incubator at 37 °C and 5% €0, in DMEM with 10-15% of
fetal bovine serum, 1% of antibiotic/antimycotic solution (Sigma-Aldrich, USA). The following
groups of animals were formed: 1 group — intact (control); 2 group — animals, to whom
0.5 cm?® of 0.9% NaCl solution (placebo) were injected into the caudal vein; 3 group —
animals, to whom 10* of allogeneic mesenchymal stem cells from adipose tissue in 0.5 cm® of
phosphate buffer solution were injected into the caudal vein. The weight index, the content of
lymphoid cells in the thymus and spleen in C57BL/6 mice were examined on days 7, 18, and
25 after the administration of mesenchymal stem cells. To assess the lymphocyte content in
lymphoid organs, they were weighed (whole thymus, 50 mg of spleen), triturated, and filtered
through the nylon cloth. After that, the tissue homogenate was applied to Ficoll-Urografin
density gradient (d = 1.077) in a ratio of 3:2. The test tubes were centrifuged at 1500 rpm for
3040 minutes. After centrifugation, plasma and layer of lymphocytes were above the density
gradient; lymphocytes were collected by a Pasteur pipette and washed twice with an arbitrary
amount of Hank’s solution by centrifugation at 1500 rpm for 10 minutes. After washing, 1 cm?
of Hank’s solution was added to lymphocytes and they were counted in the Goryaev chamber.
Calculation of the cellularity of lymphoid organs was performed in 1 mg of tissue.

The transplantation of allogeneic adipose-derived mesenchymal stem cells affects the
central and peripheral organs of the immune system. Administration of allogeneic adipose-
derived mesenchymal stem cells causes a significant increase in the content of lymphoid cells
in the thymus on days 7, 18, and 25 by 71%, 57, and 53% (P < 0.05), respectively, compared
to the control. At the 7 and 18 days of the immune response, lymphoid cell content in the
spleen significantly increases by 33% (P < 0.01) and 19% (P < 0.05), respectively, compared
to the control under the administration of allogeneic adipose-derived mesenchymal stem
cells. On day 25, values of lymphoid cell content and spleen index return to normal. The
thymus and spleen weight indices directly correlate with their lymphoid cell content.

Keywords: mice, weight index, lymphoid cells, thymus, spleen, allogeneic mesen-
chymal stem cells, adipose tissue

Introduction

Important biological features of mes-
enchymal stem cells (MSCs), in particular,
the ability to migrate to the inflammation
site, low immunogenicity, immunomodu-
latory activity, and the ability to stimulate
hemopoiesis, make them potentially active
regulators of reparative processes (Klad-
nytska et al., 2014).

At the present stage of the develop-
ment of biological sciences, different
approaches are developed for the use of
MSC:s in the treatment of various diseases,
and several preclinical and clinical trials
have already been conducted, the results

of which have shown the effectiveness of
their application (Haghighat et al., 2011;
Reich et al., 2012; Arnhold & Wenisch,
2015; Jakobsen et al., 2017).

An alternative source of MSCs is adipose
tissue, which contains stem cells in a higher
percentage than bone marrow. Obtaining ad-
ipose tissue is a less traumatic procedure for
the donor than the obtaining of bone marrow
both during the process of primary material
obtaining and postoperative period (Marx et
al., 2014; Kladnytska et al., 2017).

Regardless of MSCs origin, they
have pronounced immunosuppressive
activity: they block in vitro differentia-
tion of naive CD4+ T cells in Th17 and
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suppress the synthesis of many cytokines
such as IL-17, IL-22, interferon-gamma,
and TNFa (Bartholomew et al., 2002;
Gryschenko & Tomchuk, 2013).

Despite the large number of publi-
cations confirming the immunosuppres-
sive properties of MSCs, some works
deny such effects on immune responses
(Di Nicola et al., 2002; Aggarwal & Pit-
tenger, 2005; Djouad et al., 2005).

Thus, it was found that transplantation of
MSCs stimulates antibody production and
increases the cellularity of the bone marrow
in recipients. With increasing the number of
administered cells, a significant increase in
the thymus cellularity and decrease in spleen
cellularity were recorded. The authors sug-
gest that a significant dose of MSCs creates
a suppressive microenvironment for lym-
phoid cells that is accompanied by the inhi-
bition of the immune response (Le Blanc et
al., 2003; Batten etal., 2006; Lu et al., 2009).

Opposite, a small number of trans-
planted cells due to homing is collected in
the bone marrow niches, contributing to
hematopoiesis, where the myeloid sprout
can act as an impressive factor in natural
immunity (Nikolskaya et al., 2012).

So, it is not well known about the effect
of MSCs on the response of the immune or-
gans, in particular, on the functional state of
the thymus and spleen. Taking into account
such controversial data on the influence of
MSCs on the organs of the immune sys-
tem, these issues require further research.

The purpose of our work was to study
the functional state of the organs of the im-
mune system in C57BL/6 mice after the
administration of allogeneic adipose MSCs.

Materials and methods
of researches

The studies were carried out on 2-3
months old males of C57BL/6 mice, weigh-
ing 2024 g. All experiments were conduct-

ed in accordance with the Good Laborato-
ry Practices regulations in research studies
using animals, the Law of Ukraine On the
Protection of Animals from Brutal Treat-
ment, and the European Convention for the
Protection of Vertebrate Animals used for
Experimental and other Scientific Purposes.
MSCs obtaining from adipose tissue.
Obtaining and cultivating adipose MSCs
(aMSCs) were carried out in a sterile lam-
inar box with compliance of asepsis and
antiseptic conditions. The mice were eu-
thanized, samples of abdominal adipose
tissue were washed three times with sterile
phosphate buffer solution with the addi-
tion of 1% antibiotic/antimycotic solution
(Sigma-Aldrich, USA). Then samples of
adipose tissue were chopped into pieces
of 1-3 mm? and placed to culture dishes
filled with DMEM, 10-15% of fetal bo-
vine serum, 1% antibiotic/antimycotic
solution (Sigma-Aldrich, USA) and cul-
tured in a CO, incubator at 37 °C and 5%
CO,. The culture medium was partially
or completely changed by fresh medium
every 3 days during cultivation. After
formation of cell monolayer by 80-90%,
cells were removed with trypsin/ethylene-
diaminetetraacetic acid solution (EDTA),
washed with phosphate buffer, and placed
into Petri dishes for further cultivation.
Cell passaging provided a reduction in the
heterogeneity of cell culture and the de-
velopment of biological material for trans-
plantation (Kladnytska et al., 2016). MSCs
at passage 4 were used for transplantation.
MSC administration to mice. The fol-
lowing groups of animals were formed:
1 —intact (control); 2 — animals, to whom
0.5 mL of 0.9% NaCl solution (placebo)
were injected into the caudal vein; 3 —an-
imals, to whom 10* of allogeneic aMSCs
in 0.5 mL of phosphate buffer solution
were injected into the caudal vein.
Estimation of the thymic and splenic
weight indices in mice after aMSC admin-
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istration. Indicators of the weight of periph-
eral lymphoid organs relative to the body
weight (weight index) of animals were
evaluated on days 7, 18, and 25 after aMSC
administration. The mice were pre-weighed
for weight control. At each experimental
period, 3 animals were euthanized in each
group and the weight index of lymphoid
organs and their cellularity were studied.
Euthanasia of animals was carried out using
carbon dioxide; lymphoid organs (thymus
and spleen) were removed and their mass
was determined. Indices of lymphoid organs
in relation to the weight of the animal were
calculated according to the formula:
Evaluation of the thymic and splenic
cellularity afier aMSC administration. To
assess the content of lymphocytes in lym-
phoid organs, the latter were weighed. The
whole thymus and 50 mg of spleen were
triturated and filtered through the nylon
cloth. After that, the cell homogenate was
applied to Ficoll-Urografin density gradi-
ent (d = 1.077) in a ratio of 3:2. The test
tubes were centrifuged at a rate of 1500
rpm for 30-40 minutes. After centrifuga-
tion, the layer of lymphocytes, which was
located above the density gradient, was
collected by a Pasteur pipette and washed
twice with an arbitrary amount of Hank’s
solution by centrifugation at a rate of 1500
rpm for 10 minutes. After washing, 1 ml of
Hank’s solution was added to lymphocytes.
Lymphocytes were counted in the Goryaev

chamber. Calculation of the lymphoid or-
gan cells was performed on 1 mg of tissue.

Results of the research
and their discussion

The functional state of the organs of
immunogenesis largely depends on the
ratio of processes of immune cell pro-
liferation and apoptosis, that almost are
not studied after MSC administration.

After allogeneic aMSC administration,
the content of lymphoid cells in the thy-
mus on days 7, 18, and 25 significantly in-
creased by 71%, 57, and 53%, respectively,
compared with control animals (Table 1).

Compared with a placebo group, the
content of lymphoid cells in the thymus
was significantly increased by 42%, 69,
and 86%, respectively. The increase in thy-
mic cellularity is associated with the acti-
vation of residential thymocyte prolifera-
tion due to antigenic stimulation by MSCs
that is consistent with the studies of Huang
et al. (2009). The thymus contains T lym-
phoblasts, immature and mature lympho-
cytes, supporting and secretory cells of the
thymus stromal component (Fig. 2).

A positive correlation between the
content of lymphoid cells and thymic
weight index was found 7 days after
aMSCs administration. Thymic weight
index directly correlates with the con-
tent of lymphoid cells and its value was

1. The content of lymphoid cells and the weight index of the thymus
in C57BL/6 mice after allogeneic aMSC administration (M £ m, n =9)

The content of lymphoid cells, x 10%/mg thymic weight index
Day intact (n = 6) administration of 0.89% | administration after administration
NaCl, placebo (n=9) |of aMSCs (n=9) of aMSC, %
7 1.4+0.1 1.9+0.2 27+0.1%v 0.19+0.03* v
18 1.4+0.1 1.3+£0.1 22+0.1*%v 0.16£0.01*v
25 1.7+0.1 14+0.1 2.6+0.3*% vv 0.17+£0.01* v

Note: * P < 0.05, ** P < 0.01 compared to intact animals; v P < 0.05, vv P < 0.01 compared

to placebo group.
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Fig. 2. Thymic cellularity on day 7 of the experiment:
A — intact group, B — after aMSC administration (smear-imprint, x 400)

r=0.57(P<0.01) onday 7 and r=0.50
P <0.05 on day 18 of the experiment.

Under the influence of MSCs from ad-
ipose tissue, the indicator of splenic weight
index was significantly increased until day
18 of the experiment (Table 2). On day 25,
the splenic weight index did not signifi-
cantly differ from that in the experimental
group and placebo animals, but only ob-
served a tendency to increase it.

The spleen, as the peripheral organ
of the immune system, is also involved
in the process of forming an immune re-
sponse to the antigen. After MSC admin-
istration, the content of lymphoid cells
in the spleen significantly exceeded the
parameters of spleen cellularity in intact
animals (Table 2). Smear-imprint con-
tains erythroid cells, neutrophil granulo-
cytes, monocytes. and lymphoid cells.

The number of lymphoid cells signifi-
cantly increased by 33 and 24% compared

to intact animals and the placebo group on
day 7 of the experiment. On day 18 of the
experiment, the spleen cellularity under
the influence of MSCs from adipose tissue
was significantly higher by 19 and 14%,
respectively. On day 25 of the experiment,
the lymphoid cell count was higher by 7
and 15% within the tendency.

The splenic weight index directly
correlates with the content of lymphoid
cells in them r=0.91 (P <0.001), r=0.94
(P<0.001),r=0.92 (P<0.001) on day 7,
18 and 25 of the experiment, respectively.
Such changes indicate a direct reaction of
the spleen to the administration of alloge-
neic MSC from adipose tissue.

Thus, the administration of allogeneic
MSCs isolated from adipose tissue from
C57Bl/6 mice causes systemic effects on
the thymus and spleen. As a result of anti-
genic stimulation by allogeneic stem cells,
there is an increase in mitotic activity of thy-

2. The content of lymphoid cells and splenic weight index
in C57BL/6 mice after allogeneic aMSC administration (M £+ m)

The content of lymphoid cells, x 10%mg Splenic weight index
Day intact (n = 6) administration of 0.89% | administration of | ~ after administration
NaCl, placebo (n1=9) | aMSCs (n=9) of aMSC, %
7 27+0.1 29+0.1 3.6+ 1.1¥*vv 0.79 £ 0.04* v
18 27+0.1 28404 32£0.1%v 0.79 £ 0.04* v
25 2.7+0.1 2.5+0.1 29+0.1 0.46 +£0.03

Note: * P <0.05, ** P <0.01 compared to intact animals; v P < 0.5, vv P <0.01 compared to

placebo group.
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N A
Fig. 2. The spleen cellularity on day 7 of the experiment:
A — intact group, B — after aMSC administration, (smear-imprint, x 400)

mocytes and splenocytes. Despite numerous
publications that reveal the immunological
properties of cells and confirm the presence
of immunosuppressive effects, the results of
individual scientific studies show that MSCs
under certain conditions can be eliminated
by cells of the immune system in recipient
animals since they have signs of foreignness
(Huang et al., 2009).

The increase in the content of lym-
phoid cells in the thymus and spleen after
aMSC administration in our mind may
be due to the heterogeneity of introduced
cell cultures, an insufficient number of
introduced cells for the implementation
of immunosuppressive effect, as well as
low concentration of immunosuppres-
sive factors synthesized by MSCs.

Conclusion

1. The administration of allogeneic
adipose-derived mesenchymal stem
cells affects the central and periph-
eral organs of the immune system.

2. Administration of allogeneic adi-
pose-derived mesenchymal stem
cells causes a significant increase
in the content of lymphoid cells
in the thymus by 71, 57, and 53%
(P <0.05) on days 7, 18, and 25, re-
spectively, compared to the control.

3. Thymic weight index directly correlates
with the content of lymphoid cells and

its value was r=0.57 (P <0.01) on day
7 and r = 0.50 (P <0.05) on day 18.

4. Lymphoid cell count in the spleen sig-
nificantly increase on days 7 and 18 of
the immune response by 33 (P < 0.01)
and 19 % (P <0.05), respectively, com-
pared to the control under the admin-
istration of allogeneic adipose-derived
mesenchymal stem cells.

5. On the 25th day, the content of lym-
phoid cells in the spleen and spleen
index values return to normal.

6. Splenic weight index directly cor-
relates with the content of lymphoid
cellsinit—r=0.91-0.94 (P<0.001).
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AHomauia. [JocnioxeHHs nposodunu Ha camusax muwel C57BL/6 eazoro 20-24 2, sikom 2—3 mi-
cayi. Memotro Hawoi pobomu 6ys10 8usYeHHs hyHKUIOHOIbHO20 CMAHY OpaaHie iMyHHOI cucmemu y
muwell nicns 88e0eHHA a102eHHUX Me3eHXIMAsIbHUX CMOoBBYPOBUX KAIMUH i3 #uposoi mKaHuHU. Ma-
Hirynayii 3 ompumaHHA NepeuUHHO20 Mamepiasny ma Kysnbmusy8aHHS Me3eHXiMasbHUX cmoebyposux
KaimuH 30ilicHio8asu 8 cmepusibHoMy 6OKci 3 BompUMAHHAM YCiX npasusa acenmuku i aHmucenmuku.
A6OoMiHanbHY #uposy mKaHuHy muweli C57BL/6 Kynbmusyeanu y CO, iHKky6amopi 3a memnepamypu
37°Ci5% CO, 6 cepedosuwyi DMEM, 3 dodasarHHam 10~15% hemanbHoi cuposamiu 6udkie, 1% aHmu-
biomuka-aHmumikomuka (Sigma-Aldrich, USA). [ns nposedeHHs docnioxieHsb byno cdhopmosaHo maki
2pynu meapuH: 1 epyna — iHMakmHi (KOHMpPosbHA 2pyna); 2 2pyna — MeapuHU, AKUM Y X80CmMo8y 8eHy
egoounu 0,5 cv?® 0,9% posuury NaCl (naaye6o); 3 epyna — meapuHu, AKUM y X80Cmogy 8eHy 8800usu
10* anozeHHUX Me3eHXIMasbHUX Cmo8BYpPoBUX KAIMUH i3 #Uposoi mKkaHuHU e 0,5 cm® (hocghamHo-6y-
hepHo20 po3vuHy. [ocnioxysanu eazosuli iHOEKc, emicm aiMpOIOHUX KAIMUH mumycy ma cenesiHKu
muweli C57BL/6 3a 88edeHHsA Me3eHXiManbHUX CmMo8BypPoBUX KAIMUH i3 #UPOBOI MKAHUHU. 15 oyj-
HIOBAHHSA emicmy snimghoyumie y AiMghoiOHUX op2aHax, OCMAHHI 38axcysanu (Mumyc rnosHicmio), a
cenesiHKy — no 50 Me, momim posmupanu ma ¢inempysanu 4Yepes KanpoHosy MKaHuUHy. licasa yboao
20MO2eHam MKAaHUHU HaHOCUAU Ha 2padieHm ikosn-eepoepadgpiHy (winbHicme 1,077) y criiegioHoweH-
Hi 3:2. Mpobipku 3 emicmom yeHmpugyaysanu 3i weudkicmio 1500 06/xs., yrpodoex: 30—40 xe. icna
yeHmpuagyaysaHHa Had wapom epadieHma 3anuwaemecsa naasma U aimgoyumu (He meHwe 90%), AKi
36upanu nacmepiecoKoro ninemxoro i 08ivi 8idMusanu 008iNbHOK KinbKicmio po3yuHy XeHKca 3a dorno-
MO20t0 UeHmpugyayeaHHs 3a weudxkocmi obepmarHa 1500—-1800 o6/xs. yripodosxc 10 xe. [Micns eio-
MUBaHHs 00 simgboyumie 0odasanu 1 cv® po34uHy XeHKca (i niopaxosysasnu ixHIO KiabKicme y Kamepi
opAesa. Po3paxyHOK KaimuHHocmi niMgoidHUX opaaHie nposodunu Ha 1 me MKaHUHU.

TpaHcnAaHMayia ano2eHHUX Me3eHXiMasbHUX cmosbyposux KAIMUH i3 HUPO8OI MKAHUHU YUHUMb
81/1U8 Ha UeHmparibHi U nepughepuyHi op2aHu iMyHHOI cucmemu. 3a 8raugy ano2eHHUX Me3eHXIMambHUX
€mMosbyposuX KAIMUH i3 #UPOBOI MKAHUHU 8i06ysaembcs 00CMOosipHe MidsuLeHHs emicmy AiMgOIOHUX
KAIMUH mumycy Ha paHHix i nisHix emanax imyHHoi 8idnosidi Ha 7, 18 ma 25 0oby sionosioHo Ha 71%, 57153%
(P < 0,05) nopieHtoro4u 3 KoHmponem. KineKicms nimgoidHux KaimuH y cenesiHui 0ocmogipHo 3pocmarna
Ha 7 ma 18 006y imyHHoI 8idroeidi 8idnosioHo Ha 33% ma 19%, (P <0,01, P <0,05) nopieHtoto4u 3 KoHMp-
011eM 30 88€0EHHS Q/I02EHHUX ME3eHXIMAsIbHUX CMO8BYpPOoBUX KIMUH, 00EPHAHUX i3 HUPOBOI MKAHUHU.
Ha 25 006y rnokasHUKu emicmy aimghoiOHUX KaimuH ma iHOeKcy cenesiHKu nosepmaromecsi 00 Hopmu. IH-
OeKcu 8a2u mumyca U cenesiHKu rpAaMo Kopesrorme 3 8MICMOM AiMGOIOHUX KAIMUH Y YUX Op2aHaX.

Kmrovoei cnoea: muwi, eazosuli iHOEKC, niME@OIOHI KAIMUHU, MUMYC, cenesiHKa, arno2eHHi
Me3eHXiMasbHi cmosbyposi KNiMUHU, #UpPo8a MKAHUHA
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Abstract. The studies were conducted on 2—-3 months old males of C57BL/6 mice, weighing
20-24 g. Our work aimed at studying the functional state of the organs of the immune system
in mice after administration of allogeneic mesenchymal stem cells of adipose tissue origin.
Obtaining and cultivating mesenchymal stem cells were carried out in a sterile laminar box
with compliance of asepsis and antiseptic conditions. The abdominal adipose tissue from
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C57BL/6 mice was cultured in a co, incubator at 37 °C and 5% €0, in DMEM with 10-15% of
fetal bovine serum, 1% of antibiotic/antimycotic solution (Sigma-Aldrich, USA). The following
groups of animals were formed: 1 group — intact (control); 2 group — animals, to whom
0.5 cm?® of 0.9% NaCl solution (placebo) were injected into the caudal vein; 3 group —
animals, to whom 10* of allogeneic mesenchymal stem cells from adipose tissue in 0.5 cm® of
phosphate buffer solution were injected into the caudal vein. The weight index, the content of
lymphoid cells in the thymus and spleen in C57BL/6 mice were examined on days 7, 18, and
25 after the administration of mesenchymal stem cells. To assess the lymphocyte content in
lymphoid organs, they were weighed (whole thymus, 50 mg of spleen), triturated, and filtered
through the nylon cloth. After that, the tissue homogenate was applied to Ficoll-Urografin
density gradient (d = 1.077) in a ratio of 3:2. The test tubes were centrifuged at 1500 rpm for
3040 minutes. After centrifugation, plasma and layer of lymphocytes were above the density
gradient; lymphocytes were collected by a Pasteur pipette and washed twice with an arbitrary
amount of Hank’s solution by centrifugation at 1500 rpm for 10 minutes. After washing, 1 cm?
of Hank’s solution was added to lymphocytes and they were counted in the Goryaev chamber.
Calculation of the cellularity of lymphoid organs was performed in 1 mg of tissue.

The transplantation of allogeneic adipose-derived mesenchymal stem cells affects the
central and peripheral organs of the immune system. Administration of allogeneic adipose-
derived mesenchymal stem cells causes a significant increase in the content of lymphoid cells
in the thymus on days 7, 18, and 25 by 71%, 57, and 53% (P < 0.05), respectively, compared
to the control. At the 7 and 18 days of the immune response, lymphoid cell content in the
spleen significantly increases by 33% (P < 0.01) and 19% (P < 0.05), respectively, compared
to the control under the administration of allogeneic adipose-derived mesenchymal stem
cells. On day 25, values of lymphoid cell content and spleen index return to normal. The
thymus and spleen weight indices directly correlate with their lymphoid cell content.

Keywords: mice, weight index, lymphoid cells, thymus, spleen, allogeneic mesen-
chymal stem cells, adipose tissue

Introduction

Important biological features of mes-
enchymal stem cells (MSCs), in particular,
the ability to migrate to the inflammation
site, low immunogenicity, immunomodu-
latory activity, and the ability to stimulate
hemopoiesis, make them potentially active
regulators of reparative processes (Klad-
nytska et al., 2014).

At the present stage of the develop-
ment of biological sciences, different
approaches are developed for the use of
MSC:s in the treatment of various diseases,
and several preclinical and clinical trials
have already been conducted, the results

of which have shown the effectiveness of
their application (Haghighat et al., 2011;
Reich et al., 2012; Arnhold & Wenisch,
2015; Jakobsen et al., 2017).

An alternative source of MSCs is adipose
tissue, which contains stem cells in a higher
percentage than bone marrow. Obtaining ad-
ipose tissue is a less traumatic procedure for
the donor than the obtaining of bone marrow
both during the process of primary material
obtaining and postoperative period (Marx et
al., 2014; Kladnytska et al., 2017).

Regardless of MSCs origin, they
have pronounced immunosuppressive
activity: they block in vitro differentia-
tion of naive CD4+ T cells in Th17 and
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suppress the synthesis of many cytokines
such as IL-17, IL-22, interferon-gamma,
and TNFa (Bartholomew et al., 2002;
Gryschenko & Tomchuk, 2013).

Despite the large number of publi-
cations confirming the immunosuppres-
sive properties of MSCs, some works
deny such effects on immune responses
(Di Nicola et al., 2002; Aggarwal & Pit-
tenger, 2005; Djouad et al., 2005).

Thus, it was found that transplantation of
MSCs stimulates antibody production and
increases the cellularity of the bone marrow
in recipients. With increasing the number of
administered cells, a significant increase in
the thymus cellularity and decrease in spleen
cellularity were recorded. The authors sug-
gest that a significant dose of MSCs creates
a suppressive microenvironment for lym-
phoid cells that is accompanied by the inhi-
bition of the immune response (Le Blanc et
al., 2003; Batten etal., 2006; Lu et al., 2009).

Opposite, a small number of trans-
planted cells due to homing is collected in
the bone marrow niches, contributing to
hematopoiesis, where the myeloid sprout
can act as an impressive factor in natural
immunity (Nikolskaya et al., 2012).

So, it is not well known about the effect
of MSCs on the response of the immune or-
gans, in particular, on the functional state of
the thymus and spleen. Taking into account
such controversial data on the influence of
MSCs on the organs of the immune sys-
tem, these issues require further research.

The purpose of our work was to study
the functional state of the organs of the im-
mune system in C57BL/6 mice after the
administration of allogeneic adipose MSCs.

Materials and methods
of researches

The studies were carried out on 2-3
months old males of C57BL/6 mice, weigh-
ing 2024 g. All experiments were conduct-

ed in accordance with the Good Laborato-
ry Practices regulations in research studies
using animals, the Law of Ukraine On the
Protection of Animals from Brutal Treat-
ment, and the European Convention for the
Protection of Vertebrate Animals used for
Experimental and other Scientific Purposes.
MSCs obtaining from adipose tissue.
Obtaining and cultivating adipose MSCs
(aMSCs) were carried out in a sterile lam-
inar box with compliance of asepsis and
antiseptic conditions. The mice were eu-
thanized, samples of abdominal adipose
tissue were washed three times with sterile
phosphate buffer solution with the addi-
tion of 1% antibiotic/antimycotic solution
(Sigma-Aldrich, USA). Then samples of
adipose tissue were chopped into pieces
of 1-3 mm? and placed to culture dishes
filled with DMEM, 10-15% of fetal bo-
vine serum, 1% antibiotic/antimycotic
solution (Sigma-Aldrich, USA) and cul-
tured in a CO, incubator at 37 °C and 5%
CO,. The culture medium was partially
or completely changed by fresh medium
every 3 days during cultivation. After
formation of cell monolayer by 80-90%,
cells were removed with trypsin/ethylene-
diaminetetraacetic acid solution (EDTA),
washed with phosphate buffer, and placed
into Petri dishes for further cultivation.
Cell passaging provided a reduction in the
heterogeneity of cell culture and the de-
velopment of biological material for trans-
plantation (Kladnytska et al., 2016). MSCs
at passage 4 were used for transplantation.
MSC administration to mice. The fol-
lowing groups of animals were formed:
1 —intact (control); 2 — animals, to whom
0.5 mL of 0.9% NaCl solution (placebo)
were injected into the caudal vein; 3 —an-
imals, to whom 10* of allogeneic aMSCs
in 0.5 mL of phosphate buffer solution
were injected into the caudal vein.
Estimation of the thymic and splenic
weight indices in mice after aMSC admin-
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istration. Indicators of the weight of periph-
eral lymphoid organs relative to the body
weight (weight index) of animals were
evaluated on days 7, 18, and 25 after aMSC
administration. The mice were pre-weighed
for weight control. At each experimental
period, 3 animals were euthanized in each
group and the weight index of lymphoid
organs and their cellularity were studied.
Euthanasia of animals was carried out using
carbon dioxide; lymphoid organs (thymus
and spleen) were removed and their mass
was determined. Indices of lymphoid organs
in relation to the weight of the animal were
calculated according to the formula:
Evaluation of the thymic and splenic
cellularity afier aMSC administration. To
assess the content of lymphocytes in lym-
phoid organs, the latter were weighed. The
whole thymus and 50 mg of spleen were
triturated and filtered through the nylon
cloth. After that, the cell homogenate was
applied to Ficoll-Urografin density gradi-
ent (d = 1.077) in a ratio of 3:2. The test
tubes were centrifuged at a rate of 1500
rpm for 30-40 minutes. After centrifuga-
tion, the layer of lymphocytes, which was
located above the density gradient, was
collected by a Pasteur pipette and washed
twice with an arbitrary amount of Hank’s
solution by centrifugation at a rate of 1500
rpm for 10 minutes. After washing, 1 ml of
Hank’s solution was added to lymphocytes.
Lymphocytes were counted in the Goryaev

chamber. Calculation of the lymphoid or-
gan cells was performed on 1 mg of tissue.

Results of the research
and their discussion

The functional state of the organs of
immunogenesis largely depends on the
ratio of processes of immune cell pro-
liferation and apoptosis, that almost are
not studied after MSC administration.

After allogeneic aMSC administration,
the content of lymphoid cells in the thy-
mus on days 7, 18, and 25 significantly in-
creased by 71%, 57, and 53%, respectively,
compared with control animals (Table 1).

Compared with a placebo group, the
content of lymphoid cells in the thymus
was significantly increased by 42%, 69,
and 86%, respectively. The increase in thy-
mic cellularity is associated with the acti-
vation of residential thymocyte prolifera-
tion due to antigenic stimulation by MSCs
that is consistent with the studies of Huang
et al. (2009). The thymus contains T lym-
phoblasts, immature and mature lympho-
cytes, supporting and secretory cells of the
thymus stromal component (Fig. 2).

A positive correlation between the
content of lymphoid cells and thymic
weight index was found 7 days after
aMSCs administration. Thymic weight
index directly correlates with the con-
tent of lymphoid cells and its value was

1. The content of lymphoid cells and the weight index of the thymus
in C57BL/6 mice after allogeneic aMSC administration (M £ m, n =9)

The content of lymphoid cells, x 10%/mg thymic weight index
Day intact (n = 6) administration of 0.89% | administration after administration
NaCl, placebo (n=9) |of aMSCs (n=9) of aMSC, %
7 1.4+0.1 1.9+0.2 27+0.1%v 0.19+0.03* v
18 1.4+0.1 1.3+£0.1 22+0.1*%v 0.16£0.01*v
25 1.7+0.1 14+0.1 2.6+0.3*% vv 0.17+£0.01* v

Note: * P < 0.05, ** P < 0.01 compared to intact animals; v P < 0.05, vv P < 0.01 compared

to placebo group.
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Fig. 2. Thymic cellularity on day 7 of the experiment:
A — intact group, B — after aMSC administration (smear-imprint, x 400)

r=0.57(P<0.01) onday 7 and r=0.50
P <0.05 on day 18 of the experiment.

Under the influence of MSCs from ad-
ipose tissue, the indicator of splenic weight
index was significantly increased until day
18 of the experiment (Table 2). On day 25,
the splenic weight index did not signifi-
cantly differ from that in the experimental
group and placebo animals, but only ob-
served a tendency to increase it.

The spleen, as the peripheral organ
of the immune system, is also involved
in the process of forming an immune re-
sponse to the antigen. After MSC admin-
istration, the content of lymphoid cells
in the spleen significantly exceeded the
parameters of spleen cellularity in intact
animals (Table 2). Smear-imprint con-
tains erythroid cells, neutrophil granulo-
cytes, monocytes. and lymphoid cells.

The number of lymphoid cells signifi-
cantly increased by 33 and 24% compared

to intact animals and the placebo group on
day 7 of the experiment. On day 18 of the
experiment, the spleen cellularity under
the influence of MSCs from adipose tissue
was significantly higher by 19 and 14%,
respectively. On day 25 of the experiment,
the lymphoid cell count was higher by 7
and 15% within the tendency.

The splenic weight index directly
correlates with the content of lymphoid
cells in them r=0.91 (P <0.001), r=0.94
(P<0.001),r=0.92 (P<0.001) on day 7,
18 and 25 of the experiment, respectively.
Such changes indicate a direct reaction of
the spleen to the administration of alloge-
neic MSC from adipose tissue.

Thus, the administration of allogeneic
MSCs isolated from adipose tissue from
C57Bl/6 mice causes systemic effects on
the thymus and spleen. As a result of anti-
genic stimulation by allogeneic stem cells,
there is an increase in mitotic activity of thy-

2. The content of lymphoid cells and splenic weight index
in C57BL/6 mice after allogeneic aMSC administration (M £+ m)

The content of lymphoid cells, x 10%mg Splenic weight index
Day intact (n = 6) administration of 0.89% | administration of | ~ after administration
NaCl, placebo (n1=9) | aMSCs (n=9) of aMSC, %
7 27+0.1 29+0.1 3.6+ 1.1¥*vv 0.79 £ 0.04* v
18 27+0.1 28404 32£0.1%v 0.79 £ 0.04* v
25 2.7+0.1 2.5+0.1 29+0.1 0.46 +£0.03

Note: * P <0.05, ** P <0.01 compared to intact animals; v P < 0.5, vv P <0.01 compared to

placebo group.
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N A
Fig. 2. The spleen cellularity on day 7 of the experiment:
A — intact group, B — after aMSC administration, (smear-imprint, x 400)

mocytes and splenocytes. Despite numerous
publications that reveal the immunological
properties of cells and confirm the presence
of immunosuppressive effects, the results of
individual scientific studies show that MSCs
under certain conditions can be eliminated
by cells of the immune system in recipient
animals since they have signs of foreignness
(Huang et al., 2009).

The increase in the content of lym-
phoid cells in the thymus and spleen after
aMSC administration in our mind may
be due to the heterogeneity of introduced
cell cultures, an insufficient number of
introduced cells for the implementation
of immunosuppressive effect, as well as
low concentration of immunosuppres-
sive factors synthesized by MSCs.

Conclusion

1. The administration of allogeneic
adipose-derived mesenchymal stem
cells affects the central and periph-
eral organs of the immune system.

2. Administration of allogeneic adi-
pose-derived mesenchymal stem
cells causes a significant increase
in the content of lymphoid cells
in the thymus by 71, 57, and 53%
(P <0.05) on days 7, 18, and 25, re-
spectively, compared to the control.

3. Thymic weight index directly correlates
with the content of lymphoid cells and

its value was r=0.57 (P <0.01) on day
7 and r = 0.50 (P <0.05) on day 18.

4. Lymphoid cell count in the spleen sig-
nificantly increase on days 7 and 18 of
the immune response by 33 (P < 0.01)
and 19 % (P <0.05), respectively, com-
pared to the control under the admin-
istration of allogeneic adipose-derived
mesenchymal stem cells.

5. On the 25th day, the content of lym-
phoid cells in the spleen and spleen
index values return to normal.

6. Splenic weight index directly cor-
relates with the content of lymphoid
cellsinit—r=0.91-0.94 (P<0.001).
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AHomauia. [JocnioxeHHs nposodunu Ha camusax muwel C57BL/6 eazoro 20-24 2, sikom 2—3 mi-
cayi. Memotro Hawoi pobomu 6ys10 8usYeHHs hyHKUIOHOIbHO20 CMAHY OpaaHie iMyHHOI cucmemu y
muwell nicns 88e0eHHA a102eHHUX Me3eHXIMAsIbHUX CMOoBBYPOBUX KAIMUH i3 #uposoi mKaHuHU. Ma-
Hirynayii 3 ompumaHHA NepeuUHHO20 Mamepiasny ma Kysnbmusy8aHHS Me3eHXiMasbHUX cmoebyposux
KaimuH 30ilicHio8asu 8 cmepusibHoMy 6OKci 3 BompUMAHHAM YCiX npasusa acenmuku i aHmucenmuku.
A6OoMiHanbHY #uposy mKaHuHy muweli C57BL/6 Kynbmusyeanu y CO, iHKky6amopi 3a memnepamypu
37°Ci5% CO, 6 cepedosuwyi DMEM, 3 dodasarHHam 10~15% hemanbHoi cuposamiu 6udkie, 1% aHmu-
biomuka-aHmumikomuka (Sigma-Aldrich, USA). [ns nposedeHHs docnioxieHsb byno cdhopmosaHo maki
2pynu meapuH: 1 epyna — iHMakmHi (KOHMpPosbHA 2pyna); 2 2pyna — MeapuHU, AKUM Y X80CmMo8y 8eHy
egoounu 0,5 cv?® 0,9% posuury NaCl (naaye6o); 3 epyna — meapuHu, AKUM y X80Cmogy 8eHy 8800usu
10* anozeHHUX Me3eHXIMasbHUX Cmo8BYpPoBUX KAIMUH i3 #Uposoi mKkaHuHU e 0,5 cm® (hocghamHo-6y-
hepHo20 po3vuHy. [ocnioxysanu eazosuli iHOEKc, emicm aiMpOIOHUX KAIMUH mumycy ma cenesiHKu
muweli C57BL/6 3a 88edeHHsA Me3eHXiManbHUX CmMo8BypPoBUX KAIMUH i3 #UPOBOI MKAHUHU. 15 oyj-
HIOBAHHSA emicmy snimghoyumie y AiMghoiOHUX op2aHax, OCMAHHI 38axcysanu (Mumyc rnosHicmio), a
cenesiHKy — no 50 Me, momim posmupanu ma ¢inempysanu 4Yepes KanpoHosy MKaHuUHy. licasa yboao
20MO2eHam MKAaHUHU HaHOCUAU Ha 2padieHm ikosn-eepoepadgpiHy (winbHicme 1,077) y criiegioHoweH-
Hi 3:2. Mpobipku 3 emicmom yeHmpugyaysanu 3i weudkicmio 1500 06/xs., yrpodoex: 30—40 xe. icna
yeHmpuagyaysaHHa Had wapom epadieHma 3anuwaemecsa naasma U aimgoyumu (He meHwe 90%), AKi
36upanu nacmepiecoKoro ninemxoro i 08ivi 8idMusanu 008iNbHOK KinbKicmio po3yuHy XeHKca 3a dorno-
MO20t0 UeHmpugyayeaHHs 3a weudxkocmi obepmarHa 1500—-1800 o6/xs. yripodosxc 10 xe. [Micns eio-
MUBaHHs 00 simgboyumie 0odasanu 1 cv® po34uHy XeHKca (i niopaxosysasnu ixHIO KiabKicme y Kamepi
opAesa. Po3paxyHOK KaimuHHocmi niMgoidHUX opaaHie nposodunu Ha 1 me MKaHUHU.

TpaHcnAaHMayia ano2eHHUX Me3eHXiMasbHUX cmosbyposux KAIMUH i3 HUPO8OI MKAHUHU YUHUMb
81/1U8 Ha UeHmparibHi U nepughepuyHi op2aHu iMyHHOI cucmemu. 3a 8raugy ano2eHHUX Me3eHXIMambHUX
€mMosbyposuX KAIMUH i3 #UPOBOI MKAHUHU 8i06ysaembcs 00CMOosipHe MidsuLeHHs emicmy AiMgOIOHUX
KAIMUH mumycy Ha paHHix i nisHix emanax imyHHoi 8idnosidi Ha 7, 18 ma 25 0oby sionosioHo Ha 71%, 57153%
(P < 0,05) nopieHtoro4u 3 KoHmponem. KineKicms nimgoidHux KaimuH y cenesiHui 0ocmogipHo 3pocmarna
Ha 7 ma 18 006y imyHHoI 8idroeidi 8idnosioHo Ha 33% ma 19%, (P <0,01, P <0,05) nopieHtoto4u 3 KoHMp-
011eM 30 88€0EHHS Q/I02EHHUX ME3eHXIMAsIbHUX CMO8BYpPOoBUX KIMUH, 00EPHAHUX i3 HUPOBOI MKAHUHU.
Ha 25 006y rnokasHUKu emicmy aimghoiOHUX KaimuH ma iHOeKcy cenesiHKu nosepmaromecsi 00 Hopmu. IH-
OeKcu 8a2u mumyca U cenesiHKu rpAaMo Kopesrorme 3 8MICMOM AiMGOIOHUX KAIMUH Y YUX Op2aHaX.

Kmrovoei cnoea: muwi, eazosuli iHOEKC, niME@OIOHI KAIMUHU, MUMYC, cenesiHKa, arno2eHHi
Me3eHXiMasbHi cmosbyposi KNiMUHU, #UpPo8a MKAHUHA
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Abstract. A constant risk factor of transfusion is microbial contamination of whole
blood and its components. Because using contaminated blood products can lead to
sepsis and high risks to the health of recipients. Blood can be a good nutrient medium
for microorganisms, so the risk of bacteria growth in any blood component after it has
been donated is significant. Violation in the rules of asepsis during blood donation,
processing of blood products, damage to blood collection systems or their tightness,
etc. can cause microbial contamination.

We examined 5 samples of preserved canine packed red blood cells. The donor
animals were 5 clinically healthy dogs. Blood was collected in closed systems with a
CPDA anticoagulant. After following centrifuging, plasma was separated from red
blood cells in different containers. The remaining packed red blood cells were stored at
a temperature of +2—6°C for 30 days.

The bacteria cultivation method is considered the “gold standard” for assessing
the presence of microbial contamination in most blood transfusion centers. The tested
canine packed red blood cells samples were inoculated into thioglycolate and Sabouraud
media and incubated in a thermostat at +20-25 °C. The incubation period was 14 days.
According to the results of the bacteriological examination of these samples of canine
packed red blood cells after their storage, a non-sterile sample was no found.

Thereby, the method of blood collection using closed systems with CPDA
anticoagulant is reliable and allows obtaining donor blood and its components without
loss of sterility during long-term storage.

Keywords: canine packed red blood cells, microbial contamination, donor blood sterility
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Introduction

This work is a continuation of a series
of our studies on animal transfusion, in
which we study the effect of blood sam-
pling techniques and type of using sys-
tems on the sterility of animals’ canned
whole blood and blood components
during long-term storage under hypother-
mic conditions (Yehorov et al., 2020).

Bacterial contamination of animals’
donor blood and blood components al-
ways are high risk and a problem of clin-
ical veterinary transfusion. The probabil-
ity of contamination exists at all stages
of blood sampling and processing of its
components. For assessing the quality
and safety of such preparations, it is im-
portant to control sterility by microbio-
logical tests (Ischenkova et al., 2015).

Sterility monitoring of canned ani-
mals’ blood and blood components needs
to identify possible contamination by aer-
obic and anaerobic microorganisms. The
reason for this is the permanent risk of
iatrogenic factors even all rules of asep-
sis during blood collection and storage
are complied, and microbial contamina-
tion can further endanger the health and
life of animal recipients (Lyubich, 2014).

Frequent reasons for microbial con-
tamination of blood components during
their processing may be leaks in any part
of containers or improper techniques
during plasma extraction or division of
the volume of the transfusion preparation
into several doses (Lasta et al., 2020).

Contamination is also possible
during blood sampling from donors.
Thus, there have been reported cases
of microbial contamination of collected
blood with S. Marcescens, when using
inappropriate concentrations of disin-
fectant solutions for treating the animal
skin at the site of blood sampling (Mi-
glio et al., 2016).

Analysis of recent researches
and publications

Before using, blood components usu-
ally are visually inspected and bacterial
infection should be suspected when there
is a discoloration of the component, he-
molysis of the upper layers of red blood
cells, or presence of visible clots. If such
signs are detected, a bacteriological ex-
amination of this unit should be provided
to determine if contamination occurred
(Rodrigues et al., 2020).

The bacteria cultivation method is
considered the “gold standard” for as-
sessing blood contamination in most
blood transfusion centers.

The process of bacterial culture
growth is slow because microorganisms
need time to develop and reach a signifi-
cant number of cells. For this reason, it is
possible to use an alternative PCR method
because its analytical sensitivity is higher
and the time required to obtain the result is
much shorter (Wardrop et al., 2005).

However, the virulence of contaminat-
ing microorganisms determines their abil-
ity to grow under storage conditions. Only
the presence of bacteria in the blood is less
important than their ability to replicate,
which causes serious septic complications
in patients (Miglio et al., 2016).

During testing sterility of blood trans-
fusion preparations, the possibility of mi-
croorganisms detecting is directly propor-
tional to their number in the test sample
and depends on the ability of these micro-
organisms to grow on the nutrient media
with visible signs. At a low degree of con-
tamination, the probability of detecting
microorganisms is very low, even in the
case of uniform microbial contamination.

Therefore, the purpose of the sterili-
ty test is to prove the absence of viable
microorganisms in the blood component
sample with maximum reliability. The
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main factors that determine the effective-
ness of sterility monitoring are the testing
sample volume, seeding technique, nutri-
ent composition, time, and temperature
of culture incubation (Lyubich, 2014).

Purpose. The purpose of the study
is to test the sterility of canine packed
red blood cells during quality control of
these blood components after long-term
hypothermic storage.

Materials and methods
of research

The material for the study was sam-
ples of packed red blood cells that were
collected from 5 blood donor dogs. Do-
nor animals were clinically healthy.

Blood was collected from the jugular
vein of dogs by closed systems (Fig. 1).

Before donation, a puncture site was
shaved and treated with 70% alcohol.
Donor blood from dogs was collected in
double polymer containers with CPDA
anticoagulant (sodium citrate, sodium
phosphate, dextrose, adenine) (Kisiele-
wicz & Self, 2014).

< X

<

7% -

2 \_\ )' e » > /”
\% -4

Fig. 1. Blood sampling using a closed system in a dog

<o

The volume of blood sampling was
calculated at 12 cm? per 1 kg of animal
weight. This amount minimizes unwant-
ed donor cat risks during blood collection
(blood pressure and heart rate) and after
donation (Helm & Knottenbelt, 2010).

All blood samples were typed by a test
“RapidVet-H Canine DEA 1”. All animals
in this study had a DEA 1.1 negative blood
group (Proverbio et al., 2019). For mor-
phological analysis of canine donor whole
blood, we tested samples by automatic
Mindray BC2800 hematology analyzer,
the main results are shown in Table 1.

After blood collection, the double
containers were centrifuged at 2500 rpm
for 20 minutes on Hettich ROTAN-
TA 460R centrifuge. After that, blood
plasma was separated from the red
blood cells in different containers by a
plasma extractor with keeping the sys-
tem closed (Guide, 2013) (Fig. 2).

The erythrocyte mass of canine
blood, or canine packed red blood
cells (pRBC), was stored at a tempera-
ture of + 2—6 °C for 30 days in VEST-
FROST AKG 317 refrigerator in the
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1. The results of hematology analysis in donor dogs (M = m, n =5)

Red blood cells, 10'%/L | Hemoglobin, g/L

White blood cells, 10°/L | Hematocrit, %

73+1.1 1754+7.3

9.8+2.1 522+49

T

o
==
===

Fig. 2. Separation of blood plasma from red blood cells

educational and scientific laboratory
(ESL) “Animals Blood Bank™ at the
National University of Life and Envi-
ronmental Sciences of Ukraine (Fig. 3).

Bacteriological examination for
sterility of canned pRBC samples was
performed according to the approved
Instruction of the Ministry of Health
of Ukraine (Instruction, 1999) in the
laboratory of the Department of Epizo-
otology, Microbiology and Virology at
NULES of Ukraine.

For testing, we used sterile pipettes,
closed with cotton plugs, rubber bulbs,
sterilized tools, which were in a container
with 96 % ethanol during manipulation.

Polymer containers with pRBC were
checked for leaks in the lab pre-box,
then wiped with 70% ethanol. Before
inoculation, we clamped the container
tube above the node and cut the tube be-
tween the node and clamp. The cut end
of the tube was quickly passed through
the flame, and a pipette was introduced

into it. Reducing the pressure to the
clamp, we pressed the container and
piped at least 2 cm?® of sample.

Fig. 3. The refrigerator
for pRBC storage
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Inoculation of each sample was
made in a thickness of culture medium
without blowing a separate pipette but
with a rubber bulb and without previous
flame processing. Used pipettes laid in a
disinfectant solution.

The tested pRBC sample was inocu-
lated with 1 ml into two tubes containing
20 cm?® of thioglycollate broth and one
tube with 20 cm® of Sabouraud medium.
In parallel, two tubes with thioglycolate
broth and one with Sabouraud medium
were left untreated for controlling the
sterility of the nutrient medium during
the entire period of samples incubation.
Cultures in thioglycolate broth and con-
trol tubes were incubated in a thermo-
stat at 20-25 °C and 30-35 °C, with Sa-
bouraud medium — at 20-25 °C (Fig. 4).
The incubation period was 14 days for
both culture media (Instruction, 1999).

Accounting and interpretation of
sterility test results were viewed daily.
The presence of microorganisms in nu-
trient media was assessed visually mac-

Fig. 4. The thermostat
in the Microbiological laboratory

roscopically (we looked for turbidity,
film, sediment, inclusions) and micro-
scopically.

Results of the research
and their discussion

Currently, in Ukraine, there is no le-
gal regulation of animal blood donation,
including the quality control of canned
blood and its components. There are
few publications on the results of ex-
perimental studies of bacterial con-
tamination monitoring during storage
of animals’ donor blood with CPDA.
However, there are similar norms and
research in human medicine.

According to the Sterility Control
Instruction (Instruction, 1999), sterility
monitoring of canned donor blood and
its components is one of the main pa-
rameters for assessing their quality. This
rule applies in the field of human health.
Given this, the purpose of our work was
aimed to assess the suitability of closed
systems for blood collection in dogs
and following preparation of pRBC as
a risk factor for bacterial contamination
of these preparations during prolonged
hypothermic storage.

In total, we examined 5 samples of
pRBC from dogs aged 2 to 5 years, which
were used as donors in ESL “Animals
Blood Bank” of the Department of Sur-
gery and Pathophysiology named after
academic I. O. Povazhenko at NULES of
Ukraine. The mentioned samples of ca-
nine pRBC were tested after 30 days of
refrigeration storage at +2—6 °C.

During hypothermic storage, an ex-
ternal inspection of polymer containers
with test samples of pPRBC showed no
signs of bacterial growth: color changes
from dark purple to light red or green,
signs of red blood cell hemolysis, pres-
ence of visible clots.
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2. The results of pRBC samples examination for sterility

The animal

Contamination

The degree of contamination

DN |[WN|—

Note: @

no contamination, “+” — presence of contamination, “*” — low degree,

“**” _mild degree, “***” — significant contamination.

The results of the bacteriological exam-
ination of pRBC samples using thioglycolate
and Sabouraud media showed that all 5 test
samples with a shelf life of 30 days were
sterile. The research results were entered into
the journal in the form of a table (Table 2).

Conclusions and future perspectives

The results of our research indicate that
closed blood collection systems in dogs
with aseptic manipulations are reliable and
allow to obtain sterile donor blood and its
erythrocyte mass for 30 days.

However, there is a need for further
research on the quality of canned canine
packed red blood cells to assess the lev-
el of hemolysis, red blood cell count,
and other indicators to obtain a safe an-
imal transfusion product for a recipient.
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AHomauyis. Mi0 Yac npoeedeHHs MpaHcegys3il YinbHOK Kpos’to ma npenapamamu Kposi nocmiti-
HUM PU3UKOM € haKmMop ixHb020 MiKpobHO20 3a6pyOHeHHs. Adxe 3aCMOCYS8AHHA KOHMAMIHOBAHUX
fipernapamis Kposi Moxe CrpuyuHAMU cercuc ma 8UCOKi pusuKu 015 30opos’a peyurnieHmis. Kpos
Moxce bymu 3 ususbHUM cepedosuuiem 0115 MiKpOoop2aHi3mie, momy docums 3HAYHUM € pU3UK pocmy
Kinbkocmi 6akmepili y 6y0b-aKoMy KOMIoHeHMI Kpoei nicas ii 8iobopy. Jo MikpobHo20 3a6pyOHeHHs
MOXM(e Mpu3secmu nopyweHHs Npasus acenmuku nio Yac 3a60py OOHOPCLKOI KPosi, 8U20MOo8BeHHA
fipernapamig Kposi, MOWKOOMHEeHHSA cucmem 3a60py Kposi, ixHboi 2epmemu4HOCMi mowo.

Bys10 OocnidmceHo 5 npob KoHcepeosaHoi epumpoyuMapHoi macu cobak. TeapuHamu-0oHopamu bysu
5 kniHiuHO 300posux cobak. Kpoe 8i0bupanu 3 BUKOPUCMAHHAM 30KPUMUX CUCMEM i3 GHMUKOQRYAAHMOM
LI®AA. [Micis HacmynHo2o ueHmpughy2yB8aHHs rnaa3my 8i0OKPEM/IOBAU 8i0 epumpouumis y iHWUl KoH-
meliHep. EpumpoyumapHy macy, wo 3aauwianacs, 36epieasu 3a memnepamypu +2—6 °C yripodosx 30 0i6.

Memoo nocisy 6akmepili po32nadaemoca AK «3o010muli cmaHOapm» 015 OUIHIOBAHHSA HASAB-
Hocmi MiKpobHo20 3a6pyOHeHHSA 8 Binbwocmi ueHmpie nepenusaHHs Kpoei. JocnioxicysaHi 3pasKu
epumpoyumapHoi Mmacu cobakK iHOKyoeanu 8 mioaesnikonese cepedosuwye ma cepedosuye Cabypo
U iHky6ysanu 8 mepmocmami 3a 20-25 °C. IHkybauitiHuli nepiod cma+osus 14 0i6. 3a pe3ynbmama-
mu bakmepionozidHoz20 0ocnidreHHs Mpob epumpoyumapHoOi Macu cobak nicns ixHe020 36epieaHHs,
HOOHOI HecmepusbHOI NPobu He Bys10 BUABAEHO.

Omxe, Memo0 3a60py Kposi 3 BUKOPUCMAHHAM 30KpUMUX CUCMEM, W0 MiCmAmMb aHMuUKoaay-
aaHm U®LA, € HadiliHum i Oae 3moay odepicysamu OOHOPCbKY KPo8 ma KOMIMOHeHMU Kposi 6e3 empa-
mu cmepusbHOCMi 30 MpuUBaAno20 mepMmiHy 36epicaHHS.

Knroyoei cnosa: epumpoyumapHa Maca Kposi cobak, MikpobHa KoHmamiHauis, cmepusbHicme
O0HOPCLKOI Kposi
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Abstract. The search for effective and safe means for correcting male hypofertility is
an urgent problem of modern reproductology. Researchers have proved the possibility
of the use of nanoparticles based on oxides of rare-earth elements for the treatment
of disorders of male reproductive function. We investigated the effectiveness of the use
of gadolinium orthovanadate nanoparticles activated by europium, the size of which
was 25x8 nm in the dose of 0.0125 mg per kg of live weight to correct reproductive
ability decrease in boars under oxidative stress. After 14 days of hydrosol nanoparticles
administration, we experimentally established the dynamics of the content of oxidative
stress markers and stable metabolites in the nitrogen oxide cycle, and also determined
the changes in sperm quality indicators. Thus, conjugated dienes concentration in the
blood serum of boars on the 15th day tended to decrease, and on the 30th day of the
study was lower by 9.4% compared with the group of animals before administration.
At the same time, the amount of thiobarbituric acid reactive substances decreased on
the 15th day of the study by 24.7%, and the 30th day — by 48.2%, which indicates the
normalization of oxidative processes in males. We noted positive changes in the system
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of the nitrogen oxide cycle, the content of stable metabolites on the 15th day was lower
by 25.2% than in animals before administration and on the 30th day — by 42.6%. At the
same time, we observed an improvement in the boar sperm quality, especially motility
and the number of motile sperm in the ejaculate increased by 42.9 and 57.1% on the 60th
day of the study and by 95.2% and 1.48 times on the 90th day, respectively. In this case,
the volume of ejaculate, sperm concentration, and sperm content with morphological
anomalies with the introduction of nanoparticles normalized and almost reached the
values of the control group. The researchers are interested in further elucidating the
effect of correction of reduced reproductive ability in boars under oxidative stress with
gadolinium orthovanadate nanoparticles on the hormonal background and the state of

enzymatic and non-enzymatic systems of antioxidant protection.
Keywords: sperm quality, prooxidant-antioxidant system, peroxidation, oxidative
stress markers, nitrogen oxide cycle, nanomaterials

Introduction

The main cause of reduced repro-
ductive ability in males (hypofertility)
is a negative impact of oxidative stress
accompanied by an intensification of
the synthesis of reactive oxygen species
(ROS), and at the same time, nitrogen
(RNS) and sulfur, an accumulation of
toxic peroxidation products and reduced
antioxidant activity of antioxidant de-
fense system (ADS) (Bisht et al., 2017,
Barik et al., 2019; Koshevoy & Nau-
menko, 2020; Otasevic et al., 2020).

The problem of research is a signifi-
cant spread of factors that cause oxidative
stress in males and the lack of harmless
means for the correction, which would
also have pronounced effectiveness and
contribute to the rapid improvement of
sperm quality (Mayorga-Torres et al.,
2016; Agarwal et al., 2018).

Analysis of recent researches
and publications

The main means for the correction of
oxidative stress include groups of drugs
that directly or indirectly have an anti-
oxidant effect or reduce the intensity of

peroxidation processes by eliminating
toxic products. The mechanism of action
of these drugs depends on the peculiari-
ties of their pharmaceutical composition.
Vitamin and mineral drugs make an effect
by improving the activity of the non-en-
zymatic part of ADS. For instance, carot-
enoids in the body contribute to vitamin
A synthesis in the liver and activation of
ADS processes, as well as the introduction
of tocopherols and ascorbic acid (Domo-
slawska et al., 2018; Skliarov et al., 2020).
The enzymatic ADS is affected by the
introduction of microelements such as
zinc and copper. They are a part of one
of the main enzymes in the first link of
ADS — superoxide dismutase, which acts
as a substrate for another powerful en-
zyme — catalase (Palani, 2018; Scarlata &
O’Flaherty, 2020). Drugs based on suc-
cinic acid, which is the main component
of Roberts’ shunt and has its effect in the
nervous system (Zarubina et al., 2012),
are characterized by a powerful antiox-
idant effect. In this case, the significant
role of the nitrogen oxide cycle and its
metabolites in the functioning of the male
reproductive system and the relationship
with sperm activation and sperm quality
(Liman & Alan, 2016) were proved.
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A promising direction in the creation
of oxidative stress correction is the de-
velopment of nanomaterials that exhibit
redox properties, such as cerium diox-
ide and vanadates based on rare-earth
elements, in particular gadolinium (Ko-
reneva et al., 2016). A positive effect of
such nanoparticles on the reproductive
function of male rats in the case of re-
productive diseases and experimental
prostatitis has been proved (Belkina et
al., 2017; Karpenko et al., 2020). A pe-
culiar feature of vanadium compound
action is the effect on the ADS by in-
creasing the activity of enzymes such
as superoxide dismutase, catalase, and,
especially, glutathione link — glutathi-
one peroxidase, as indicated in human
hepatocytes in vitro (Kim et al., 2012).

The aim of the study is to investigate
the effectiveness of the use of gadolin-
ium orthovanadate nanoparticles acti-
vated by europium to correct reduced
reproductive ability in boars under ox-
idative stress.

Materials and methods
of research

The research was conducted at the De-
partment of Veterinary Reproductology,
Faculty of Veterinary Medicine at Kharkiv
State Zooveterinary Academy. The studies
were performed on boars kept on a stan-
dard diet with free access to water.

Animals in terms of sperm quali-
ty and the content of oxidative stress
markers — conjugated dienes (CD), as
primary of lipid peroxidation products,
the final product — thiobarbituric acid
reactive substance (TBARS), as well as
stable metabolites of the nitrogen ox-
ide (NO ) cycle were divided into two
groups. The sperm quality in males of
the control group (n = 5) met the stan-
dards. It was reduced in the experimen-

tal group (n = 5), especially in terms of
sperm motility and the number of motile
sperm in the ejaculate, while there was
an intensification of peroxidation pro-
cesses by the content of oxidative stress
markers in blood serum.

To correct oxidative stress, nanopar-
ticles (NPs) of oxides of rare-earth ele-
ments synthesized at the Department of
Nanostructured Materials of the Institute
of Scintillation Materials at the National
Academy of Sciences of Ukraine under
the agreement on scientific and practical
cooperation (Ne 48, 22/07/2020) were
used. Males of the experimental group
were orally administered hydrosol of gad-
olinium orthovanadate NPs activated by
europium, size 25%8 nm granular form at
a dose of 0.0125 mg per kg of live weight
for 14 days. It has been investigated that
gadolinium orthovanadate NPs belong
to the toxicity class IV — low-toxic com-
pounds, which allows use in biomedical
studies (Koreneva et al., 2016).

The effectiveness of the developed
method for the correction was evaluat-
ed by the changes in sperm quality and
the content of oxidative stress markers
in blood serum of males. Blood serum
samples were taken on the 1st, 15th, and
30th days. Sperm quality was assessed on
the 1st, 60th, and 90th day of the study.
Macroscopic (volume) and microscop-
ic (sperm motility and number of motile
sperm in the ejaculate, concentration, per-
centage of sperm content with morpholog-
ical abnormalities) sperm quality indica-
tors were evaluated according to common
methods (Yablonskyi, 2005). The content
of oxidative stress markers in blood serum
was estimated using spectrophotometric
methods in order to determine the concen-
trations of CD and TBARS (Vlizlo et al.,
2012) and NO_ (Golikov, 2004).

All manipulations with animals were
carried out in accordance with the Europe-
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an Convention for the protection and ver-
tebrate animals used for experimental and
other scientific purposes (2006) and Gener-
al ethical principles of animal experiments
adopted by the First National Congress on
Bioethics (Kyiv, Ukraine, 2001).

All digital data obtained during the
study were processed statistically using
Microsoft EXCEL. The Student’s crite-
rion was used to determine the probabil-
ity of differences between mean values.

Results of the research
and their discussion

Determination of the content of ox-
idative stress markers in biological flu-
ids — blood, serum or plasma, sperm or
sperm plasma allows obtaining objective
information concerning the intensity of
biological oxidation processes in males.
This becomes important taking into ac-
count the seasonality of these processes
and possible lack of adequate response
from antioxidant defense system, especial-
ly in case of combined action of negative
factors — inducers of peroxidation. Analyz-
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ing the results of biochemical studies, we
determined the state of oxidative stress in
males of the experimental group (Fig. 1) —
the content of primary LPO products — CD
was higher than the control rate by 19.3%
(P < 0.01). There was also an increase in
the concentration of TBARS in blood se-
rum by 1.07 times (P << 0.001), which is
the final product of LPO.

The number of NO_ was also signifi-
cantly increased (Fig. 2) — by 83.6% (P <
0.001) compared with the control group.
The increase of these indicators shows an
increase in the intensity of peroxidation
processes and the presence of nitrosative
damage in boars, which is the main cause
of reduced reproductive ability and is
consistent with previously obtained data
(Koshevoy & Naumenko, 2020).

We conducted a chronic experiment
in order to establish the effectiveness of
the use of NPs oxides of rare-earth ele-
ments as a safe pharmacological agent
to correct reduced reproductive ability
in boars under oxidative stress with pro-
nounced redox and sperm-modulating
activities.

TBARS, pmol/L

u 15th day m 30th day

Fig. 1. The intensity of peroxidation processes in blood serum of boars during
the correction by gadolinium orthovanadate nanoparticles (M £ m, n =5)

Notes. * P <0.05; ** P <0.01; *** P <0.001 — statistically significant changes in relation to the
control group; 'P < 0,05; 2P < 0,001 — statistically significant changes in relation to the group of
animals before administration.
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Fig. 2. The content of stable metabolites of the nitrogen oxide cycle
in blood serum of boars after the correction by gadolinium orthovanadate
nanoparticles (M £ m, n = 5)
Notes. * P <0.05; ** P<0.001 — statistically significant changes in relation to the control group;
P <0.001 — statistically significant changes in relation to the group of animals before administration.

Thus, after the correction by gado-
linium orthovanadate NPs activated by
europium, a decrease in the intensity of
peroxidation processes was observed in
the blood serum of boars. At the same
time, the studied indicators had a positive
dynamics of changes on the 15th day of
the study: the amount of CD tended to
decrease and was 5.4% less than before
administration, and the concentration of
TBARS was lower by 24.7% (P < 0.05).
The amount of NO, also decreased by
25.2% (P < 0.001). This indicates that
the administration of NPs has a positive
effect on the dynamics of peroxidation.

Restoration of prooxidant balance,
which almost reached the indicators
of the control group was observed in
the blood serum on the 30th day of the
study. The CD content was reduced by
9.4% (P < 0.05), the TBARS concen-
tration was lower than before admin-
istration by 48.2% (P < 0.001). This
indicates a decrease in the intensity of

LPO processes and the presence of a
prolonged effect of the introduction of
NPs hydrosol. Similar changes were
observed in the nitrogen oxide cy-
cle — its amount was lower by 42.6%
(P <0.001). The obtained data confirm
the effectiveness of the use of gadolin-
ium orthovanadate NPs for the correc-
tion of oxidative stress in boars.
Reduced reproductive ability in
boars under oxidative stress is deter-
mined by the deterioration of sperm
quality. It was found that males of the
experimental group had significant-
ly reduced sperm motility (by 51.2%,
P < 0.001) and the number of mo-
tile sperm in the ejaculate (by 63.2%,
P <<0.001). There was also a decrease in
ejaculate volume by 17.2% (P < 0.001)
and sperm concentration by 10.5%
(P < 0.01), while the content of sperm
with morphological abnormalities was
higher by 24% (P < 0.001) compared
with the indicators of the control group.
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The presence of a correlation be-
tween LPO intensity and indicators of
male sperm quality has been proved by
many authors. In particular, our studies
have confirmed a significant decrease in
motility and the number of motile sperm
in boar ejaculate. Analyzing the obtained
data, we can conclude that the influence
of the accumulation of ROS and RNS in
boars, i.e. oxidative stress leads to deteri-
oration of spermogram indicators and re-
quires correction. This coincides with the
opinion of most authors of the cited liter-
ature. The correction of oxidative stress
in boars in case of reduced reproductive
ability by gadolinium orthovanadate NPs
has a positive effect on the dynamics of
spermiogenesis, which was established
by assessing the sperm quality in animals
of the experimental group (Table 1).

Thus, on the 60th day of the study,
the sperm motility indicator was high-
er than in animals before the admin-
istration of hydrosol NPs by 42.9%
(P < 0.01), while the number of motile
spermintheejaculatewashigherby 57.1%
(P < 0.01). In general, the quality of
the obtained sperm was higher than be-

fore the administration of NPs — ejacu-
late volume by 5.8% (P << 0.05), sperm
concentration — by 5.9% (P < 0.05), and
sperm content with morphological ab-
normalities tended to decrease. This is
likely to ensure the cost-effectiveness of
this method of correction.

Evaluating the effectiveness of the ox-
idative stress correction by gadolinium or-
thovanadate NPs it was noted that on the
90th day of the study the quality indica-
tors of ejaculate almost reached the values
of the control in males. Sperm motility
indicators are particularly sensitive to the
action of oxidative stress and the number
of motile sperm in the ejaculate increased
by 95.2% (P < 0.001) and 1.48 times
(P <0.001) in relation to the group of an-
imals before administration. A positive ef-
fect of nanoparticles was observed on the
dynamics of ejaculate volume, which on
the 90th day of the study was higher by
15.1% (P < 0.001), sperm concentration,
which was higher by 11.8% (P < 0.01).
The sperm content with morphological
anomalies decreased by 18.3% (P <<0.01).

The effectiveness of the introduction
of gadolinium orthovanadate NPs can

1. Indicators of boar sperm quality after the correction by gadolinium
orthovanadate nanoparticles (M = m, n =5)

Animal group
Ne Indicator experiment
control before
administration day 60 day 90

1 | Ejaculate volume, mL 209.5+3.2 | 173.5+£3.0%** | 183.6+£2.9%** | 199.7+2.5*%3
2 | Sperm concentration, billion/mL | 0.19 +0.003 | 0.17 +0.003** | 0.18 £0.002*' | 0.19 +0.0032
3 | Mobility, scores 8.6+£0.3 4.2 4+ 0.4%%* 6.0 £0.3%%*2 82+04

The number of motile sperm ok A2
4 |in the ejaculate, billion 342+1.02 | 12.6+1.32 19.8+1.19 31.3+1.623
5 | Thecontentofspermwith | 'y54. 06 | 19.1404%** | 182+04% | 156+0.62

morphological abnormalities, %

Notes. * P <0.05; ** P <0.01; *** P < 0.001 — statistically significant changes in relation to
the control group; 'P <0.05;2P < 0.01; *P <0.001 — statistically significant changes in relation to

the group of animals before administration.
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be explained by the increased activity
of these compounds in the transition to
the nanoform, as they do not manifest
such properties in the form of industri-
al pharmaceutical compositions, which
are known today. The results of the
study of boar spermogram after oxida-
tive stress correction prove the presence
of sperm-modeling action of NPs based
on oxides of rare-earth elements. It can
be recommended for practical imple-
mentation and development of methods
for correction of hypofertility of differ-
ent genesis in males of different species.

Conclusions and future
perspectives

The efficiency of the developed correc-
tion method for the reduced reproductive
ability in boars under oxidative stress by
gadolinium orthovanadate NPs is proved:
1. Positive dynamics of changes in the

intensity of peroxidation processes

with the introduction of hydrosol

NPs of gadolinium orthovanadate

were observed, namely: the concen-

tration of conjugated dienes in blood
serum of boars, which on the 15th
day tended to decrease, and on the
30th day of the study was less by

9.4% compared with the indicators

before administration.

2. Normalization of oxidative process-
es in males was confirmed by a
decrease in the amount of the final
product of LPO — thiobarbituric acid
reactive substance on the 15th day
of the study — by 24.7%, and on the
30th day — by 48.2%.

3. A decrease in the activity of the Ni-
trogen oxide cycle was determined.
The content of stable metabolites in
the blood serum of boars on the 15th
day was lower than in animals before
administration by 25.2%, and on the

30th day — by 42.6%. Such changes
indicate the action of nanoparticles
as scavengers of oxygen radicals.

4. The method of correction had a sig-
nificant effect on sperm quality indi-
cators, especially on sperm motility
and the number of motile sperm in
the ejaculate, which increased by
42.9 and 57.1% on the 60th day and
by 95.2% and 1.48 times on the 90th
day of the study, respectively.

5. Ejaculate volume, sperm concen-
tration, and sperm content with
morphological anomalies after the
administration of nanoparticles nor-
malized and almost reached the val-
ues of the control group.
Perspectives for further research are

to elucidate the effect of correction of re-
duced reproductive ability in boars under
oxidative stress by gadolinium orthova-
nadate NP on the hormonal background
indicators and the state of enzymatic and
non-enzymatic systems of antioxidant
defense, as well as to determine addition-
al spermogram parameters.
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KOHUeHmpauis 0ieHos8uUX KOH toeamie y cuposamuyi Kposi KHypie Ha 15-my 006y mana meHoeHy;ito 0o
3HUMCeHHHA, a Ha 30-my 006y docnidxceHHA byna 8ipo2idHo MeHWOo Ha 9,4% MoKa3HUKie epynu mea-
puH 0o esedeHHsA. BoOHouac, KinbKicme KiHUes020 npodyKkmy sinonepoKkcudayii — masoHosoeo Oi-
anboe2idy 8ipo2idHo 3meHwysanacsA Ha 15-my 006y docnioweHHsA Ha 24,7%, a Ha 30 006y —Ha 48,2%,
W0 €8i04UMb MPo HOPMAI3ayito OKUCHUX MPOYecie 8 opeaHiami camyjis. No3umueHi 3miHu 8id3Ha4e-
Ho 8 cucmemi YuKny HimpoaeHy okcudy, emicm cmabineHux Memabosimis skoeo Ha 15 o6y bys eipo-
2i0HO MeHWUM NMOKA3HUKie meapuH 0o eeedeHHsA Ha 25,2%, a Ha 30-my 006y — Ha 42,6%. OOHo4YacHO
8iOMi4a1U MOKPAWEHHSA MOKA3HUKI8 AKOCMI criepmMu KHypie, 0cobnueo pyxausocmi U Kinekocmi pyxsnu-
8ux criepmiia y esarynami, Aki nidsuujunuca 8ionosioHo Ha 42,9 57,1% Ha 30-my 0oby ma Ha 95,2% i 8
1,48 pasa Ha 60-my 006y docnidreHHs. BoOHouac, 06’em eskynamy, KOHUeHmpauis crepmiis i emicm
criepmiie i3 Mopghono2iyHUMU aHOMAnNIAMU 30 86€0€HHA HOHOYACMUHOK Hopmaidysanuca U malixe
docAznu 3Ha4eHb 2pyrnu KOHMposto. IHMepec 00cniOHUKIB MosA2aE y N0OanbWOMy 3’ACY8AHHI 8raugy
KopeKYji 3HUMeHHA penpoOyKmusHoOi 30amHOCMI KHypie 30 OKcUuOamMuHo20 cmpecy HaHOYACMUH-
Kamu 2adoniHito opmoeaHadamy Ha MOKA3HUKU 20PMOHAIbHO20 hOHY Ma CMAaH eH3uMamu4Hoi U
HeeH3UMamuyYHoi cucmem aHMUOKCUOGHMHO20 3axucmy.

Kntouosi crosa: sxicme crepmu, MpooKCUOAHMHO-GHMUOKCUOGHMHA CUCMEMA, NepOKcUOauyis,
MapKepu OKCUOAMUBHO20 CMPECY, YUK/ HimpoaeHy oKcudy, HaHomamepianu
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