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Complexes of polyphosphate esters with antibiotics were
developed in Lviv Polytechnic National University together
with scientists of Institute of Animal Biology NAAS to reduce
the negative impact of antibiotics on the animal body. The con-
ducted experiments allow assessing the effect of antibiotics,
polyphosphate esters and complexes of polyphosphate esters
with antibiotics on the body of laboratory animals based on
biochemical markers of hepato- and nephrotoxicity. The anti-
biotics were administered in average daily therapeutic doses.
It was found that the physiological state of mice and their
blood biochemical indicators were within physiological normal
values after the administration of polyphosphate ester P4 and
complexes of polyphosphate ester P4+antibiotics (amoxicillin,
oxytetracycline, and doxycycline). At the same time, intramus-
cular administration of polyphosphate ester P6 and complexes
of P6+antibiotics have a certain negative effect on mice, which
is manifested by changes in the activity of marker enzymes:
aspartate aminotransferase (AST), alanine aminotransferase
(ALT), alkaline phosphatase (ALP). We found an increase in
AST and ALT activities. P6+amoxicillin and P6+oxytetracycline
complexes increased ALP activity. Complexes P4+antibiotics
decreased ALP. Blood urea content decreased after the ad-
ministration of polyphosphate ester P6 by 38.5%, P6+oxytetra-
cycline by 26.9%, P6+doxycillin by 21.8%. P6+amoxicillin com-
plex caused a significant increase by 237% in the concentra-
tion of creatinine in the blood of mice. The changes of blood
creatinine concentration of other experimental groups fell
within normal physiological range. Conducted studies of blood
biochemical characteristics of mice under the action of new
complexes of nanobiopolymer transporters with antibiotics
ensured the selection of antibacterial drugs with low toxicity.

Key words: mice, antibiotics, polymers, polyphosphate
ester complexes

Introduction

Drug delivery is understood as a set of methods,
technologies and techniques aimed at modifying the
physical and chemical, pharmacological and pharma-
ceutical properties of medicinal products in order to im-
prove their effectiveness and safety [6]. Development

The Animal Biology, 2023, vol. 25, no. 2

and production of medicinal products using nanotech-
nology allows optimizing efficiency and minimizing side
effects [4, 5, 12]. First of all, drugs with high toxicity,
due to their inclusion in drug delivery systems, can be
successfully used. In addition, their bioavailability im-
proves and controlled drug release becomes possible
[2, 6]. But despite this, there are not enough studies on
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the toxicity of drugs created on the basis of nanoparti-
cles or polymers.

In medical practice, among a large number of drugs
with bactericidal properties, antibiotics or their synthetic
analogues are most often used. They act against bacteria
and tumor cells, suppressing their vital activity or destroy-
ing them. This group includes hundreds of drugs of dif-
ferent chemical structure. They have divergent spectrum,
mechanism of action, side effects and indications for use
[17]. However, the use of antibiotics is associated with
toxicity for the human or animal body, which develops es-
pecially during their long-term use [1, 7]. This issue can
be resolved in two ways: reducing the administered dose
while maintaining its effectiveness and by “targeted de-
livery”, when the active substance is delivered directly to
the microorganism in special container molecules that are
non-toxic for the body [11]. Effective targeted drug deliv-
ery systems developed in recent years include nanoscale
biocompatible polymer transport systems that penetrate
the membranes of bacterial cells and, in combination with
existing antibiotics, are able to increase the therapeutic
effect and reduce the toxic effect of the active substance
on cells and, in general, on human or animal body [9, 14].

Antibiotics are often applied in veterinary practice.
The slaughter of animals for meat and the consumption
of milk are allowed only after a certain period of time,
which depends on the drug that was used. The meat
and milk obtained before the specified period are dis-
posed of or fed to non-productive animals, depending
on the conclusion of a veterinary medicine doctor [3].
Therefore, in order to reduce the negative impact of
antibiotics on the animal body, the scientists of the In-
stitute of Animal Biology NAAS together with the staff
of the Lviv Polytechnic National University developed
complexes of polyphosphate esters with antibiotics. It is
supposed that the antibiotic in combination with poly-
phosphates will maintain its therapeutic properties and
be less toxic than the commercial form.

The aim of this study was to assess the effect of poly-
phosphate ester complexes with antibiotics on the body
of laboratory animals based on biochemical markers
of hepato- and nephrotoxicity to select compound with
reduced toxicity for veterinary medicine.

Materials and methods

The research was carried out at the Institute of Animal
Biology NAAS together with the staff of the Lviv Poly-
technic National University.

The polymeric transporters, polyphosphate esters,
were synthesized based on N-derivatives of glutamic acid
and dipolyethylene glycol(ethyl)phosphates. The molec-
ular weight of the synthesized polymeric transporters is
1800-2400 Da. The particle size is 80-160 nm in the
self-stabilized aqueous dispersed phase. Polymers were
synthesized using dipolyethylene glycol(ethyl)phosphate
(PEG-200+1500), N-stearoyl glutamic acid, N,N'-dicyclo-

hexylcarbodiimidine (DCC), N,N'-dimethylaminopyridine
(DMAP), dimethylformamide (Aldrich). The polymer-anti-
biotic complexes were synthesized by adding the appropri-
ate antibiotic [7]. The quantitative content of the antibiotic
in the samples was investigated using high-performance
8liquid chromatography with a diode-matrix detector.
The samples were separated on a Waters chromatograph
equipped with a Luna C 18(2) 250x4.6 chromatographic
column. Eluent flow rate was 1 ml/min. A mixture of ace-
tonitrile and 0.2% phosphoric acid in a volume ratio of 2:8
acted as the eluent and solvent simultaneously.

White mice of the BALB/c line weighing 20-30 g were
selected and randomly divided into groups: the control
group receiving intramuscular administration of physio-
logical solution, and experimental groups that included
subgroups. The first experimental group consisted of
3 subgroups according to the antibiotic used, which was
administered to mice intramuscularly in an average daily
therapeutic dose (amoxicillin 15 mg/kg, oxytetracycline
20 mg/kg, doxycycline 4.4 mg/kg). In the second experi-
mental group, mice were divided into three subgroups
and injected intramuscularly with the complexes of poly-
phosphate esters and antibiotics in doses that were used
in the first experimental group. The third experimental
group contained two subgroups. These mice were inject-
ed with polymer P4 and P6, respectively. The mice were
observed for 3 days after the use of medicines, and were
decapitated. Blood biochemical analysis was performed
to assess the hepato- and nephrotoxicity of the used
drugs. Alanine aminotransferase (ALT), aspartate amino-
transferase (AST) and alkaline phosphatase (ALP) activ-
ities, blood urea and creatinine content were measured.

Mice were kept in the vivarium of Institute of Animal
Biology NAAS. All manipulations with animal were done
in accordance with the European Convention for the
Protection of Vertebrate Animals (Strasbourg, 1986).
The protocol for animal experiments was approved by the
Ethical Committee of the Institute of Animal Biology NAAS
of Ukraine (Protocol no. 135 from 20.06.2023).

Statistical analysis of the results (M+m) was performed
using Microsoft Excel software, P<0.05 was accepted
as statistically significant.

Results and discussion

An increase in AST with the use of amoxicillin was
established in all experimental groups. The maximum
increase by 44% was in the group of mice that were in-
jected intramuscularly with polymer P6 and its complex
with amoxicillin by 31% (fig. 1).

Despite the increased AST activities in these exper-
imental groups of mice, all parameters were within the
normal physiological range for mice [8, 10].

At the same time, the ALT activity differed little between
groups after polymer P4+antibiotic complexes adminis-
tration to mice. The established changes in the activity of
the enzyme were within the physiological normal range.
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The ALT activity was 47.4+6.62 U/l after P4+amoxicillin
administration, 67.0+8.2 U/l for P4+oxytetracycline and
69.9+13.45 U/l for P4+doxycycline. ALT activity of control
group was 45.81+4.96 U/I.

Changes in ALT activity in subgroups of experimen-
tal mice that received P4 or P6 polymers were contrary.
ALT activity increased by 38.2% after polymer P4 ad-
ministration, but, on the contrary, it decreased by 17.7%
using polymer P6 (fig. 2). These data were compared
to the control.

Low ALT activity (for mice it is under 50 U/L) may be
normal or indicates kidney disease [16]. At the same time,
the created polymer P6+antibiotic complexes caused an
increase in ALT activity in the blood of mice of all experi-
mental groups (fig. 3).

Thus, ALT activity increased by 21% after P6+amoxi-
cillin complex administration. P6+doxycycline complex
caused increase of ALT by 106%, and P6+oxytetracycline
complex — by 140%. These data were compared to ALT
activity of control group (fig. 3). At the same time, changes
in ALT activity after polymer P4+antibiotic complexes ad-
ministrations differed little from the control group of mice.
Thus, The ALT activity was 47.416.62 U/l after P4+amoxi-
cillin complex administration, 67.0+8.2 U/l for P4+oxy-
tetracycline, and 69.91£13.45 U/I for P4+doxycycline.
All obtained results fell within physiological normal values.

Changes in the activity of AST and ALT enzymes
in the blood of experimental mice may indicate that the
functional capacity of the liver is reduced due to P6
polymer and polymer P6+antibiotic complexes admin-
istration to mice.

Another catalyst of biochemical reactions in the body
is alkaline phosphatase, an enzyme that is localized
mostly in the liver. The change in its activity characterizes
the processes occurring in the hepatobiliary system [15].

It was found that the P6+amoxicillin and P6+oxy-
tetracycline complexes increased the activity of the en-
zyme by 27.9% (P<0.05) and 3%, respectively (fig. 4).
This is an evidence of negative influence on mice liver.
Alkaline phosphatase is tightly bound to cell membranes.
The established increase in the activity of the enzyme in
the blood serum of mice under the action of P6+amox-
icillin and P6+oxytetracycline complexes may indicate
damage to their liver parenchyma.

Controversially, the activity of alkaline phosphatase
decreased from 7.7% to 47% (P<0.001) after the ad-
ministration of complexes P4+antibiotics compared to
the control group. However, decreased activity of the
enzyme in the blood was within the normal physiolog-
ical range, and therefore, the use of polymer P4 in the
combination with antibiotics did not affect the functional
capacity of the liver.

An important diagnostic test of the function of both
the liver and kidneys is the determination of urea.
Blood urea concentration depends on the intensity of
synthesis in the liver and the activity of excretion from
the body by the kidneys. Blood urea concentrations
are presented in table.
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Table. The concentration of urea and creatinine
in the blood serum of mice, mmol/l (n=3—-4)

Urea Creatinine
Groups of mice concentration, concentration,
mmol/| mmol/|
Control 8,57+0.19 51.45+0.25
Antibiotic:
amoxicillin 8.23+0.69 57.8010.15
doxycycline 8.03+£1.07 57.20+4.83
oxytetracycline 7.1+1.36 56.10£0.15
Polymer P4 4.37+0,50***  58.88+3.88
P4+antibiotic complex
P4+amoxicillin 5.60+0.34***  59.40+6.60
P4+doxycycline 5.73+1.00* 64.40+2.43
P4+oxytetracycline 4.71+1.27* 62.75+7.55
Polymer P6 5.27+0.54***  52.27+1.75

P6+antibiotic complex

P6+amoxicillin 8.95£0.25  173.45+53.95
P6+doxycycline 6.70+£1.00 55.0+1.35
P6+oxytetracycline 6.27+1.80 57.231£5.92

Note. The difference is statistically significant compared to the
control group: *** — P<0.001; ** — P<0.01; * — P<0.05.

Intramuscular administration of antibiotics leads to
a slight decrease of blood urea concentration by 3.9%
(amoxicillin), 6.4% (doxycycline) and 17% (oxytetracy-
cline). Polymers P4 and P6 caused the decrease in urea
concentration by 49% (P<0.001) and 38.5% (P<0.001),
compared to the control group. Polymer+antibiotic com-
plexes also caused a decrease of blood urea concentra-
tion: P4+amoxicillin by 53% (P<0.001), P4+doxycycline
by 49.4% (P<0.05) and P4+oxytetracycline by 44.4%
(P<0.05). P6+doxycycline and P6+oxytetracycline com-
plexes also reduce urea concentration in the blood of
mice by 22% and 27%, respectively, compared to the
control group. However, the changes in urea concentra-
tion in the blood of experimental groups of mice remained
within the physiological normal range [13].

In contrast, intramuscular administration of the poly-
mer P6+amoxicillin complex to mice caused an increase
in urea concentration by 4.5% compared to the control
group. This may indicate a negative effect on the func-
tional capacity of the kidneys, in particular, their filtration
function.

At the same time, polymer P6+amoxicillin complex
caused a significant increase by 237% in the concentra-
tion of creatinine in the blood of mice (table). Creatinine is
excreted by the kidneys via glomerular filtration. Its con-
centration in the blood reflects the degree of impairment
of the filtration function of the kidney glomeruli. Increased
blood creatinine concentration in mice under the action of
the polymer P6+amoxicillin complex may indicate a viola-
tion of the filtration function of the renal glomeruli.

The changes of blood creatinine concentration in mice
of other experimental groups were within normal physio-
logical range.

The conducted studies of the physiological and bio-
chemical characteristics of the animal organism under
the action of new complexes of nanobiopolymer trans-
porters with antibiotics (amoxicillin, oxytetracycline and

doxycycline) ensured the selection of effective antibacte-
rial drugs with low toxicity for their organism. It was found
that the physiological state and blood parameters of the
animals were within the physiological limits after poly-
phosphate ester complexes P4+antibiotics complexes
administration in average daily therapeutic doses.
These complexes are perspective candidates for medi-
cal practice. Intramuscular administration of polyphos-
phate ester P6 in combination with antibiotics has
a negative effect on the body of experimental mice,
which is manifested by changes in the activity of
enzymes-markers of the state of the body, therefore it
is not recommended for use. The results of this study
will be used as a basis for elucidating the mechanisms
and features of the action of polyphosphate esters and
their complexes with antibiotics on the animal body.

References

1. Agwuh KN, MacGowan A. Pharmacokinetics and pharmaco-
dynamics of the tetracyclines including glycylcyclines. J. Antimicrob.
Chemother. 2006; 58 (2): 256—-265. DOI: 10.1093/jac/dkl224.

2. Anirudhan TS, Mohan AM. Novel pH sensitive dual drug loaded-
gelatin methacrylate/methacrylic acid hydrogel for the controlled
release of antibiotics. Int. J. Biol. Macromol. 2018; 110: 167-178.
DOI: 10.1016/j.ijbiomac.2018.01.220.

3. Bernyk IM, Pharionik TV, Novhorodska NV. Veterinary and sani-
tary examination of products of animal and plant origin. A textbook.
Vinnytsia, VNAU Publ., 2020: 232 p. Available at: http://repository.
vsau.org/getfile.php/25441.pdf (in Ukrainian)

4. Emerich DF, Thanos CG. Nanotechnology and medicine.
Expert. Opin. Biol. Ther. 2003; 3 (4): 655-663. DOI: 10.1517/
14712598.3.4.655.

5. Emerich DF, Thanos CG. The pinpoint promise of nanoparticle-
based drug delivery and molecular diagnosis. Biomol. Eng. 2006;
23 (4): 171-184. DOI: 10.1016/j.bioeng.2006.05.026.

6. Holovenko M, Larionov V. Targeted delivery of drugs to the
brain by nanosystems. Bull. Pharmacol. Pharmac. 2008; 4:
8-16. (in Ukrainian).

7. Inghammar M, Nibell O, Pasternak B, Melbye M, Svanstrom H,
Hviid A. Long-term risk of cardiovascular death with use of clar-
ithromycin and roxithromycin: A nationwide cohort study. Am. J.
Epidemiol. 2018; 187 (4): 777—-785. DOI: 10.1093/aje/kwx359.

8. Kozak MR, Petruh IM, Vlizlo VV. Comparison of adjuvant prop-
erties of chitosan during oral and subcutaneous immunization
of mice with BSA. Ukr. Biochem. J. 2022; 94 (2): 31-37. DOI:
10.15407/ubj94.02.031.

9. Kozak M, Stasiuk A, Vlizlo V, Ostapiv D, Bodnar Y, Kuzmina N,
Figurka N, Nosova N, Ostapiv R, Kotsumbas |, Varvarenko S,
Samaryk V. Polyphosphate ester-type transporters improve anti-
microbial properties of oxytetracycline. Antibiotics. 2023; 12 (3): 616.
DOI: 10.3390/antibiotics12030616.

10. Kumar A, Nautiyal U, Kaur C, Goel V. Piarchand N. Targeted drug
delivery system: current and novel approach. Int. J. Pharm. Med.
Res. 2017; 5 (2): 448-454. Available at: https://www.ijpmr.org/
pdf/3-Targeted-Drug-Delivery-System-Current-and-Novel-
Approach.pdf

11. Mazzaccara C, Labruna G, Cito G, Scarfo M, De Felice M,
Pastore L, Sacchetti L. Age-related reference intervals of the
main biochemical and hematological parameters in C57BL/6J,
129SV/EV and C3H/Hed mouse strains. PLoS One. 2008; 3 (11):
e3772. DOI: 10.1371/journal.pone.0003772.

bionozia meapuH, 2023, 1. 25, N2



Kozak M. R., Petruh |. M.

12.

13.

14.

Najahi-Missaoui W, Arnold RD, Cummings BS. Safe nanoparti- 15. Rani K, Paliwal SA. Review on targeted drug delivery: its entire
cles: are we there yet? Int. J. Mol. Sci. 2020; 22 (1): 385. DOI: focus on advanced therapeutics and diagnostics. Sch. J. Appl.
10.3390/ijms22010385. Med. Sci. 2014; 2 (1): 328-331. DOI: 10.36347/sjams.2014.
Ostapchenko LI, Kompanets IV, Synelnyk TB. Biological membranes v02i01.0069.

and the basics of intracellular signaling: the research methods. A text- 16. Rodrigues WF, Miguel CB, Napimoga MH, Oliveira CJF, Lazo-
book. Kyiv, Kyiv University, 2017: 447 p. Available at: https://biomed. Chica JE. Establishing standards for studying renal function in
knu.ualinstitute-activity/educational/kafedry/kafedra-biomedicine/ mice through measurements of body size-adjusted creatinine
biblioteka/3299-biologichni-membrani-ta-osnovi-vnutrishnoklitinnoji- and urea levels. BioMed Res. Intern. 2014; 2014: 872827. DOI:
signalizatsiji-metodi-doslidzhennya.html (in Ukrainian) 10.1155/2014/872827.

Priskoka AO, Chekman IS. Nanotechnologies in development of 17. Sette LHBS, de Aimeida Lopes EP. The reduction of serum amino-
drug delivery systems. Ukr. Med. J. 2010; 1 (75): 1-14. Available transferase levels is proportional to the decline of the glomerular
at: https://umj.com.ua/uk/stattia-2951-nanotexnologii-u-rozrobci- filtration rate in patients with chronic kidney disease. Clinics. 2015;
sistem-dostavki-likarskix-zasobiv (in Ukrainian) 70 (5): 346-349. DOI: 10.6061/clinics/2015(05)07.

BioxiMi4yHi noka3HMKK KpPOBi MuLLen 3a gii nonidoccarecTepiB Ta ix KOMNNEKCiB 3 aHTUGiOTUKaMmn
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mariya_kozak@yahoo.com

IHcTuTyT Gionorii TBapuH HAAH, Byn. B. Ctyca, 38, m. JlbBiB, 79034, YkpaiHa

[Ins 3MeHLIeHHs1 HeraTVBHOTO BMMBY aHTMBIOTUKIB Ha opraHiam TBapwH B IHCTUTYTI Bionorii TBapuH HAAH cninbHo 3i cniBpobiTHY-
Kamu HaujoHanbHoro yHiBepcuteTy «J1bBiBCbKa nonitexHika» CTBOPEHO kommnekcu nonidocdarectepis 3 aHTubioTrkamn. MposeaeHi
nocnign Ao3sonuny 3a GioxiMiYHMMKM MapKkepaMm renaTto- i HepPOTOKCUYHOCTI OLIHUTI BAAMB aHTUGIOTUKIB, NonichocdaTepiB Ta KOMM-
nekcis nonicdocgarepiB 3 aHTMBIOTMKaMM Ha opraHi3m NnabopaTopHKX TBApUH 3a BBEAEHHS iX y cepeaHboAob0BMX MiKyBanbHUX A03aX.
BcTaHoBneHo, Wwo §isionoriYHnii cTaH i MoOKasHWKKM KPOBI TBApWH 3a 3acTOCyBaHHSA okpeMo nonidocdarectepy P4 Ta komnnekcis
nonicgoccartectep P4+aHTnBIOTHKM y 1Or0 ckrnadi (aMoKCUUMNiH, OKCUTETPaLMKIIH, AOKCULIMKIIH) Bynu B Mexax (i3ionoriyHnx BEnmUmH.
BopHouac BHyTpiLLHEOM si30Be BBeAEHHS nonidoccartectepy P6 Ta komnnekcy P6+aHTnbioTuky y oro ckrnagi MakoTb NeBHUIA HeraTUBHUIA
BMIMB HAa OPraHi3mM JOCMiAHUX MULLER, O NPOSIBSIETLCA 3MiHAMM aKTUBHOCTI €H31MIB-MapKepiB CTaHy OpraHiaMy — acnapraTtamiHo-
TpaHcdepasu (ACT), anaHiHamiHoTpaHcdepasmn (ANT) i nyxHoi docdatasn (J1P). Mu BusiBunu nigsuweHHs aktueHocTi ACT i ANT.
Komnnekcn P6+amokcmumnid i P6+okcuteTpaumnknic nigsuLLyBanm akTuBHicTb J1®; komnnekcy P4+aHTUBIoTKM 3HWXKYBanu akTMBHICTb
LibOro eH3unmy. BMiCT ceqoBrHM y KpoBi 3HM3UBCA NicnsA BBeAeHHS nonidocdarectepy P6 Ha 38,5%, komnnekcy P6+okcuteTpauuknii —
Ha 26,9%, komnnekcy P6+gokemumnii — Ha 21,8%. Komnnekc P6+amokcuumnii BUKNWKaB BiporifHe niaBuLLeHHst Ha 237 % KOHLEeH-
Tpauii KpeaTuHiHy B KpOBi MULLEN. 3MiHW KOHLEHTpaLii KpeaTuHiHY B KPOBI IHLLMX AOCMIAHMX rpyn Bynu B Mexax gi3ionoriyHoi Hopmu.
MposeaeHi gocnimkeHHs BiOXiMIYHNX XapaKTePUCTVK KPOBI MULLIEN 3a Aii HOBMX KOMMIEKCIB HaHOBIoNoniMepHVX TpaHCNOpPTepIB 3 aHTU-
GioTukamu 3abesneumnu niabip aHTMbakTepianbHUX NpenapaTiB 3 HU3bKOK TOKCUYHICTHO.

Kno4oBi cnoBa: muwi, aHTMbioTrkK, nonimepu, komrekcu nonidocgarecTepis
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The aim of the study was to find out the effect of adding
nanocitrate of Mn, Zn and Cu to the diluent for ram spermatozoa
cryopreservation on its quality and ability for fertilizing. The exper-
iment was carried out on six clinically healthy breeder 2—4-year-
old rams of the Texel breed. The received ejaculates of the rams
were evaluated for the volume, sperm concentration and motility
and then divided into control and experimental groups. Control
sperm samples were diluted with lactose-yolk-tris-citrate-glycerin
medium (LYTCGM). Nanocitrates of microelements were added
to the medium in experimental samples of ram sperm in the
following doses: Zn?* and Mn?* — 2.5, 5.0 and 7.5 pg/l, Cu** —
1.25, 2.5 and 3.75 pg/l. The diluted sperm was packaged in
straws, equilibrated for 2.5 h and frozen. After thawing of sperm
we determined motility, survival of sperm, activity of succinate
dehydrogenase (SDH) and cytochrome oxidase (CO), activity
of antioxidant protection enzymes superoxide dismutase (SOD),
glutathione peroxidase (HPO) and catalase (CAT). Adose-
dependent effect of Mn, Zn, and Cu nanocitrates upon their addi-
tion to LYTCGM was established. Addition of nanocitrates of Mn,
Zn to LYTCGM at a dose of 5.0 ug/l increased sperm motility
by 22.2% (P<0.05) and 26.0% (P<0.01), and sperm survival, re-
spectively, by 12.6% on (P<0.01) and 5.9% (P<0.05) compared
to the control. Nanocitrates of Mn, Zn at a dose of 5.0 ug/l as
part of LYTCGM caused a probable increase in SDH (P<0.001)
and CO (P<0.05-0.01), which indicates a high fertilizing ability
of ram spermatozoa. Similarly, when Mn, Zn nanocitrates were
added to LYTCGM at a dose of 5.0 ug/l, SOD activity decreased
by 29.6% (P<0.01) and 38.8% (P<0.01) and HPO activity in-
creased by 43.5% (P<0.01) and 39.1% (P<0.01), and CAT — by
40.0% (P<0.05) and 37.5% (P<0.05), respectively. At the same
time, the addition of Cu nanocitrate to LYTCGM with an increase
in the dose significantly reduces the activity, survival and fertil-
izing capacity of thawed ram spermatozoa, and also worsens
their antioxidant protection.

Key words: ram, sperm, nanocitrate Mn, Zn, Cu, fertilizing
ability, motility, antioxidant protection

Introduction

increasing of the genetic value of farm animals all over the
world. At the same time, artificial insemination requires the

Artificial insemination is major biotechnics in assisted re- constant availability of cryopreserved sperm for breeders
productive technology which had the greatest effect on fast [23]. However, cryopreservation of the rams’ sperm is still
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not effective to be commonly used in insemination because
of its high sensitivity for cooling and thawing after cryopres-
ervation process. Because of that intensive research is car-
ried out in many labs to solve that problems [2].

The process of sperm freezing causes ultrastructural,
biochemical and functional changes in spermatozoa [29].
Sperm plasma and acrosome are especially cryosensitive,
as a result of which the permeability of cell membranes
increases and spermatozoa motility and their morphology
are disturbed [30, 8]. Damage to plasma membranes is
accompanied by the leakage of enzymes, including those
that directly participate in fertilization processes. In addi-
tion, mitochondria, the main energy-generating organ-
elles of germ cells, are impaired or destroyed [27].

To ensure adequate protection of spermatozoa from
adverse factors in low temperatures, various diluents
for cryopreservation are used, which effectiveness
depends on their composition [37].

An important role in the regulation of metabolic pro-
cesses in sperm belongs to trace elements such as
Zn%*, Mn?* and Cu?*, which are cofactors of glycolysis
enzymes, the respiratory chain of mitochondria and an-
tioxidant protection, and also provide energy needs and
utilization of cytotoxic metabolites of cells [26]. In partic-
ular, Zn?* is included in the active centers of numerous
enzymes of glycolysis and the pentose phosphate path-
way of glucose oxidation, Cu?* ensures the activity of
enzymes of the respiratory chain and proteinases, and
Mn?* is a part of enzymes of the Krebs cycle. In addi-
tion, the indicated microelements as Cu?, Zn? and Mn?*
are part of the first link of enzymatic antioxidant protec-
tion which is superoxide dismutase (SOD), i.e. they are
cofactors of the enzyme that converts O, and by this
inhibits the formation of active forms of oxygen [5, 19].
It is also known that SOD in sperm is present in three
isoforms, which contain ions in the catalytic center: Mn?*
in mitochondria; Zn?* and Cu?* in cytoplasmic and exo-
cellular matrix [33, 20]. These studies proved that the
survival and, accordingly, the capacity of spermatozoa
for fertilizing of germ cells depend on the activity of the
specified enzyme and the ratio of its isozymes.

In the process of preparing ejaculates for cryopreser-
vation, the concentration of these ions decreases, which
leads to a decrease in enzyme activity and ultimately dis-
rupts the process of substrate transformation and ATP
resynthesis. Therefore, trace elements are added to ejac-
ulate diluents to maintain high physiological characteris-
tics and fertilizing ability of sperm. However, the use of
inorganic salts of microelements as part of diluents is inef-
fective, which is due to their short-term contact with germ
cells after sperm dilution, low permeability through mem-
branes and the ability to be included in metabolism [28].

The disadvantages of using inorganic salts of trace
elements in ejaculate diluents can be eliminated by us-
ing organic nanoforms of metals, in particular as nano-
citrates, which will make easer their involvement in the
metabolic processes of sperm [10, 15, 17, 22, 32, 36].
The investigation of Kosinov and Kaplunenko showed
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that toxic doses of nanoaquacitrates are 6 to 8 folds
lower than their substitutes of mineral salts forms [17].
In this regard, it is of interest to study the influence of
nanocitrate of Mn, Zn, and Cu as part of sperm diluents
on the quality of ram spermatozoa. Therefore, the aim of
the study was to find out the effect of adding nanocitrate
of Mn, Zn and Cu to the diluent for cryopreservation of
ram sperm on the quality and its ability for fertilization.

Materials and Methods

The study was conducted on six clinically healthy Texel
rams, from 2- to 4-year-old, which were kept in three
cages for two males in each one. Semen from rams was
collected with artificial vagina (Minitube, Germany) and
each ejaculate was evaluated separately for its volume,
motility, concentration and total number of spermatozoa.
Only ejaculates with spermatozoa concentration of at least
2.5 billion/ml were used for investigation. After evaluation,
semen was diluted with a lactose-yolk-tris-citrate-glycerol
medium (LYTCGM) to final spermatozoa concentration
of 8x107/ml. Each diluted ejaculate was divided into one
control and nine experimental groups. Three groups of di-
luents were prepared for each nanocitrate microelements
of Zn, Mn and Cu in amount as follow: 2.5; 5.0; 7.5 ug/l
and 1.25; 2.5; 3.75 ug/l, respectively. Nanocitrates of Mn,
Zn and Cu were prepared by the method of erosion-
explosive aqua nanotechnology by “Nanotechnologies
and nanomaterials” LLC (Kyiv, Ukraine) [17].

Diluted semen was packed into 0.25 ml volume
straws (Minitube, Germany) and cooled for 2.5 h at
a temperature of +4°C. After that, straws were placed
in nitrogen vapor for 30 min, then were put into liquid
nitrogen. After thawing in a water bath at temperature of
40-42°C for 20 sec, sperm motility, survival of sperma-
tozoa, activity of succinate dehydrogenase (SDH) and
cytochrome oxidase (CO), activity of antioxidant protec-
tion enzymes superoxide dismutase (SOD), glutathione
peroxidase (GPO) and catalase (CAT) were evaluated
in each control and experimental group.

Semen analysis

The volume of ram ejaculate was determined with
a graduated test tube, and the spermatozoa concentration
was determined spectrophotometrically using a photome-
ter SDM 6 with a touch display (Minitube, Germany). Germ
cell motility, morphological abnormalities and the percent-
age of degenerate spermatozoa were determined by the
computerized system CASA (Computer Assisted Semen
Analysis) with activation of the Sperm Vision module [40].

After thawing semen was kept in refrigerator at tem-
perature of +4°C and its survival was checked every
hour under a microscope at magnification of 200-fold
until the complete death of germ cells.

The activity of antioxidant protection enzymes was
determined according to the methods described by Wirth
and Mijal [38]. In particular, SOD activity was determined
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by the amount of nitroformazan formed in the reaction be-
tween phenazinemetasulfate and NADH using a calibra-
tion curve, for which a standard solution of SOD (Sigma,
USA; C1345) was used and expressed in IU/mg protein.
Photometry of the samples was carried out at a wave-
length of 540 nm on a spectrophotometer SF-46.

The activity of GPO was determined by using the ElI-
man reagent (0.01 M solution of 5,5-dithiobis-2-nitroben-
zoic acid (Acros Organics, Belgium) The staining intensity
was measured at 412 nm on a spectrophotometer SF-46.
The sample was added to the control sample before
protein precipitation.

The activity of CAT was determined by the method
of Koroliuk et al. (1991). The staining intensity was mea-
sured at 410 nm on a spectrophotometer SF-46.

Statistical analysis

All obtained digital data were processed using the Sta-
tistica computer program using the method of variational
statistics and the Excel program from the Microsoft Office
2007 and 2010 service packages. Differences between
groups were considered statistically significant at P<0.05.

Results and Discussion

The highest motility of spermatozoa after thawing
semen, 56.7%, was noticed in diluent with 5.0 pg/L of
Zn nanocitrate, which was significantly higher (P<0.01),
and the lowest one, 35%, was observed in diluent
with 3.75 ug/L of Cu nanocitrate wich was significalntly
lower (P<0.05) than in control group (table 1).

More pronounced changes in the motility of thawed
ram spermatozoa were found with the addition of Zn
nanocitrate to LY TCGM diluent. In particular, sperm
motility increased by 12.9% (P<0.05), 26.0% (P<0.01)
and 3.8% compared to the control, after adding it in
amount of 2.5, 5.0 and 7.5 pg/l, respectively.

The addition of 1.25 pg/l Cu nanocitrate to the diluent
for cryopreservation of ram semen caused increase in

Table 1. Motility and survival of ram spermatozoa
after freezing in diluents with addition of Mn, Zn or Cu nanocitrate
(MxSD, n=6)

sperm motility in after thawing by 5.1%, but adding 2.5 and
3.75 pg/L of nanocitrate of Cu caused decrease in motility
compared to the control by 12.9 and 35.0% (P<0.05),
respectively. However, the highest time of spermatozoa
survival, 105.3 h (P<0.01), was observed in diluent with
5.0 pg/l Mn nanocitrate and the lowest, 64.7 h (P<0.001),
was in diluent with 3.75 pg/l of Cu nanocitrate which was
lower than in diluent in control group (table 1).

The study of the activity of SDH and CO enzymes,
which are markers of the fertilizing ability of spermatozoa re-
vealed dose dependent differences in thawed ram semen.
The highest activity of both SDH and CO enzymes were
observed in spermatozoa in group with 5.0 yg/L in diluent of
Mn nanocitrate on the level of 44 units (P<0.001) and 49.8
units (P<0.01) respectively than in control group (table 2).

The lowest activity of SDH and CO enzymes in com-
parison to control group were noticed in diluent with
3.75 pg/l on the level of 19.2 units (P<0.05) and 29 units
(P<0.01) respectively.

Addition of nanocitrates of Mn, Zn and Cu to LYTCGM
causes changes in the activity of antioxidant defense en-
zymes in thawed ram sperm. Thus, the addition of 2.5 g/l
Mn nanocitrate caused a decrease in the activity of SOD
by 14.5% with a simultaneous increase in the activity of
GPO by 15.2% and CAT by 7.5% compared to the con-
trol (table 3). At the addition of manganese nanocitrate in
a dose of 5.0 pg/l, the difference in the activity of antioxi-
dant protection enzymes in thawed spermatozoa was the
highest compared to the control: the activity of SOD de-
creased by 29.6% (P<0.01), and the activity of GPO and
CAT increased by 43.5% (P<0.01) and 40.0% (P<0.05),
respectively. At the same time, with the addition of 7.5 pg/l
of Mn nanocitrate, the difference in the activity of antiox-
idant defense enzymes in thawed spermatozoa of rams
with the control was insignificant or absent: the activity of
SOD was 7.1% lower than the control, and GPO and CAT
were higher by 2.2% and 5.0%, respectively.

The similar changes in the activity of antioxidant
defense enzymes in thawed spermatozoa were also
found when Zn nanocitrate was added to the medium

Table 2. Activity of SDH and CO in thawed ram spermatozoa
in diluent with the addition of Mn, Zn or Cu nanocitrate
(MSD, n=6)

N:g:gt;ztlle, Spermatog/z)a motility, Sperm survival, hours inN;Fu%Cr:tttaggll SD|_I|Enzyme activity, umtsCO
25 47.5£1.12 96.0+1.93* 25 33.7+2.16** 43.2+2.77
Mn2* 5.0 55.0+1.83* 105.3+2.04** Mn2* 5.0 44.0£3.24*** 49.8+2.26**
7.5 44.2+1.54 101.3+2.90* 75 39.844.18** 39.7+1.69
2.5 50.8+1.54* 94.0+1.93 25 38.7£2.70** 41.3+£2.57
Zn?* 5.0 56.7+1.67** 99.0+2.96* Zn? 5.0 41.7+3.04*** 48.3+1.80*
7.5 46.7+2.11 95.2+2.64 7.5 39.244.04** 40.2+1.94
1.25 47.3+2.67 83.7+2.99* 1.25 31.5£1.89* 41.0+£2.25
Cu? 25 39.2+3.01 75.312.78*** Cu? 25 29.2+2.93* 35.5+1.75*
3.75 35.0+1.83* 64.7+2.78*** 3.75 19.243.67* 29.0+1.83**
Control 45.0+1.83 93.5+1.84 Control 25.5+1.59 40.0+2.52

Note. In this and the following tables *, ** and *** — superscripts indicate statistical differences P<0.05, P<0.01 and P<0.001, respectively.

10

bionozia meapuH, 2023, 1. 25, N2



Sharan O., Stefanyk V., Murawski M. The quality of thawed ram spermatozoa after the addition of nanocitrates to cryopreservation diluent

for cryopreservation of ram sperm. In particular, the ad-
dition of zinc nanocitrate in doses of 2.5, 5.0 and 7.5
Mg/l caused a decrease in SOD activity in thawed ram
sperm by 18.3% (P<0.05), 33.8% (P<0.01) and 10.4%,
respectively, and GPO activity, on the contrary, in-
creased by 13.0%, 39.1% (P<0.01) and 4.3%, respec-
tively. At the same time, CAT activity in thawed sperm
of rams significantly increased compared to the control
at doses of Zn nanocitrate 5.0 pg/l by 37.5% (P<0.05),
and at other doses only by 10.0 and 5.0%.

Addition of Cu nanocitrate to LYTCGM caused oppo-
site changes in the activity of antioxidant defense enzymes
in thawed ram sperm. Thus, with the addition of 1.25 g/l
of cuprum nanocitrate, SOD activity increased by 6.2%,
while GPO and CAT, on the contrary, decreased by 10.9%
and 2.5%, respectively, compared to the control. With an
increase in the dose of Cu nanocitrate, the difference be-
came more significant: with the addition of 2.5 pg/l, the
activity of SOD increases by 18.8% (P<0.05), and the
activity of GPO and CAT decreases by 28.5% (P<0.05)
and 12.5%, respectively. The difference in the activity of
antioxidant protection enzymes in thawed spermatozoa of
rams with the control at doses of Cu nanocitrate 3.75 g/l
is even greater: the activity of SOD is higher by 30.3%
(P<0.01), the activity of GPO and CAT is lower by 37.0%
(P<0.001) and 25.0% (P<0.05) , respectively.

The use of frozen-thawed ram semen is important in
modern sheep breeding, so effective cryopreservation of
ram spermatozoa is an important tool for developing of
this branch of breading and for the whole reproductive
technology [3]. It is known that diluents, dilution-cooling-
freezing and thawing methods play an important role in
the success of ram sperm cryopreservation [34]. To main-
tain high physiological characteristics of sperm, trace ele-
ments are added to ejaculate thinners. At the same time,
literature data indicate a negative effect of an excess of
trace elements on the physiological characteristics and
fertilizing ability of sperm [31, 40]. With an excess of cer-
tain elements, it is possible to disrupt the functions of mi-
tochondria, which leads to a decrease in the physiological

Table 3. Activity of antioxidant defense enzymes
in thawed spermatozoa of rams at the addition
of micronutrient nanocitrate (M+SD, n=6)

Micronutrient GPO KAT, pmol/
nanocitrate, Sc?f%ré?e/ir:g pmol/min>fmg minxrng of
dose, pg/l of protein protein

25 47.3+2.11 0.53+0.040 0.43+0.027

Mnz 5.0 38.5+1.77**  0.66+0.039**  0.56+0.037*
7.5 50.8+1.88 0.47+0.045 0.42+0.029

25 44.7+2.39* 0.52+0.028 0.44+0.024

Zn? 5.0 36.2+1.85"  0.64+0.038**  0.55x+0.043*
7.5 49.0%+1.75 0.48+0.038 0.42+0.031

1.25 58.1+2.44 0.41+0.024 0.39+0.033

Cu?* 2.5 65.0+2.88* 0.32+0.037* 0.35+0.040
3.75 71.312.68** 0.29+0.036*** 0.30+0.027*

Control 54.7+2.58 0.46+0.026 0.40£0.025

The Animal Biology, 2023, vol. 25, no. 2

characteristics and fertilizing ability of spermatozoa [24]. In
view of the above, many authors conduct research on the
effect of metals in the form of nanosized forms or nanopar-
ticles on the quality of mammalian sperm [6, 9, 12].

Today, an important role in ensuring the health and
productivity of animals is played by new directions of
obtaining and using biologically active substances, in
particular nanotechnology and nanomaterials [1, 4, 11,
13, 14, 18, 35].

In experiments with the sperm of bulls, the effective-
ness of using nanosuccinate of Mn, Zn, and Cu as part
of the diluent for cryopreservation of semen of breeding
bulls was determined, where the optimal doses of na-
nosuccinate of manganese and zinc were established,
which have a positive effect on the activity, movement
parameters, survival, and fertilizing ability of spermatozoa
[16, 40]. At the same time, the addition of Cu nanosucci-
nate to the medium for cryopreservation of spermatozoa
has a slight positive effect on bull sperm only at a low
dose, with an increase in the dose, the quality and fer-
tilizing ability of germ cells significantly decreases.

In view of the above, we conducted a study to study
the effect of adding nanocitrate of Mn, Zn and Cu to the
composition of the diluent for cryopreservation of ram se-
men on quality parameters and fertilizing ability of sper-
matozoa. It was found experimentally that the addition of
Mn and Zn nanocitrate at an optimal dose of 5.0 ug/L to
LYTCGM probably increases the motility of ram sperma-
tozoa after thawing, and also reduces the percentage of
sperm with morphological disorders. In contrast, the ad-
dition of Cu nanocitrate in increasing doses significantly
reduces sperm motility in thawed ram semen, simultane-
ously increasing the percentage of degenerate sperma-
tozoa. This is confirmed by the research of Leahy et al.,
which was established that an excess of Cu?* in diluted
ram semen causes sperm agglutination due to the oxida-
tion of free sulthydryl groups to disulfide ones and educed
its motility [20, 21, 39].

In our studies, the addition of Mn and Zn nanocitrate
at a dose of 5.0 pg/L to the medium for freezing ram
sperm increases spermatozoa survival, and the addi-
tion of Cu nanocitrate in increasing doses significantly
reduces the survival time, which confirms the results of
studies with bull sperm [16, 39].

Scientists have proven that SDH and CO are
markers for determining the fertilizing ability of sper-
matozoa of male farm animals [25]. In our studies,
the addition of Mn and Zn nanocitrate at a dose of
5.0 ug/L to LYTCGM increases the activity of SDH
and CO in ram sperm after thawing, and the addition
of Cu nanocitrate to diluent in Cu1 and Cu2 groups
significantly reduces the activity of these enzymes.

Sperm has an effective enzymatic system of antioxi-
dant protection (SAP), which destroys the excess of formed
active forms of oxygen and improves the quality of semen.
The main enzymes of SAP are SOD, GPO and CAT [7].
In our experiment, the addition of Mn and Zn nanocitrates
to the diluent for cryopreservation of ram semen intensifies
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the activity of antioxidant defense enzymes in thawed
spermatozoa, which indicates their higher quality at the
optimal dose of 0.5 ug/l. At the same time, the addition of
Cu nanocitrate LYTCGM in higher doses increases the ac-
tivity of SOD and decreases the activity of GPO and CAT,
which indicates a decrease in sperm quality.

Thus, the addition of Mn and Zn nanocitrate at an op-
timal dose of 5.0 pg/L to the medium for cryopreservation
of ram sperm probably increases the motility of thawed
spermatozoa, their survival, the activity of SDH and CO in
germ cells, and also intensifies the activity of antioxidant
defense enzymes in sperm.

In summary, in our study we observed the highest
survival time of semen and highest activity of SDH, CO,
GPO and CAT enzymes in ram spermatozoa after thaw-
ing in diluent supplemented with 5.0 ug/l Mn and values of
those parameters in that group were much better than in
control group. Also, the addition of 5.0 pg/l Zn citrate to the
extender resulted in a significantly longer sperm survival
time after thawing and had a significantly beneficial effect
on increasing the SDH, CO, SOD, GPO and CAT enzy-
matic activity of ram semen after thawing, and the semen
survival time was significantly higher (P<0.05) compared
to the control group. Although the addition of 1.25 ug/l Cu
the sperm survival time was significantly shorter than in
the control group, an increase in SOD activity was ob-
served (P>0.05), while the activity of other enzymes did
not change significantly compared to the control group.

The obtained results indicate that the addition of Mn,
Zn or Cu nanocitrates has a positive effect on all or some
parameters of semen suitability for fertilization and also
extends its survival (Mn, Zn nanocitrate) after thawing.
Due to the multifactorial effect of the addition of Mn, Zn
and Cu nanocitrates on semen parameters, research
should be continued in order to explain their impact on
ram sperm metabolism and survival in the cryopreser-
vation process.

1. Addition of Mn and Zn nanocitrate in amount of
5.0 ug/l to LYTCGM increases the motility of ram sperm
(P<0.05-0.01) after thawing, and with the addition of
Cu nanocitrate in increasing doses, sperm motility sig-
nificantly decreases in thawed sperm of rams.

2. Addition of Mn and Zn nanocitrate at a dose
of 5.0 pg/L to the extender for freezing ram semen
increases sperm survival (P<0.05-0.01) but addition
of Cu nanocitrate in amount used in our experiment
significantly reduces its survival time.

3. The addition of Mn and Zn nanocitrate at a dose
of 5.0 ug/l to LYTCGM increases the activity of SDH
(P<0.01-0.001) and TSO (P<0.05-0.001) in thawed
ram sperm, and the addition of nanocitrate Cu in high-
er amount significantly reduces the activity of these
enzymes.

4. Addition of Mn and Zn nanocitrates in amount of
0.5 pgl/l to the extender for cryopreservation of ram semen
intensifies the activity of antioxidant defense enzymes in
thawed spermatozoa, which indicates their important role
for spermatozoa protection during cryopreservation.
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AkicTb cnepmiiB 6apaHiB nicnsa po3mMopoXyBaHHA 3a AoAaBaHHA HaHouuTpaty Mn?*, Zn?* Ta Cu?
[0 cepeaoBMLLa ANsl KPiOKOHCepBYBaHHS

O. lWapaH', B. CmegpaHuk', M. Mypascki?
oshaom737@gmail.com

'bBIBCLKWIN HaLOHANbHUIA YHIBEPCUTET BETEPUHAPHOT MeanLMHK Ta GioTexHonorii iMeni C. 3. IxuLbkoro,
Byn. MNMekapcbka, 50, m. JbiB, 79010, YkpaiHa
2KpakiBCbKMI CinbCbKkorocnogapcbkuii yHiBepcuTeT, an. Miukesuya, 21, m. Kpakis 31-120, MNonbLya

Mertoto poboTu Byno 3'acyBatu BNnNunB AodaBaHHA HaHouuTpaTy Mn, Zn Ta Cu [0 cepenoBwLLa Ansi KPIOKOHCEPBYBaHHSA Criepmu
GapaHiB Ha siKicTb Ta 3annigHoBanbHy 30aTHICTb cnepMiiB. EkCnepuMeHT npoBoaMny Ha LIECTU KMiHIYHO 300poBKX BGapaHax-nnigHunkax
BiKOM 2-4 poku nopoau Tekcenb. OTpumaHi eskynsTi 6apaHis ouiHOBanu 3a 06’eMoM, KOHLEHTpaLi€eto Ta pyXJIMBICTIO CnepMi-
B i 4iNWnM Ha KOHTpONbHY i AocnigHi rpynu. KoHTponbHi 3pasku cnepmMu po3baBnsiny NakTo30-KOBTKOBO-TPiC-LUMTpaTo-rMiLepUHOBUM
cepepouem (JDKTLIC). Y gocnigHux 3paskax cnepmu 6apaHiB 4o cepefoByLLa JoAaBanu HAHOLUTPATU MiKpOENEMEHTIB y [03aX:
Zn% i Mn?* — 2,5, 5,0 Ta 7,5 mkr/n, Cu** — 1,25, 2,5, Ta 3,75 mkr/n. Po3baBneHy cnepmy chacyBanu y CONoOMUHKU, ekBinibpysanu
BMpoAoBX 2,5 rof. i 3amopoxysanu. icns po3MOpoXXyBaHHS CNepMu BU3Ha4arnm pyxnmnBiCTb, BUXXUBaHHS CNepMiiB, akTUBHICTb
cykumHataerigporeHasun (CAIN) Ta umtoxpomokeuaasm (LIO), akTUBHICTb €H3MMIB aHTUOKCUAAHTHOTO 3aXMCTY CynepoKCMaAMCMYTasm
(COL), rmyTtartionnepokcuaasm (I'MO) i katanasn (KAT). BctaHoBNeHO fo303anexHy aito HaHouutpartie Mn, Zn Ta Cu 3a gogaBaHHs ix
no JDKTUIC. JopaBaHHst HaHoumTpatie Mn, Zn go JDKTUIC y posi 5,0 MKr/n akTuBHICTb cnepmiiB nigsuwmnacs Ha 22,2% (P<0,05)
Ta 26,0% (P<0,01), a Bwk1BaHHA cnepmiis — BianoBigHo, Ha 12,6% (P<0,01) ta 5,9% (P<0,05) nopiBHSAHO 3 KOHTponem. HaHouutpaTu
Mn, Zn 'y gosi 5,0 mkr/n y cknagi JIDKTUIC cnpuymtunu siporigHe 3poctanHs CAIN (P<0,001) i LO (P<0,05-0,01), wo Bka3sye Ha BUCOKY
3annigHoBanbHy 34aTHICTb cnepMiiB 6apaHiB. AHanoriyHo, 3a fgoAaBaHHA HaHouuTpaTtie Mn, Zn go JDKTUIC y posi 5,0 mkr/n ak-
TuBHiCTb CO[] 3HM3unacs Ha 29,6% (P<0,01) Ta 38,8% (P<0,01), aktusHicTb [T1O nigsuwmnacs, signosigHo, Ha 43,5% (P<0,01) Ta
39,1% (P<0,01), KAT — BignogigHo, Ha 40,0% (P<0,05) Ta 37,5% (P<0,05). BogHo4ac nogaBaHHs HaHoumTpaty Cu go JDKTLUIC 3i
36inbLUEHHSIM J03M BiPOTiAHO 3HWXKYE aKTUBHICTb, BUXXMBaHHSI Ta 3anniaHoBanbHy 34aTHICTb AEKOHCEPBOBAHKX CrepMiiB 6apaHiB, a Takox
MoripLly€e NOKasHWKM iX aHTMOKCUAAHTHOTO 3aXUCTY.

KniouoBi cnoBa: 6apaH, cnepma, HaHouuTpat Mn, Zn, Cu, 3annigHoBanbHa 34aTHICTb, PyXITUBICTb, aHTUOKCUAAHTHUIA 3aXUCT

Sharan O, Stefanyk V, Murawski M. The quality of ram spermatozoa after thawing with the addition of Mn?*, Zn?* and Cu?* nanocitrate
to cryopreservation diluent. Biol. Tvarin. 2023; 25 (2): 8-13. DOI: 10.15407/animbiol25.02.008.
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An integrated assessment of the productivity of precocious
Hereford and Aberdeen Angus beef bulls of English breeding in
the Ukraine Steppe zone conditions was carried out. It has been
established that livestock from the seaside climate have adapt-
ed to the dry, hot environment of the Steppe zone, as evidenced
by the clinical indicators of the animals’ bodies. Livestock devel-
oped harmoniously, external measurements and indices of body
structure were within the limits of breed standards. Hereford and
Aberdeen Angus breeds bulls under pasture-free maintenance
and rearing conditions for up to 2.5 years at the end of fatten-
ing had high productivity — 688 and 531 kg of body weight, re-
spectively. The bulls were with a harmoniously developed body
and perfectly expressed meat forms. The bulls were of compact
build with a developed deep chest, a full back part of the body,
which is characteristic of cattle with a strong constitution and
potentially high meat productivity. The relative growth rate of
the bulls during the study was in the range of 19-22%. There-
fore, Hereford and Aberdeen Angus breeds are the future of
meat cattle breeding in Ukraine to increase the production of
high-quality “marble” beef. Compared to Aberdeen Angus, Her-
efords differ in slightly larger habit, massiveness, growth energy,
feed conversion, slaughter indicators, balanced morphological
composition of carcasses, meatiness ratio. Absolute and rela-
tive increases in body weight confirm the high genetic potential
of meat productivity — 18-24-month-old bulls have reached
sales conditions. Today, their number is small, and reproduction
requires a certain amount of time and money, so we believe that
the breeding period can be extended to 30 months. In the period
of formation of the meat cattle breeding industry, it is possible to
raise young animals up to 30 months of age without deteriora-
tion of slaughter performance and culinary and taste qualities
of beef in accordance with consumer requirements.

Key words: cattle, breed, bulls, exterior, meat productivity,
slaughter indicators, beef quality

Introduction

Therefore, a lot of livestock is imported into the country
to participate in the creation of meat cattle breeding and

In countries with developed cattle breeding, beef is the breeding of domestic meat types and breeds. The pro-
mainly obtained from specialized meat breeds. In Ukraine, ductivity of beef cattle genotypes was studied by many do-
this industry is in the stage of formation, and dairy cattle are mestic and foreign scientists [12, 14]. The most common
used for slaughter, the meat of which has much lower quality. short-ripening Hereford and Aberdeen Angus breeds [15].
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Hereford is the most numerous breed of cattle in the
world. It was bred in United Kingdom. The world asso-
ciation for this breed includes more than 25 national
associations, including two such organizations in the
USA and Australia. They were brought to Ukraine from
UK, the USA and Canada.

The widespread distribution and popularity of this
breed was achieved due to excellent adaptation to dif-
ferent climatic conditions (from the frosts of northern
latitudes to subtropical heat), relatively economic preco-
ciousness of animals, good fertility, easy calving, calm
temperament, ability to effectively use plant fodder and
rapid growth of meat forms and outstanding perfor-
mance. The live weight of adult cows is 500-600 kg,
in bulls it is over 1000 kg. Livestock is not high in compari-
son to others. These qualities are persistently transmit-
ted to offspring not only during purebred breeding, but
also during industrial crossing.

In Ukraine, Herefords are used in the creation of new
high-yielding meat genotypes with a strong constitution.
For science and practice, it is expedient to study how
purebred cattle behave in the rather difficult pasture-free
climatic conditions of the steppe zone, how these con-
ditions affect the intensity of their growth in different age
periods, to what live weight and age animals should
be raised for meat in order to obtain the maximum
the amount of high-quality beef with the optimal ratio of
muscles and bones, protein and fat, lower consump-
tion of feed per unit of production.

The Aberdeen Angus cattle breed is native to the
counties of Aberdeen and Angus in northeastern Scot-
land. It was bred in the 19* century and has the most
pronounced precocious type, widely distributed in coun-
tries with developed meat cattle breeding — USA,
Canada, Argentina, Australia, New Zealand.

Aberdeen Angus cattle began to be imported to
Ukraine from England in 1932, and a particularly large
number of them arrived in 1960-1964 from Canada.
Breeding and genetic work with them was carried out
from the beginning of the seventies of the last century at
the experimental station of meat cattle breeding of the
National Agrarian University (Vorzel, Kyiv Region) under
the leadership of Professor O. G. Timchenko [14].

Bulls and cows imported from UK are large with
well-defined meat forms compared to Canadian ones,
which are more angular, have a strong and rough skele-
ton, a heavy head. The young, obtained from reciprocal
crossings of animals of Canadian and Scottish origin,
grew and developed normally. There is practically no
barrenness and abandonment of newborn calves.
The results of crossbreeding Aberdeen Angus with Sim-
mentals, Charolais, Herefords, Kianas, Ukrainian black
and white cattle were used by O. G. Tymchenko with the
breeding of domestic Volyn and Znamyan meat breeds.
He came to the unequivocal conclusion that Aberdeen
Angus were satisfactorily acclimatized in different soil
and climatic zones of Ukraine, are not demanding on
coarse feed (they eat straw of winter cereals well).

The Animal Biology, 2023, vol. 25, no. 2

Despite the fact that this breed was created for pas-
ture keeping, it feels comfortable in stall-walking keeping
as well. According to S. Ya. Dudik and A. V. Lanyna cows
of this breed have sufficient milk yield to raise a calf
with a body weight of 200 kg for up to 7-8 months.

Herefords and Aberdeen Angus were also brought to
Dnipropetrovsk region for this purpose. The reproductive
function of heifers and cows was within such limits as in
their homeland. Embryonic development of the fetus and
hotels took place without abnormalities. Growth of new-
born calves was also normal. Observations did not reveal
any external defects. All the measured measurements
of the animals were within the limits typical for specialized
meat English breeds. The body of cattle of both breeds
was tub-shaped with well-developed trunk muscles.

Our long-term (up to 30 months) studies of the onto-
geny of bulls in the steppe zone of Ukraine established
that they are well acclimatized to the ecological condi-
tions of a hot, dry climate when they are kept without
pasture. This is evidenced by clinical and hematological
indicators. Physiological processes in the animals’ body
were within normal limits. Edibility of traditional rough
forages (straw of winter wheat and barley), silage from
corn of milk-wax maturity and silage from alfalfa, green
mass of corn and alfalfa, finishing feeds (combined
fodder from grain corn, wheat, barley, peas, sunflower
meal), mineral additive (tricalcium phosphate), trace
elements were at the level of 97-98%.

Meat productivity (average daily gains) correspond-
ed to the breed standard, it increased in the first months
of life, and after 24 months of age it gradually decreased
due to the slowing down of muscle tissue growth and
the outpacing growth rate of fat synthesis (body salting).
Slaughter parameters (slaughter yield, carcass and offal
yield, meatiness ratio, beef marbling, protein-to-fat ratio,
calorie content, culinary and taste qualities) were such
that they met the needs of the consumer.

Despite the fact that both breeds are precocious and
have a great uniformity of many indicators, Hereford
and Aberdeen Angus bulls had some breed characteris-
tics, which prompted the urgency of conducting research.

The purpose of the research is to study the pecu-
liarities of the ontogenesis of Hereford and Aberdeen
Angus bulls in the Ukraine steppe conditions. The sub-
ject of research is bulls of specialized precocious meat
breeds of Great Britain. The object of research is the
growth, development and meat productivity of bulls
from birth to 30 months of age.

Materials and Methods

Two groups of clinically healthy Hereford and Ab-
erdeen Angus breeds (15 bulls in each group) were
formed in the research farm “Polyvanivka” of the Insti-
tute of Grain Crops NAAS. The animals were raised in
the same room under the same climatic, technological
and feed conditions from birth to 30 months of age.
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Rations by age periods were balanced according to
the norms. Distribution of fodder, watering of animals
and cleaning of the premises was mechanized.

Growth was studied according to the external indica-
tors of body measurements, development — according
to live weight (monthly weighing), absolute and average
daily growth at birth, at 6, 12, 18, 24 and 30 months.
Hematological studies were performed in the certified
laboratory of the Dnipro State Agrarian and Economic
University. Modern biochemical, zootechnical, economic,
statistical, analytical methods were used during constant
observation of animals.

Results and Discussion

Clinical indicators of experimental animals of both
breeds indicate that they are well acclimatized in the
steppe zone of Ukraine and were healthy during all
periods of observation (table 1).

The body temperature and pulse and breathing rates
in the bulls were within the average limits for cattle with-
out significant deviations. With age, all clinical indicators
naturally gradually decreased. Normal physiological pro-
cesses in the animal body are confirmed by the results
of blood serum analysis: the number of erythrocytes
(6—8 million/mm3), hemoglobin (10-13%), leukocytes
(6—12 thousand/mm3), lymphocytes (49-52%). level of
glucose and albumins, lipoproteins, carotene, calcium
and phosphorus concentration.

The age-related exterior changes were observed. The
indicators of all measurements increased naturally (table
2): in comparison with the one-year age, the height in with-
ers at the age of 30 months of the Hereford bulls increased
by 14%, the Aberdeen Angus — by 13%, the height in
sacrum — by 10 and 13%, respectively, the chest width —
by 49 and 34%, chest depth — by 26 and 23%, chest
girth — by 25 and 20%, back width in the macklocks —
by 45 and 41%, in the hip joint — by 27 and 23%, and in
the buttocks humps — by 86 and 62%, back half girth —
by 27 and 26%, metacarpus girth — by 19 and 21%,
head length — by 13 and 11%, forehead width — by 17
and 16%, oblique body length — by 19 and 12%.

According to all external data, the Aberdeen Angus
bulls were smaller compared to the Herefords, but the
animals of both breeds were compact with proportional
forms of parts of the body, in relation to the ratio of height
and depth and body length and width, as a result of which
the animal acquired a more rounded barrel-shaped
physique with age with a broad back, a well-developed
rear third, that is, those parts that give the most valuable
meat and in larger quantities [2]. They reached optimal
development at the age of 18 months.

Body measurements characterize the meat type.
Live weight gain is related to linear, although the latter
increases less intensively than the former, which follows
from the Darwinian law of the ratio of growth and the
correlative relationship between individual parts of the
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Table 1. Clinical indicators of bulls

Breed Age, Bodyt,.C° Pulse per.min Breathspe.rmin
months M lim M lim M lim
atbirth 40.4 40.3-40.5 1255 121-130 31.5 31-32

6 40.3 40.2-40.4 945 93-96 29.0 28-30

H 12 39.1 38.9-39.8 925 91-94 235 23-24
18 38.9 38.7-39.1 845 93-86 19.0 18-20

24 379 37.8-38.1 725 71-74 18.0 17-19

30 374 37.1-376 61.0 60-62 155 15-16

at birth  40.2 40.1-40.3 1370 134-140 30.5 30-31

6 39.9 39.7-40.1 94.0 93-95 28.0 27-29

AA 12 39.2 39.0-39.8 835 83-84 22.0 21-23

18 38.5 38.4-38.6 735 71-76 17.0 16-18
24 38.1 38.0-38.2 63.5 61-66 16.0 15-17
30 37.5 374-37.6 625 60-64 145 13-16

Note. Here and in the next tables H — Hereford, AA— Aberdeen Angus.

Table 2. Age-related exterior changes, cm (X+Sx)

Body Age, months
measurements Breed 12 18 24 30

H 1438+ 157,6 1660+ 1717+
Oblique body 1+2.61 +3,91 +2,33 1,54
length Ap 1300+ 1345+ 1387+ 1456+
+1.17 0,74 0,54 +1,32
1072+ 1156+ 1200+ 1210
+0.42 +0,70 +0,52 +1,01
99.6+ 1028+ 110,7+ 112,9+
+0.64  +1,61 +0,92 +1,04
H 110,0+ 1214+ 1234+ 1240+
+0.91 11,62 +1,14 +3,61
1035+ 1089+ 1157+ 117,9+

Height in withers

3

Height in sacrum

AA 1086 +059 059 072

y 562t 656 694+ 707%

Chest deoth +0.41 1,84 095 +1.32
P Ap  520& 563t 610+ 639+

+024 0,81 0,69 +1.24

h 388t 464:r 550+ 577%

Chest width +022 0,81 066 +0.34
Ap 358+ 400: 447+ 47,9+

+0.81 0,66 071 +0.49

1702+ 1946+ 2080+ 2127+

Chest airth +181 367 172 039
9 Ap 1436 1518 1620+ 167.9+

+104 +112 004 088

h 396t 474+ 492+ 493«

Back width +0.84 082 +0.73 +0.38
in macklocks AA 33.9+ 35,3+ 41,7+ 47,9+

+0.35 +0,24 0,59 0,61

H 40.0+ 47,5+ 499+ 50,6+
Back width +0.71 +1,03 #0,79 20,34
in the hip joint 40.2+ 443+ 48,7+ 499+

AA 1069 043 +038 +0.37

. 134+ 17,8+ 234+ 250+

Back width H 4054 0060 048 +0.69
in the buttock

humps ap M7E 123t 143+ 191%

+015 016 4029 +0.77

ho 94d:  973: 174+ 1191

Back half airth 144  +153  #121 #1417

9 A 928+ 955: 1153+ 1169+

+1.31 1,67  +1,17 1,21

H 194+ 222+ 224+ 23,0
+0.41 0,24 +0,29 20,09

MEEEEILS g 16.0+ 16,6+ 185+ 194+

AA 1023  $027 #0229 0,08

h o 400+ 424+ 450+ 4521

Head lonath +1.05 090 +037 034
9 Ap  390: 348t 430+ 431+

+044 066 033 +0290

h 212t 226: 246: 247+

Forehead widh $0.61 077 026  +0.31
ap 1926 193: 210+  224:

+0.41 +0,31 +0,33  +0,17
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animal’s body, which consists in the fact that the entire or-
ganization of the animal during growth and development
to be in such a relationship that when changes occur in
any part and are accumulated by natural selection, other
parts also change. Our research confirms the opinion of
N. G. Chervinskyi and A. A. Moliganov, that in young an-
imals the live weight increases more slowly compared to
the growth of the body in width and length. Body composi-
tion indexes more objectively characterize the degree
and process of growth and development of individual
parts of the body and the organism in general (table 3).
With age, the stretching, pelvic-thoracic, thoracic,
bonyness, and compactness indices increase, while
long-leggedness decreases. In all age periods, the an-
imals had a compact body structure, a deep and wide
body, a well-developed chest, a well-filled rear third of
the body, which are characteristic of animals with a strong
constitution and potentially high meat productivity.
Some interbreed differences were observed in the
energy of growth in bulls in separate age periods (table 4).
The highest average daily increases were in the sucking
period. In the future, they gradually decreased. But during
the entire period of research, they remained high. Howev-
er, Herefords grew more intensively, as evidenced by
absolute increases. Weight growth occurred in parallel with
linear growth, but the latter increased more slowly than the
former. This corresponds to the Darwinian law of individual
development — the ratio of growth and correlative con-
nection between individual parts of the body of animals,
which is also confirmed by body composition indices.
In connection with the fact that the average daily and
therefore the absolute gains of Aberdeen Angus in all age
periods were lower than those of Hereford cattle, they were
inferior to Herefords in terms of live weight (table 5). The
relative growth rate in animals of both breeds in all studied
periods was practically the same — 19-22%. The lower
rate of increase in live weight of Aberdeen Angus has
a negative impact on the efficiency of using feed because
animals use more nutrients in the diet to obtain a unit of fat,
including crude, than to produce muscle tissue (meat).
The results of our research correspond the statement
of many scientists that the absolute increase in the body
weight of animals increases intensively until it reaches
1/3 of the weight of the grown animal, and then decreas-
es [16]. These indicators are important from a practical
point of view, and the relative growth rate (multiplicity)
indicates the intensity of growth and the intensity of as-
similation processes in the body [3]. It is also important
for assessing the genetic potential of productivity and the
economic and biological characteristics of the breed.
The level of meat productivity depends on the condi-
tions of animal feeding [6]. As for feed costs for live weight
gain, they increased with age, especially after 18 months
of life, which is associated with faster growth rates of
adipose tissue compared to muscle tissue (table 6).
This is characteristic of precocious specialized breeds
with intensive formation of beef marbling. Each kilogram
of fat increases the total feed consumption [9].
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Table 3. Body structure indices in bulls

Age, months
12 18 24 30
H 47.8 452 449 43.8

Indicator Breed

Long-leggedness

AA 47.5 43.2 421 36.9

Stretching H 1205 1224 1249 12538

AA 119.5 1242 1263 127.2

Pelvic-thoracic H 1056 1133 117.2 119.4

index AA 97.6 98.8 1M11.7 116.9

Thoracic index H 68.8 71.5 73.3 78.8

AA 69.0 70.7 79.2 81.7

TR H 119.6  120.7 1245 1299

AA 132.7 1355 137.7 140.0

Macklocks/hip H 26.1 27.8 294 314

joint index AA 33.5 37.5 42.0 46.0

S H 16.1 16.2 16.7 16.8

AA 18.2 19.2 19.6 19.9

. H 30.9 31.8 32.8 33.1
Latitude AA

29.0 30.2 34.0 36.0

Table 4. Gain in bulls of experimental breeds

Age period, Daily average, g Absolute, kg, X+Sx
months H AA H AA
0-6 1191 901 215.5+1.12 162.2+1.64
6-12 1008 882  126.0£2.91 68.8+1.87
0-12 936 707  341.5%3.74 127.2+2.89
12-18 875 676  157.5+4.64 103.7+5.19
0-18 924 620 499.0+6.99 334.71+5.91
18-24 853 626 81.517.81 112.616.47
0-24 795 612  580.5+8,96 447.3+7.72
24-30 661 534 83.0+9.11  60.2+8.37
0-30 730 558  663.5£11.04 507.5+9.85

Table 5. Dynamics of live weight in bulls, kg (X+Sx)

Breeds
Age, months H AA
At birth 25.0+0.50 23.5+0.58
6 240.5+3.85 185.7+4.11
12 366.5+5.70 254.5+4.34
18 524.0+£7.90 358.2+6.19
24 606.5+£8.25 470.8+7.71
30 688.5+9.50 531.0£8.67

Table 6. Feed costs per 1 kg of growth, MJ (X+Sx)

Breeds
Age, months H AA
0-6 132.4£1.17 135.1£1.24
6-12 112.7+1.14 113.4+1.27
12-18 91.2+0.98 96.2+1.06
18-24 119.6+1.16 125.4+1.24
24-30 148.4+2.67 153.61£2.78
0-30 117.2+1.24 121.3£1.31

Thus, the potential of rocks even in the difficult eco-
logical and climatic conditions of the Ukrainian steppe is
great. Therefore, it is short-sighted to abandon the use
of Herefords and Aberdeen Angus, both in the creation
of purebred herds and in industrial crossbreeding.
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Table 7. Slaughter rates of bulls (X+Sx)

. Age, Breeds
Indicator mo?]ths H AA
18 508.46.77 340 1+4.27
Fre's'a.ughter 24 583.0¢10.64  447.018.90
ive weight, kg
30 688.2+14.72 504.3+12.31
18 312.7412.52 202.9+6.05
\f,ﬁgmfggcarcass 24 363.0£14.10 259.2+4 46
30 416.1£16.3 294.0+9.64
18 61.4+0.41 59.8+1.35
g‘ﬁsm ‘f,zrcass 24 62.240.63 57.940.40
30 62.3+0.37 58.3+0.09
Specific weight 18 86.4+0.83 85.7+0.77
of the high 24 84.9+0.74 83.2+0.81
category offal, % 30 85.5+0.57 82.8+0.64
18 5.7+0.10 6.8+0.14
Crude fat weight, kg~ 24 18.9+0.24 13.920.31
30 23.0+0.39 17.020.44
18 1.1£0.12 2.00.94
Crude fat output, % 24 3.7+0.18 4.1£1.12
30 4.641.41 5.0£2.17
18 64.6+0.30 61.4+0.90
Slaughter yield, % 24 65.5+0.42 61.1£0.31
30 65.7+0.24 61.9+0.34

Table 8. Morphological composition of carcasses (X+Sx)

. Age, Breeds
Indicator mo%ths H AA
18 239.2+3.12 163.4+3.77
Muscle weight, kg 24 284.3+3.01 209.4+2.99
30 328.942.92 244.9+2.70
18 76.5+2.02 80.5+1.19
Muscle yield, % 24 78.312.14 80.8+1.76
30 79.1+3.01 83.3+2.04
18 42.4+1.14 35.6+1.41
Bone weight, kg 24 54.6+1.87 42.9+1.58
30 60.2+2.94 47.4+3.06
18 5.6+0.11 4.610.17
Meatiness index 24 5.2+0.19 4.9+0.24
30 5.4+0.32 5.2+0.39
The specific weight 18 12.3+0.79 8.5+0.66
of the high quality 24 12.6+0.86 8.7+0.83
meat, % 30 12.740.97 8.8+0.84
Table 9. Characteristics of crude fat (X+Sx)
. Age, Breeds
Indicator mo?\ths H AA
18 15.91+0.6 6.9+0.8
Crude fat weight, kg 24 18.9+2.01 13.9+0.3
30 23.1£2.03 17.0£1.8
. 18 4.9+0.17 2.6+0.32
'”C'g‘gggia - 24 8.9£1.19 3.1£0.96
30 9.7+1.31 5.9+1.04
18 7.4+0.82 2.2+0.66
kidney, kg 24 8.3+1.09 6.9+0.93
30 8.6+1.22 7.3t1.12
18 3.5+0.31 3.1£0.12
intestinal, kg 24 4.2+0.40 3.2+0.87
30 4.9+0.52 3.5+0.91
18 0.1+0.01 0.2+0.01
heart, kg 24 0.5+0.10 0.7+0.12
30 0.9+0.24 0.7+0.21
18 5.1£0.47 3.5+0.24
Output of crude fat 24 5.240.49 5.4+0.62
30 5.6+0.54 5.84+0.73
18

The Hereford bulls breed by habitus and live weight
were larger and heavier than Aberdeen Angus ones.
Despite this, the animals of both breeds in the end of the
experiment reached high weight conditions, which had
a positive impact on slaughter indicatiors (table 7).

The majority of scientists were limited to raising
livestock up to 15, 18, and 21 months of age [10].
We believe that such age periods are not typical for all
meat breeds, due to the great difference in the results
of their slaughter. Therefore, we conducted a study
when the animals were slaughtered at a later age.

One of the main indicators of the nutritional value of
beef is the weight of the carcass and its morphological
composition and ratio of individual parts, yield of offal and
crude fat (table 8). The carcasses of experimental ani-
mals in all controlled periods are classified as | category.

With the age of the animals, the weight of the paired
carcass, crude fat, and therefore the slaughter weight and
the slaughter yield, increased, except for the yield of high
categoty offal. During the entire period of research, Her-
eford bulls were ahead of their Aberdeen Angus peers.
The morphological composition of carcasses shows that
precocious British breeds show the greatest intensity of
growth in live weight and carcass weight up to 18 months
of age, and later — fat weight (table 9). Itis desirable to take
this pattern into account when deciding on the duration of
their cultivation and implementation, because the synthesis
of each extra kilogram of crude fat, which, like subcutaneous
fat (watering), is not in demand by the consumer, and the
body spends much more feed than on production of mus-
cles [1]. Age-related changes also occur in the chemical
composition of fat. This is especially visible when compar-
ing breeds — Herefords accumulate more raw material.

In adults, the function of individual organs and me-
tabolism decreases, as a result of which the intensity of
fat deposition in different parts of the body is not uni-
form. First, it accumulates on the internal organs, then
between the muscles and under the skin, and at the
end of fattening — in the muscles (the meat acquires
marbling). Fat synthesis increases from the moment
when the caloric content of the diet begins to exceed the
body’s energy expenditure. Ability to early obesity is one
of the signs of precociousness of livestock [11].

Fat is evenly distributed between muscles, which
makes them “marble” and increases the taste of beef [6].
Out of the total amount of fat in the body of bulls, the share
of fat in the carcass was 29%, and fat in raw meat was
71%. In their further cultivation, the amount of fat in the
carcass increased to 55% (table 10). The chemical com-
position changed with age — less moisture, more protein
and especially fat. The ratio of muscle components be-
comes more attractive to the consumer [8]. The presence
of fat in the meat makes it juicy, tender and aromatic.
But excess fat impairs the body’s assimilation of nutri-
ents and the culinary qualities of beef. The total weight
of crude fat increases dynamically from 15—18 months of
age. Gastric and cardiac had the highest growth rates,
and intestinal occurred at a slower rate [7].
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Table 10. Chemical composition of muscles, % (X+Sx)

Indicator mﬁ?l?ﬁs H Breeds AA
18 60.9+£2.83 63.6+2.17
Water 24 57.3+1.81 59.4+1.77
30 54.1+0.56 55.7+0.61
18 16.9+0.39 16.1+0.57
Protein 24 16.2+1.61 15.9+1.72
30 15.6+1.14 15.4+1.66
18 21.242.24 22.1£1.98
Fat 24 24.5+2.57 25.7+2.19
30 29.3+1.19 30.2+2.14
18 34.8+1.71 34.7£1.98
Fat:water ratio 24 42.312.49 43.2+2.86
30 54.24+3.92 54.2+4.17
18 0.8+0.04 0.7+0.05
Protein:fat ratio 24 0.7£0.03 0.6+0.05
30 0.5+0.05 0.5+0.06
Galoric content in 18 11.15+0.969 12.1+£0.886
1 kg of muscles, MJ 24 12.49+1.149 13.241.219
30 14.08+2.041 15.1£2.140

There was no clear regularity of the yield of offal.
But with the age of the animals there was a trend of
an absolute increase in the weight of the most nutri-
tionally valuable offal, while their relative and specific
weight decreased (table 11).

The absolute weight of the stomach and its compo-
nents consistently increased with the age of the animals
(table 12). When studying the ratio of the weight of the
stomach and its departments with the pre-slaughter live
weight, the same pattern was revealed. In Hereford bulls,
the development of the stomach was generally complet-
ed by 18 months, in Aberdeen Angus — by 20 months.

In accordance with the general biological laws of in-
dividual development of cattle, the relative weight of the
stomach and rumen increased throughout the period of
research, and the rumen, reticulum and abomasum —
only up to 18 months of the animals’ life. This also applies
to the intestines.

Structural transformations of the rumen, reticulum
and omasum occur after the 3© month of age, which is
associated with a change in the type of feeding, when
the abomasum reduces its function in connection with
the transition from the dairy period of nutrition to vege-
table feed. It also contributed to the development of the
intestines. We did not find a clear dependence of its
length on the age of the bulls (table 13). But there was
a tendency to decrease the length of the small intestine
and increase the length of the large intestine.

Undoubtedly, the size and function of the small and large
intestines was affected by the type of livestock feeding,
namely, the total weight and specific weight of coarse-fiber
feed was increased in the rations — straw of winter and
spring crops, silage not only from corn of milk-wax maturity,
but also of full grain maturity (so-called “yellow silage”) and
silage from dried alfalfa, meadow hay and sown cereal and
leguminous grasses, mineral feed and feed additives, food
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Table 11. Weight and yield of offal (X+Sx)

Breeds
Offal Age, H AA
months weight, output, weight, output,
kg, % kg, %
18 16.9+1.11 3.3 10.7£0.97 2.1
| category, total 24 20.9+342 3.6 114114 25
30 2024350 3.0 14.1+271 2.8
. . 18 6.0+0.4 1.2 5.3+0.81 1.5
incltting: 24 63302 1.1 56093 1.3
30 7.7x1.1 1.2 6.92090 1.4
18 0.9+0.02 0.2 0.7£0.01 0.2
kidneys 24 1.0£0.03 0.2 0.8+0.01 0.2
30 1.2¢0.05 0.3 0.940.04 0.2
18 1.5£0.10 0.3 0.7¢0.10 0.5
heart 24 2.0£0.02 0.3 1.81+0.20 04
30 2.3t0.10 0.3 1.9+0.20 04
18 1.240.09 0.2 0.7+0.8 0.2
tongue 24 1.2¢1.00 0.2 0.8+0.7 0.2
30 1.4+1.10 0.2 1.0£0.9 0.2
18 0.9+0.05 0.2 0.8%0.05 0.1
brain 24 1.0+0.08 0.2 0.940.07 0.2
30 1.5¢0.11 0.2 1.3%0.08 0.2
18 35.0£2.71 6.8 31.7+214 9.3
Il category, total 24 4531418 7.8 37.2+342 8.3
30 497+521 7.0 389417 7.7
_ - 18  3.4+1.00 0.7 2.9+05 0.9
eend 24 38:079 07 41:10 09
30 4.1+0.3 0.6 4.4+1.1 0.9
18 3.8£0.51 0.8 4.1+0.4 0.9
lungs 24 6.0£0.80 1.0 5.6+0.3 1.2
30 6.8+0.10 0.7 6.1+0.2 1.2
18 0.9+0.10 0.2 0.6x0.1 0.2
spleen 24 0.9+0.10 0.2 0.7£0.2 0.2
30 0.9+0.10 0.1 0.8#0.1 0.2

Table 12. Development of the stomach of bulls, kg (X+Sx)

Indicator mﬁ%?ﬁs H BEeod AA
. 18 16.5+2.12 12.940.32
tsottgrlnak‘;h weight, =52 17.742.43 15.0+0.44
30 21.8+2.81 18.4£1.17
including: 18 10.0+0.83 6.7+0.52
rumgeh 24 10.1£0.86 6.9+0.98
30 10.2+£0.94 8.9+1.24
18 1.0£0.33 0.7£0.12
reticulum 24 1.2+0.37 0.84£0.26
30 1.7£0.39 0.9+0.19
18 2.1+£0.07 1.2+£0.17
abomasum 24 1.6£0.19 1.61£0.21
30 2.1£0.15 1.7+£0.19
18 2.1+0.03 4.3+0.16
omasum 24 6.0£0.20 5.7+0.19
30 7.8%£1.2 6.91£0.20

industry waste from food grain processing. A similar effect
on the development of the gastrointestinal tract was provid-
ed by a change in the regime of livestock feeding, the se-
quence of feeding the ration of fodder, taking into account
their nutritional and palatable qualities of forage.
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Table 13. Weight and length of intestines of cattle (X+Sx)

Indicator mé)%?ﬁs H BIceHs AA
] ] 18 6.5£0.42 6.0+0.24
2SS TRl i 24 9.740.89 6.840.51
total, kg
30 10.2+0.21 7.2+0.19
including: 18 2.3+0.10 2.4+0.11
small 24 3.4+0.43 2.9+0.40
intestine, kg 30 3.640.72 3.1+0.53
18 3.3+0.19 2.6+0.22
colon, kg 24 5.3+0.42 2.740.13
30 5.4+0.71 2.8+0.51
18 0.9+0.04 1.0£0.10
cecum, kg 24 1.0£0.01 1.220.11
30 1.240.06 1.320.50
, , 18 43.7+1.39 38.4+0.41
fihelintestine 24 45.6+1.61 41.240.29
length, total, m
30 46.8+0.50 42.10.40
including: 18 35.4+1.32 33.0+0.80
small 24 35.7+1.61 34.4+1.12
intestine, m 30 36.7+1.55 35.0+1.42
18 6.8+0.54 4.1+0.21
colon, m 24 8.3+0.63 5.5+0.33
30 8.4+0.29 5.7+0.90
18 1.5+0.09 1.0£0.14
cecum, kg 24 1.6£0.01 1.3x0.11
30 1.7+0.06 1.44£0.12
Ratio of the whole 18 1.28 1.76
intestine weight to 24 1.67 1.62
the live weight, % 30 1.50 1.43

The condition of the bones, the specific weight of which
decreased by 1.5 times over the course of the research
with age, while the absolute weight and size increased by
two times, their strength by three times, also testifies to the
good adaptation of the experimental cattle to the ecological,
climatic and fodder conditions of the steppe of Ukraine.
This was influenced by the amount of calcium and phos-
phorus in them, the indicators of which are higher in Here-
ford than in Aberdeen Angus and the bone walls were thicker
(table 14). The mineral state of the bones of both breeds
is optimal for realization and high meat productivity.

The marketable properties of the skins of bulls of both
breeds already at the age of one year met the require-
ments of the leather industry for raw materials: heavy
(categorized as bull — more than 25 kg), high yield,
long, wide, large area, Herefords are relatively thicker.

All these indicators naturally increase with age, as
well as the habit of the animals — in the subsequent pe-
riod of slaughter, they exceeded the weight of the skin
of the animals in the previous one (table 15). A similar
trend took place in relation to their length, width and area.
The chemical composition remained practically stable
during the entire period of research.

The quality of the meat of bulls in all studied age
periods had high physical and technological properties
and was suitable for culinary use and long-term stor-
age (table 16). One of the criteria that determines the
completion of growing young animals is the meat ma-
turity indicator — the ratio between fat and moisture [4].
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Table 14. Mineral composition of bulls’ bones, % (X+Sx)

Breeds
Indicator Age, - e
months  hymer- meta- humer- meta-
us carpal us carpal
18 23.8+ 324+ 229+ 30.8%
+0.51 +0.32 +0.51 +0.29
Calcium 24 28.6+t 38.3t+ 254+ 354+
+0.23 +0.60 +0.47 +0.69
30 28.3+ 39.7+ 26.7+ 37.1%
+0.60 +0.84 +0.63 +0.78
18 12.3¢ 11.9+ 11.8% 10.7¢
+0.22 +0.31 +0.19 +0.27
12.4+ 12.0¢ 11.9% 11.5¢
FEHEETES 24 4030 024 +034 +030
30 12.1% 12.7¢ 12.2+ 12.1%
+0.34 +0.23 +0.29 +0.26
18 0.04+ 0.04+ 0.04+ 0.03
+0.011 #0.011 £0.012 +£0.007
e 24 0.04+ 0.05+ 0.03+ 0.03%
+0,015 +0.009 +0.010 +0.009
30 0.03t 0.05+ 0.03+x 0.04%
+0.011 £0.021 £0.014 +£0.010
18 0.9+ 0.6 0.7 0.6%
+0.08 +0.07 +0.02 +0.01
- 0.8+ 0.8+ 0.7+ 0.9+
el 24 4008 $0.02 +0.02 +0.01
30 0.8t 0.7 0.6t 0.8t
+0.09 +0.07 +0.01 +0.02
18 1.8 1.4% 1.7 1.5¢
+0.14 +0.12 +0.14 +0.11
. 1.7+ 1.6+ 1.7+ 1.7+
b = 24 4010 017 +0.16 +0.16
30 1.7 1.7t 1.6% 1.6%
+0.12 +0.09 0.12 0.13
18 2067+ 2500+ 1921+ 2341+

+33 +109 +49 +98
Crushing force, 24 3001+ 5939+ 5217+ 5016+
kg/cm? 152 +153 74 1144
5667+ 5067+ 4839+ 5421+

30 “ig8 4233 %82  +169

More than 30 animals older than 18 months indicates
a high fat content of beef and the expediency of their
slaughter. But even at the age of 30 months, the quality
of the meat remains high. Precociousness of animals
also determines the ratio between dry matter and mois-
ture. In our study, it was in the range of 0.56—0.60 in both
breeds in the conditions of the steppe of Ukraine.

The beef quality is also determined by the ratio be-
tween protein and fat. 0.5-1:1 is considered normal.
The growth of fat increased the calorie content of meat,
which is age-dependent [5, 13].

Hereford and Aberdeen Angus breeds bulls are
able to show high productivity in the ecological, cli-
matic and fodder conditions of the steppe of Ukraine
under pasture-free cultivation for up to 2.5 years and
reach 688 and 531 kg of live weight, respectively, at the
end of fattening, with a harmonious body and perfect-
ly expressed m in clear forms. Therefore, they should
occupy a worthy place in the structure of meat cattle
breeding of the state and contribute to the increase in
the production of high-quality marble beef.
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Table 15. Quality of steamed skin (X+Sx)

It is more expedient to hold animals of the researched
breeds up to 18-24 months, but today, when their num-
ber is small, and reproduction requires a certain amount
of time and money, we believe that it is possible to ex-
tend the period of growing the relevant livestock up to
30 months. At the same time, the quality of beef and broth
practically does not change with age and it is 4.5 points.

Indicator mﬁ%?ﬁs H Blesds AA
18 55.3£3.52 204114
Weight, kg 24 60.7+1.27 43.0£5.72
30 63.7+2.91 48.05.21
18 10.2+0.54 11.9+0.4
Output, % 24 10.7+1.81 9.6+1.5
30 10.9+2.79 9.5+2.4
18 198.3+9.17 197.3+0.18
Length, cm 24 216.3+10.42 215.040.14
30 226.7+10.61 219.040.23
18 185.7+2.76 186.5+0.12
Width, cm 24 223.0+3.45 190.0+0.19
30 226.4+5.14 196.0+0.31
18 362.149.54 368.4+1.11
Area, cm? 24 482.3+11.73 409.0+2.63
30 489.7+12.12 411.643.71
. 18 5.6+0.20 43408
mﬁggfﬁi”ﬁ: 24 6.240.73 6.842.12
30 8.4+1.37 6.5+2.71
Table 16. Meat quality (X£Sx)

Indicator m%%?r’] s H D AA
o vt 18 4042123 39.121.4
. Carcagss‘ kg 2 48.9+1.27 40.4+1.50

30 54.3+2.32 50.9+2.12

, 18 50.742.17 61.7+4.13

i'; atthvﬁg?éass, o 2 69.643.27 72.1+6.18
30 96.4+6.11 114.4+8.12

o 18 4.49+0.002 4.32+0.001

m‘}g{’o?“a“tat"’e 24 4.32+0.002 4.24+0.02
30 4.30+0.004 4.03+0.05
18 0.8+0.01 0.640.01
Protein:fat ratio, % 24 0.7+0.03 0.5+0,01
30 0.540.02 0.4£0.02
18 21.241.41 22.7+1.38
Meat marbling, % 24 24.9+1.60 26.4+1.54
30 29.2+2.02 31.242.07

, 18 11.241.04 12.9+1.09

fig’g?;%’;frmf 24 12.541.15 14.741.29
30 14.1+1.34 18.1+1.47
18 0.5440.0061  0.498+0.0052

Tendemess of 24 0.679:0.0074  0.689+0.0069

meat, g/cm/sec

30 0.718+0.0081 0.701+0.0074

Dynamic age-related changes in the live weight of
animals caused changes in linear external measure-
ments, indexes of a compact physique with a devel-
oped deep chest, a full rear part of the body, which are
characteristic of cattle with a strong constitution and
potentially high meat productivity. The relative growth
rate of experimental bulls during the study was with-
in 19-22% and did not exceed 1.2—1.3 times the live
weight of the previous period.

In comparison, Herefords differ from Aberdeen An-
gus bulls in a somewhat larger habitat, massiveness,
growth energy, feed conversion, slaughter performance,
balanced morphological composition of carcasses,
meatiness ratio, heavy fatless offal and skin with a thin
layer of irrigation.
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KomnnekcHa ouiHka 6yraiB CKOPOCTUrNUX M’SICHUX NopiA aHrMincbKoi cenekuii B ymoBax YKpaiHu

B. C. Kosup
izkz003337@gmail.com

IHCTUTYT 3epHoBMX KynbTyp HAAH, Byn. Bonognmupa BepHagcbekoro, 14, m. [Hinpo, 49009, YkpaiHa

[MpoBeaeHo iHTerpoBaHy OLIHKY NPOAYKTUBHOCTI ByranLiB CKOPOCTUINMX M'SICHUX repeddOpACHKOT i abepanH-aHryCbKoi nopia aHmin-
CbKOI cenekLuii B yMoBax cTenoBoi 30Hu YkpaiHu. BctaHoBneHo, Lo xyaoba 3 MicLeBOCTi MpUMOPCLKOro KnimaTy npuMcTocyBanach o
CYXOrO >XapKOro cepeaoBuLLA CTEMOBOI 30HK, MPO LU0 CBiAYaTh KMiHiYHI MOKa3HUKX OpraHiaMy TBapuH. Xyaoba rapMOHIHO po3BUBaroch,
eKkcTep’epHi NpoMipuy Ta iHaekey Tinobyaosm Bynn B Mexax nopoaHux HopM. Byranui repedpopacekoi i abepanH-aHrycbKkoi nopia 3a ymos
6e3nacoBMLLHOIO BUPOLLYBaHHS [0 2,5 poKy MNpy 3aBepLUeHHi Bigrodieni Manu BUCOKY NPoAyKTUBHICTL — 688 i 531 kr macw Tina Bigno-
BiJHO, 3 rAPMOHINHO PO3BMHYTUM Tyrny6oMm Ta ifeanbHO BUpaXeHMn M'acHuMmn doopmamu. Byraiiui 6ynm komnakTHOI Tinobyaosu 3 pos-
BVHYTUMM MUBOKMMU rpyabMUI, BUNOBHEHOI 3a4HBbOI0 YaCTMHOIO TiNa, L0 XapaKTepHO AN XyAobu 3 MiLLHOK KOHCTUTYLIEIO | MOTEHLRHO
BMCOKOI M’SICHOIO MPOAYKTUBHICTIO. BigHocHa WwBmAakKicTb pocTy Gyraiuis BNpogoBx AocnigkeHHs byna B mexax 19-22%. Tomy BoHM
€ NepCrneKT1BOI M'CHOTO CKOTapcTBa YKpaiHu ANns 36inbLUeHHs BUPOOHMLITBA BUCOKOSIKICHOT «MapMypoBOi» srnoBuunHu. Mepedopan,
NOPIBHAHO 3 abepanH-aHrycamu, BUPI3HAIOTLCA AeLlo GinbLunmM rabitycom, MacuBHICTIO, €HEpPriEt0 pOCTY, KOHBEPCIEO KOpMY, 3abinH1MK
nokasHukamu, 36anaHcoBaHMM MOPONOriYHUM CKnadoM TyLl, koedilieHToM M’sicHOCTi. AGCONIOTHI i BiAHOCHI NpupocTy Macu Tina
NiATBEPAXKYOTb BUCOKUIA TEHETUYHUIA NOTEHLian M’ACHOT NPoayKTUBHOCTI: 18—24-micauHi Byranui gocsarnm peanisauiiHux KOHOULIN.
Ha cborogHi ix KinbkiCTb HEBENUKA, a BiATBOPEHHS BUMarae NeBHOro Yacy i KOLWTIB, TOMy BBaXKaEMO, LLIO TEPMiH BUPOLLLYBaHHS NOronis’st
MOXHa nogoexunTh Ao 30 MicauiB. Y nepiof CTaHOBMEHHS ranysi M'iCHOrO CKOTapCTBa MOXIMBO BUPOLLYyBaTV MONoaHsK 4o 30-MicsiyHOro
BiKy 6e3 noripLueHHs 3abiiH1X NoKa3HMKIB Ta KyniHapHUX | CMaKOBUX SIKOCTEN SANOBUYMHM BiANOBIAHO A0 BUMOT CMOXuUBaYa.

KnrouoBi cnoBa: Benvka porarta xynoba, nopoaa, byrai, ekctep’ep, M'sicHa NPOAYKTUBHICTb, 3a6iiHi NOKa3HUKW, SIKICTb SNOBUYNHN
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Po3BUTOK OpraHiYHOro TBapMHHMLTBA, 30KpeMa nraxis-
HULTBA, Ha KM HauineHa YkpaiHa, notpebye kapauHanbHOi
3MiHM MigxoA4iB Woao NpodinakTukM Ta NikyBaHHS iHdeKLUin-
HMX 3axBoOpoBaHb. MakpoopraHiam i MikpobioTa LUnyHKOBO-
KMLUKOBOIO TPaKTy CTAHOBNATb €4WHY €KOMOriYHy CUCTEMY
3 roMeoCcTaTUYHO piBHOBaroto. poTe il nopyLUeHHa 3a-
rPOXXy€e BMHUKHEHHSAM y NTuUi gucbanaHcy HopModnopu
KMLLIEYHUKA i pO3BUTKY 3aXBOpPIOBaHb HakTepiansHOi eTionoril.
3 ornagy Ha ue 3pocTae notpeba y po3pobui Ta 3aCToCyBaHHI
npobioTMYHUX NpenaparTiB. BUCokuiA aHTaroHicTUYHMIA No-
TeHuian GakTepin pogy Bacillus w000 iHWKnX naToreHis BU-
KNuMKae HayKoBWI i BUPOBHMYUI iHTEpPECU Loao po3pobKu
NpobioTUKIB 3 3any4eHHsAM iX 4O CKnagy O3HavYeHux bakrepin
SIK ansTepHaTUBKN aHTMBIOTMKaM. Ane Yepes HasiBHICTb pyuau-
KiB NpsMoi nepegadi R-nnasmig aHTMBIOTUKOPE3NCTEHTHOCTI
GioTMYHIN MiKpOdnopi LWYHKOBO-KMULLKOBOTO TPAKTy pa3oMm
3 NpoBiOTUYHNMM WITaMamMmM 3a HAbYTTs HEK Pe3UCTEHT-
HOCTI, NepcrneKkTMBHI WTamMmun 6akTepin pogy Bacillus NOBUHHI
OyTK NepeBipeHNMN Ha YYTNMBICTb 40 aHTUBIOTUYHUX Npe-
napariB. BigibpaHi Hamn nepcnekTnBHI NPOBIOTUYHI 3 BUCO-
KMM piBHEM aHTaroHiamy wtamu Bacillus subtilis Bs-5 i Bs-9,
Bacillus licheniformis Bfl-1 i Bfl-4, Bacillus coagulans Bcg-5,
Bacillus amyloliquefaciens Baf-1 i Baf-3 nposiBnsanu nosHy
YYTNUBICTb 4O 3aCTOCOBAHNX aHTUOIOTUKIB — NpeaCcTaBHUKIB
rpyn kapbaneHemiB, (OTOPXIHOMOHIB, rMikonenTuais, NiHKO3a-
MigiB, MakponiTiB Ta okcasonigoHis. Lli wramn 6ynn peko-
MEeHO0BaHi sk NpobioTUYHI, aHTUBIOTUKOYYTNMBI, 6Ge3neyHi,
NepcneKkTUBHI AN BUKOPUCTAHHSA Y KOHCTPYIOBaHHI Npobio-
TUYHKX NpenapartiB. OgepxaHi pesynsratu nabopaTopHuX
JocnigkeHsb iHWKnX wramiB B. subtilis, B. licheniformis, B. co-
aqulans, B. amyloliquefaciens 3acBigunnv NpucyTHICTb cepea
HMX BGakTepiii, NoNIPe3NCTEHTHMX 0O aHTUBIOTKKIB rpyn doTop-
XiHOMNOHIB, kKapbaneHemiB, Makponigis i rmikonenTugis.

KnroyoBi cnoBa: aHTUGIOTUKOPE3NCTEHTHICTL, aHTaro-
HICTMYHA aKTUBHICTb, NpobioTMYHI WTamu, Bacillus subtilis,
Bacillus licheniformis, Bacillus coagulans, Bacillus amylo-
liquefaciens
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Bctyn

B cy4yacHomy cBITi 300poBuI CNOCib XWUTTA geknapy-
€Tbcs Y kpaiHax €C, CLUA, iHWNX pO3BMHEHUX KpaiHax
CBIiTY, 30Kkpema i B YkpaiHi. O3Ha4yeHuIn HanpsiMOoK 3Be-
OEeHWI 0O AepXaBHOI MOSITUKM i3 rONOBHUMW 3aBAAHHS-
MU — 306epEXEHHSIM CYCMiNbHOrO 300POB’S Ta BiKOBUM
NPOOOBXEHHAM XXUTTSI HACEINEeHHs KpaiH Yepes3 doyHKL-
OHarnbHe xap4yBaHHS SIKICHOIO CiNbCbKOroCMnoAapChKO
NpoayKui€eto, 30Kpema NpoayKTamm NTaxiBHUYOI rany-
3i 3aBOSIKM OOEPXKaHHI0 YMCTOT, eKONoriyHo B6e3neyHoi
npoaykuii ntaxisHuutea [11-13, 18, 22].

HwHi y nTaxiBHW4in ranysi YkpaiHy npioputeTHNM € po3-
BMTOK OpraHiyHoro nTaxisHuUTBa. ToMy Yy NikyBaHHI i npo-
doinakTuLi IHeKLinHNX 3axBOptoBaHb NTULL COCTEpIraloTb
TeHAOEeHLo A0 3pocTaHHst NoTped y 3acTocyBaHHI 3acobiB
GionoriyHoi Tepanii, 3okpemMa npobioTukie [2, 7, 19].

Ha puHKy GionoriyHo akTMBHUX NpenaparTiB B Ykpa-
THi NnepeBaxatoTb NPOOIOTMKKN, BUFOTOBIIEHI HA OCHOBI
nakTo- i bidigobakTepin [1, 30]. MpoTe Ha cy4acHomy
eTani po3BUTKy aHTUbakTepianbHOI Tepanii NpuaInsaTh
Ha[BaXXNUBY yBary BUBYEHHIO METOLIB 3HELLKOOXKEHHS
DakTepianbHUX iHAEKLN 3a LONMOMOTOK BUKOPUCTaHHS
HenaToreHHUX NpoBioTUYHUX CNOPOYTBOPHOBANMBHUX
MikpoopraHiamie. Ocobnueui iHTEpec npueepTatoTb bak-
Tepii pogy Bacillus. 3'acoBaHo, o uj 6akTepii € HancTin-
KILLMMW OO HECMPUATNMBMX YMOB 30BHILLHBOMO Cepeno-
BULLIA, 34aTHI NPOSBMASATM BUCOKUIN PiBEHb aHTaroHiamy
i BUXXMBATM HaBiTb Yy HAATO HECMPUATIMBUX YMOBaXx
poBkinns. BctaHosneHo, wo 6akrtepii poay Bacillus €
NpoayLEeHTaMK LUMPOKOTO CreKTpy GionoriyHO akTUBHMX
CnonyK — aHTUBIOTUYHKX, CronyK 3 BakTepiocTaTUYHUM
edeKTOM, TUX, AKi NOCUMNIOKTL HecneundiyHi dakTopu
iIMYHITETY 32 OMOMOrOK akTuBaLii Makpodaris, cnpus-
0Tb MPOSIBY KOMMIIEKCHOT 3anarbHoi Aji i 3abe3nevyoTb
3HELLKOMKEHHS CBOIX KOHKYPEHTIB — MaTOreHHUX Mikpo-
opraHismis [37]. BakTepil poay Bacillus npoaykyTb
CMOMyKM 3 NO3UTUBHMM BMMMBOM Ha hbakTopu cneuu-
dhivHOro iMyHITETY Yepes niaBuLleHHS piBHs IgA T IgG.
B LUNYHKOBO-KULLIKOBOIO TpaKTi 03Ha4eHi bakTepii 3aBasku
NPOAYKLI BNACHNX Pi3HNX (dePMEHTIB MNONINLLYOTb Kinb-
KicHe 3pocTaHHsi Hopmodbnopu [6, 15, 26].

Bigomo, wo Bacillus subtilis € npogyLeHTOM noBepx-
HeBO-aKTUBHUX peyoBuH (MAP) — ninonentuay cyp-
oaKTiHy, sSIKMIA LOMOBHIOE Ta MOCUITIOE aHTUDaKTepians-
Hy Zito, 3abe3nedye reMoniauc, yTBOpHOE iOHHI kKaHanu
y ninigHux membpaHax. 3'aBunmcs NoBiAOMIIEHHS NPo
npoaykuito B. subtilis noninentuais: ninonentuay Net,
SIKUN 30IACHIOE aKTUBHWI aHTUBaKTepianbHUA BNMUB Ha
CMopoBi MiKpoopraHiamMu Ta ninonenTuay iTypuHy, SKuin
nposiBnsie aHTMbakTepianbHy Aito i NigBULLYE eneKkTpo-
NPOBIAHICTb NiNigiB y KNITMHHUX MeMOpaHax. [Npoaykuisi
Taknx pevyoBuH 3abesnedye Gaktepiam B. subtilis spat-
HICTb NPOSABNATV BUCOKUI aKTUBHUN aHTaroHiam [5].
[o Toro > BOHM MaloTb NepeBary B KONOHi3aLil HOBUX
cepenoBuL, Ta KOHKYpPEHLiT 3a cybcTpaTt 3 iHWuMmn
NaToreHHNMM MiKpoopraHiamamm, 30Kkpema i B 3aceneHHi
LLNTYHKOBO-KULLIKOBOTO TPakTy ntuui [16, 22].

24

lNpoTe Ha ¢OHI NposBY BacHMX BUCOKUX aHTa-
FOHICTMYHMX BnacTtueocTen baktepin pony Bacillus
3'ABnSETLCA iHWa npobnema, ska nonsrae y 30aTtHOCTI
unx BakTepin Jo WBMAKOT nepenadi iHdbopmalii Wwoao
X aHTUBIOTUKOCTINKOCTI Yepe3 ropusoHTanbHy nepeaa-
4y reHiB. [eHK CTIMKOCTI nepeaatoTbCa ropu3oHTanbHO
AodipHiM kniTnHam GakTepin Bacillus, aki Hagani cTBo-
PIOIOThb CTiNKY aHTUBIOTUKOPE3NCTEHTHY NONYNSLito.
CTinKiCTb 4O KOHKPETHOrO aHTUBiIOTUKA BU3HAYa0Th
R-nnaamign; cepen HUX € KOH'loraTuBHi, TPAHCMICUBHI,
30aTHI NnepegaBaTh Pe3NCTEHTHICTb Bif ogHoro bakte-
PiNHOro LWTamy A0 iHWOro B Mexax Buay, pisHuX BUaiB
i poaiB mikpobie [3, 9, 14].

AKTyanbHUM MUTaHHAM y po3pobui NpobioTUYHNX
npenapariB € BUBYEHHS aHTUBIOTUKOPE3UCTEHTHOCTI
CKITagoBMX NPOBIOTMYHMX WTamiB GakTepin ans 3anobi-
raHHsa nepefadi peaucTeHTHOCTI MIKPOBIOTi LUyHKOBO-
KMLLKOBOTO TPaKTy NOOVHW, TBAPWH, MNTULL MiCNsi 3aCTo-
cyBaHHs npobioTuka [28, 34, 38].

MeToto poboTun Byno NPOBECTU CKPUHIHT LLIOAO aHTU-
BiOTUKOPE3NCTEHTHOCTI BUCOKOAHTArOHICTUMHUX LUTaMiB
bakTtepin pogy Bacillus, BuaineHux Big ntuui i3 pisHux
perioHiB YkpaiHu, 3 NepCnekTMBOIO X 3aCTOCYBaHHS Ans
KOHCTPYIOBaHHs NpoBioTMYHNX npenaparis.

MaTepianu i meToam

EkcnepumeHTanbHi 4OCNimMKeHHA NpoBeneHo Ha 6asi
naboparopii AiarHOCTMKKN 3aXBOpOBaHb bakTepianbHOI
eTionorii (JIA3BE) depxaBHoro HaykoBo-4oCigHOro
IHCTUTYTY NabopaTOpHOI AiarHOCTUKM Ta BETEPUHAPHO-
caHiTapHoi ekcneptuaun (QHOTOBCE), m. Kuis.

[nst KOHTPOMHO SKOCTI XXMBUIBHUX CEPEeaoBULL, X CTe-
PUNBHOCTI Ta AKOCTi ANCKIB 3 aHTUBIOTMKaMN BUKOPUCTO-
ByBanu TectoBi Kynerypu Staphylococcus aureus ATCC
6538, Bacillus cereus ATCC 11778, ogepxaHi i3 Myaeto
TeCTOBUX KynbTyp Mikpoopraiamis JIO36E OHAUTABCE.
TecToBi KynibTypu S. aureus i B. cereus 36epiranu y kpio-
reHi3oBaHOMY CTaHi B MOPO3UrbHI kKamepi 3a Temnepa-
Typn —70,0+£10,0°C, B KkpioreHHUX npobipkax 3 KpiorpaHy-
namu (CRYO-Billes). Ons BigHOBNEHHA MeTabomMiYHNX
npoueciB S. aureus i B. cereus i3 KpiOreHHOro CTaHy Bia-
MOBIQHI KpiorpaHynu nepeHocunu B NpoBipKky 3 TPUMTOH-
coesum bynbroHom (TCB) i kynsTuByBanu 3a Temnepa-
Typn 37,0+1,0°C BnpogoBx 24 rog. MNicns 3akiH4eHHs
TepMiHy iHKybaLii TeCcTOBI KynbTypu nepecisanu Ha
TpunTtoH-coeBun arap (TCA), KynbTuByBanu B TepMo-
ctaTi 3a Temnepatypu 37,0+1,0°C ynpogosx 24 roa.
BigHoBneHi TeCTOBI KyrnbTypy MiKpoopraHismMie S. aureus
i B. cereus nicns nepeBipky Ha BiQNOBIOHICTL OCHOBHMM
TUMOBMM BMNACTUMBOCTSIM Bynu gonyLUeHi 4O NpoBeaeHHS
BianoBigHux koHTponis (Committee on Antimicrobial
Susceptibility Testing, Bepcia 12.0, 2022).

[ns BiAHOBMNEHHS MeTaboNIYHMX NPOLIECIB Y KpioreHi-
30BaHNX TECTOBUX KYIBTYP 3 METOHO iX MOAANbLIOrO BUKO-
pycTaHHs y gocnigax surotosnsinu TCB (HiMedia M002
Nutrient Broth); TCA (HiMedia M109-100G Tryptone

bionozia meapuH, 2023, 1. 25, N2
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Soya Agar w/Yeast Extract and Hemin). [1na noscsk-
[JEHHOTO KOHTPOJSHO SIKOCTi ANCKIB aHTUOIOTMKIB Ta nocTa-
HOBKWM OCHOBHOrO AOCHiAY 3 BUSHAYEHHS YYTNMBOCTI
00 aHTMBIOTVKIB Ans NpaBUIbHOI IHTEpNpeTaUil pesyrb-
TaTiB BUKopuctoByBanu arap Mionnepa-XiHtoHa (MXA)
(HiMedia M1825R M173/M1084).

B pocnigpkeHHsIX 3 BU3HaYeHHs1 CTIMKOCTi AOCNiAHNX
isonsTiB GakTepin pogy Bacillus oo aHTUBIOTUYHMX Npe-
napartiB 3aCcTOCOBYBanu aHTMBIOTMKK: iMineHem (10 Mkr),
meponeHeMm (10 mMkr) — rpyna kapbaneHemis; UMnpo-
donokcaumH (6 mkr), neBodoriokcauuH (6 MKr), Hopdorok-
cauuH (10 mkr) — rpyna (pTOpXiHOMOHIB; BaHKOMILWH
(6 mkr) — rpyna rmikonenTuais; epuTpoMiLuH (16 Mkr) —
rpyna niHko3amifis; KniHaamiumH (2 MKr) — rpyna makpo-
nigis; niHesonig, (10 MKr) — rpyna okcasonigoHis. Bci aycku
3 aHTMGioTUKaMm BUpobHULTBa Himedia Laboratories
Pvt. Limited (IHgis) 3 BignoBigHUMK TepMiHamMun npuaar-
HocTi. [lucku 3apeectpoBaHi B YkpaiHi Ta BignosigatTb
MikHapogHum ctaHgaptam skocTi 1ISO, CE, WHO GMP
(Committee on Antimicrobial Susceptibility Testing, Bep-
cia 12.0, 2022) [36].

[na opgepxaHHA BiporigHUX pesyneraTis 3a A0Chi-
OKeHb Ha CTiNKICTb A0 aHTMBIOTHKIB BakTepin pogy Ba-
cillus NnpoBOAMM NOBCAKOEHHUA KOHTPOSb SKOCTI OUCKIB
3 aHTMBIOTMKaMK i3 BUKOPUCTaHHSAM TECTOBOI KyNsTypu
S. aureus sik ingynkaTopa. 3a nepeBipkn Ha aHTUBIOTUNKO-
yyTnmBicTb B6akTepin poay Bacillus BCTaHOBMEHO, WO
BEITMYNHWN 30H iHriOYyBaHHA POCTY 3@ BUKOPUCTAHHS AK
iHaukaTopa TecTtoBol kKynbTypn S. aureus (EUCAST
Version 12.0, 2022) ©ynu B Mexax fiana3oHy gonyc-
TUMUX 3Ha4YeHb, TOMY Hagani AUCKU 3 aHTUBIoTMKaMm
Jonyckanu 4o NOCTaHOBKW OCHOBHOIO Jocniay.

HocnimkeHHs Ha YyTnMBICTb A0 aHTUBIOTMYHMX Npe-
naparis nposenu 3 31 wramom pogy Bacillus, Buginexmm
i3 naTonoriYHoro Marepiany Big NTUL i3 rocnogapcTs pis-
HWX perioHiB YkpaiHu, 3okpema i3 13 wramamm B. subtilis
(Bs-1, Bs-2, Bs-3, Bs-4, Bs-5, Bs-6, Bs-7, Bs-8, Bs-9,
Bs-10, Bs-11, Bs-12, Bs-13); 6 wramamu B. licheniformis
(Bfl-1, Bfl-2, Bfl-3, Bfl-4, Bfl-5, Bfl-6); 8 wramamn B. co-
agulans (Bcg-1, Beg-2, Beg-3, Beg-4, Beg-5, Beg-6, Beg-7,
Bcg-8); 4 wrtamamu B. amyloliquefaciens (Baf-1, Baf-2,
Baf-3, Baf-4).

3acTocoBaHO NPSMKUIA METOA, BUrOTOBINEHHA BakTepi-
arnbHUX CyCreHsin NpoBioTUYHMX LUTamiB MiKpOOPraHi3miB.
[na yboro cTepunbHO GakTepionoriyHow neTnewn
BioOupanu Kinbka TMNoBMx (MopdOroriYHO CXOXKMX) KO-
NOHiIn 0oboBuMX (24 rog. KynbTUBYBaHHSA) KynsTyp Bigno-
BiOHMX LUTaMIB, BHOCUIN 4O CTEPUIbHOIO APi3ionoriYHoro
PO34UHY, peTenbHO nepemiyrouu. LWinsHicTs gocnipxky-
BaHUX OaKTepianbHMX CYCreH3il BUMIpHOBaIn, MOPIBHIO-
4 BidyankeHO 3i cTaHaapTom KanamytHocTi 0,5 standard
Mak-®PapnaHga 3 BUKOPUCTAHHSM LLAOIOHY.

MikpocKkoniYHMM METOAOM OHOYacCHO KOHTPOSoBa-
JIN YNCTOTY POCTY BCiX AOCNIAXKYBaHMX NPOOIOTUYHNX
wTamiB 6auun.

Ouncko-andysiiHm MeTogoM NPOBOAUIN MOCTaHOBKY
OCHOBHOIO JOCHiAy Ha BUSIBINEHHST CTiMKMX 0O aHTMBIOTH-
KiB MPOBIOTUYHMX LUTaMiB JOCNAKYBaHNX BakTepin pogy
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Bacillus. BurotoeneHi 6akrepiarnkbHi cycnensii npoGiotnimnx
LUTaMiB MiKpOOPraHi3miB iHOKyNoBanu Ha YaLukm 3 MXA.
Uepes 15 xB. nicng iHOKyNSLii YalloK Ha MOBEPXHIO arapy
HaHOCUNW AUCKU 3 aHTUBIOTUKaMK, MapKyBanu, TepmMo-
cTaTyBanu Bigpasay, OCKifbKU TPUMaHHS 3aCigFHUX YaLloK
3 QWckamm 3a KiMHaTHOI TemMnepaTtypu BrnvBae Ha odep-
XaHHA BiporigHMX pesynerartis. [na piBHOMIpHOro npo-
rpiBaHHs1 YaLloK 3 MociBaMm | TOYHOCTI 0bniky pesynsraris
dopmyBany CTOCH HaLLOK MO 5 LWTYK y KOXKXHOMY. Pexxnm
iHKy©OaLji npoxoavB 3a Temnepatypu 35+1°C 3a 3Bu4anHol
atmocdepm 3 TepmiHoM KynbTuByBaHHA 20 rog. [Nopsag
CTaBUIMN KOHTPOITb POCTY AOCHIAHWX NPOBIOTUYHNX MiKpO-
opraHiamiB 6e3 HaknagaHHA AMCKIB 3 aHTUBIoTUKaMW.

Mepen noyatkom obniky pesynsraTiB gocnigy nepe-
Bipsinn chOpMOBaHICTb ra3oHy 3a BidyanbHO PiBHOMIp-
HOrO CyLjinbHOro pocTy BakTepin poay Bacillus y Yalukax
3 KOHTpONsSMM pocTy. 3oHa iHribyBaHHSA POCTY AOCHIAHNX
WwTamiB poay Bacillus 6yna 4iTkoto, BidyanbHO BUAMMOL,
6e3 HasBHOCTI Oyab-AKOro POCTY KOMOHIN B i Mexax.
O6nik pesynsraTis NPOBOAWIW, BUMIPIOKOYM AiaMETPU 30H
3aTPUMKM POCTY HaBKOMO AMCKa 3 BianoBiaHMM aHTWGIO-
TUKOM, SIKi BU3HAYarm BisyanbHO 3a PO3MILLEHHS YaLlku
Ha BigcTaHi 6nnsbko 30 cm Big oyen. [Ans BUMiptoBaHHS
30H 3aTPMMKM POCTY YaLuky [1eTpi 3 3aKpUTOH KPULLIKOKO
po3MilLlyBanu JHOM LOBEpPXY Haj TEMHOI MaTOBOK
NMoBepXHelo Tak, Wob cBiTNo nagano nig kytom 45° —
edbekT BigbuToro ceitra. BumiptoBaHHs1 30H NPUrHiYEHHS
POCTY NPOBOAMIN 3 TOYHICTIO A0 HAMBNWXKYOro MinimeTpa
3a A0NOMOTOH0 LUTaHIeHUMPKYNS. IHTepnpeTaLito pesyrb-
TaTiB NpoBOAMNM 3rigHO 3 YnHHOW Bepcieto EUCAST
(Committee on Antimicrobial Susceptibility Testing, Bepcis
12.0, 2022), nopiBHIOOYN ofepKaHi 3Ha4YeHHS diaMeTpiB
30H iHriByBaHHSA POCTY AOCHIAHMX KYNbTYP i3 AOMYCTUMU-
MW MeXamu YyTIMBOCTI, NPEeACTaBNEHMIN y HOpMaTBax
EUCAST [36].

Yci paHi aHanisyBanu 3a 4ONOMOro nporpamMmm
Statistica 8.0 (StatSoft Inc., CWLIA). PesynbTtatu
B Tabnunuax oeMoHCTpyTbes sk XxtSE (cepegHe
3HayeHHacTaHgapTHa noxmbka). BigMiHHOCTI Mix
3Ha4YeHHAMU BBaXkanu BiporigHumun 3a P<0,05 (AStA
Advances in Statistical Analysis, Bepcis 8) [37].

Pe3ynbTati 1 06roBopeHHs

Mwv BunpoGyBanu gocnigxysaHi wramu B. subtilis
Ha CTiNKiCTb 0O aHTMBIOTKKIB. AHani3 pesyneratis BU-
nNpoOyBaHb y LIbOMY HanpsMKy nokasas, Lo, Nornpu
Ay>Xe BUCOKi aHTaroHiCTMYHI BNacTUBOCTI, BinbLlocTi
JocnigKyBaHum wWtamam B. subtilis 6yna nputamaHHa
aHTNBIOTUMKOPE3NCTEHTHICTb. I3 13 gocnigHux isonaTis
B. subtilis 9k aHTMOIOTMKOYYTNMBI BAAnocs Bigibpatn
nuuwe 2 wrtamm — Bs-5 i Bs-9. B o3HauyeHux wramis
3 BUCOKMMMW aHTaroHiCTUMHUMM BRaCTUBOCTAMU LLIOAO
rpaMHeraTUBHUX Ta rPamMmnoO3NTUBHUX TECTOBUX KYNbTYpP
3a BM3HAYEHHS1 aHTMBIOTUKOYYTIIMBOCTI, BCi MOKA3HMKM
AOiaMeTpiB 30H iHribyBaHHA pocTy Oynu B AianasoHi 3Ha-
YeHb, SKi 3acBigvyBany YyTnuMBICTb A0 3aCTOCOBaHMUX
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rpyn npenaparis [5]. Tomy wramu B. subtilis Bs-5 i Bs-9
Oynu BM3HAYEHI SIK YyTNMBI OO aHTMBIOTWKIB Ta BigibpaHi
Ans nodanbLuoi poboTK SIK NepcnekTUBHI i 6e3neyHi
NpobioTnYHI GakTepii 4N KOHCTPYOBaHHS BioNOrivYHUX
npenapari..

BigibpaHi aHTaroHiCTM4YHO akTVBHI WTamm Bs-6 i Bs-11
BUSIBUIUCS JOCUTL YYTIVBYMU 0 BNIMBY aHTUOIOTUYHMX
npenaparis, NPOTE Yy HUX BUSBNIEHO MOHOAHTUBIOTHKO-
PE3UCTEHTHICTb 4O EPUTPOMILIMHY Ta LMNpodhrioKkcaLuHy
BiANOBIAHO.

Y AocnigxXyBaHUX BUCOKOAHTArOHICTUYHO aKTUBHUX
wramiB Bs-1, Bs-2 aHTUBIOTUKOPE3UCTEHTHICTL Byna
BMSIBIIEHa A0 ABOX aHTMBIOTMKIB 6€3 )KOAHOT 3aKOHOMIp-
HOCTI, OCKifnbku WtaMm B. subtilis Bs-1 ByB pe3sncTeHTHUM
00 npeacTaBHKKIB kKapbaneHemis, Bs-2 — go eputpo-
MILMHY | BAHKOMILWHY.

[pO pe3nCTEHTHICTL 40 BaHKOMILMHY WwTamy B. sub-
tilis Bs-2 cBiguvB NokasHWK giaMeTpy 30HW iHribyBaHHsI
pocTy Ha piBHi 8,7+0,7 Mm. OCKiNbK1n BaHKOMILVH €
AHTMOIOTMKOM YETBEPHOIO MOKOMIHHSA 3 BUCOKUM aHTU-
DakTepianbHMM edheKkToM, NosiBa CTiIMKNX A0 Moro aii
OakTepin B. subtilis cnpuinHae 3aHENOKOEHHS LLIOAO
nepegadi pesUCTeHTHOCTI iHLIMM MiKpoopraHiamam no-
nynauii abo iHwum Buaam baktepin. Tm nadve, wram
B. subtilis Bs-2 6yB BugineHun i3 natmartepiany Big
NTULi, WO BKa3ye Ha MMOBIPHY LIMPKYNALito Taknx 6ak-
Tepin y camomy rocnogapcrsi.

Bci iHwi wTamu B. subtilis 3 BACOKUM piBHEM aHTa-
FOHI3MY 3a ofepXaHMu pesyrnbsrataMu AoCHiaKeHb BU-
SIBUIMCS NOMiaHTUOIOTUKOPE3UCTEHTHUMMU | NPOSBIIANN
PE3NCTEHTHICTL B 3 A0 6 pisHOBMAIB aHTUBIOTKKIB rpyn
kapbaneHemiB, (PTOPXIHOMOHIB, NiHKO3aMIgiB, MakponiTis,
okcasonigoHis (Tabn. 1).

3a aHani3om pesynesraTie AoCimKeHb Oyro 3'9CoBaHo,
Lo cepeq 6 wramie B. licheniformis 3 BUCOKMMM aHTaro-
HICTUYHMM BNACTUBOCTAMM ABa i3 HUX — wtamm Bfl-1
i Bfl-4 — nposiBnsnm 4yTnmnBICTb 4O OCHOBHWX IPYM aHTU-

BioTMYHUX Npenaparis, WO NigTBEPO4XKYBanu BENUYUHA
AiameTpiB 30H iHribyBaHHSA pocCTy, ki Oynu B gianasoHi
3Ha4YeHb YYTNMBOCTI LLOAO 3aCTOCOBaAHMX rpyn aHTubio-
TukiB. B. licheniformis wrtam Bfl-3 nposiBnse pe3ncTeHT-
HiCcTb 0 imineHemy. Bci iHWi wramn B. licheniformis 3a
pesynbratamu BUnpobyBaHb BUSBANUCA NMOMiaHTUBIOTUKO-
PE3NUCTEHTHUMMU, OCKINbKM NOKa3HMKW AiaMeTpiB 30H
iHriByBaHHSA POCTY BYNN HUXKYUMU 3@ FPAHNYHY MEXY
YyTnmBocTi (Tabn. 2).

Bisyanisauito gocnig)eHb BUCOKOAHTarOHiCTUYHNX
WwTamiB B. coagulans Ha CTIRKICTb 0 aHTUBIOTMKIB Npea-
CTaBMneHo Ha puc.

3a nokasHvkamu giaMeTpiB 30H iHribyBaHHSA poCcTy
nicnsa GakTepuumaHoi Aii aHTMBIOTUKIB YCiM WTamam
B. coagulans, okpim Bcg-5, 6yna nputamaHHa noniax-
TUBIOTUKOPE3NCTEHTHICTb 40 NPeACTaBHUKIB rpyn Kap-
bGaneHemiB, (TOPXIHOMOHIB, NiHKO3amiagiB. HanyacrTiwe
BUSABNANN CTINKICTb O aHTUBIOTUKIB MeponeHemy,
umnpodriokcauuHy, nesorokcaumHy, epuTpoMiLmHy
y B. coagulans wtamu Beg-1, Beg-3, Beg-4, Beg-6, Beg-
7, Bcg-8. o Toro x y wramis B. coagulans Bcg-1, Bcg-
3, Bcg-7 Ta Bcg-8 BusiBrneHo CTinkicTb 40 BAHKOMILIMHY.

LLlono BucokoaHataroHicTuiHoro B. coagulans wtamy
Bcg-5, To nokasHuku giameTpiB 30H iHribyBaHHSA pocTy
Oynu B gianasoHi 3Ha4YeHb, siKi NigTBEpOKyBanu YyTnu-
BiCTb A0 aHTMbakTepianbHMX NpenapartiB. ToMy 03Ha-
YeHun wrtam ByB BigibpaHun Sk NPOBIOTUYHMIA, aHTK-
BioTMKOYYTNMBUIA, Be3neYHWIn Ta NepPCnekTUBHUI aAng
KOHCTpYOBaHHS NPobioTUYHMX Npenaparis (Tabn. 3).

3a aHani3om ogepxaHunx pesynbsraTtiB 4OCHiIKEHb
3 BUBYEHHS CTIKOCTi 0 aHTUOIOTUKIB 4 BUCOKOAHTa-
roHIiCTMYHMX WTammn B. amyloliquefaciens, cepep, sikux
npobioTuyHi wtamu Baf-2 i Baf-4, nposiBnsinv noniaHtu-
BiOTMKOPE3NCTEHTHICTL A0 NPEACTaBHUKIB rpyn Kap-
bGaneHewmiB, dbTopXiHOMOHIB, NiHko3amigis. Lle nigTeep-
O>KyBanu BeNnYMHU giameTpiB 30H iHribyBaHHS pocTy
OOCNIMKYBaHMX KynbTyp 3a fii aHTMBIioTUKIB.

Puc. Bisyanizauis pesynsratie 4oCnigXeHb 3 BU3HAYEHHS Yy TNMBOCTI 10 aHTMBIOTUKIB Pi3HMX KNaciB NpobioTMYHOro Wramy

Bacillus coagulans Bcg-4. a — wtamu, pe3aucTeHTHi 40 aHTUBIOTKKIB; b — wiTamu, YyyTnmBi 4O aHTMGIOTKMKIB

Fig. Visualization of the results of studies on the determination of sensitivity to antibiotics of different classes probiotic strain Bacillus
coagulans Bcg-4. a — strains resistant to antibiotics; b — strains sensitive to antibiotics
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Ta6nuua 1. CrinikicTb wWtamis Bacillus subtilis o 0CHOBHMX rpyn aHTUGIOTKKIB
Table 1. Resistance of Bacillus subtilis strains to the main groups of antibiotics

3rigHo
3 EUCAST 30HMU iHribyBaHHSA poCTy, MM:
According to of growth inhibition zones, mm:
EUCAST
OiameTpu 30H
iHribyBaHHSA
AHTNGIOTUK pocTy, MM pocnigkyBaHi Wwramu Bacillus subtilis:
Antibiotic zone diameters research strains of Bacillus subtilis:
growth inhibition,
mm

Yz P<

s> R< Bs-1 Bs-2 Bs-3 Bs-4 Bs-5 Bs-6 Bs-7 Bs-8 Bs-9 Bs-10 Bs-11 Bs-12 Bs-13
:m‘::)z*r']z"r"n 30,0 30,0 28,0£0,3 30,3:0,3 30,3+0,3 30,3:0,3 30,7+0,7 30,3:0,3 31,7#0,7 27,0¢0 32,3:0,3 30,0+0,7 30,0:0 30,7¢+0,7 30,320,3
BT EEL 25,0 250  24,020,7 257+0,3 243:0,3 24,7+0,7 26,3:0,3 253:0,3 250:0 257+0,7 26,3t0,3 23,0:0,7 26,0:0,7 253:0,3 26,0:0,7
Meropenem £ 3 V=, =Y, V=Y y =Y, =y V=, E =Y, V=Y =y V= V=, V=,
g:’éﬂggﬁ(‘;‘;‘i‘ﬁa””” 50,0 23,0  23,0:0,7 23,7+0,3 22,320,3 22,3:0,3 250+0,7 23,3:0,3 21,0¢0,7 23,3+0,3 23,3:0,3 227407 21,0:0,7 20,3+0,7 21,0¢0,7
Ej\‘fgﬁ(’)‘:(g'éfﬁ””” 50,0 23,0  23,0¢0,3 23,7+0,3 20,020,7 20,3:t0,3 24,3x0,3 23,3:0,3 20,0:0 23,7#0,7 24,0:0,7 237+03 23,0:0,7 21,0£0,7 20,30,3
Hgﬁ%ﬂ;’gi‘i‘a””” 21,0 21,0  21,0£0,7 21,3:0,7 213%0,3 20,0:0 24,3+1,0 21,007 19,0:0,7 20,3%0,3 24,303 20,0:0,7 22,0+07 18703 18,007
BaHkoMiLuH
Vancomyoin 10,0 10,0  10,0¢0,3 8,7:¢0,7 10,0:0,7 10,3¥0,3 11,7¢1,0 10,3#0,3 10,3:t0,3 10,0:0 13,3+1,0 10,020,7 10,3:0,3 10,3x0,3 10,0£0,7
S PSR 24,0 240 24,3203 217403 217+1,0 21,7¢0,3 2500 23,0+0,7 26,0¢0,7 23,7#1,0 250+0,7 23,7+0,3 24,0:0,7 22,007 28,710
Erythromicyn i) 3 =\, =\, y =1, y I =Yy Pl VU= W=y =1, y =y y I =Yy =y =y =1,
T 17,0 17,0  17,3t0,3 17,320,3 17,0:0,3 17,3:0,3 19,3x0,3 17,0:0,3 17,3:t0,3 18,310 18,0:0,7 17,0t0,7 18,0:0,7 153%0,3 17,0:0,7
Clindamycin £ t V=Y, V=Y, V= V=, V= V=Y V=Y, V=1, y V= gV =\ V=Y V=Y V=Y
iliissoria 22,0 220  22,3:0,3 22,060 21,7¢+1,0 21,0£0,7 24,7+0,3 22,0:0,7 22,020,7 23,3:+0,3 24,3%0,3
LlneZOIld ] 3 =\, = sy =1, gy =y y I =y V= =y P =\, =y - - i -
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Tabnuusa 2. Crinkicte wramis Bacillus licheniformis o 0CHOBHMX rpyn aHTUBIOTUKIB
Table 2. Resistance of Bacillus licheniformis strains to the main groups of antibiotics

3rigHo 3 EUCAST
According to EUCAST

niameTpu 30H

[iameTpu 30H iHribyBaHHA pocTy, MM:
Diameters of growth inhibition zones, mm:

AHTUGIOTUK iHriByBaHHs pocTy, MM pocnigxkyBaHi Wwramu Bacillus licheniformis:
Antibiotic zone diameters research strains of Bacillus licheniformis:
growth inhibition, mm
- > Bfi-1 Bfi-2 Bfi-3 Bfl-4 Bfi-5 Bf-6
ImineHem / Imipenem 30,0 30,0 37,7+0,3 30,0+0,7 29,0+0,7 32,340,3 28,3+1,3 31,3+1,0
MeponeHem / Meropenem 25,0 25,0 26,310,3 24,310,7 25,0+0,7 26,310,3 24,310,3 26,240,2
Linnpodonokcauut / Ciprofloxacin 50,0 23,0 23,7+0,7 20,5+0,3 24,7+0,3 26,3+1,0 25,0+1,0 22,7+0,3
TNeBodnokcauuH / Levofloxacin 50,0 23,0 23,240,2 21,240,3 26,7+1,0 25,7+0,3 24,7+0,3 20,3%1,0
HopdnokcaumH / Norfloxacin 21,0 21,0 22,3+0,7 21,3+0,3 25,2+0,2 29,0+0 19,3+0,7 21,8+0,5
BaHkomiuumH / Vancomycin 10,0 10,0 12,7+0,3 9,3+1,0 10,0+0,7 13,310,3 12,010,7 10,5+0,3
EputpomiumH / Erythromycin 24,0 24,0 26,7+0,7 24,0+0 26,3+1,0 26,3+1,0 26,7+1,0 23,3+0,7
KningamiumH / Clindamycin 17,0 17,0 18,3+0,7 15,611,0 17,3¢1,0 19,210,2 16,310,3 15,7+0,3
NiHesonia / Linezolid 22,0 22,0 24,7+0,3 22,0+0,7 26,3+1,0 23,3%1,0 23,0+0,7 19,3+0,3
Ta6nuusa 3. CrilikicTb WTamis Bacillus coagulans po 0CHOBHWX rpyn aHTUBIOTKKIB
Table 3. Resistance of Bacillus coagulans strains to the main groups of antibiotics
3rigHo 3 EUCAST [iameTpu 30H iHribyBaHHS pocTy, MM:
According to EUCAST Diameters of growth inhibition zones, mm:
niameTtpu 30H
AHTUGIOTUK iHribyBaHHSA pocTy, MM pocnimkysaHi Wwramu Bacillus coagulans
Antibiotic zone diameters research strains of Bacillus coagulans:
growth inhibition, mm
gi E: Bcg-1 Bcg-2 Bcg-3 Bcg-4 Bcg-5 Bcg-6 Bcg-7 Bcg-8
ImineHem / Imipenem 30,0 30,0 31,2¢0,5 30,3+1,0 28,3+0,3 30,0£0,7 39,0£0,7 33,5+0,3 28,7+0,3 27,5+0,3
MeponeHem / Meropenem 25,0 25,0 22,340,7 24,2+0,2 22,7+0,3 23,3%0,3 26,0+0,7 28,0+0 25,5+0,3 23,0+0,2
LinnpodpnokcauwmH / Ciprofloxacin 50,0 23,0 22,0£1,3 27,2#0,5 22,3+1,0 25,6+0,3 24,0+1,0 21,2+0,5 23,3x0,3 21,0+0,7
JleBodhnokcaumH / Levofloxacin 50,0 23,0 20,8+0,2 22,0£0,7 19,7+0,2 26,0+0,7 26,0+0,2 20,5+0,3 21,5+0,3 24,5+0,7
HopdnokcaumnH / Norfloxacin 21,0 21,0 20,0+0,7 23,2+0,2 26,0£0,7 24,6+0,3 29,0+0,7 20,3%0,3 19,5%0,3 26,0+0,7
BankomiuuH / Vancomycin 10,0 10,0 8,8+0,2 11,3+0,3 8,8#0,5 10,3+0,3 19,8+0,5 10,7+0,2 9,0+0,7 7,5+0,3
Eputpomiumnt / Erythromycin 24,0 24,0 22,040 22,3x0,3 25,5%0,3 22,0+0,7 26,56+0,3 22,7+0,3 22,3+0,3 24,0+0,2
KningamiuwH / Clindamycin 17,0 17,0 18,0£0,7 17,5%0,3 17,3%0,3 15,7+0,3 25,8+0,2 15,7+0,3 17,5+0,3 17,0+0,2
NiHesonia / Linezolid 22,0 22,0 26,0+0,7 22,0£0,7 22,2+0,2 19,0£0,2 23,0+0,2 22,7+0,3 23,5%0,3 23,5+0,3

Y B. amyloliquefaciens wtamis Baf-1 i Baf-3 BusBu-
NN YyTNUBICTb 4O BCiX 3aCTOCOBaHMWX rpyn aHTnbakTepi-
anbHuX npenaparis. OgepXxaHi BENVYMHKU iaMeTpiB 30H
iHribyBaHHS pOCTY Y 3ragaHux AOCHiMKYBaHUX LLITaMiB
Oynn B MeXax NMoKa3HWKIB HEraTMBHOMO TECTY Ha aHTu-
GioTMKOpe3ncTeHTHiCTb. Tomy WwTtamn B. amyloliquefa-
ciens Baf-1 i Baf-3 Bu3HaueHi sk npoBGioTh4Hi, aHTMGIo-
TUKOYYTNMBI, 6e3neyHi Ta NEPCNEKTUBHI ANst KOHCTPY-
toBaHHSA NpobioTukiB (Tabn. 4).

28

Takum YnHOM, NPOBIOTUNYHI, 3 BUCOKMM aHTaroHiCTUY-
HUM noTeHuianom aga wramu B. subtilis (Bs-5, Bs-9),
nBa wtamu B. licheniformis (Bfl-1, Bfl-4), oguH wtam
B. coagulans (Bcg-5), oBa wramn B. amyloliquefaciens
(Baf-1, Baf-3) nposiBnsnm 4yTnmnBICTb 4O NPeaCTaBHMKIB
pi3HMX KknaciB aHTMBIOTKKIB. BOoHM Bynn pekomMeHOoBaHi
0119 KOHCTPYIOBaHHA NPobioTMYHMX NpenaparTiB sk nep-
CNEKTMBHI, NPOBIOTWYHI, 3 BUCOKMM PIBHEM @HTaroHi3my,
aHTUBIOTUKOYYTNUBI Ta 6e3neyHi.
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Tabnuus 4. Crinkicte wramis Bacillus amyloliquefaciens 0o 0CHOBHMX rpyn aHTUGIOTUKIB
Table 4. Resistance of Bacillus amyloliquefaciens strains to the main groups of antibiotics

AHTUGIOTUK
Antibiotic

3rigHo 3 EUCAST
According to EUCAST

niameTpu 30H
iHriByBaHHs pocTy, MM
zone diameters
growth inhibition, mm

[liameTpu 30H iHribyBaHHA pocTy, MM:
Diameters of growth inhibition zones, mm:

pocnimxysaHi Wwramu Bacillus amyloliquefaciens
research strains of Bacillus amyloliquefaciens

o > Baf-1 Baf-2 Baf-3 Baf-4
ImineHem / Imipenem 30,0 30,0 31,0+0,7 30,2+0,7 37,7+0,3 29,8+0,3
MeponeHem / Meropenem 25,0 25,0 28,5+0,3 23,8+0,2 28,0+0,3 23,7+0,2
Linnpodprokcaumt / Ciprofloxacin 50,0 23,0 25,5+0,5 27,2+0,2 24,8+0,5 23,3+0,3
TeBocbnokcauuH / Levofloxacin 50,0 23,0 24,5+0,5 22,3+0,8 26,2+0,7 19,0+0,7
HopdnokcauuH / Norfloxacin 21,0 21,0 22,5+0,3 20,0+0,7 25,7+0,3 21,2+0,2
BaHkomiumH / Vancomycin 10,0 10,0 11,310,3 11,310,3 19,2+0,2 10,2+0,2
EputpomiumH / Erythromycin 24,0 24,0 26,3+0,3 24,2+0,7 24,8+0,5 21,840,2
KniHgamiumH / Clindamycin 17,0 17,0 17,7+0,3 17,2+0,2 18,2+0,2 17,240,2
Ninesonig / Linezolid 22,0 22,0 22,7+0,3 19,30,3 24,7+0,3 22,8+0,5

Bci octaHHi gocnimkyBaHi Wwtamu poay Bacillus, mato-
YY1 BUCOKMI @HTaroHICTUYHUIA eDEKT, MPOSIBSANM CTIMKICTb
00 aHTubioTukiB Big 1 oo 2—3 i Ginblue NpeacTaBHMKIB
Pi3HMX rpyn aHTUBIOTUKIB, cepen Akux bGinbLua YacTnHa
LWTaMmiB 3anumLianmcs nomniaHTMbioTMKOCTINKMMM.

[oBeneHo, Lo edekTUBHICTb NPOBIOTUYHUX Npenapa-
TiB BU3HAYaETBLCA CYKYMHICTHO BioNnoriYHnX BNacTMBOCTEN
LWTaMiB KynbTyp, SIKi BXOAATb A0 iX cknaagy [15, 17].

BueHi BBaXatoTb, LLIO HAMNEPCNEKTUBHILLUMW € NPO-
GioTMKN, CTBOPEHi Ha OCHOBI MiKpPOOpPraHiaMiB, LLO Ha-
nexartb go pogis Bacillus, Bifidobacterium Ta Lactoba-
cillus, came Tx BuaiB GakTepili, siki € NpeacTaBHUKaMM
MiKpOBIOLIEHO3IB LLIITYHKOBO-KULLKOBOIO TPAKTY TBAapUWH
Ta ntuui [3, 8, 30].

OpepxaHi HaMmn pesynbTaTi AOCHigXKeHb 3 LbOro
npmveoay NiATBEPAXYIOTb TON GakT, WO 3aCTOCYBaHHSA
NpobioTUYHNX NpenapaTiB NO3UTUBHO BMNIIMBAE Ha HOP-
MarisaLito MiKpoBIOTU LLIYHKOBO-KMLLIKOBOTO TPaKTY [5].

CaiToBUI JoCBIA 3acTOCyBaHHA aHTUOIOTKKIB Ha
npakTuui nokasas, WO B fiKyBaHHI iHpeKLiHMX 3axBo-
ptoBaHb ANSA 3HULLIEHHS NATOreHHUX MIKpOOpraHi3mis
GaxxaHO He BTpy4aTuCs aHTUBIOTMYHMMK Npenaparamm
y MiKpoOioLieHO3 KuMLLKiBHMKA. [JoBeaeHo, Lo 3a cnpusT-
NMBMX YMOB A1 PO3BUTKY NaToOreHHNX MiKpoopraHismis
aHTWBIOTVKM € ayxe HebesneyHnmmn. ToMy 3a HOBOHO Cy-
YaCHO0 KOHLENUIEo Ans NpoinakTykm i NikyBaHHS XBO-
pob y TBapWH i MTWLi, CIPUYUHEHNX YMOBHO-NIATOrEeHHU-
MU i NaTOreHHMK MiKpoopraHiamamu, HannepLue — e
CTUMYIIOBAHHS NPUPOLHOI PE3UCTEHTHOCTI OpraHiamy.
Cawme kuLikoBa MikpobioTa Ta iMyHHa cucTema opraHis
TPaBreHHs1 € NOTYXHUM NepUPEPUYHNM KOMIMINIEKCOM
iIMYHHOTO 3axuUCTY, Ik Be3nocepenHbO YM onocepea-
KOBaHO BMMMBae Ha iMyHHY PYHKLO Liiroro opraHiamy
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[13, 16, 20, 23-25, 30]. 3a gaHMK BYEHMX, CTabINBHUIA
CTaH HopManbHoI MikpobioTy 3abesnevye KomnoHisau,in-
HY PE3NCTEHTHICTb CNM30BUX 0OONOHOK KMLLEYHMKA 3a-
BOSKM CYKYMHOCTI MeXaHi3MiB, siki NiaTpMMYOTb CTanicTb
KiNbKICHOTO i BUAOBOrO Ckriagy NPUCTIHKOBOI MiKpOOioTH
i 3anoGiraloTb 3aceneHHI0 MakpoopraHiaMy NaToreHHUMK
MikpoGamu abo HagMipHOMY PO3MHOXEHHIO YMOBHO-
natoreHHux Gaktepin [11]. KniHiyHe 3Ha4YeHHs1 naTorex-
HUX | YMOBHO-MATOreHHMX GakTepii 3yMOBIEHE He nuLe
X LUMPOKUM PO3MOBCIOMKEHHSAM, @ 1 JOOPEe BUPaXKEHMU
BACTUBOCTAMM LLIOAO HABYyTTst pE3UCTEHTHOCTI 0 aHTU-
GakTepianbHMX npenapariB [35, 38]. Tomy Yepe3 BUHUK-
HEHHS1 y NaTOreHHWX MIKpOOPraHi3aMiB PE3MCTEHTHOCTI A0
NnoLMpPEHNX aHTUBIOTKKIB AN NpoTUaii i ansTepHaTUBK
NiKyBaHHIO aHTNBIOTUKaMKn HabyBatoTb 3HAYEHHsT NPOGio-
TUYHI Npenapatu. MNMopiBHSAHO 3 NPOBIOTUYHUMMU LUITaMa-
MM nakTobakTepil, GakTepii pogy Bacillus cTinkiwwi i npo-
ABNSAIOTb 3HAYHO BULLLY aHTArOHICTUYHY aKTVMBHICTb LLOAO
BNNMBY Ha NaTOreHHi MikpoopraHiamu [24].

PesynsraTtv Hawmnx JocnimxeHb NigTBEPaKYOTb, LLO
WwTamun poay Bacillus 3 BACOKOQHTaroHiCTU4HUM MOTEHL-
anomM MoxyTb ByTu noniaHTMBIOTUKOPE3NCTEHTHUMM [5].

HaykoBLi BUSIBUnK pisHOCNpSIMOBaHWIA BNvB Npobio-
TUYHWUX Npenaparie y cknagi 3 6akrepismn pogy Bacillus,
3yMOBIEHWI BakTepianbHOK TPaHCIOKALIED, KOM XKNT-
TesnaTHi BakTepii 3i LWNYHKOBO-KULLKOBOMO TPAKTY Yepes
KPOB NMPOHUKAIOTb Y BHYTPILUHI opraHu [25]. TpaHcnoka-
Lis NpeacTaBHUKIB HOpManbHOI MikpobioTu, npobioTny-
HWX BakTepini poay Bacillus i ix MeTaboniTiB € NOTY>KHUM
NPUPOOHNM 3aXUCHUM MEXaHI3MOM i BaXNMBUM (paKTo-
pOM aKTuBaLii HecneuundiYHOI PE3NCTEHTHOCTI OpraHiamy
TBapWH i ntuui [12, 24]. Came ToMy po3pobka echekTms-
HMX NPOBIOTUYHMX MpenapartiB Ha OCHOBI BakTepilt pogy
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Bacillus npvBepTae BenvKy 3auikaBneHiCTb BUPOBOHWMKIB
TBaPVHHMLBKOT NPOAYKLii, Nonpu Te, WO BKkasaHi 6akTepii
MOXYTb NPOSBAATY MEAVKAMEHTO3HY CTilKiCTb, 0CO0MnM-
BO Ao aHTuGioTukiB [33]. Hegapma aHTubioTMKOpE3nc-
TEHTHi B6aKTepii HasnBaTb NEPEMOXKLISIMU, SIKi BUXUIN
i aganTyBanucsa B yMoBax KOHKYPEHLil B 30BHILLHbOMY
cepenoBMLLi i 3a aHTUBIOTNKOBOI cenekuii. Mpu Lbomy
3'aBNA0TbCA Uini HOBI pacu 6akTepini, BUCOKOCTINKMX
0o aHTubakTepianbHMx npenaparis [10, 29].

BuyeHi HaronoLytoTb, L0 3aCTOCYBaHHSA aHTMBIOTUKIB
BNMBA€E Ha 3POCTAHHA CEMNEKLINHOMo TUCKY Ha Nonyns-
uito GakTepin poay Bacillus, BHacnigok Yoro cepen, HUX
YyTNMBI BakTepii MMHYTb, a KINbKICTb PE3UCTEHTHMX MiKpO-
opraHiamiB 3poctae. AHTUBIOTMKOPE3NCTEHTHI BakTepil
B TaKkMX yMOBaX MPOQOBXKYOTb POCTU, PO3MHOXYBAaTUCA
i KiNbKICHO 30inblUyBaTW PE3UCTEHTHY 40 aHTUBIOTMKIB
NonyrsLito MIKPOOPraHi3miB. Y 3B’s13Ky 3i 3Ha4YHMM MOLLIK-
PEHHAM aHTUBIOTMKOPE3NCTEHNX MIKPOOPraHi3miB 3poc-
Tae notpeba B ansTepPHATMBHUX METOAAX MiKyBaHHS,
30Kpema B npobioTukax [4].

Bigomo, wwo bakTepii MoXyTb HabyBaTU CTINKOCTI BHA-
CnigoK reHeTnYHoiI MyTadii B ixHin AHK (xpomocomHa
PE3NCTEHTHICTb) ab0 BHACMiAOK OTPUMaHHSI MOBINbHUX
€NeMEHTIB reHiB Bif iHWKMX GakTepii, SKMM Bnactuea
CTIVKICTb A0 aHTUBIOTKKIB (rOPN3OHTarNbHUI NEPEHOC
reHiB pe3ncTeHTHOoCTi). CuTyauito ycknagHioe Te, Lo
4YacTO OAMH FeH PEe3NCTEHTHOCTI 3aaTHU nepegasaTu
CTIMKICTb 4O ABOX i BinbLUe aHTUBIOTUKIB OQHOTO KIlacy —
nepexpecHa pes3vCTeHTHICTb. Pi3Hi reHn pe3ncTeHTHOCTI
3 JeTepMiHaHTaMM CTiMKOCTi 40 aHTUBIOTUKIB Pi3HMX
knaciB Yacto posTawoBytoTecs B [IHK 6akTepii nopsg
i MOXYTb 30iMICHIOBATW TaKy nepeaadvy OgHOYacHO —
KOPEe3UCTEHTHICTb. [Opn3oHTanbHa nepefaya reHis
aHTUBIOTUKOPE3UCTEHTHOCTI CTAHOBUTL CEPNO3HY 3a-
rpo3y, OCKiNbKM BOHa BiaOyBaeTbCs Ayxe LBMAKO i be3-
nocepeaHbo NPSAMUM LLNAXOM. Lien mexaHiam nepegaui
4YacTo CMPUYMHSIE OQHOYACHE MOLUNPEHHST CTINKOCTi A0
OeKinbkox aHTuBioTukiB pisHMX knacis [10, 31].

Konwu cTinkictb npoTn aHTUGIOTMKIB chopMOBaHa,
BakTepii 36epiratoTb ii NPOTArOM TPUBAIOro Yacy HaBiTb
3a BiICYTHOCTi KOHTaKTY 3 aHTUBioTMKamMu. YacTo cnocre-
piraloTb 0HOYacHy nepegaqvy reHiB aHTMbioTUKkopesunc-
TEHTHOCTI i BipyneHTHOCTI, Lo Npu3BoauTb OO MOSBU
PEe3NCTEHTHUX BaKTepili 3 NiOBMLLEHOIO BipYEHTHICTIO.
Hebe3neyHnm € Te, WO aHTMBIOTUKOPE3NCTEHTHI BakTepii
POPMYIOTb CTiKY NONYMsLit0 | NEPCUCTYIOTb B OpraHiami
TBaPWH Ta NTULi HaBITb MICNSA NPUMUHEHHS 3aCTOCYBaHHS
aHTubioTKKIB [29, 31, 35].

3Baxaloun Ha pu3nKM CTOCOBHO nepeadi aHTnbio-
TMKOCTINKOCTi MiKPOOIOTi LLITYHKOBO-KMLLKOBOTO TPaKTy
3a BUKOPUCTaHHA GionoriyHo akTMBHUX Npenaparis
i NPOBIOTKKIB 30KPEMa, NOCTaE NUTaAHHA B HEOOXIOHOCTI
nepeBipkM Ha PE3NCTEHTHICTb 40 aHTMOaKTepianbHUX
npenaparis NpobioTUYHUX LUTaMiB GakTepil, BigibpaHux
ONS KOHCTPYOBaHHSA NpobioTukis [6].

Hawi BMnpobyBaHHA CTOCOBHO aHTUBIOTUKOpE3nc-
TEHTHOCTI BUAiNeHux Big ntuui isonaTis poay Bacillus
Oynu NpUCBSAYEHI BUBYEHHIO LIbOTO NUTaHHS. Pesynsratm
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Halumx gocnimkeHb 6akTepin B. subtilis, B. licheniformis,
B. coagulans, B. amyloliquefaciens Ha 4YyTnuBIiCTb OO
aHTMBIOTUKIB NOKa3anu, Lo cepen BiaibpaHux nepcnex-
TUBHUX NPOBIOTUYHMX LUTaMIB 3 BUCOKUM aHTaroHicTu4-
HUM MOTEeHLiarom BUSIBNEHO aHTUBIOTUKOPE3NCTEHTHI
MikpoopraHiamy. HambinbLua KinbKiCTb WwTamis, pe3nc-
TEHTHWX 0 aHTUBIOTUYHMX Npenaparis, Oyna cepen Gak-
Tepin B. subtilis — oo 31,0%. Cepen H1x BUsiBANM nori-
PE3UCTEHTHICTb 40 aHTUBIOTKKIB rpyn O TOPXiHOMOHIB,
kapbaneHewmis i makponigis. Cepeq B. licheniformis nga
WTamy Byny Nomnipe3uCTEHTHNMU | MPOSABASANW CTIAKICTb
00 aHTUBIOTUKIB rpyn HTOPXIHOMOHIB | KapbaneHemis,
OOWMH i3 HUX OyB PE3NCTEHTHUM 4O BaHKOMILMHY (rpyna
rnikonentuais). Cepen B. coagulans nonipe3vcTeHTHUMMK
[0 rpyn hTOpXiHOSMOHIB | kKapbaneHemiB BUSIBUINCS LLICTb
LITaMiB, cepes HAX HOTUPU NPOSIBNSANY PE3NCTEHTHICTb
0o BaHkomiumHy. Cepen B. amyloliquefaciens pBa witamm
BUABUBCSH NOMIPE3NCTEHTHUMM LLIOJO 3aCTOCOBaHNX
Pi3HMX rpyn aHTUBIOTKKIB.

Llono Binbopy nepcnekTnBHMX NPOBIOTUYHMX LUTa-
MmiB, To cepep 31 wramy baktepini pogy Bacillus BusiB-
NEHO YyTNMBICTb 4O 3aCTOCOBAHMX rpyn aHTUBIOTHKIB
y Cemu i3 HuX (22,6%), siki Bynn BusHadeHi Sk NpobioTUYHI
3 BUCOKUM CTYMEHEM aHTaroHiCTUYHUX BNacTUBOCTEN,
aHTMBIOTMKOYYTNMBI, 6e3neYHi MikpoopraHiamu 3 nep-
CMEKTMBOK BUKOPWCTAHHS X 4S9 KOHCTPYIOBaHHS NMpobi-
OTUYHWX NpenapariB. PewwTa gocnigHux wramis 6akTepin
poay Bacillus 3 BACOKMM aHTarOHICTUMHMM MOTEHLiariom
y 77,4% BvNaaKiB NposiBNSANU Pe3UCTEHTHICTb A0 3acTo-
COBaHMX Pi3HMX rpyn aHTUGIOTUKIB. Lle BuKnnkae ctypoo-
BaHICTb HaLUMX JOCHIAHWKIB Ta iHLUMX HAYKOBLIB LLOAO
MOLUMPEHOCTI cepeq TBapuH i NTuui aHTubioTukopesnc-
TEHTHMX MIKpOOpraHiamiB.

BusHayeHo, 3a aHanisom pesynbraTiB NpoBeaeHnX
HaMW eKCNEPUMEHTIB, BUCOKOAHTOIOHICTUYHI LUTamu
B. subtilis Bs-5, Bs-9, B. licheniformis Bfl-1, Bfl-4, B. co-
agulans Bcg-4, B. amyloliquefaciens Baf-1, Baf-3, Bugi-
NeHi Big NTULi 3 pi3HMX perioHiB YkpaiHn, € aHTUBIoTUKO-
YyTINBUMU, NPOBIOTUYHUMM, BE3NEYHMMU, MEPCNEKTMB-
HMMW A KOHCTPYIOBaHHS NPOBIOTUYHMX Npenapartis.
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On sensitivity to antibacterial preparations of strains of Bacillus spp.
with a high level of antagonistic activity for the production of probiotics

O. M. Chechet, V. L. Kovalenko, O. I. Horbatyuk, N. V. Kuryata, G. A. Buchkovska, I. V. Musiets,
L. V. Shalimova, D. O. Ordynska, L. V. Balanchuk, N. V. Shchur, L. V. Togachynska
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State Research Institute for Laboratory Diagnostics and Veterinary-Sanitary Examination, 30 Donetska str., Kyiv, 03151, Ukraine

The development of organic livestock farming, in particular poultry farming, which Ukraine is targeting, requires a radical change
in approaches to the prevention and treatment of infectious diseases. The macroorganism and microbiota of the gastrointestinal tract
constitute a single ecological system with homeostatic balance. However, its violation creates a threat of an imbalance of intestinal
normal flora and the development of diseases of bacterial etiology in poultry. Considering this, there is a growing need for the develop-
ment and use of probiotic preparations. The high antagonistic potential of bacteria of the genus Bacillus in relation to other pathogens
causes scientific and industrial interest in the development of probiotics with their involvement in the composition of these bacteria
as an alternative to antibiotics. But due to the existence of risks of direct transfer of R-plasmids of antibiotic resistance to the biotic
microflora of the gastrointestinal tract together with probiotic strains when they acquire resistance, promising strains of bacteria of
the genus Bacillus should be tested for sensitivity to antibiotic drugs. We selected promising probiotic strains with a high level of an-
tagonism, Bacillus subtilis Bs-5 and Bs-9, Bacillus licheniformis Bfl-1 and Bfl-4, Bacillus coagulans Bcg-5, Bacillus amyloliquefaciens
Baf-1 and Baf-3 showed full sensitivity to the applied antibiotics — representatives of the groups of carbapenems, fluoroquinolones,
glycopeptides, lincosamides, macroliths and oxazolidones. These strains were recommended as probiotic, antibiotic sensitive, safe
and promising for their use in the design of probiotic preparations. The obtained results of laboratory studies of other strains of
B. subtilis, B. licheniformis, B. coagulans, B. amyloliquefaciens proved the presence among them of bacteria polyresistant to fluoro-
quinolone, carbapenem, macrolide and glycopeptide antibiotics.

Key words: antibiotic resistance, antagonistic activity, probiotic strains, Bacillus subtilis, Bacillus licheniformis, Bacillus coagulans,
Bacillus amyloliquefaciens
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MeToto po6oTr Oyrno BUSIBNUTU NpOTM3anarnbHUA ecpekT Ho-
BOrO MOXiAHOro 3 rpynu 4-TiasonianHoHiB — Les6490, onsa Yoro
NpPOBELEHO MOPIBHANBHE OOCMIMKEHHS BNMBY ABOX 3acobiB:
cnonykn Les6490 i Hivecynigy, SKMM HanexuTb OO rpynv He-
CTEepOoIgHMX NPOTM3ananbHUX NpenapariB 3 BUPaXXeHO Npo-
Tn3anarnbHOK, aHaNbre3VBHOK Ta XXapO3HWKYBarbHOK Li€Et0.
Himecynig 3apaxoBytoTb 40 BUCOKOCENEKTUBHMX iHMOITOPIB
LMKnookcureHasu Ta ii isocpepmenTis (LIOIM-2) i Bukopucto-
BYIOTb 3@ pPi3HMX NaTOMNOrii ONopHO-pyxoBoro anapary. Hoso-
cuMHTe3oBaHa cnonyka Les6490 HanexuTb 4o rpynu noxia-
HUX 4-Tia3onianHoHiB. Tia3onigMHOHOBE KinbLe BXOAUTb A0
cknagy 6aratbox HasiBHUX MOTEHLUIMHMX aHTUBakKTepianbHUX
Ta npoTM3ananbHMX 3acobiB, MoXxe KOMBIHYBaTUCh 3 Mipa3orio-
BUMU chparmeHTamu, ki € dpapmakodhopmamMu TiET K CTPYKTYpU,
i 3gaTHe cnpyATY NIABULLIEHHIO TEpaneBTUYHOI e(PeKTUBHOCTI.
Y poboTi gocnimkeHo 0cobNMBOCTI 3MiH remMaTonorivYHnX no-
Ka3HVKiB y LLypiB 38 eKCriepnuMeHTarnbHOro BiATBOPEHHS aco-
LinoBaHOro 3ananbHOro NpoLecy 3a BUKOPUCTaHHA Mogeni
ap’toBaHT ®peniHaa (MAD). Y pesynbraTi 4oCnigKeHHS NpoTu-
3ananbHOT aKTUBHOCTI 3a reMaTosoriYHUMM NoKa3HUKaMu
npenapatiB — Les6490 Ta Himecynigy — BUABIEHO iXHIO
npoTM3anarnbHy akTUBHICTb, Ky MOXHA BBa)KaTW CMiBCTABHOO
3 He3HayHo nepesaroto cnonyku Les6490. Mpu ubomy, He
BUSABNSAKOYN BMNSIMBY Ha KiNIbKICHWUI piBEHb epuUTpouUTIB 3a
i30N1bOBaHOro BBEAEHHS, B YMOBaXx 3ananbHOro npotecy
Himecynig Ta Les6490 cnpuynHanu BiporigHe 36inbLueHHs
3aranbHOI KiNbKOCTI epUTPOLUTIB NOPIBHSHO rpyno 3 MO-
OenboBaHMM 3ananeHHsaM. He BUSIBNEHO XXOAHOro BMnuBYy
Ha KinbkicTb remornobiHy. 3a aHanisy nNoKa3HuKiB NenKoLm-
TapHoI (bOpMynuM aKTUBHICTb crnonyku Les6490 € cxoxoro Ao
Himecynigy. HanbinbLu BUpaKeHi 3MiHW nenkoumTapHoi hopmy-
nmn 3a Ad®-iHayKOBaHOrO 3ananeHHs cnocrepirany 3 6oky Hew-
TpoQoiniB: Ois 4oCHiMKYBaHHOI pevoBuHN Les6490 byna Bupa-
XKEHiLWo NopiBHAHO 3 Aieto Himecynigy. BeegeHHs cnonykn
Les6490 4acTkoBO CNpUYUHANO HOpMani3aLito MOHOUMKTIB,
a 3a ymoB Ad-acouiioBaHOro 3ananbHOro npoLecy Bipo-
rigHMX 3MiH He cnocTepiranu.

KnrouoBi cnoBa: Himecynia, Les6490, 4-TiazoniguHoHw,
HeCTepOiaHi NpoTM3anarbHi Npenaparn, EpUTPOLIMTI, FEMOITIO0IH,
nenkouuTmn
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Bnaue Himecynigy Ta HOBOro MOXiAHOro 4-Tia3oNiAMHOHY Ha reMaTooriuHi MapaMeTpy 3a 3anajibHoro NpoLecy

Bectyn

JocnigxeHHa BAnMBY XiMiYHMX peYOBUH Ha remMaTo-
NOriYHi NOKA3HWKN € BaXXIMBUM acreKkToM NepBUHHOIO
OLiHIOBaHHS GionoriuHoi akTMBHOCTI NpenapariB i gae
3MOry BM3HAYMTU iHOYKLIIO 3ananbHoi peakuii, aneprex-
HOTO BrMBY, LIMTOTOKCUYHOCTI. Hally yBary npvBepHynm
noxigHi Tia3onigMHOHIB, sIKi € NEPCNEKTUBHOLO rpyroto pe-
YOBMH 3 OrTAAY Ha IXHI0 BUCOKY addiHHICTb 40 BionorivyHmx
MiLLIEHeR, 3any4YeHnx y npoLiecu, NoB’a3aHi 3 pPOCTOM Myx-
FIMHHUX KITITUH, XXUTTEBOIO LMKy MIKpOOpraHi3miB, pos-
BMTKY 3anaribHUX PeakLiiii, a TakoX BIiuB X CNOMyK Ha
po3BuTOkK giabety Il Tuny. TiasonignHoHoBE KinbLEe BXO-
OVTb 00 cknagy G6aratbox HasBHUX MOTEHUIHUX aHTW-
DakTepianbHNX Ta NpoTusananbHUX 3acobiB, MOXE KOM-
GiHyBaTVCb 3 Nipa3onoBMMKU oparMeHTamu, ki € doap-
MakochopMamu TiEl XK CTPYKTYpW, i CIPUSATY NiABULLEHHIO
TepaneBTMYHOI edDeKTUBHOCTI. 3a pesynsratamm ekcre-
pYMeHTanbLHUX AoCNiMpKeHb Ha Lypax, 3a Aii npenaparis
rpynu Tia3onignHOHIB BUABAEHO LMTOMOPMONTiYHI 3Mi-
HM NPOanoNTUYHOTO XapakTepy [4], Nnoka3aHo 34aTHICTb
BKasaHuX MOXigHWX NOrMMHaTK BiSlbHI pagukanu in vitro.
BogHouvac noxigHi 4-TiazoniagnHOHY NposiBNAOTL Aere-
HepaTuBHI 3MiHW Yepes 30aTHICTb ONoKyBaT MHOXVHHE
PYVHYBaHHs XpsiLLia B yMOBaX OCTEQAPTPUTUYHOTO Mpo-
uecy [7]. Tox npenapatu, Ski BXogsaTb 0 rpynu 4-Tiaso-
NiAWHOHIB, € NomniTapreHTHUMK Crornykamm i nepcnekTme-
HYMKM ONsi nodanbLUMX OOCHiMKEHb 3 METOK OOEPKaHHSI
edekTUBHUX NikyBanbHUx 3acobis [5]. HectepoigHui
npotu3anansHui npenapart (HIM3M1) nopiBHAHHSA HiMe-
Cynig, € CENeKTUBHMM iHMBITOPOM LMKITOOKCUIreHasn 2-ro
TUMY, LUMPOKO 3aCTOCOBYETLCA AK NpoTU3anansHui 3acio
Ta, NnoAibHo 4o NpenaparTiB-noxigHnx 4-TiazoniguHOHIB,
BUSIBIISIE NOMIPHUI XOHAPONPOTEKTOPHMI BNAmvB [2, 10].
BcTaHoBMEHO TakoX MOro BNAMB Ha reMaTosioriyHi napa-
METPU, TPeHA 3MiH AKX € Jo3o3anexHum [9, 11]. Okpim
nikysanbHoi gii, HM3IM moxyTb npoBokyBaTh Garato no-
Bi4HNX edoeKTiB, MEPEBAXKHO 3 OOKY LLIITYHKOBO-KULLIKOBOIO
TpakTy abo cepueBo-cyauHHoi cuctemu [1]. Tomy icHye
HeobXigHICTb po3pobnATN HOBI Npenapatu, Aki Gynu
© BigHOCHO 6e3neyHnMu.

[1nsa BMABNEHHA NOTEHLIMHUX NpoTM3ananbHnX edpek-
TiB Y HOBOTO NOXigHOrO 3 rpynu 4-Tia3oniaMHOHIB MW Npo-
Benu NopiBHsANbHe gocrnigkeHHs Bnnmey Les6490 i He-
CTepoigHOro NpoTusanansHoro 3acoby Himecynigy Ha
Mogeni ag’toBaHT OpeiHaa-acoLinoBaHOro 3ananbHOro
npoLiecy B LLypiB.

Marepianu i meTogm

[nsi NepBUHHOMO CKPWHIHIY Bi0NoriYHOI aKTUBHOCTI
crnonyku Les6490 (5-(2)-((1,3-amdeHin-1H-nipason-4-
in)meTuneH)-2,4-TiazoniguHAioH), 30KpemMa moro npo-
Tu3ananeHoI Aii, AOCNiMKEHO reMaTomnoriyHi MOKa3HMKN
B YMOBaXx eKCreprMMeHTanbHOro 3anasnbHOro npoLecy,
iHOykoBaHoro ag'toBaHToM ®perHaa (AP). IHaykuito 3a-
NanbHOro NpoLecy NPOBENN 3a CTaHO4APTHO MeToau-
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Koto [6] — BBegeHHsiMm 0,1 mn noBHoro AD nigLwkKipHO
y MigOLWOBHY YacTuHY 3a4HbOI KiHUiBKkK. [Jocnig npo-
BOAMNMN Ha CTATEBO3PINUX HENIHINHUX BiNuXx Wwypax
0box cTaren 3 BMXigHo mMacoro 220+5,1 r, oTpMMaHmXx
3 BiBapito JIbBIBCbKOro HaLioHansHOro MeAUYHOro YHi-
BepcuteTy iMeHi JaHnna MNanunuybkoro. EkcnepnmMmeHT
NPOBOAWNM BiAMNOBIAHO A0 NONOXEHb «EBPONENCHKOT
KOHBEHLIT NpO 3axucT xpebeTHNX TBapuH, siki BUKO-
PUCTOBYIOTLCS ANt EKCMNEPUMEHTIB Ta iHLUMX HayKOBMX
uinen» (Ctpacbypr, 2005), Aupektmnen Pagn €sponu
Ne2010/63/€C T1a 3akoHy YkpaiHn Ne 3447-1V «[po 3a-
XWCT TBapWH Bif XXOPCTOKOIO MOBOMKEHHSA» 3i 3MiHAMU
440-I1X Big 14.01.2020, 3rigHo 3 npoTtokoriom Ne10 Big
20.12.2021 p. 3acigaHHs KOMICiT 3 MUTaHb ETUKN HayKo-
BMX OOCHiOKEHb, EKCNepMMEHTarnbHUX Po3poboK i Hay-
koBux TBOpIB JIHMY imeHi daHnna Manuuskoro.

Y pocnigkeHHi BukopuctaHo 60 Lwypis, po3gineHumx
Ha 6 rpyn no 10 TBapuH: rpyna 1 (K) — KOHTpOnb (HTaKTHi
TBapuHN); rpyna 2 (A) — TBapyHam 3 METOHO iHAYKyBaHHS
3ananbHoro npouecy Beognnn A®; rpyna 3 (Les6490) —
TBapPUWHMU, SIKi OTPMMYBAIN HOBOCUHTE30BaHy PEYOBUHY
Les6490; rpyna 4 — TBapuHU, SikUM BBOAMNKN Les6490
Ha Tni iHgykoBaHoro 3ananeHHs; rpyna 5 (N) — TBapuiHu,
AKi OTpUMyBanu Himecynia,; rpyna 6 — wypw 3 iHaykoBa-
HVMM 3ananeHHsaM, fnikoBaHi Himecynigom. [locnimkyBaHi
pevYoOBUHN PO3YNHANKN Y TeiH 80 Ta BBOOUNM LLypaM
BHYTPILLHLOLLIYHKOBO Mo 1 My oai 15 mr/kr (Himecynig,
«Jlekxim») i 10 mr/kr (Les6490) woaHs BpaHLui nepegq
npurnomom ki npotarom 14 gHis. 3pasku kposi Opanu
nicnsi Aekanitauji Wypis y npobipku 3 NonepeaHbo BHe-
CEHVM aHTUKOarynsHToM. Y 3paskax KpoBi BU3Ha4Yanm
KINbKICTb €pUTPOLMTIB, NENKOLMTIB, BMICT reMOrnobiHy
Ha remaTonoridyHomy aHanizatopi Mythic18 (Cormay
Diagnostics, NonbLya) Ta nenkorpamy METOAOM MIKpPO-
ckonii, papbyBaHHsA 3a PomaHoBcbknM-TiM30t0 [8].

CratnctuyHy obpobky oaepxaHux pesynsrartis npo-
BOAWMSIM METOAOM BapiauiiHOi CTaTUCTMKK 3 BUKOPUC-
TaHHAM t-kpuTepito CTblogeHTa 3 4OMOMOro Npuknaa-
HOI Nporpamm gns poboTy 3 eNeKTPOHHMMI TabnmusMm
Microsoft Office Excel (2003, 2013).

Pe3ynkTaTy  06roBopeHHs

Ak nokasanu pesynsratv HaluX JOCTiOXEHb, Ha-
BedeHi y Tabn. 1, ovikyBaHuM edpektom Bnnmey AP (go-
crigHa rpyna 2) Ha rematonoriYHni Npodoirb NOPIBHAHO
3 KOHTPOSBHO rpynok 1 Byno 3pocTaHHs 3aranbHoi
KinbKOCTi nenkouuTis B 1,7 pasa, LLO CBig4MTb NPO aKTUB-
HWM 3ananbHuin npouec [12], Ha TNi 3HWKEHHS KiNbKOCTi
epuTpouuTiB B 1,4 Ta remornoGiHy B 1,1 pasa (P<0,001).

BBeneHHs cnonyku Les6490 i Himecynigy okpemo
(rpynu 3 i 5) He CNPUYUHAIIO BipOTiAHNX 3MiH 3 DOKY BKa-
3aHKX NOKa3HWKIB NMOPIBHSHO 3 KOHTponeM. [poTe nicnga
BBEAEHHHA TBapuHaM 3i CNpOBOKOBAHUM 3anasibHUM
npouecom Ais Les6490 cynpoBomKyBanacs BiporiagHUM
MOBEPHEHHAM MOKa3HMKa KifTbKOCTi SIEMKOLMTIB NPaKTUYHO
00 KoHTponbHux uudp (P<0,001).

bionozia meapuH, 2023, 1. 25, N2
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The effect of the nimesulide and a new 4-thiazolidinone derivative on hematological parameters inder inflammatory process

Tabnuusa 1. lemaronorivyHi napameTpu KpoBi LLypiB 3a ymoB Ad-acouiioBaHoro 3ananeHHs i gii cnonykun Les6490 ta Himecynigy (Mtm, n=10)
Table 1. Hematological indices of rat blood after FA-induced inflammation and action of Les6490 and nimesulide (M+m, n=10)

rpyna 1 rpyna 2 rpyna 3 rpyna 4 rpyna 5 rpyna 6
[MokasHukn group 1 group 2 group 3 group 4 group 5 group 6
Indices
K A Les6490 A+Les6490 Nimesulide  A+Nimesulide
NenkoumnTtn, I'/n / Leucocytes, g/l 10,03+0,8 17,15+0,7* 9,65+2,5 11,4+1,4* 10,55+1,0 11,1+1,6*
Eputpouuntn, T/n / Erythrocytes, t/l 8,7+0,32 6,11+0,3* 8,4+0,7 7,8+0,48* 8,6+0,42 7,12+0,67
lemorno6iH, r/n /Haemoglobin, g/l 137+1,75 127,3+2,4 138,345,2 127,345,6 138,6+2,4 132,7+3,7

lMpumimka. TyT i B HACTyMHin Tabnuui BiporigHictb * — P<0,001.
Note. Here and in the following table the significance is * — P<0.001.

Tabnuus 2. JleiikoumTapHa chopmyrna KpoBi LwypiB 3a ymoB Ad-acouiioBaHoro 3ananenHs i gii Les6490 1a Himecynigy (M+m, n=10)
Table 2. Leukogram of rats’ blood after FA-induced inflammation and action of Les6490 and nimesulide (M+m, n=10)

rpyna 1 rpyna 2 rpyna 3 rpyna 4 rpyna 5 rpyna 6
MokasHukn, % group 1 group 2 group 3 group 4 group 5 group 6
Indices, %
K A Les6490 A+Les6490 Nimesulide ~ A+Nimesulide

Basodinu / Basophils 0,5+0,54 0,3+0,51 0,3340,5 0,3340,5 0,5+0,54 0,5+0,54
EosunHodinu / Eosinophils 3,5+0,83 3,0+0,89 3,0+0,89 3,0+0,89 3,67+1,36 2,712
Hentpodinu / Neutrophils 2543,2 38,7+3,38 16,85,6 29,7+2,3* 17,5+2,6 32,316,1
MoHouuTtn / Monocytes 6,8+0,31 10,5+2,7 8,3+1,2 9,8+1,83 9,2+0,76 10,8+2,7
JlimcpouuTtn / Lymphocytes 64,2+1,9 47,5+2,1* 71,5+7,12 57,1£2,0* 69,242,3 53,7+4,2

BcTaHoBnEHO, LLIO PO3BUTOK 3anarneHHs y Lwypie (0o-
crigHa rpyna 2) cynpoBOAKY€ETLCS CTaTUCTUYHO Biporia-
HUM (P<0,001) 3HWKEHHAM KirNlbKOCTi €PUTPOLIMTIB LLOAO
KOHTpOMbLHOI rpynu Ha 29%. Lle moxe cBigunti npo 3aar-
HICTb Npo3anarnbHUX LUTOKIHIB NOPYLLYBaTN YTBOPEHHS
epuTpoLmMTIB. 3rigHO 3 NiTepaTypHUMK OaHUMK, 3anarneH-
Hs1 MOXe nopyLLyBaTh MeTaboniam 3anisa, Lo Npu3BoauTb
00 po3BuTKy aHemii [3]. 3i ceoro 60Ky, BBeAEHHS HiMecyni-
Ay Ta HOBOCMHTE30BaHOI CrOMyKU 3@ YMOB MOAENOBaHHS
3anarnbHOro NpoLecy MPU3Bero A0 30iMbLUEHHS KiflbKOCTi
epuTpouuTiB (rpyna 4 Ta 6) NopiBHAHO 3 rpynoto 2. BmicT
remMornobiHy 3anMLLIAETECS B MEXKax HOPMMU, LLIO MOXE BKa-
3yBaTU Ha NATPUMKY CTanocTi AnxanbHOI (OyHKLT KPOBI.

3MiHn nevkouuTapHoi hopmynu 3a AD-iHOyKOBaHOrO
3anareHHsi (Tabrn. 2) odikyBaHO nornsranu y 3cyBi NOKa3HW-
KiB BMiBO i CynpOBOMKYBaNMUCS 3pOCTaHHAM MPOLEHTHOIO
BMICTY HerTpoiniB 3 pisHuLeto 35%.

3a gii npenaparis Les6490 Ta Hivecynigy 3 60Ky Mop-
donoriyHoro cknagy nepuepunyHoi KpoBi, HaBnaku, 3a-
hikcoBaHO Aesikmin 3cys hOpMYynNu BNpaBo, BiAHOCHUI
MOHOLIMTO3, MPOTE 3MiHN He Bynu BipOrigHO 3HAYUMKMU
MOPIBHAHO 3 KOHTPONEM.

3a ymoB Ad-acouinoBaHOro 3ananbHoro npouecy
BBeLeHHS cronykn Les6490 He CNpUYUHAIO BipOriaHUX
3MiH 3 DOKY MPOLIEHTHOrO BMICTY MOHOLMTIB, ane maro
OesikMn TpeHa A0 HopManisauii nokasHukise. [is Himecy-
nigy MeHLLe BnnMBana Ha 3aranbHy KiflbKiCTb HENTPOMI-
niB, OcKinbkx 3a ymMoB A®-iHAyKOBAHOTO 3ananeHHs IXHs
BiJHOCHa KinbkicTb ctaHoBuna 38,7%, a 3a 404aTKOBOro

The Animal Biology, 2023, vol. 25, no. 2

BBEAEHHS HiIMecynigy 3HM3unacs nuwe Ha 6,4%, a Takox
3akpinnioBaBcsa eheKT 3pOCTaHHSA BiGHOCHOT KiflbKOCTi
MOHOUMUTIB.

3a pesynbraTaMmn JOCNIIKEHHA NpoTU3ananbHoi
aKTMBHOCTI 3@ reMaTonoriYHMMmn nokasHmMkamm noxigHoil
4-tiasonigmHoHie Ta HIM3I Himecynigy BUABNEHO iXHHO
npoTmn3ananbHy akTUBHICTb, SIKy MOXXHA BBaXkaTu CniB-
cTaBHOW 3 Les6490. MNprnyomy, He BUSABMAIOYN BMIMBY
Ha KiNbKiCHUIN piBEHb €PUTPOLUTIB 3a i3051bOBAHOIO
BBEAEHHS, BUABNEHO NPKBULLEHHS PiBHS €pUTPOLIUTIB B
yMoBax 3ananbHoro npouecy. Bnnuey cnonyku Les6490
Ha KinbKiCTb remornobiHy He BUSIBIEHO.

3a nokasHukamu nenkounTapHoi oopMynun HOBUM
NOXigHWIA 3 rpynu 4-Tia3oniaAMHOHIB NPOSIBMSIE CXOXKY aK-
TUBHICTb, §IK | Npenapart Himecynia,.
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The effect of the nimesulide and a new 4-thiazolidinone derivative on hematological parameters
in the conditions of an experimental inflammatory process
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The aim of the work was to identify the anti-inflammatory effect of a newly synthesized drug from the group of 4-thiazolidinones.
Thus, a comparative study of the effect of two agents was conducted: the drug Les6490 and the non-steroidal anti-inflammatory drug
nimesulide. This drug belongs to the group of non-steroidal anti-inflammatory drugs (NSAIDs), which have pronounced anti-inflam-
matory, analgesic and antipyretic effects. Nimesulide belongs to highly selective inhibitors of cyclooxygenase and its isoenzymes
(COX-2) and is used for treatment in various pathologies of the musculoskeletal system. The newly synthesized compound Les6490
belongs to the group of 4-thiazolidinone derivatives. The thiazolidinone ring is part of many existing potential antibacterial and anti-
inflammatory agents, and can be combined with pyrazole fragments, which are pharmacophores of the same structure, and can
contribute to increased therapeutic efficacy. The study of the peculiarities of hematological changes in rats during the experimental
reproduction of the associated inflammatory process using the Freund’s adjuvant model has been conducted. As a result of the study
of anti-inflammatory activity based on hematological indicators of the drugs — a new synthesized derivative of 4-thiazolidinones and a
nonsteroidal anti-inflammatory drug nimesulide — their anti-inflammatory activity was revealed, which can be considered comparable
to the slight advantage of the drug Les6490. At the same time, without affecting the quantitative level of erythrocytes with isolated
administration, under the conditions of the inflammatory process, nimesulide and Les6490 caused a significant increase in the total
number of erythrocytes. No effect on the amount of erythrocytes was found. The analysis of leukocyte formula suggests the evidence
that the activity of Les6490 from the group of 4-thiazolidinones is to some extent more pronounced than the activity of nimesulide.
The most pronounced changes in the leukocyte formula during AF-induced inflammation were observed on the part of neutrophils:
the effect of the studied substance Les6490 was more pronounced compared to the effect of nimesulide. The introduction of the new
compound Les6490 partially caused the normalization of monocytes, and under the conditions of the AF-associated inflammatory
process, no significant changes were observed.

Key words: nimesulide, Les6490, 4-thiazolidinones, non-steroidal anti-inflammatory drugs, erythrocytes, hemoglobin, leukocytes
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Y poBoTi AoCnigyKEeHO BMNIMB EHEPrOHAMNOK HA CTaH MyTaTio-
HOBOI CUCTEMM MOMOBHOMO MO3KY LLYypiB. EHEproToHiku — Hanoli,
AKi MICTATb BENUKY KiNbKiCTb aKTUBHUX KOMMOHEHTIB, 30aTHUX
CTUMYNIOBATU LEeHTpanbHy HEPBOBY CUCTEMY NIOOMHM Ta
niasuLLyBaT (PisnyHy nNpauesnartHiCTb, BNNvMBaTk Ha UMpKaaHi
pUTMK, MOQOBXYIOYN Nepion, HecnaHHs. [hkepena BKkasytoTb i Ha
HeraTVBHUA BNSIVB EHEProHanoiB Ha NeBHi (PyHKUiOHarbHI cnc-
TEMM J0ACLKOro opraHiamMy. [locnig npoBoanny Ha Binumx Lypax
niHii Bictap macoto 180-200 r, yTpyMyBaHWX Ha CTaHOapTHOMY
paLioHi BiBapito 3a pernaMmeHToBaHNX napameTpiB MiKpoKniMaTy
(BONoricTb, OCBITIIEHHS Ta TEMMepaTypHU pexxum). Bei gocnign
NpoBeAeHO 3 AOTPUMAHHSAM BUMOT €BPONENCLKOI KOHBEHLiT
Loao 3axucty xpebetHux TBapuH (Ctpactypr, 1986). [ins 3a-
©opy HeobxigHOro MaTepiasny BUKOPUCTOBYBaIW HEHransauiiHAN
MEeTOZ, HapKO3y — BHYTPILLUHBOM’I30BE BBEAEHHS TioneHTan-
HaTpito B A03i 60 mr/kr. MNiggocnigHux TBapuH po3ginuiv Ha 5 rpyn
3a foriyHUM KpuTtepiem cpopmyBaHHs BUBIpKM: 1-Lua (KOHTpOrb-
Ha rpyna)— oTpyMyBarnu NUTHY BOAY; 2-ra— eHeproHanin Brpo-
AOBX MicALs, matepian 6panu Ha 1-wwy oby nicns 3aBepLUeHHs
CMOXWBAHHSI eHeproHanoo; 3-T9 — eHeproHanii BNpoaoBX
Micaus, 3abip matepiany Ha 10-Ty goby; 4-Ta — eHeproHanin
BMPOJOBX Micsus, 3abip matepiany Ha 20-Ty noby; 5-Ta — eHep-
roHanin BnpogoBx Micsius, 3abip marepiany Ha 30-Ty ooby nicns
3aBepLLUEHHS BUMNOKOBaHHS. AKTUBHICTb EH3UMIB [MyTaTiOHOBOT
cucTemu (ryTaTioHpeayKTasu, rmataTioHnepokcuaasm Ta rmy-
TaTioHTpaHcepasn) Ta eH3NMy NeHTO30Gh0CEaTHOro LUMAXY
(rmtoko30-6-chochataerigporeHasn) BU3Ha4anm eH3MmMaTuaHIM
MeTooM. CrioKMBaHHS EHEPreTUHHOIO HaMoK 3yMOBITHOE 3MiHM
AKTVMBHOCTi EH3VIMIB [MyTaTiOHOBOI CUCTEMM: 30iNbLIEHHS aKTWB-
HOCTi rnyTaTioHpeaykTasu B 2-, 4-, 5-1 rpynax 3i 3HWKEHHAM ak-
TMBHOCTI LIbOro eH3nMy Y LypiB 3-i rpynu; aKTUBHICTb rryTaTioH-
nepokcuaasmv 3pocna B 4- i 5-i1 Ta ameHLwmnach B 2- i 3-1 rpynax.
AKTUBHICTb rnyTaTioHTpaHcdepasn 3pocna y BCiX JOCHigHNX
TBapuWH. AKTUBHICTb MMOKO30-6-chocdhaTtaerigporeHasn spocrna
B 2- i 3-/ Ta 3MeHLLMNach B 4- i 5-1 rpynax. Pesynsraty nokasanm
3HaYHWI BMNMB €HEeProHanow Ha CTaH aHTUOKCUAAHTHOTO 3a-
XMCTY TKaHMH MO3KY LLIyPIB, 30KpEMa Ha CTaH rMyTaTiOHOBOI CUC-
TeMW. IHTepnpeTaLis MOKa3HUKIB akTUBHOCTI €H3UMIB JOBOAUTD,
LLIO HaMoi eHepreTUYHNX rpyn MOXyTb NMPOBOKYBaTU NogarbLui
MOPYLUEHHS CTanoCTi BHYTPILUHLOIO CepefoBULLLA OpraHi3my.

Knio4voBi cnoBa: naboparopHi LLypu, eHeproHanin, rofos-
HWIA MO30K, IMyTaTiOHOBa CUCTEMa, MMyTaTioHnepokcuaasa,
rnyTaTioHTpaHcdepasa, rnyTaTioHpeayKTasa, rfoKo30-6-
docartaerigporeHasa
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BeTtyn

EHepreTnyHi Hanoi (EHeproToHikv) Hanexartb 40 rpy-
MW HaMoiB, SIKi MICTATb BEMMWKY KiNbKICTb aKTUBHUX KOM-
MOHEHTIB, 30aTHMX CTUMYFOBATU LEHTparibHy HEPBOBY
cucTemy noamHu Ta/abo nigBuLLyBaT (PisudHy npaues-
OAaTHICTb, @ TaKOX BMIMBATK Ha LMpKagHi pUuTMK, NogoBs-
Xytoun nepiog HecnaHHs [1]. Maiixe BCi eHepreTuyHi Hanoi
MICTSITb OCHOBHWW iHIPELiEHT — KOpEeiH, KWl | NposiBnsie
rornoBHi pizionoriyHi BNAMBU Ha opraHiam [2].

[lo LOMOMIKHMX KOMMOHEHTIB HanexaTb LyKop, BiTa-
MiHM rpynu B, noxiaHi aMiHOKUCNOT (TaypuH i L-KapHITUH),
€eKCTpaKTh TpaB (ryapaHa 1 XeHbLUEHb), iHKOMN BUKO-
PUCTOBYIOTb NIACKITIOBaYi CMaky Ta iHLi pevoBUHY [7].
Ha cborogHi ooBeaeHo, Lo eHepreTuyHi Hanoi MOXyTb
3MEHLUNTU PO3yMOBY BTOMY Ta MOKPALLMTU MOKA3HWKM
YHKLN MO3KY — Taki, IK NaM’aTb i KOHLEHTpaLis yBaru
[10]. OgHak cnoXmBaHHS eHEepPreTUYHUX HamoiB, 0Cob-
NBO Y BEMNUKKX KifTbKOCTAX, NOB’si3aHe 3 BUHUKHEHHAM
Pi3HOMaHITHUX CepLIeBO-CYOUHHMX 3aXBOPIOBaHb Ta Po3-
napjs, 3oKpema apuTMii, CTeHoKap/ii, apTepiansHol rinep-
TEH3ii 1 HaBiTb panToBoI cepLeBoi cmepTi [11, 12].

HemoaundikoBaHuin kopeiH Mae 30aTHICTb NPUrHidy-
BaTu nepegadvy curHanis mTOR (mammalian target of
rapamycin — npoTelHKiHa3a, sika BXoauTb A0 cknagy
MYNETUDEPMEHTHNX CUTHANBHUX KOMMIEKCIB, 34iNCHI0E
perynsiuito KniTMHHOro pocTy Ta nponicpepadii KNiTuH),
3YMOBIHOKYM NMPUrHIYEHHS BUBINIbHEHHS Npo3anarnbHnx/
NPOAHrioreHHMX LMTOKIHIB, a TaKOX iHLWMX MeadiaTopis
3ananeHHs [5].

TaypuH — HenpsaMnin perynaTtop OKMCHOIo CTpecy
B MioKapgi; cTabiniayroum KnitmHHi MeMbpanu, 6esnoce-
peaHbLo B3aemogitoun 3 cpocdoninigamu, BiH NPosiBNAe
Pi3HOMaHITHY GionoriYHy akTUBHICTb: HaNpWKnag, no3u-
TUBHO BMIMBAE Ha KIHETUKY KasbLiito, 8 TAKOX Ha 3aXMCT
cepLeBoil (yHKUiT Ta € MOaQYNSATOPOM NpoTeiHKiHAa3 i dhoc-
(patas B kapgiomioumTax [11].

HiaunH Mae No3MTUBHUIA eOeKT Y BiAHOBMEHHI 300-
POBOrO MiNigHOro NPOInto Ta 3aTpMMLi NPOrpecyBaHHs
atepockneposy [12]. KoheiH 38’a3yeThes 3 peLientopamu,
noe’sisaHnMm 3 G-6iNkom Knacy ageHo3VHyY, Ha NOBEPXHi
KMITUH CEPLIEBOTO M'A3a, L0 CTBOPIOE APYry MECEHKep-
HY CUCTEMY 3 LMKIIYHUM afeHOo3nHMOHodocdaTom Bee-
peauvHi KNiTvH Ta iMiTye edpekTn agpeHaniny [9].

KeHbLUeHb € NpUMpOoaHiM afanToreHoM, SIKUA Mae
30aTHICTb CTUMYINtOBAaTK rinoTanamMo-rinogisapHy cekpe-
Lit0 KOPTUKOTPONiHY. TOMY Y BENUKMUX KOHLIEHTpaLisX,
AK W iHLi KOMMOHEHTU EHEeProTOHIKIB, MOXe CNIPUYNHSATY
HeraTuBHU edpekT [6].

Y nigTpumaHHi roMeocTasy opraHiaMmy BaKInvBy poOrib
BiZirpaloTb CMCTEMU aHTUOKCUAAHTHOrO 3axucTty. OcHo-
BY MOro CTaHOBUTL yTaTiOHOBa cMcTeMa, Lo cknaga-
€TbCS 3 MMNyTaTiOHy Ta eH3UMIB, AKi KaTani3yloTb peakuil
BiJHOBMNEHHS Ta OKUCHEHHS rMyTaTioHy: rMyTiOHNEpPOK-
cuaasa, ryTaTioHpeayKTasa, riyTaTioHTpaHcepasa Ta
HAO®H-H [8]. Bigomo, Lo rnyTaTioH Bigirpae BaXxnuey
porib y 3abe3neveHHi aHTMOKCUOAHTHOIO 3aXUCTy HENPO-
HiB, 6epe y4acTb B YOIKBITVHYBaHHI KNiTUH, SKi AereHepy-
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I0Tb, Ta iHAKTMBALlii LUTOTOKCUYHMX KapOOHINbHMX gepu-
BaTiB. Kpim Toro, rnyTaTioH NposiBNsie aHTUanonTUyHy Aito
[4, 8]. Ockinbkn eHepreTM4Hi Hanoi 3gaTHi BAnMBaTh Ha
3MiHy (PepPMEHTaTMBHOI aKTUBHOCTI Pi3HUX LUNSXIB MeTa-
Boni3my, NOPIBHAHHS BIOXIMIYHMX 3MiH aKTUBHOCTi €H3U-
MiB r1yTaTiOHOBOI CUCTEMU, OCOBIMBO rONIOBHOMO MO3KY,
yepes BiACyTHICTb AOCTaTHLOI iIHGOPMALLiT y LiIbOMY acrek-
Ti MOXYTb CTBOPUTU OCHOBY Ar1s1 PO3yMiHHsT iX dpisiororiy-
HUX BMMMBIB Ha opraHiam, cnocobiB NiacUNeHHst NeBHUX
KOPVICHMX €DEKTIB, @ TaKOX 3aXO0ZAiB OO0 3MEHLLEHHST iX
HeraTVBHMX BMSMBIB 3 BUKOPUCTaHHSAM Pi3HMX Moamdika-
LiMHWX M KINbKICHMX 3MiH aKTUBHMUX KOMMOHEHTIB.

MeTa poboTn — gocniauTi BNAMB €HeproHarno Ha
CTaH rnyTaTioHOBOI CUCTEMW FONOBHOIO MO3KY LLypIB
3 noJanbLUoo iHTepnpeTauieto pesynbrarTis.

MaTtepianu i meTogm

HocnigxeHHsa npoBogunu Ha G6inux wypax niHii
Bictap macoto 180-200 r, ski nepebyBanu Ha cTaH-
JapTHOMY paulioHi BiBapito B yMOBax pernameHToBa-
HWX napameTpiB MikpoknimaTy (BONOriCTb, OCBITIEHHS
Ta TemnepaTtypHuin pexum). Bei niggocnigHi TBapuHm
Manw BinbHWI JOCTYN 40 KOMGIHOBAHOIO KOPMY Bifno-
BiAHO A0 f06oBOI NoTpedbu Ta Boan — 20 MN/TBapuUHY.
KinbKicHi 3MiHK (3picT Ta Macy) LypiB KOHTPOMNOBANU
Ha noYaTKy Ta HanpwuKiHLi JOCNiAiB, OLIHIOYN TaKoX
i akicHMI po3BuTOK. Bei gocnign Ha TBapmHax npose-
[OeHi i3 OTPUMaHHAM BUMOT €BPONenCbKoi KOHBEHLT
LLIOAO 3aXMCTy XpPeOEeTHMX TBAPUH, SKUX BUKOPUCTO-
BYIOTb 3 €KCMePUMEHTaNbHOK Ta HAYKOBOK METOH0
(Ctpacbypr, 1986), pekomeHngauin Nepworo Hauio-
HarnbHOro KOHrpecy YkpaiHu 3 6ioeTukm (Kuis, YkpaiHa,
2001), 3akoHy YkpaiHm Ne3447-1V «[1po 3axucT TBapuH
BiJ >KOPCTOKOrO NMOBOPKEHHS», MPUMAHSITOrO NaprnamMeH-
Tom 21 nmotoro 2006 p. y HOBIN pefakuii, BignoBigHO
po cratTi 26 «[1paBmn NOBOMKEHHS 3 TBApUHaMM, LLO
BMKOPUCTOBYIOTLCS B HAYKOBUX €KCNEPUMEHTax, Tec-
TYBaHHi, HaB4anbHOMY MPOLECi, BUPOOHMLTBI Biornoriy-
HuX npenaparTiB», [potokony Ne101/18 Big 12.04.2018
KoMicii 3 nuTaHb eTnkmn [ABH3 «IBaHO-PpaHKiBCbKUIA Ha-
LioHaNbHUA MEOUYHWUIA YHIBEPCUTET» LLLOAO OOTPUMAH-
HSA €TUKM NpuW NfaHyBaHHI KAHAMOATCbKOI AncepTadil.

TBapuHu JocnigHWX rpyn BRNPOOOBX MiCSLSA CNoXu-
Banu eHeproHanin B pospaxyHky 10 mn/1000 r macu
TBapuHW. [1060BY 403y HAMOK PO3PaxoByBasv HA KOXHY
TBapVHy BiQHOCHO 403U, PEKOMEHAOBAaHOI BUPOOHM-
KOM — pekoMeH0BaHa 4o3a A AOPOCHOi MoAWHM cTa-
HOBWTb 2 BaHKy Harnoto no 250 mn. MiggocnigHux wypis
po3ainunu Ha 5 rpyn no 7 TBapwH B KOXHIN rpyni: 1-wa
(kOHTpONbHa rpyna) — Lypu OTPUMYBanu NUTHY BOAY;
2-ra — TBapVHU OOePXKYBari eHeproHani BNpoooBX Mi-
csus, 3abip matepiany nposenu Ha 1-wy goBy nicns 3a-
BEPLLEHHS CMIOXXMBAHHS EHeproHanoto; 3-Ts1 — TBapUHU
OTPVMYyBarv eHeproHanin BNpoaoBx Micsaus, 3abip mare-
piany nposenu Ha 10-Ty goby nicns 3aBepLUEHHSsT CMo-
XMBaHHS eHeproHanoto; 4-tTa — TBapWHU odepXKyBanu
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eHeproHanin BNpogoBX Micsus, 3abip maTepiany nposenmu
Ha 20-Ty 8OOy Micns 3aBepLUEHHS CNIOXMBaHHS €Hepro-
Hanoto; 5-Ta — LLypu OTPUMYBanu eHeproHanivi BNpo-
OOBX Micaus, 3abip matepiany nposenu Ha 30-Ty goby
nicns 3aBepLUEHHS CNOXMBaHHA eHeproHanoto. [ns 3a-
Bopy HeobXigHOro Matepiany BUKOPUCTOBYBAIN HeiHra-
NAUINHUIA MeTO, HapKO3y, a CamMme BHYTPILLHBOM’A30BE
BBEEHHS TiOneHTan-HaTpito i3 po3paxyHky 60 mr/kr. [Npo-
BOOWNM 3a6ip ronoBHOrO MO3KY 3 NOAASbLUOK FOMOrEHi-
3auieto. [Ing oTpMMaHHs roMoreHaty rofiloBHOro MO3Ky
HaBaXKy TKaHWHMW NogpibHIOBaNM Ha xonogi Ta romo-
reHisyBanv B OXOMNOMKEHOMY CEPEeAOBULLI BULINEHHS.
CniBBigHOLLEHHSA TKAHWHW A0 CepPefoBMLLA BUAINEHHS
cknagano 1/9. Ak cepepoBuLle BUAINEHHS BUKOPUCTO-
ByBanu bydep ansa romoreHisauii 2.0 mn (0,175M KClI,
0,025M T1puc HCI, pH=7,4).

B oTprmaHoMy 0XxonogKeHOMY roOMOreHaTi FofTIoBHO-
ro MO3Ky BU3Ha4anu akTMBHICTb €H3UMIB rmyTaTiOHOBOI
CUCTEMU Ta IMOKO30-6-dhochaTaerigporeH3n — eHanmy
neHTosodocdartHoro wnsaxy (ML) i3 BuKoprcTaHHSAM
eH3nmaTtndHoro metody. KinbkicTe NnpoTeiHy Bu3Havanm
3a metogom Jloypi. OgepxaHi undpoBsi AaHi CTaTUCTUHHO
obpaxoByBanu 3 BUKOPUCTaHHAM -kpuTepito CTblogeHTa
3a JonomMoroto nporpamm Statistica 8, nakeTy CTaTMCTUYHNX
dyHKuin nporpammn Microsoft Office Excel Ta knacniHux
METOZiB BapiaLiiHOI CTaTUCTUKN.

Pe3ynbrat 1 06roBOpeHHs

Y pesynbrarti npoBegeHVX AOCNimMKEHb BCTAHOBMEHO
3MiHW aKTUBHOCTI rnyTaTioH3anexHux eHsumis (Tabn.),
30Kpema NiaBULLIEHHS PIBHS aKTWUBHOCTI rMyTaTiOHNEepPOK-
cupasn [K® 1.11.1.9] y BinoaneHi nepioam cnocrepexeH-
Hs: Ha 20-Ty i 30-Ty gobwn Ha 38,4% (P<0,001) Ta 21%
(P<0,001) BignoBigHO. AKTVBHICTb LibOro €H3UMY 3HUXKY-
Banacb Bnpoaoex 10-Tu 4ib nicns 3aBepLUeHHs MpUomy
Haroto Ha 26,9% (P<0,001) i 36,5% (P<0,001) nopisHs-

HO 3 KOHTPOMNBLHOK rPyMoto TBapuH (puc. 1). HanbinbLue
3HaAYEHHs!, 3HOBY X Taku, crnocTepiranu Ha 20-Ty Joby
NpoBeAeHHS! AOCNMKEHHS NMOPIBHAHO 3 iHLUMMMW rpynamm
TBapuWH. Bigomo, Lo rnyTaTioHnepokcnaasa — ceneHo-
BMICHMIA €H3UM, SIKUI BiAHOBNIOE NEPOKCUA BOOHIO 40
BOAW | OKCUrEHy, a OpraHivHi rigponepoKcuam XUpHuX
Kncnot — Ao rigpocnonyk [8]. AHTMOKCUAAHTHI (pyHK-
Uil rmyTaTioHnepoKkcuaasn 3abesneqyoTbCs 3a paxyHoK
BMiCTy ceneny. [ig BnnvBoM rnyTaTioHnepokcnaasn 3a
HasiBHOCTi aKTUBHMX )OPM KWUCHIO Ta NPOAYKTIB BiflbHO-
pagviKarnbHOro OKUCHEHHST BiZHOBINEHA doopMa rryTaTioHy
nepexoavTb B OKUCHIOBanbHY [8].
myTatioHTpaHctepasa [K® 2.5.1.18] sgatHa katani-
3yBaTW NEPEeTBOPEHHST OpraHivHUX Miaponepekucie y Bid-
MOBIAHI CNNPTY; Y KNITUHaX MICTUTLCS Y BUCOKUX KOHLIEH-
Tpauisx. [eski isodopMu eH3umy 3abesnedytoTb peakuii
3HELLKOPKEHHST CTOPOHHIX PEYOBUWH KOH'toraLlieto 3 rryTa-
TioHOM [8]. BUBYEHHS1 aKTMBHOCTI riyTaTioHTpaHcdhepasn
3acBigyye 3pOCTaHHS! LibOro NMoKasHKKa BPOdOBXK YCbOro
nepiogy CnocTepexeHHs, 3okpemMa y 2-1 rpyni — Ha
12% (P<0,001), 3-1 — Ha 52% (P<0,001), 4-n — Ha 53%
(P<0,001) i B 5-1 — Ha 39% (P<0,001) NopiBHAHO 3 KOH-
Tponem (puc. 2). HanbinbLue 3Ha4eHHs1 criocTepirany Ha
20-Ty 0oBy NpoBeaeHHs AOCTMKEHHSI MOPIBHSHO 3 iHLLMMU
rpyrnamu TBapuH, LLIO MOXE CBIUUTU NPO CXOXKUIA MEXaHI3M
BMIVBY Ha Lii 0epMEHTU | [O3BONSAE BUCITOBUTU NMPUMYLLIEH-
HS MPO aAaNTUBHUIN MEXaHi3M akTvBaLlii X eH3MMIB Y Bif-
NoBiAb Ha HAaKOMMYEHHS NPOAYKTIB Nepokcuaadii ninigis
i NPOTEIHIB Y NpoLeCi CNOXMBaHHS eHeproHanoto [8].
myTatioHpeaykTasa [KP1.6.4.2] kaTanisye peakuito
BiHOBNEHHS OKMCHEHOI hopMU ryTaTIOHY 3a y4acTHo
HA®H+H y BigHOBREHyY, gka HeobxigHa ans yHK-
LioHyBaHHS rnyTaTtioHnepokcuaasm [8]. JocnimxkeHHs
aKTUBHOCTI rnyTaTioHpeaAyKTasn nokasarno 3p0oCTaHHSA
LbOro nokasHuka y 2-in rpyni Ha 11% (P<0,001), 4-in —
Ha 73,2% (P<0,001) Ta y 5-in — Ha 57,5%. Ha 10-1y
000y aKTUBHICTb LbOro eH3umy 3meHwunacb Ha 11%
(P<0,001) nopiBHAHO 3 1-LIOI0 (KOHTPOSLHOK) FPYNOLo

Ta6nuusa. Moka3HNKN aKTUBHOCTI €H3UMIB rMyTaTiOHOBOI CUTEMU Ta NeHTo30-docdpaTHoro wnsaxy (Mtm, n=7)
Table. Indicators of the activity of enzymes of the glutathione system and the pentose-phosphate pathway (Mtm, n=7)

I'pynu TBapuH / Animals groups

lMokasHuKu Sl
Indexes KOHTPOMbHA 2-1-agoba 3-10-agoba 4-20-a goba 5-30-a goba
15t control 2¢—qstday 3¢-10"day 4-20"day 5"-30" day
myTaTtioHnepokcuaasa, HMoMb ryTaTioHy/XB*Mr NpoTeiHy 0524007 038+012* 033+0.08% 0.724009% 0.63+0 10*
Glutathione peroxidase, Nmol of glutathione/min*mg of protein e T R e e
[myTaTtioHTpaHcdepasa, HMONb/XB*Mr NPOTEiHY 3.9+0.26 364+029* 6.674020¢ 6.86+0.30% 5 32+0.36
Glutathione transferase, nmol/min*mg protein e e T T e
ImyTtatioHpeaykTasa,Hmonb NADPH/xB Mr npoTeiny o n o o
Glutathione reductase, nmol NADPH/min mg protein CHEOE | 0009 DA | e s
[moko30-6-chocartaerigporeHasa, MKMOJ'IbHA,D,CD/XB‘ ﬁ/lr npoteiHy 0.57+0,04 0,98+0.09* 0,7140,03 0,40+0,09% 0 48+002*
Glucose-6-phosphate dehydrogenase, mcmol NADP/min*mg protein
lMpumimka. TyT i gani: * — BipPOriAHICTb NOPIBHAHO 3 NOKa3HMKaMu 1-0i (KOHTPOnbHOI) rpynu TBapuH (P<0,001);
#— BiporigHiCTb NOPIBHAHO 3 NoKa3HuKamu 2-0i rpynu TBapwH (P<0,001).
Note. Here and further:* — significance compared to the indicators of the 1t (control) group of animals (P<0.001);
# — significance compared to the indicators of the 2" group of animals (P<0.001).
The Animal Biology, 2023, vol. 25, no. 2 39
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CTaH r1yTaTioHOBOI CUCTEMM FOJIOBHOrO MO3KY LLYPIB 32 YMOB CMOXWBAHHS €HEPreTUYHOro Hamnow

TBapuH (puc. 3). AndepeHuiiHuin aHani3 nokasHuKiB
aKTUBHOCTI rnyTaTioHpeayKTasu A403BOMNMB BCTAHOBUTH,
LLIO HarBInbLLe 3Ha4YeHHS LIbOro NoKasHuKa crioctepiranm
Ha 20-Ty o0y npoBeAeHHs OOCHIIKEHHS MOPIBHAHO
3 iHWWMK rpynamMmu TBapuH.

[NoBHOUiHHE (DYHKLIOHYBaHHS CUCTEMM INyTaTiOHY
3abe3neqyeTbesa gocrarHiv pisBHem HAOPHeH, skvn yTeo-
PIOETLCA B NEHTO30hoCchaTHOMY LMKITi 3aBOSKN aKTUB-
HOCTI rntoko30-6-docdataerigporeHasm [Kd1.1.1.49] [8].
JocnimkeHHs Lboro eH3viMy B MO3KY TBapWH, siki COXu-
Banu eHeproHanit, nokasano MakcumarbHe MigBULLIEHHS
akTMBHOCTI Ha 1-wy aoby Ha 41% (P<0,001) nopiBHSHO
3 KOHTPOILHOHO IPYNo0 TBAPUH (pUC. 4). Y HacTymHi nepi-
0QM eKCrnepuMEeHTY cnocTepirany 3HWKEHHS LibOro Mokas-
HWKa, HanBinbLL icTOTHe, Ha 29,8% — Ha 20-Ty o0y nicns
3aBepLUEHHS NPUINOMY eHEeProHano. 3HWKEHHS aKTUB-
HOCTI [MOKO30-6-hochataeriaporeHasn MoXxe Npu3soauTn
00 ediunTy BiAHOBNEHOTO rNyTaTIOHY B MITOXOHAPISX,
BHaCIMIQOK YOro NMoCUeHO YTBOPKOKTLCA akTUBHI hopMm
OKCUreHy Ta HITporeHy — NepoKCUHITPUT Ta iOH HIiTpo-
30Hiq [3, 4]. HarpomamkeHHA akTMBHUX (HOPM OKCUIeHy
CMpUSIE OKUCHEHHIO LCTETH3ANEXHNX OiNsSHOK NPOTEIHIB,
NepeKkMCHOMY OKUCHEHHHO MinigiB Ta akTuBaLii BinbHO-
paavkanbHUX peakuii MiToxoHapianbHOI MembpaHu
i bopMyBaHHIO MITOXOHAPIANBLHOT AMCYHKLT, LWO iHILitoe
anonTun4Hy 3arnderb Lirnoi HeMpoHarnbHOI KiTnHu [8, 9].
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Fig. 1. Activity of glutathione peroxidase in the brain of rats

under the influence of an energy drink (M+m, n=7)
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Puc. 3. AKTVBHICTb (DepMEeHTY rnyTaTioHpeayKTasun rofloBHOrO MO3Ky
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Fig. 3. Activity of the glutathione reductase enzyme in the brain
of rats under the influence of an energy drink (M+m, n=7)

40

Ak B1aHo 3 pesynesratis Tabn., BHAacNigoK CNoOXWBaH-
HS1 eHepreTUYHMX HanoiB TBapuHaMu B 2-i rpyni crno-
cTepiranu pisHOHanNPsMIEHUN XapakTep 3MiH: He3HaYHe
NigBULLEHHSA aKTUBHOCTI OinbLLIOCTI rnyTaTiOH3anexHux
(P<0,001) eH3nMiB HEMPOHANbHUX KNITUH Ta 3HUXKEHHS
aKTUBHOCTI rnyTaTioHnepokcuaasun. Lle moxe ceigumTu
NPO NPUrHIYEHHs1 (PYHKLIOHYBaHHSA AaHOMo €H3UMY i SIK
HacnigoK — HaKOMUYEeHHs1 MPOAYKTIB nepokcuaawii nini-
[iB Ta aKkTMBHUX hopM KuCHIO. [poTe B LLypiB 4-i rpynu
Ha 20-Ty Ao0y nicns NPUNMHEHHS CNOXUBAHHSA eHepro-
Hanot akTUBHICTb YCiX eH3UMiB, a caMe rnyTaTiOH-
nepokcmaasu, ryTaTioHpeayKTasun Ta riyTaTioHTpaHCc-
depasn gocarae MakcumaneHux 3HadeHb (P<0,001).
Taki 3MiHWU MOXYTb ByTU B pesynbsTaTi BnvBy eHepreTuy-
HMX HarMoiB abo iXHiX CKNagoBUX KOMMOHEHTIB Ha CTPYK-
TYPY €H3MMIB 4K BiogOCTYMNHICTL akTMBaTopiB, HEOOXia-
HUX AN hepMeHTaTMBHOrO npoLiecy. 3a pesynsratamm
fiarpam MoxxHa noda4nTu, Wo BHACHIAOK BiAMiHM eHep-
roHanow BiAHOBIETHCA BMXigHA 30aTHICTb aKTUBHOCTI
€H3UMIB [MyTaTiOHOBOI cucTeMn. AGCOMOTHO iHLLi 3MiHK
CTOCYIOTbCS [THOKO30-6-chpochaTaerigporeHasn — pery-
naTtopHoro eHaumy MNOLU, akTUBHICTb SIKOro Ha nepLuy
poby BigmiHn cTpimko 3pocTtae (P<0,001) Ta 3ymosntoe
iHTEHCMBHE BUKOPUCTAHHSA [MI0KO3N HEMpOHaMu Ans
ytBOopeHHs HAOQ®H+H*, a Bxe Ha 20-Ty AoBy — 3HK-
XyeTtbes (P<0,001).
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Fig. 2. Activity of glutathione transferase in the brain of rats
under the influence of an energy drink (Mtm, n=7)
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Fig. 4. Activity of glucose-6-phosphate dehydrogenase in the brain
of rats under the influence of an energy drink (M+m, n=7)
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The state of the glutathione system of the cerebral of rats under the conditions of energy drink consumption

N. I. Lytvyniuk, A. M. Ersteniuk
natallitvinyuk.ifnrmu@gmail.com

Ivano-Frankivsk National Medical University, 2 Halytska str., lvano-Frankivsk, 76018, Ukraine

The paper presents the results of studies of the energy drink influence on the state of the glutathione system of the rat brain. Energy
tonics belong to a group of drinks containing a large number of active components that are able to stimulate the central nervous system
of a person and to increase physical performance, as well as to affect circadian rhythms, extending the period of wakefulness. Literary
sources also indicate the negative impact of energy drinks on certain functional systems of the human body. The study was carried out on
white rats of the Wistar line weighing 180—-200 g, which were on a standard vivarium diet under regulated microclimate parameters (humid-
ity, lighting and temperature regime). All experiments on animals were conducted in compliance with the requirements of the European
Convention for the Protection of Vertebrate Animals Used for Experimental and Scientific Purposes (Strasbourg, 1986). A non-inhalation
method of anesthesia was used to collect the necessary material, namely intramuscular injection of sodium thiopental at the rate of 60 mg/kg.
The experimental animals were divided into 5 groups according to the logical criterion of sample formation: 1%t (control group) — rats
received drinking water; 2" — the animals received an energy drink for a month, the material was collected on the 1% day after the end of
energy drink consumption; 3< — animals that received an energy drink for a month, the material was collected on the 10" day after the end
of the experiment; 4" — the animals received an energy drink for a month, the material was collected on the 20" day after the end of the
experiment; 5" — the rats received an energy drink for a month, the material was collected on the 30" day after the end of the experiment.
Determination of the activity of enzymes of the glutathione system (glutathione reductase, glutathione peroxidase and glutathione trans-
ferase) and the enzyme of the pentose phosphate pathway (glucose-6-phosphate dehydrogenase) was performed using the enzymatic
method. The consumption of an energy drink by experimental groups of animals leads to changes in the activity of enzymes of the gluta-
thione system: an increase in the activity of glutathione reductase in the 2, 4, 5 groups, at the same time as a decrease in the activity
of this enzyme in representatives of the 3™ group of animals, the activity of glutathione peroxidase increased in the 4%, 5" and decreased
in 2 and 3" groups, an increase in glutathione transferase activity was observed in all experimental animals. The activity of the enzyme
glucose-6-phosphate dehydrogenase increased in 2.3 and decreased in 4.5 studied groups. The obtained results demonstrated a signifi-
cant influence of the energy drink on the state of antioxidant protection of the brain tissues of experimental animals, in particular on the state
of the glutathione system. The interpretation of enzyme activity indicators proves that energy group drinks can lead to further violations of
the ability to maintain the stability of the body’s internal environment.

Key words: laboratory rats, energy drink, brain, glutathione system, glutathione peroxidase, glutathione transferase, glutathione
reductase, glucose-6-phosphate dehydrogenase

Lytvyniuk NI, Ersteniuk AM. The state of the glutathione system of the cerebral of rats under the conditions of energy drink consumption.
Biol. Tvarin. 2023; 25 (2): 37—41. DOI: 10.15407/animbiol25.02.037.



https://doi.org/10.15407/animbiol25.02.042
UDC 619:618.1:619:612.1:636:2

Received 27.01.2023 = Revision 14.03.2023 = Accepted 21.06.2023 = Published online 30.06.2023

IMyHOGionoriyHa peakTUBHICTb OpraHiamy KopiB 3a ANCKYHKLii A€YHUKIB

O. O. bodHap

bodnar.vetdoc@gmail.com

OPEN a ACCESS

MopinbCcbknin aepxxaBHWUIA yHiBepcuTeT, Byn. LesyeHka, 13, M. Kam'siHeub-lNoginbcbkuin, XmenbHuubka obn., 32316, YkpaiHa

ORCID:
0. O. Bodnar https://orcid.org/0000-0001-6161-6835

Authors’ Contributions:

BOO: Conceptualization; Data curation; Formal analysis;
Investigation; Methodology; Project administration;
Supervision; Writing — original draft, review & editing.

Declaration of Conflict of Interests:
None to declare.

Ethical approval:
Not applicable.

Acknowledgements:
None.

@ Attribution 4.0 International
(CC BY 4.0)

Bigomo, Lo iMyHHUI cTaTyc opraHiamy camkv AMHaMiqHO
3MIHIOTLCS Ha YCiX eTanax K (pisionorivyHoro, Tak i naTonoriyHo-
ro CTaHy penpogyKTUBHOI cuctemu. Y poboTi HaBeaeHi pesyrb-
TaT HAYKOBOTO MOLLIYKY Ta aHanisy iMyHONoriYH1X 4ocnimpkeHb
opraHiamy KopiB 3a AMcyHKUIT Se4HUKIB. BrBieHo xapakTep Ta
0COBNMBOCTI B3aEMO3B'A3KIB MiXK MOKa3HUKaMM iIMYHITETY i CTa-
TeBol PYHKUIT HennigHWX KopiB Ao i nicns nikysaHHA. MeToto
AocnimpkeHb 6yno BUBYUTU AMHAMIKY AeSAKMX MOPAOSOriYHmX
i BiOXiMIYHMX NOKa3HMKIB KPOBi Ta iIMyHHOrO CTaTycy OpraHiamy
KopiB 3 oyHKUIOHANbLHUMK po3ragamMuy Se4HUKIB. YCTaHOBMEHI
neBHi 0coBnNMBOCTI iIMyHHOTO 3aXUCTy OpraHiaMy KopiB 3 nep-
CUCTEHMM >XOBTUM TifIOM SiE4HUKA Ta 3 riNOYHKLIEI0 SEYHVIKIB.
Pesynsrati Halwmx gocnigkeHs nNigTeepanny Ta JONOBHUMN
BCTaHOBIEHi paHille AaHi Npo 3MiHWM reMaTtororiYHMX Ta iMyHo-
NOriYHNX NOKa3HUKIB opraHiaMy KOpiB 3 MaTOmnorieto A€YHUKIB.
YcTaHOBEHO, Lo PO3BUTOK L€l NaTonorii CynpoBOaKYBaBCS
iMyHOOeMIUMTHUM CTaHOM OpraHisMy, posnagamu KriTUHHOI
i FyMopanbHOI NaHOK iIMYHITETY, 3HVDKEHHAM NMOKa3HWKIB Hecne-
umdivHoro 3axmcty. OBapianbHa NCAYHKLIS Y KOpIB NepeBax-
HO PO3BMBAETLCA Ha Tri iIMyHOCynpecii Ta AedilmTy NOKa3HMKIB
KMITMHHOTO 3aXUCTY OpraHi3my, L0 JOMOBHIOBABCS 3HKEHHSAM
BMICTY B KpOBi €pMTPOLMTIB, reMornobiHy Ta 3aranbHoro Ginka.
CyTTeBe 3pOCTaHHSA BMICTY B KPOBi XBOpUuX KopiB “0”-MOHO-
HyKrneapiB CBiAYUTb NPO NOPYLLEHHSA MexXaHi3My audbepeHLiaLlii
nimdoumTiB, LLO HeraTMBHO BigoOOpaxaeTbCcst Ha (POPMYBaHHiI
iMyHHOI Bignosigi opraniamy. [lucbanaHc BMIiCTY OKpeMux
nonynsAuin NiMmgoumnTiB BKadye Ha HeOBXiAHICTb iMyHOKOPeKLi
3 MeTOH0 NiABULLEHHs BMICTY B- Ta T-kniTuH, LWo, BignosigHo,
npu3Bene 40 3MEHLUEHHsT YacTKn ManoakTueHux “0”-nimdo-
UUTIB, CIPUATUME BIOHOBINEHHIO MEXaHiI3MIB iMYHHOTO 3aXMCTy
opraHiamy KopiB. 3HUXEHHS MOKa3HUKIB OKpeMuX hakTopis
iMyHOBIONOriYHOI peakTMBHOCTI OpraHiaMy KOpiB 3 NaTosorieto
roHag, 0brpyHToBYye HEOOXiQHICTb 3aCTOCYBaHHS 3aranbHOCTUMY-
nIoBanbHUX Npenaparis 3 iMyHoMoAeNtoBansHUM ehekToM.

KnrouoBi cnoBa: imyHiTeT, nimdoumTy, aHadpoamsis, rino-
dyHKUjSA, iIMyHOaeILUMT, XXOBTe Tino, roMeocTas, HeMrigHICTb,
epTUNBHICTb

Betyn nposiBy heHOMEHIB cTafii 30y KEeHHS CTAaTEBOIO LINKITY
B KOpiB CTaHOBUTb Big 5 o 76% [11, 13, 7]. 3a gaHnmm

OpHieto 3 akTyanbHMX Npobrem BigTBOPEHHST MOMOY- GaraTbox 4OoCNiOaHWKIB, OOHIE 3 OCHOBHMX 6e3nocepen-
HOro CcTafa € aHadppoamsia. 3a gaHumm niteparypu, Yac- HiX NPUYUH HEeNNIgHOCTI KopiB € MOPdOYHKLOHAMNBHI
TOTa NOPYLLEHb CTaTEBOI LWKMIYHOCTI 260 HEMOBHOLHHOMO po3nagu ctaTeBOi CUCTEMMU, 3 SKMX HA NepLue Micle
42 bionozia meapuH, 2023, 1. 25, N2



Bodnar O. O.

Immunobiological reactivity of the body in cows with ovarian dysfunction

CTaBnATb FiNOMYHKLII0 SEYHUKIB Ta NEPCUCTEHLIIO
»oBToro Tina. OBapionartii KOpiB, SKi CynpOBOMAXKYOTHCS
aHadpoamsieto, 3yMOBIIOKOTb 3HAYHI EKOHOMIYHI 36UTKM
Yy TBAPUHHULTBI Yepe3 NOOOBXEHHS TEPMIHY MiX oTe-
TNEHHSAM | OCIMEHIHHAMM, 3HUXEHHAM 3annigHEeHOoCTi,
36inbLUEHHSAM pO3MipiB HENMIAHOCTI Ana cTaga. Yce ue
npu3BoaMTL OO0 NABULLEHHS COBIBApTOCTI NpoaykLuii Ta
3MEHLLEHHSI peHTabenbHOCTi BUPOOHMLTBA MOSOKa.
Came ToMy LSt MATONOris CTAaHOBUTL akTyarbHYy Npob-
nemy BeTepuMHapHOI penpoayKTonorii Ta noTpebye
noAanbLUIoro I'pyHTOBHOrO BUBYEHHSA [11, 3, 4, 1, 6].

Ha aymky 6inbwocTi aBTopis, XxBopobu opraHis
BiATBOPEHHSA Yy KOpiB Ta Tenuub Tpeba po3rmsagatu sk
NposiB 3ararbHOro 3axBOPOBAHHA opraHiamy. Tomy
B OCHOBI paHHbOI AiarHOCTMKM Ta NPOiNaKkTUKKM riHe-
KOMNoriYHMx XBopo6 Mae nexaty NpUHLIMN MOHITOPUHTY
MOKa3HWUKIB — iMYHOMOrYHMX, remaTororiyHux, Gioxi-
MiYHUX, @ TaKoX roMeocTasy opraHiamy, ki, nopsg
3 KJiHIYHUMKM QOCRIgXXEHHSAMN, OO3BONINTb BUSIBUTH
OVCOYHKLIK0 penpoayKTUBHMX OpraHiB Ha paHHiX CTagisix
natoreHesy [9, 10, 14]. Bigomo, W0 penpoayKkTneBHa
yHKLiS caMOK CYTTEBO NOB’A3aHa 3 CUCTEMOIO iMYH-
HOro 3axXMCTy OpraHiamy. YucneHHi gocnigpxeHHi go-
BOOATb, O PO3BUTOK BiNbLLIOCTI NATONOriA B CTaTeBIl
CMUCTEMi CaMOK CYNpPOBOMAXKYETLCHA iIMYHOAEMILUTOM,
ancbanaHcoM KITiTUHHOI | FyMoparibHOI JTaHOK iMyHiTe-
TY, 3HWKEHHAM NOKa3HUKIB HECNELNIYHOIo 3axXncTy
opraHismy [7, 8, 13]. Cy4acHa KkniHi4yHa iMmyHonoria mae
B apceHani BenuKy KinbkicTb nabopaTopHMX MeTOAIB,
AKi AO3BONATb 3 BUCOKOK TOYHICTIO BCTAHOBUTM MO-
PYLUEHHS1 IMYHHOrO roMeocTasy Ta BUSBUTU AedEKTU
B ycCix Ti naHkax. [lna giarHoOCTMKKM iMyHHOI HegocTaT-
HOCTI B Nnoflen i TBapyH B NPakTUYHUX YMOBax 3acTo-
COBYIOTb MOeTanHy (4Ba Yn TpW eTanu) CXemMy OLiHKK
iMyHHOro cTaTycy [2, 5, 12].

MeToto pocnigXXeHHA Gyfno BU3HA4YMTK Ta Npo-
aHanisyBaTu NOKa3HWKN KPOBI Ta iMyHHOro cTaTycy
opraHiaMy HennigHMX KOopiB 3a yHKLiOHaNbHUX pO3-
najiB SI€YHMKIB.

MaTtepianu i meTogm

Martepianom gns gocnimpkeHb Gynmn KOpoBKM yKpaiH-
CbKOi MOJOYHOI YOpHO-PsI00T Nopoan BikoM 5—6 pokiB
3 HaOEM MOJIOKa 3a NonepeaHto NakTawito 5—6 TuC. Kr.
Yci pocnign npoBeaeHi Ha KopoBax-aHarnorax i3 Bpa-
XyBaHHSIM IXHBOrO BiKy, Macu Tina Ta NPOAYKTUBHOC-
Ti, dizionoriyHoro ctany Towlo. TBapuH yTpumyBanm
B TUMNOBUX NPUMILLEHHSX i3 3a40BINbHUMK Napame-
Tpamu MiKpoKriMaTy, rogiBns nepeBaxkHo Bignosiga-
na iXHboMY (i3ionoriyHOMY CTaHy Ta NPOSYKTUBHOCTI.
3a miggocnigHMMM TBapMHaMu TpMBaB NOCTINHUN
BETEPVHAPHUIA Harmsa, NPoBoAunmM GioxiMiyHi Ta remarto-
TNOriYHi AoCnimKeHHs KpoBi, aHani3 paujioHiB, MOHITOPUHT
MOJIOYHOI NPOAYKTUBHOCTI TOLLO.

Mig Yac nposegeHHa aocnigXeHb NS BUSBIEHHS
KopiB 3 PyHKUiOHAaNbHNMW 3aXBOPOBAHHAMM S€Y-
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HWKIB BpaxoByBanu aHaMHes, AaHi Woao Xxapakrepy
TXHbOT CTaTEBOI LMKMIYHOCTI Ta pe3ynsraTt TpaHCpeK-
TanbHoro obcTexeHHs roHag. Peakuito-BignoBigb ko-
piB Ha NnpoBeAeHe NiKkyBaHHS BU3Ha4anu 3a NosiBoKo B
Sie4YHMKax PYyHKLIOHaNbLHNX YTBOPEHb Ta BiJHOBMNEH-
HAM CTaTEBOI LMKMIYHOCTI 3 NOAANbLLOK OBYISLiE
i YTBOPEHHSIM XXOBTOrO Tina cTaTteBoro LnKny.

3a nepiogamu gocnigis y kopiB 6panu KpoB 3 spem-
HOT Ta MONOYHOI BEHU 3 NoAarnbLlUUM BU3HAYEHHAM
HWU3KN reMaTornoriyHmx, BioXiMiYHMX Ta iMyHOMNOrMYHNX
NoKasHUKiB. Y gocnifax BUKOPUCTOBYBANM SK LinbHY
KpOB, TakK i il cuposaTky. Y pisionoriyHo 300poBuMX KOpiB
KOHTPOSbHOI rpynu 3abip KPOBi NPOBOAWIN OAHOPA30BO,
y XBOpUX KOpiB — ABiyi: nepen no4aTkoM fikyBaHHSA
Ta nicns KMiHiYHOro ogyXaHHs.

JTabopatopHi gocnigkeHHsa NpoBoaunm 3a po3pod-
JIEHOH iIMYHOMOTYHOK TecT-KapToto [12]. TecTyBaHHS
akTopiB iMyHOBIONOri4YHOI PE3UCTEHTHOCTI Ta iMYyHHOIO
CTaTyCy OpraHiaMy OXOMSHOBaNn BU3HAYEHHS:

— BMicTy T-, B-, «O»-nimcpoLinTiB y peakuisix po3eTko-
YTBOPEHHS KNiTUH 3 epuTpoumTammn 6apaHa B pi3HMX
mMoamndikauisix;

— BMICTY LIMPKymHOYMX iMyHHUX komnnekcis (LK)
B peakuii npeuynitadii 3 nonietunexrmnikonem (MEF-6000);

— BakTep1UMaHOI aKTMBHOCTI cupoBaTku kposi (BACK);

— Ni3OUMMHOT aKTUBHOCTi cupoBaTtky KpoBi (JIACK).

Jocutb iHPOPMATMBHUM Ta 3pYYHUM KPUTEPIEM
OLiHKM CTaHy iIMYHHOro romMmeocTasy, Ha Hall po3cyq,
BMSIBUBCSH MOKa3HUK, AKUIA BUpaxae piBeHb ANChYHKUIT
(rmmBuRy) iMmyHHUX po3nagiB (L), skniA BUpaxoByeTbCS
3a hopmyroto:

— nNxX _
A= (R~ > 100,
ae MNX — nokasHuK XBoporo;
CIMH — cepeaHin NokasHUK B HOPMI.

AKLWO OTpMMaHui pesynesraT Mae HeraTMBHE 3Ha-
YeHHs, TO Le CBiaYNTb NPo iMyHoaediuunT; pesynsraTt
3i 3HAKOM «MNMC» — HaBNaku, Npo rinepyHkLito
LbOro iMyHHOro nokasHuka. BuginaioTb Tpu CTyneHi
ANCMYHKUIT IMYHITETY: 3a nepLloro nokasHuk [ konu-
BaeTbcA B Mexax 1-33%, 3a gpyroro — 34—66%, a 3a
TpeTboro csrae 67% i suwe. BeaxaeTbcs, Wo nep-
LM CTYNiHb iIMYHHOT AMCcAdYHKUIi ByBae y 300poBux
TBapWH i He nNoTpebye iMyHokopekuii. Opyrui cTyniHb
CBig4YUTb NPO CYTTEBI MOPYLLUEHHS B CUCTEMI IMYHITETY,
a TBapuHU 3 TPETIM CTyMNEeHEM BUMararoTb HEBIAKNaAHOT
imyHoTepanii [12, 13].

Pe3ynbrat 1 06roBopeHHs

MpoBeaeHi KniHiko-ekcnepnMmeHTarnbHi 4OCHIOKEHHS
€ OfHWM i3 eTaniB HayKOBO-AOCHiAHOI poboTu Kadenpu
BETEPUHAPHOro akyLlepcTBa, BHYTPILUHbOI naTtonoril
Ta xipyprii MMoginbCbKOro Aep>xaBHOMO YHIBEPCUTETY
3 po3p0obKM Ta BNPOBaMKEHHIO €CPEKTUBHMX NiKyBanbHO-
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npodoinakTuyHMX 3axoais Anst 6opotbou 3 aHadbpoamsieto
KopiB, METOZIB Bi4HOBMEHHSA Ta MiABULLIEHHSA BiATBOPHOI
30aTHOCTI TBAPWH, IMyHOIarHOCTUKU Ta iMyHOKOpeKLiT
IXHBOrO OpraHiamy.

3a npoBeaeHHs! iIMyHOMNOMYHUX JOCHIIKEHb MU CTPOrO
OOTPUMYBAaTUCA METOAMKM OOCTSKEHHS Ha BCiX eTanax,
CTBOpPIOBanu cTaH4apTHi YMOBM Bif no4YaTky NpuUroty-
BaHHS peakTuBiB Ta BUAineHHs 6iomarepiany (KniTuH
Ta CMpOBATKM KPOBIi) 4O MigpaxyHKy Ta BCTAHOBIIEHHS
pesynbraTiB TeCTyBaHHs. LiMx BUMOr Ta npaBun Wwoao
MPOBEAEHHS! iIMYHOMOMYHMX TECTYBaHb MW OOTPUMAINCS,
Lo nigTBepaunu ctabineHicTe pesyneraTtie peakuii PYK
i He3HayHa Noxnbka OTPMMaHNX MOKA3HUKIB.

AHanis guHamikn NokasHWKiB iIMyHOKOMMNETEHTHUX
KNiTUH gocnigHux (XBOpMX) Ta KOHTPOIbHUX (KMiHIYHO
3nopoBux, K3) kopiB cBigunTb NpoO NEBHi 3aKOHOMIp-
HOCTI KSITUHHOrO IMYHITETY OpraHiamy Camok 3 nepcuc-
TEHWUM XOBTUM TinoMm seyvHuka (IMXT) Ta rinodyHKuieto
seyHukiB (MA) (tabn.1).

Ta6nuus 1. Moka3HUKM iIMyHOKOMMETEHTHUX KNITWH
y nigaocnigHux kopis (M+m, n=10)

Table 1. Indicators of immunocompetent cells

in experimental cows (M+m, n=10)

MokasHuk I'pynu kopiB / Groups of cows
Indicator IKT/PYB  TIA/OH K3/CH
H 0,
iveaetyr, % 63,42+2,43 61,76+1,46 65,80+2,33

Lymphocytes, %
T-nimdoumntn, %
T-lymphocytes,%
B-nimcounTtn, %

42,06+1,89 39,04+1,54* 44,20+1,59

D ,  19.1260,80  20,34£1,02  18,02£1,00
o ;r'r]“’;)qﬁgg;;"é o0 3880£1,08 40,62t144  37,0+1,82
T:B 221£0,19* 1,02+0,16™  2,43+0,20
Tinpekc/T-ndex  0,87:0,03* 0,84:0,04*  0,92+0,01

lMpumimka. * — P<0,05; ** — P<0,01 — ctocosHo rpymu K3.
Note. * — P<0.05; ** — P<0.01 — relative to group CH.

BcTaHoBNEHO, WO BMIiCT Yy BEHO3HIN KPOBi KOpiB
3a UMx oBapionarTin 3aranbHoi nonynauii nimgoumnTis
OyB HVXXYMM 3a KOHTPONbHI MOKa3HMKK, NPOTE Taka
pi3HMLA Oyna HeBipOriaAHO i B cepeaHbLOMY He nepe-
BuwyBana 3,5%. Pesynbsratm gocnigXeHb KNiTUHHUX
i rymoparnbHUx pakTopiB pe3UCTEHTHOCTI Nokasanu,
LLIO Y KPOBi KOPIB yCiX rpyn HanMeHLW nabinbHO BU-
sBunacst B-naHka iMyHHOro 3axucTy: y camuub 3 nep-
CUCTEHMM >XOBTUM TifIOM si€4YHMKA Ta 3 rinodyHKLIE
SIEYHVMKIB He Oyno BipOrigHOI Pi3HML Mk MOKasHUKamm
BMICTY B-KniTWH NOpPIBHSHO 3i 300POBMMU TBapUHAMMU.
Lle MOoXXHa MOSACHUTYM BiACYTHICTIO FOCTPUX 3ananbHuX
NpoLEeCiB B SEHYHMKAX KOPIB 3a LMX oBapionartin, a Takox
X XpOHiYHUM nepebirom.

Y Halmx JocnigkeHHAX BCTaHOBMEHO, WO nepebir
NepCUCTEHLIT XXOBTOrO Tifla sie4HMKa Ta rinogyHKUiT
SIEYHUKIB Y KOPIB CyNpOBOMKYBaBCsi MEBHOI Nepedy-
[0oBOK T-cucteMu iMyHITETY. Y KOpiB 3 rinodyHKLUieto
SIEYHVIKIB, MOPIBHAHO 3i 300POBMMM, BCTAHOBMNEHO BipO-
rigHe 3HWKeHHs1 BMicTy T-kniTuH Ha 5,1% (P<0,05),
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Y KOpIB 3 NEPCUCTEHNM >XXOBTUM TifIOM Si€4HMKa LS Pis-
Huuga csrana 2,1%. Bapto BkasaTu, Wo BMICT T-KIiTUH
Y KPOBIi KOpiB y BCiX rpynax 6yB BiporigHO H/X4YnM Big
X cepeaHbOCTaTUCTUYHOIO AhidioNIoriYHOro NoKasHmKa
(TH. = 55%), a D-kniTMH — HaBMakw, AeLLo Woro nepesu-
wysaB (BH. = 17%). Take 3HWKeHHs BMICTY T-nimdoumnTiB
y KpoBi xBopux kopis (rpynu IMXKT i 'A) cnpuynHmuno
BiporigHe nafiHHA BiZHOCHWX MOKa3HWKIB iIMYHHOrO CTa-
TyCy iX opraHiamy. YCTaHOBMEHO, Lo CMiBBiAHOLLEHHSA
T- i B-nimdpouuTiB kopiB 3 rinodyHKuUieo sedHnkiB Byno
Ha 26,1% Hwk4mMm (P<0,01) nopiBHAHO 3i 300pOBUMMU
TBapMHaMu, a B KOPIB 3 MEPCUCTEHMUM >KOBTUM TiflOM
seyHnka — Ha 10,1% (P<0,05). Lle x cTocyeTbes i no-
kasHuka T-iHoekcy: y rpyni A BiH ByB Hx4MM Ha 8,6%
MOPIBHSHO 3 KINiHIYHO 300poBMMM TBapuHamm (P<0,01),
y rpyni MXT — BignosigHo, Ha 5,4% (P<0,05).

Ha nigctasi npoBegeHnx AocnimkeHb MOXXHa CTBep-
OXXyBaT, WO Take 3HMXKEHHS nokasHukie T-iHaoekcy
Ta cniBBigHoweHHA T- i B-nimdouuTie cBig4YnTL NpO
CyTTEBUI AncbanaHc KNiTMHHOTO iMyHITETY OpraHiamy
KOpiB 3 NEPCUCTEHNM XKOBTMM TifIOM Ta rinoyHKUiE0
S€YHUKIB. Lie MOXXHa MOACHUTU TUM, LLIO HaBiTb Nicng
HOpPMarnbHOro OTENEHHSA OpraHiaM camku nigeuLle-
HO YyTNUBWIA 0O HECMPUATIIMBOIO BNUBY AOBKIMNS,
BHYTPILLHIX 3MiH roMeocTasy opraHiamy, NOB’A3aHOro
3 0COONMMBOCTAMM MOro NepedynoBu y NiCNSOTENbHNU
nepioa, a Takox 3a pO3BUTKY ANCHYHKLIT B EHOOKPUHHIN
Ta cTaTeBii CUCTEMi CaMOK.

AHani3 3HayeHb ANCPYHKLUIT MOKa3HUKIB iIMYHO-
KOMMETEHTHUX KIITUH Aae YiTKily KapTUHY iMYHHOTO
ancbanaHcy B OpraHiami KopiB i3 3aXBOpPOBAHHAMMU
S€YHWKIB (Tabn. 2).

Tabnuus 2. NokasHukM cTyneHs AncayHKUii

iMYHOKOMNETEHTHMX KNiTUH Y NiAAocniaHuX Kopis, %

Table 2. Indicators of the degree of immunocompetent cells dysfunction
in experimental cows, %

MokasHuk I'pynu kopis / Groups of cows
Indicator KT/ PYB r'4/OH K3 /CH
T-nimcpoumntn, % /
T-lymphocytes, % —24,36 (1) —29,16 (1) -16,91(1)
B-nimdpountn, % /
B-lymphocytes, % 10,26 (1) 18,24 (1) 5,88 (I)
«O»-nimcpountn, % /
“0-lymphocytes, % 35,50 (Il 40,36 (II) 30,08 (1)
T-iHgekc / T-index -15,40 (1) —27,02 (I) 2,22 (1)

lMpumimka. CTyniHb ANCYHKUIT BKa3aHO B AyXKax.
Note. The degree of dysfunction is indicated in parentheses.

PesynsraTtv npoBedeHuX gocnigxeHb ceigvaTb, WO
piBEHb OMCMYHKLIT OCTaHHIX B YCiX rpynax Kopis He
nepesuwyBaB | cTyneHsl, npuyomy Gyno BCTaHOBMe-
HO sIK FiNOQYHKL0, TakK i rinepdyHKLil0 TeCTOBaHNX
nokasHukiB. Lle cBigunTb Npo HeoOXigHICTb iIMYHO-
KOPEKLMHOI Tepanii XBOpUX KOpIB 3 METOK HerTpanisauji
iIMYHOCYMPECOPHMX MEXaHI3MIB, SIKi aKTUBYHOTbCA Nicng
OTENEeHHSA Ta CyNpOBOAXYOTb PO3BUTOK rinOyHKLT
i NepCUCTEHLii XXOBTOro Tina 3anosu.
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BapTto 3ayBaxuTy, Lo abcomntoTHe 3pOCTaHHSA BMiC-
Ty B-KniTWH B KPOBi XBOPUX KOPIB CAPUHNHMIO MOMIPHY
rinepdpyHKUito B-naHKku iMyHITETY, @ cynpecist NoKasHuKIB
T-KNITUH CBIQYMTL NPO i FiNOQYHKLIO, L0 Y AOCHIOHMX
rpynax nepesaxkHo BNpuTyn Habnmaunucsa go Il ctyne-
HA AncayHKuii. OcobnmnBo Lie CTOCYETLCS NOKA3HMKIB
T-nimouunTiB i T-iHOEKCy B KOPIB 3 riNOgyHKLU e gey4-
HUKIB, LLIO CBIigYNTb NPO KPUTUYHUIA AediunT KNITUHHOT
naHku imyHitety. LLle cyTTeBili BigXuneHHs, ane B Ha-
NPAMKY rinepdyHKLUii, Oynun BUSBMEHI o0 NOKa3HUKIB
«0»-nimdboumTiB: piBeHb iXHBOI AncdyHKLUi (rpynn MXXKT
Ta ['A) caras Il ctyneHs, wo B cepegHbomy Ha 12%
nepesuLLYyBano ¢isionoriyHi nokasHuku. Lle ceigumTb npo
ancbanaHc KNiTMHHOrO 3aXUCTY OpraHiamy, Lo, NMOBIp-
HO, MNOB’A3aHO 3 TPMBaNUM aHTUFEHHUM BMIMBOM Mig
yac TiNbHOCTI Ta eHAOKPUHHUMU 3pYLLEHHAMU B MiCNs-
OTeNbHU Nepiog, sIKi HeraTMBHO BMAMBAKOTL Ha NPoLEecH
avdbepeHuiadii nimgouunTiB Ta IHAYKYOTb CyTTEBE 3pOC-
TaHHS PIBHA «HYNbOBMX» MOHOHYKNeapis. BuasneHuin
ancbanaHc nonynauin nimgouunTiB Bkadye Ha HeooXia-
HICTb iMyHOKOpEeKLUIi 3 METOO 36iMbLUEHHSI BMICTY B KPOBI
B- i ocobnumeo T-kniTuH, Wo, BiANoBigHO, Npu3Beae 4o
3MEHLLEHHS YaCTKN HU3bkoandyepeHLinoBaHMX Ta Mano-
akTMBHUX «O»-nimcooumTiB Ta CNpUSTUME BiOHOBINEHHIO
KNiTUHHOT NaHKM iMyHHOTO 3aXMCTy OpraHiamy Kopis.

Ak BuaHo 3 Tabn. 3, nepebir naTonoriYyHmx Npouecie
B fi€4HUKaXx KopiB 3 BoKy dakTopiB HecneundivyHoro
3axXUCTy OpraHi3aMy xapakTepu3yBaBCs HE3HAYHMMU
KOMMBAHHAMM TXHiX MOKa3HUKIB.

Ta6nuusa 3. MNoka3Hnkn HecrneumdiyHoro 3axmcTy
nigaocnigHux kopis (Mtm, n=10)

Table 3. Indicators of non-specific protection

of experimental cows (M+m, n=10)

MoKa3HUKK I'pynu kopis / Groups of cows

Indicators MXT /PYB rA/OH K3 /CH
BACK, % / BABS, % 58,60+4,52 60,68+3,52 64,60+2,42
JIACK, % / LABS, %  23,26+2,04 22,03+3,52 20,18+1,66

LIIK, oa. onT. winbH.

CIC, un. opt. density 103,36+6,70 115,84+2,10 108,56+8,40

AHani3 ix y BCix rpynax KopiB He BUSIBUB NMEBHUX
3aKOHOMIpHOCTEN Ta CyTTEBUX PO30iKHOCTEN (Pi3HK-
LS HeBpiorigHa), Lo CBiAYMTb NPO BiACYTHICTb TICHOrO
B32EMO3B’13KY MiXX piBHEM HecneundiyHoro 3axmcTy
opraHiamy i nepebirom nepcucTeHL,ii XXoBTOro Tina
Ta rinogyHKUii Se4HUKIB. YCTAaHOBMEHO, L0 piBEHb
BACK y kopiB 3 oBapionaTismMu He nepesuLlyBsas 6,0%,
a JIACK — BignosigHo, 2,1% nopieHsaHO 3 K3, gocni-
[PKEHHS B CMPOBATLi KPOBi XBOPWX Ta KMiHIYHO 300pOBUX
kopi BMmicTy LIIK Takox He BUSIBUNW BIpOrigHOT Pi3HWL.
BoaHouac cnoctepiranu 3HmkeHHsA Ha 5,5% pisHs LIK
Y KPOBi KOpIiB 3 MEPCUCTEHTHUM XKOBTUM TifTOM SEYHUKA
LLIOAIO KOHTPOIHO, TOAj SIK Y KOPIB 3 riNOMYHKLIEID SEYHNKIB
IXHin piBeHb, BigNoBigHO, 3pic Ha 6,2%.

Pesynbratv npoBegeHnx gocnimpkeHb NiaTeepannm
Ta AONOBHWUNN BCTAHOBIEHI paHille AaHi Npo 3MiHN
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remMaTornoriYH1X Ta iMyHOMOMYHMX NOKa3HWKIB OpraHiamy
KOpIB 3 NaTonorieto Se4HNKIB. MOHITOpUHI niMdoumUTapHO-
ro NPOQinto KPoBi Ta iHTErpanbHUX NOKa3HUKIB iIMyHHOTO
CTaTycy OpraHiamy CBiguuUTb NPO ANCYHKLIO MeXaHis-
MiB NPMPOOHLOro 3axXUCTY 3a MNOMYHKLLT AEYHUKIB, SKi
CYTTEBO PI3HATLCA K Bif hisionorivHmx, Tak i cepegHbo-
CTATUCTUYHMX BEMNWUYMH, WO BiANOBIOAE AaHUM iHLIMX
pocnigHukis [7, 13]. BctaHoBneHo, Wwo guctpodiyHi Ta
MOPONOriyHi 3MiHM B A€4HMKaX KOPIB, SIKi BUHMKaOTb Ha
(POHI HEMPO-EHAOKPUHHMX PO3MaiB, CynpPOBOOXKYOTLCS
MOPYLUEHHAMM (DYHKLIOHANBHOIO CTaHy CUCTEMMW iMyHO-
GionoriYHOro 3axmCTy opraHiamMy. Hawwi gocnigpkeHHs nig-
TBEPOPKYIOTb, LLUO MEBHE 3HAYEHHS Y PO3BUTKY Mepcumc-
TEeHLi XXOBTOro Tifa Ta rinogyHKLii SEYHUKIB KOpIB Mae
ONCYHKLiS NOKa3HUKIB SIK NPUPOAHBOT PE3NCTEHTHOCTI,
Tak i AucbanaHc OCHOBHUX MOKa3HWKIB iMyHHOTO CTaTycy
opraHiamy. ToMy Ans AOCArHEHHS! ONTUMarbHUX Pe3yrb-
TariB NikyBaHHs1 KOPIB 3 TakMMK OBapionarisiMy HeobXiaHO
BpaxyBaTh CTaH iMyHOBIONOriYHMX MEXaHi3MIiB 3aXUCTy
opraHi3my, NPOBOANUTU iX MOHITOPUHT N Yac MikyBaHHS,
B nepiog pemicii Ta nicnsa ogy»xaHHs TBapuH [2, 5, 8].

Pesynbratn npoBegeHmx imyHobionoriyHnx gocni-
I)KeHb CBigyaTh, Lo nepebir nepcncTeHLii )KOBTOro Tina
Ta rinodyHKLUil SEYHMKIB Y KOpIB BigbyBaeTbCA Ha (POHI
OVCAYHKLIT, nepeBaxHo y Bik NpurHiyeHHst imyHobiono-
rYHOro 3axmCTy iX opraHiamy, Lo OOrpyHTOBYE AOLiMb-
HICTb 3aCTOCyBaHHSA CTUMYNOBarbHOI Tepanii 3 MeTO
Hopmanisauii iMyHHOro crtaTtycy Ta BiQJHOBMEHHS CTa-
TeBOI LMKMIYHOCTI.
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Immunobiological reactivity of the body in cows with ovarian dysfunction

O. O. Bodnar
bodnar.vetdoc@gmail

Paodillia State University, 13 Shevchenko str., Kamianets-Podilskyi, Khmelnytsky region, 32316, Ukraine

It is known that the immune status of the female organism changes dynamically at all stages of both the physiological and patho-
logical state of the reproductive system. The work presents the results of scientific research and analysis of immunological studies
in cows with ovarian dysfunction. We studied the nature and peculiarities of the relationships between the indicators of immunity
and sexual function of infertile cows before and after treatment. The purpose of the research was to find out the dynamics of some
morphological and biochemical blood indicators and the immune status of the body in cows with functional disorders of the ovaries.
Certain regularities of the immune status in cows with persistent corpus luteum of the ovary and hypofunction of the ovaries have
been established. The results of our research confirmed and supplemented previously established data on changes in hematological
and immunological indicators in cows with ovarian pathology. It was established that the development of this pathology was accompa-
nied by an immunodeficient state of the body, disorders of the cellular and humoral links of immunity, and a decrease in indicators of
non-specific protection. Ovarian dysfunction in cows mainly develops against the background of immunosuppression and deficiency
of indicators of cellular protection of the body, which was supplemented by a decrease in the content of erythrocytes, hemoglobin and
total protein in the blood. A significant increase in the content of “0” mononuclear cells in the blood of sick cows indicates a violation of
the mechanisms of lymphocyte differentiation, which negatively affects the formation of the body’s immune response. The imbalance
of individual lymphocyte populations indicates the need for immunocorrection in order to increase the content of B and T cells, which
will, accordingly, lead to a decrease in the share of low-active “0”-lymphocytes, and will contribute to the restoration of the immune
defense mechanisms of the cows’ body. The decrease in indicators of individual factors of immunobiological reactivity of the body
of cows with gonadal pathology substantiates the need for the use of general stimulating drugs with an immunomodulating effect.

Key words: immunity, lymphocyte, anaphrodisia, hypofunction, immunodeficiency, lymphocyte, corpus luteum, homeostasis, infertility,
hypofunction, fertility
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OcobnnBoCTi yTpUMaHHS Ta pOo3BeAEeHHSA
akconotna Ambystoma mexicanum (Shaw & Nodder, 1789)
AAK MoAeribHOro o6’ekra 6ionoriyHUX focnigXeHb

E. AHOpiiwuH
bohdanoksalat@gmail.com
HauioHanbHMM HayKoBO-A0CMIAHWUI pecTaBpauiiHuii LeHTp YkpaiHu, JTbeiBcbka dinis, m. JbBiB, YkpaiHa

Ha cborogHi B YkpaiHi 3okpema amaibii He € Ay»e nonynsipHUMm sik NabopaTtopHi Ta MogernbHi TBapuHU | 3Ha-
YHO MOCTYNaKTbCst APIOHUM ccaBuaM. [poTe BOHU € XopoLumMK 06’ekTamMu siK y nabopaTtopHuX, Tak i B HaB4arnbHMX
uinax [Voss S. et al., 2009]. OctaHHE CTOCYETLCA Hacamnepes yHIBepCUTETIB Ta LUKIN, Ae YYHI Ta CTYOeHTU Mornm
6 oTpUMyBaTK OOCBIf CNOCTEPEKEHHS 3a NMOBEAIHKOK, XXUBMEHHSIM, PO3MHOXEHHSIM Ta €TanamMmn po3BUTKY NMOTOMCTBA.
Haronowwyemo, Lo MoBa B KOHKPETHOMY BMMaZAKy He iae nNpo po3TuHK, 3abip KpoBi Ta OGTMHAHHSA YacTWH Tina TBa-
pviH. ToMy METO Halloi poboTh € anpobyBaTh KracuyHi METOAMKM YTPUMAHHS B HEBOITI aKCONMOTIA MEKCUKAHCLKOIO
Ambystoma mexicanum, BiACniaKyBaTVy OCHOBHI TPYAHOLLi y CTUMYnNALIT HepecTy Ta 3abe3neveHHi onTManbHOro
PO3BUTKY LLiET TBAPUHU.

3a 06’eKT JOCTIMKEHHS MW B3ANN NNYMHKY aMBiCTOMM MeKCUKaHCbKoi — akconoTnst Ambystoma mexica-
num (Shaw & Nodder, 1789). Y Halumx akBapiymax My yTpuMyBanu Ta po3sogunu anbbiHOCHy hopMy akconotnsi.
HaronoLuyeMo Ha HenpMNyCTUMOCTI CiNbHOTO YTPMMAaHHS pPi3HMX BUAIB amdibi, pub Ta YNEHNCTOHOMMX B OQHOMY
akBapiyMmi Yepes pisHi po3mipu Ta pisHy KOMGOPTHY TeMMNepaTypy, a TakoX TePUTOpIarnbHICTb | cipuiiMaHHs GinbummMm
ocobuHamn MeHLWMX 3a ixy. OnTumanbHa TemnepaTypa Ans akconotna — 18-20°C. O6’'em aksapiyma nigbvpanu
3 po3paxyHKy npnonmaHo 40 N Ha OgHOrO JOPOCIIOrO aKCONOTIISA: TAKUM YMHOM, TPU aKkCoroTi (4Ba camMui Ta oaHy ca-
MWLI0) NOMICTUNK B akBapiyMm 06’emom 120 n, Takox NiarotyBanv A0AaTKOBI AOMOMDKHI MOCYOMHW HEBENMKOTO 06’'eMy
(8—18 n) Ha BMNaQOK BigKnagaHHs iKpy Ta iMOBIPHUX CYyTUYOK Midk ocobnHamun. Kopm ans TBapvH MIiCTUB NOQOBracTi
LUMATOMKN 3HEXMPEHUX KypsSuMX cepaeLb, Bine dine Tpickn, 3aMopoXXeHi HeBapeHi KpeBeTkN. BapTo 3ayBaxuTy, WO
4acTo aKkCcomnoTAi NoraHo BepyTb HepyxoMy XXy 3 AHa i iX NOTPIGHO rogyBaTk 3 MiHLETA, pyxatoumn LIMaTkom Bins ronosu
TBaApPUHWU. BaxknnBo 3a3Ha4mMTV NPO HEOOXIAHICTL NOCTIMHOT dhinbTpaLii Bogy 3 YHUKHEHHSIM NMOTYXKHOT Teuil, sika HeraTue-
HO BMMUBaE Ha BCiX BOAHUX amdibin. [Ans ctumynsuii HepecTy BYKOPUCTOBYBanM KrnacuyHi METOAM — KOPOTKOYacHe
NigBULLIEHHSA TeMMnepaTypu, a NOTIM Ti 3HWXKEHHS, iIHTEHCUBHY rOAIBM0 BUPOOHMKIB Ta HEBENUKI NigMiHX BOOMW.

B3sBLlum A0 yBaru 3aranbHi pekomeHaauil Ta Hal nonepeHiv AoCBid, MaeMo NiacTaBy NpeacTaBUTK Taki
pesyneraru. [ig Yac yTpumaHHs Ta po3sedeHHs A. mexicanum My NPOCHiaKyBanu ocobnmMBOCTi: BAITKY CKNaaHo NiaTpu-
maTu ctabinbHy Temnepatypy Bogu 18—20°C; Takox JOBOAUTLCS BIAMOBUTUCS Bif APIOGHMX KAMEHIB, OCKINbKM TBAPUHU
NPOKOBTYHOTh X, @ TAKOX BOHW HaKOMUYYOTb OpraHiky B aksapiyMi, Lo NpU3BoanTb A0 NiABULLIEHHS PiBHS HITPUTIB,
HiTpaTiB i pocdpartis y BoAj. Tomy NpoCTOpUI akBapiyMm 3 YACTUM OHOM, CriabKuM OCBITNEHHSIM Ta PiIBHOMIPHOLO rofliBneto
notpebye LoHaMMEHLLE BTpUYi MEHLLE MigMIH | YUCTKM i, K pe3ynbraT, MU MeHLLIE CTPECYEMO TBapWH i CTBOPIOEMO M
KpaLLi yMOBM Ans NposiBiB WntobHoI noBegiHku. IMig Yac wntobGHMX irop cameLp A. mexicanum HasnoraHsie CamuLo, Npu
LibOMY HaMaraeTbCsi TpMMaTy ronoBy sikHanbnvxkye Ao ii knoaku. Taki MaHeBpM MOXKYTb TPMBATK [0 KiNbKOX MicALiB, Bia-
TaK cCaMuLis NOYMHaE BigknaaaTy ikpy. B Hawwin npaktuui cammua Bigknagana Hesenuki nopuii no 10—20 iKpuHOK 3 iHTep-
Banamm NpoTarom TpbOX AHIB. Ha TpeTin AeHb My BUNy4mnm ikpy 3 aksapiymy, nomictunm ii B eMkicTb 18 11 3 aepnicoTHum
inbTpoM Ta iHKyByBanu npu kKimHaTHIN Temnepatypi (17—19°C). BigknagaHHs ikpu novanocs 3 6epesHsa 2023 p.,
yepes 3 oHi emOpioHn novanu 3amiHoBaTV hopMy 3 KyrenogibHoi Ha 6aHaHonoaibHy, HabyBLLIM Malbke HOPHOTO KOMbOPY.
Ha 9-1 geHb nicns noyatky BigknadaHHS MonoBMHa iKpY Ocina Ha AHO Yepes3 NepioguyHuiA pyx emOpioHiB BcepeamHi
iKpuHKkM. Ha 12-1n geHb Mu 3adpikcyBanu BunynneHHa 90% noTomMcTea, HaCTyMHOro AHA 3'9Bunucs peLuTa. Bapto 3asHa-
4MTWY, WO iKpa po3BMBanacs yCnillHo i, Ha Halle 3aMBYBaHHS, MU BUSIBUI BCbOTO 5 HEPO3BUHYTUX iIKPUHOK 3 OPIEHTOBHO
70 BigknageHux. MornoaHsiKy 3roqoByBany KnacuyHUin KopM — XuBi Haynniycu aptemii (Artemia sp.). KateropmyHo He
pekoMeHayeMO rogyBaT 3aMOPOXEHUMU, MNACTUHYACTMMU YU FPaHYNbOBAHUMK KOpMaMK, NICAS BXXUBAHHS KX MO-
NOJHSIK NePEBaXKHO Ma€e OTPYEHHS1. 3a YacTol rogieni i BYaCHMX YACTOK akBapiyMiB MOMNOZHSK pocTe Jobpe i Bxke Ha 40-14
O€eHb 3 MoYaTKy Krnagky HanoinbLui ocobuHm gocsaraoTe 4—4,5 cm. Arne MonogHsik pocTe HEPIBHOMIPHO, TOMY PEKOMEH-
OyemMo NpoBoanuTu copTyBaHHS. Ha 35-11 AeHb My noYanu NponoHyBaTy NYMHKaM 3aMOPOXKEHOro MOTUMS, ane BiJ Hay-
nniyciB apTemii He BiAMOBNANMCA 3 Ornsay Ha pi3Hi po3mipy MonoaHsiky. Ha 40-uii feHb NuMHKM Manuy Bxxe ChopMOBaHi
nepezaHi i YacTkoBo cchopMOBaHi 3aHi KiHLBKM, IXHS NOBeAjiHKa Oyna BXe CX0XO0t0 40 NOBeAiHKM KPYMHUX akCOOTIiB.

CnogiBaemocb, ofepxaHi HaMmu pesynbTaTy CNOoHYKalTb AOCAIAHUKIB 30cepeanTn yBary Ha akconoTns
A. mexicanum €K Ha UikaBi Ta opuriHanbHi MogenbHi 06’ekTn gocnigxeHb B Gionorii.

KnrouoBi cnoBa: nabopatopHi TBapuHu, amdibii, akconotne, Ambystoma mexicanum, pO3MHOXEHHS

48 bionozia meapuH, 2023, 1. 25, N2



May 18-19% 2023, Lviv, Ukraine XXI All-Ukrainian Scientific and Practical Conference of Young Scientists

AKTUBHICTb KaTana3u TKaHUH opraHiamy
Ta ppakuUinHU cKnag po34YMHHUX BinkiB remonimcu 64Xin
3a yMOB nigrofisni 3 LLYyKpoBUM cupornom npobiotukis B-7280 i B-7679

P. J1. AHOpouwyrik
androshulikruslan@gmail.com
IHcTuTyT Gionorii TBapmH HAAH, M. JbBiB, YkpaiHa

OpwH i3 YNHHUKIB, SIKMIA HEraTMBHO BISIMBAE HA 300POB’S B4XKiN | pO3BUTOK KOSMOHIN Ta NPOBOKYE iXHIO 3a-
rmbenb, — Lie NoripLUeHHs KOpMOBOi 6a3n. HesHayHe nopyLleHHs KOMMOHEHTHOro cknagy abo aediumnt ixi moxe
ocrabntoBath iMyHHY cucTemy 6xin, pobuTtu iX BpasnmBIilLMMK A0 3aCTOCYBaHHS XiMiYHUX Npenaparie Ta 3axBo-
PIOBaHb Pi3HOro NOXomkeHHs. [ns 6opoTbbu 3 xBopobamm MELOHOCHUX BAXIN BUKOPUCTOBYHOTL Pi3Hi OyHriLmMau,
aHTMBIOTMKM, reTepPOLIMKIIYHI OpraHivHi cnonyku (iHgonu) Ta 6aktepiodaru, ki € NepCnekTUBHUMW 118 KOHTPOIO
POCTY NaToreHiB siK in vitro, Tak i in vivo. Okpim Toro, B Garatbox kpaiHax €C 3akoHoaaB40 3ab60pOHEHE BUKOPUCTaHHS
aHTMBIOTMKIB Y BOKINBHULTBI Yepes pU3NKN NOLUMPEHHS aHTUMIKPOOHWUX reHiB AN 340POB’S Ntogen i MegoHOCHMX
60xin. Tomy cnocTepiraeTbCst TEHAEHLiSI 4O BUKOPUCTaHHSA HOBUX ehbeKkTUBHMX 3acobiB 60poTbbu 3 xBopobamm
Ta NoKpaLLeHHs 300POB’S MEAOHOCHUX BAXIN HAaTypanbHOro NOXOMXKEHHS, SKi JonoMaratTb YHUKHYTKU BaraTtbox
noBiYHMX edPeKTIB, OCKINBbKN MEXaHi3MW iX il Bigpi3HATLCS Bif, CUMHTETUYHUX 3a paxyHOK aKTUBALlii 3aXMCHUX peakLiin
opraHiamy Ha oi3ionoriyHoMy piBHi.

Bigomo, wo nobpe 36anaHcoBaHa CTPYKTYpa KULLKOBOI GakTepianbHOi MiKpodnopy MegoHOCHUX 6axin
€ OCHOBO AN iX pOCTy, pO3BUTKY, NiACUNEHHS iIMYHHOI BignoBigi Ta onipHocTi Big natoreHis. Ltam kncnomo-
no4vHux G6aktepin Lactobacillus casei B-7280, skuii mae aHTnbakTepianbHi, NpoTnsananbHi Ta iMyHOMOAYIHOKOi
BMacTUBOCTI, € NePCNeKTMBHMM Ans po3podku npobioTnkom. Lactobacillus plantarum Bonopgie aHTaroHiCTUYHO
AKTUBHICTIO MPOTU LUMPOKOrO CNEKTPY MIKpOOpraHiamiB. Y 3B’A3Ky 3 BULLIEBUKNAOAEHUM, METOO Byno BU3HAUUTK
BMMAMB NpobioTnyHuX npenapartis knacy L. casei B-7280 i L. plantarum B—7679 Ha akTMBHOCTI kaTanasu, BMIiCTy
Ginka Ta 6inkoBun Npocpinb remonimdu opraniamy 6axin.

HocnigpkeHHst npoBOAUN Ha MegOHOCHMX Baxonax kapnaTcbkoi nopoau 3 nabopaTopHoi naciku-BiBapito
IHcTMTYTY Gionorii TBapuH HAAH. Y pocnigxeHHsiX BUKOpUCTaHo NiodiniaoBaHi npobioTnyHi wtamu L. casei IMV
B-7280 1a L. plantarum IMV B-7976. [Ina npoBeAeHHs AOCMiAKEeHHS chopMyBanu KOHTPOrbHY Ta ABi AOCNIAHI
rpynn no 60—-90 6axin-aHanoriB 3a Macoto Ta BIiKOM Y KOXHIN. Baxonu koHTponbHoi (K) rpynu y niTHbO-OCIHHIN
nepiog otpumysanu nigrogisnto 3 60% uykposoro cupony (LIC) + 1 mn gnctunbosaHoi H,O B kinbkocTi 1 mn/rpy-
ny/no6y. QocnigHa 1 rpyna 6axin (O1) woaHs otpumysana 1 mn 60% LIC + 1 mn po3uunHy imyHoGioTuka L. casei
B-7280 y koHueHTpauii 1x10°KYO/mn; gocnigHa 2 rpyna 6axin (02) nogatkoso o 1 mn 60 % LIC otpumyBana
po34MH NpobioTuka L. plantarum B-7976 y koHueHTpauii 1x10* KYO/mMn. Bokin KOHTPONbHOI Ta JOCTiAHMX rpyn
yTPYMYyBanu B cagkax 3a aHaroriyHnx ymoB nabopatopHoro TepmocTata TC-80M-3 Bnpogosx 28 Aib gocnigkeHHs.
Micns 3aBepLUeHHs gocnigy 3 KoXKHOI rpynm 6panu no 25 64kin; Bu3Hayanu katanasHy akTUBHICTb Ta BMICT 3aranbHo-
ro 6inka y TkaHMHax ix opraHiamy, dopakLiiHUi cknag po34nHHMX BinkiB remonimdun. OTpruMaHi LMdpoBi faHi 3a
eTanamu JocnifkeHb CTaTUCTUYHO OnpaLboBYyBanu 3a 4OMNOMOrOK CTaHAAPTHOMO NaKeTy CTaTUCTUYHUX Mporpam
Microsoft Excel 3 BukopuctaHHaM koediuieHta CTblogeHTa (P).

BcTaHoBnMeHo TeHAEHLi0 A0 NiOBWLLEHHS KaTanasHoi akTUBHOCTI TKaHWH GpKin 3a TpMBarniloro 3acTocyBaHHs
L. casei i cTabinbHO BULLIOT aKTUBHOCTI LibOr0 €H3UMYy BNPOAOBX BCbOro AOCNIAHOro nepiody 3a Al L. plantarum.
Y ©0Kin KOHTPOILHOI rpynu, siki NPOTArOM YCbOro AOCHiAY OTPMMYBany PO34uH LYKPY, aKTUBHICTb kaTtanasu 3anu-
Lianacs Ha cTanomy piBHi. lNokasaHo, o Ha 14-y Ta 28-y noby BiporiaHo 36inbLUyBaBCs BMICT 3aranbHOro npoTeiHy
B OpraHiami 64xxin, sikuM 3rogoByBanu LlyKpoBMI cupon i npoGioTuk L. casei B-7280. Y 6pxin, skum 3rogosyBanu
LlyKpOBWIA cmpon i npobioTuk L. plantarum B-7679, Takox 36inbLuyBaBcs BMICT 3aranbHoro Ginka, ane ui pisHuui He
6ynu BiporigHnmn. BusieneHo Bogopo3ynHHI ppakuii 6inkis remonimdu: y-rmodyniHum, B-rnobyniHu, a2-rnodyniHu,
a1-rnobyniHn. BapTo 3a3HaunTy, Wo dpakuii anbOymiHiB He BUSABUNK. 3 Ornsigy Ha OTpUMaHi pesynsTaTu, 3acTocy-
BaHHs npobioTukie L. casei B-7280 i L. plantarum B-7679 y nigrogisni 64xin 3a ymoB nabopatopHoro Tepmocrary
CTUMYIIOBaro KaTanasHy akTUBHICTb TKaHWH iX opraHiaMy Ta niaBULLEHHST 3aranbHoro 6inky Ta CyTTEBO He BNMBAno
Ha cniBBigHOLLEHHSA BinkoBmMx dpakLiv remonimdu.

OTxe, NopiBHSANbHE 3acTocyBaHHs NpobioTukie L. casei B-7280 i L. plantarum B-7679 y nigrogisni 64xxin 3a
YMOB NTabopaTopHOro TepmMocTaTy CTUMYSIHOBAIO KaTanasHy akTUBHICTb TKaHWH iX opraHiamy B 06ox rpynax (P<0,05,
P<0,01) sk Ha 14-y, Tak i 28-y obu JocnigkeHb NOPIBHSHO 3 KOHTporeM. BMICT 3aranbHoro Ginka y TkaHuHax opraHiamy
6o>xin rpynu 1 BiporigHo nigBuLLlyBaBcs NOPIBHAHO 3 KOHTPOMbHOW rpynoto Ha 13,9 1 11,4% Ha 14-y i 28-y nobu
gocrnigHoro nepiogy.

Knto4yoBi cnoBa: Apis mellifera, npo6ioTuk, katanasa, NpoTeiH opraniamy, remoriimda, dppakuii npoTeiHie
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Po3pobka muwayoi moaeni 4ns gocniakeHHs
NOCTTPaBMaTUYHOrO CTPECOBOro po3nany

B. banaubkud, B. ITywak, M. batnsk
vitalii.balatskyi@pnu.edu.ua
MpukapnaTcbkuii HauioHanbHUIA yHiBepeuTeT iMeHi Bacuns Ctedpanuka, kacdenpa Gioximii Ta 6ioTexHonorii, M. IBaHo-PpaHkiBCbK, YkpaiHa

MoctTpaBmaTnyHuiA ctpecosuii posnag (MTCP) — ue ncuxiyHvm i NoBeiHKOBUIA po3nag, SK1ii MoXe pos-
BMHYTWCA Yepes BMNiMB TpaBMaTUYHOI NOAji: Y XKEPTB CeKCyarnbHOro HacunbCTBa, 04eBUALIB 3arvbeni Nogen y BinHi
Ta Yy JOPOXHIX 3iTKHEHHSX, BHACIOOK XKOPCTOKOro NOBOAYKEHHS Ta JOMALLHLOrO HACUNBLCTBA, iHLLMX 3arpo3 300POB’t0
i >kxutTH0. Llen poanaa HabyB odiliiHOro cratycy ncmuxiaTpuyHoro giarHo3y nicns nyonikauii ameprkaHcbkoro gia-
FHOCTUYHOTO Ta CTaTUCTUYHOrO NocibHMKa 3 neuxiyHnx posnagis (DSM-III) y 1980 p. Y xBopumx Ha MNTCP BuHMkatoTb
npo6nemm 3i CHOM, TPMBOXHI OyMKM ab0o BigyyTTsl, NCUXIYHE UM (hisUYHE CTpaXKaaHHS 4O TPaBMW, CUrHamnu, Nnoe’si3aHi
3 TpaBmoto, Npobnemu 3 couianiszauieto. Ha cborogHi npodnema MNTCP akTyanbHa i Ans Hawoi KpaiHK, OCKiNbKM
i3 2014 p. B YKpaiHi TpuBae BiliHa, sika 3 24 ntotoro 2023 p. Habyna 3arpo3nmMBMx MaclUTabiB y 3B’13Ky 3 MOBHOMACLLI-
TabHMM BTOPrHEHHAM pocilicekoi doeaepadii. Mig pyuank po3sutky NMTCP noTpannsatoTe He nuLLe BINCbKOBOCYKO0BL,
a i umBinbHi noau. [Ana gocnimkeHHa mexaHismiB Ta mapkepis [NTCP B ocTaHHi poku akTMBHO anpoboByOTbCSA
MoZernbHi ccaBLi, 30Kkpema Tp1Bae MoLlyK CTabinbHUX Ta BiATBOpOBaHMX MeToAiB mogentoBaHHs MTCP Ha TBa-
PUHHUX MoZensX. TeMO Haloi poboTy Oyno NOpiBHATK Tpu PisHi Nigxoam Ao mogentoBaHHs MTCP y muwen.

Y pocnigkeHHi BUKOpUCToByBanu 6-micadHmx camuis ninii C57BL/6J. Muwen posginanu Ha 4 rpynn —
KOHTPOIbHY Ta TPU ekcnepuMeHTarnbHi No 6—8 muwwer B rpyni. KOHTponbHa rpyna He 3a3HaBarna CTPecoBmuX YMH-
HukiB. MepLuy ekcneprMeHTanbHy rpyny 3HepyxomitoBanu (iMmobinisyBanu) Ha 2 rof. y nnacTMkoBOMY cOraKoHi
3 oTBOpaMu Ans NosiTps. Apyrin rpyni Ans iMiTauil NpUcyTHOCTI Xmxkaka Ha 15 XB. BMUKanu 3BYK HSABY4aHHSA KOTa.
Micns npunuHeHHSA Ail cTpecopa MULLen y UMx AOCNiAHUX rpynax noBepTanu y 3BMYHi yMOBU. Y TpeTii ekcne-
pPUMEHTarnbHIN rpyni CTBOPMAN YMOBU coLianbHOI i3onsuii, ANS 4YOro MuLlen po3noainunu no OAHIA Ha KniTky.
Yepes 10 gHiB ons muwen, siki 3asHaBany iMmoGinisadii Ta BBy 3BYKIiB KOTa, | Yepe3 28 gHiB Ans couianbHO
i30NbOBaHNX MULLIEN MPOBOANNM NOBELAIHKOBUIA TECT Y BiAKPUTOMY MNoMi AN NepeBipku eMOLiNHO-NCUXONOrYHOro
cTaHy. TecT y BigKpuUTOMY Nori NoBTOpoBanu Yyepes 58 gHis.

CepenHs LUBMAKICTb pyXxy Ta 3aranbHa npongeHa BiactaHb 3a 10 XB. y BCiX eKCnepuMeHTanbHUX rpynax
MULLEN He Bigpi3HANUcs Big KoHTponto. Muwwi, siki 3a3HaBanu iMmob6inisadii, Ta coujianbHO i30NboBaHI MULLI, Big-
noBiaHo, Ha 46% Ta 49% MeHLUe Yacy NpoBOAUNU B LEeHTParbHi 30Hi apeHu NOPIBHAHO 3 KOHTPOITbHOK rPpynoto.
HaTtomicTb y MuLwen, ski cnyxanu 3BykKu koTa, Yac nepebyBaHHS y BHYTPILLHIA Ta 30BHILLHIA 30HAX apeHu Big
KOHTPOIO BiporigHoO He Biapi3HsaBcs. Lie cBigunTb npo Te, Wwo iMmobinidoBaHi Ta couianbHo i301b0BaHi MULLIi Npo-
SABNANN NiABULLEHY TPUBOXHICTb. KinbKiCTb akTiB gedekauil Sk nokasHuKa TPUBOXKHOCTI Y MULLERN, SIKUX 3HEpY-
XOMIIHOBanu Ta ki nepebyBanu y couianbHin izonauii, nuwe mana TeHaeHUito Ao 36inbLUeHHS; HATOMICTb MULLUI,
AIKi Cnyxanu 3ByKu KOTa, Manu Ha 258% GinbLuy KinbKiCTb akTiB gedekaLlii NOPIBHAHO 3 KOHTPOSBHOKO IPYroto.

3a NoBTOPHOroO NPOBEAEHHS TECTY «BigKPUTE Nornex» Yepes ABa MICsLi pe3ynbTaTv BCiX eKCrepumeHTarnb-
HUX rpyn MULLIEN He BiAPI3HANUCA Big, KOHTPOM. TakoX KOHTPONbHA rpyna MULIen Mmana MeHLy A0CNiaxXyBaHy
aKTUBHICTb, HX Y NEpPLUOMY TECTYBaHHI.

OTxe, BCi TP BMKOPUCTaHHI CTPECOBI YNHHUKM — TpuBana immMmobinisauisi, couianbHa ionsuisa Ta imita-
Ui NPUCYTHOCTI XMXaka — MPOBOKYBanu TPUBOXHY MOBEAIHKY Y MULLEN, 3 ACKpaBille BUpPaXXeHUMU O3HaKaMu
TPUBOXHOCTI Y MyLLEN Nicnst iMMobGinisaLii Ta 3 couianbHO i3onsuieto. BukopucTaHi CTpecoBi YMHHWKU He BNnvBanum
Ha gocnigKyBaHy noeediHKy MyLiei. NMoBTOpPHE BUKOPUCTAHHA TECTY «BIAKPUTE NONe» He € AOUINbHUM A5 OLiHKN
JocnigpKyBaHOI Ta TPUBOXHOI NOBEAIHKN Y MULLIER.

KnrouoBi cnoBa: nocTTpaBMaTU4HMI CTPECOBUIN po3naz, MULL, CTPEC, TECT «BiOKpUTE none»
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Binok sk HeOOXiAHNN KOMNOHEHT B roAiBri KpeBeTKn
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BinouepkiBcbkuii HalioHanbHWI arpapHuii yHiBepceuteT, M. bina Liepksa, Kuiscbka obn., YkpaiHa

LLlopoky cnoxuBaHHs KpeBeTkM B YKpaiHi 3pocTae. YKpaiHCbKUA PUHOK KPEBETOK PO3LUMPIOETLCA, NPOTe
nepeBakHy NOro YacTUHy CTaHOBUTb iMNOpPT. Came TOMY iCHYHOTb BEMMWKI MOXITMBOCTI As1 BHYTPILLHIX BUPOOHUKIB.
Y 3B’A3Ky 3 LM OyAiBHULITBO KPEBETKOBUX (hepM € NepCneKTUBHUM HaNpsIMOM NPOMMUCIIOBOCTI. Pesynsratn BUpo-
LLlyBaHHS! KPEBETOK CYTTEBO 3anexartb Bif siIKOCTi KopMiB. KpeBeTkam HeoOXigHi kopmu 3 BMicToM 6nm3bko 40—-60%
Ginka B KOPMOBIV CyMiLLi, MONOAHSAKY Ha cTafii po3BUTKY — iHOAI HaBiTb Tpoxu Binble. Camku, sKi BigknagawoTb
ANUSA, TAKOX 3anexaTtb Bif AOCTAaTHbOrO HagXOMKEHHS1 aMiHOKUCIOT. [kepenamu Ginka cnyrytoTb M’sico Karb-
Mapa, CoeBe, KpeBETKOBE i Aesiki Buam pubHoro. Cknag 6inkiB KopMy NOBUHEH 3a40BOMbHATU NOTPEOU KpeBETOK
B HE3aMiHHMX aMiHOKMCnoTax — doeHinanaHiHi, nisnHi, ricTMamHi, acnapariHoBi KUCNOTi, TPIOHIHI, BaniHi, METIOHIHI,
i3onenunHi, NenunHi i TpunTodaHi.

KpeBeTkam HeobXxigHa HasBHICTb B KOPMax HE3aMiHHUX XXUPHUX KUCMOT. 2KUPHI KNCNOTW, NepeBaXHO 3 TBa-
PVHHMX abo MIKpOBHUX mxepen, 3abe3nedyoTb KPEBETOK EHEPTieEt0 | MOBMHHI cTaHOBUTK NpnbnuaHo 10—20% ixi.
[yxe BaxnuBa HasiBHICTb KACMOT NiHONEHOBOro psaay. EGeKTMBHICTb BUKOPUCTaHHS BYINEBOAIB 3aNexXuTb Big 1X
pKepena: Hanpuvknag, Kpoxmarb 3acBOKETLCA HabaraTo kpalle, Hixk NpocTi Lykpy. Kopmoea cymill 060B’I3K0BO Mae
MicTuTh Gnunsbko 0,5% cTeponis, OCKINbKN KPEBETKM iX HEe CMHTE3Y0Thb. OB0B’'A3k0Ba HasIBHICTb B KOpMaXx BiTaMiHiB,
MiHepanbHUX KOMMOHEHTIB i MiKpoeneMeHTIB. K XXUBUIA KOPM A KPEBETOK HA paHHIX CTafisx pO3BUTKY 3a BiACYTHOCTI
apTeMii MOXXHa BUKOPUCTOBYBATM MOPCbLKUX KornoBepTok [KoHoHeHko P. B., 2016].

AnbTepHaTUBHUMU Jkepenamm Binka MoXyTb CTaTu NINYMHKU KOMaxX — Hanpuknag, MyXu YOpHOI NbBUHKK (Her-
metia illucens). JlnumHka YOPHOI NbBUHKN CTAHOBUTbL BENUKWUIA iHTEPEC Hacamnepes 3aBAsdKM CBOIN MNOXUBHOCTI:
T NMM4YMHKM MicTATb Ginblue Ginka (8o 42%) i meHwe xupy (oo 18%), a cam xup MicTUTb 80 53% naypuHOBOI KUCIOTK.
KpiM LIbOro, NMYMHKN MICTATb KOPUCHI OpraHiyHi enemeHTn: 6rmabko 7,0% cupoi knitkoBuHuM, 7,9% Bonoru, 1,4% BinbHoro
ekcTpakTy asoty, 14,6% 3onu, 5,0% kanbuito, 1,5% docdopy [Jluxota B. 1O., 2022].

3 ornagy Ha BuLlenepeniyeHi NO3UTUBHI SKOCTI NMNYUHKM YOPHOI MbBUHKW, MU PO3MMSIHYNM MOXMUBICTb
BMKOPUCTaHHs Ti Giomacu B rogieni riraHTCbKOI NpicHOBOAHOI KpeBeTkn Macrobrachium rosenberqgii.

Byno BigibpaHo 200 wTyk 10-4o60BMX KpeBeTok M. rosenbergii, sKNX pO34inunu 3a NPMHLUNOM aHaroriB
Ha ABi rpynu — KOHTPOnbHY i gocnigHy no 100 ocobuH y koxHin. [locniaHin rpyni 4oA4aTKoBO 4O OCHOBHOIO palli-
oHy 3 10- go 120-go60BOro BiKy LLOAEHHO 3ro40BYBanu NMYNHOK YOPHOT NbBMHKM, MOYMHaKUM 3 KinbkocTi 10,0 r
Ha 100 ocobvH Marnbka KpeBeTKM i NOCTYNoBO 36inbLUYYN L0 KinbKicTb A0 90-AeHHOro BiKy KpeBeTkU y 7 pasi.,
T06TO A0 70 r. KOHTpOonbHiv rpyni kpeeeTok M. rosenbergii TMYNHOK YOPHOT NbBUHKKU He 3rogosyBanu. [JocnigHi
NMokasHWKM (36epexeHicTb, XNBY Macy) Bu3Hadanu Ha 45-, 60-, 75- i 90-y oby.

BcTaHoBneHo, Wwo Maca kpeBeTok M. rosenbergii 3amiHiOBanacsi B 4OCNIAHIN rpyni NOPIBHSAHO 3 KOHTPOSb-
HOIO 3anexXHO Bif 3rogoBYBaHHsS KOMBIKOPMY 3 AOAATKOBUM 3aCTOCYBaHHAM NMYMHOK YOPHOI NbBUHKMW. [TokasHuKN
XMBOI Macu KpeBeTOK AOCNIAHOT rpynu 6ynn BULLIMMIK NOPIBHAHO 3 KOHTponem Ha 90-y aoby B 1,11 pasa, Ha 105-y
poby — B 1,18 pasa, Ha 120-y noby — B 1,22 pasa.

Takmum YmMHOM, foAaTKOBE OOAaBaHHS 4O OCHOBHOIO pauioHy KpeBeTku M. rosenbergii INYNHKN MyXWN YOPHOI
NbBUHKM CNPUSANO MiABULLIEHHIO iX XXNBOI Macu.

KnrouoBi cnoBa: kpeBeTka npicHoBogHa, Macrobrachium rosenbergii, roniBnst KpeBeTKM
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Heski mopdomeTpUUYHi NOKa3HUKN eHTepoxpoMacpiHHUX KNiTUH
CNN30BOI 0OONMOHKU ABaHaAUATUNANOI KULLKWA MOPOCAT
3a BnnMBY KopmoBoi aobaBku «mobireH [xamn CtapT»

H. BoHrok
nataliiaboniuk@gmail.com
IHcTuTyT Gionorii TBapuH HAAH, M. JbBiB, YkpaiHa

B ymoBax cyyacHOro iHTEHCMBHOIO TBApMHHULTBA €KOMOriYHi HABAHTaXXEHHS, CTPECOoBi (bakTopu, OAHO-
CTOPOHHLO OPIEHTOBAHA fMLLIE HAa NPOAYKTUBHI MOKa3HWUKM rofiBns Ta 6e3KOHTPOrbHE 3aCTOCYBaHHS XiMioTepaneBTUYHMX
3aco6iB NpM3BOASATb A0 MOPYLUEHHS KifIbKICHOTO i SIKICHOTO Cknagy MikpobioLeHo3y iHTeCTUHAmNBHOrO TPakTy i, K Ha-
CrNifoK, BUHUKHEHHS1 BakTepianbHOro amcbanaHcy B nopocsaT. BogHoyac € gaHi npo 3aaTHICTb MIKPOBIoTH KULLEYHUKY
BNNMBaTK Ha CUHTE3 CepOTOHiHY (5-HT)-6ioreHHOro amiHy, 04HOro 3 HAMBAXXIUBILLMX CUrHANMBHUX MOMEKYN B KULLEY-
HUKY, SIKUIA Bepe y4acTb Y PO3LUMPEHHI CyAMH, CTUMYNSLiT CErMEHTapHUX Ta NPOMYNbCUBHMX CKOPOYEHb, @ TaKOX
enitTenianbHin cekpeLii, BAKOHYE ponb Npo3anansHOi CUrHanbHOT MOMEKynu Ta TpogivHOro hakTopy Ans pocTy
i PO3BUTKY HEMPOHIB 1 AEAKMX iHTePCTULianbHUX KNiTUH, BNNMBaE Ha akTUBALLito peLenTopiB 30BHILLHIX adhepeHT-
HMX BorokoH [MewB i lf'odpmaH, 2013]. OcHoBHUM MicueM NpoayKLUii CepOTOHIHY € eHTepoxpomadoiHHi kniTnHu (EC-
KMITUHW), SKi NOKani3ylTbCA B CNM30BIN 060NOHL LLMYHKOBO-KMLLKOBOTO TpakTy. Came Ui KNiTMH1 € nocepeHukamm
MiX OpraHi3aMoM Ta 30BHILLHIM cepeaoBULLIEM, OCKISNIbKU iHILiIHOIOTb Kacka, peakLii y BianoBiab Ha Aito Noapa3HuKiB.

[nsa npoBegeHHst gocnigy obpanu kopmoy nobaeky «mnobireH Oxxamn Ctapt» (EW Nutrition GmbH,
HimeuunHa), sika micTuna cyxi opixmxi Ta se4HUiA NOpoLLOK, 36aradeHunit imyHornobyniHamu. Mu npunyctunm,
LLIO BUKOPUCTaHHA KopMoBoOT fobaBku «[MnobireH [xamn CtapT» cTumynioBatume cuHtes 5-HT i Takum YmHOM
BAAMBaTUMe Ha npoueck BioTpaHcopMaLlii NOXMBHUX PEYOBUH KOPMY, LLIO CNPUATUME MiABULLEHHIO iIMYHHOMO
noTeHujiany W aganTtauinHoi 30aTHOCTI NOPOCAT Y KPUTUYHI Nepioan BUPOLLYBaHHS Ta BignyvyeHHs. 3 ornagy Ha
Le, MeTOK HaluMX gocnigaxeHb 6yno 3’sicyBatn MopdodyHKLiOHaNbHI 0COBNUBOCTIKALLEYHUKY NOPOCAT Y Pi3Hi
nepioan NOCTHaTanNbLHOro PO3BUTKY i 3a BNMMBY aniMeHTapHUX bakTopiB.

HocnimpkeHHs nposogunm B rocnogapctsi T30B «bapkom» J1bBiBCHKOT 061, Ha ABOX rpynax (KOHTporbHa i Ao-
cnigHa) nopocaT-cucyHiB nopoawm Benvka 6ina no 10 TBapuH y KoXHin rpyni. MopocaTt o6ox rpyn Big 3-0060BOro Biky
[JorogoByBanu npeactaptepHuM kombikopmom. [opocsaTa gocnigHol rpyni AoaaTkoBo OTpUMyBarnv KopmMoBy JobaBky
«[mobireH [xamn CTapT» Yy KinbKOCTi 2 Kr/T kopMy. Ha 7-y, 14-y Ta 21-y 1oBy No Tpy NOPOCsiTKa 3 KOXHOT rpynu nignsrany
eBTaHasii 3 BigbopoM matepiany Ans riCToNor4YHOro AOCHiMpKEHHsI. PparMeHT cnm3oBoi 060MNoHKM ABaHaaLATUNANOI
KnLLKM nopocat doikcysann y 10% BogHOMY po34uHi HeMTpanbHoro dpopmarniny, piauHi KapHya ta Byena. lNicns cpikcavii
TKaHWHX NPOMMBAni Ta 3HEBOAHIOBArM y BUCXIOQHOMY psfli CVPTIB i3 NoAanbLLUOK 3anMBKOKO y napadiHoBi 6rioku 3a 3a-
ranbHOMPUAHSATUMI MeTogMKamuy. 3 napad)iHOBKX GrOKIB BUFOTOBISNM MCTO3PIi3V TOBLLMHOK 7 MKM Ha CAHHOMY MiKpOTO-
Mi MC-2. [Ing BusiBrneHHs rpaHyn apreHTaddiHHNX KNITUH ricTo3pi3n AenapacdpiHyBanuy, [oBoaunm iX 0 BOAW, HAHOCUNA
Ha 30 c po3BeneHui po3duH (1mMr/mn) ctabinisoBaHoro giasorary 5-HiTpoasuavHy B 0,1 M BepoHan-aueTtatHomy Gydepi
(pH 9,2). PeTenbHo npomrBanu y NpoTOYHI BOAi. Aapa knitvH 3adhapbosyBanu rematokcuniHom Maiiepa ynpoaoex
2 xB. 3 noganbLUMM NPOMMBaHHSIM Y NPOTOYHIN Bogi. [paHynu apreHTadiHHMX KNiTUH 3abapBnioBanics y noMapaH4eBo-
4yepBOHUIA Konip. McToNoriyHi, riCTOXiMiYHI Ta MOPGOMETPUYHI AOCHIMHKEHHS NPOBOANMAM B HaBYarnbHO-4OCHIAHIN Nna-
Boparopii kadeapn HopMarnbHOI Ta natonoriyHoi Mopdpororii i cynosoi BeTepuHapii THYBMB imeHi C. 3. DxuLbKoro.
BrsHaveHHs1 MOPHOMETPUHHNX NapaMeETPIB MIKPOCTPYKTYP CNM30BOI 060MOHKM ABaHaAUATMAANOI KULLIKK, a caMe Kirb-
KiCTb eHTepoxpomadiHHMX KNiTnH Ha 0,45 mm? (5 nonie 30py) NOLLI, po3Mipy siaep B13HaYanum 3a JONOMOroto creLianb-
HO aganToBaHol MopdhoMETPUYHOI Nporpamun Aperio Image Scope 0o mikpockona Leica DM-2500 Ta cpotokamepu Leica
DFC 450C. OpepxaHi LndpoBi AaHi MOPHOMETPUYHNX NOKA3HUKIB 06pobrsanu MeTogom BapialinHOI CTaTUCTUKK.

3a pesynsrataMmu AoCHigKEeHHs1 BCTAHOBIEHO, LLO Ha 7-y Aoby Aocnigyy NopocsT KOHTPOrbHOI rpynu Ha 0,45 Mm?2
CnM30B0I 060MOHKM ABaHaAUATUNANOI KULLKA BUSIBIANN B cepenHboMY 7,8 eHTOpOXpoMaddiHHMX KNiTUH B OQHOMY MO
30py, Ha 14-y 0oby — 8 KniTWH, Togi sik Ha 21-y Aoby iXHS KinbkicTb 36inblumnnace go 9,8 KniTuH. Y nopocaTt gocnigHoi
rpynu, siki OTpMMyBanu 3 kopMoM JobaBky «ImobireH Oxxamn CtapTy, Ha 7-y 000y BUsiBNEeHO B cepeaHbomy 8 EC-kniTuH
B ogHOMY noni 3opy, Ha 14-y 0oBy ixHA KinbkiCTb 30inblUMnack i cTaHoBuUna Bxe 8,4 knitTuHu, Todi Ak Ha 21-y foby —
10,6 kniTvH. MopocsTa, siki cnoxveani KopmoBy fobaBky «MobireH [kamn CtapTy», BUNEpeOyKany aHanoris KOHTPOIb-
HOI rpynu 3a kinbkictio EC-knitnH Ha 2,5; 51 8,1% Ha 7-y, 14-y i 21-y o6y BignosigHo. BiporigHoi pisHMLUi B po3mipax
sa0ep eHTepoxpoMadiHHUX KNiTUH He Byno BCTAHOBIEHO, a iXHili MOKa3HUK B CEPELHBOMY CTaHOBUB 5,94 MKM.

MigcymoBytoun npoBedeHi MOpdOMETPUYHI 4OCNIAKEHHS, MOXHA 3pOOUTN BUCHOBOK MPO MO3UTUBHUN
BMIMB KOPMOBOI Jo6aBku «MobireH xxamn CTapT» Ha CTaH Cnn3oBoi 0O0NOHKM ABaHAAUSATUNANOT KULLIKU NOPO-
CAT, @ TaKoX Ha 36iNbLUEHHS KinbKOCTi eHTepoxpoMadddiHHMX KNITUH, 30aTHUX NO3UTMBHO BMSMBATU Ha NPOLECU
GioTpaHcdopmMaLii NOXUBHUX PEYOBUH KOPMY Yepes3 NiaBULLEHHS iIMYHITETY Ta aganTauiiHOl 34aTHOCTI NOPOCAT
B KPUTUYHI Nepioan BUPOLLYYBaHHS.

KnrouoBi cnoBa: eHTepoxpoMadoiHHi KNiTUHW, CEPOTOHIH, NPOBioTMK
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Bnnue napameTpiB MiKpoKnimaTy npuMilleHb
Ha NPOAYKTUBHI Ta BiATBOPIOBasibHi SIKOCTi KporiiB
B YMOBaXx rocrnoaapcTtB pisHMX (popM BNaCHOCTI

O. BiHmonig!, O. laspuw?, T. OcokiHa?

vintoniv_olya@ukr.net

"[HCTUTYT po3BeaeHHs i reHeTukun TBapuH imeHi M. B. 3ybusa HAAH, c. YybuHceke, Bopucninbckuii p-H, Kniecbka obn., YkpaiHa
2Yepkacbka gocnigHa crtaHuis 6iopecypcis HAAH, M. Yepkacw, YkpaiHa

OpHieto i3 Npobrem KponiBHULTBA 3@ YTPUMaHHS B Pi3HUX YMOBAaX € BMNIIMB CE30HHOCTI Ha BiATBOPHOBASIbHI
dyHKUIT TBapuH. BoveBnab, Lie 3yMOBEHO TUM, LLO 3i 3MiHOKO MOPU POKY 3MIHIOIOTLCA | PaKTOPU 30BHILLHBOIO
cepenoBuLLa, cepes SKMX HanbinbLue 3Ha4YeHHS MatoTb BOMONICTb MOBITPSA, TEMNepaTypa HaBKOMMULLIHBOTO cepeo-
BMLUA, Nepioan NMHSAHHSA KPOniB TOLLO.

HocnigpkeHHs NpoBeaeHi Ha Norofis’i KPoMiB Mopoau NonTaBckbke cpibno Yepkacbkoro perioHy Ha 6asi ekc-
nepumMmeHTanbHOI kponedepmmn Yepkackkoi gocnigHoi ctaHuii 6iopecypcis HAAH Ta kponedepmn CI™ TN «PokiT-
yeHkoB A. M.». Ha o6ox gocnigHnx doepMax TBapyH yTPUMYHOTb Y ABOSIPYCHMX CITYacTUX KriTkax. [oayoTe Kponi
rpaHynboBaHUM KOPMOM, SIKUA HACUNakoTb Y rofiBHUL, BoAy ANs NUTTA NO4AakTh Yepes HinenbHi Hanysarnku. [Hin npu-
OupaloTb BPYYHY.

MapameTpu MikpokniMaTy BU3Ha4anu 3rigHo i3 3aranbHOMPUNHATO METOAMKOD. NS BUMIpIOBaHHS NoKas-
HVKIB MIKPOKIiMaTy BUKOPWCTOBYBamu eNEeKTPOHHWIA aHarisatop Mikpoknimaty EAM-5, po3pobneHuii cniBpobiTHW-
Kamu Yepkacbkoi gocnigHoi cTaHLUii 6iopecypciB (nateHT Ha KopucHy mogenb Ne99874). EnekTpoHHMI aHanizaTop
MIKpOKMiMaTy BUMIpIOE TeMrneparypy, BOMoricTb, aTMOCEpPHUIA TUCK, OCBITMEHICTb, ra30BUIN CKnag — KOHLEeHTpa-
Lito Byrrekuncroro rasy i amiaky. BumiptoBaHHs BigbyBaeTbca B aBTOMaTM30BaHOMY PEXMMI BIMPOAOBXK A00OU KOXHI
10 XB. 3a AONOMOrO TPbOX BUMipIOBarbHMX OrokiB, po3mileHnx Ha BucoTi 0,5—-1,0 m no giaroHani. [ns po3mi-
LLIEHHS1 BrOKiB NPUMILLIEHHS] YMOBHO PO3AiINSATb HA TPY YaCTUHW i B LLEHTPi KOXHOI YaCTUHW Ha BigcTaHi 3—5 M Big
MO3A0BXHBOI CTiHW PO3MmiLLytoTb Briok. BogHo4vac Oyno Bu3Ha4eHO napamMeTpu 30BHILLHBOT TEMNepaTypu, BOMOroCTi
i OCBITNIEHOCTi 32 JOMOMOIOI YETBEPTOrO BUMIpIOBANbHOTO OMOKY, SIKMA pO3MiLLyBanv B CEpeaHi YacTuHi 30BHI
npumilLleHHs Ha sigctani 0,5-0,6 m Big CTiHW, B 3aTiHKy Ha BucoTi 1 M. OTpuMMaHi NoKasHWKK MiKpoKnimaTy nopis-
HIOBanu 4O HOPMAaTMBIB Ta ririeHiYHNX BMMOT, nepegbayeHnx BigOMYMMU HOPMaMM TEXHOIOMNYHOIO NMPOEKTYBAHHS
(BHTI — ATK 05.07. MNignpuemcTaa 3BipiBHALITBA Ta KPOMIBHULITBA).

MapameTpun MiKpoKnimMaTy Ta BigTBOPIOBarbHOI 30aTHOCTI KPOMiB 3a NOKasHMKaMu NiogrdocTi Ta 3bepexe-
HOCTi JOCHiMKYBanu B 3UMOBO-BECHSIHWI, BECHAHO-NITHIM Ta NiITHBO-OCIHHIM nepioan. BctaHoBNEHO, WO B NPUMILLEHHI
nonerweHoro TuMy BiCOTOK 3anfigHEHOCTi Kponuub B3MMKY ByB 6inbLumnm Ha 7% i HaBecHi — Ha 3,5% MOopiBHAHO
3 KponuvusaMu, SKUX YTPUMYyBanu y NpuMiLLleHHi KaniTaneHoro Tuny. MNMpoTe X1Ba Maca Kponuupb B KanitarnbHOMY
NPUMILLEHHI B3VMKY | HaBeCHi NepeBaana. KirnbkicTe HOBOHaPOPKEHUX KPONEHAT B3MMKY | HaBeCHi B 060X rocnogap-
cTBax BigpisHAnack. OgHaK HaBeCHi cnocTepirany BULLY cepeHto GaratonmnigHiCTb Kponuub B 060X rocnogapcteax
MOPIBHSIHO 3 3MMOBMM NEPIOAOM: B NMPUMILLEHHI nofnerweHoro Tuny — Ha 15%, B kanitansHomMy — Ha 6%. BigcoTtok
36epeXeHOCTi MOMOAHSIKY Ha Yac BigJlyYeHHs y KanitanbHOMY MPUMILLEHHI OyB 3HAYHO HVDKYUM, HIXK Y KPONSITHUKY
MONerweHoro TNy — K B3MKY, TaK i HABECHI.

Y 3UMOBO-BECHSIHWIA Nepiog cepen AOCTIMKEHMX MOKA3HUKIB MiKPOKNIMaTy KPONATHUKIB HanbinbLue nepe-
BMLLIEHHS1 HOPMWM criocTepiranu 3a BonoricTio, CO,Ta NH; npu LbOMy B NMPUMILLIEHHI MOMETLEHOrO TUMY, MOPIBHAHO
3 KaniTanbHUM, BiJCOTOK 3anfigHEHNX KPONuLb B3MMKY i HaBeCHi nepeBakaB Ha 9%, 30epexeHiCTb KponeHAT byna
BULLIOKO Ha 13%.

BniTky Big3HaveHi H/xX4i piBHI LIKIANMBKX rasis, NpoTe BOHW nepesuilysanu [[P: B rocnogapcTsi nonerwe-
Horo Tuny CO, — Ha 30%, NH; — B 3,78 pasa; B kanitansHoMy npumitieHHi CO, — B 3,13 pasa, NH; — B 6,8 pasa.
Ha kponedepmi 3 yTpumMaHHSAM KporiiB y nonerweHoMy tuni Oyaieni Ha 3,7% BuLLa 3annigHeHICTb KponemarTok, Ha
17% BuLa cepegHs GaratonnigHicTb, Ha 36% (P<0,01) GinbLua KinbKiCTb KPONEHAT Npu BianyyeHHi, a Ha KporedepMi
3 KaniTarbHUM NPUMILLIEHHAM By BULLMMM MOKA3HWKM XXMBOI Macu KPOMNEHSIT Nig Yac HapOOXKEHHS Ta BigmnyyYeHHs!.

BoceHu y kanitaneHoMy npumilLeHHi OyB nigsuLeHnn piBeHb wWikignmemx rasie CO, Ta NH; — y 2,94 Ta
13,78 pasa BignoBigHo, WO HEeraTMBHO BMNMMHYMO Ha BigTBOPIOBanbHI AKOCTi. OCKiNbKM y NonerweHoMy npumi-
LLIEHHi piBeHb amiaky OyB B Mexax Hopmu, a CO, nepeBuLLyBaB HOPMY BABIYi, BiJCOTOK 3annigHEHOCTi KponuLb
OyB BULLMM Mamke Ha 4%); NoKas3HUK cepedHboi baraTonnigHocTi nepeBaxas Ha 0,7 KponeHAT Ha 1 Kponemarky;
KiNbKICTb MONOAHSAKY Npu BiAny4YeHHi 6yna BiporigHO HuxkYow Ha 27% (P<0,01); 36epexeHicTb noTomMcTBa Y nia-
cvcHUI nepiog nepeBaxana Ha 18,3%; cnocTepirany He3HAYHO BULLY XXMBY Macy KPOMEHAT MPU HAPOOKEHHI.

BcTaHoBneHi kopensuinHi B3aEMO3B’A3KN MiXX MOKasHUKaMy TemnepaTypu Ta BifHOCHOI BOMOrocTi NOBITPS
B AOCMIQKYBaHUX KPOMATHMKAX NPOTArom poky, r=0,42-0,95 (P<0,001).

KnrouyoBi cnoBa: Kponi, NpoayKTWBHI Ta BiATBOPIOBaribHI SKOCTi, MiKPOKIiMaT NpuMiLLeHb
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CoHonoriyHi Ta 6ioxiMiyHi NoKa3HUKN chopmyBaHHA
ankororibHOro crearTo3sy y LypiB

O. I. [pabosckka, B. 1. [lideHko, I. A. KneniHa, O. O. laniHcekud, . ®@. Munocmuea
mylostivad@i.ua
IHcTUTYT ractpoeHTeponorii HAMH Ykpainu, M. [IHinpo, YkpaiHa

AnkoronbHa xBopoba neviHku (AXIT) — LWMPOKO PO3NOBCIOMKEHNIA TUN XPOHIYHOIO 3aXBOPHOBAHHS MEYiHKM
y BCbOMY CBITi. XBOpo6a nporpecye Bi ankororibHOro cteatosy A0 cTeaTorenatuTy i XapakTepusyeTbCs 3ananeH-
HAM neviHkW. XKnpoBa TkaHuHa, NiABULLIEHUI IHOEKC MacK Tina, HaKoMMYEHHS BicLIepanbHOro XUpY € He3anexHumm
dhakTopamMm pun3mnKy ankoronbHOro renaTuTy 3a XPOHIYHOro ankoronsHoro ypaxeHHst neviHky [Di Ciaula et al., 2022].
3MiHK cnekTpa BinbHUX XNPHKX kucnoT (BXKK) y romoreHaTi neviHkm TBapyH 3a MOAENOBaHHSA XPOHIYHOTO arnkorosb-
HOIO YpaxKeHHs MediHK1 3anexaTtb Big rmMubuHu meTtaboniyHmx nopylleHb. BXKK MoxyTb nolukogkysaTti GionorivHi
MeMBpaHK, IX HaKOMUYeHHS B NeYiHLi 4acTKOBO BiANOBiAa€e 3a (hyHKLiOHaNbHI Ta MOPEONOriYHi 3MiHU, XapaKTepHi
ONs ankoronbHOro 3axesoptoBaHHA nedviHku [Ma et al., 2020]. Metog cteaTtomeTpii 4O3BOMSIE OLIHIOBATU KiNbKiCHUIA
MOKA3HMK XMPOBOI iHINbTPaLii NeviHkK WBUAKO Ta HeiHBa3uBHO. 3a cTteatosy Ha doHi AXIT nigBuLLy€eTbCA piBEHb
HacuydeHux BXXK i noniHeHacnyeHnx BXXK y BHyTpilLHboMeviHkoBIn cuctemi [Thomes et al., 2019]. MeToto poboTtu
Oyro focnianMTi 3MiHW NapeHxiMu NeYiHKK LWYpIB Nif Yac MOAEMOBaHHS XPOHIYHOMO ankoronbHOro ypaXKeHHs NeYiHku
3a JaHUMKM cTeaToMeTpil Ta BioXiMiYHMX NOKa3HWKIB MiNigHOrO OOMIHYy.

EkcnepumeHTanbHi gocnigkeHHs BMkoHaHo Ha 30 nabopatopHux Lypax Mmacoto A0 230 . IHTakTHUX TBapuH
(n=15) yTpumyBanu B TakuxX e yMOBaX i TaKOMy X Xap4yBaHHi, Lo 1 gocnigHux. Y wypis gocnigHoi rpynu (n=15)
NPOBOKYBanu po3BUTOK XPOHIYHOI ankoronbHOT XBOPOOM NeYiHkn ABOdha3HOK ankororniszauieto BOAHUM PO34MHOM
eTaHomny NpoTArom 4 TWKHIB. TBapuUHM OTpMMYBanu CTaHaapTHUN pauioH Ansa 3abesnedeHHs gidionoriyHmx notpeod.
HocnigpxeHHsa npoBoAMAM 3 4OTPUMaHHAM BioeTndHMX HopM. CTeaTOMETPI0 NEYiHKN LLypiB BUKOHYBAru 3 METOO
OLiHKM KoedilieHTy 3racaHHs (ab/cm), nicna MmogentoBaHHA NaTonorii NPOBOAWMAW JOCNIAXEHHS B NMPWKUTTEBOMY
nigxoAdi 3a 4oNOMoror ynsrpassykoBoro anaparty Ultima PA niHinHUM gatynkom no 5 3aMmipiB y KOXXHOMY Niaxoai
3 po3paxyHKOM cepeHix JaHuX. BuaHayanu BMICT 3aranbHOro XxonectepuHy NinonpoTeiHiB BUCOKOI LWiNbHOCTI
(XC JINBLL) y romoreHaTi nedviHku 3 BUKOpUCTaHHAM Habopis peaktusis (Cormay, lNonblua). XpomatorpacdivHe
pocnimpkeHHa BXKK y romoreHati nedviHky noBoannu Ha razoBomy xpomatorpadi « Xpomatek-Kpuctann 5000».

CTpyKTypa NeviHKX 3a ankorofibHOro ypaXKeHHsl Ma€e BiAMIHHOCTI BHACMiAoOK 3MiH EXOreHHOCTi Ta 3epHUCTOCTI
neviHkn. 3a gaHnMu cTeatoMETPIl NeYiHKK Y LLypiB, KoediLlieHT 3racaHHs 3pocTaB Yy 1,2 pa3a (P<0,05), wo nos’asaHe
3 HaKOMUYEHHSIM XXMPOBOTO IH(INLTPaTy 3@ YMOB XPOHIYHOMO BMNSIMBY €TAHOMY Ha TKAHWHU NEYiHKN.

Bnnve ankoronto NpoBOKYE XUPOBUIA rinepninonis, Wo NpU3BoaUTb A0 HAOSULLKY HAAXOMKEHHS XXUPHUX KUC-
NOT Y MeviHKY 3 NoAanbLUUM PO3BUTKOM CTaHy ankoronsHOro cteatody. CTaTMCTUYHO BiporigHMX BigMiHHOCTEN Y BMICTI
Tpuaumnrniuepugie, XC B romoreHari neviHki He BCTAHOBIEHO, NPOTE CocTepirany TeHAEHL0 A0 NiOBULLIEHHS X
BMICTY Ha paHHiX TepMiHax (bopMyBaHHS! cTeaToay Y LypiB. AHani3 NokasHWKIB NinigHOro obmiHy B roMoreHari neviHkm
eKcnepuMeHTanbHMUX TBapuH J03BONUB BUABUTU BiporiaHe 3HukeHHsa XC JIMBL y 1,4 pasa (P<0,001) nopiBHAHO
3 KOHTPOMEM, LLIO CBiAYnTb NPO pO3BUTOK MeTabonivyHoro cuHapomy. CymapHun BmicT BXXK Tta HacuueHnx BXKK B go-
cnigHin rpyni 36inbwmeca B 1,5 pasa (P<0,01-0,05), a BmicT HeHacuueHnx BXK — y 5,6 pasa (P<0,001) nopiBHsiHO
3 KOHTPOrbHO rpynoto. CymapHumn BmicT MoHoHeHacudeHux BXKK 36inbumneea y 5,6 pasa (P<0,001).

OpnepkaHi aaHi ceigyaTh, O 3a ankoroflbHOro ypaxeHHs! nevdiHky KoedilieHT 3aTyXaHHS 3pocTae 3a paxyHoK
36inbLUEHHS XMPOBOI TKAHWUHW. TakoX BigMiYanucb 3MiHW y ninigHOMY OBMiHi B eKCNepUMEHTI, LLIO BUPaXarnoch y 3HW-
eHi BmicTy JIMNMBLL, y romoreHaTi neviHkM, NOPIiBHSHO 3 rpynoto KOHTponto. 3miHu B cnekTpi BXKK npu ankoronsHoMy
YpaxeHHi neviHku BiabyBanucs 3a paxyHok 36inbLeHHs Bcboro nyny BXKK.

Knto4yoBi cnoBa: Lypu, ankororbHUW CTeaTtos, BiflbHi XXUPHI KUCNOTU
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Mpo 3umiBnto aeakux ropodbmHux ntaxie Ha BonuHo-Moginni

1. IpuHrOK
petrohrynuk10@gmail.com
HauioHanbHui npupogHuin napk «MisHiyHe Moginnay», M. bpoau, 3onouyiscebkuid p-H, JbBiBCbKa 0651., YkpaiHa

Y martepiani npegcrtaBneHo beHonNoriyYHi 4OCNIMKEHHSA NPUbOTY, BiANbOTY M YACENbHOCTI 3rpan AesKuX
3umytodmx nraxis BonuHo-MNoainnsa — xanBopoHka poratoro (Eremophila alpestris), omentoxa 3sudanHoro (Bombycilla
garrulus) Ta nyHouku cHirooi (Plectrophenax nivalis). B YkpaiHi UncenbHiCTb LnX BUAIB Y Pi3Hi POKN 3MIHIOETLCS
3anexHo Big xapakTtepy 3aumu [EHUMknoneaia mirpytounx..., 2018]; Ha 3axoai kpaiHu 3a ctaTycoM nepebyBaHHS X
BigHOCATbL [0 3nmytounx [CTpayTmaH, 1963]. € BioOMOCTI o0 HaceneHHs nTaxis arponaHawadTis Manoro NMonicca
y 3MMOBWI Cce30H [[puHioK, 2017a)] Ta ouiHKa YMCenbHOCTI 3umytodmx BuaiB y M. bycok J1bBiBcbKoT 061. [[pUHIOK,
lepyc, 2022]. Wopno PiBHEHLLMHM BaroMy YacTuHY iHchopmMaLlii LLOoAo YMCenbHOCTI 3rpan i AeTanen X peecTpadin
HaBeeHo B nybnikaLii Npo 3umoBy opHiTodayHy nieaHsA obracTi [TpuHiok Ta iH., 2020] Ta y npaui, sika npeacTaBnsie
acnekTy NoBediHku | Tpodpikn TyHOPOBMX BUAIB ropoduenodioHunx [MpuHiok, 20176].

CnoctepexeHHs npooaunu Ha BonuHo-lMNoainni snpogoex 2015-2022 pp. HanbinbLuy KinbkicTe gaHUX
oTpumanu Ha TepuTopii PiBHeHCbKOT 06r., Tpoxu MeHLwe — Y J1bBiBCbkin Ta BonuHckkin. OxonneHo 3aumosi 6io-
TOoNW NepebyBaHHA LUX BUAIB: AN )XaNBOPOHKA poraToro i MyHOUKM CHIroBOI Lie pyaeparnbHi Ta KynetnBoBaHi 6io-
TOoNM (CinbCbKOrocnogapckbki yrigas), And oMerntoxa 3BMYaHOro — niCoBi N AeKOpaTUBHI KynbTUBOBaHi 6iotonu
(napku Ta ckBepu) abo X nicocmyrn B3goBx aBTOMOBINbHNX/3anisHUYHUX Tpac. [ocnigKeHHs1 BUKOHYBanu MapLu-
PYTHUM METOAOM Y CBITNUIA Nepiog Aobu; BUKopucToByBanu GiHOKMb KpaTHicTio 10-12x Ta undpoBuii dhoToanapar.
Bci cnoctepexeHHst [OCTYMHi oHnawnH y 6a3i AaHux cnocTepexeHb 3a NTaxamu eBird, gesiki hoTopeecTpadii npea-
cTaBneHi y couianbHin mepexi iNaturalist.

>KariBopoHOK poratum rypTyetbcs y 3rpai uncensHicTio 4o 190 oc., B cepeaHbomy — 28,2 oc. (n=38).
HanbinbLy 3rpato mu cnocrepirany 11.01.2017 p. Ha nonsix nobnmay M. Pagmeunis PiBHeHcbkoi 06n. — 190 oc.
3rpai go 25 oc. cknanu 76,4%, no 50 — 7,9%, oo 75 — 10,5% i noHag 75 — 5,2%. Jlnwe y aBox Bunagkax crno-
cTepirany NoOOAMHOKNX OCOBUH. MNpuniT nepumnx NTaxiB Ha 3MMIBMO CNOCTEpIraloTb 3 APYroi NOMOBUHN XOBTHS,
a came 30.10.2019 p. 4 ocobuHM BUsiBUNM Ha noni 6ins c. OiTkieui, 23.10.2020 p. 2 ocobuHu nponitanu y nie-
OEeHHOMY HanpsiMKy B JonuHi p. Jlyr nopsa i3 ¢. AceniB JibBiBCcbKOi 06mn. 3aebinbLlioro ntaxie MoXHa nodayntu
Ha CiNbCbKOrocnoAapChkuX yriaaax Ta nofboBMX OOpOrax; Konu TOBLUMHA CHIrOBOro Nokpmey 3HadyHa abo yTBo-
PIOETLCA NbOASHA KipKa, 3rpal nepeMiLLyoTbCs A0 BUDKOXKEHUX aBTOTPAHCNOPTOM Ta perynapHO npoynLLyBaHMX
CHIFOOYUCHUMU MaLUMHaMN OOpir.

Omentox 3B1YanHMA NPaKTUYHO 3aBXauW NypTyeTbCA Y 3rpai umcenbHicTio fo 200 oc., Agivi cnocTepirany 6inb-
Ly kinekictb: 250 oc. 7.03.2016 p. y m. Pagusunie i 350 oc. 13.01.2018 p. Henoganik c. Opnieka PiBHeHcbKOT 0bn.
CepeaHs KinbkicTb nTaxis y 3rpasx — 58,9 oc. (n=41). 3rpai umcensHicTio 4o 50 oc. ctaHoBnATL 68,3%, Ao 100 —
14,6%, po 150 — 7,3% i noHag 150 — 9,8%. Mpunit Ha 3umiBnto Npunagae Ha apyry NonoBMHY NMCToNaaa-noyaTok
rpy4Hs. HanmnisHiwi BecHsHi peecTpauii omentoxiB 3BmyanHnx — 26.04.2020 p. 15 oc. nobnuay c. baTbkie PiBHeEH-
cbkoi 06r. 1 2.05.2021 p. 15 oc. y napky M. Pagusunis. [JoBoni 4acTo peecTpyeTbCa y NicOCMyrax, 4e Xxap4yeTbCcs
nnogamu omenu 6inoi (Viscum album).

lMyHouka cHiroBa. CnocTepiranu sik TOOAVHOKUX NTaxiB, Tak i 3rpai kinbkicTio Ao 100 oc., y cepeaHbomy — 18,6
(n=12). HaipaHiwa nosisa nTaxis Ha MiCLisIX 3MMIBMi NpMNagaae Ha KiHeLb XOBTHs-noYaTok nuctonaga — 4.11.2017 p.
13 oc. 30upanun Kopm Ha NonboBIN [opo3i 6ins ¢. AHTONINb PiBHEHCHKOT 06n. MyHO4Ka CHiroBa TpannaeTbes K y MOHO-
BMOOBWX, TaK i NOMiBUOOBMX 3rpasix i3 )KarBOPOHKOM poraTuM, iHKONmM KOHONNSAHKOW (Linaria cannabina), 4ediTkoro
ripcekoto (L. flavirostris) i nogopoxHmKom nannaHacekum (Calcarius lapponicus) Ha CinbCbKOrocnogapchbkmx yrigasx,
nycTupsax abo X nonboBMX JOpOrax.

[ns Tpbox gocnigxyBaHUX BUAIB XapakTepHi 3HayHi nyKTyauinHi 3MiHWM YNCENbHOCTI 3UMYUYUX NOMNYNS-
Lin y perioHi. 3a goBoni cknagHUX 3MMOBUX YMOB (HU3bKOT TEMMepaTypu, BUCOKOrO CHIrOBOro NOKPUBY NPOTATrOM
TpMBanoro yacy, apkTU4HMX LIMKMOHIB) CNoCcTepiraloTb JOBOII YMCENbHI 3rpai, ToAi K 3a M’SKUX 3MM — HaBMnaku.
[ns >xanBopoHKa poraToro Ta MyHOYKU CHIrOBOI Ha Micus iX 3MMoOBOro nepebyBaHHsi CyTTEBO BMnMBaE haktop
3abe3neyeHOCTi KOPMOBMMY pecypcamMm MiKPOroKaniTeTy: 3a 4OCTaTHbOI HAasiIBHOCTI KOPMOBOi 6a3u nTaxu Tpu-
Banum yac MoxyTb nepebyBaTtn Ha 0bMexeHUX Teputopiax. BctaHoBneHo, Lo hopMyBaHHA Ta po3naz MOHO- i nosi-
BMOOBMX 3rpan LMX TYHAPOBUX BUAIB € AMHAMIYHUM; 3aMNeXHO Bif CTaHy NOroam, TOBLLMHM CHIrOBOro NoKpmBY W Kinb-
KOCTi NTaxiB y 3rpai, METOAM NOLLYKY KOPMY LUBUAKO 3MiHIOOTLCSt abo koMBiHytoTbes [puHiok, 20170].

Knro4oBi cnoBa: >xalnBOpPOHOK poratuii, OMerox 3BMYariHuiA, NyHo4Ka CHiroea, aumiens, BonvHo-lMNoginng
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Bnnue aietn 3 BUCOKMM BMICTOM XUPIB i PpyKTO3N
Ta eK3oreHHoro anba-Ketornotapary
Ha Npo-/aHTUOKCUAAHTHUM CTaTyC B KOPi FOSIOBHOrO MO3KY MULLEWN

O. em’sanuyk, M. Bamauwyk, B. I'yp3a, I. LLmicens, M. badnsk
oleh.demianchuk@pnu.edu.ua
MpukapnaTcbkuii HauioHanbHUIA yHiBepeuTeT iMeHi Bacuns Ctedpanuka, kacdenpa Gioximii Ta 6ioTexHonorii, M. IBaHo-PpaHkiBCbK, YkpaiHa

Mpobnema HagMMLLIKOBOI Barv Ta OXXUPIHHSI € OOHIE0 3 rONoBHMX NPOGnem 340poB’st B HALW Yac. OXUPIHHSA
NpU3BOANTL 4O PO3BUTKY OKCUAATMBHOIO CTPECY Ta 3anaribHMX MNPOLECIB, LLO 30inbLUye pU3NK CYMyTHIX METabOmMiHHNX
nopyLweHb. Anba-ketorntotapart (AKIN) — iHTepmegiat umkny TpukapboHosux kucnot (L[ TK). OctaHHi gocnimpkeHHs
nokasanu, wo AKI™ 6epe y4acTb He Tinbky B METaBOMIMHUX LsXax, a Mae 1 iHWi doyHKLiT B opraHiami. 3okpema, AKI
MOXe LisiTU SIK aHTUOKCUAAHT, 6e3nocepenHb0o 3HELLKOMKYHOUM Nepokeva, BogHo. 3 iHworo 6oky, AKIT moxe Bknoya-
Tucs B LUTK i umm camum 36inbLuysati poboTy MiTOXOHAPIN i, BigNOBIgHO, NPoAYKLito akTUBHMX dhopM KucHio [Bayliak
et al., 2022]. Okpemi gocnimxeHHs nokasytoTb, Wwo AKI™ Moxe MaTu 3axmcHy Aito 3a oxupiHHSA [Bayliak et al., 2022].
TakoX € OOCHIPKEHHS, LLIO BUCOKOKArOPIHI iETM MOXYTb NopyLLyBaTh poboTy MO3Ky. TOMy METO HaLloi poboTtu
Oyno JocnianTi BNUB SiETU 3 BUCOKMM BMICTOM XMpIB | (opyKTO3n Ta ek3oreHHoro AKI™ Ha NoKa3HMKM aHTUOKCUOAHTHOTO
3axUCTy Ta OKCUOATUBHOIO CTPECY Y KOPi FONOBHOMO MO3KY MULLIEN.

Y pocnigpxkeHi BukopuctoByBanu camuiB niHii C57BL/6J. Muwen noginunu Ha 4 rpynu. KoHTponbHa rpyna
cnoxuvsana ctaHgapTHy giety, e 10% kanopii otpumaHo Big xupy. dpyra rpyna (BKI) cnoxumeana gieTy 3 BUCOKUM
BMICTOM XupiB Ta dpykTo3n: 45% kanopin oTpumaHo Bia xupy, 15% kanopin — Big dpyktosun. Tpeta rpyna (AKI)
cnoxwearna ctaHgapTHY Ai€Ty, ane nuna nuTHY BoAy, ska mictuna 1% posuuH guHatpiesoi coni AKT. YeTtsepTa rpyna
(BKO+AKT) cnoxusana AieTy 3 BUCOKMM BMICTOM XUpPIB Ta opyKTo3n Ta nuna soay 3 1% posunHom AKT. Beix muwen
YTPUMYBanu Ha ekcnepuMmeHTanbHuUx aietax 8 TwxHiB. 10 3aBepLUEHHIO eKCrepMMEeHTY MyLLEeN nigaaBany eBTaHasil
Ta npenapysanu. BigibpaHuin mo3ok (Benuki niBkyrni) 36epirany y pigkomy asoTi. Y 3aMOpOXXeHNX TKaHWHaX BU3Havanm
aKTUBHICTb @HTUOKCUAAHTHUX DEPMEHTIB Ta BMICT MIOTaTIOHY CNEKTPOOTOMETPUYHUMIN METOAAMM, a TaKOX PiBEHb
ekcnpecii geskux reHis metogamm RT-gPCR Ta BectepH-6noTy.

Y Mo3ky muwlen, ski cnoxusanu BKI, piseHb nepokcuaiB ninigis 6ys y 2 ta 1,3 pasa BULLIMM NOPIBHAHO
3 KOHTpOMbHOLO rpynoto Ta rpynoto BKO+AKI BignosigHo. Lle ceigunts npo Te, wo AKI™ 3anobiras akymynsuii nepokcuais
ninigis y Mosky muwein 3a cnoxvisaHHst BKL. CniesigHOLEHHS BiGHOBNEHOMO 4O OKUCIEHOTO MoTaTioHy 6yro Ha 156%
BuLLmMM Y rpyni AKI™ NOpPIBHSIHO 3 KOHTPOIBHOLO rPYMNo. AKTUBHICTb CynepoKCUAAMCMYTasu Ta Katanasu He 3MiHioBanacs
3a cnoxusaHH4 giet 3 BKI, AKI™ Ta ix cymiwi. BogHoyac y rpynax, ski cnoxusanu BK okpemo um paszom 3 AKT, Lew no-
Ka3HWK He Bigpi3HSBCA Bif KOHTPOMH. AKTMBHICTb rMtoTaTioHnpeokcaasu 6yna Hwkyoto y rpyn BKI, AKTI Ta BKO+AK —
Ha 29%, 34%, 23% BionoBiAHO NOPIBHAHO 3 KOHTPOMNBHOK rpynoto. AKTuBHICTL HAl-XiHOHOKCHaopeaykTasu byna Ha
68% BULLOIO ¥ MULLIEN, siKi cnoxuBany BK, nopiBHAHO 3 KOHTporbHoto rpynoto. PiseHb MPHK reHa GSTM3 y muwen,
ski cnoxuveanu BK ta BKO+AKT, 6ys, BignosigHo, Ha 62% Ta 58% MeHLIMM, HiX Y KOHTPOMbHIM rpyni Myien. PiBeHb
MPHK rena UGDH y munwen, ski cnoxusany AKT, 6yB BumM y 2,8 pasa, Hix y KOHTponi. PiBeHb LLanepoHiB, siki BUKO-
HYIOTb 3aXMCHI pyHKLUii, a came HSP70 ta HSP90, He 3miHtoBaBcsa npu cnoxumeaHi giet 3 BKO, AKI™ Ta ix cymiLui.

OTXe, CNOXMBaHHA Oi€TU 3 BUCOKUM BMICTOM XWPIB Ta (opyKTO3U NPU3BOAMMIO 40 PO3BUTKY OKCUAATUBHOMO
CTpecy B KOpi rorioBHOro mo3ky muwen. JogasaHHsa AKIM go BK[ yacTkoBo 3anobirano nopyLeHHAM peaokc-
romeocTasy y MO3Ky.

KnrouoBi cnoBa: anbda-keTornotapar, pyKTo3a, XXMpKU, OKCUOATUBHUIN CTPEC, MO30K

Mopsikn: Pobota Gyna BukoHaHa 3a diHaHCOBOI NigTpUMKM HauioHanbHoro choHay JocrnigaxeHb Ykpaiiu
(peecTpauiiHun Homep 2020.02/0118)
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3MiHM aKTUBHOCTi EH3UMiIB aHTUOKCUAAHTHOI CUCTEMM Y KPOBi CBUHOMATOK
3a AUCKOM(OPTHUX YMOB MiKPOKJIiMaTy NpUMiLLieHb
Ta aniMeHTapHOI Aii ankocento

A. Imumpoua, C. Bosk
andrianadmitroca@gmail.com
IHCcTUTYT cinbebkoro rocnogapctea Kapnatcekoro perioHy HAAH, c. O6poluuHe, NbBiBCbKMIA p-H, IbBiBCbKa 0061., YkpaiHa

Bigomo, Lo NOpOCHICTb Y CBUHOMATOK € i3ioNoriYHMM CTaHOM, OS5 SIKOrO XapakTepHa H13ka MopdosoridHuX Ta
BioXiMi4HMX 3MiH B OpraHax i TkaHWHaXx, a TakoX iHTeHcudiKaLisl OKMCHO-BIOHOBHMX NPOLIECIB B opraHiamMi [Daramola J. O.,
Abioja M. O., Onagbesan O. M., 2012]. [loBegeHo, Lo y Len nepiog Ha nepebir MeTabomnivHMX NPOLIECIB B OpraHiaMi
CBWHEN CyTTEBO BMN/MBAOTb YMOBUM YTPMMaHHS, 30Kpema napameTpu MikpoknimaTy npumilleHs [Bonowwyk B. M, 2013].
Hwuska HaykoBKx npaLb 3acBigyye, Lo 3a HE3a40BINbHMX YMOB NapaMeTpiB MIKPOKIiMaTy, 30Kpema nigBuLLEHHsSI TemMne-
paTypw, BOMOroCTi, BMICTY LUKIAMBKX rasiB y NOBITPI, B OpraHiamMi MOPOCHUX CBUHOMATOK BUHMKAE OKCUAATUBHUMN CTPEC i,
SIK HACNigoK, 3HWXKYETLCS NPUPOAHA PE3NCTEHTHICTL Ta iIMyHOIOrYHa peakTuBHICTL [Barboza G., Guizzardi S., Moine L.,
Talamoni N., 2017]. 3 ornsiay Ha HaBedeHe BULLE, METO HALLMX AOCIMKEeHb OYno 3’acyBaTtu BNIMB 3aCTOCYBaHHS
Y paLioHi MOPOCHUX CBMHOMATOK npenaparty «Arkocernby, BUPOOIeHOro Ha OCHOBI xnibonekapcbkmx apibkmkiB Saccha-
romyces cerevisiae, 06pobneHNx ceneH METIOHIHOM, 3a MOPYLLEHHS NapaMeTPiB MiKpOKNiMaTy NPMMILLEHb Ha aKTUB-
HICTb €H3MMIB aHTMOKCUOAHTHOI cMcTeMW. HasiBHICTb cerneH MeTiOHiHY Y ckriaai xnibonekapcbkmx apipkmkie S. cerevisiae
3Ha4HO MiaBuMLLYye GioNorivHy Ajto Ta aHTUOKCMOAHTHUA 3aXUCT B OpraHi3mi 3a aniMeHTapHOro BUKOPUCTaHHS npenapary
«Ankocenb» y rogieni TBapuH [Suryo Rahmanto and Davies, 2011; AHaH Ta iH., 2014; Takahashi Ta iH., 2017].

EkcnepumeHTanbHi gocnigKeHHs npoBoamnm B ymoBax cBrHodbepmu [lepkasHoro nignpuemctsa «ocnigHe
rocnogapcTtBo ,PagexiBcbke”» IHCTUTYTY cinbcbkoro rocnogapctea Kapnatcbkoro perioHy HAAH YkpaiHu y niTHIn
nepiod. 3a NPMHUMMOM aHaroriB 3a XXMBOK Macoto i BikoMm Byrno cdhopMoBaHO KOHTPOIbHY 1 OOCHigHY rpyny Nopoc-
HUX CBMHOMATOK Mopoan Benuka Gina no 5 TBapuH y KOXHIA. PauioH CBMHOMATOK KOHTPOIbHOI rpyni cknagaecs 3i
cTangapTtHoro kombikopmy «AVA ZDOROVA Cynopoc 10%», sikun mictu 10% nwenndi, 5% kykypyasu, 60% sume-
Hio, 15% BUMCIBOK NweHNYHUX i 3abe3nedyBaB NoTpeby TBApUH 3a NOXUBHMMM | BIONOrYHO aKTUBHMMUN PEYOBUHAMM,
BiTaMiHaMM, MaKpo- i MiKpoernemMeHTaMm 3rigHo 3 BiTYU3HAHUMKU HOpMaMu rogieni TeapuH [AaveHko J1. C., Cuumk T. J1.,
TutapboBa O. M., 2020]. CeBrMHOMaTKam AOCMiAHOI rpynu Ao kKomMbikopmy Aoaasanm «Ankocernby y A03i 5 Mr/Kr koMOikopMmy.
TBapuHM Manu BiflbHUIA OCTYN 4O NUTHOI Boau. [lo6aBku 4ocnigXyBHOro npenapary 3roaoByBann CBMHOMAaTKam
3 90-i obu nopocHocTi. Jocnig Tpueae 24 nobu. Ha 114-y noby NopoCHOCTI nicns paHKOBOI rodiBni y CBMHOMATOK
KOHTPOIbHOI Ta gocnigHoi rpyn 6panu 3pasku KpoBi 3 BYLLIHOT BEHM A DIOXiMIYHMX OOCTiOXKEHb.

BuaHayeHHs1 y KpoBi CBMHOMAaTOK aKTUBHOCTI €H3UMIB aHTUOKCUAAHTHOI CUCTEMU CynepoKCUaAecMyTasu,
KaTanasu Ta rnyTaTiOHNePOKCMAAa3M NMPOBOAMIIN 3a METOAMKAMMW, ONUCAHUMK Y OOBIOHWKY «JlabopaTopHi meTogu
gocrnigpkeHb y Gionorii, TBAPMHHULTBI Ta BETEpPMHAPHIN MeguumHi» [Bniano B. B. Ta iH., 2012]

Y MOBITPi NPUMILLEHHS ANS YTPUMaHHS NigaocnigHMX TBapuH BU3Ha4Yany napameTpu Mikpoknimary: Temnepa-
TYPY, BOSOrCTb Ta BMICT LUKIOMBUX rasiB. TemnepaTypy NoBiTps i BONONCTb Y NPUMILLIEHHI BUMIpHOBaNun NCUXpPOMETPOM-
rirpomeTpom BIT-2 («Cknonpunagy, M. Kuis, 1992). BwmicT wkignvemx rasie (NO,, H,S, NH;, CO, ta CH,) y nosiTpi
MPUMILLIEHHST O YTPUMaHHSA CBUHOMATOK B/3Ha4asnm enekTpoxiMiyHMmM MEeTogoM 3a AOMOMOTOK NepeHoCHoro bararto-
KOMMOHEHTHOro rasoaHanizatopa JO30OP CM-5 (TOB «Ontima-Komnnekcy», M. Xapkie, 2018), sikuin 3abesnevye ogHo-
YacHy UnpoBy iHOMKaLit0 KOHLEHTpaLiT BCiX BUMiptOBaHMX KOMMOHEHTIB Ha BMOHTOBAHOMY PigKOKpUCTaniYHOMY
iHOMKaTopi (gucnnei 3 NiAcBivyBaHHSAM), @ TAKOX PO3AiNbHY CBITIOBY CUrHari3aLito Ha KOKEeH BUMIPIOBAHWUIA KOMMOHEHT
i €EOMHY 3BYKOBY CUrHanisauito npu nepeBuLleHHi noporie. OgepxxaHi undpoBi 4aHi onpautoBany CTaTUCTUYHO
3 BUKOPWUCTaHHSIM CTaHOapTHUX KOMM'loTepHUX nporpam Microsoft Excel.

Y pesynbrarti NpoBeAeHUX JOCHiMKEHb BCTAHOBIEHO, LU0 Nepes onopoCOM CUCTEMM aHTUOKCMOAHTHOIO 3a-
xucty (CA3) B opraHiami CBUHOMAaTOK (pyHKLIOHYIOTb Yy AeNpecnBHOMY cTaHi. IMig BNInMBOM BULLIEBKA3aHNX NapameTpiB
MiKpOKnimary, B KPOBi TBApVH KOHTPOITbHOT FpyMn BUSIBNEHO HU3bKY aKTUBHICTbL EH3UMIB CynepokcuaaecmyTasn (COL)
i kaTanasm (KAT), Wo € nigTBepOoXKeHHAM CTaHy OKCMOATMBHOIO CTPECY, B IKOMY NepebyBatoTb CBMHOMATKWN Ha 3aBep-
LIanbHOMY eTani MOPOCHOCTI. 3roqoByBaHHSI TBapUHaM «AKOCENo» B 403i 5 MI/Kr KOMGIKOpMY NiABULLIYE aKTUBHICTb
obox gocnigpkyBaHunx eHsumis: COL 5% Ha 3,62%, KAT — Ha 2,55% nopiBHAHO 3 KOHTpOreM. Ha 3HWKeHHs1 nepokena-
HMX NPOLIECIB B OpraHi3Mi MOPOCHMX CBMHOMATOK BKa3ye TaKOX HN3bKWI piBEHb MMyTaTioHnepokanaasHoi (1) akTnmeBHOCTI
y Nra3Mi KpoBi TBApWH KOHTPOIbHOI Ipynu. 3actocyBaHHsi npenapaTy «Arkocenby Y ckrafi KOMOIKOpMy B O3HAYEHIN
003i ons rogieni CBMHOMAaTOK MiABULLYYE aKTUBHICTb LIbOro eH3uMy Ha 4,14%.

HaeepneHi pesynbratu 3aranom csigyaTb Npo Te, Lo 3aBepLuarnibHU eTan NopoCHOCTi CBMHOMATOK XapakTe-
PU3YETLCS BUPaXXEHVMUN O3HaKaMM OKCUAATUBHOIO CTPECy, a ariMeHTapHe BUKOPUCTaHHSI CeNeHMETIOHIHOBMICHOIO
OPPKOKOBOrO npenapary «Ankocernby 3a LMX YMOB BUSABMSE CTUMYTIHOBANbHY OKCMAONPOTEKTOPHY Ajto, NMPOo LUO CBig-
YWTb 3POCTaHHSI aKTUBHOCTI @HTUOKCUAAHTHUX EH3UMIB Y KPOBi TBApWH.

KnrouoBi cnosa: [lopocHi cBMHOMATKK, MiKPOKIiMaT NPUMILLEHb, KPOB, EH3UMUN aHTUOKCUAAHTHOI CUCTEMM
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Bnnue ninokapniHy Ha LCC-kaHanu sgepHoi MeMbpaHu
HeupoHiB [NypkKiHbE MO30u4Ka LWypiB

O. Komuk, C. Hadmoka, A. Komnsposa
n.serhiy.oleks@gmail.com
IHcTuTyT dpisionorii imeHi O. O. Boromonbus HAH Ykpainu, m. Kuis, YkpaiHa

LCC-kaHanu € HecenekTUBHUMU KaTiOHHUMW KaHanaMmu Ta OOHUMW 3 HAUMOLLMPEHILLMX CMIOHTAHHO aKTUBO-
BaHWX KaHaniB y agepHin membpaHi knituH MypkiHbe Mo3ovka [Marchenko, 2005]. Takox BifOMO NpO iXHK NOTEHL-
anosanexHicTb: 30Kpema, 3a MO3UTUBHKX 3Ha4YeHb NpuknageHoro noteHuiany (+40 MB) ix 3HavyeHHs P, cTaHOBUTb
3,11, a 3a HeratnBHUX (—40 MB) — 0,72. Bepyun 0o yBaru ixHO NOLWMPEHICTb, MU NPUMYCKAEMO, LLIO BOHU MOXYTb
BifirpaBaTu 3Ha4YHy porb Y OyHKUIOHYBaHHI gapa sk geno Ca?t, ane Hapasi ans LCC-kaHaniB He onmncaHi Hi OCHOB-
HUI MexaHi3M OYyHKLIOHYBaHHS, Hi IXHS CTPyKTypa. 3 METOI pO3yMiHHSA (DYHKLIN KaHany OgHWUM 3 NepLumx 3aKOHO-
MipPHUX KPOKIB € MOLUYK MOro BignoBigHoro 6rokaTtopa, BHACMiAOK YOro HeoOXigHO JOCMIiANTU fito cepii pevoBuH.
Hapasi BigomMo, Lo cronyku, ski 3MiHIOTb akTUBHICTb LCC-kaHaniB, € aHTaroHictTamm Ta aroHictamm aueTunxoniHoBMX
peLenTopiB. BpaxoBytoun BuLLe3a3Ha4eHe, L poboTa CTaBuUTb HA METI NPOAOBXUTM LIEV HanpsiM AOCNiIKEHb | BUBYATU
3MiHn akTuBHoCTi LCC-kaHaniB y BiANOBIiAb Ha pe4OBUHY 3i CXOXOI rpynu, a came Ha ninokapniH. MNinokapniH € TpeTuH-
HUM aMiHOM, iMiga30M-NoXigHUM ankanoigom, MexaHiam 1noro aii nepeabayvae HeCeneKTMBHUIN aroHICTUYHUIA BNMB
Ha MycKapuHOBI aLeTUNXoniHoBi peuenTopu. Lli peuenTopu Hanexarb 40 pogoncuH-NogioHNx G-0inok-3B’a3aHnx
peLenTopiB, € MOHOMEPHUMU | CKNaaalTbCs 3 ceMu TpaHCMeMBpaHHNX AoMeHIB. [icna npueaHaHHa ninokapniHy
BOHW aKTMBYIOTb CUrHanbHi Kackaau i3 3anyyeHHsM BignosiaHux iMm G-Binkis, WO cnpuymHse didionorivyHi edpektu,
nputamaxHi ninokapniny [Miller, 2017].

Yci pocnign nposogunu Ha wypax niHii Wistar Bikom 4 TvkHi. Agpa knituH MNypkiHee oTpuMmyBanu i3 nonepe-
OHbO hparMeHTOBaHOrO rOfTIOBHOMO MO3KY LLypiB. FOMoreHidyBanu y mikponpobipkax EneHgopdpa 3 romMmoreHisyroumm
po3unHOM (rntokoHaTt kanito — 150 MM, HEPES — 10 mM; HEPES-kaniesa cinb — 10 MM; pH 7,2) Ta iHribiTopamum
npoTteas 3a A0NOMOroK rofnku wnpuua. OTpumaHuii romoreHat ueHTpudpyrysanu 3a 2000g npotarom 5 xB. dpakuio,
sika MicTuna sigpa, pecycneHgysany B pododvomy posudmHi (KCI-150 mM; HEPES — 8 mM; HEPES-kaniesa cinb —
12 mM; EGTA — 1 MM; pH 7,2) i noTiM nepeHocunn y BaHHOUKY, 3MOHTOBaHY Ha NpeaMeTHOMY CTOMMKY MiKpockona.
CTpymu Kpi3b iOHHI kaHanu peecTpyBanu 3a JOMNOMOro MeToAy narty-krnemn B KoHdirypauii nucleus attached
abo excised patch. PeecTpauii Oynu npoaHanisoBaHi 3a gonomoroto Clampfit 10.7 i Origin 2018.

MinokapniH y koHueHTpauii 0,2—2 Mmonb/n Npn3BoaMB 00 ePEKTY «MUrOTIHHAY KaHariB, SKMN MOXHa no-
SICHATN MexaHi4YHMM BroKyBaHHSAM Nopw KaHany nig vyac horo nepedyBaHHSs Y BiAKPUTOMY CTaHi. Y 3a3Ha4€HMNX KOH-
LeHTpauisx ninokapniH He BNNMBaB Ha CepeaHio aMmnnitTyay cTpyMy Yepes LCC-kaHanu Ta cTaTUCTUYHO BipOrigHO
He 3MiHIOBaB MMOBIPHOCTI iX nepebyBaHHs y Biakputomy ctaHi (P,) (n=3). OgHak BapTo BiA3HA4YMTK, LIO Y ABOX i3
peecTpauin P, HaBiTb MaB TeHAEHLI0 0O 36iNbLUeHHs, ane Taka TeHAeHUis Ha LboMy eTani poboTu He nigTeep-
IPKeHa CTaTUCTUYHO 3a paxyHOK HEBENMKOi BUBIpKN.

OTox, ais ninokapniHy, NOPIBHAHO 3 A€o NonepeaHbO ONMCaHNX HaMWU MOAYNATOPIB XOmniHOpeLEenTopiB, He
XapaKTepu3yeTbCs BUPaXXeHUM edpeKToM brnokyBaHHs LCC-kaHanie, ogHak Le AOCHiMKEHHsT € OOHUM i3 eTaniB iX pis-
HOCTOPOHHBLOIO BUBYEHHS, @ OTPUMaHI JaHi BaXknuMBi 3 TOUKM 30pY BMBYEHHS MOneKynsapHoi AvHamikn LCC-kaHanis.

KnrouoBi cnoBa: LCC-kaHanu, HenpoHu MNypkiHbe, NinokapniH, neTy knemn

Mopsku: JocnimkeHHa BUKOHAHO 3a YacTKOBOI NiATPUMKM rpaHTy Ha BUKOHaHHSA NPOEKTIB HAYKOBO-AOCNIAHUX
po6it (HOP) monoawnx yueHnx HAH Ykpainm (2021-2022 pp.) (koHKypCHWUI NPOEKT «PapMakororidHa Yy TrvBIiCTb Ta eKc-
npecisi KaTioHHUX KaHariB BENWKOT NPOBIAHOCTI Y siApax KMiTWUH PisHOro TUMy»); HoMep aepxpeectpauii 0121U112012.
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BnnuB HaHO4YaCTUHOK ragoniHiro oproBaHaaaTy
Ha rnMyTaTioOHOBY JTaHKY aHTUOKCUAAHTHOIO 3axXucTy
y nriasami cnepmm Kponis

B. Kowesol', C. HaymeHko', B. Knoukoe?, C. €gpimosa?
koshevoyvsevolod@btu.kharkov.ua

"NepxaBHUI GiOTEXHOMOTIYHMI YHiIBEpcUTET, M. XapkiB, YkpaiHa

2[HCTUTYT cUMHTURALIMHWMX maTepianiB HAH Ykpainu, M. Xapkis, YkpaiHa

CnepmonpoayKTUBHICTb KPOIiB € EKOHOMIYHO BaXKIMBOI CKITaA0BO peHTabernbHOCTI KPOMiBHULITBA, OCKINbKM
OTPUMaHHS! CepMM 3 BUCOKUMU AKICHUMW XapakKTepucTukamm 3anobirae BTpaTi LiHHWX reHOTUMIB | O3BONSE 4OCAITH
BMCOKOI nrnogtoyocTi kponumup [El-Ratel et al., 2021]. OkengatueHun ctpec (OC) Bigirpae BaxnvBy posb y pyXnMBOCTI
crnepmiiB, ix yHKLiOHanNbHiN akTUBHOCTI, NPOSIBi aKpocoMaribHOI peakLii, NpoTe 3a HaAMIPHOIO CUHTE3Y aKTUBHUX
dopM OKCUreHy i 3HaYHOIO 3HMXKEHHS aHTUMOKCMAAHTHOro noteHuiany ctaH OC cTtae NpoBigHMM NaToreHeTUYHUM
MexaHiamoM HennigHocTi camuiB [Aitken et al., 2022]. Cnepwmisim Kponie BracTvBa BUCOKa MeTaboriyHa akTMBHICTb
BHACMIAOK BUCOKOIO BMICTY MOMIHEHACMYEHMNX XUPHMX KACIOT Y MiasmaTuyHin MemopaHi, Wo pobuTs iX niaBuLeHo
YYTIMBMMM OO MOCUINEHHS NEPEKNCHOMO OKUCHEHHST NinidiB BHACMigok BNnuBYy BinbHUX pagukanis [El-Gindy et al., 2022).
HeratnBH1MM Hacnigkamm HaaMipHOT ninonepokeuaaLlii € 3HUXKEHHS! pyXrMBOCTi cnepMiiB, doparmeHTauis AHK i 3HwKeHH:
3annigHoBaneHol 3aatHoCTi criepmMu. KpiM Toro, iIHTEHCUBHE BifNlbHOpaMKaribHe OKUCHEHHS NEPEBULLYE aHTVOKCUOAHTHY
30aTHICTb CriepmaribHOI Miasmu, Lo NPU3BOAUTL A0 YLUKOMKEHHST MITOXOHAPIN | MembpaH cnepmiis [Jimoh et al., 2021].
MpoBeneHi gocnigkeHHs 3acBiauyloTh, WO AN KOPeKLii penpoayKTUBHOT 34aTHOCTI KponiB € epeKTMBHUMKN HaHO-
YacTuHkun (HY) ragoniHito opToBaHagaTy 3 BUPaXXEHMMU CKaBEHIKEPHUMY BNACTUBOCTAMM, siKi CIIPUSINIM HOpMmani-
3auii repMiHaTMBHO-eHAOKPUHHOI (PyHKLT roHaz i nokpallyBanu 6anaHc NpoOKCUAAHTHO-aHTUOKCUOAHTHOTO CTaTycy
cvpoBaTku kpoBi [Koshevoy et al., 2022]. OTxe, MmeToro poboTH Byno BCTAHOBMNEHHS AMHAMIKMA 3MiH KOMMOHEHTIB
rMyTaTiOHOBOI NaHkn aHTuokengaHTHoro (AQ) 3axmcTy y cnepMarnbHil nrnasmi Kponis 3a kopekuii tBHP-iHaykoBaHoro
okcuaaTtusHoro ctpecy HY ragoniHito optoBaHagary.

MaTepianom gns gocnigkeHHs 6ynum 36 gopocnmx cTateBo3pinmx camuis kponis nopoamn Hyla. Onsa TBapuyH
nepuoi gocnigHoi rpynn ctaH OC MogentoBanm BeeaeHHsIM tBHP y gosi, eksisaneHTHin 1:10 LDs, (3,7 Mr/kr Mmacy Tina)
npotarom 14 gHis [Fatemi et al., 2014]. Micns aBotwkHeBoro npuomy tBHP TBapyHam gpyroi gocnigHoi rpynin (OC+HY)
nepoparnsHo BBoaunv rigpo3onb HY ragoninin optoBaHagary, akTuBoBaHux esponiem, y 4o3i 0,05-0,10 Mr/kr xxuBoi
mMacu npotsrom 14 gHiB. KoHTpornbHa rpyna otpymyBana Takui camuin o6’eM AUCTUNbLOBaHOI Boay. KoHLEHTpoBaHWiI
KOpM i CBiXka BogonposigHa Bofda Oynu goctynHi ad libitum. Kponis yTpumyBanu B 4OOpe NpOBITPHOBAHOMY MPUMILLIEHHI
3a 25+1°C i BigHOCHOI BororocTi 55+5% i3 perynspHuM uuknom 12 rog. ceitna/12 rog. Tempssu. BmicT BigHoBReHoro
rnyTatioHy (GSH) BM3Ha4anu 3 BUKOpUCTaHHAM peaktuBy Enmana [Beutler et al., 1963], akTMBHICTb MnyTaTiOHNEPOKCH-
nasm (GSH-Px) oujHoBanm 3a LUBUAKICTIO OKUCHEHHST BiZHOBIEHOI DOPMM MMyTaTiOHy B MPUCYTHOCTI rigponepokcuay
TPETUHHOTO OyTuny B KOMIpHIN peakuii 3 5,5-anTiobic-2-HiTpobeHsorHoto kucnototo [Moin, 1986], akTUBHICTb rTyTaTioH-
S-tpaHcdepasn (GSH-Ts) — B peakuii 3 1-xrop-2,4-guHiTpobeHsornom [Habig et al., 1974]. 3MiHM nokasHWKIB KOMMO-
HeHTiB AO 3axucTy y nnasmi cnepmu Kporis gocnimkysanm Ha 15-y, 30-y, 45-y, 55-y, 70-y i 85-y 0OOy eKCnepuMeHTY.
OTpumaHi gaHi Bif KpomiB KOHTPOIbHOI Ta AOCNIAHWX IPyn aHanisysarnm 3a 4ONOMOrol 0gHO(aKTOPHOrO AUCNEPCIAHOTO
aHanidy (ANOVA), BigMiHHOCTI MiX rpynamu BBaXanucs CTaTUCTUYHO BiporigHnmun 3a P<0,05.

IHaykuia tBHP npoBokyBana ameHweHHss AO noTeHLuiany cnepmarbHOi nna3mm, 3okpema Bmicty GSH —
Ha 35,5%, aktuBHocTi GSH-Px i GSH-Ts — Ha 15,2% i 18,2% BignosigHo (P<0,05). 3actocyBaHHa HY ragoniHito
OopTOBaHafaTy sk KoperyBasnbHOro 3acody cnpusno Hopmarnisadii aktusHocTti AO eHsumiB i BMicTy GSH y auHamiLi.
AkTmBHicTb GSH-Px y TBapuH apyroi gocnigHoi rpynu 6yna siporigHo BuLLoto Ha 5,6% Ha 30-y i 8,9% Ha 45-y noby,
AocsAraloyn MakcMmarnbHux 3HaveHb Ha 70-y goby ekcnepumeHnty — 13,3% (P<0,05) nopiBHsHO 3 4aHUMKM nepLuoi
pocnigHoi rpynu. MopgibHmx 3miH 3a3HaBaB BMicT GSH, akui Ha 30-y goby aocnigkeHHst 3pocTtaB Ha 34,1%, gocs-
raro4m makcumymy Ha 55-y noby — 50,9% (P<0,05). HatomicTb aktBHicTb GSH-Ts gocsarana HanBuLmx 3Ha4eHb
Ha 30-y i 85-y 0oby ekcnepumeHty — Ha 17,0% i 17,9% BignosigHo, Togi sk y nepiog 45-70 i6 6y BMLWMM Big
noKasHwKiB nepLioi gocnigHoi rpynu Ha 9,8—-15,2% (P<0,05).

MigcymoBytoun, 3a3Ha4MMo NepcrnekTnemn 3actocyBaHHa HY opToBaHaaartiB piaKiCHO3EMENbHUX eNeMeHTIB
0119 KOpeKLUil OKCMaaTMBHOIO HaBaHTaXXeHHS y opraHiaMi camMuiB i cnepManbHin nnasmi sokpema. BeegeHHs HY
ragoniHito opToBaHagaTty cnpusie Hopmarnisadii rnyTaTioHOBOT FTaHKN aHTUOKCUAAHTHOMO 3aXUCTY Y cnepmManbHiin
nnasmi kponis, ocobnuneo Bmicty GSH.

KnrouoBi cnoBa: HaHOYACTUHKM, SIKICTb CNEPMU, aHTUOKCUAAHTK, Tion-gucynbdigHa cucrema
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HeiHdekuinHi 3axBoproBaHHA oBeLb,
npono3uuii npocinakTuku Ta nikyBaHHA

I. Kpasuyoea, T. Hexnyk4eHKo
irynakravtsova26@gmail.com
MukonaiBCbKUin HaLioHanbHUn arpapHUi yHiBepcuteT, M. Mukonais, YkpaiHa

Byab-Ski TBApWHW, 30Kpema i BiBLLi, CXMIbHI 4O HU3KK crieumdidHUX Ans IXHbOro B1uAay 3axXBOptoBaHb. € NeBHi
03Haku, NpUTamaHHi Byab-sKiln XBOpi TBapWHI: BigMOBa Big iXi, NiABULLEHHS TeMnepaTypw Tina, nepe3bymKeHHs,
3HIDKEHHST aKTUBHOCTI, Aiapesi, TBMSAHICTb LUEPCTi, NOPYLUEHHS PyXOBMX (yHKLiA. 3a BUSBNEHHS NOAIGHMX CUMNTOMIB
MOXHa OyTn BNEBHEHMM, LLO TBapuHa HE340POBA i HEOOXIAHO 3’ICYBaTU AXKEPEeno He3ay»KaHHS.

Cepep pi3H1X 3aXBOPIOBaHb CirlbCbKOrOCNoAapChKMX TBAPWMH OCTaHHIM YacoM HaNMOLLMPEHILLMMUK € HE3apasHi.
BoHu 3aBgatoTb 3HAYHUX EKOHOMIYHMX 30UTKIB TBAPUHHULITBY, TOMY Uit TeMa He BTpayae akTyanbHocTi. Lle 3ymoentoe
notpeby B NOCUIEHHI NIArOTOBKN BETEPUHAPHMX CrieuianiCTiB 3 MUTaHb KMiHIYHOI AiarHOCTUKKW, Tepanii i npodinakTunkn
BHYTPILLHIX HeE3apa3HMX XBOPOO 3 ypaxyBaHHSIM OCOBNMMBOCTEN iX NPOSIBY 1 HOBMX (hOpM MiKyBasbHO-NPOMiNakTUYHOI
poboTn. CyTTEBUI BHECOK Y PO3BUTOK BYEHHS NPO BHYTPILIHI HE3apa3Hi XBOpobu TBapuH 3pobunu npodecopu
C. A. XpycTtansos, B. . Cugopos, B. |. 3anues, I. I. WapabpiH, I. M. CumoHos, A. |. KnenHbok, |. O. boyapos,
M. P. CeomyuukiH, L. O. Kymcies, K. K. Moscym-3age, W. N. Menbhuk, B. M. Janinescekui, |. M. KongpaxiH, C. A. IBa-
HoBcbku, M. A. Ypasaes, B. C. lNocTHikoB, I1. A. KoHonenbko, ®. ®. MNMopoxos, B. I. JleeyeHko, M. €. NaBnos Ta
iHwi [Cynakos, 2002].

MeTot0 € ornsa i cuctemaTtunaalisi OCHOBHUX He3apa3HUX XBOpob oBeLlb, IXHbOI CUMMATOMATUKM, KMNiHIYHNX
nposBiB, MOXNMBMX cnocobiB npodinakTuki Ta nikyBaHHs. B xoai HanucaHHs po6oTu Byno BMKOpUCTaAHO Teope-
TWYHi 3aranbHOHAYKOBI METOAU AOCNIMKEHHS M aHanidy AaHux 3 yHiBepcuteTiB YkpaiHu, MNMonbLi, Kazaxctany Ta
AzepbarngxaHny.

HeiHdbekuiiHi 3axBOprOBaHHA CNPOBOKOBaHI BNAIMBOM HECMPUATIIMBUX YMOB YTPUMaHHSA — BOMOriCTHO,
MOraHoK BEHTUNSALIEID, NOPYLUEHUM PEXMMOM OCBITNEHHS, HA3LKOIO SKICTIO KOpMiB ToLwo. Ocobnmeo Bpa3nuemnm
€ MOMNMOJHSK, TOMY Ans 3anobiraHHA Taknum xBopobam Tpeba ycyBaTu NnepLionpuymHu — NepeTsaru, BONoricTb,
3arasoBaHicTb npumilleHb [LUTomnens, BoeyeHko, 2005]. MNig yac npodpinakTnkm uux 3axBopioBaHb BaXXTMBOKO
€ rofiBNga Ta HasiBHICTb Y paLioHi NpeMikCiB 3 BiTamiHaMX 1 MiHepansHUMKN pevyoBuHamn, Aobpe NpoBOAUTH Bi-
TaMiHi3auilo BCbOro MaTkOBOro Noronis’a y Apyrin NONOBUHI cysirHocTi. [pauiBH1Kam BiBYapeHb BapTo nam’atatu
Npo MOXNMBICTb 3ananeHHsi iereHb B OBELb 3@ HECBOEYACHOT CTPUXKKW, L0 NPU3BOAUTbL A0 NeperpiBy opraHiamy
BiBLi. XBOpoOa MOXe po3BMBATUCH LLIBUAKO abo 3aroCTpUTUCH Y XONMOAHY NOpY POKY, Lo npu3Beae o 3armbeni
OBeLlb HopMarbHOI BrogoBaHocTi [BopoHeHko, 2010].

YacrTiwe TpannsioTbest XBOpoOu: KeTo3 oBeLlb (KETOHYPIS); AMCNencist ArHAT; 6inom’sa3oBa XxBopoba; MacTuT;
LMCTUT; OCTEeOMarsiLisi i OCTEONopo3, paxiT; nornioeHuedanomMansuisi; MOrMo3vBHUIN TOKCUKO3; aniMeHTapHa aucTpodisi;
6e30apHa xBopoba; NnepepoCcTaHHs 30BHILLHIX KpaiB MONSAPIB; «KOBUIbHa» xBopoba i TMMNaHis, MeTeopuam pyous;
OTPYEHHS; MAPOHIXisl, KOMUTHA FHWUMb; NHEBMOHIA; eHAEMIYHUIA 306; KOH IOHKTUBIT.

Y BMCHOBKY MOXKHa CKazaTu, LUO BiBLj, 0COBNMBO MOMOAHSK, CXUIbHI 40 3aXBOPIOBaHb Pi3HOrO reHesy Ta eTio-
norii. MaToreHHi MikpoopraHriamu, Bipycu, 6akTepii, rpnbu nowmpeHi B npupogi, a caMme 3apaxeHHs BiabyBaeTbcst
KOHTaKTHO, aniMeHTapHo, dekanbHo-opanbHO abo aeporeHHo. [eski iHdbeKLii nepeaaTsCs TpaHcnnaweHTapHo,
iHbikOBaHi irHATa HapOXKYOTLCA ocrnabneHnm abo HaBiTb HEXUTTE3AATHUMMK. PaKTOPK 3apakeHHs1 OBELb —
BpOKeHi abo XpoHiyHi naTonorii, ocnabneHHst Pe3NCTEHTHOCTI Ta iMYHITETY, HEAOTPMMAHHS CaHiTapHO-TIFEHIYHNX
HOpM, HesIKiCHUIA, He3banaHcoBaHWIA, BiOHWMI pauioH, CKynYeHiCcTb TBapuH ToLlo [Pyauk, 2009].

lonoBHe, Npo Lo BapTo nogdaTtn, — Lie YMcToTa i ririeHa, NpU4oMy Lie CTOCYETLCS He TiNbKy KoLLapw 1 naco-
BMLLA, ane N camyx TBapWH. TBapVHHMLEKI MPUMILLEHHS 33415 NPOdiNakTUKK He3apasHUX XBOpob oBeLb MOTPIOHO
nepioanMyHo 06pobnsTh AesiHdikyto4MKn 3acobamm. PekomeHaoBaHO pobuTy B KoLapi nmigory, abu 6yna MOoXmmMBICTb
06pobnaTyK Ti xnopkoto abo GinuaHo; CTiHW 3a3Buyan hapOyloTb 3 [OAABAHHAM BarHSKY.

Knro4yoBi cnoBa: nopyLieHHs GinkoBo-ByrieBOAHO-MINIAHOr0 06MiHY, 30BHILLHI Ta BHYTPILLHI NOAPa3HNKM,
HOBOHapOMXKEHi ArHATa, CUMNTOMU XBOPOOW, TPaBMyBaHHS
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BupoBun cknap opHitodayHu M. [lyonsaHm (JieBiBcbka OTI)

K. Kpemna'?

krempakatia@gmail.com

JIbBIBCbKMI HaLiOHaNbHUIM yHIBEPCUTET iMeHi IBaHa PpaHka, M. JTbBiB, YkpaiHa
2lncTuTyT Gionorii TBapuH HAAH, m. J1bBiB, YkpaiHa

Lle kopoTKe NOBIAOMIIEHHS MPO CMOCTEPEXEHHS NTaxiB Ha TepuTopii M. [lybnaHu. 3azHayeHun HaceneHun
MYHKT pOo3TalloBaHWIA y NiBHiYHINA YacTuHi JbBiBcbkoi OTI Ha nepudepii LLe4yeHkiBCbkOro panoHy. MNnowa micta
B afMiHiCTpaTUBHNX MeXax CTaHOBUTb 6nun3bko 4,95 km?. MicTo poaTalloBaHe Hag p. ligbonoTtka, NpUToKo
p. MonTea, Ha MiBHIYHOMY CXxuri rpaau, gka TarHeTbes Big puboBuubknx ropbiB Ha niBAeHHWMI cxig. MicuesicTb
XapaktepusyeTtbcsa nepexogom nicocteny B lNMonicca [Tokapcekuin, 1996].

JlangwadT npegcraBneHnii arpoueHo3amu, siki HaBkono JybnsH matTb Ha3Bu: 3 niBHOYi — Topdw, i3
3axogy — lignyxku, 3 nisaHs — KopuyHoK, 3 niBaeHHoro cxogy — Kapsatu. Teputopia mano 3anicHeHa, npote
Ha niBOHi € HeBenui nic nig Ha3so ManuHsk. Takox y [ybnsHax € 6oTaHivyHun cag i aeHgponapk JIbBIBCbKOro
HaLiOHaNbHOMO YHIBEPCUTETY NPUPOLOKOPUCTYBaHHSA (paHiwe JIbBIBCbKWI HaLiOHaNbHWUIA arpapHuiA YHIBEPCUTET),
o3epa i 3abonodvi TepuTopii [Tokapcbknin,1996].

JliTepaTtypHux gaHux Wopo gocnimkeHbs ntaxiB y OybnaHax HebaraTto. 3 mxepen Bigomo, Lo B nepiog
pO3KBiTY D0TaHi4HOro caay, 3a gaHummn Kasmmumpa MidnHCBKOro, kv NpOBOAMB CMOCTEPEXEHHS Y MEPLUi Noro-
BMHI XX cT., B [lybnisiHax rHizgunocsa noHag 200 BuAiB nTaxiB, cepen SKMX CUHMLI, APO34W, COVKU, COPOKU, Cuui,
nepeniTHi Buan — CONoBENKO, BUBINbra, 303yns, 396nuk, wnak [Miczynski K.,1862; Ilucak I'. A., Xipiscekuii 1. P.,
Maasypak O. T., 2017]. Takox y Mmexax Micta b6yno cnoctepexeHHs nyrada (Bubo bubo) [B. MNMorpaHuynun, 1991;
bawTa A.-T., 2012].

Hawi gocnigpxeHHsa nTaxis Ha Teputopii yonsaH npoBogmnu nig yac nonboBux ce3oHiB y 2017-2022 pp.,
TOYKOBUMMU i MAPLUPYTHUMMK 00BMiKaMuy, a TakoXX METOAOM MOoaUiKOBaHMX HEMiHiNHMX TpaHcekT 1=100 m.

MpoTarom BCbOro nepiogy crnocrepexeHb MU crnoctepirany 65 BuaiB nraxis, cuctematuka [PeceHko, bo-
koten, 2007]: neneka 6inui (Ciconia ciconia), 6yranuwvk (Ixobrychus minutes), yenypa Benuka (Ardea alba), yanns
cipa (A. cinerea), nebigb-unnyH (Cygnus olor), kpwxeHb (Anas platyrhynchos), actpyb manun (Accipiter nisus),
KaHIoK 3BmyaniHui (Buteo buteo); 6opusiTep 3BuyanHui (Falco tinnunculus), pepkad (Crex crex), nucka (Fulica
atra), yanka (Vanellus vanellus), kpsidok 6inowokun (Chlidonias hybrida), rony6 cuanii (Columba livia), npunyTeHb
(Columba palumbus), ropnuusi cagoBa (Streptopelia decaocto), 303yns (Cuculus canorus), coBa Byxata (Asio otus),
ceprokpuneLb YopHui (Apus apus), 6opxonoinka (Merops apiaster), xoBHa cuBa (Picus canus), oAaTen 3Bu4anHnm
(Dendrocopos major), nactiBka 6eperosa (Riparia riparia), nactiBka cinbcbka (Hirundo rustica), nactiBka Micb-
ka (Delichon urbicum), xaiBopoHok nonboBuii (Alauda arvensis), nnucka xoBTta (Motocilla flava), nnucka 6ina
(M. alba), copokonyn TepHoBuw (Lanius collurio), Businera (Oriolus oriolus), wnak 3suyaiHun (Sturnus vulgaris),
couka (Garrulus glandarius), copoka (Pica pica), ranka (Corvus monedula), rpak (C. frugilegus), kpyk (C. corax),
Borose 04Ko (Troglodytes troglodytes), ouepeTtsaHka Benuka (Acrocephalus arundinaceus), KpONWB'sitHKa YOPHOronoBa
(Sylvia atricapilla), BiB4apuk-koBanuk (Phylloscopus collybita), BiB4apuk xoBTo0poBun (Ph. sibilatrix), ropuxsicTka
yopHa (Phoenicurus ochruros), BinblaHka (Erithacus rubecula), conosew cxigHun (Luscinia luscinia), YakoTeHb
(Turdus pilaris), gpisg YopHun (T. merula), apisg-omentox (T. viscivorus), api3g cnisoumn (T. philomelos), cnHnus
Bycata (Panus biarmicus), cuHiusa gosroxesocta (Aegithalos caudatus), raiuka 6onotHa (Poecile palustris), raivka-
nyxnsk (P. montanus), cuHnuysa 6nakutHa (Cyanistes caeruleus), cunuuys Benuka (Parus major), noB3uk (Sitta
europaea), ropobeupb xaTHin (Passer domesticus), ropobeupb nonbosuii (P. montanus), 3a6nvk (Fringilla coélebs),
3eneHsik (Chloris chloris), ik (Spinus spinus), wurnuk (Carduelis carduelis), cHiryp (Pyrrhula purrhula), koctorpus
(Coccothraustes coccothaustes), BiBcsiHka 3Bu4anHa (Emberiza citronella). Takox Ha TepuTopii JybnsH 3pigka cno-
ctepiranv ogyna (Upupa epops) (26.06.2018) ta pubanouky (Alcedo atthis) (10.09.2019).

MpoBeaeHi gocniopKeHHSA AaloTb 3MOry CTBEpPAXKYBATH, LLO CKIaj opHiTodayHu [ybnsaH cknagatoTh LWoHal-
MeHLUe 65 BuaiB NTaxie, Ski Hanexatb Ao 13 psais. Cepen HUX HANYMCENBHILWMMW € CUHWULS Benuka, cuHuus bna-
KWTHa, rpak, ranka, npunyTeHb, ronyd cnsun, 39bnuk, BiB4apuK-KOBanvK, LUNak 3BU4amHuii, Opi3a YOpHWI, nacTiBka
MiCbKa, nacTiBKa CifnbCbka, ceprnokpunelb YoOpHUIA, cornosen cxiaHni. Takuin nepenik BuAiB NTaxie € CniB3By4YHUM
3 TUM, K1 HaBogmnu B nyonikauisax 170 pokis Tomy. OgHak NPOTAroM OCTaHHIX AecATUNITb Bigdynmcs 3miHu
B OpHiTOhbayHi He nuwe MicTa uYn 3axigHoro perioHy YkpaiHu, ane €sponu 3aranom. B mexax QybnaH mu He
crnocTepirany cuya xaTHboro. MpoTe 3'sBunncs HoBiI BUAM, 30Kpema yci NpeacTaBHMKM POAMHM YanneBux, NpunyTeHb
(mo 2000-x pokiB — cyTo nicoBwuii rofny0) Ta ceprioKpuneLb YOpHUN, Sk BUA ypbaHicT, npoTe, skun we 100 pokis Tomy
rHisguecs y nicax.

Kntouosi cnoBa: [1ybnsHu, opHiTodayHa, BUAOBUIA Cknag
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Po3po6ka cneuncpiuHmnx npanmepis ansa aetekuii PHK
Bipycy remopariyHoi xBopobu kponis metogom MJ1P

A. Kpuus, O. Tapacos, O. 3axaposa, H. MexeHcbka, A. MonoxaHoea, T. CudopeHKo
iana.kritsya@gmail.com
IHCTUTYT BeTepuHapHoi MegnumHn HAAH, m. Kuis, YkpaiHa

Kponi — yHiBepcanbHi TBapuHU, SKNX BUPOLLYIOTb B YCbOMY CBITi 3apaau M’'sica, XyTpa Ta Nyxy, a TakoX K
nabopaTopHKX, BUCTABKOBUX Ta AOMALLHiX TBapuH. CBiToBe NiaepcTBo y BUPOOHMLUTBI KpOnATUHM 3anmae Kntan —
6nusbko 60% Big 3aranbHOro CBITOBOro BUpoOHWLUTBA, Apyre micue nocigae lNiBHiyHa Kopes — 6nmabko 12%, Tpete
MicLe HanexuTb ErmnTy — 6nusbko 5%. Y €sponi nigepamun 3 BUpOBHULITBA KponaTuHK € Itanis, Icnania, dpaHuis,
Yexis, HimewumHa. MoctynoBo 36inbLwyoTs 06’eMy BUpoOHMLTBa M'sica kponie peuis, YropwmHa, bonrapis [[oH-
yap O. 1a iH., 2020].

B YkpaiHi LLIOpOKy peecTpyeTbCs CTilike 3HVKEHHS 06CsriB BUPOOHMLTBA B rany3i KponiBHMLUTBA, LLO NMOB’A3aHO
Hacamnepen 3i 3MeHLLEHHSM NOroniB’st KporiB. 3rigHo 3 oiLinHMMK AaHnMy [lepxkaBHOi Cny6m cTaTtncTukm YkpaiHm
[cTaT. 36ipHUK « TBApPMHHULTBO YKpaiHM»], KiNbKiCTb KPOMiB y rocnogapcTteax ycix kateropin 3a 30 pokis, 3 1991 p.
no 2021 p., ameHwwnnacs Ha 28,6%, To6To LWOPOKYy — y cepeqHbOMY Ha OAWH BigCOTOK.

Binbwictb noronis’s kponis B YkpaiHi B 2021 p., a came 96,9% yTpumMmyBanun B 0COBUCTUX CENAHCBKNX
rocrnogapcreax, BignosigHo, nuile 3,1% — Yy CinbCbkorocnoaapchbkux Nignpremcteax. 3BiCHO, Taka cuUTyauis He Cnpuse
NpUpoCTy Noronie’sa kponis B YkpaiHi. 3aranbHa KinbKiCTb LiMX TBAPWH Y rocnogapcTBax Beix kaTeropivi B Ykpaini y 2021 p.
cTtaHoBuna nuuwe 4,504 mnH.

OpHieto 3 Hansarpo3nMBiLLnX iHGEKLiIMHUX XBOpOb, sika AyXe 3apasHa Ta cMepTenbHa 9K ANs OUKNUX, Tak
i JOMaLLHIX KporiB, € reMoparivyHa xsopoba kponie (XK, anrn. RHD) [Lavazza A., Capucci L., 2008]. 36yaHnkom
XK € cneuudivuHmi kaniumeipyc (pia Lagovirus, cimenctso Caliciviriade), saknii € apibH1M kpyrnum PHK-Bipycom
6e3 060MOHKM 3 NULLIE OAHUM OCHOBHWM KancuaHum 6inkom VPE0. IcHye nuwwe oauH reHoTyn Bipycy RHD (gani RHDV),
KU cknagaeTtbes 3 Asox nigTunis: RHDV «knacuyHuing, Bneplue susisneHun y 1984 p. B Kutai, Ta «HOBUiA» Bipyc
nig Hassoto RHDV2, BnepLue Bussnennit y 2010 p. y ®paHuii, akuin B Haww vac y b6aratbox KpaiHax 3aMiHioe «kna-
cvyHui»y RHDV. XK BBaxatoTb eHAeMIHHOK Y BinblUIoCTi YacTuH cBiTy — €Bponi, MiBHiYHIN Adpuui, ABcTpanii,
Hogin 3enaHaii Towo [Hall R. N. et al., 2015].

MeTta — po3pobutu Ta BUNpobysaTtu cneumdivHi npamepun ans aetekuii PHK Bipycy remopariyHOi XBopoou
KponiB, a TakoX nigibpaTtn KOMNOHeHTU 4ns Habopy 3 giarHocTukn MXK MeTogomM nonimepasHoi NaHLoroBoi peakLii
B peanbHomy yaci (MJIP-PY). MeToan — aHaniTuyHi, MONekynapHo-reHeTUYHi, CTaTUCTUYHI. Bei gocnigxeHHs,
o6nikn, BUMipW, CNOCTEPEXEHHS MPOBOAUNN 32 3aranbHONPUAHATMU METOOUKAMMU.

[MpoaHanizoBaHO HOBI AaHi LLOAOo reHOMY BipyCy reMopariyHol XBopobu KporiB Ha OCHOBI NOCiAOBHOCTEN,
BuKknageHunx B GeneBank (NCBI), i3 BukopucTaHHAM NOBHOreHOMHUX cekBeHciB JX886001 Tta JX886002, a Takox
BapiabenbHUX chparMeHTiB reHiB, AKi kogyoTb kancugHi npoteiHn vp10 (KF442962.2 Gl: 764810355) Ta vp60
(KF442960.1 GI: 544160834 ) 3 MeTot0 NofanbLUIOro Au3aniHy Ta ONTMMI3aLil pekoMeHAoBaHX B niTepatypi Habopis
npanmepis Ansi BUSBNEHHS cneumgivyHNX doparMeHTiB reHOMY Bipycy reMoparidHoi XBopobu KponiB. Y AOCRIMKEHHAX
BUKOPUCTaHO cuctemy amnnidikauii y peanbHomy yvaci BioRad SFX96. NpoBeneHo onTuMisaLito KOHUEHTpaLin
KOMMOHEHTIB peakuinHoi cymiwi ansa giarHoctukn XK metogom MNP y pexxumi peaneHoOro yacy.

KoxHa peakuinHa cymiw (20 mkn) cknaganacs 3 15 mkn 1xPCR 6ydepa — dNTP B koHueHTpaLii 200 MkM,
po3unH MgCl, 3a koHueHTpauii 2,5 MM, Tag-nonimepasa, cymiwl npanmepis, i 5 Mkn matpuyHoi PHK.

Y npoueci onTumisavii ymos nposegeHHs MNJTP-PY HeobxigHo 6yrno nigibpaTy Taki napametpu amnnidikawi,
siki 6 3abe3nedyBany onTMansHy poboty Habopy npavimepis Ta 3oHaY. OnTuMizoBaHun pexxum nposeaeHHs 3T-MINP
y peanbHOMY Yaci ckrnagascs 3 eTanis: 1) 38o0poTHA TpaHckpunuia — 50°C, 30 xB.; 2) noyaTkoBa AeHatypauis AHK —
95°C, 10 xB.; 40 umknis: 3) peHatypauia JHK — 95°C, 20 c; 4) signantoBaHHs npanmepis — 60°C, 20 c; 5) enoHrauis —
72°C, 30 c. Peectpauito dnyopecueHuii nposoamnu 3a 60°C Ha kaHani FAM KOXHWUI UKD,

1. 3giicHeHo niabip onTMManbHOro Habopy npaviMepiB AN AiarHOCTUKM reMopariyHoi XBopoOu Kponis
metogom 1P y pexumi peansHOro Yyacy Ha OCHOBI BiJOMWX rEHETUYHNX NOCNIAOBHOCTEN Bipycy reMopariyHoi
XBOpPOOM KporiB.

2. ONTMMI30BaHO KOMMOHEHTW peakLinHOT cyMili Ta nigibpaHo ymosm npoeeaeHHs MIIP-PY ans BusieneHHs
crneumdiyHoro parMeHTy reHoMy Bipycy remopariyHol xBopobu kponis metogom MJIP y pexnmi peanbHoro 4acy.
JoBipuunii iHTepBan aHaniTMYHOI YyTNMBOCTI AiarHOCTUYHOro Habopy Lwoao Bipycy XK nepLuoro Ta gpyroro Tuny 3a
KoHueHTpauii 1,0x105—1,0x10° konin/cm® ctaHoBUTb 100%. Takum ynHom, LOD BanigoBaHOI TECT-CUCTEMWN CTaHOBUTL
ogHy konito uinsosoi PHK Bipycy MXK nepLuoro ta gpyroro tunis.

KnrouoBi cnoBa: kporni, remopariyHa xsopoba, MNMJ1P, nparimepu
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MmyTaTtioHOBa NnaHka aHTUOKCUAAHTHOrO 3axXUCTY LypiB
3a BnJMBY ecTepiB TiocynbgoHaTiB

H. Jlvbac’, 6. Komuk', P. Ickpa?

n_lubas@ukr.net

"IHcTuTyT Gionorii TBapuH HAAH, M. JTbBiB, YkpaiHa

2[IbBiBCbKMIA HaLiOHaNbHUIA YHIBEPCUTET iMeHi IBaHa PpaHka, M. JTbBiB, YkpaiHa

[na po3BMTKYy TBApMHHULITBA KOPMOBa 6a3a Mae BupilLanbHe 3HaYEHHS], OCKINbKY BNIMBAE Ha KiNlbKiCTb TBa-
PVH, NPOAYKTUBHICTb, SKICTb NPOAYKLi Ta COBIBapTICTb. Y KOpMaXx XXUpW HYacTo PYNHYIOTLCS Yepe3 OKUCIIEHHS, YTBO-
PHOHOYM TOKCWYHI KiIHLEBI MPOAYKTW, TOMY 4O KOMBIKOPMIB 40OalTh aHTUOKCUAAHTU — sIK NMPUPOAHI, TaK | CUHTETWYHI,
LWO6 MiABNLWMTY CTabINbHICTb | 3MEHLINTI po3nag xupiB. MNprpodHi aHTMOKCMAAHTN — TaKi, K aniuWH i aniiH, ki mic-
TATBCS B EKCTPaKTax YaCHWUKY Ta Lumbyni, MOKa3anu aHTUOKCUAAHTHY Ait0 B JOCIMKEHHSIX HA KypPsX, CBUHSAX, KOPOBAX.
CTPYKTYpHMMM aHanoramm NpupogHix opraHiyHux cynbcypoBMICHUX CNONYK € S-ankinosi ectepy TiocynboKMCNoT
3 LUMPOKUM CNEKTPOM BionorivHoi Aii, ika YyacTo nepeBuLLye eheKTUBHICTb CTPYKTYPHUX MPUPOOHNX aHASOTIB.

OpHWM i3 roNOBHUX KPUTEPIIB OLIHKM MOXITMBOTO BUKOPUCTAHHS CyrbypOBMICHUX CMOMYK AN 3aXUCTy
KOPMIB Bifj OKMCHUX NPOLECiB, OakTepianbHMX Ta rPUOKOBKX iH(PEKLN € 4OCMIAKEHHS X BNMBY HA OpraHiam TBapwH,
30Kpema Ha MPOOKCUAAHTHO-aHTUOKCUAAHTHUIA NPOMIrb Y KPOBI.

O6’ekTamun gocnimkeHHs Oynn S-etnn-4-amiHobeHsoTiocynbdoHat (ETC), S-anin-4-amiHoGeH3oTiocynboHaT
(ATC) Ta S-anin-4-auetunamiHobeHsoTiocynbdoHaT (AATC), crHTe30BaHI Ha kadbeapi TeExHONOrIi GIONOrYHO aKTUBHMX
peyvoBuWH, papMauii Ta biotexHonorii HauioHaneHoro yHiBepcuteTty «J1bBiBCbka nonitexHikay [JlybeHeub, 2003].

HocnimkeHHs 3aincHeHi Ha 6asi nabopatopii bioxiMii aganTadii Ta oHToreHe3y TBapuH IHCTUTYTY Giororii TBapuH
HAAH. Byno npoBefeHo aBa eTanu JochifpKeHb Ha 6inux nabopaTtopHux wwypax-camugx niHii Wistar macoto 190210 r
3 JOTPUMAHHSIM 3arasibHUX ETUYHMX MPUHLUMMIB EKCNEPUMEHTIB Ha TBapyHaXx, NPUAHATUX MepLlunm HauioHanbHUM
KOHrpecom 3 6ioeTukn. TBapuH yTpuMyBanu y BiBapii 3a BiAMNOBIAHUX YMOB OCBITIIEHHS] | TEMMEPATYPHOIO PEXUMY.
LLlypiB noginunun Ha 4oTypu rpynu o 5 TBapuH y KOXHIN: | — koHTponbHa, I, I, IV — gocnigHi. TBapvHm KOHTPONbHOI Ta
OOCNIHNX rpyn OTPUMYBanu CTaHOAPTHWUIA rpaHyIbOBaHWM KOpM Ans labopaTopHmX LWypiB. Ha nepliomy etani gocni-
pkeHb TBapuHaM ycix ocniaHuX rpyn Ao pauioHy agogasanu no 0,5 cv3 onifnHOro posymHy TioCcyrnbgOHAaTIB 3 PO3paxyHKy
100 Mr Ha KT Macy Tina, a Ha ApyromMy etani gocnimkeHb — 50 Mr Ha kT macy Tina. ig Yac 060x eTanis AOCNIMKEHb LLYypY
Il rpynu otpumyBanu 3 kopmom ETC; Hll rpynn — ATC; IV — AATC y BignoBigHux go3ax. TBapuHam KOHTPOSbHOI rpyni
[0 paujoHy aHaroridHo gasanu 0,5 cm® onii ogyH pa3 Ha goby («OnenHax, TpaguuinHa padiHoBaHa, 4e3040poBaHa,
BMMOpOXeHa; BUpobHUK MpAT 3 |l « JOE3»; cepTudikoBaHo 3rigHo 3i ctanaaptom OCTY 4492:2017 Ta Bumoramm ISO
14024). TpmBanicTb KOXHOTO 3 eTaniB ekcnepuMeHTiB — 21 goba. Micnsi 3akiHYeHHs1 NepLUIOro Ta Apyroro eTanis 4OCHi-
[PKeHHS TBapuWH YCIX rpyn AekaniTysanuy 3a TioneHTanosoi aHecTesii. MaTtepianom Ang gocnigxeHb cnyrysana nnasva
Ta epUTPOLNTY KPOBI LLYPIB. Y Nna3mMi BU3Hayanm BMICT NPOAYKTIB MEPOKCUOHOIO OKUCHEHHS NiMifiB 3a KOHUEHTpaLieo
rigponepokcmgis ninigis (M1J1) Ta TBK-akTnBHMX NpoAayKTiB. Y remonizatax KpoBi BU3Ha4any BMICT BiHOBIIEHOIO ry-
TartioHy (BI), aktuBHicTb rmyTatioHnepokcmaasw (1) i rmyTatioHpenykTasn (I'P). OgepxaHi undpoBi AaHi 06pobrsnm
CTaTMCTUYHO 3a Jonomoroto nporpamu Microsoft Excel, BukopuctoBytoum metog one-way ANOVA.

Pesynbrati Hawmx gocnigkeHb cBigyaTe Npo Te, WO TiocynboHaTH He CNPUYMHANM 36iNbLUEHHS BMICTY
TBK-akTMBHMX NPOAYKTIB ¥ Nna3mi KPoBi, MPUYOMY MOKa3HMKW Yy TBAPUH AOCAIOHUX rpyn BipOrigHO He Biapi3HANuMcs
Bil MOKA3HWKIB y KOHTPObHI rpyni. 3a 3rogoByBaHHs LWypam 3 kopMoM ETC B 060X KOHLEHTpaLisix cnocTepiranu
TeHAeHLUito ao 3pocTtaHHa BmicTy TN, Togi sk ATC 1a AATC 3a KoHueHTpauii 50 MIr/Kr He CIPUYMHSANN TakMx 3MiH
y wypis Il Ta IV rpyn, a 3a koHueHTpauii 100 Mr/kr cnocTepirany TeHAEHLUio 40 3HwkeHHSA BmicTy /1. BogHouac
JocnigKyBaHi TiocynbgoHaTh B 060X KOHLEHTPAaLSAX CIPUYUHANM BiporigHe 3pocTaHHs BMicTy BIT y TBapuH ycix
gocnigHux rpyn. MNMpu Tomy, Wo akTnBHICTL [P BiporigHO He Biapi3HANaca Bi KOHTPOIbHUX 3HAYeHb, a aKTUBHICTb
I'M1 BiporigHo 3pocTtana 3a gii ETC B 060x KoHueHTpauisax Ta ATC 3a koHueHTpadii 50 mr/kr, 3HwKyBanacs 3a gii
AATC B 060x KOHUEeHTpauisx. OToxX, y AOCNiIKEHHSAX BCTAHOBMEHO NOTEHLNHI aHTMOKCMOAHTHI BNacTUBOCTI ecTepis
TiocynbdoHaTIB Ta IXHill 40303aneXHN BNMB Ha NOKa3HWKW rMyTaTiOHOBOI FTAaHKM Y KPOBI LLYPIB.

KnrouoBi cnoBa: wwypwu, ectepu TiocynbgoHarTiB, rnyTaTioHoOBa cuctema, KpoB
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FNineprnikemis Ak pakTop 3MEeHLIEHHA PYyXSIMBOCTI cnepmMmaTo3oiaiB

B. JTrobyuy

bogdana.lubchech113@gmail.com
HHL| «IHcTuTyT Bionorii Ta meguuuHuy, KniBcbkuid HauioHanbHUIA yHiBepeuTeT iMeHi Tapaca LesyeHka, M. KuiB, YkpaiHa

PyxnuBicTb cnepmMaTtos30igiB € OOHNM i3 HAaNBaXKMNMBILLWX NApaMeTpiB, AKi BUKOPUCTOBYHOTb A5 in Vifro OuiHKK
SKOCTi Ta dyHKUiT cnepmu. Cepea deHoTUNIB NaTocnepmii, aCTEHO300CNepMisi € OOHUM i3 HanMbBinbLL cnocTepe-
XKyBaHUX; 3a OuUiHKamu, ii BusBnsTb y noHag 20% 6e3nnigHux Yonoeikie. B ocTaHHi poku 6arato gocnigHukis
30cepeaununcs Ha MoXnIMBUX bakTopax, siki NPM3BOASTb 40 acTEHO300CNepPMii, BUSBUBLUM iCHYBaHHSI 6araTbox
KNITUHHWUX | MONEKYNSPHUX YNHHUKIB. Bigomo, L0 NOLWKOAXKEHHSA CnepMaTo30ifiB, sike BNNnBae Ha MiTOXoHAPIT,
KNiTMHHY MembpaHy Ta/abo ¢ibpo3Hy 060NOHKY B FOMOBHIN YaCTWHI [HKIyTUKA, NPU3BOANTD A0 3MiHW PYXIMBOCTI
CnepMaTto30igiB Yepes 3HWKEHHS 30aTHOCTI KMiTUHM BMpoOnsaTn AT®. MNepeknucHe OKUCINEHHS NinigiB Npu3BoaUTb
[0 NOPYLLUEHHS PYXINMBOCTI Yepes3 BTPYYaHHS B CUrHanisauito pyxnMBOCTi KMITUH i LWNSXU MeTaboniamy Ta 3HUKEHHS
hocchopuntoBaHHsl akCoHeMasbHOro Binka, Lo Npr3BoauTb 40 iMMOobinizauii cnepmaTto30iaiB. AKTUBHI (DOPMM KUCHIO
MOLLKOMKYIOTE KMITUHY Y BUMAAI NEPOKCUAATUBHOIO MOLLKOPKEHHS Na3mMaTUYHOT MeMOpaHn CriepMm, NOLLKOMKEHHS
OHK i 3anycky anontosy KniTuH.

BcraHoBneHo, Lo TpyBana rinepriikeMis Npu3soauTb 4O OKUCIIKOBANbHOMO CTpecy, AiabeTnyHoi Hevponarii
Ta PE3UCTEHTHOCTI 0 iHCYMiHY. [HCYNIHOPE3UCTEHTHICTb NPU3BOAUTL [0 3HKEHHS CeKpeLlil roHaaHUX CTepoiaiB, Npo-
BOKY€E MOLLKODKEHHS SIEYOK, CNEePMaTOreHHMX i CTPOManbHUX KNiTUH, CIM'SHUX KaHanbLiB i Pi3Hi CTPYKTYPHI MOLLIKO-
[PKEHHST YOMOBIYNX PENPOSYKTUBHUX OpraHiB. TKaHWHM SIEHOK YOMOBIKIB 3 AiarHO30M LykpoBuii giabet (L) matoTb
nigBYLLEHY KOHLIEHTpaLilo KiHLEeBUX NPoAyKTiB rrikalii Ta OKMCMoBanbHUn CTPec, Lo MOXe Npu3BecTu Ao dpar-
MeHTaLii miToxoHapiansHoi Ta saepHoi AHK cnepmu, 3HWKeHHS piBHA oyHKUiOHaNbHUX BiomapkepiB 3apoaKkoBmx
KNiTUH — TaKKX, sIK anaHiH, TpaHcnopTep rmiokosn 1, dpocdodpykTokiHaza 1 Ta naktataerigporeHasa. [NpunyckatoTb,
wo LI 3paTHMi? BINMBaTW Ha EKCPECito reHiB, siki 6epyTb ydacTb y penapadii JHK cnepmatosoigis, Lo npu3BoanTb
[0 BMUCOKOT LUIBMAKOCTI pparmeHTaLii aaepHoi AHK, aeneuin mitoxoHapiansHoi AHK 3i 3MiHOO AnxansHOro naHuora
MITOXOHAPIN i NoAanbLUNM 3HVKEHHSIM PYXITMBOCTI CnepMaTo30ifiB.

Y npoBegeHoMy MeTaaHanisi YoTMpHaaUATb AOCNIAXEeHb BCTAHOBUMWN HUXKYY PYXMMBICTb CnepmMaTo3oi-
[iB y 4yonogikiB i3 LI[] NOPiBHAHO 3 KOHTPOMbHOK rPymnot, B OAHOMY BUSIBUNU BULLLY PYXIIUBICTb CnepmMaTo30ifis
y vorosikis i3 L[, Toai sik pewuTa BiciM AoCnimXeHb He BUABUNK pisHULi MixX rpynamu [Lotti F., Maggi M., 2023].

Takum YMHOM, HasiBHI NiTepaTypHi AaHi MakoTb CynepeynuBi BUCHOBKM, TOMY Npobrema 3MeHLLEHHS PyXIMBOCTI
cnepmaro30ifiB, 30Kkpema 3a yMOB rineprrikemii, noTpebye noganbLioro AOCNimKEHHS.

KnrouoBi cnoBa: rinepriikemisi, pyxnmBicTb CepMaTo30ifiB, aCTEHO300CMNepPMIs
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Lipid profile of carp after action of vitamin and mineral additive

M. Masyuk, K. Smolyaninov
m.furmanevych@ukr.net
Institute of Animal Biology NAAS, Lviv, Ukraine

Adequate vitamin and mineral supplement is essential to avoid malnutrition, maintain adequate perfor-
mance and health. Further, it is becoming evident that diets are supplemented with specific nutrients, vitamins or
minerals at levels above requirement that may improve health condition and disease resistance. Last years the
investigation of the influence of vitamins and trace elements on the fish organism has been focused on studying
the essential biologically active compounds on the reproductive function of carps and certain links of their body
metabolism. Live vitality and reproductive ability of fish depends on ensuring their requirements in these nutri-
ents. This is due to a wide range of biological effects of trace elements in humans and animals and their positive
impact on different links of metabolism. At the same time, vitamins malnutrition is the most common category
of deficiencies observed in commercial aquaculture. Diet supplementation with certain minerals at levels above
requirements for normal growth and below those causing toxicity may enhance immune function and disease
resistance in fish, although such effects are not always evident. Another problem is the role of adequate mineral
and vitamin nutrition in proper functioning of reproductive system of female carp especially at pre-spawn period,
it is in the focus of investigators throughout the world. In this context, the aim of our study was to investigate the
effect supplement with different level of fat-soluble vitamins A, D, E and trace elements selenium, zinc and iodine
on lipid individual classes and fatty acid composition in the body of female carp in pre-spawning period.

Experiment was conducted in Lviv Department of the Institute of Fisheries NAAS in 3 groups of five-
year-old female carp of local breed, divided by principle of analogues into control and two experimental groups of
10 individuals in each group. Fish were kept in a special aquarium under conditions of continuous closed system
of water circulation. Temperature was maintained at 20°C. Female carp of control group 30 days before the in-
tended spawning were fed with granulated feed (fish meal, wheat, rye flour, oil). Female carp of first experimental
group during one month were fed a similar food with addition of Tryvit (Fortis Pharma, Ukraine) that contains
2,500 IU vitamin A, 3333 IU vitamin D3 and 1.7 mg vitamin E and also trace elements: potassium iodide — 5 mg/kg
of food, zinc sulfate — 40 mg/kg and sodium selenite — 0.3 mg/kg. Female carp of the second experimental group
were feed with addition of Tryvit that contains 5000 U of vitamin A, 6666 1U of vitamin D; and 3.3 mg of vitamin E, and
also trace elements: potassium iodide — 10 mg/kg of food, zinc sulfate — 60 mg/kg and sodium selenite — 0.5 mg/kg.
The samples of liver and skeletal muscles for biochemical researches were taken after finishing the experiment.

For this purpose, the lipids where determined after separation by thin layer chromatography and fatty acid
composition by gas chromatography. Vitamin and mineral supplement to carp diet leads to the increase of the level
of mono- and polyunsaturated fatty acids in the skeletal muscle of female carps. Significant decrease of palmitic acid
to 14.1% in 1l experimental group compare to 19.06% in control (P<0.5) and simultaneous increase of oleic acid to
50.81%, in Il experimental group compare to 44.84% in control (P<0.5) was demonstrated. It has been established the
higher level of phospholipids in liver and skeletal muscles of carps after introduction of vitamins and mineral supplement.
These results suggest the positive changes in lipid metabolism in female carp under influence of vitamin and mineral
supplement at pre-spawning period in regard of enhancement of their reproductive function.

Key words: lipid individual classes, pre-spawning period, polyunsaturated fatty acids, saturated acids,
supplement
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Ce30HHiCTb cnanaxiB reMopariyHol XBopoou Kponis
(RHDV (Gl.1) Ta RHDV2 (Gl.2)) B YKpaiHi y 2021-2022 pp.

A. MexeHcbkul, H. MexeHcbka
andrey4egvet@gmail.com
IHCTUTYT BeTepuHapHoi MegnumHn HAAH, m. Kuis, YkpaiHa

lemopariyHa xBopoba kponis (MXK, aHrn. RHD) — ue roctpa, cenTuyHa, cMmepTenbHa (neTanbHIiCTb A0
90-100%) iHchekuinnHa xBopoba, 36yaHuKoMm sikoi € PHK-BmicHui Bipyc (aHrn. RHDV), Wwo HanexuTb 40 poAnHU
Caliciviridae i pony Lagovirus. Xsopoba, cnpuiunHeHi RHDV (Gl.1), Bneplue cnanaxHyna B Kutaiy 1984 p. [Liu et al.,
1984]. Y 2010 p. y ©paHuii 6yno suseneHo Hoewui BapiaHT RHDV [Le Gall-Reculé et al., 2013], skuii no3Ha4aloTb K
apyrui Tun RHDV a6o RHDV2 (GI.2) [Le Pendu et al., 2017]. Y ®paHLuii, Icnaii, MNopTyranii, ABcTpanii Ta geskmx
iHWwKx kpaiHax RHDV2 (Gl.2) saminuB (BuTicHMB) RHDV (Gl.1) sik noTtodHuii enisootuyHun witam [Dalton et al., 2014,
Lopes et al., 2015]. B Ykpaini RHDV2 (Gl.2) 3’aBuBcs BigHOCHO HegasHo — y 2017-2018 pp. [Myaukina, 2021],
a HayKoBi LOCMIIKEHHS 3 BU3Ha4YeHHs 0cobnmBocTen enidooTuyHoro npouecy 3a RHD, cnpuunHeHoi RHDV (Gl.1),
nopieHsaHO 3 RHDV2 (Gl.2), He npoBogunucs i € aktyansHumu. Tomy metoto poboTu 6yno 4oCniauT CE30HHICTb
cnanaxie remoparidHoi Xxeopobu kponis, cnpuynHeHoi Bipycamu nepuoro (Gl.1) Ta gpyroro (Gl.2) Tunis, B YkpaiHi
y 2021-2022 pp.

HocnigpxeHHsa nposognnu y 2021-2022 pp. nacMBHUM €ni3o0TUYHUM MOHITopuHrom RHD Ha TepuTopii Ykpa-
THW. Baszoto gocnigpkeHb Bynm 28 KponiBHWYMX rocnogapcTB, PO3TaLLOBaHNX Ha TePUTOPIT BiIHHULIbKOT, XKUTOMMPCHKOT,
Kuiscbkoi, JlbBiBCbKOi, Oneckkoi, MNontascbkoi, Cymcbkoi, XapKiBCbkOi, XMenbHULIbKOI Ta YepHiriBcbkoi 0br., ae
peectpyBanu cnanaxu RHD, a Takox nabopatopis «HaykoBo-gocnigHWin HaB4anbHUIM LEHTP AiarHOCTUKM XBOPO6
TBapuH» IHCTUTYTY BeTepuHapHoi meanumHn HAAH. [ina noctaHoskm giarHody Ha RHD 3acTtocoByBanuv enisootorno-
rivHi, KNiHiYHi, naTomopdonorivHi, monekynapHo-reHeTuuHi (RT-PCR) Ta imyHoxpomaTorpadidHi, a 4ng JoCnigKeHHS
CEe30HHOCTI cnanaxiB — eni3ooTomNOorivHi Ta CTaTUCTUYHI (3 BUKopUcTaHHsaM nporpamn Microsoft Office Excel 16.0)
MEeTOAM AOCNIAXKEHHS.

3MiHM NposiBy eni3ooTnyHOro npotecy 3a RHD npoTsirom kanengapHOro poky, To6To Ce30HHICTb, BU3HAYae
NiABULLIEHHS 3aXBOPHOBAHOCTI Ha L0 iHDEKLUito y NeBHi nopu poky. Npu npoBeaeHHi gocnigXeHb BpaxoByBanu,
LLIO ce30HHicTb 3a RHD moxe 3anexatu sik Bif NpupoaHux akTopis, Tak i Bid YMOB (CUCTEM) YTPUMaHHS KponiB Ta
rocnofapcbKoi AisnbHOCTI (BUPOBHMYMX LMKNIB). Y OOCTYNHUX HAayKOBUX Nybrikauisx iHpopmMaLis LWogo Ce30HHOCTI
3a RHD cynepeunusa: ogHi aBTopu CTBEPAXKYIOTb, LLIO BUSIBUIM NEBHI CE30HHI 3aKOHOMIPHOCTI, iHLUi NepeKOoHY0Tb,
Lo XxBopoba peecTpyeTbCs B Oyab-siky NMOpy POKY.

3rigHo 3 oTpumaHuMu Hamu pesynstatamu, cnanaxm RHD, cnpuunHeHi RHDV (Gl.1) y kponiBHU4YUX roc-
nogapcteax Ykpainu y 2021-2022 pp., Mmanv BUpaxeHy CEe30HHICTb Ta peecTpyBanuncs y BepecHi (3), XoBTHi (5),
nuctonagi (2), 6epesHi (2), kBiTHi (3), TpaBHi (2), TO6TO BoceHM Ta HaBecHiI. binbLiicTb cnanaxisB RHD, cnpuynHeHux
RHDV?2 (Gl.2), manu geLuo iHWy Ce30HHICTbL — peecTpyBanacs y nuctonagi (4), rpyaHi (2), civni (2) i nrotomy (2),
TOOTO HanpuKiHLI OCeHi 1 YacTile B3MMKY. Jluwe oguH cnanax, cnpuyinHeHui RHDV2 (GI.2), 6y 3apeectpoBaHuii
y 6epesHi. BctaHOBMEHI CE30HHI 3aKOHOMIPHOCTI, Ha HaLL MO, MOXYTb OyT NOB’A3aHi 3 rOCMOAAPCHKO0 AiSNBHICTIO
KponiBHMYMX roCNoaapcTB, a caMme 3 NiABMLLEHHSIM Y Lii NOPU POKY aKTUBHOCTI 3 TaKMX HanpsaMKiB:

— HaOXOMKeHHS A0 «BnarononyyHnx» rocrnogapcTs HOBUX NAEMIHHMX KPORiB, AKi MOXYTb OyTu B iHKyGaLjii-
HOMY nepiogi, cTagii pekoHBanecLeHLii abo BipyCOHOCINCTBA, a TaKoX TMMYacoBMI 06MiH caMusiMU-NNigHUKaMu,
Lo € TMNOBUM ANSA HEBEMWKUX rOCNoaapcTB;

— BiBiOyBaHHS KPONIBHWUYMX rOCMOAAPCTB CTOPOHHIMM 0cobamm, NepeBaXxHO 3 METO NPUABaHHS NNEMIHHNX
TBapuWH Ta/abo 0OMiHy JOCBIAOM;

— KOMepLUiiHa OisinbHICTb BracHuka Ta/abo npauiBHUKIB KPOMiBHUYOrO rocrnogapcTBa 3i CKYyNnoBYBaHHSA
KpOonsiumx LUKYPOK 3 iHLUMX KpOMiBHUYMX chepm Ansa nepenpoaaxy;

— npuabaHHa KoMbikopMiB Ta/abo ciHa 3 iHWNX KpoNiBHUYMX rOCNOA4APCTB;

— y4yacTb Y TBApPMHHULLKUX BUCTaBKax, AKi MPOBOASATbL NepeBaXXHO BOCEHU, pPifLle HABECHI.

OpeprkaHi pes3ynsratu CBigyaTb NPO BUPaXKEHY CE30HHICTb enidooTuyHoro npouecy 3a RHD 3i 36inbLueH-
HAM Yncna cnanaxiB BoceHu Ta HaeecHi 3a RHDV (Gl.1), a Takox BoceHu Ta B3uMKky 3a RHDV2 (Gl.2). 3posymino,
LLIO Nepiod NpoBegeHnX JochigXeHb 3 BU3HaYeHHs ce30HHOCTI (2021-2022 pp.) Ta, A0 TOro X, Mid Yac 34iCHEeHHS
nyiLle NacuUBHOTO eNi300TUYHOIO MOHITOPUHIY, 3aMarnuin i HeAOCTaTHIN ANs OTPUMAaHHS BipOrigHUX HAyKOBUX AaHUX.
Tomy noganbLui HayKoBi AOCHIgKEHHS 3 BUBYEHHS ce30HHOCTI XK B YkpaiHi € akTyansHUMM, NepCrnekTUBHUMK | MU
nnaHyemo X NPOJOBXUTU.

KntrouoBi cnoBa: kpori, iHgeKLjnHi XxBopobu KponiB, remopariyHa XxBopoba KporiB, eMis00TUYHMIA MOHITOPUHT,
CE30HHICTb
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OcobnuBocTi BUrogoByBaHHA NOTOMCTBA Y Apo3aa YopHoro (Turdus merula)

. Medsedesa’, E. BeHaxuH?, K. JleHboscki?, H. TaHbcKka?
medvedeva.iruna@gmail.com

"lncTuTyT ekonorii Kapnat HAH Ykpainu, m. JbBiB, YkpaiHa

2lHcTuTyT Gionorii, PAwWwiBcbkui yHiBepcuTeT, M. Pawis, Monblua

Baxnueum acnekTom B JOCHIIKEHHI XUTTEQIANBHOCTI NTaxiB Ta iX penpogykTUBHOro npouecy € Biacre-
XYBaHHS IXHbOI MHi300BOI NOBEAIHKU. Y CMOCTEPEXEeHHSIX 3a NTaxaMu Aefani NonynapHilUMM CTae BUKOPUCTaHHS
¢oTo- Ta Bigeo-nacTok, 3a AOMNOMOroH SKMX, MiHIMaNbHO NpMBEpTaKYM yBary nraxis, MOXHa BUSBUTU CKINaaoBi
Xap4yoBOro paLjioHy NTaLIEHAT Ta 0COBNMBOCTI rHI300BOT KOMYHIKaLi.

O6GpaHuin Hamu 06’eKT OOCTIMKEHHS, APi3n YOPHUIA, € NEPEBAXKHO MOHOrAMHUM Ta TEPUTOpPIanbHUM BUAOM,
SIKUN OXOPOHSIE CBOKO THI3O0BY TEPUTOPIO rydyHUM cniBoM. Mickbki nonynsuii 3a3suyan € ocinumu, a nicosi — nepe-
niTHUMu. MNepiog PO3MHOXEHHS Y HUX NPUNaZae Ha NovaTok KBITHA A0 KiHUS NUMHS i 3a3BMYal OXONMoe ABi Knaaku
[Tomiatoj¢ ,1994]. 3Baxatoum Ha Te, L0 BUrO4OBYBaHHS MOTOMCTBA ABOX KNaAoK Npunagae Ha pidHi MicsiLi poKy,
TO iXHil pauioH Mae neBHi BigMiHHOCTI. Halimm 3aBgaHHAM Oyno gocniguTuy, SK1i BiACOTOK XapyyBaHHS CTAHOBUTb
ka pOCITUHHOTO MOXOMKEHHS, @ SKUn — TBAPUHHOTO, 8 TaKOX BUpaxyBaTW iHTepBanu Mk MPUHECEeHHAM Xi A0 rHisga
Ta BM3HAYNTK, KA POIb KOXHOIO 3 NApTHEPIB Y BUFO4OBYBaHHI NTALUEHSAT.

[na BUSIBNEHHS MHi3g OrMsagany KpoHW AepeB 3 4OMOMOroto BiHokniB. My cnpolyBany MoLyKKW, OpPIEHTYHO-
YMCb Ha JOPOCINUX MTaxiB, Ski NpuHOCKUW ByaiBenbHUIA MaTepian aAns rHisga. [ns npoBeaeHHs! CrnocTepeXeHb BCTa-
HOBWIM BigeonacTku Gins BUSBNEHWX MHi3g Apo3da YopHoro. Lle gano Ham 3mory oTpumarty AaHi Npo iHTepBanu Mixk
rodyBaHHSMW MTALLEHSAT Ha Pi3HUX eTanax Po3BUTKY, OCODNMBOCTI iX Xap4yBaHHSA Ta iHLUi aCMEKTW MHi3A0BOI MOBELIHKN
uboro Buay. [locnimkeHHs NPOBOAMMY Ha BUABNEHWX Hi3Aax, po3TalloBaHUX Ha Pi3HUX AiNsHKaX, Y TpaBHi, YepBHi
Ta NunHi Ha TepuTopii MNonbLwi. Micna onpautoBaHHs Bigeomarepianis NPOBOAWIN CTaTUCTUYHY OOPOOKY pe3ynbTaris.
Mu 3mMomn BU3HaUMTK, SIKUA 3 MAPTHEPIB YacTille HaBigyBaBcsa OO MHi3ga Ans BUroqoByBaHHS MTalleHAT. Takox 6yno
BUSIBINIEHO, Ha SIKUI Mepiog Yacy NOTOMCTBO 3anmLuarnoch 6e3 Harmsay, CKirlbkv Yacy i XTo 3 napTHepiB obirpiBaB MTaLLEeHsT.
OcHoBHa MeTa HaLLoro JOCNIMKEHHS nonsArana y BUBYEHHI Pi3HWLi B paLiOHi BUrO4OBYBaHHS MTALLEHSIT, 30Kpema
Y NPOLIEHTHOMY CMiBBIOHOLLEHHI MiXK DXet0 POCIIMHHOIO Ta TBAPUHHOIO NOXOMXEHHS, @ TAKOX CMOCTEPEXEHHI IHLLNX
0ocobnuBoCTEN NpoLeCy BUro4OBYBaHHSA MOMOAMX NTaxiB.

B pesynbrati cnoctepexeHb BUSIBIEHO, WO palioH BUBOAKY OpO34a YOpHOro B TpaBHi Ta YepBHi Ha 100%
ckragaBcs 3 iXi TBAPMHHOMO NOXOAKEHHSA — iMaro pisHOMaHITHUX 6e3XpebeTHMX Ta iXHi MMYMHKK. Y NUNHi B cepea-
HbOMY 0 27% pauioHy cKnaganu Sroam — CMOPOAMHA, BULLIHS, YepeLUHs ToLwo. B okpeMi AHi BigcoToK srig B pauioHi
cTaHoBuB NoHag 50%. Takox, onmparodmch Ha pe3yrnsrati nonepeaHix 4ocnigkeHs, My NigTBEPAWIM, Lo 3amiHa
YacTUHM pauioHy Ha sroam BigbyBanack He nuLie Yepe3 Ce30H [03piBaHHSA Arig, ane v ToMy, Lo BEnuKa YyacTuHa
TNNYUHOK 3aKiHYMMKM CBI eTan pO3BUTKY, TICHO NOB’A3aHUI 3 BEreTauinH1M nepiogom AepeBHUX POCHVH. Y Apyrin no-
NOBVIHI YEPBHS Ta B JINMHi 3 HACTAHHAM AeiUMTY NyCEHULIb PaLLiOH JOMOBHUBCS TBEPAOKPUIMMU Ta MPSIMOKPUITMMM.
Takox MU NigTBEPAUNN BUSBNEHY paHille TeHAEHLI0 AUHAMIKKM iHTepBaniB MiXX NpUHeCeHHAM i 4o rHisga. Ha paHHix
eTanax po3BUTKY NTaLLEHST iHTepBanNu Mk BUTO4OBYBaHHSIM CTaHOBMIU 11 XB., NOTiM BOHW CTaBany KOPOTLWNMY —
8 xB., L0 NOB’A3aHe 3 MNi3HIWNMKN eTanamn po3BUTKY, KONK NTalleHsATa noTpedytoTb BinbLue eHeprii 4ns pocTy.
TakoX CTano 04eBUAHUM, LLO NOPLii IPUHECEHOIO KOPMY MICTATb DinbLue 6e3xpebeTHNX. Ha 3aBepLueHHst BUrogoBy-
BaHHS NapTHepW BUMYLLIEHI rogyBaTu CBOE MOTOMCTBO 3Ha4HO pidlle. B gocnimkyBaHUxX HaMu rHisaax iHTepean Mixk
BMUIrOOBYBaHHAM CTAHOBMB B cepeHbOMY 22 XB., B OKpeMi Hi TpUBaB HaBiTb 4O roguHW. Taki 3MiHW B iHTepBanax
MOB’AA3aHi 3 TUM, IO AOPOCIIi NTaxy MOTUBYIOTb MOSTOOHSIK BUXOAUTM 3 THi3ga: Hanpuvknag, NpUHOCSTbL Xapdi, ane
He roaytoTb MOTOMCTBO, a 3anuLalTbCs NOPYY 3 FHI3gOM B NOMi 30py NTaLLEHSAT.

Pes3ynbrati Halwmx gOocnig)eHb Npo BUro40BYBaHHSA MOTOMCTBA Ap034a YOPHOro NOTEHLINHO MOXYTb
OyTn BUKOPUCTaHI SIK iHopMaLlist ANA NOPIBHAHHA Ta nodanbluMxX AOCHiAXeHb 0COONMBOCTEN PenpPOAyKTUBHOI
MOBEAIHKWN LIbOro BUAY.

KniouoBi cnoBa: rHisgosa noseaiHka, xap4oBuii pauioH, penpogyKTMBHa NoBediHKa, iHTepBanm Mix rogy-
BaHHsIMM, rHi3A0Ba TepuTopis
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CtaH cucteMun epuUTpPOHY 3a eKCrepuMeHTanbLHOro LyKpoBoro aiabety
Ta nepopanbHOro BBeA€HHA €KCTPaKTy KopanoBux nioais
copty Koralovyi pepeHy cnpaBxHboro (Cornus mas L.)

A. Mopo3s’, M. HabaH’, KO. Haym', A. Jlomog’, I. bpodsk', A. Kyxapcbka?, H. CubipHa’
anna.moroz@Inu.edu.ua

"JIbBiBCbKMI HaLiOHaNbHWUIM yHIBEpCUTET iMeHi IBaHa PpaHka, M. JTbBiB, YkpaiHa

2BpounaBCcbKni YHiBEpPCUTET NPUPOAHNYMX Hayk, M. Bpounas, MonbLya

[HosroTpyBana rineprrikemisi Ta NopyLLeHHs MeTaboniamy ByrneBoAiB, Ninigis i Oinkis 3a Lykposoro Aiabety (LiO)
Np13BOAATb A0 NOLLKOMKEHHS, Ta, 1K HAcMiAoK, ANCAYHKLT pisHMX OpraHiB i cuctemM. HeratmBHOro BNNmMBY HamnepLum-
MW 3a3Hal0Tb KMITUHW KPOBI Ta EHAOTEMIOLMTU KPOBOHOCHUX CYOUH. YCKNaAHEHHS, NOB'A3aHi 3 AiabeTom, BUHMKAOTb
yepes 3MiHy (PyHKLIOHaNbHOI aKTUBHOCTI KIMiTUH OpraHiamy, TOMy MOLUYK NPUPOAHMX Npenapartis, siki 6 3anobiranu meta-
BOniYHMM, CTPYKTYPHUM Ta (PyHKLIOHANBHUM MOPYLLEHHSIM, € aKTyarnbHOK NPoOemMoro CborofgeHHs. epcrnekTmBHUM
kepernom 6ionoriyHo akKTMBHUX PEYOBUH, SIKi MOXHA BUKOopUcTaTy and Tepanii LI, € nnogv gepeHy cnpaeXHbOro.
Tomy MeToto poboTun Byno JoChiANTU CTaH CUCTEMY EPUTPOHY 3a EKCNEPUMEHTANBHOIO LIlyKPOBOTO AiabeTy Ha dhoHi
nepopanbHOro BBEAEHHSI EKCTPaKTy KOpPanoBux NNnofiB copTy Koralovyi aepeHy cnpaexHboro (Cornus mas L.).

JocnimkeHHs npoBoannu Ha camusx Lwypis niHii Wistar 3 sBuxigHoto macoto 140-160 r. EkcneprvmMeHTanbHuin
LI iHoykyBanm BHYTPILLHBOOYEPEBMHHOLO iH'EKLiEt0 CTPENTO30TOLUMHY (55 MI/KT Macu Tina), pO34MHEHOTO B LUTPaTHOMY
OydepHoMy po34uHi. TBapuH Byno NoAineHo Ha Tpu rpynu: nepLua (KOHTPOrb, 340POBi TBApVHW) Ta Apyra (giabeTnyHmn
KOHTpOrb, TBapuHu 3 Li[1) Bnpogoex 14 OHIB nepopanbHO OTpUMyBanu NUTHY Body; TBApUHaM TPeTLOi rpynu (giabe-
TUYHI LLYPW, SIKi CNOXMBANM EKCTPaKT) NepopasibHO BBOAUIM EKCTPaKT KOparioBUX MIO4IB AEPEHY CMPaBXKHBOIMO Y 403
20 mr/kr macy Tina 14 gHie. Nicns 3akiH4eHHA JOCMIQHOMO Nepiody TBAapWH YCiX rpyn AeKaniTyBan i3 3aCTOCYBaHHSIM
ecpipHoro Hapko3y Ta 6panu Giomartepiany Ansa JocnigKeHb reMaTornoriYHMX MOKa3HUKIB — KiNlbKOCTi €PUTPOLMTIB, KOH-
LieHTpaLii remornobiHy, cepeHbOoro BMiCTy reMorfniofiHy B O4HOMY epUTPOLMTI Ta KONMbOPOBOTO MOKA3HMKA Y LLYPIB.

AHania 3MiH remaTonoriyHMx NapameTpis Aae 3MOry BUSABUTU NPUXOBaHi NATOMOriYHi NpoLecu B TKAHUHaxX
i opraHax, a TakoX MPOKOHTPOIIOBAaT! NMO3UTUBHUIA YN HEFATUBHUIA €dPEKT 3a BBEAEHHS JiKapCbKUX Npenaparis.
3rigHo 3 ogepxaHnMK pesynbTataMu, 3arasnibHa KiflbKiCTb epUTPOLMTIB He 3a3HaBara CTaTUCTUYHO BipOTigHUX 3MiH
y TBapuH 3 LI, ane Byno BCTAHOBMEHO BipOrigHe 3HWKEHHSI KOHLEHTpaLii remornobiHy Ta cepegHbOoro BMIiCTy re-
MOroBiHy B 0O4HOMY epuUTpoLmTi. Taki 3MiHW MOKa3HWKIB CUCTEMU EPUTPOHY CNPUYMHEHI MOPYLLUEHHAMU CTPYKTYPU
i PYHKLUIT KNITUH HAPOK, AKi CUHTE3YI0Tb EPUTPONOETUH. Y LiIbOMY pasi 3HUXKEHHSA FOPMOHOCTUMYMOBANbHOTO edpekTy
Npu3BOANTb A0 CMOBINbHEHOrO 403PiBaHHSA €PUTPOLMTIB Ta, BiANOBIAHO, OO 3MEHLUEHHS KifTbKOCTi reMOornobiHy
B OOHOMY epuTpouumTi. BBEOEHHST eKCTpaKTy KOpanoBux NIOA4IB AePeEHY CPaBXHbOro TBApUHaM 3i CTPENTO30TOLMH-
iHOyKOBaHUM [iabeTOM 3yMOBWITO CTAaTUCTUYHO BipOrigHE 3pOCTaHHS KOHLIEHTpaL,ii remornobiHy B 1,4 pa3a nopiBHAHO
3 giabeTnyHoto rpynoto TBapuH. EkcTpakT kopanoBux nnogie Cormus mas L. Texx 00ymMOBMB CTaTUCTUYHO BiporigHe
NigBULLEHHSA CEPEeHbOro BMICTY reMornobiHy B OAHOMY €pUTPOLMTI Ta KOfNIbOPOBOIO MOKa3HMKa.

Ha ocHOoBi NpoBeAeHNX ekcrnepuMeHTanbHUX OOCIIKEHb BCTAHOBIIEHO KOPUIryBarbHUM edDEKT EKCTPaKTy
KopanoBux nnoAis copty Koralovyi AepeHy CMpaBXHbOro Ha CTaH CUCTEMW EPUTPOHY 3a EKCNIEPUMEHTaNbHOIo
LlyKpOBOIO fiabeTy.

KntouoBi cnoBa: LykpoBun giabeTt, cuctema epuTpoHy, AepeH cnpasxHin (Cornus mas L.), copt Koralovyi
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AHani3 nocniaoBHOCTI YepHETKU reHoMmy i3onaty Enterococcus sp. SB12

B. MywuHcbka’, I. Poman?, C. Ticmeyok?, O. [pomuko?, O. Llicapuk?,
I. Cniueka?®, O. LLImaneHko', B. Cupsamka?

arillenmeril@gmail.com

"lncTuTyT Gionorii TBapnH HAAH, M. JlbBiB, YkpaiHa

2[1bBIBCbKUIA HALiOHaNbHWUIA YHiBepcUTET iMeHi IBaHa PpaHka, M. J1bsiB, YkpaiHa

3[1bBIBCHKMIT HALIIOHAMLHUI YHIBEPCUTET BETEPUHAPHOT MeauLMHN Ta BioTexHonoriit imeHi C. 3. Mxuubkoro, M. Mbeis, Ykpaina

Pig Enterococcus HanexuTb 40 rpynu MOMOYHOKUCANX BakTepin i npeacTaBneHUn rpaM-no3MTUBHUMHU
HECMNOPOYTBOPHOBANbHUMY KOKamu. [Ins HUX xapakTepHa chakyrnbsraTMBHa aHaepoOHICTb i 30aTHICTb pOCTU B LUMPO-
KOMY AianasoHi HecnpuaTNUBMX YMOB, 30KpeEMa 3a BUCOKOI Temnepatypu, pH, KoHUeHTpauil xnopuay HaTpito Ta
HasIBHOCTI >XOBYi B cepeoBULL, L0 BU3HAYa€E IXHE MOLUMPEHHS y BOAOMMaX, OpraHiami TBapuH, nogen i pocrivH.
EHTepokoku, 3okpema gesiki wtamm E. faecium, akTUBHO BUKOPUCTOBYHOTb SIK KOHCEPBAHTU Y BUPOOHULITBI MOMOY-
HOKMCIOI Ta M'AICHOI NpoAyKLii Yepes ixHi NPOBIOTNYHI BNacTUBOCTI Ta aHTUBIOTUYHY aKTUBHICTb NPOTW NaTOreHHOI
mikpodpriopw [Foulquie Moreno, 2006; Van Tyne, 2014]. Takox BOHM BXOOSITb 4O CKkrnagy KOpMoBux Jo6aBok i npo-
GioTnyHMX npenapartig. [MpoTe aesiki EHTEPOKOKN MaKTh 30AaTHICTb CNPUHNHAT HO30COMIKanbHI iHGpeKLii, a Takox
MOXYTb MICTUTW reHW BipyrNeHTHOCTI Ta aHTUBIOTMKOPE3UCTEHTHOCTI. Lle dhakT nepeLukogkae BinbHOMY 1 6e3ney-
HOMY BMKOPMCTAHHIO LIX MiKpoOpraHi3amiB y Bi0TEXHOIOrIi, Xap4oBili Ta CiflbCbKOroCnoaapchKiv ranyasi.

3 ornsay Ha ue, METOR HaLloi poboTy Byno 34iINCHUTY CEKBEHYBaHHS, aHOTaLlilo Ta bioiHopmavinHuia aHa-
ni3 reHOMy NMPUPOOHOTO i30MNATY eHTepoKokiB Enterococcus sp. SB12. Lien izonat otpumanu 3 oBeyoi 6puH3n, Buro-
ToBneHoi y Kapnarcbkomy perioHi Ykpainu. BiH AeMOHCTpye YyTnMBICTb 0 BAHKOMILMHY, aMniuuniHy, CTPENTOMILUHY,
NEBIMILMTUHY, MEHILMNiIHY, pyuddamniumHy, amiHOMIKO3UAHMX aHTUBIOTUKIB — KaHaMiLWHY, CTPENTOMILIMHY i reHTamium-
Hy, Ta MPOSBNSE aKTUBHICTb MPOTU rPaM-MO3UTMBHUX W rpaM-HeratuBHuX bakTepin. leHom wWitamy Enterococcus sp.
SB12 cekBeHoBaHoO 3 BukopucTaHHAM lllumina MySeq B pexxumi LuBMAKoro 3anycky (2x250 HT) 3 napHO0 BigCTaHHI0
500 n.H. 3unTyBaHHs Byno 3ibpaHo 3a gonomoroto acembnepa GS de novo (Roche) 3 oTpMaHHSIM OCTaTo4HOIT 36ipKm
67 koHTUriB po3mipom >1,000 n.H. KoXeH (cepenHe NokpuTTsa 84-kpaTHe). Poamip reHoma wtamy Enterococcus sp.
SB12 craHosuTb 2 437 308 n.H. i3 BmicTom +L] 38,15%. AHoTaLis reHoMa LibOro LTamy gana 3aMmory igeHTudikysatm
2 434 imoBipHI koaytoYi MOCMiZOBHOCTI, cepen skux 2 382 reHiB cuHTe3dy Moxnmemx Ginkis, 1 reH pPHK Ta 49 reniB
TPHK. 3 gonomoroto nporpamu BAGEL4 (http://bagel4.molgenrug.nl) B reHomi wtamy Enterococcus sp. SB12 ineHTu-
(hiKOBaAHO TPW MMOBIPHI KnacTepu rexiB GiocMHTE3y OakTepioLMHIB, FOMOONYHI 3 paHille iaeHTU(IKOBaHNMMN EHTEPO-
unHamu: eHTepoumnH L50, eHtepounH SE-K4 Ta eHTeponisunH A.

OTpumaHi pesynsrati € nepLUMM €TanoM KOMMIIEKCHOTO AOCTgKEHHS noTeHuiany isonsTy Enterococcus sp.
SB12 sk npobioTMKa AN BUKOPUCTAHHS Yy KPONiBHULTBI.

Kntouosi cnoBa: Enterococcus sp., reHoMm, npobioTukn, baktepiounHu, BioiHdbopmaLiiHuin aHani3
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The use of ceftriaxone improves the structure of the hippocampal CA1 area
and reduces behavioural problems in mice with mild brain injuries

Y. Naumenko’, T. Pivneva'?

kronvin@gmail.com

'‘Bogomoletz Institute of Physiology of NASU, Department of Sensory Signalling, Kyiv, Ukraine
2Department of Biomedicine and Neuroscience, Kyiv Academic University, Kyiv, Ukraine

Traumatic brain injury is a condition defined by adverse cerebral harm arising from a physical impact originating
externally, such as a powerful impact resulting from a car or domestic accident, an severe force generated by a blast
wave, or biomechanical damage to the brain due to a collision in contact sports, among others. Despite symptoms of
mild traumatic brain injury (mTBI), are more difficult to detect than those at severe head injuries due to moderate range
of macroscopic abnormalities, data about the risk of late development neurodegenerative diseases after of mTBI
are becoming more prominent.

We studied the effect of ceftriaxone on the developing of gliosis and changes in behaviour in mouse model
of mTBI after ceftriaxone injections on days 3, 7, and 14 after injury using the following markers: Iba1 for microglia
and GFAP for astroglia and confocal microscopy. As a behavioural test the Open Field test has been used. We also used
non-parametric descriptive statistical methods.

Both GFAP and Iba-1 immunoreactivity was observed and gradually increased in CA1 area; their expression
peaked on day 3. After application of ceftriaxone these parameters were dramatically reduced. The Open Field test re-
vealed increased locomotor activity (number of crossed open field squares) in mice. This was particularly the case for
the third day after the injury, (143,8+16 squares) compared to 97,2+14 squares in control mice (P<0.05). The number
of grooming and freezing events in animals also changed. Freezing events were considered to be any sudden stops
of the mice during movement in an open space with subsequent resumption of motor activity. Such acts were more
repeated among injured mice on the third day after injury (26.1+2, P<0,05). Grooming activity had similar dynamics.
On the third day after the injury, it was 8.6+1 in untreated mice, and almost twice lower in treated mice — 512 (P<0.05).
The changes were associated with glial cell reactivity and excitotoxicity. Ceftriaxone induced decreasing these param-
eters to 100,6+22 crossed squares and 512 grooming events (P<0.05). It should also be noted that even in untreated
mice, indicators of locomotor activity and anxiety-related events began to decline on the seventh day. However, in the
case of mTBI, the main pathological processes occur in the first days, so the use of ceftriaxone is necessary to reduce
the negative effects of the injury in a short period of time.

Thus, even if the traumatic brain injury is mild, the behavioural responses of mice undergo significant changes.
Such changes can be considered both as a way to confirm the presence of trauma and as a marker of the influence of
glial reactivity on mouse behaviour. Our findings support the concept of the importance of glial responsiveness to mild
traumatic brain injury and may be a target for new therapeutic approaches in neuroprotection.

Key words: glial reactivity, mild traumatic brain injury, open field test, excitotoxicity, anxiety
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Bnnue noxigHoro Tiasony y KOMMeKCi 3 NofliMepHUM HOCIiEM
Ha aKTUBHICTb aHTUOKCUAAHTHUX (PePMEHTIB KNiTUH NEeYiHKU MULLEN
3 nimcdomotro NK/Ly

E. Omeniox, b. ApceHtok, M. Inbkie, A. LLanad, A. babcbkuu
Bohdan.omeluh@gmail.com
JbBiBCbKUIA HaLiOHaNbHWIA YHiBEpCUTET iMeHi IBaHa PpaHka, M. J1bBiB, YkpaiHa

Monpu BUCOKY edheKTUBHICTb XiMiOTEPANEBTUYHUX areHTiB, BUKOPUCTOBYBAHWUX Y MNiKyBaHHI OHKOMOMYHNX
3aXBOPIOBaHb, 3anvaeTbcst 6arato npobrem, siki 0OMeXyroTb IXHE TepaneBTUYHE BUKOPUCTaHHS: 30Kpema BUCO-
Ka LUTOTOKCUMYHICTb LLOAO 300POBUX KIITUH OPraHiamMy, BUHUKHEHHSI MYNbBTUPE3UCTEHTHOCTI MYXNMHHUX KNITUH A0
nikapcbknx 3acobiB, HeAOCTaTHA PO3YNHHICTb | CENEKTUMBHICTb NPOTUNYXNMHHKUX npenapartiB [Cheng et al., 2021].
MpOTUNYXNMHHI areHTU 30aTHi 3yMOBIOBaTU YMCIEHHI NOBIYHI edhekT Ha KPOBOTBOPHY CUCTEMY, NOpyLUYBaTh dOYHKLYT
HUPOK, NeYiHkK, cepus. MNMeviHKy BBaXKaloTb HAWBaXKMNMBILLMM OPraHoM Y npoLecax AeToKCUKaLii i BoHa HanbinbLue
3a3Ha€ BrnMBY TOKCUYHMX CMIONYK, [0 SKUX Hanexarb i XimioTepaneBTuyHi npenapatu. [NpoTtunyxnuHHi 3acobu MoXyTb
BNNMBaTK Ha CTPYKTYPY i PYHKUIT KNITUH NEYiHKW, MPOBOKYBATW 3ananeHHs Ta okvcrnoBanbHui ctpec. OcTaHHin, 30-
Kpema, MoXe BUHMKaTK BHacNiaok ancbanaHcy B akTUBHOCTI aHTUOKCUAAHTHUX dhepMEHTIB | ByTn NpUYMHOLO renato-
TOKCMYHOCTI, cnpuynHeHoi ximiotepanieto [Cornu, Béduneau, Martin, 2020].

Y poboTi gocnigxysanu BRfmMB NOxigHoro 2-amiHo-5-6eH3nnTiasony y KOMMMeKci 3 noniMepHuM HOCiEM
Ha aKTVBHICTb KIMHOYOBUX (DEPMEHTIB aHTMOKCMAAHTHOIO 3aXMUCTy Y KMiTUHax muiadoi nimcdomu. PaHiwe 6yno
BCTaHOBIMEHO, LU0 Lie NoxigHe NPOsiBNSE BUCOKY LIMTOTOKCUYHICTb A0 NyXNUHHUX KNiTWH [Finiuk et al., 2017].

Yci ekcnepMmeHTM NpoBOAMNM Ha BiNMX MULLIAaxX-camuaX OUKOro Tvny 3 npuwenneHoto nimgomoo NK/Ly.
[na Buny4yeHHs neviHkn TBapuH AekaniTyBanu nig eipHUM Hapko30oM, Nicnsa 4YOro opraH LWBWAKO BUpi3anu Ta
rotyBanu romoreHar. NoyvaTtkoBui 10 MKM po3unH noxigHoro Tiazony b®1 (nosHa Ha3Ba: N-(5-6eH3un-1,3-Tiason-
2-in)-3,5-gumeTnn-1-6eH3odypaH-2-kapbokcamia) CMHTE30BaHO Ha kadheapi opraHivyHoi XiMmil JIbBiBCbKOro HaLio-
HanbHOro yHiBepcuTeTy iMeHi IBaHa ®paHka. NEMBmicHni Hocin (noni MEM-meTtakpunart (nonillEFMA475) (Th3))
CMHTE30BaHO Ha Kadheapi opraHivyHoi ximii HauioHansHoro yHiBepcuteTy «JIbBiBcbka nonitexHika» [Finiuk et al.,
2017; MiTina Ta iH., 2020]. BogHi gucnepcii nonimepHoro Hocist Th3 Ta komnnekcy 3 noxigHoto b1 posumHaAnm
B aumeTtuncynbdokenai (QMCO) i nepeHocunu y Bogy (Th4). lo romoreHaTy neviHku fogasanu AOCHiAxXyBaHi crno-
NyKn 'y Aitounx koHueHTpauisx 10 MkM Ta iHkyByBanu npotarom 15 xB. Y gocnigHux 3paskax BU3Ha4arnum akTMBHICTb
cynepokcuaancmyTasu, katanasu Ta rnyTartioHnepokcuaasu. CtaTUCTUYHUMI aHani3 pesynbraTiB 34ilcHIoBanm 3a
ponomoroto nporpamu Microsoft Excel 2013. [na ouiHku BiporigHocTi ob4mncnoBanu koediuieHT CTblogeHTa.

Byno BCTaHOBMEHO, LLO KOHTPOSbHI PiBHI CynepokcuaaucMmyTasu y renatoumtax MULLEen-nyxXsiMHOHOCITB
nopieHioBanu 5,86+0,85 oa. aktu./xB.xMr Ginka. [JocnigykyBaHe noxigHe Ta MOro KOMMeKC 3 NofiMepHNM HOCIEM
He BNMMBanu Ha akTUBHICTb LbOro (bepMeHTy. AKTUMBHICTb KaTanasu Ta rnyTaTioHnepokcMaasu y renatoumnTax
MULLEN-MYXITMHOHOCITB cTaHoBunu 14,02+1,43 Hmonb H,0,/xB.xMr Ginka Ta 8,13+0,74 HMonb GSH/xB.xMmr Ginka
BignoBigHoO. AKTMBHICTb hepMeHTiB 3a Aii noxiagHoro b®1 i komnnekcy Th4 Takox He 3miHloBanucs. MNMonimep Th3
He BMNNUBaB Ha aKTUBHICTb KMOYOBUX (PEPMEHTIB aHTUOKCUAAHTHOT CUCTEMM KITITUH NEYiHKN MULLEeR 3 Nimcomoto
Y XOAHIN cepii gocnigis.

OTtxe, noxigHe Tiasony b®1, nonimepHuin Hocin Th3 Ta noro komnnekc 3 A1 He 3aMiHIOBaNM akTUBHICTb
hepMeHTIB aHTMOKCUOAHTHOIO 3axX1CTY KNITUH NeYiHkn muwein 3 nimdomoto NK/Ly. PaHiwe 6yno BctaHoBreEHoO,
Lo AOCNigXyBaHi peYOBUHU He BMNNMBAOTb HA KEPaTUHOLMTU MIOAMHM in Vitro Ta LUMTONOriYHI NMOKa3HUKN KPOBI
mMuLen 3 nimgpomoto in vivo [Finiuk et al., 2021; lkiv et al., 2022]. Taki pe3ynsratv BkasytoTb Ha 6e3neyHicTb 4o-
cnigpkyBaHux cnonyk. lNoxigHe Tiasony y KOMNnekci 3 NoniMepHUMN HOCIAMN — NEPCNEKTUBHUIN NPOTUMYXITUHHWUIA
npenapart, OCKINbKU BiH € TOKCUYHUM LLIOAO0 NYXAMHHUX KNITUH | NPOSIBNAE HU3bKY NOBIYHY Aito.

KnrouoBi cnoBa: noxigHe Tiazony, nonimMepHi Hocii, niMgoma, aHTUOKCUOAHTH
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Bnnue TennoBoro crpecy Ha aHTUOKCUAAHTHI MOKa3HUKU KPOBi Kypen

L. lNepedepiti
peredina0310@gmail.com
IHcTuTyT Gionorii TBapuH HAAH, M. JbBiB, YkpaiHa

Tennosui ctpec (TC) HeraTMBHO BMNMBaE Ha OpraHiam TBapuH. SK OMH i3 haKkTopiB CNPUYMHEHHS OKMOATUB-
HOrO CTPECy, BiH TaKOX CTUMYIIOE MITOXOHAPIanbHUA OKCUOATUBHUIA CTPEC i KMITUHHY AMCHYHKLIO, LLO NpU3BOAUTb A0
MOLLIKOMPKEHHST KNITWH i X anonToay. PiBHi aKTMBOBAHOIO KUCHIO, OCKINTbKM BOHU BUHMKAKOTb B OKUCTIKOBASbHUX CUCTEMAX,
MOCTIMHO NPOBOKYIOTb OKUCHE MOLLKOKEHHSA KNiTUH, ke 6e3 CknagHUX aHTUOKCUAAHTHUX 3aXUCHUX MEXaHi3MiB
WBMAKO Npuaseae o 3armbdeni KNituH.

AHTMOKCMOAHTHA C1UCTEMA 3aXUCTY OpraHiaMy TBapuH KOHTPONMIOE | ranbMye BCi eTanu peakLin yTBOPEeHHS
BiNbHUX pagukanis, NoyMHakouy Bif iX iHiLjauii Ta 3akiHdyouM YyTBOPEHHSM rigponepekucis ninigis (IMJ1) Ta manoHo-
Boro ananbaeriay (MOA). Ii OCHOBHIM 3aBAaHHAM € 3MEHLLIEHHS KiNbKOCTI BifbHUX paavKanis 4o MiHIMansHO MOXIU-
BOrO piBHS. ICHye HU3Ka Sk (DePMEHTATMBHMX, TaK i HEOEPMEHTATMBHUX CUCTEM, SKi BepyTb y4acTb B enimiHauii APK.
OpnHuM i3 HedhepMeHTaTMBHMX aHTUOKCUAAHTIB € BigHOBNeHun rmyTartioH (BIN), a depmeHTaTMBHI aHTMOKCHOAHTU
oxonnoTb cynepokeuaaucmytagy (CO[), nepokecmaasy, katanasy (KAT), ryTatioHnepokeuaasy (1), rnytaTtioH-
peayktasy ([P) Towo. CTtaH aHTUOKCUAAHTHOI CUCTEMU Y TBApWUH i NTaxiB BMMMBAE Ha IXHilN PiCT, PE3NCTEHTHICTb,
NPOAYKTUBHICTb Ta AKICTb NpPoAyKLii.

MeToto poboTun Byno BCTaHOBUTK aKTUBHICTb aHTUOKCUAAHTIB Ta BMICT NPOAYKTIB NEPEKUCHOMO OKUCHEHHS
ninigis y KpoBi KypeWn 3a Aiil TeNnoBoro CTpecy.

Hocnig 6yno npoBeneHo B ymoBax BiBapito IHCTUTyTy Bionorii TBapmH HAAH Ha 60 kypsix nopoaw Binwuia JleropH.
[Hocnig nposenu oBoMa eTanamu: Ha NepLLIoMy NTULO NPOTArOM TWDKHS YTpUMyBanu 3a Temnepatypu nositpsa 20°C;
Ha Opyromy NpoTAroM TWXHS CTBOPUMNM YMOBUW TEMMOBOrO CTPecy, NiABULLMBLLM TemnepaTtypy yTpumaHHsa o 35°C.
Micns koxHoro etany Bigdupanu 3pasku KpoBi ANs noganbLlumX SOCHiOKeHb.

Y pesynerati 6yno BCTaHOBMEHO, WO 3a BAnMBYy TC BMICT NOBGIYHMX NPOOYKTIB NEPEKUCHOIO OKMCHEHHS
ninigis (Takmx, ak MOA ta I'MJT) MOA 3pic Ha 5%, TIJ1 — Ha 52%. Ockinbkn BOHW € MapKepaMn OKCUAATUBHOIO
CTpecy, iXHE 3pOCTaHHS CBIAYNTL NPO 36iNbLUEHHS BMICTY BiNbHUX pagukaris B opraHiami kypen BHacnigok aii TC.
Lle noBoguTh, o Mu 3mornu cnposokyBat TC y TBapuH. NpuinHaTo Beaxatu, wo COL ta KAT gitoTe sk nepia
NiHiA cMCTEMU aHTUOKCMOAHTHOMO 3aXMCTY B TKaHUHax opraHiamy: CO[ kataniaye nepeTBOpPeHHS CynepoKCUAHOIo
paavkany B nepokcua, BoaHio, a KAT po3sLuenstoe Moro Ha Monekyny Boaum Ta KUCHIO. B Halw yac icHytoTb cynepeyunusi
OaHi Woao0 aKTUBHOCTI LUMX aHTMOKCUMAAHTIB BHAcMigokK Aii Ha oprariam TC: B AesKkMx OOCMIOKEHHSX BOHA 3pocTae,
B JEesKMX 3HWXKYETBCSA, a B AesKMX, SK | B HALLOMY, He 3MIHIOETbCA. BI™ € BaxnBnM HedhepMeHTaTUBHUM aHTUOKCU-
[AHTOM Y KMiTMHAX CCaBLIB, a TAKOX MOXe AT SIK KodhakTop ANs rnyTaTioHnepoKkcuaasy; y Aocniai BiH 3HU3NBCA Ha
28%. I'M1 kaTanisye BiAHOBNEHHS NEPeKMCY BOOHIO BiAHOBMEHUM [TyTaTiOHOM, LLIO6 3aXMCTUTU KNITUHW Bifg, OKUCHOTO
MOLLKOMPKEHHS; T aKTUBHICTb 3HM3UNack Ha 19%. P Takox 6epe yvacTb y perynsuii, Mmogynauii Ta nigTpyMmui KNiTMHHOIo
OKUCHO-BIAHOBHOIO roMeocTasy; BoHa 3MeHLUMnach Ha 42%. SHMKEHHA akTUBHOCTI aHTUOKCUOAHTHUX (DEPMEHTIB
nigTepanno pesynsratv BinbLIOCTI iHWKX BYEHMX, WO TC NpuCKoptoe NpoLiec NepekUcHOro OKUCMNEHHS Niniais Ta
NOB’A3aHUX 3 LIMM MOLUKOMXEHb KNiTUH i, K HACNigOK, BACHAXYE CUCTEMY aHTUOKCUAAHTHOrO 3aXMCTy TBapuH.

OTpumaHi pe3ynetati ceigyatb Npo Te, wo TC BANMBaE Ha BUHUKHEHHS] OKCUOATMBHOMO CTPECY, Ha Lo
Bkaaye 3poctaHHa MOA ta 'T1J1 B kpoBi KypeW. S3HMKEHHSA akTUBHOCTI Aeskux aHTnokemaaHnTis (M1, P, BIN) ceigunTs
npo Te, wo B ymoBax TC BigbyBaeTbCA BUCHAXEHHSA CUCTEMM aHTMOKCUOAHTHOIO 3aXUCTy B KypeWn.

KntouoBi cnoBa: aHTMoKCHaaHTHa CMCTEMA 3aXUCTY OpraHiaMy, OKCAATUBHUIA CTPEC, TEMMOBUIA CTPEC, KypU
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The effect of using L-arginine on the hematological parameters
in the blood of rabbits
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"Institute animal of biology NAAS, Lviv, Ukraine

2Stepan Gzhytskyi National University of Veterinary Medicine and Biotechnology of Lviv, Lviv, Ukraine

Amino acids such as arginine, are the precursors of essential molecules that regulate growth and health
[Castro F. L. S., Kim W. K., 2020]. These amino acids are classified as functional amino acids due to their important
physiological roles. The current dietary arginine requirement varies widely among animal species and also depends
on their development period. Arginine is an essential amino acid for poultry, fish, and cats, and conditionally indispens-
able for ruminants, pigs, and rabbits [Ball R. O. et al., 2007; Wu G., 2008]. However, in young animals such as rabbits,
the physiological level of arginine decreases, making it essential, and requiring its additional introduction.

The aim of this study was to investigate the effect of L-arginine on the hematological profile of 45-day-old
rabbits of the white Panon breed.

The research was conducted at the vivarium of the Institute of Animal Biology NAAS. The animals were
divided into three groups: a control and two experimental. Animals in all groups were kept on a standard diet, the
experimental period lasted 30 days. The control group (K) consumed drinking water without the addition of amino acid,
while L-arginine hydrochloride was added to the drinking water of the experimental groups for 30 days. The first
group received a dose of 50 mg/kg of live weight, while the second group received 100 mg/kg. Blood samples were
collected from the lateral subcutaneous vein on the 1%, 14, and 30" ay of the study for analysis of hematological
parameters. Blood analysis was conducted using a veterinary hematology analyzer (Orphee Mythic 18 Vet, Switzerland),
with test tubes containing the anticoagulant EDTA-K3. The following parameters we determined the total number
of erythrocytes, leukocytes, and hemoglobin concentration.

The study revealed a statistically significant increase in the number of erythrocytes (P<0.01) in all experi-
mental groups throughout the study period. These findings suggest that L-arginine is required for the differentiation
of hematopoietic stem cells into mature erythrocytes. [Shima Y. et al., 2006]. Moreover, there were no significant
differences observed in the hemoglobin content and the number of leukocytes in the blood of experimental rabbits
as compared to the control group. These findings suggest that L-arginine is required for the differentiation of hemato-
poietic stem cells into mature erythrocytes.

The data obtained suggest that the addition of L-arginine to the drinking water of the experimental groups
resulted in an increase in the number of erythrocytes in their blood, which remained within the physiological range.

Key words: L-arginine, blood, rabbits
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BupowyBaHHSA opraHiyHOI pubu y npupoaHomy crtasi

H. MNMycmosa, 4. banuybkul
pustovanatasha@ukr.net
Mopinbcbkuii aepxxaBHuiA yHiBepeuteT, M. Kam'siHeub-lMoginbcebkuin, XmenbHuLbKa o6n., YkpaiHa.

locnogapcbka gdisinNbHICTb Ha cTaBax NPUPOAHMX 30H NEPEBAXHO € 0OMEXEHOID, CNPSMOBAHO Ha MakK-
cMMarnbHe 30epeXeHHst eKocMCTeMW TepUTOPIT, MPUNErNOoi 40 cTaBy, Ta Pi3HOMaHITTS dnopu i dayHn. CTBOpPEHHS
opraHi4yHoro pnborocnogapcTea Ha cTaBax NPUPOLAHUX 30H CMPUSIE PIBKOMY 3HIDKEHHIO COBIBapTOCTi TOBAPHOT prbu
Ta NOKpaLLEHHIO OCHOBHUX pUBOBOAHO-EKOHOMIYHNX MOKA3HUKIB. 32 HEMOXITMBOCTI CTBOPUTU Yy CTaBax NpUpOLaHUX
30H BCiX HEOBXigHWX NS NOBHOCUCTEMHOIO rocnogapcTea CTaBiB, ONTUMarbHUM BBaXKaETbCS BUKOPUCTOBYBATM X
SIK HarynbHi — AN BUpOOHULTBA TOBapHOi pmubu.

MeToamka pgocnigxkeHb nepefbadvana BUBYEHHS OCOONMBOCTEN BUPOLLYBaHHS Ta NPOAYKTUBHICTb TPbOX
BMAiB pub — kopona, 6inoro amypa i ribpngHoro ToBctonobuka B ymoax NpupogHOro cTaBy 3a OpraHiyHoro
BeOEeHHs pubHMuTBa.

CyyacHi ysiBrnieHHsi npo pyBHULITBO Ha CTaBax NpUPOaHUX 30H cchopMoBaHi Ha 6asi TeopeTnyHMX nepeabayeHb
Ta (PaKTUYHKX pesynbTaTiB, OTPMMaHUX Mif Yac po3BeAeHHS TOBApHOI pubu Ha BOOOMMAaX, Pi3HUX 38 MOXOKEHHSAM
Ta UinboBMM NpuaHayeHHs M. OCHOBHMM BMAOM puO, siki 40Ope poCTyThb i AKMX BUPOLLYIOTb Y CTaBOBUX rocrogap-
CTBax Yy CTOsYIN BOAj abo i3 NOBINbHO Tevieto, € kopon. HannoLumpeHilli — nyckaTuin, paMKoBUiA Ta A3epKanbHUN.
YKpaiHCbKuIA ycKaTuin KOpon, MOPIBHAHO 3 iHWMMK niasuaamn, Ha 17—20% kpalLe pocTe, XUTTE3AaTHILLMN | epeKTUBHO
BMKOPUCTOBYE NPMPOAHY KOpMOBY 6a3sy cTaBiB.

PocnuHoigHux pnb TpumatoTb y MOMIKynbTYpi 3 KOPONOM, TOMY TEPMiHM iX BUPOLLYBaHHS 10 TOBapHOi Macu
Taki X, SIK i AN kopona — ABO- | TpMpIYHOro BiKy. B cTaBoBOMY puBHMLTBI Ginoro amypa BUKOPUCTOBYHOTb SIK OAATKOBY
prnby ona meniopadii 3apocnmx BoAOMMULL, 3 po3paxyHKy nocaaku Ha 1 ra BogHoro asepkana sig 100 go 300 wr., wo
niaevye pubonpoayKTUBHICTL cTaBiB Ha 10%. TOBCTONOOWK XXMBUTLCSI 300MAHKTOHOM, @ TakoX OiTOMaHKTOHOM
i peTputom. OcobnmBo Garato A4ETPUTY B MOrO paLioHi HABECHI Ta BOCEHM, KOMKW Y BOAOVMAX 3MEHLLYETLCS KiNbKiCTb
@iTo- i 300MnaHkToHy. [lo6oBui pauioH ToBcTonoba craHoBuTb 25—40% Big Ku1BOI MacK, onTuMarbHa Temneparypa
BOAM ONs XuerneHHst — +25...+30°C. Y crtaBkax TOBCTONOOMK 3HaxXoauTb JOCTATHLO MNOXMBM | NPUPOCTY CTaHOBMATb
3a nepuue nito o 70, 3a apyre — 1500 r, 3a Tpete — 3000 r. 3a paxyHOK NPUPOAHOT KOPMOBOT Ba3un CTaBiB, 3aNeXHO
Bif, X 30HaNbLHOro po3TallyBaHHs, MOXHa oaepxysatu 0,2—-0,6 T pubu 3 1 ra.

HannoBHOLHHILLMM KOPMOM A1 CTaBKOBOT p1bK € NpMpOaHUIA, sikMin 3abe3nedye HeoOXiaHY KinbKiCTb BiTami-
HiB, HEHACUYEHMX XXUPHUX KUCMOT, HE3aMiHHUX aMiHOKUCIOT, MiKpoenemeHTiB, hepMeHTIB TOLLO. Buia pocnuHHICTb
€ KOPMOM A1 aMmypa Ta TOBCTonobuka, siki 4oOpe ii cnoxuBaloTb 3a iIHTEHCUBHOTO POCTY. TOMY Ansi OYULLEHHS CTaBiB
Bi, pPOCNMHHOCTI X NigcaaXyoTb 40 kopona B po3dpaxyHky Bia 200 go 400 eks./ra.

BignoBigHo 00 AoCnimKeHHS, 3a IHTEHCUMBHOMO BEAEHHS rocnogapcTea Ha ctasi nnowleto 10 ra 3 npMpogHoro
pubonpogykTueHicTio 250 kr/ra cepegHst Maca ogHopidku 25 © o kiHus nita 36inbwmnace go 500 r, To6To npupicT
OOHOrO Kopona 3a BeretauiiHui nepiog ctaHoBuB 475 1. [1nsa 3apubnexHs ctasy 10 ra Bukopuctanm 27500 eks.
OOHOPIYOK Kopona, 3 ypaxyBaHHS NoMiKynsTypu pocnnHoigHNX pmb Ginoro amypa n ribpuaHoro ToBctonobmka —
1500 wr. i 3500 wr.

logiento kopona y NpMpOAHOMY CTaBi 3a OpraHiYHOro BeAeHHs pubHULTBa PO3NoYnHanu, Konu Temne-
patypa Boau gocsirna +10°C. [Ins nocTynoBoro 3BMKaHHS pMbu 40 KOpMy MOro po3knagany Ha KOpMOBi MicLs
HeBenukumn nopuisimm no 2—3 kr. Kopm posgasanu ogunH pa3 Ha goby o 6—7 roguHi paHky, wob go 12:00 pmba
Moro cnoXuna, a Bapyrii NONOBWHI AHSA CNOXMBana npupoaHi KOPMMU.

Peanisauito ToBapHoi pubu noTpibHO 3aifcHIOBaTM 3a MakcumarnbHOro nNpubyTKy Ans rocnogapcTea Ta
MiHiManbHUX BTpaT Nig Yac nepeBe3eHHs Ta 4OCTaBKM Nokynuesi abo Ha nepepobHe nignprMeMcTeo. Po3paxyBaBLum
€KOHOMIiYHi MOKa3HUKM, BUSIBMIU, LLO MNOKA3HWK peHTabenbHOCTi HaiBULWMIA y TOBCTonobuka — 61%, cepenHin
B aMypa — 55% Ta HanmeHLwuin y kopona — 42%, B cepegHboMY 4511 TPbOX BUAiB pudn — 52,67%.

MMig yac BegeHHs rocnogapchbkoi AisNbHOCTI HAa NPUPOAHOMY CTaBi 3@ OpraHiYHOro pUBHMLITBA NOTPIGHO YiTKO
yCBigOMMOBaTK, A0 SIKMX HACTiAKIB MOXe NPU3BECTU HeobepexHe, HecaHKLOHOBaHE Ta HENpPoayMaHe BHECEHHS
MiHeparnbHUX peyoBuH, 4OBPUB, HaAMIpHA LWIMBHICTL Nocagky pyMbu Ta Ti roaiBng Towo. 3MiHa HE3HAYHOT YaCcTUHKN
eKoCcUCTeEMM MOXEe NPU3BECTU 0O HE3BOPOTHUX HacnigkiB abo 3HULLEHHS BCiel dhayHu Ta ropu uiei Bogonmum.
Tomy, 3HatouM hakTopu, SKi BNMBaKOTb Ha SIKICTb BOOHOIO CepedoBuLLA i XKUTTEQISMNbHICTL prb, NOTPIGHO cnocTepi-
raty 3a 3mMiHamm XiMi4HOrO CKragy BOAMW Ta CBOEYACHO MPOBOAMTU O300POBHI 3axX0au, Lo AO3BONUTL NIATPUMYBaTH
SKICTb BOAM Ha oNTUManbHOMY PiBHI i NiaBMLLYyBaTy pubonpoaykTuBHiCTb. KomnnekcHa iHTeHcudikaLlis BUpOLLyBaHHSI
prbun — HaykoBO 0BrpyHTOBaHa cMcTeMa 3aoLLakeHb PECYPCIB Ta KOLUTIB, sika € 3anopykoto edpeKTUBHOMO BeAEHHS
rocrnogapcTsa.

KnrouoBi cnoBa: koporn, amyp, ToBCToNo06, roaisns, NpOAYKTUBHICTb
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Bnnue HecTepoigHOro npoTusananbHOro npenapary Himecynigy
Ta HOBOro NoxigHoro 4-tia3oniAMHOHY Ha MiKPOOGIOTY TOBCTOI KMULUKN
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'JIbBIBCbKMI HaLiOHaNbHUN MeANYHUIA yHiBepcuTeT iMeHi [JaHnna Manuubkoro, M. JTbBiB, YkpaiHa
2lncTuTyT Gionorii TBapuH HAAH, m. J1bBiB, YkpaiHa

HIM3I1 (HecTepoigHi NpoTn3ananbHi npenapaTtn) € HeobXigHMM i YacTo egUHUM 3acOBOM NiKyBaHHS baraTbox
3ananeHuX npouecis. BoHW NoainaTbea Ha Krnacy 3a XiMiYHOK CTPYKTYPOIO Ta BiAPI3HAOTLCH NEBHOKD CENEKTUBHICTHO.
MpoTe Taki npenapaTt MatoTb BUCOKUIA YNbLEPOreHHWI NoTeHLjan, LWo NpU3BOAMTL A0 PO3BUTKY YLLKOMKEHb CrIM30BOI
0BOMOHKM TPaBHOI CUCTEMMU, @ TAKOX BMIMBAKOTb HA CKMNaf KMLLIKOBOI MIKPOGIiopu, CIIPUYMHIOYM AUCOIOTUYHI 3MiHW.
lMoLuyK HOBMX MOMEKYN 3 MpoTM3ananbHUMK Ta aHTUMIKPOOHVMMK BNacTUBOCTSIMU € BaXKITUBUM 3aBOAHHSIM Cy4acHOil
MeavuuHM Ta BeTepuHapii. [NoTpeba B HOBMX MeToadax fikyBaHHsA CcTae Aefani rocTpillo Yepes 3pOCTaHHs HOBUX
iHdeKUi Ta CTiINKNX 4o aHTUBIOTKKIB MikpoopraHiamiB. Tia3oniguHOHOBE KinbLie € YaCTUHOW BaraTboX HasiBHUX
MOTEHUjNHMX aHTUMIKPOOHUX | NPOoTU3ananbHMX 3acobiB i B NOeAHAHHI 3 (hapMakodOPHUM Nipa3oribHUM ddparMeHToM
B OIHI CTPYKTYpi MOXe NPU3BECTM OO NOCUINEHHS eekTy Y NiKyBaHHI.

3 meToto BMBYeHHS Bnnuey HI3M, a came npenapaty HiMecynigy, Ta HOBOro MOXiAHOIO 3 rpynu NoxigHi
4-Tia3onigMHoHiB — Les6490 Ha mikpobioleHo3 npoBedeHo MikpobionoriyHe AOCnigXeHHs1 MiKpoOioTM TOBCTOI
KWLLUKN eKCepyMeHTanbHUX TBapyvH.

HocnimpkeHHs Bnnuey Himecynigy Ta Les 6490 nposoamnu Ha Mmogeni ag’tosaHT dpenaa-iHaykoBaHOro apTputy
LwypiB in vivo. TeapuHu gocnigHoi rpyny (n=40) 3a 3BMYaHOIO rogyBaHHsS OTpMMYyBanu Himecynig y gosi 15,0 mr/kr
Ta HOBOCWHTE30BaHy cnonyky Les 6490 (5-(Z2)-((1,3-audeHnin-1H-nipazon-4-in)meTtnnen)-2,4-Tia3onianHAioH) y 4o3i
10 Mr/Kr BHYTPILLHBOLLINTYHKOBO OAMH pa3 Ha 4oby BNpogoBxX 14 AHIB, MiCNs 4YOro iX BUBOAUIM 3 EKCNIEPUMEHTY, AeKari-
TyBaBLLUW 3a TiONEeHTanoBoi aHecTesii. MaTepianom cryrysBaB BMICT TOBCTOI KALLKW. [1119 BU3HAYEHHS AKICHOrO Ta Kinb-
KicHOro cknagy MikpobioLeHO3y 3aCTOCOBYBanM KIaCUYHWUIA KynbTypanbHUN METOA; ineHTudikaLito MikpoopraHiamis
NpoBOAUNY 3a MOPOTMHKTOPIaNbHUMM, KyNbTypanbHUMK, BioxiMiyHMMKU BnacTneocTsIMU. KinbKicTb MikpoopraHiamis
nepepaxoByBanu Ha 1 r matepiany i nogaesanu B Ilg KYO/T.

lMpoBeneHe bakTepionoriyHe JOCHIMKEHHST NoKa3arno, Wo cTaH MikpobioLeHo3y GioTony LypiB nig BNAMBOM
HiMecynigy 3MiHIOBaBCS 3a paxyHOK 3MEHLLUEHHS KifbKOCTi rpamMmno3nTUBHUX Nanmnyok Ta 3pOCTaHHSA KiNbKOCTi rpam-
HeraTtmBHoi coropu. Kinekictb BichinobakTepint s3Hmamnacs Big 8.4 +0,3 Ig KYO/r go 7,110,2 (P<0,05); nakrobaunn —
Big 6,2+0,3 go 5,7+0,2; 6akTepoigis — Big 9,1 £0,2 go 7,0+0,82 (P<0,05). KinbkicTe eHTepokokiB 3pocna 3 5,0+0,2
0o 6,240,3 (P<0,05) Ig KYO/r. Cnonyka Les 6490 cnpusina 3aMeHLUEHHIO KinbkocTi nakrobaumn go 3,410,2 (P<0,05)
Ta bakTepoigis go 6.2+ 0.12 (P<0,05) Ig KYO/r. KinbkicTb GidbigobakTepin BiporigHo 3pocna go 10,8+0,6 Ig KYO/r
NMOPIBHAHO 3 NOKa3HMKaMM KOHTPONbLHOI rpynin. KinbKiCHUI piBeHb eHTEPOKOKIB Ta KNoCTpuain ctaHosus 6,4+1,13
Ta 5,010,14 Ig KYO/T, wo cBig4MTh NpO TEHAEHLI0 4O 3pOCTaHHS KiNbKOCTi BKa3aHMX MiKpoOpraHiamiB 3a BNiuBY
Ak HIM3IT, Tak i HOBOCMHTE30BaHOI CMOMYKM.

KinbkicTb elepuxin He3Ha4YHO 3HM3NIMCb B 060X AOCHIAHUX Fpynax, NpoTe 3ad)ikCOBaHO aKTMBALLH IHLIMX
eHTepobakTepiit. Y BiX TBApMH B HEBENMKIN KiNTbKOCTI BUCIBAnNucs Gaumnm, NnicHABI rpyubun Ta apikayKonoaioHi rpmou
poay Candida.

HecenekTvBHUIA iHMBITOP LIMKMOOKCUreHas Himecynia, nopyLuytoumn Mmetaboniam npoctarnaHguHie, 3yMOBIIOE
neBHi di3ionorivyHi 3MiHM y TPaBHOMY KaHari, CpUYMHIOYM NOPYLLEHHS CMM30BOro 6ap’epy, LLO BigbuBaeTbCs | Ha
MikpobioLieHo3i BioTony, ockinbkM MoaudikyeTbCs piBEHb EKCMNPECIT pELLEeNTOPHOrO anapary enitenito Ans B3aemMogii
3 niraHgamu 6akTepin. MikpoeKkonoriyHi 3MiHM TopKatoTbCsl 30ebiNbLLIOro MiABULLEHHSA ab0 X 3HMKEHHS KiNTbKICHUX
MoKa3HWKiB OCHOBHUX HOPMOCUMOBIOHTIB. Y CBOIO Yepry, ogepkaHa cnonyka Les 6490 cnpusna 3pOCTaHHIO KiflbKOCTi
Bifidobacterium, kMM BracTUBO KOMOHi3yBaTK KULLKOBUI TPaKT Ta BigHOBMNIOBaTM 6anaHc KULLKOBOI MikpobioTu
i TaKUM YMHOM CNPUATU KOPUCHUM AN 300poB’a yHKUisM. HeobxigHi noganbLui 4ocnigKeHHst Ansi BCTAHOBIEHHS
mexaHiamiB Bnnmey HIM3I Ha MikpobioLeHO3n opraHiamy MguHM Ta CAONyK 3 rPyNu NOXigHUX 4-Tia3onignHOHIB
SIK MOXITMBUX 3ac00iB OichigoreHHOI akTUBHOCTI.

KnrouoBi cnosa: HIM3[1, mikpobioTa ToBCTOI KMLLIKK, ANCOiO3, NOXiaHi 4-Tia3onianHOHIB
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KopmoBa no6aBka ana npodinakTtukm ta nikyBaHHs1 KeTo3y KopiB

C. Cauko
sachko@kupavaagro.com.ua
IHcTuTyT Gionorii TBapuH HAAH, M. JbBiB, YkpaiHa

loHOMOpPHI aHTMBIOTHKK peryniooTb pybLeBy hepMeHTaLito, NOKpaLLYUN BUKOPUCTAHHS MPOTEIHY KOPMY.
3a 3acTocyBaHHSs iOHOOPIB 3MEHLIYETHCHA YacToTa BUHUKHEHHS CYOKMiHIYHOro Ta KMiHiYHOro KeTo3y B KOpiB.
B-KMCNOTM XMeNo NPOSBNATL NOZIOHMI A0 IOHOOPHMX aHTUOIOTMKIB CcnekTp GionoriYHOT akTMBHOCTI, TOGTO
MPUTHIYYIOTb XUTTEQIANbHICTL BINbLIOCTI rpamM-No3nTMBHUX MIKpoopraHiamiB py6us. OCHOBHI GionoriyHO akTMBHI
pPEeYOBUHU XMEM — Le NpeHinboBaHi hnaBoHOIAW: T'YMYMNOH (0-KUCHOTH), NynyrnoH (B-Kncnotu) Ta ixHi noxigHi.
B-KMCNOTK LUNLLIOK XMeNto, NogidHO A0 IOHOOPHUX AaHTUBIOTUKIB, 3HUXKYHOTL NPOTEONITUYHY aKTUBHICTL Y pybLi
Ta NPUrHivylOTb YTBOPEHHS amiaky i MeTaHoreHe3 y Hbomy. bakTtepil, sk 1 iHLWi XuBi, opraHiamu noTpebyroTb
HasBHOCTI BiTaMiHy E. ToKcu4HiCTb TokOodepony HuM3bka, TOMY AoAaBaHHS MOro A0 pauioHy >KYMHMX Y BinbLuin
KINbKOCTi MOXe CTUMYIIOBATH LentononiTnyHi 6akTepii pybus Ta komneHcyBaTh HeraTuBHUIM edpekT ioHodopiB Ha
pO3LLENneHHS KNITKOBUHW paLlioHy.

Ons gocnigy nigi6paHo 3 rpynu kopiB: 3 03Hakamm KriHiYHOro KeTo3y, KOHUEHTpaLis B-rigpokcnbytupary
y kpoBi >3,0 MMonb/n — 4 TBapuHK; 3 cyBKniHiYHUM KeTo30M, B-rigpokcubytupaty 1,3—2,2 mmons/n — 5 TBapuH;
KniHi4YHO 300poBi, B-rigpokendyTmpaty 0,2—1,1 Mmonb/n — 5 TBapuH. XBOPMM Ha KETO3 KOPOBaM NPOTArOM MicsLsA 00
KomOiKopMy JodaBanu nikyBanbHo-npodinaktuyHy fobasky, sika MicTUTb 20 r noapibHEHKX rpaHyn LUMLLIOK XMENo,
3 r BitamiHy E, Ta 50 r xoniHy, 20 r MeTIOHiHy i 1 T kKapHiT1HY, 3axuLLEeHMX Big po3sLenneHHs y py6ui. KniHiuHo 300oposi
KOpOBW crnyrysanu koHTporiem. [ns nabopaTtopHux JocnigKeHb BUKOPUCTOBYBanNM BMICT pybusi Ta kpoB. Liewn Gio-
mMaTepian 6panu yepes TWXKAEHb Ta Yepe3 MicsLb MiCNs OTeNeHHs.

JlikyBanbHo-npodinakTnyHa gobaeka 3HM3UNa KOHUEHTpaLito B-rigpokcnbytuparty Ta 36inbmna KOHLEH-
TpaLito rMoKo3n B KPOBI. Y KOpiB 3 CyOKMiHIYHOK hOPMOI0 KETO3Y CriocTepirany HopManisawito NoKasHUKIB KPOBi,
a Yy XBOPUX Ha KNiHIYHUIA KETO3 KOPIB 3aXBOPIOBaAHHA NEPENLUNO Yy CyBKNiHIYHY dhopmy.

3axBOplOBaHHSA Ha KETO3 BNMBAE Ha iIHTEHCUBHICTb | CNPAMOBaHICTb pybLEeBoi hepmeHTaLii, npu4omy
3a KniHiYHoro nepebiry 3MiHM 3Ha4YHO BMPaXKeHiLli, HiX 3a cyOkniHiYHOT cbopmu. Y pybLi XBOpMX Ha KETO3 KOpiB
BMSIBNEHO BinbLUy NPOTEONITUYHY Ta MEHLLY LIeMoNo30MiTUYHY, aMiNoniTUYHY i NINONiTUYHY aKTUBHOCTI.

Micns nikyBaHHA BiAOYNOCb 3HWXXEHHS NMPOTEONITUYHOI aKTUBHOCTI B pyOLi KOpiB, sIKi Manu cyOKniHiYHMNA
keto3 (P<0,01), Ta 3pocTaHHsa aminonituyHoi (P<0,05) i 3ameHLIeHHs npoTeoniTuyHoi akTuBHOCTi (P<0,01) B py6ui
KopiB, SIKMX NikyBanu Big, KniHiYHOI dobopmu KeToay. |HLWi NoKas3HMKM y pyOLi KOpiB KOXHOI 3 JOCMiAHMX rpyn nicns
nikyBaHHS 3MiHIOBaNMCb CTaTUCTUYHO HEBIPOrigHO.

3a cybkniHiYHoro keTo3y crnocTepiranu 36inbLUeHHS KOHLEHTpaLii amiaky B pyOLeBii piguHi, sika nepesuLLy-
Bara BianoBiaAHU NOKa3HWK Y pydLi 30opoBmx kopiB Ha 12,3% (P<0,05). KniHiuHa dhopma keTo3y cyTTeBiLLEe BrnnBana
Ha hepMeHTaLlito NPoTEeiHy Ta YTBOPEHHS NPOAYKTIB MOro po3nagy. KoHueHTpauia amiaky B LibOMY BUNaaKy 3poctana
Ha 33,6% (P<0,01). 3MiHM BMSIBNEHO 1 Y NOKa3HUKax BYrMEBOAHOIO OOMiIHY: BOHW NPOSIBUNMCD Y 3HKEHHI 3aranbHoi
KiNbKOCTI NETKNX KMPHUX KUCMOT Ta 3POCTaHHI KOHLEHTpPaLii MOMOYHOI KMCNOTK. X0o4a CTaTUCTMYHO BIpOrigHMMM L
3MiHK Bynu nuLwe y BUNagky kniHivHoro ketosy (P<0,01), KinbKicHO 3MiHM Npun CyGKMiHIYHIN hopMy LOCTATHBO CYTTEBI,
LLIO 403BONSE CTBEPAXYBATU NPO NEBHY TEHAEHLIO.

3ropoByBaHHs nikyBanbHO-NpodinakTnyHoi 4obaBky 3miHioBano nepebir doepMeHTaTMBHUX NPOLIECIB Y py6-
L. Y BMICTi pybList XBOPMX Ha KETO3 KOPIB BUSIBINEHO GinbLLy, MOPIBHSIHO 3 KOPOBAaMU KOHTPOJBHOT rpyni, KOHLIEHTPaLjto
amiaky Ta MeHLUYy KinbkicTb Ginkosoro asoty (P<0,05). IMicns nikyBaHHS Bka3aHi MOKasHWKU y KOpiBG XBOpKx Ha cy6-
KNiHIYHWI KETO30 HabNM3NNMCb A0 NOKa3HMKIB 300POBUX TBAPWH, TOAI SK Y KOPIB i3 KMiHIYHMM KETO30M CTaH NoKpaLLy-
BaBCsl, NPOTE KOHLEHTPALLis amiaky Ta GinkoBOro asoTty Hafani BiApi3Hsnach Bifg, 300poBMX TBApWH. Te came MOXHa
cKasaTu Mpo NakTart, KOHLUEHTpauisa skoro nicns nikyBaHHA 3Huxysanack (P<0,05), ogHak Bce ogHO nepesuLLyBarna
nokasHuk 3goposux kopis (P<0,05).

OTxe, nikyBanbHa gobaska Hopmanisye oepmeHTauitlo y pybui KOpiB XBOpMX Ha CyOKmiHiYHMIA KeTO3 Ta
[JeLlo nokpallye cTaH KOpiB 3 KMiHIYHOK hOPMOIO KETO3Y.

KnrouoBi cnoBa: KopoBwu, KeTo3, pybeLb, LUNLLKN XMENHo, BiTamiH E
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TepaneBTU4YHa ehpeKTUBHICTb NpenapaTty «bpoBepMeKTUH-rpaHyTAaAT ™»
3a MOHOreHoI403iB O4HOPIYOK KOPONOBUX pUO

O. ®edoposuy
gnc-sn@ukr.net
JIbBIBCbKUIA HaLiOHaNbHUIA YHIBEPCUTET BETEPUHAPHOT MeaunLmnHM Ta GioTexHonorii imeHi C. 3. IkuubKoro, M. J1bBiB, YkpaiHa

B Haww yac gepani 6inblue 3aHENOKOEHHS puborocnogapHUKiB CNpUYMHEHE NiOBULLEHHSIM 3aXBOPIOBAHOCTI
KoponoBux pub 4epes ektonapasuTiB. Lli 3axBoptoBaHHA € ogHMMM i3 HaHebe3neuvHilMX NaTonorin rigpobioHTIB
i CNPUYMHSAIOTB 3HaYHI EKOHOMIYHI 30MTKW. HalvacTille BOHW BUHUKAKOTb TOZi, KOnu puby yTpyMyOTb B HECMPUATIIMBIX
YMOBax — 3a Pi3kMx nepenagis TemnepaTyp, HecTadi PO34MHEHOIO Y BOAI KUCHIO, HAATO YLWiNbHEHOT nocaakm puon,
TpaBMyBaHHs Mig Yac puboBoaHMX NpoLeciB, cybreTanbHMX PiBHIB TOKCUKaHTIB TOLLO.

B cy4acHMx ekonoriyHMX ymMoBax 3a OCTaHHi POKM Pi3Ko 3pic piBEHb 3aXBOPHOBAHOCTI pub HAa MOHOrEHOILO3M.
ToMmy akTyanbHVUM € NOLUYK Npenaparie Asi fikyBaHHS pub, ypaxkeHUx MoHoreHesiMu. 3 ornsigy Ha 3a3HadeHe, METO
Halmx gocnigkeHb Oyno BUBYMTM e(peKTUBHICTb 3acTOCyBaHHS npenapaty «bpoBepMeKTUH-rpaHyTaST™» 3a MOHO-
reHoifgosiB 6inoro amypa B akBapiyMHUX YMOBaXx.

HocnigpkeHHs npoBeaeHi y JbBIBCbKOMY HaLiOHaNbHOMY YHIBEPCUTETI BETEPMHAPHOI MEAULIMHK Ta BioTeXHO-
norit imeni C. 3. Ixuubkoro. [INs BUSHaUEHHs TepaneBTUYHOT epeKTUBHOCTI NpenapaTy «BpoBepMeKTUH-TpaHynsT ™»
3a JaKTUOripo3y Ta ripodakTUnbo3y 0g4HOPIYOK Ginoro amypa i ToBctonobuka 6yno cdhopmoBaHo HYoTUpPK rpynu pub,
OBi KOHTPONbHI Ta ABi f4ocniaHi, No 10 ek3eMnNApPIB Y KOXHIN. [Jo KOHTPONBHUX rPyn BXoaunu pubu, iHBa3oBaHi
paktunoripycamu Dactylogyrus lamellatus (ogHopidku 6inoro amypa) i D. hypophthalmichtidis (ogHopiukv ToBcTONOGMKA)
Ta ripogakTuntocamm Gyrodactylus ctenopharyngodonis (ogHopidky Ginoro amypa) i G. hypophthalmichtidis (ogHopiKm
ToBCTONOGMKA); 4O AOCHiIOHMX — iHBa30BaHi pubu, Skux nikysanu BuesragaHumM npenapatom. Pné ytpumysanu
B akBapiymax eMHicTio 40 Am?3 3i LUTY4HOIO aepauieto 3a Temnepatypu sogm 20—-22°C.

JlikyBaHHS iHBa3oBaHuMx pub npenapatom «bpoBepMeKTUH-rpaHynaT™y» npoBoannu asa gHi nocnineb,
BBOASIUM iX NepopanbHO 3a 4OMOMOrol 30H4Y B NepeaHin Biaain KUweYHnky 3 po3paxyHky 60 mr/kr macu pmuou.
Mepen 3acTocyBaHHsM npenapaTty y BU3Ha4eHin gosi amiwysanu 3 1 mn 2% KpoxmMarnbHOro knewncrepy. Pnbam
KOHTPOnbHUX rpyn BBOAUNW nuLwie no 1 mn 2% knencrepy.

MoTpibHO BkasaTw, Lo 00 BBeAEHHst ogHOpidKam 6inoro amypa npenapary eKCTEHCUBHICTb iHBa3ii 30yaHMKamm
D. lamellatus i G. ctenopharyngodonis ctaHosurna 100%, a iHTEHCMBHICTb iHBa3il — B cepeaHboMy 10,2 Ta 3,1 ek3. Ha
pvby BignoeigHo. Yepes3 Tpy [o6K nicns BBeOEHHS YpaXkeHin gaktunoripycamu pubi « bpoBepmeKkTuH-rpaHynsaTy ™ »
ABa gHi nocnine y fosi 60,0 Mr/kr macu Tina NokasHWKN eKCTEHCUBHOCTI Ta iIHTEHCUBHOCTI iHBa3ii 3HA4YHO 3HM3WUMUCS:
ekcTeHcedekTmsHicTb (EE) ctaHoBuna 70%, iHTeHcedekTuBHicTb (IE) — 86,4%, o cBiguMTb Npo AOCUTL BUCOKY
edeKkTNBHICTb Nnpenapary.

3a ripogakTnnbo3y B 04HOPIYOK 6inoro amypa BCTAHOBMNEHO AELLO HUXKYY TepaneBTUYHY ePeKTUBHICTb
BULLlEHaBE4EHOro npenapary: ekcreHcedeKkTUBHICTb cTaHoBuna 60%, a iHTeHcedekTuBHICTb — 82%.

3acTocyBaHHs «bpoBepMekTUH-rpaHynaTy ™» ogHopiuykam ToBCTONobuMKa 3a ix ypaxeHHs 36yaHukamu
D. hypophthalmichtidis Ta G. hypophthalmichtidis mano geLo meHLuy nikyBanbHy e(peKkTUBHICTb, HiXX B 0QHOPIYOK
6inoro amypa. KinekicTe napasuTtiB Ha 0COBMHY Yepes Tpy [00M Nicns 3acToCyBaHHA npenapary 3aMeHLwmnacs,
BigNoBigHo, Ha 6,1 Ta 1,4 ek3. abo Ha 47 Ta 51,7%. EE npenaparty 3a nikyBaHHsa gaktunoripody ctaHosuna 70%,
ripogaktnneody — 60%, a IE — 85,9 i 79,3% BignosigHo.

OT0X, 3acToCcyBaHHs NnpenapaTy «bpoBepMeKkTUH-rpaHynaT ™» ogHopivkam 6inoro amypa, iHBa3oBaHUM
D. lamellatus i G. ctenopharyngodonis, CBig41Tb NPO NOro AOCUTb BUCOKY TEpaneBTUYHY e(PeKTUBHICTb; BTiM, AeLLO
MeHLLO BoHa Byna y nikyBaHHi MOHOreHoI403iB B OAHOPIYOK TOBCTONOBUKA.

KnrouoBi cnoBa: 6invii amyp, TOBCTONOOWK, OAKTUINONipycH, ripogakTuntocu, bpogsepmekmuH-gpaHymsm ™
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PyHKUiOHaNbHa akTUBHICTb fnimdouunTiB
Ta IXHiX iIMyHOperynsaTopHuUx cyononynsauiu
NYyNOBMHHOI KPOBi HOBOHaPOMKEHUX LYLIeHAT
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'Opecbkuii gepXKaBHUIA arpapHUi yHiBepcuTeT, bakynsTeT BETEPUHAPHOI MEAULIMHM,
kadpegpa dpisionorii, natodisionorii Ta Gioximii, M. Ogeca, YkpaiHa

2lHcTuTyT Gionorii TBapuH HAAH, M. JIbBiB, YkpaiHa

OHTOreHes iMmyHHMX opraHie cobaku po3rnsganu B Kinbkox nyonikauisx [Pereira M., Valério-Bolas A., Saraiva-
Marques C. et. al., 2019; Tizard I. R., 2017]. OHTOreHeTU4Hi AOCMioKEHHs1 IMYHHOI BigMOBIAi Nokasanu, Wwo nnig
BMpobnse cneuyundiyHy BiANOBiAb aHTUTIN Ha T-KNiTMHO3anexHi aHTureHmn (baktepiodar, eputpoumnT oBeLb).
®eTanbHi T-KMITMHW CenesiHkK, NiMaTnYHMX By3MiB i TUMyCa pearyloTb Ha MiTOreHHU ditoremarnioTuHiH (PHA).
Lli mocnigpkeHHs 3acsigunnu, Wwo nnig Mmae yHKUioHanbHy cuctemy nimdouuTis (B- | T-kniTvHW), 30aTHy reHepyBaTtu
rymoparsibHy Ta KIiTUHHY iIMyHHY BiAnoBifb NPOTU KiflbKOX aHTUIEHIB; Lie CBIAYNTb, LLIO LyLIeHATa € iMyHOKOMNETEHTHUMM
Ha yac HapomkeHHs [Faldyna M., Sinkora J., Knotigova P. et al., 2005]. lNepioa Big HApomXeHHA 0 21 OHA XUTTA
Mae 3HauHi pU3MKK, Ockinbku NpmonmaHo 10—30% HOBOHAPOMKEHMX LLIEHAT HE AOXMBAKOTb 0 LIbOro BiKY, 3a3BU4ai
yepes cenTULEMito B NepLui Tpu AHi xuTTa [Zako$ek Pipan M, Svara T., Zdovc I. et al., 2019].

Omxe, y HEOHTONOTII LLIEHSIT BpaKye OLHKOBUX OaHUX aAanTUBHUX MOXITMBOCTEN iIMYHHOI CUCTEMM, OCOONMBO
B PaHHIiN NOCTHaTanbHW Nepiog, TOMy METOK HalMX JOChiMKeHb Byno BU3HAYMTU (DYHKLOHANbHY aKTUBHICTb
NMOBEPXHEBMX peLenTopiB NiMoumMTIB Ta iX perynaTopHux cybnonynsuii y nynoBUHHIN KPOBi LyLIEHSAT.

MaTtepianom ans gocnimxkeHHs 6yna nynoBMHHA KPOB LyLEHAT, AKy Bigbupanu B npobipky 3 EATA nig
yac KecapeBOro po3TUHY, Ta KPOB CYKM, Y SIKOI KPOB Gparnu 3 NnikTbOBOI BEHM Mif Yac OnepaTtuBHOIO BTPYYaHHS.
Bcboro 6yno BigidpaHo 8 npob kposi Big UyueHAT Ta 1 Npoby Big matepi. Y kpoBi BU3Ha4anm abComnoTHY KinbKiCTb
rpaHynspHUX Ta arpaHynsipHUX NenKouuTiB, dharoumMTapHy akTUBHICTb HEMTPOMINIB a TakoX piBeHb ceHcmbinisauii
nimcouunTis 40 HENPOAHTUIEHY CITKIBKM OKa.

AHani3 oTpMMaHux B HaLLOMY eKCrepUMEHTI JaHNX NOKa3as, LLO LyLeHSTa HAapOMKYTLCA 3 OYHKLIOHANbLHO
AKTVBHMMM iIMYHOKOMMETEHTHNMM KITITMHAMM SIK BPOMKEHOTO, Tak i adanTuBHOrO imyHiTeTy. Cepen LyLeHAT BCTaHOB-
NeHi NoKa3HUKM abCOorTHOI KiNbKOCTI NerKounTiB B AianasoHi Big 6,9 oo 10,2 [/n, npy ubomMy B cepegHboMy Lien
MOKa3HWK B MYMOBWHHIM KPOBi LyLEeHAT 6yB Ha 37% BinbLUMM, HiXK y CyKW. AKTUBHICTb T-NiMPOLMTIB y LyLIEHAT Takox
Byna BuLLO0, abcontoTHa KinbkiCTb Bapitoana Big 1,46 0o 2,48 '/n, togi sk y cykn — 0,97 [/n. 3gaTtHicTb HerTpodinis
00 daroumTosy B LyLIeHAT BCTaHoBneHa Big 2,32 o 3,37 [/n, B Cyku Lien nokasHuk ctaHoBuB 2,51 /n. OTpumaHi
pesynbsraT gocnigkeHb NigTBepauny gaHi npo Te, Wo iMyHOKOMMETEHTHI KIITUHW B LYLIEHAT Ha Yac HapOOKEHHS
€ (PYHKLiOHanNbHO akTUBHUMMW. [lOCHigKeHHS TakoX BCTAHOBUMN Y LIYLIEHAT BULLLY, HXK B CYKW, aKTUBHICTb 5K BPO-
OPKEHOro, Tak i HabyToro KniTMHHOrO iMyHiTeTy. lNoTpebye noganbLmx 4OCNiAXeHb iMyHOi3ionoriyHmi cTaTyc
HOBHaPOMKEHUX LYLEHAT Anst PO3pOOKM CUCTEMU MOHITOPUHIY iX XUTTE34ATHOCTI.

KnrouoBi cnoBa: uyLeHATa, nerkounTn, HerTpodinu, nimpounTn
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AkicHi napameTpu cnepmu 6apaHiB y nepiog ctateBoro Crokok
3a 3rogoByBaHHA NinocomaribHOI BiTaMiHHO-MiHepanbHOI A06aBKuU

O. WWapaH
oshaom737@gmail.com
JIbBIBCbKUIA HaLiOHaNbHUIA YHIBEPCUTET BETEPUHAPHOT MeaunLmnHM Ta GioTexHonorii imeHi C. 3. IkuubKoro, M. J1bBiB, YkpaiHa

Y nepioa cTaTeBoro CNoko HOPMM CrIOKUBAHHSA BiTaMiHiB Ta MikpoeneMeHTiB Ha 25-50% Huxui, HiXX y napy-
BaribHOMY Ce30Hi. Lle oueBnaHO 3HWXKYE sIKICHI NOKa3HWKKM criepMim GapaHiB, Npo Lo CBiaYaTh YMACTEHHI NiTepaTypHi AaHi.
B cyyacHux ymoBax BeieHHS BiBYapCTBa 3a BUKOPUCTAHHS CTUMYNSLIT CTaTEBOrO LMKIY Ta LWTYYHOIO OCIMEHIHHSA
HeobXxigHa HasiBHICTb BNPOOOBXK POKY SKICHOI KpiOKOHCEPBOBaHOI cnepmn. ToMy Anst BULLOT SIKOCTi cnepmun GapaHis
y Nepiof cTaTteBoro CnoKo HeobxigHO MiABULLNTM HOPMW CMIOXKMBAHHSA BIiTaMIiHIB i MiKpOeneMeHTiB 0 piBHA napy-
BarnbHOIo Ce30Hy. Y 3B’A3KY 3 UM, AN NiABULLEHHS AKICHMX NOKa3HWKIB CNepMu MU 3anpornoHyBanu po3pobneHuit
npenapar (kopmoBy [o6aBKy) Ans niaroAieni 6apaHis y nepiog CTaTeBOro CroKoto.

LLlectn 6apaHam nopoau Tekcenb y Nepiof CTateBOro CroKOK (KBiTEHb-TpaBeHb) BNPOAOBXK 45 i y cknapi
OCHOBHOIO paLjioHy 3rofoByBanv KopMoBy A00aBKy, ska MICTUTL BiTamiHm A, Ds, E, C Ta rmiokoHaT LuHKY, ¥ opMi
ninocomansHoi emynecii. Cnepmy Big 6apaHiB Bigbupanu Ha LITY4YHY BariHy ABidi Ha TWXKAEHb OyNNeTHUMU CaKaMmu.
MMicnst oTpyMaHHsi cnepmm BUHa4anm o6’em esKynaTy, KOHLUEHTPALLK0 CrepMmiiB, akTUBHICTb | AMHAaMIYHI NOKa3HWKK
cnepmiiB (CASA), BWXnBaHHS Ta 3annigHoBanbHy 34aTHICTb CNEPMIIB 3a aKTUBHICTIO €H3UMIB-MapKepiB CyKUuHaT-
JerigporeHasmn Ta UMTOXpOMOKCHaasu.

BcTaHoBneHo, Lo 3roqoByBaHHA NinocoMarnbsHOi BiTaMiHHO-MiHEpanbHOT Ao6aBkM y nepiog ctateBoro
CMoKO NiaBMLLMNO 00’eM esskynaTy 6apaHis Ha 17,6% (P<0,05), koHueHTpauito cnepmiie — Ha 8,2% (P<0,05).
Mig giero sarogoByBaHHS GiONOrvYHO aKTUBHMUX PEYOBUH 3HAYHO 30iNbLUMMNCS KIHETUYHI NOKA3HUKK cnepMiiB 6apaHiB:
LWBMAKICTb Npy kpusoniHiiHomy pyci (VCL) 3pocna Ha 11,6% (P<0,05), WBnakicTb NpocyBaHHSA rofioBKy Crepmis no
cepepHin Tpaektopii pyxy (VAP) — Ha 22,3% (P<0,01), wenAKICTb NPAMOIIHINHOIO pyXy rofioBKu CnepMist B3OOBX
NPsIMOro Bigpi3ka Mi>k NOYaTKOBO i KiHLLeBO Toukamu TpaekTopii (VSL) — Ha 27,6% (P<0,01). BoagHouac piBeHb
nininHocTi (LIN), npamonininHocTi pyxy cnepmiie (STR) i BiaxunernHsa (WOB) 3poctanu He Tak BUpaxeHo — Bif-
nosigHo, Ha 14,3% (P<0,05), 4,2 i 9,8% (P<0,05). AHanisyloun akTUBHICTb €H3UMIB-MapKepiB 3annigHoBansHol
3gaTHOCTI cnepmiiB 6apaHiB, MM BCTaHOBWUW, WO Mig BNIIMBOM 3ro40BYBaHHS BiTaMiHHO-MiHepanbHOi fo6aBKM
B nepiof cTaTeBOro CroKOK akTUBHICTb CyKUMHaTAerigporeHasn 3poctana Ha 38,8% (P<0,05), a untoxpom-
okcnaasm — Ha 30,6% (3<0,01). 3HauHe BiporigHe 3poCTaHHSA akTUBHOCTI MiTOXOHApPIaNbHUX EH3UMIB Y CNiepMisiX
CBiAYMTb MPO NiABULLEHHS 3annigHBanNbHOI 30aTHOCTI cnepmiiB GapaHiB y nepioa cTaTeBoro Cnokoto.

Takum YnMHOM, 3rogoByBaHHS BapaHaM-nnigHMkam ninocomMarnbHOI BiTaMiHHO-MiHepanbHOT 406aBkKM y nepiog,
CTaTeBOro CroKoK BipOriaHO NiaBuLLye 06’eM esKynaTy Ta KoHueHTpauito cnepmiiB (P<0,05), 36inbLuye KiHETUYHI
nokasHuku cnepmiie (P<0,05-0,01), niaBuiLye akTMBHICTb cykumHaTaerigporeHasu Ha 38,8% (P<0,05), a untoxpom-
okenaasn — Ha 30,6% (P<0,01). OTpumaHi pesynsrati eKCnepumMeHTy cBigvaTh NPo 30inbLUEHHS KiNbKICHWX i AKICHMX
napameTpiB esakynaTy 6apaHiB, a TakoX 3pOCTaHHs 3annigHIBanbHOI 34aTHOCTI CNepMIiB Mig BNYBOM 3ro4oByBaHHS
BiTamiHiB A, D5, E, C Ta rntokoHaTy LUMHKY y hopMi ninocoMarnsHOT eMyInbCil.

KnrouoBi cnoBa: 6apaH, cnepma, BiTaMiHHO-MiHeparnbHa [obaBka, SKICTb esKynsTiB
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Bnnue mixniHinHOro po3segeHHsI HA MOJTIOYHY NPOAYKTUBHICTb
KOpiB-NepBiCTOK

. Lnumb
ira_spyt@ukr.net
JbBiBCbKMI HaUiOHaNbHWUIA YHIBEPCUTET BETEPUHAPHOI MeanumnHKn Ta GiotexHornoril imeHi C. 3. IxuLbKoro, M. JTbBiB, YkpaiHa

KnacuyHum MeTogom yaocKOHarneHHs nopia € po3seaeHHs TBapyH 3a niHiamu. Lien metoa aae 3mory 36e-
perTy cnagkoBi AKOCTi pogoHayarnbHWKa i 36aratuTu MiHilo, HarpoMampKyoun BNPOAOBXK KifbKOX NOKOMiHb LiHHOT
CMagKoBOCTi, HAMMOBHILLE BUKOPUCTOBYBATU ANs YOOCKOHANEHHSA NOPOAM BUAATHI SIKOCTi OKpeMUX TBapuWH i nepe-
TBOPOBATU iHAMBIQYanbHI 0cOBnNMBOCTI pogoHavanbHuKIB NiHin Ha rpynosi [Lep6atun 3. €., bogHap M. B., 2014;
Mocnascekka tO. B., depoposuy €. 1., 2015].

[OnoBHOK BNACTUBICTIO MiHil € NpUTaMaHHa 1i NpeaCTaBHMLSAM KOHCOMIAOBAHICTb 3@ OKPEMUMM FOCMOAAPCHKO
KOPVCHUMM O3HaKammM BHACNiOK CrOpigHEHOCTi Ta cnpsiMoBaHoro A4obopy 1 ninbopy, Wwo pobuTe MiHito AesKo Mipoto
BiAMiHHOIO Bif iHWKX. Came ue cnpusie CTBOPEHHIO CeneKLUinHUX rpyn i3 nputamaHHUMN 1S HUX KOHCTaHTHUMU
BMacTUBOCTAMM, SiKi OyayTb ePEKTUBHMMM SIK N, Yac BUKOPUCTaHHSA BHYTPILWHLOMIHIMHOIO nigbopy, Tak i kpocy
ninin [Ctaeeupka P. B., Pyauk |. A., 2009].

3 orngaay Ha 3a3HaveHe, METOH HaLol poboTu Byno AocnianTy BANMB MiXMIHIMHOIO po3BeaeHHS Ha dop-
MYBaHHS1 0O3HaK MOJTOYHOT NPOAYKTUBHOCTI KOPIB-NEPBICTOK YKPAiHCbKOT YOPHO-PsiBOT MOMOYHOI Nopoau.

[ocnigpkeHHsa npoBefeHi y rocnogapcTBax, Po3TalloBaHMX Y Pi3HMX KriMaTUYHUX 30Hax YKpaiHu, a came
AN A «OnekcaHapiscbkey» BiHHMUbKOT 06n. (3oHa Jlicocteny, n=714), TOB CIT1 «ImeHi BonosikoBa» PiBHeH-
cbkoi 061. (3oHa lNoniccs, n=1840) Ta [N «docnigHe rocnogapcTtBo ,AckaHiinceke™ (3oHa Cteny, n=926) Ha
nepsicTKax yKpaiHCbKOi YOpHO-psiboi MONMOYHOT Nopoaun. Y BU3HAYEHHI BNAMBY NiHIMHOT HANEXHOCTI Ha O3HaKK
MOJTOYHOI NPOAYKTUBHOCTI KOPIB BpaxoBaHi MiHii, A0 SKUX Hanexartb He MeHLLe TpboX ByraiB-nnigHuWKIB i Big, SKUX
ofep>KaHO He MeHLle OeCHATM 040K, Npy UbOMY Bif ogHoro 6yras — He MeHLUe TPbOoxX AOYOK. [Ana BU3Ha4YeHHS
BMMAMBY MDKMIHINHOMO po3BeAeHHs Ha POpPMYBaHHSA MOSTOYHOIT MPOAYKTUBHOCTI NEPBICTOK pO3NoAinunn Ha rpynm
3a NOXOMKEHHAM 3a MiHi€lo, NiHiel MaTepi i MKMiHINHXM (KpOC NiHi) MeToaoMm nigdopy Ta pisHMMK BapiaHTamu
noeaHaHHNA NiHin.

BcraHoBneHo, Lo 3a MixniHiiHoro po3seneHHs y AN A «OnekcaHapiBcbke» NepBiCTKM Kpocy NiHin BaniaHTta-
Yidba 3a Hagoem (6903 kr) Ta BUXOOOM MOSIOMHOIO XuMpy (249,1 kr) nepesaxanu kopis Kpocis niHin P. Mekcimeca-Yida
i XaHeBe-Crtapbaka BignosigHo Ha 985 (P<0,05) Ta 37,4 (P<0,05) i 1428 kr (P<0,01) Ta 51,9 kr (P<0,05), a 3a Buxogom
MOMO4YHOTO XMpY — LLe 1 0COBWH Kpocy NiHin XaHeBe-Yidha Ha 34,8 kr (P<0,05). Haa TBapvHamu iHLWLMX OCHiIKYBaHNX
KpOCiB 3a LMK NoKasHUKaMu nepesara y Hux Byna HeBiporigHow. 3a BMICTOM XMpPY B MOMOLL NEPBICTKM KPOCy NiHii
KaBanepa-Yica BiporigHo (P<0,05-0,01) nepeBaxanu TBapuH kpociB niHin Kasanepa-Ctapbaka, EneseniuHa-
Ctapbaka, Ctapbaka-Yicda, Ctapbaka-EneeliwHa i Ctapbaka-Kaginnaka Ha 0,04—-0,08% Ta HeBiporigHo nepe-
Baxkanu ocobuH iHWmnx gocnigxysaHux kpocis Ha 0,01-0,04%.

Y TOB CI'Tl «ImeHi BonogikoBay 3a MixriHiHOro po3seAeHHsi NepBiCTKM Kpocy niHin Ctapbaka-benna
3a HapoeM (7354 kr) Ta BUXo4oOM MOSOYHOrO Xupy (262,4 kr) BiporigHo (P<0,05-0,001) nepeBaxanu poBeCHWLb
KpociB niHin Agema-EneseniHa, MoHTdpeya-Yida, . ActpoHasTa-Yida, Yicpa-benna, Yida-EnesenwnHa, Yica-
Crapbaka, EneBenwHa-Yida, EneserwHa-C. T. PokiTa, EneseviuHa-Ctapbaka, Tencta-Yica, P. CosepiHra-Yida,
BaniaHTa-Yicba, BaniaHta-Ctapbaka, C. T. Pokita-benna i C. T. Pokita-Yica Ha 1140-3041 kr Ta 36,2—105,3 kr.
Hap TBapvHamu iHWINX JOCHimKyBaHMX KPOCIB 3a LMK NoKasHWKaMm1 nepeeara y Hux 6yna HesiporigHoto. 3a BMiCTOM
XMpY B MOJOLi TBApMHK Kpocy niHin EnesenwHa-benna siporigHo (P<0,05-0,001) nepeBaxanv oCoOuH KpOCiB MiHii
Apnema-Yida, Yida-Mapwana, Enesenwna-Yida, EnesenwHa-C. T. Pokita, EnesenwHa-Ctapbaka, Tencra-Yida,
Banianta-Ctapbaka, Ctapbaka-benna i Ctapbaka-Yica Ha 0,05-0,12%.

Y AN «4r ,AckaHinceke”» nepsicTkun kpocy ninin CitenwHa-Ctapbaka 3a Hagoem (7888 kr) Ta Buxogom
mMonoyHoro xwupy (306,8 kr) siporigHo (P<0,05—-0,001) nepeBaxxanu KOpiB iHWMX AOCNIAKYBAHMUX KPOCIB NiHi Ha
7221916 kr Ta 27,7—66,3 Kr BiANoBiAHO; BUHSATOK CTaHOBMITM 0COBMHM KpociB niHin Benna-CitelwwHa, Yida-Ctapbaka,
EnesenwHa-CitenwHa i EnesenwHa-Ctapbaka — nepesara y Hux 6yna HesiporigHoto. Mpu ubomy HaiBULWLMIA
BMICT >XUpY B MOnoLi Manu nepsicTkn Kpocy niHin P. CoepiHra-Yida (4,27%) i ixHs nepeBara 3a Li€i 03HaKo
HaZ pPoOBECHMUSAMM iHLWIKNX KpociB 3aebinbLioro 6yna siporigHoto (P<0,05-0,01).

Takum YHOM, NS NigBULLIEHHS HAOoK KOPIB HEOOXIAHO BpaxoByBaTW NOEAHYBAHICTL (KPOC) MiHin. Baxxnuneo
BCTAHOBUTW MOXIMMBOCTI IX HanMBAanilumx NoeaHaHb i HaNNepCcnekTUBHiILLE BUKOPUCTOBYBATU ANS NOA4AMbLIOIO
YAOCKOHaneHHs crag.

KnrouoBi cnoBa: po3BedeHHsi, MOroYHa NPOAYKTUBHICTb, MiHii, KNiMaTuyHi 30HM, niabip
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Bnnue niaBuLLEeHHA TeMmnepaTypu AOBKINMAA Ha opraHiam Kponis

M. KO3b8’sak

maruk7991@gmail.com
IHcTuTyT Gionorii TBapmH HAAH, M. JbBiB, YkpaiHa

MmobGanbHe NiaBULLEHHS TeMNepaTypy OOBKINS € akTyarbHO NpobnemMoto y CBITi, sika CNPUYNHSIE 3HAYHI
€KOHOMIiYHI 30UTKIN Y MPOMMCITOBOMY TBAPUHHULTBI. TEMMOBWI CTPEC HEraTUBHO BNIIMBAE HA 300POB’S KPOriB, 30Kpema
NopyLLYE EHOOKPUHHY perynsuito, iMyHHY Ta penpoayKTUBHY (PyHKLiLO, MPU3BOAUTE 0 3HWXKEHHS NPOAYKTUBHOCTI Ta
36inbLueHHst 3armbeni TBapuH. Kponi 3natHi perynioBaTty Temneparypy Tina y By3bKOMY fiana3oHi Yepes BiACYyTHICTb
MOTOBUX 3ano3. TepMoHenTparnbHa 30Ha y HUX cTaHoBUTb Big 18 0o 21°C. BepxHsi KputudHa Temneparypa AOBKinns
Ons KponiB y CTaHi (hidionoriyHOro cnokor CTaHoBUTL Bia 27—28°C. Y TakoMmy CTaHi 3afisiHi kapaiopecnipaTopHi
Ta Ba30OMOTOPHiI MEXaHi3aMu Yyepes BYLLHI pakOBUHN.

MocTinHMn BNNUB ekcTpeMarnbHUX TeMNepaTyp Ha opraHiam KponiB NpM3BOAUTbL A0 NOPYLLUEHHS FOMeo-
CTaTUYHMX MEXaHi3MiB Ta, SK HACNiAOK, ypaXKeHHs TKaHWHW OKpeMMX opraHis. BctaHoBneHo, Lo TennoBun cTpec
CMPUYNHSIE 3HWXKEHHA 0O0BOro NpupocTy macu Tina Ha 20—-25%, koediuieHTa KoHBepcii kopmy — Ha 8—15%,
36inbLueHHst 3armbeni kponie — Ha 9—12%, 3HWXeHHS BigTBOPOBanbHOI yHKLUiT — Ha 6—10%, a Takox HeraTMBHO
BMMMBaE Ha AKICTb M’sica.

Bucoka Temnepatypa OOBKINna Npu3BoaMTb A0 3HKEHHS BMICTY FOPMOHIB LLMTONOAIGHOT 3ano3n (Tpumnoa-
TUPOHiHY, TUPOKCUHY), BNSIMBAE Ha CUHTE3 NPOTEiHY (3aranbHOro NpoTeiHy KpoB.i, anbbymiHiB Ta rnobyniHiB), NpoOBOKye
nopyLueHHs obMiHy ByrneBoAaiB, NiMiAiB, OKMCHOro GanaHcy Ta MiHepanbHWUX PeYOBWH OpraHiamy kponis. 3a gji Tensno-
BOro ctpecy uinicHicte AHK pynHyeTbCs, Lo iHaOyKye 3MiHM KOHpopmaLii xpomaTtuHy cnepmu Ta metuntosaHHsa [JHK,
MOLLKOKYHOUM NpoLecH cnepmMmaTtoreHesy, To6To BNNuBae Ha penpoayKTUBHY 34aTHICTb CaMLiB KPOniB.

TennoBuin cTpec cnpudmHSE NiABULLEHHA TEMNepaTypu Tina, 4acToTu AMXaHHSA Ta NynbCy, KOHUEeHTpauii
remornobiHy, rOpMOHIB LLMTOMNOAIOHOT 3an03n B CYKPINbHMX KporemaTok. Bucoka Temnepatypa 3Ha4HO 3HUXKYE
CeKpeLjilo eCTporeHy camulb Ta CNPUYMHSAE HEPErYNAPHY NONIOBYNSALILO, LLO MOXE CMPUYMHATU aHOMarnbHy Mop-
donorito ARLEKNiTUH — Hanpuknag, CKOPOYeHHs LMTOMMasmMmn Ta po3pMe Npo3opoi MembpaHu, BHAcHigok Yoro
ANLEKNITUHN CTaloTb HE3AATHUMK A0 3annigHEeHHS.

B ocTaHHi pokM 3HaYHO 3piC HAYKOBO-MPaKTUYHUI iIHTEPEC A0 OpraHiYHMX CNoMyK MiKpOenemeHTiB, oTpuma-
HUX MeTo4aMu HaHOTEXHOMOTrIT, ¥ 3B’A3KY 3 BUCOKO (Di3ioNoriyHO aKTUBHICTIO, BIACYTHICTIO TOKCUYHOMO BMUBY
Ta LUMPOKUM CNEKTPOM BionorivHoi Aii umx KoMnnekcie. Y OOCNIMKEHHSX BCTAHOBMEHO, O BUKOPUCTAHHSA HaHO-
YacTHOK ZnO MoXe MOM’ SKLLUUTU HECNPUSTIIMBUIA BNIUB TEMMOBOrO CTPECY Ha 300POB’S TBAPWH 3aBASKM 3aXUCTY
KniTnH Big ADPK 3HMKEHHAM piBHSA BiNbHUX paguKkanis Ta iHribyBaHHSAM NepPeKMCHOro OKMCNeHHA niniais. JJogaBaHHA
BGioCUHTE30BaHOro HAHOCENEHY A0 KOpMY MiABULLMMO Macy Tina Ta cepeaHbo4000BUIM NPUPICT KPoniB B yMOBax
TENnoBOro CTPecy i Bifirpano Baxmnmee 3HAYE€HHA AN aHTUOKCUOAHTHOI Ta iIMYHHOI OYHKLIT opraHiaMmy Kponis.
BukopuncTaHHa HaHoYacTUHOK 'epMaHito cnpusie nokpaLleHo iMyHOBIONOriYHMX NOKa3HYKIB, 3HWXKYE NEepPeoKncHe
OKWUCIEHHS NinigiB Ta NO3UTUBHO BMIMBAE Ha M’ACHY NPOAYKTMBHICTb. BUNOOBaHHS y paLlioHi KpomniB XpoMy umTpary
NigBULLLYE reMONOETMYHY (PYHKLIIO Ta 3MEHLLYE BMICT NPOAYKTIB MEPEKNCHOIO OKUCHEHHS niniais.

Takum YMHOM, BMBYEHHS BNNUBY MiABULLEHUX TemMnepaTyp AOBKINMAS Ha napameTpu opraHiamy Kponis Ta
TXHi 3MiHM 3a BUKOPUCTaHHSA HAHOCMOMYK MiIKpOENEMEHTIB € akTyanbHUM, OCKIifbK/ Take JOCNigXEeHHS A03BONUTb
po3pobuTK Nigxoam Ans 3HWXKEHHS HEraTUBHOI Aii TENNOBOro CTPecy.

KnrouoBi cnoBa: kpori, TENoBUin CTpec, Temnepartypa, MiKpoenemMeHTH
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BukopucTtaHHA meToAy NOBEpPXHi BiAryky y 6iorexHonorii

€. b. SlHeapros, B. B. aspurnsk
yehor.b.yanvarov@lpnu.ua
HauioHanbHun yHiBepcuTeT «JIbBiBCbKa nomnitexHika», M. J1bBiB, YkpaiHa

MeTon noBepxHi Bigryky — Le MateMaTu4HUiA Nigxia, Sk BUKOPUCTOBYETBLCA ANst MOAENoBaHHA 1 aHanisy
B3aemogil pisHUX pakTopis Ta ix BNNUBY Ha NeBHi Bignosigi abo Biarykun. 3a3snyan Le MeTod 3acTOCOBYETLCS
B eKCrnepumMeHTansHOMy NpoeKkTyBaHHI AN BCTAHOBMEHHSA ONTUManbHUX NapaMeTpiB npolecy i nobynosun mare-
MaTUYHUX MOAenen Ansi NPOrHo3yBaHHS BiAryKiB 3a pisHUX KOMOiHaLi dhakTopiB.

Mobyngosa matemaTM4HO! MoAeni NOBEPXHi BIAryKy € akTyanbHUM iHCTPYMEHTOM Ans onTuMisauii npo-
LieciB B TaKux ranyssx, siKk xapyoBa NpoMUCNOBICTb, (hapmaLeBTuka, XiMidyHa NPOMUCNOBICTb, Ta iHLWMX cdepax,
e BaXIMBO 3’CyBaTW B3AaEMO3B’I3KN MK Pi3HUMM hakTopamm Ta IXHIM BNIMBOM Ha neBHui npouec. Ocobnueo
Len MmeToa KopucHui ansi cpepm GioTexHonorin Ta Mikpobionorii, Ae 4acTo AOCHIIKYIOTb NPOLIECH KyNbTUBYBaHHS
ONs OTPUMaHHS pisHMX BionpoaykTiB, 30kpema pidHUX BioNoriYHO akTUBHUX CMOMYK, MiIKpOOHMX NOBEPXHEBO-
aKTUBHMX PEYOBUH, Biononimepis, epMEeHTIB TOLLO.

3aranbHOBIZOMO, LLIO Npoueck dhepMeHTaLl XxapakTepusyoTbCst OaHieto abo Aekinbkoma BenuinHamu (Hanpu-
Knapg, Temneparypa KynstvByBaHHs, pH, aepalisi, KOHLEHTpaLis KOMMOHEHTIB cepeaoBuLLLa, NPOAYKTUBHICTb, Giomaca),
LLIO B TeOopii MraHyBaHHS eKCNePUMEHTY Ha3nBatoTb OYHKLISIMW BIATYKY, SiKi 3anexatb Bif NeBHMX 3HaYyLLMX (haKkTopiB.
leomeTpuuHMn 06pas, Akui Bianosiaae yHKLIT BiAryKy, Ha3MBaloTb MOBEPXHEID BiAryKy, a KOoOpaMHaTHUIA NpocTip,
Ha ocsAX AKOro BigKknageHi 3HavyLi paktopu, — PakTOPHMM MPOCTOPOM.

MepLunii KPOK y 3acToCyBaHHI METOAY NOBEPXHI BiAryKy nonsirae B ToMmy, oG BUOpaTth chakTopw, siki icTOTHO
BMMMBAOTb Ha BiAryku Ta ixHi piBHi. 3a3Bnyan BUKOPUCTOBYHOTb AM3aliH NOBEPXHI BiAryKy LieHTpanbHOi KomMnoaunuii
abo bokc-beHkeHa, siki 403BONSATL OLIHWMTY NiHIAHI Ta KBagpaTU4dHi ehekTu, a Takox edekT B3aeMogii hakTopis.

Opyrnin KpOK — NpoBeAEeHHS eKCNepUMEHTIB Bi4MNOBIAHO A0 NNaHy 3 3aCTOCYBaHHAM Pi3HUX KOMBiHaLLin
piBHIB cbakTopiB. OTpuMmaHi ekcrnepMmMeHTarnbHi pe3ynsTaTi BUKOPUCTOBYIOTb ANs NOOyOoBM MaTeMaTtU4HOi Mo-
Jeni, 9ka onucye BIAryk gk qyHkuito ¢pakTopis. Lito Mmogene MoXHa BUKOPUCTOBYBATM Y NMPOrHO3yBaHHI BiArykis
ans 6yab-akmx KombGiHaLin piBHIB hakTopiB, siki He BXOAMNW OO0 NnaHy AusaniHy. XapakTepHo, WO Takui niaxig
notpebye nuile HEBEMUKOI KiNbKOCTI eKCNepUMEHTIB ANd OLiHKN KOediUiEHTIB Y1 NPOrHo3yBaHHSA eKkcrnepumMeH-
TanbHOro BiAryky Ta Banigauii mogeni.

TpeTii KpoK — aHani3 Mmogeni, SIKni [O3BONSAE BU3HAYUTHU, siKi pakTopu € CTaTUCTUYHO BiporigHUMK, Ta BU-
3HaAYUTU IXHIN ONTUManbHWIA piBeHb. [Ns LbOro MOXHa BUKOPUCTATU TakKi CTaTUCTUYHI TECTW, AK aHani3 aucnepcii
(ANOVA), sikuin [03BOrMSIE BUSHAYUTU CTAaTUCTUYHY 3HAUYMMICTb Pi3HUL MiDK cepeHiMy 3Ha4YeHHAMM Biarykis ang
pi3HMX kOMBiHaUin akTopiB.

YeTBepTuii KpOK — ONTMMI3aLlist NpoLecy, sika [O3BOMSE 3HaNTM KOMOBiHaLito piBHIB dhakTopiB, Lo AaloTb
MakcUMarnbHWUIM BiAryk, abo Tux, siki MiHiMIi3ytoTb 10ro. [ns Lporo MoXHa BUKOPUCTOBYBaTU METOAM ONTUMI3aLLii —
Taki, Ik METOZ rpajieHTHoro cnycky abo Mmetoau 3 nignomy.

Y KOHTEKCTi OTpMMaHHS MikpoBHUX BiocypdhakTaHTiB METOA NMOBEPXHI BiAryKy MOXe 4OMOMOITA BUSHAYUTH
onTUMarnbHi yMOBY ANA iX CUHTE3Y Pi3HUMK LUTaMaMM MIKPOOpraHi3miB, 30KpemMa BU3HAYUTU ONTUMAarbHY KOHLEHTpa-
Liit0 OCHOBHMX KOMMOHEHTIB CepefoBuLLa, 30Kpema BMICT BYrmeLto, a3oTy, Temnepatypy, pH, TpmanicTb iHkybauir,
a TakoX CNPOrHo3yBaTy Taki NapameTpy, sIK KirnbKiCTb OTpUMaHoi GiomacK, NPOAYKTUBHICTb, eMYIbryBaribHa akTUBHICTD,
cTabinbHICTb MIKPOBHMX NOBEPXHEBO-AKTUBHUX PEYOBUH.

OTxe, MeToa NOBEPXHI BIATYKY € NOTY>XXHUM iHCTPYMEHTOM Ans MOAEN0BaHHSA B3aeMogil MiX pisHUMu dpak-
TOopamu Ta iXHiM BMIMBOM Ha BignoBiab abo Biaryk. BukopuctaHHs Takoro nigxogy Moxe 3abe3neyntu onTumisadito
Pi3HNX BIOTEXHOMOrYHMX NPOLIECIB Ta NiABULLUTY iXHIO eddeKTUBHICTb. Lle, y CBOO Yepry, Aae 3Mory 3eKOHOMUTK Yac
Ta 3HM3UTM EKOHOMIYHI BUTPATK, a OTxe, i cobiBapTiCTb OTpMMaHoi bionpoaykuii.

KnrouoBi cnoBa: metof NnoBepxHi BiAryky, onTumisauisi npouecy, 3HavyLi daktopu
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Qur jubilarians

Hapogueca 5 TpaBHs 1948 p. B ¢. KosiBka TepHOMinbCLKOro
p-Hy TepHOoNinbCbKOi 06n.

Y 1972 p. 3akiH4MB J1bBIBCbKUIN 300BETEPUHAPHUIA IHCTUTYT
(HVHIi — HaujoHanbHuin yHIBEpCUTET BETEPUHAPHOI MEAULIMHIA
i 6ioTexHonorin imeHi C. 3. I">K|/||_Lb|<oro).

31973 no 1975 pp. HaB4aBcA B acnipaHTypi npu kadeapi
dapmakonorii i natogisionorii JIbBiBCbKOro 300BETEPUHAP-
HOTO IHCTUTYTY.

Y 1975 p. 3axvCTUB AncepTaLiito Ha 3000y TTs HayKOBOrO CTy-
neHs kaHauaara GionoriYHMX HayK 3a creuianbHicTio «bioximis
i )KMBMEHHS CiNbCbKOrOCMOAAPCHKNX TBApUH» Ha TeMy: «BikoBi
0COBMMBOCTI EHEPrETUHHOMO OOMiHY Y HOPHO-PSIGOT Xynobu 3 ricto-
XIMiYHOO XapaKTEPUCTVKOIO TKaHWH, LLIO AEMOHYHOTb BYTTIEBOAUY.
MpawtoBaB acucteHToM Kadheapw disionorii cinbcbKorocnoaap-
CbKVX TBapWH JIbBIBCbKOro 300BETEPUHAPHOIO iHCTUTYTY.

Y %0BTHi 1978 p. cBOtO HayKoBy AifnbHICTL Bonogumup
BacunboBuy npogosxwme B YkpaiHcbkomy HI dpisionorii i 6io-
XiMil CiNbCbKOrocnoAapChbKMX TBAPWH CroYaTKy K MOnoaLwLni
(1978-1980 pp.), 3rogom — sk cTapLumi (1980—1988 pp.) Hayko-
BMI cniBpobiTHMK nabopartopii BikoBoi dhizionorii i Gioximii.

3 1988 0o 2011 pp. — 3aBigysay nabopatopii Herporymo-
panbHOI perynauii uboro iHCTUTYTY.

Y 1989 p. 3axnctuB gncepTauito Ha 3006yTTa HayKOBOro
CTyneHsi AokTtopa BionoriyHux Hayk 3a cnewjanesHicTio «bio-
ximig» Ha Temy: «OBMiH peqoBUH i NOro perynsiuisi y CBUHEN
Ha paHHiX CTadigx NOCTHATaNbHOrO PO3BUTKY».

Ynpoposx 1993—1998 pp. npaLioBas AMPEKTOPOM IHCTUTYTY
dpigionorii i Gioximii TBapuH YAAH (i3 1997 po 1998 pp. —
IHcTUTYTY 3emnepobcTBa i Gionorii TBAapuH).

Y 1998 p. ovonuBs J1bBIBCHKUIA arpapHUiA yHIBepcUTET (HUHI —
JIbBIBCLKMIA HALiOHAMNBHWIA YHIBEPCUTET MPUPOAOKOPUCTYBaHHS).

B. B. CHIiTUHCBKMI 3pobrB Barommin BHECOK Y PO3BUTOK Qidi-
onorii Ta Gioximii cinbCbKorocnoaapceKIX TeapuH. Moro Haykoso-
pocnigHa poboTa Byrna npycesiyeHa BUPILLEHHIO BXKMUBOI NMPo-
Onemu cBMHapcTBa — PO3pobLi CrnocobiB 3HVPKEHHST CMEPTHOCTI
MopocAT Yy NepLUi AHi xuTTs. BiH BnepLue BUBYMB OMHaMIKY i BCTa-
HOBMB 0COBMMBOCTI (POPMYBaHHSI CybCTPaTHUX | FOpMOHarb-
HMX MEXaHi3miB perynsuii rikemii y CBUHeW Ha paHHiX CTagjisx
NoCTHaTarnbLHOro po3BUTKY. BnepLue BMsIBUB, LLO MiABULLEHHS
piBHSt OOMiHHOT eHeprii y pauioHax NOPOCHMX CBMHOMATOK
Cnpuvsie AenOHYBaHHIO EHEPreTUYHNX cybCcTpaTiB y TKaHUHax
nnoais i NiABULLEHHIO XXUTTE3AATHOCTI NOPOCAT 3a paxyHOK
6inbL paHHLOro POPMYBaHHSA METabONIYHNX MEXaHI3MIB, SiKi
perynioTb rMiKeMmito.

Ak 3aBigyBad nabopatopii HeiporymopansHoi perynsiii,
B. B. CHITUHCbKMIN 3p06UB BaroMuin BHECOK Y 3'SICYBaHHS
ropMOHarnbHUX | CyGCTPaTHNX MEXaHi3MiB POCTY, PO3BUTKY
Ta aganTauii TBapuH 40 eHOOreHHMX | eK30reHHUX YMHHUKIB.
BcTaHoBReHo 3HaveHHs NpupogHUX aHTMokenaaHTie (CeneH
i BiTamiH E) y pauioHi Ans niaTpumaHHs aHTMOKCMAAHTHOTO
cTaTycy TBapWH Ta NpodpinakTukmM oKCMaaTUBHOIO CTPECy B Op-
raHiami y HeoHatanbHoMy nepiogi oHToreHesy. ObrpyHTOBaHO

CHiTUHCbKOMY

Bonogumuposi Bacunbosuyy — 75!

5 mpaeHs1 2023 poky
0okmopy bionoaiyHUX Hayk, npogecopy, akademiky HAAH,
3acnyxeHuomy disyesi HayKu i mexHiku YKpaiHu, QiticCHOMY 4/1eHO8i
Akademii suwoi wkonu Ykpaitu, yneHosi Heto-Mlopkcekoi akademii Hayk
CHimuHcbkomy Bosiodumupoei Bacunbosu4y
8UrNosHemMbCS 75 pokie

HeOobXiAHICTb BUKOPUCTaHHS 3anisofekcTpaHoBUX Npenaparis
Yy KOMMEKCi 3 aHTMOKCUAAHTaMM Ans NpodpinakTukM okcu-
[aTMBHOroO CTpecy Ta aHeMii NOPOCHAT paHHbOrO BiKy i NiABK-
LLIEHHSA IXHbOrO IMYHHOrO CTaTyCy.

Mig kepiBHMLTBOM akagemika B. B. CHITUHCbKOTrO NpoBOau-
nmcs foChigKeHHs 3i 3'sicyBaHHs 0coBNMBOCTEN aMiHOKMUCTOT-
HOrO Ta MiHEParibHOrO XWBINEHHS MOPOCAT 3aMeXxHo Bif Nopoa-
HUMX, BIKOBUX | TEXHOMOriYHUX rpyn. Byno 3’acoBaHo GioximMiyHi
MexaHi3Mu aii XpoMy Ha npouecy aganTadii i meTaboniamy B op-
raHiami CBMHeN. B1BYEHO LLUNAXM 3aCBOEHHS XPOMY B OpraHiami
MOPOCST, Ajt0 Pi3HMX 403 Ta CMOMYK LibOro MiKpoernemeHTy Ha 06-
MiH pPEYOBVH B OpraHi3Mi HOBOHaPODKEHMX MOPOCSAT Ta CTYMiHb
3abe3neyeHHs1 opraHiaMy MopoOCAT XPOMOM HYepes KOMBIKOPM.

Akapgemik CHiTUHCbKuiA B. B. BcTaHOBMB fjito eH3uMiB Ta Oi-
OrOri4YHO aKTUBHUX PEYOBMWH (BiTaMiHiB, MiHepaniB, rOPMOHIB)
Ha NPOAYKTUBHICTb CiflbCbKOrOCNOA4AaPChKNX TBApWUH i NTULI,
po3pobnsie HayKoBi Migxoan NigBULLEHHSA MPOAYKTUBHOCTI
TBaPWH Ta NOKpaLLEeHHs1 AKOCTi NpoAyKLii, popmye HayKoBi
3acaam cTanoro po3BUTKY Ha OCHOBI €KOMOro-eKOHOMIYHMX
3acag. lNpoBoAUTLCA EKOMNOTiYHMI MOHITOPUWHT I'PYHTIB Ta poc-
FIMHHOCTI aHTPOMOreHHo-MNopyLleHnx 3emens 3axigHoro Jlico-
cTeny YkpaiHu 3 METOI NiArOTOBKM pekoMeHAauin Wwoao pe-
KynbTMBALi TakMx 3eMernb Ta NPOno3unLil 3 iX rocrnogapcbKoro
BUKOPUCTaHHSA. TpMBaloTb AOCNIIKEHHS EKOTOKCUKOMOTYHOO
BNIMBY BaXKNX METariB Ha npoLiecy MeTaboniamy B opraHiami
POCIWH i TBAPWH 3 METOK PO3PODOKN TECT-CUCTEM 3 EKONOTiY-
HOT OLLIHKM NPOAYKTIB POCMMHHULTBA | TBAPUHHULTBA.

HaykoBa wkona akagemika B. B. CHiTUHCbKOrO — Lie
5 pokTtopiB Ta 35 kaHgmaaTtie Hayk. BiH € aBTopoM noHapg
600 gpykoBaHuX npaub, cepeq skmx 10 HaykoBMX MOHOrpa-
din, 3 nigpyyHMKiB Ta 5 HaB4YaNbHUX NOCIOHUKIB.

B. B. CHitHCbkMi — uneH Komitety 3 [lepxasHux Mpemin
YkpaiHu B ranysi Hayku i TeXHIKW, pedakTop XypHaniB «Arpo-
ekonorig» Ta «BicHWK JTbBIBCbKOro HaLiOHanbHOro arpapHoro
YHIBEpCUTETY», YreH pegkonerii x)ypHanis «BicHuk arpapHoi
Haykuy», «bionoris TBapuH», [onoea crneuianizoBaHoi pagu 3 3a-
XMCTY AOKTOPCHKUX AMcepTaLii, 3acTynHuK Fonosu depxaBHoro
BaxigHoro Haykosoro LieHTpy HAH Ykpainm i MiHictepcTtBa ocsiTn
i Haykn YkpaiHu, uneH LieHTpanbHux pag YkpaiHcbkoro Gioxi-
MIYHOrO i YKpalHCLKOro pisionoriyHoro ToBapucTs, 3aCTYMNHUK
rONoBW Paau PEKTOPIB BULLIMX HABYANbHMX 3aKnaziB JIbBiBLUMHM.
Woro nnigHa npaus Ha HUBI arpapHOi Hayku Ta OCBITU I BUXO-
BaHHSA Morogi ouiHeHa aepkaBoto i Liepksoto. Mpo e ceigyatb
BiJ3HaKM Ta Haropoau, cepes sknx — opaeH «3a 3acnyrmy Il Ta
Il cTyneHis, NoyecHa rpamoTa BepxosHoi Pagu YkpaiHu, Tpyaosi
Bia3Hakv MiHicTepcTBa arpapHoi noniTvkn Ykpainu «BigMiHHMK
arpapHOi OCBITK Ta Hayku», «3Hak nowaHuy, Jlaypeart lNMpewmii
imeHi C. 3. Dxuwskoro, Jaypeat [lepxasHoi npemii YkpaiHu B ra-
ny3i HayKK i TEXHIKW, a Takox opaeHm cB. Apxuctpatura Muxaina,
cB. AHapis MNMepeossaHoro, cB. Bonogumupa Benukoro, ¢B. KOpis
Mepemoxus, cB. Kupuna i Medogia ta Bucoka BigsHaka
Mann Pumcbkoro Beneaukta XVI.

Konekmue npauieHukie IHcmumymy 6ionoeaii meapuH HAAH wupo eimae rosinspa,
3u4uUMb MiyHO20 300p08’s i meopyo2o doszonnimmsi!



Hekponor

21 yepeHs 2023 p. nepedyacHo 8iditiLios y 8i4HiCmb

Hapoguecs 11 cepnHs 1949 p. y ¢. Ctapui Novais Kpe-
MeHeLbKoro p-Hy TepHoninbcbkoi 06n. Y 1970 p. BcTynus
00 J1bBiBCbKOro 300BETEPMHAPHOIO IHCTUTYTY Ha BETEpU-
HapHWI hbakynbTeT 3a hbaxom «BETEPUHAPIA», AKMI 3aKiH-
unB y 1975 p. 3a ckepyBaHHaM 3 1975 p. npautoBaB cTap-
wum BeTnikapem lNyctomuTiecbkoi nTaxodabpukn Jbsis-
Cbkoi 06r., 3BigKu BCTYNMB [0 acnipaHTypu 3 BiApUBOM Bif
BUpoGHUUTBA. Y 1975-1978 pp. — acnipaHT YkpHLOI disi-
ornorii Ta Gioximii TBapuH. Y 1979-1980 pp. npautoBaB Mo-
NOALINM HAyKOBMM CniBpOGIiTHMKOM naboparopii gisionorii
nakTauii yboro iHcTUTYTY, Y 1980-1981 pp. — HaykoBuUMm
cniBpobiTHMKOM, y 1982—1989 pp. — cTapLumMm HayKOBUM
cniBpobiTHMKOM. 3 ciuHsa 1990 p. no BepeceHb 1997 p. Ha-
kasom B BACIHIJT nepeBegeHuin Ha nocagy 3acTynHuUKa
OupekTopa 3 HaykoBoi poboTu 3 NUTaHb TBApPUHHWULTBA
IHCTUTYTY 3eMnepoOCTBa i TBAPUHHMLTBA 3aXiZHOMO PErioHy
(I38iT3P) YAAH. lMicnsa o6’egHaHHsa YrkpHAI dhizionorii i 6io-
ximii TBapvH Ta I3iT3P y 1997-1998 p. — 3aBsigysay na-
Gopatopii ekonorii i Tokcukonorii IHCTUTYTY 3emnepobeTBa
i 6ionorii TBAapmH YAAH, y 1998—-2000 pp. — 3acTymnHUK au-
pekTopa 3 HaykoBOi po60Tu 3 NMTaHb TBAPMHHULTBA BKa-
3aHoro iHcTuTyTy, 2000—2015 pp. — 3acTynHuUK aupekTopa
3 HaykoBoi poboTn IHcTUTYTY Gionorii TBapmH HAAH.

Y 1981 p. Ha BueHin pagi YkpHAI disionorii i Gioximii Cinb-
CbKOroCrnoJapChKNX TBAPWH 3aXMCTVB KaHOMAATCbKY ancepTa-
uito 3a cneujanesHictio 03.00.13 — cpisionorist noguHK | TBAPUH.
YueHe 3BaHHsi CTapLLOro HayKOBOrO CMiBpOGITHWKA NMPUCBOEHO
y 1984 p. [loktop BeTepmHapHux Hayk 3 2005 p. HaykoBy cTy-
MiHb AOKTOpa Hayk 3a criewianbHicTio 03.00.13 — disiororis nto-
OVHW | TBApUWH 3000yB Ha BYeHil padi JIbBiBCbKOI HALLIOHAMNbHOI
akaaeMii BeTepuHapHoi MeauuuHu imeni C. 3. [xuubkoro, ae
3aXUCTVB AOKTOPCLKY AMCEpPTaLlo. YUeHe 3BaHHsi npodhecopa
npuceoeHo y 2007 p. Ha BYeHin padi JTbBiBCbKOT HaLiOHaNbLHOI
akagemii BeTepuMHapHOi meanumHm imeHi C. 3. IKuULbKOTO.

O6paHo y 2007 p. uneHom-kopecnoHaeHTom YAAH, Bin-
JinNeHHs BETEPUHAPHOI MeANLIMHN Ta 300TEXHil.

OCHOBHI HanNpsiMW HayKOBOI AiANbHOCTI: BUBYEHHS npoLie-
ciB aganTauii TBapyH OO arpoeKonoriyHUX | TEXHOMNOMYHUX YMOB
YTPUMaHHS, 3'ICyBaHHs Qi3ionoriyHnx Ta GioXiMiYHMX MexaHi3-
MiB BMIMBY BGiONOrYHO aKTMBHUX JOGABOK HA OCHOBHWI | MpO-
MiXKHWI OBMiH, (PyHKLji PO3MHOXEHHSI, MPOAYKTUBHICTb TBAPWIH;

OENOPYK Poctucnas CtenaHoBUY

ByeHul y eany3i eemepuHapHOi MeOUUUHU,
00KmMop 8emepuHapHUX HaykK, rnpoghecop,
ynieH-kopecrioHoeHm HAAH

ekororiyHa i GioximivyHa oujiHKa NpogyKLil TBapMHHULTBA 3a Al
TEXHOMEHHWNX Ta aniMEHTapHMX YNHHUKIB; JOCNioKeHHS disio-
JIOrYHUX MEXaHI3MIB OpraHivHMX Conen ManoBMBHEHNX MIKpOe-
nemeHTiB (Xpom, CeneH, Mepmanin, Hikenb, Kobanst i Kynpym),
OTPUMaHNX METOAaMN HaHOTEXHOSOTII Ta XiMIYHOTO CUHTE3Y
Yy CiNbCbKOrocnoAapChbKux TBapyH; HayKOBO-OpraHisaLjinHa —
3abe3neveHHs NnaHyBaHHS i BUKOHAHHS HAaYKOBO-AOCNIAHUX
pOobIT 3 hyHAAMEHTANBHUX | MPUKINaAHNX HAaNPSIMIB LOCTIMKEHb,
TXHBOr0 METOAMYHOTO PIBHA NPOBEAEHHS, PEe3YNbLTaTUBHOCTI Ta
edeKTMBHOCTI 3aBepLueHHs HOP, opraHisaLlisi KOHTPOso HayKo-
BOTO PiBHS OOCHIOKEHb; BUKNaaaLbka AisrbHICTb — 3a CyMic-
HUUTBOM npauoBaB y 1998—1999 pp. cTaplumm BUKNagadem,
y 2000—2005 pp. — goueHToMm, a 3 2006 p. — npodecopom
Kadheapu TeXHONorii Moroka i MONoYHMX NPoayKTiB J1bBiBCHKOTO
HaLioHanNbHOIO YHIBEPCUTETY BETEPMHAPHOI MeauLmHu Ta Gio-
TexHonoriv imeHi C. 3. Dkuubkoro. Ak HayKOBUIA KEPIBHWK On-
NMOMHKX | MaricTepcbkvx PobiIT NigroTyBas M'saTb (haxiBLiB 3 Ha-
NpsiMY «TEXHOIOTiS MOSIOKa i MONOYHUX NPOAYKTiBY». B IHCTUTYTI
Gionorii TBapuH HAAH npoBoavB NiAroToBKy HaykoBKX Kaapis
BULLOT kBanidpikauii Yepes acnipaHTypy i AOKTOpaHTYpy.

3a nepiog HaykoBoI i negarorivHoi aisnbHocTi P. C. ®epo-
pyk onybnikysae noHag 540 HaykoBMX Mpaup, y CriBaBTOp-
CTBi BUAaHO ABi MOHorpadii, Tpu MigpyyHWKK, ABa OOBIOHVKN,
YOTUPW HaBYarbHi MOCIOHMKKM, PO3AIN y KHKUSI 3 iCTOPIT HayKu
3axigHoro perioHy YkpaiHu, oTpumaB Tpy aBTOPCbKUX CBiAO-
utea i 14 nateHTiB YkpaiHu, Tpu TY Ykpainw. [ligrotyeas Tpbox
[OOKTOpIB Ta BiCiM KaHOMAATIB HayK.

3a baraTtopidHy cyMriiHHY npaLto B cucteMi Akagemii Haro-
pomxkeHui MoyecHoro rpamoToto MNpesugii YAAH (1999), MNo-
yecHoto rpamototo KabiHeTy MiHicTpiB Ykpaitu (2004), Moyec-
Hoto Bia3Hakot YAAH (2007), MNMoyvecHoto Big3Hakoto MiHic-
TepcTBa arpapHoi nonituku YkpaiHn «3Hak MowaHuy (2009),
Mopsikoto MinicTepcTBa arpapHoi nonitukn Ykpainm (2014),
MpamoToto Akagemii Hayk BULLIOT OCBiTK Ykpainu (2014), Mo-
YecHoto rpamoToto BepxosHoi Paau Ykpainum (2019), Jlaypear
HepxaBHoi npemii YkpaiHn B ranysi Hayku i TexHikun (2020),
Moasikamu i MpamoTamu JbBiBCHKOI 06GNaepxagmiHicTpaLii.

Ha rpomagcekux 3acagax P. C. ®enopyk 6yB o6paHuii
BiLle-nNpe3naeHToM YKpaiHCbKoro idionoriyHoro TosapucTaea
imeni . . KocTttoka (2010), uneH HaykoBoro ToBapuctea iMmeHi
T. I". lWeB4eHka, YkpaiHcbkoro GioximiyHOro ToBapmcTea.

Konekmue npauieHukie IHcmumymy 6ionoeii meapuH HAAH anuboko cymye
3 npueoly uiei HerornpasHoOI empamu, 8UCIIOKEITIOE crigdymms POOUHI | 6r1U3bKUM.

BiuHas nam’amb!



Knrouem 0o 8cskoi HayKu € 3HaK NUMAHHA.

IHCTUTYT BIONOrIi TBAPUH HAAH Oro/1IolIY€E HABIP
y AOKTOPAHTYPY

o4Ha (OeHHa) hopma HaBYAHHS

Ta ACMTIPAHTYPY

O4Ha (OeHHa/Be4ipHs) | 3a04HA ghopma HAB8UYAHHSA

3a cneuianbHOCTAMM:

09 «bIOJIONNA»
cnevjansHicTs 091 «BIONOT IS TA BIOXIMISt»

21 «BETEPUHAPIA»
cneviansHicTs 211 «BETEPUHAPHA MEAVLIHA»

Mpw BCTYNi 4O acnipaHTypu CKragawTb iCNUTKU 3 iIHO3eMHOI MOBM i CneLianbHOCTI.
[igroToBka y 4OKTOpaHTYpi Ta acnipaHTypi 30iNCHIOETLCA 3a paxXyHOK:

— KOWTIB AepXbromKeTy YKpaiHm — 3a aepkaBHUM 3aMOBIIEHHSIM;

— KOLUTIB OPUANYHUX Ta pi3n4HUX OCib — Ha yMOBaXx KOHTPaKTY.

TepmiH nogaHHAa gokymeHTiB — 3 01.06 go 31.08.2023 p.

Apgpeca: IHcTuTyT Bionorii TBapuH HAAH, Byn. Ctyca, 38, m. JlbiB, 79034, YkpaiHa.
Hosigku 3a Ten.: (+38 032) 270-23-89, (+38 067) 453-36-39.
e-mail: inenbiol@mail.lviv.ua www.inenbiol.com

KOHKYPC HA 340BYTTA NPEMII
IMEHI C. 3. Y’KMLLbKOTO

IHcTuTyT Gionorii TBapyH HAAH oronoluye koHKypc Ha 30006yTTA
Mpewmii imei C. 3. Ixuuskoro. Mpemio imeHi C. 3. [xuLskoro npu-
CY[XYIOTb 3a HayKOBIi Npaui (LMK HayKoBMX npaub) 3 disionorii
i Bioximii, >KMBMNEHHs1 TBApUH, PO3POBNEHHS Ta BMPOBaHKEHHS HOBUX
BioTexHOMNorivYHMX MeToAIB, Mpenaparis, 6ioNoriYHo akTMBHMX Aoba-
BOK, [iarHOCTMKYMIB, CTBOPEHHSI HOBMX MOPIA, TUMIB i NiHil CinbCbKo-
rocnofapcbkMx TBapyH Ta NTUL, @ TaKOX 3a HaykoBi poboTu, SKi
€ 3HaYyLLMMU Y PO3B’A3aHHI aKTyarnbHUX npobnem Gionorii, arpo-
eKonorii, BETEpMHAPHOI MeANLIMHN.

Mpemito npucyaXyloTe pas Ha ABa POKK 3a pesynbTaTamu
KOHKYpCY, 0 y4acTi B AKOMY NpuiiMatoTb poboTu, BUKOHaHI OKpe-
MUMU HayKoBLiIMM abo KorneKkTuBaMu aBTopiB. BucyHeHHs pobiT
Ha 3006y TTa Mpemii imeHi C. 3. PKnLLKOro NpoBoaATL Yepes
BYEHy (HayKOBO-TEXHIYHY) pady HayKOBOi YCTaHOBM uu 3aknagy
BULLIOT OCBiTK. NpeTeHaeHTOM Ha oTpuMaHHS Mpemii moxe GyTu
KonekTvB A0 M'ATh ocib. KoxeH y4acHuk Moxe Byt aBTOpoM 4u
CMiBaBTOPOM NWLLE OAHIET 3 NpeaCcTaBNeHNX Ha KOHKYpC poboTu
abo uumkny pobiT. YyacTb y KOHKypcCi 6epyTb HayKoBi npaui, Bif
OHs1 ny6nikauii AKMX MUHYNO He MeHLUE LEeCTU MicsuiB, ane He
Ginblue M'STU poKiB, @ TAKOX BUHAX0AM Micnsi iX BNPOBaAXKEHHS.
Po6oTun, ski Bxe otpumanu [epxasHi abo iHwi npemii Ykpainu,
[0 KOHKYPCY He NpuiMarioTb.

Ha po3rnsapg koHKypcHoro komiTeTy IHCTuTyTy Bionorii TBapuyH

HAAH npeteHaeHTaM HeobxigHO nogaTtn Taki LOKYMEHTU:

m  3asBa Npo y4acTb Y KOHKYPCi 3 NEPENiKOM YNEHIB aBTOPCLKOrO
KOMEKTUBY;

m  aHKeTa 3 BKa3aHUMM 0COBUCTMMY AaHNMU NpeTeHaeHTa(TiB):
im's1, MPI3BULLE, nata HapogkeHHs, micLe poboTtu (agpeca),
nocaga, B4eHe 3BaHHs1, HAyKOBUWIN CTYNiHb, KOHTAKTHWUIA Tene-
oH, e-mail, poto 3x4;

m poborTa, AKy pekoMeHAyHTb (LuKn pobiT, nybnikauii ToLo);

m  aHoTauid poboTu 3 KOPOTKUM BMKNALOM ii 3MICTY i 3Ha4EeHHSA
ONs PO3BUTKY HayKu;

m  [0BigKa Npo TBOPYMIA BHECOK KOXXHOTO 3 MPETEHAEHTIB, Nia-
nucaHa KoXHUM 3 aBTopiB poboTy;

m  MPOTOKOI BYEHOI (HAYKOBO-TEXHIYHOT) paav LWodo pekomeHaawlii
poboTtu Ha 3006yTTS lNpewmii;

m 33 HasfBHOCTi — [J0AaTKOBi Martepianu (pekoMeHaaLiiHi nMcTu
Bif, BiAOMUX yYeHUX, akTu anpobauiii, akTu BNpoBaaXKEHHS,
Konii NaTeHTIB, BiArykM rpOMagcbKoCTi TOLLO);

m  NpEeTEeHOEHTM HECYTb BiANOBIAANbHICTb 3a akageMiuHy 4o6po-
YeCHICTb.
3a pesynsratamu KOHKypcy Oyae BuaaHo Aunnom naypearta

i naM’ATHy BiA3HaKy.

TepMiH nogaHHS KOHKYPCHUX MaTepianis — 3 1 kBiTHA 40 1 X0BTHA 2023 poky.
Appeca: IHcTuTyT Gionorii TBapuH HAAH, Byn. Ctyca, 38, M. JlbBiB, 79034, YkpaiHa.
KonTakTHum Ten.: (032) 260-07-95, dakc (032) 270-23-89.



IHCTUTYT BION10OT1i TBAPUH HAAH
NMPOBOAUTD:

o [JocnimkeHHa BioXiMiYHMX NOKA3HMKIB
aHanizatop Humalyzer 2000, Hime44ynHa)

o [emaTtonoriyHmm aHanis
(ananizatop Mythic-18Vet, LLBenuapis)

o MikpobionoriyHi gocniaKeHHs

(nociB Ha cTepunbHIiCTb, aHTUBIOTMKOrpama,
CKrag MIiKpodoriopy KMLWEYHUKY TBapUH,
Mikpo6ionoriyHUn aHani3 Kopmie, BOAW, NOBITPS)

o IMyHOpbepMeHTHI gocnigxeHHs
(aHanizatop Stat Fax 3000, Hime44ynHa)

o OuiHka penpoayKTUBHOI 34aTHOCTI TBApWH,
LUTYYHE OCIMEHIHHSA, TpaHCNaHTauia eMbpioHiB

o CenekuinHo-reHeTU4Hi JocnigkeHHs

o [ocnigxkeHHsa kopmiB

o [HocnimkeHHs Morioka

o [HocnimkeHHs 9eub

o BwusHavyeHHs nokasHWUKIB AKOCTI Meny
o [ocnigxeHHsa BOBHU | BONoOCcS

o ATOMHO-abcopOuinHM | aTOMHO-EMICIMHMIA aHani3
KOHLEHTpaUil XiMiYHNX efleMeHTIB

o AHani3 opraHiyHnx nobpms L

OpraHi3oBye npoBefeHHs AochnigXeHb Ha TabopaTopHUX TBapmMHax
| Hagae kBanigikoBaHy iHTepnpeTaLito OTPUMaHUX pesyneTaTiB.

* MOXIuge rnpoe8edeHHs iHWUX 00CIOXeHb
** gci nabopamopii iHcmumymy akpedumosgaHi 0515 Npo8edeHHS O0CTIOKEHb

IHcTuTyT Gionorii rBapuH HAAH

Byn. B. Ctyca 38, m. JlbBiB, 79034
Ten.: +38 (032) 270-23-89, +38 (96) 858-37-76
e-mail: markinfo@inenbiol.com.ua

3aexou padi criieripaui 3 Bamu!



X 4
LIVISTO

Along with you -

IMMYHITI
CTIM

3MiLLHIOE OpraHisM TBapHuH Ta NTaxis, 3aXMULLLAKOYH
KWULWIKOBUM Bap’ep . U N

Cknap: 1 n MictuTe: Bitamin E Sonn—pau,—andeaToxquepmnaueTaT), 25000 wr; Bitamin C, 2100 mr; Mniumn 10000 mr; Cenen - Se (cenewit Hatpito), 0,5 mMr; Mapraneus — Mn
(Cynbtat MapraHuo MoHorigpart), 500 mr; EdipHa onis posmapuHy 10000 mr; EdipHa onisa yebpeuto 10000 mr; EdipHa onis eskaninta 10000 mr; Hatpito xnopuag 1250 wmr; Kanito
xnopup, 500 mr; Opixaxosun ekctpakt 50000 wmr; Monicaxapuaun 20000 mr; Mniuepun nonieTuneHrnikonb puumMHoneat i OemiHepanisoeaHa soga fo 1 n. 3actocyBaHHA: no
i nicna sakumHayii. IMMYHITI CTIM pospobneHo gns: KOHTPOMO cnanaxie BipyCHUX 3aXBOPOBaHb, KOHTPOMIO BCIX BWAIB CTPECY, MOKPALLEHHS TWUTPIB BaKLMHALi, NPUCKOPHOHOTL
PiCT, NOKPALLYOTb KOHBEPCIKD KOPMY, MiABULLYIOTbL 3arafibHy ONipHICTb OPraHisMy Ta NOKpaLLyrTb BUBOAMMICTb Y HECYHOK i NOKpaLLye BiaTBOPHY dyHKLUit0. MokasaHHa Ta LinboBi
BWOMW TBAPHH: CiNbCbKOrOCNOAAPCHKI TBAPUHM, NTULSA, COBAKM Ta KOTU - NOCMNEHHS IMYHHOrO CTaTycy opraHismy. MpoTunokasaHHa, noGiuHi peakuii Ta B3aemMogii: He onucaHo.
Do3syeaHHsA Ta cnoci6 3acTocyBaHHA: NepopanbHo 3 NUTHOK Boaot. PeTenbHo posMiwatk 1 Mn B 1-2 n nuTHOI Boau. 36epiraHHa. 36epiratv B HEQOCTYNHOMY AN OiTEN Micui.
36epiraTv B NPOX0NOAHOMY, CYXOMY MiCLyi, NO4ani Big, AXKepen Tenna i NpsMux COHAYHUX NpomeHis. [Na 3acToCyBaHHsA Y BETEPUHAPHIA MeaULMUHI.

Industrial Veterinaria, S.A.

a LIVISTO company

Ykpaina,03040, m.Kuis,

Byn. BacunbkiBcbka, 14, og. 422

Ten.: +38 044 206 24 30 | ten.: +38 067 238 33 77
livisto.ua@gmail.com | livisto.com




sorort  HAAAEMO KOHCYABTALYI

i CIAbCbKOMY FTOCIMOAAPCTBY

4 CKOTApCTBO 4 BiBYApPCTBO ¢ NTaxiBHULUTBO ¢ PUOHULTBO

¢ CBMHAPCTBO ¢ KPOAIBHULITBO ¢ BAXIABHULITBO

(yTPpMMaHHS, roaiBASA, BIATBOPEHHSA,
AiIKyBaHHSA 3aXBOPHOBaHb,
pPo3pobKka KopMmiB i BAA,
NIABULLEHHS PENPOAYKTUBHOI
3AaTHOCTI)

Anf pOBIAOK: 24

TeA. (+38 097) 444-19-25,
(+38 097) 384-21-77,
(+38 032) 260-07-95
inenbiol@mail.lviv.ua

3anpoLyemMo po3MiCTUTK peknamy Baluoi KoMnaHil Ha CTOpiHKax HayKoOBOrO XypHany
«Bbionoria TBapuH»!

Mwu roTosi criiBnpautoBatv 3 Bamu anga ctBopeHHs e(peKkTUBHOI peknamMHol cTparteril, aka
Bignosigae Bawwum notpebam i 6rogxkeTy. [1ponoHYyeEMO pi3Hi BapiaHTN PO3MILLEHHSA pekramu,
3okpemMa 6aHepwu, oronoLleHHs abo cTaTenHo-peknamMHi Mmatepianu.

Peknama B HawwoMmy xypHani 4o3BonuTbL Bam:

" 3anyynTn yBary HaykoBLUiB i dpaxiBLiB 4o Baluoi komnaHii Ta npoaykuii;

" NigBULLNTK BRi3HaBaHICTb BpeHay Ta No3uuioHyBaHHSA Balloi KoMnaHil Ha PpUHKY;
" 3anyynTN HOBMX KMIEHTIB i po3wmnpuTn Baluy knieHTCcbKy 6aay.

Mponoauuii go cnienpaui Ha 2023 pik:

- peknamHuu 6nok 2 ctopiHku — 1000 rpH B 0O4HOMY HOMEPI XXypHany; y TPbOX HoMepax
XypHany — 2500 rpH.

- peknamHum 6nok 1 cropiHka — 2000 rpH B OAHOMY HOMEPI XXypHarsy; y TPbOX HOMepax
XypHany — 5000 rpH.

KoHnTaktn: 0968147815, inenbiol@gmail.com



