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HeHanucaHa cTatTa

CumeorniyHul asmopcbKuli KOrTeKmue yKpaiHCcbKux e4eHux, doKkmopaHmig i acripaHmie

YHiBepcuTeTH, IHCTUTYTH, iHLLI HaBYarbHi Ta HAyKOBI YCTAHOBU YKpaiHu

Y Uin cTaTTi BiACYTHIN TEKCT, NPOTE Kiflbka YNCTUX apKyLLUiB € CUMBOSIIYHOI peakLieto
TUCSY YKPAITHCBKMX BYEHNX HA BMMYLLIEHE i CyTTEBE OOMEXEHHS, @ YacOM i MOBHE NPUMMHEHHS
TXHbOT HayKOBOI AiANbHOCTI Yepes3 poCiNcbKy BiMCbKOBY arpecito. Lle, no cyTi, npuknag He-
HanncaHoi CTaTTi YK, NpaBunbHille, GaraTtboX cTaTen, JEMOHCTPaLa panToBO NepepBaHnX
BiNHOK HayKOBWX OOCHidXeHb, NPOEKTIB, aucepTauin. 3apa3 B YKpaiHi NOpyLUEHi HayKoBi Ta
HaBYanbHO-OCBITHI MPOLECH, HULLUTLCA HayKoBa iHPpacTpyKTypa, 3a3Hanu i NpOAOBXYIOTb
3a3HaBaTu HernonpaBHWX PyMHYBaHb HAyKOBi Ta OCBITHI ycTaHOBUW. Ha xanb, Big novaTky BilHW
B YKpaiHi 3armHynu (B ToMy 4uncni 3i 36poeto B pykax) yxe AeCATKU YKpaiHCbKMX HayKoBLiB, AOK-
TOPaHTIB, acrnipaHTiB, CTyAeHTIB. [N HUX Ui CTOPiHKM € He BinumKu, a HasaBXau 3anuaTtbcs
CKOPOOTHO-HYOPHUMMW.

Xoya npeacraeneHa cratTs € 6e3cniBHO, BOHA MOKMUKaHa akLEeHTYBaTh yBary Ha 3ro-
UYMHHUX AisIX POCINCBHKOro arpecopa CTOCOBHO YKpaiHW i yKpaiHCbKOT Hayku 3okpemMa. Takox Lieto
CYIMBOJ1IYHOO MyOrikauieo BLLAHOBYEMO NaM’ATb YKPATHCbKMX BYEHUX, 3arnbnux y BiMHI, siKa,
Ha NPeBENVKUIA Xarb, TPUBAE.

Knro4yoBi cnoBa: pocincbko-ykpaiHCbKa BiliHa, arpecisi, OKynauisi, )XepTBU, BOEHHI 3110-
UYMHW, PYVHYBAHHS, HayKoBa iHppacTpykTypa YKpaiHu

The Animal Biology, 2022, vol. 24, no. 1



CUMBOIYHUI aBTOPCbKUN KONEKTUB YKPATHCbKMUX BYEHWX, AOKTOPAHTIB i acMipaHTiB HeHnanucaHa cratra
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Symbolic author's team of Ukrainian scientists, doctoral students and graduate students Unwritten paper

Unwritten paper
Symbolic author’s team of Ukrainian scientists, doctoral students and graduate students
Universities, Institutes, other educational and scientific institutions of Ukraine

This article contains no text. However, the empty pages within this article symbolize the reaction of thousands of Ukrainian scientists
toward the forced restriction and, in some cases, complete cessation of their scientific activities due to russian military aggression. This is,
in fact, an example of an unwritten paper, or rather many papers, demonstrations of research, projects, and dissertations that were abruptly
interrupted by the war. Currently, scientific and educational processes in Ukraine are violated, scientific infrastructure is being destroyed,
and scientific and educational institutions have suffered and continue to suffer an irreparable damage. Unfortunately, since the beginning
of the war dozens of Ukrainian scientists, doctoral students, graduate students and students have died (including those who protected us
with weapons in their hands). For them these pages are not white but will forever remain mournfully black.

Although the presented article is wordless, it is designed to focus attention on the criminal actions of the russian aggressor against
Ukraine, and in particular, the Ukrainian science. This symbolic publication also honors the memory of Ukrainian scientists who died
during this war which unfortunately continues.

Key words: Russian-Ukrainian war, aggression, occupation, victims, war crimes, destruction, scientific infrastructure of Ukraine
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Investigation of bovine coronavirus strain CV-315 cultural properties

A. Berezenko'?, F. Vabishchevych?, O. Godovskyi?, V. Nedosekov’

Nastia4477@gmail.com
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2Biotestlab LLC,

57a Volodymyrska str., Vasylkiv, Obukhiv district, Kyiv region, 08601, Ukraine

The purpose of this study was to investigate the features of cultivation of bovine corona-
virus strain CV-315 isolated in Ukraine from a calf with coronavirus infection and to select optimal
methods of virus cultivation to obtain viral material with the highest possible titers of infectious
activity in order to develop manufacturing technology of means of immunoprophylaxis and specific
diagnostics. During the study, the influence of a number of factors on the accumulation of strain
CV-315 was studied: the presence and concentration of trypsin in the nutrient medium, the effect
of fetal bovine serum, the degree of cell culture monolayer during virus infection, also the virus
dose, temperature and the term of cultivation. According to the results, it was established that
bovine coronavirus strain CV-315 has the highest infectious activity when cultured for 72 hours
before the manifestation of CPE of 70-80%, without the addition of trypsin and fetal bovine serum
content of 2% at 37+0.5°C. It was also found that the optimal infective dose is 0.1-0.01 viral
particles per cell for infection of the fully formed monolayer of MDBK cell culture. The obtained
results will be used in the development of veterinary vaccines against bovine coronavirus.

Key words: bovine coronavirus, virus cultivation, cell culture, infectious activity of viruses,

culture regimens

Coronaviruses are widespread in the environment
and cause acute diseases not only in livestock and poul-
try, but also in humans. That is why studying the biologi-
cal properties of coronaviruses and ascertainment of the
conditions and modes of its cultivation should help solve
global problems that arise in the world and are associated
with the spread of dangerous socio-economic trends and
also for a deeper understanding of epizootic processes.

Bovine coronavirus (BCoV) is a virus that causes
disease in domestic and wild cows. BCoV belongs to
the family Coronaviridae, an order of Nidovirales and
a subfamily of Orthocoronavirinae, which is divided
into 3 groups, which are formed depending on natu-
ral hosts, serological reactions (epitopes present in the
glycoprotein shell) and nucleotide sequence of positive
single-stranded RNA. BCoV belongs to 2" group [3].

BCoV was first isolated in a primary trypsinized cul-
ture of bovine kidney cells [9], and then propagated in
various cell lines, in particular; BEK-1 (bovine embryonic
kidney) [7], VERO (African green monkey kidney) [6],
MDBK (Madin-Darby bovibe kidney), PK-15 (pig kidney),
HRT-18 (human rectal tumor) [12] with trypsin in a nutri-
ent medium useful for enhancing replication.

Kapil et al. noted that the age of HRT-18 cells after
reseeding affected the accumulation of the BCoV in the
monolayer and the manifestation of the cytopathic effect
(CPE). It was found that the best time to infect cell cul-
ture HRT-18 by BCoV is 24 hours after the monolayer
of cells formation, because in such circumstances, cyto-
pathic changes caused by bovine coronavirus, accord-
ing to the authors, were most severe [8].

Conditions necessary for optimal accumulation of cell
culture-adapted strains of BCoV have been repeatedly
described by Dea et al. [4]. In their work, they showed
that a weakly acidic inoculum (pH 6.5 to 7.0), cultivation
in basic medium (pH 8.0 to 8.5) with trypsin (5 pg/cm?)
and treatment of cells with DEAE-dextran (25 pg/cm?)
are important factors influencing the increase in the ac-
cumulation of bovine coronavirus and the manifestation
of CPE in Vero cells.

Storz et al. [13] also emphasized the importance of
using trypsin for virus replication and manifestation of the
cytopathic action of cell culture-adapted BCoV strain L9.
Addition of trypsin (10 ug/cm?) accelerated the appear-
ance of CPE and plaques, promoted cell fusion, increased
the amount of hemagglutinin released by cells and in-
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creased the accumulation of virus in cultures of thyroid
cells and brain of embryonic calves using the Minimum
Essential Medium Eagle (MEM) antibiotics and 10% of
fetal serum of calf or lamb, inactivated by heating. In this
case, when the virus was pre-treated with trypsin or tryp-
sin was present only during the adsorption of the virus,
the increase in plaque formation was not observed.

Treatment of cells with trypsin may facilitate the attach-
ment of virions to otherwise inaccessible receptor sites.
Treatment of the virus with trypsin can change the config-
uration of protein molecules in the envelope of the virus,
making them more compatible with the receptor sites
of cells. It has been suggested that trypsin may neutralize
the active inhibitor of the virus, which is produced by cell
culture, and cause multiple replications of the virus [5].

Okulova et al. [10] highlighted the possibility of obtain-
ing a double ‘harvest’ of bovine coronavirus in cultures
of MDBK and Vero cells at 34°C.

Given the conflicting results of other researchers
regarding different strains of coronavirus, we decided
to determine the features of culturing of bovine coro-
navirus strain CV-315 and select the optimal methods
of culturing the virus in order to obtain viral material
with the highest possible titers of infectious activity to
develop technology for monoprophylaxis and specific
diagnostic means production.

Materials and Methods

Cell culture

MDBK cell culture (CC) obtained from the collection of
cell cultures of Biotestlab LLC was used for these studies.
Cell culture was adapted to Dulbecco’s Modified Eagle
Medium (DMEM — manufactured by Sigma-Aldrich®)
with the addition of 10% fetal bovine serum (FBS — man-
ufactured by Sigma-Aldrich®). Cell culture was incubated
in culture flasks with a ventilated lid (manufactured by
SARSTEDT AG & Co. KG®, Germany) at a tempera-
ture of 37£0.5°C and a CO, content of 5+0.1%.

Virus

Bovine coronavirus strain CV-315, obtained in Ukraine
from a calf with diarrhea caused by coronavirus [1, 2],
which was confirmed by Real-Time PCR (VetMAX® Ru-
minant Respiratory Screening Kit, Thermo Fisher Scien-
tific®, USA) was used in our work. While determining
antigenic affinity and dominance, strain CV-315 dominated
the standard KL-2 and other field isolates, so it was se-
lected for study and further development of vaccines.

Material with an infectious activity titer of 6.2 Ig
TCIDso/cm® and a hemagglutinating activity titer of
10,3 log,/cm?® was used for the studies.

Infection of cell culture

In accordance with this goal, we evaluated the impact
on the cultivation of bovine coronavirus of the following
parameters:
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— the presence and concentration of trypsin in the
nutrient medium;

— the presence and concentration of FBS in the nu-
trient medium;

— temperature of virus cultivation;

— the degree of cell culture monolayer formation
during virus infection;

— term of culturing the virus;

— the dose of virus to infect cell culture.

In order to adequately assess the effect of these
parameters, 3 consecutive passages of virus were per-
formed on MDBK cell culture in T25 culture flasks. Prior to
the infection, cell culture with 90—100% formed monolayer
(except for experiments where another degree of mono-
layer formation is indicated) was washed with Hanks’ solu-
tion (HBSS, pH 7.2 — Sigma-Aldrich®) from growth media
with fetal serum. The virus was introduced in a pre-calcu-
lated volume (infection dose (ID) was 0.1 VP/cell (1 virus
particle per 10 cells), except for experiments where an-
other ID is indicated) in the maintenance medium — Min-
imum Essential Medium Eagle (MEM — Sigma-Aldrich®).
Cultivation was performed at a temperature of 37+0.5°C
(except for experiments where another temperature is in-
dicated). Infected cell cultures were examined daily visual-
ly under a light microscope to detect CPE (cytopathic ef-
fect) of the virus and to record the time of its manifestation
by 80—-90% (except for experiments where the fixation
of another % of CPE manifestations is indicated).

The CPE of bovine coronavirus manifested itself as
vacuolation and accumulation of cells, which subsequent-
ly led to the formation of syncytia and exfoliation of most
cells from the surface of the culture vessel.

After the manifestation of CPE culture flasks with in-
fected cells were frozen at a temperature minus 20+2°C,
then thawed to collect virus-containing suspension and
sampling for research. Until the results of the studies, all
samples were stored at a temperature minus 20+2°C.

Determination of infectious activity of the virus
Infectious activity of the virus was determined by titra-
tion of the virus in the CC MDBK with the formed mono-
layer in a 96-well culture plate for 7 days (taking into ac-
count the results from the 3 day after titration). The virus
titer was calculated by the Reed and Mench method [11].

Results and Discussion

In this work, a study of the cultural properties of bovine
coronavirus, strain CV-315 and evaluation of the influ-
ence of a number of factors on the level of accumulation
of this virus in MDBK cell culture was performed.

The effect of trypsin on the titer of infectious activity
of bovine coronavirus strain CV-315

Trypsin was added in a pre-calculated amount to the
maintenance medium. During the study, the characteristic
CPE was observed in all experimental samples.
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The data presented in fig. 1 indicate that the addition of
trypsin at concentrations of 1, 5 and 10 pg/cm? in the main-
tenance medium does not increase the titer of infectious
activity of bovine coronavirus strain CV-315. The increase
in trypsin concentration, in contrast, directly proportionally
contributed to the reduction of the level of accumulation of
the obtained viral material during 3 consecutive passages.
Therefore, further cultivation of bovine coronavirus CV-315
was performed without the addition of trypsin solution.

The effect of FBS on the titer of infectious activity
of bovine coronavirus strain CV-315

FBS was added to the maintenance medium in a pre-
calculated amount of the total volume. During the study,
the characteristic CPE was observed in all experimental
samples. The results shown in fig. 2 indicate that the cul-
tivation of bovine coronavirus strain CV-315 in cell culture
MDBK with a maintenance medium and 2% of fetal bo-
vine serum content receive the highest titers of infectious
activity of the virus — 6,64—6,7 Ig TCIDs,/cm? for 3 con-
secutive passages. The difference in titers for virus culti-
vation without fetal bovine serum and with a content of 2
and 5% was 10.3 Ig TCIDsy/cm?® at the level of the 3 pas-
sage. That is why the feasibility of using fetal bovine se-
rum in the cultivation of bovine coronavirus strain CV-315
in the culture of MDBK cells requires further discussion.

The effect of cultivation temperature on the titer
of infectious activity of bovine coronavirus strain CV-315
After inoculation of the virus, cultivation of the virus
in the CC was performed at a temperature of 34+0.5°C
and at a temperature of 37+0.5°C. The data in table 1
indicates that the temperature of coronavirus cultivation
34+0.5°C does not lead to the manifestation of cytopathic
effect of the virus for 168 hours (observation period) while
at atemperature 37+0.5°C CPE of the virus was manifest-
ed after 7174 hours of culturing the virus in cell culture.
The infectious activity of the virus did not differ signifi-
cantly during three consecutive passages at a tempera-
ture of 37+0.5°C. Infectious activity of the virus cultured at
a temperature of 34+0.5°C was not detected, indicating
the absence of accumulation of the virus at this tempera-
ture. Therefore, further studies were performed only by
culturing the virus at a temperature of 37+£0.5°C.

Table 1. The effect of cultivation temperature
on the bovine coronavirus infectious activity titer

TP soge TedneCPE Cutien iy
’ no. ’ Ig TCIDsy/cm?
1 — 168 0
34+0,5 2 - 168 0
3 - 168 0
1 + 71 6.2+0
37+0,5 2 + 74 6.45+0.25
3 + 72 6.45+0.25
8

M 5 pg/lcm®

M control

M 1 pg/em? 10 pg/lcm?®

P R

Infectious activity titer, Ig TCID,/cm®

1 passage
2 passage

3 passage

Fig. 1. The effect of trypsin concentration on the accumulation
of bovine coronavirus strain CV-315
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Fig. 2. The effect of FBS concentration on the accumulation
of bovine coronavirus strain CV-315
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Fig. 3. The influence of the monolayer formation degree
on the accumulation of bovine coronavirus strain CV-315

Influence of the degree of cell culfure monolayer formation
during virus infection on the titer of infectious activity
of bovine coronavirus strain CV-315.

The results of the study are presented in fig. 3. The
diagram shows that infection of MDBK cell culture in the
early stages of cell monolayer formation (up to 30%)
does not allow the accumulation of virus for three con-
secutive passages — these experiments did not reveal
the cytopathic effect of the virus. Infection of cells of
the monolayer formed by 60—70% revealed cytopathic
activity of the virus in titers of 4.7—4.95 Ig TCIDs,/cm?.
The highest activity of the virus in CC were obtained
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when the virus was introduced into a 100% formed
monolayer of cells — the titer of infectious activity of the
virus was 6.2-6.64 Ig TCls,/cm?3, which confirms the data
of other researchers.

Subsequent studies used a method of infecting cell
culture into a completely formed monolayer of cells.

Influence of the cultivation term in cell culture on the titer
of infectious activity of bovine coronavirus strain CV-315

During the study, the characteristic CPE of the virus
was observed in all experimental samples. Presented in
fig. 4 results show that the cultivation of bovine coronavi-
rus strain CV-315 in the culture of MDBK cells at a dose
of 0.1 VP/cell for 72 hours had the highest titers of infec-
tious activity — 6.36+0.41 Ig TCIDs,/cm?® for 3 passages.
During 48 hours of cultivation, the titers of infectious
activity were only 5.11+0.1 Ig TCIDs,/cm?, and for
96 hours — 5.5+0.2 Ig TCIDg,/cm?.

The obtained results prove that the optimal time for
culturing bovine coronavirus strain CV-315 in the cul-
ture of MDBK cells at a dose of 0.1 VP/cell is 72 hours
of cultivation.

The effect of the infectious dose on the titer of infectious
activity of bovine coronavirus strain CV-315

During the study, the characteristic CPE was ob-
served in all experimental samples (fig. 5). The diagram

48h W 72h M 96h

o

Infectious activity titer, Ig TCID,/cm?
I S ~

1 passage
2 passage
3 passage

Fig. 4. The effect of the cultivation term on the accumulation
of bovine coronavirus strain CV-315

1 VP/cell W 0.1VP/cell M 0.01VP/cell

5.95 6.2

I O N |

o

Infectious activity titer, Ig TCID,/cm?

1 passage

2 passage

3 passage

Fig. 5. The effect of the infective dose on the accumulation
of bovine coronavirus strain CV-315
Note. *VP/cell — viral particles per cell
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shows that the cultivation of bovine coronavirus strain
CV-315 with a dose of 0.01 VP/cell had titers of infectious
activity of 6.1£0.1 Ig TCIDsy/cm?, with a dose of infection
of 0.1 VP/cell — 6,3810.2 Ig TCIDs,/cm?3, and with a dose
of 1.0 VP/cell — 5.42+0.3 Ig TCIDs,/cm3. The infectious
activity of the virus increased during 3 consecutive pas-
sages. Bovine coronavirus had the highest activity when
cultured with an infection dose of 0.1 VP/cell.

Therefore, further studies and production of bovine
coronavirus strain CV-315 were performed with a dose
of 0.1 VP/cell.

As a result of the research, the optimal temperature
for culturing bovine coronavirus strain CV-315, the re-
quired degree of formation of a monolayer of cell culture
during inoculation of the virus and also the time of CPE
manifestation in compliance with certain parameters
were determined.

Research results were summarized and optimal con-
ditions for bovine coronavirus strain CV-315 culturing
were determined. These data are presented in table 2.

Most researchers have studied the effects of proteo-
lytic enzymes, including trypsin, on the accumulation of
bovine coronavirus. According to studies by [4], trypsin
concentration of 5 uyg/cm? in the nutrient medium in-
creased the accumulation of bovine coronavirus in Vero
cell culture, and in the studies of [13], trypsin concen-
tration of 10 pg/cm? in the nutrient medium increased
plaque formation of bovine coronavirus strain L9. How-
ever, our results indicate that the addition of trypsin to
the nutrient medium, on the contrary, does not increase
the titer of infectious activity of bovine coronavirus strain
CV-315 in MDBK cell culture.

Kapil et al. also investigated the effect of the degree of
monolayer formation on the level of accumulation of bo-
vine coronavirus. According to their results, 24 hours after
the formation of a monolayer of HRT-18 cell culture is the
optimal time for infection of bovine coronavirus, which
coincides with the results obtained in this study [8].

Table 2. The results of evaluation of the culture conditions influence
on the degree of bovine coronavirus accumulation in MDBK cell culture

The result obtained
after 3 passages
on the cell culture,
Ig TCDsy/1.0 cm?

Parameter

Trypsin influence Without trypsin 6.45+0.25
Fetal bovine serum 29 6.7+0.46
influence

Infective dose 0.1 VP/cell* 6.5+0.32
Cultivation tempera- q

ture influence 37+0,5 °C 6.45+0.25
Degre(_a of monolayer 100 % 6.5+0.3
formation

The cultivation term

and the degree 72h 6.45:0.38

of the virus CPE
manifestation

Note. *VP/cell — viral particles per cell.
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"HaujioHanbHui yHiBepcuTeT GiopecypciB Ta NpMpoAoKOpUCTYBaHHS YKpaiHu,
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MerToto gocnigkeHHs 6yno BUBYMTU OCOBNMBOCTI KynbTMBYBaHHS kopoHaBsipycy BPX wramy CV-315, BugineHoro Ha TepuTopii
YkpaiHu Big XBOpPOro Ha KOpPOHaBIpyCHY iH(EKLto TenATu, Ta nigibpaT onTumarnbHi cnocobu KyrnbTMBYBaHHSA BipyCy 3 METOK OTpU-
MaHHs1 BipyCHOro martepiany 3 BACOKAMW TUTpaMU iHPEKLIHOT akTUBHOCTI | ANsi po3pobreHHst TexHormnorii BUpo6HULITBa 3acobiB iMyHO-
npodinakTku Ta cneumdiyHoi giarHocTuku. IMig yac npoBedeHHs AocnigKeHb 6yrno BUBYEHO BMMB HA HAaKOMWYEHHS BipyCy HU3KK
aKTOpiB: HAABHICTb Ta KOHLIEHTPALis TPUMNCUHY B NOXUBHOMY CepefoBuLLi, heTanbHOI Buyayoi cupoBaTku, CTyneHss opMyBaHHS
MOHOLLIAPy KynbTypu KIITVH 32 NMPOBEAEHHS 3apaXeHHs BipyCOM, a TakoX BMMVB [03W Bipycy, TEeMMepaTypy Ta TepMiHy KynbTUBYBaHHS.
BignosigHo Ao oTpvMaHux pesynesraTiB, 6yno BCTAHOBMEHO, L0 HaWGINbLL BUCOKY iHADEKLiINHY akTUBHICTb WTam CV-315 mae 3a Kynb-
TUBYBaHHS BNPOAOBX 72 rof. A0 NposBy uuTonatuyHoro edekTty Ha 70-80% 6e3 aoaaBaHHs TPUMNCUHY Ta BMICTOM dpeTanbHoi bryayoi
cuposatkn 2% 3a Temnepatypu 37+0,5°C. Takox BCTAHOBMEHO, LLIO ONTUManbHO 40300 3apaeHHs € 0,1-0,01 BipyCHUX YacTUHOK
Ha KNiTUHY Ans iHgiKyBaHHSA NOBHICTIO chopMoBaHOro MoHoLuapy Kynstypu knituH MDBK. OTtpumaHi peaynstaTtu 6yae BUKOpUCTaHO
Ans po3pobrieHHs BETepMHapHUX BaKUMH NpoTu KopoHasipycy BPX.

KnrouoBi cnoBa: kopoHasipyc BPX, KynsTuByBaHHS BipyCiB, KynbTypa KNniTWH, iHeKUiiHa aKTUBHICTb BipyCiB, PEXUMM KyNbTU-
BYBaHHS
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Photoperiod-induced alterations in biomarkers of oxidative stress
in rats of different ages and individual physiological reactivity
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This study was undertaken to investigate the photoperiod- and age-related variability
between the activity of oxidative stress biomarkers in rats with different physiological reactivity
estimated by different resistance to hypoxia. The study was carried out on 96 male Wistar rats
divided into 16 groups based on resistance to hypoxia (LR, low resistance, HR, high resistance)
and age, i.e. 6 and 21 months. The studies were conducted at four photoperiod points: winter
(January), spring (March), summer (July), and autumn (October). Lower levels of oxidative stress
biomarkers (P<0.05) were observed in the younger rats when compared to older rats, as well as
in HR rats compared to LR rats. The levels of lipid peroxidation end product, 2-thiobarbituric acid
reactive substances (TBARS) as the major indicator of oxidative stress, were found to increase
with age, and summer resulted in further elevation compared to other seasons. Also, oxidative
stress biomarkers were lower (P<0.05) in winter than in other seasons, especially in the HR rats.
TAC level in the hepatic tissue of the 6 months aged rats was significantly higher (P<0.05) ele-
vated when compared to older rats. A similar higher TAC level was in the hepatic tissue of HR
rats compared to the LR rats. The adult rats with HR maintained TAC with minimal fluctuations
throughout the year. It should be noted that the difference in TAC was higher for the groups of the
adult animals with HR in winter, spring, and summer, which may indicate effective mechanisms

preventing the formation of reactive oxygen species and systems of elimination thereof.

Key words: rats, resistance to hypoxia, liver, seasons, lipid hydroperoxides, 2-thio-
barbituric acid reactive substances (TBARS), total antioxidant capacity (TAC)

The mechanisms of the diurnal and seasonal period-
icity of the rhythmic functions of the body are targeted at
adaptation to environmental conditions on the one hand
and at preservation of the relative constancy of its inter-
nal environments on the other hand [8]. For example,
the diurnal dynamics of ovulation and oviposition in meat
chickens are controlled through endocrine pathways that
are modulated by both environmental and internal fac-
tors [50]. Environmental factors control seasonal breeding
in birds when there are natural photoperiodic cues, i.e. the
availability of food for the hatchlings, availability of nesting
sites, predation pressure, and climate factors [48]. Special
interesting changes in the rhythmic-induced functions of
the systems of organisms at the influence of sex, age,
season, and individual physiological reactivity [11, 47, 51].
Seasonality refers to season-dependent fluctuations in
sleep length, social activity, mood, weight, appetite, and
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energy level [17, 41]. The underlying mechanism respon-
sible for synchronizing internal biochemical processes
with circadian environmental cues in mammals has been
comprised of three major components. Firstly, photo-
reception by the retina and transmission of neural signals
along the retinohypothalamic tract; secondly, integration
of photoperiodic information with an internal reference
circadian pacemaker located in the suprachiasmatic
nucleus, and thirdly, dissemination of circadian infor-
mation to target organs, via the autonomic nervous
system and through humoral pathways [49].

Effects of hypoxia can be regulated by circadian pat-
terns, and the possible differences in such effects may
have biological and clinical implications for the organism
[2, 23, 32, 34, 35]. Recent investigations have identified
a connection between the circadian rhythm protein Pe-
riod 2 (PER2) and hypoxia-inducible factor (HIF1A) that
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may elucidate an evolutionarily conserved cellular network
that can be targeted to manipulate metabolic function in
stressed conditions like hypoxia or ischemia [3]. The fact
that hypoxia modifies the circadian oscillations of variables
as important as body temperature and metabolism leads
to the expectation that the daily rhythms of many other
functions are perturbed by hypoxia, according to their link
to the primary variables. It is contemplated that the alter-
ations of the normal circadian oscillations can contribute to
many common symptoms of sustained hypoxia, e.g., from
sleep fragmentation to malaise and loss of appetite [35].
Circadian clock interaction with HIF 1a mediates oxygenic
metabolism and anaerobic glycolysis in skeletal muscle
[38]. Genetic disruption of the clock activator BMAL1
in skeletal myotubes and fibroblasts increased levels of
the hypoxia-inducible factor 1a (HIF1a) under hypoxic
conditions. The results of these researchers revealed bi-
directional interactions between circadian and HIF path-
ways that influence metabolic adaptation to hypoxia.
There are many studies showing that individuals within
each animal species and humans differ significantly in their
reactions to oxygen deficiency [19, 20, 28, 39]. Analyses
of animal reactions to oxygen deficiency have demonstrat-
ed that, in any group of intact animals (in particular, white
rats) of the same age and sex reared in the same condi-
tions and placed at a critical altitude (11,000—12,000 m),
it is possible to identify individuals that remain viable at the
95% death rate in experimental animals [10]. Such nat-
urally hypoxia-resistant individuals can survive for a long
time in gas environments containing only 2—3% of O,.
These animals maintain rhythmic breathing movements
in acute hypoxic conditions (equivalent to the height of
12,000 m above sea level) for 5-6 minutes, and some
even more than 10 minutes, while most animals display
agonal breathing and convulsions that end in death after
5-60 seconds. Animals with high resistance (HR) to acute
hypobaric hypoxia were identified among laboratory mice,
rats, rabbits, and guinea pigs [37, 43, 44]. Intra-species dif-
ferences in the reaction of individuals to acute hypoxia also
vary significantly, and they are related to both genotypic
and phenotypic characteristics of individuals [10, 14].
Aging is one of the main risk factors for various diseases.
On the other hand, oxidative stress is a key element re-
sponsible for the development of age-related patholo-
gies [1]. In addition, the alteration of circadian rhythms also
contributes to cardiovascular pathology [3]. Aging modifies
the temporal organization of antioxidant defenses and
blood pressure, probably, as a consequence of a disruption
in the circadian rhythm of the clock’s transcriptional regulator,
BMALA1, inthe heart[1]. The loss of temporal organization of
the activity of the antioxidant enzymes, the oxidative status,
and the cellular clock machinery could result in a temporally
altered antioxidant defense system also in the aging brain
[26]. Rhythmic changes in oxidative damage of protein
and lipid molecules have been also reported [16].
The present study was focused on photoperiod- and
age-related variability between the activity of oxidative
stress biomarkers in rats with different physiological reac-
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tivity estimated by different resistance to hypoxia. Thus,
the aim of our study was the assessment of levels of
lipid hydroperoxides, 2-thiobarbituric acid reactive sub-
stances (TBARS), and total antioxidant capacity (TAC) in
the hepatic tissue of male rats of different ages (adult —
3-month-old, old — 21-month-old) and physiological re-
activity (LR, low resistance to hypoxia and HR, high resis-
tance to hypoxia) in different photoperiods (winter, spring,
summer, autumn). This study was carried out during the
Scholarship Program supported by The Visegrad Fund
in the Department of Zoology and Animal Physiology,
Institute of Biology and Earth Sciences, Pomeranian
University in Stupsk (Poland), and we are grateful to
The Visegrad Fund the supporting our study.

Materials and Methods

Animals and experimental design

The study was carried out on 96 male Wistar rats
divided into 16 groups based on resistance to hypoxia
(LR — low resistance, HR — high resistance) and age,
i.e. 6 and 21 months. The rats were randomly assigned
to sixteen groups. There were six animals in each group.
The studies were conducted at four photoperiod points:
winter (January), spring (March), summer (July), and au-
tumn (October). The day/night ratio in the different photo-
period points was as follows: winter — 8:16, spring —
12:12, summer — 16:8, and autumn — 10:14.

Group | and group Il — adult 6-month-old males with
low (n=6) and high (n=6) resistance to hypoxia studied in
winter; group lll and group IV — old males (21-month-old)
with low (n=6) and high (n=6) resistance to hypoxia studied
in winter; group V and group VI — adult 6-month-old males
with low (n=6) and high (n=6) resistance to hypoxia studied
in spring; group VIl and group VIIl — old males (21-month-
old) with low (n=6) and high (n=6) resistance to hypoxia
studied in spring; group IX and group X — adult 6-month-
old males with low (n=6) and high (n=6) resistance to
hypoxia studied in summer; group Xl and group XIl — old
males (21-month-old) with low (n=6) and high (n=6) resis-
tance to hypoxia studied in summer; group Xlll and group
XIV — adult 6-month-old males with low (n=6) and high
(n=6) resistance to hypoxia studied in autumn; group XV
and group XVI— old males (21-month-old) with low (n=6)
and high (n=6) studied resistance to hypoxia in autumn.

Prior to the experiments, the animals were divided
into 2 groups: LR and HR. The hypoxia resistance of the
rats was evaluated as survival time (min) in an altitude
chamber 11,000 m above sea level. The survival time
was measured after achieving the ‘altitude’. Cessation of
breathing served as a criterion for hypoxia resistance [9,
25, 29]. Animals with a maximum survival time after
the second agonistic breath were classified as high-
resistance animals, and those with a minimal survival
time were regarded as low-resistance animals. After the
survival assessment, the animals were housed for at least
3 weeks in vivarium conditions to adapt.
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The male rats were housed at a constant tempera-
ture of 20+2°C. The animals had free access to feed and
water throughout the experiments. During the study,
the animals were kept on a standard diet and temperature
conditions under natural lighting. The influence of artificial
light sources was prevented. Blood was sampled at the
peak secretion of melatonin, i.e. from 2:00 to 4:00 AM.

Tissue isolation

Tissues were removed from rats after decapitation.
One rat was used for each homogenate sample. Briefly,
the liver was excised, weighed, and washed in an ice-cold
buffer. The minced tissue was rinsed clear of blood
with cold isolation buffer and homogenized in a glass
Potter-Elvehjem homogenizing vessel with a motor-driven
Teflon pestle on ice. The isolation buffer consisted of
120 mM KCI, 2 mM K,CO3, 10 mM HEPES, and 1 mM
EDTA,; pH was adjusted to 7.2 with KOH. The hepatic
homogenate was used for the determination of the lev-
els of lipid hydroperoxide (LHPO), 2-thiobarbituric acid
reactive substances (TBARS), and total antioxidant ca-
pacity (TAC). The Bradford method [6] with bovine serum
albumin as a standard was used for the quantification
of proteins. Absorbance was recorded at 595 nm.

Assay of the lipid hydroperoxide (LHPO) level

The acyl hydroperoxide level was assessed in the
tissue samples with the method proposed by Buege
and Aust [7]. 4 mL of a ‘heptane-isopropanol’ mixture
was added to 0.2 mL of homogenate and vortexed vig-
orously. Then, 1 mL of HCI (pH 2.0) and 2 mL of hep-
tane reagent were added, vortexed, and centrifuged at
3,000 rpm for 5 min. The lipid hydroperoxide level was
read spectrophotometrically at 233 nm and expressed
as nmol per mg of protein. A mixture of distilled water
was used in the blank samples.

Assay of 2-Thiobarbituric acid reactive substances
(TBARS)

The level of lipid peroxidation was determined by
quantifying the concentration of 2-thiobarbituric acid re-
acting substances (TBARS) with the method developed
by Buege and Aust [7]. This method is based on the re-
action of the degradation of the lipid peroxidation product,
i.e. malonic dialdehyde (MDA), with 2-thiobarbituric acid
(TBA) at high temperature and acidity to generate a col-
ored adduct that can be measured spectrophotometrically.
The nmol of MDA per mg protein was calculated using
1.56-10° mM-' cm~' as the extinction coefficient.

Measurement of total antioxidant capacity (TAC)

The TAC level in the samples was estimated by
measuring the 2-thiobarbituric acid reactive substanc-
es (TBARS) level after Tween 80 oxidation. This level
was determined spectrophotometrically at 532 nm [13].
Sample inhibits the Fe?*/ascorbate-induced oxidation of
Tween 80, resulting in a decrease in the TBARS level.
The absorbance of the obtained solution was measured
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at 532 nm. The absorbance of the blank was defined as
100%. The TAC level in the sample (%) was calculated
with respect to the absorbance of the blank samples.

Statistical analysis

The results were expressed as meantS.D. Before
the analysis, all variables were tested for normal distri-
bution using the Kolmogorov-Smirnov test (P>0.05), and
homogeneity of variance was assessed using Levene’s
test. The significance of differences in the level of lipid
peroxidation processes, amino acid carbonyl derivatives,
total antioxidant capacity, antioxidant enzyme activity,
and energy metabolism biomarkers between all exam-
ined groups was determined using one-way analysis of
variance (ANOVA) and multifactorial analysis of variance
(MANOVA) [52]. Differences were considered significant at
P<0.05. Also, the relationships between data of all individ-
uals were evaluated using Pearson’s correlation analysis.
All statistical calculations were performed on separate
data from each individual with Statistica 13.3 software
(StatSoft Inc., Poland). We used Bonferroni’s post-test
for the analysis of inequality. The statistical analysis was
carried out in a triple way: the levels of biomarkers of
oxidative stress and aerobic and anaerobic pathways in
the groups were compared in relation to age, resistance
to hypoxia, and photoperiods. The combined effects of
age, individual physiological reactivity, and photoperiods
and their significance (main effects) were compared with
the biomarkers of lipid peroxidation and total antioxidant
capacity, separately. The correlation and regression anal-
ysis comprised the correlation coefficient (r), regression
equation, and significance of these dependencies (P).
We used the coefficients of multiple correlation analysis
(R), the coefficient of determination (R?), and its corrected
form reduced by random errors (R? adjusted) in the data
analysis for the description of the full statistical model.

Results and Discussion

Lipid hydroperoxides are formed in lipid systems in the
process of lipid peroxidation, a complex multi-stage chain
process of oxygen oxidation in lipid substrates (mainly
polyunsaturated fatty acids), including stages with the par-
ticipation and formation of free radicals [33]. Lipid hydroper-
oxides are formed as a result of enzymatic or non-enzy-
matic reactions involving chemically activated products,
such as reactive oxygen species (ROS), possessing a toxic
effect on the body and causing various tissue damage.
In addition, ROS include oxidized forms of lipids or per-
oxide radicals, singlet oxygen, and peroxynitrites, which
are formed from nitrogen oxides (NO). These groups of
atoms behave as a whole and are known as free radicals.
These chemical forms contain one or more unpaired elec-
trons and are capable of independent existence. They
are formed either by loss or by adding one electron to
a non-radical and can easily be formed when a covalent
bond is broken as a result of a homolytic cleavage [12].
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The level of lipid hydroperoxides in the hepatic tissue
of male rats of different ages and physiological reac-
tivity in different photoperiods (winter, spring, summer,
autumn) is presented in fig. 1.

Fig. 1 and 2 show the biomarkers of lipid peroxidation
at the initial stage (lipid hydroperoxides, LHPO) asso-
ciated with the initiation of this process, and the content
of TBARS, i.e. the end product of lipid peroxidation, in the
hepatic tissue of male rats of different ages and resis-
tance to hypoxia in the different photoperiods of the year.
Significant differences depending on age, resistance to
hypoxia, and photoperiods were observed in three groups
of animals. Adult animals, as well as individuals with HR,
were mainly less exposed to lipid peroxidation at the initial
(fig. 1) and final stages of this process (fig. 2). However,
the temporal photoperiodical activity of these processes
is as follows. In the group of the adult rats with LR,
the minimum level of LHPO was noted in spring, while
the maximum value was recorded in autumn, respectively.
Asimilar trend in LHPO was also observed in the group of
adult rats with HR. In the group of adult rats with LR, the
minimum level of TBARS was observed in winter, while
the maximum level was noted in summer. The trend
in these changes was similar in the group of the adult
animals with HR, i.e. the minimum TBARS level was
observed in winter, but there were no statistically sig-
nificant changes during the other photoperiods.

Lipid peroxidation (LPO) is the process of oxidative
destruction (oxidative degradation) of lipids at the action
of free radicals. It is known that under normal conditions
of cell activity, a certain level of lipid peroxidation is
constantly present, induced by the formation of ROS [40].
Lipid peroxidation in the cell is maintained at a constant
level due to the multilevel antioxidant defense system.
Thus, the balance between both parts of this system, i.e.
peroxidation on the one hand and antioxidant activity on
the other, is a necessity for maintaining normal cell activity.
Given the need to maintain the prooxidant-antioxidant
balance in a stationary regime, it can be assumed that
its shift is one of the first nonspecific links in the develop-
ment of stress response and can serve as a biologically
important change in the internal environment of the cell
that triggers other defense mechanisms [15, 36, 40].

The level of TBARS as biomarkers of lipid peroxida-
tion in the hepatic tissue of male rats of different ages and
physiological reactivity in different photoperiods (winter,
spring, summer, autumn) is presented in fig. 2.

In the groups of the old rats with LR, the minimum
level of LHPO was noted in winter, while the maximum
values were recorded in spring. The trends in these pro-
cesses in the groups of the old animals with HR were sim-
ilar, i.e. the minimum and maximum TBARS levels were
observed in winter and summer, respectively. Aging in the
rats with LR was accompanied by the intensification of
lipid peroxidation and formation of highly toxic products,
e.g. malonic dialdehyde, compared to both the adult ani-
mals and the individuals with HR. The minimum level of
TBARS in the hepatic tissue of this group was observed
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in winter, and the maximum value was recorded in sum-
mer. Aging in the animals with HR was accompanied by
a less pronounced level of TBARS as end products of
lipid peroxidation, i.e. the lowest level was shown in
summer, and the highest value was noted in autumn.

The next step in our research consisted of the deter-
mination of the total antioxidant capacity (TAC) in the
liver (fig. 3) for effective antioxidative protection at the level
of both enzymes and other cell components. Currently,
to assess the functional state of the antioxidant defense
system, along with the determination of the content
of individual antioxidants in samples, an indicator is des-
ignated as total antioxidant capacity (TAC). TAC is an
integral indicator that reflects its ability to counteract the
development of free radical reactions in any model sys-
tem. The main components of such model systems are
a radical generation system and a substrate (or target
molecule) that undergoes free radical oxidation [4].

The level of TAC in the hepatic tissue of male rats
of different ages and physiological reactivity in different
photoperiods (winter, spring, summer, autumn) is pre-
sented in fig. 3. It was shown that the adult animals with
LR had a minimum level of TAC in spring and a maximum
value in autumn. The adult rats with HR maintained TAC
with minimal fluctuations throughout the year. It should
be noted that the difference in TAC was higher for the
groups of the adult animals with HR in winter, spring,
and summer, which may indicate effective mechanisms
preventing the formation of reactive oxygen species
and systems of elimination thereof.

Our earlier investigations demonstrated that the abil-
ity of HR animals to endure physical training better than
LR rats depends on the initial physiological state of
the organism. Itis determined by the predominance of the
cholinergic (in animals with high resistance to hypoxia) or
adrenergic (in animals with a low resistance to hypoxia)
regulatory mechanisms of physiological functions [22].
Some extreme influences are accompanied by the mod-
ulation of the NO-ergic mode of physiological regulation.
Thus, treatment with L-arginine, i.e. the precursor of
NO production, before swimming to exhaustion, as shown
in our data, can be an important factor for correction of
stress-induced reactions and increasing the animal’s
resistance [22]. It is important that NO is regarded as
a regulating signaling factor in hypoxia states [19-25].
Recent data have shown that resistance to hypoxia is
also associated with antioxidant defenses [24, 46]. In the
heart of highly-resistant Sprague Dowley rats, the level
of such enzymes as superoxide dismutase and catalase
that protect cells from oxidative stress is elevated [18].

The effect of single hypoxic preconditioning exposure
(hypobaric hypoxia, 5000 m, 60 min) on free radical pro-
cesses, glutathione system, and antioxidant defense en-
zymes in tissues of rats with different resistance to acute
hypoxia was demonstrated [27]. The intensity of free radi-
cal processes was shown to increase or decrease on
day 1 after hypoxic preconditioning. These changes were
tissue-specific and opposite in animals with genetically
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Fig. 1. Level of lipid hydroperoxides (LHPO) in the hepatic tissue of male rats of different ages
and physiological reactivity (low and high resistance to hypoxia) in different photoperiods (winter, spring, summer and autumn)
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Fig. 2. TBARS level in the hepatic tissue of male rats of different ages and physiological reactivity (low and high resistance to hypoxia)
in different photoperiods (winter, spring, summer and autumn)

35
* *
) ‘} ‘*I‘ {‘ *
ES crer {‘
= 25 i bredue % #clien
E on
o T
§ *# a@ _I_ ‘]}
o 20
g L 3
2 2
3 15 #dv
2
©
g 10
e
5
0 6-month-old 21-month-old |  6-month-old 21-month-old | 6-month-old 21-month-old | 6-month-old 21-month-old |
(Adult) (Old) (Adult) (Old) (Adult) (Old) (Adult) (Old)
Winter Spring Summer Autumn

Fig. 3. TAC level in the hepatic tissue of male rats of different ages and physiological reactivity (low and high resistance to hypoxia)
in different photoperiods (winter, spring, summer and autumn)

The results are expressed as meantS.D. The differences between groups were analyzed using one-way ANOVA and Bonferroni post-hoc test.
The differences were considered statistically significant at P<0.05. Significant differences between groups are designated as follows:

* — Low resistant group vs. High resistant group in one photoperiod; # — Adult group vs. Old group in one photoperiod.

In the Adult groups: a' — Winter group vs. Spring group; b' — Winter group vs. Summer group; ¢' — Winter group vs. Autumn group;

d' — Spring group vs. Summer group; €' — Spring group vs. Autumn group; f — Summer group vs. Autumn group.

Into the Old groups: a" — Winter group vs. Spring group; b" — Winter group vs. Summer group; ¢" — Winter group vs. Autumn group;

d" — Spring group vs. Summer group; e" — Spring group vs. Autumn group; f* — Summer group vs. Autumn group.
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determined differences in the resistance to hypoxia. Hypoxic
preconditioning contributes to the immediate resistance.
The effect was more pronounced in low resistant animals,
who did not exhibit signs of oxidative stress in tissues
during the early post-hypoxic period. By contrast, hypoxic
preconditioning was followed by activation of free radical
processes in tissues of highly resistant animals. These rats
were characterized by low ability for the development of
immediate resistance. Activation of free radical processes
in the early period of adaptation (first hours after hypoxic
preconditioning) does not play a role in the induction of
immediate adaptive mechanisms for hypoxia [27].

Sympathetic regulation is predominant in LR rats while
parasympathetic tone predominates in HR animals [24].
It is believed that LR animals have a weak type of nervous
system, less developed internal inhibition, increased excit-
ability, and emotional reactivity. They respond to hypoxia
with excitement and high locomotor activity. LR animals
are more prone to the development of diseases such as
diabetes, obesity, thyrotoxicosis, atherosclerosis, etc. [28,
39]. On the contrary, in HR animals, excitability and anxi-
ety are reduced, and moderate aggressiveness, more pro-
nounced internal inhibition, low sensitivity to any provoking
factors, and a tendency to social domination are manifest-
ed, and they are more resistant to anesthesia. They react
to acute hypoxia, cerebral ischemia, and carbon monoxide
poisoning with an inhibitory reaction [28, 39].

The liver is one of the most complex organs in the
body and is involved in a variety of functions. Liver re-
generation is the body’s protection mechanism against
loss of functional liver tissue. Biondo-Simbes Mde and
co-workers (2006) have evaluated the effect of aging
on liver regeneration in rats and revealed that age is
related to delay in liver regeneration in rats [5].

Aging in male Wistar rats is associated with changes
in intestinal microbiota, gut structure, and cholecysto-
kinin-mediated gut-brain axis function. Several mech-
anisms have been proposed by Rubio and co-workers
such as the presence of low-grade chronic inflammation
in different tissues, as well as leptin and insulin resis-
tance, but the primary alteration is not fully elucidated.
The gut microbiota has recently emerged as a key play-
er in a variety of metabolic and neurological disorders.
The gut-brain axis refers to alterations in the gut that
mediate effects in the central nervous system, including
those related to the control of energy balance [42].

Marmol and co-workers [31] have studied the re-
sponse of several parameters related to oxidative stress
in the liver of aging rats. Male Wistar rats aged 1.5, 3,
18, and 24 months were used. Livers showed an in-
crease in superoxide anion concentration at 1.5 and
18 months of age compared to the 3-month-old group;
a decrease in superoxide dismutase (SOD) was seen at
1.5 months and catalase concentrations remained un-
altered throughout the aging process. Nitric oxide (NO)
progressively declined with age; a significant decrease
was particularly apparent at 18 and 24 months of age.
TBARS level was decreased significantly at 1.5 months,
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whereas it increased at 18 and 24 months of age.
Concentrations of prostaglandin E2, adenine nucleotides,
and their metabolites, remained unchanged throughout
the aging process. Although the mitochondrial damage
caused by oxidative stress can result in reduced ATP
production and compromised cell function, results
obtained by Marmol and co-workers [31] on adenosine
nucleotides and their metabolites support the notion that
the integrity of mitochondria and enzymatic activity re-
main mostly unchanged with aging. These researchers
have observed a significant decrease in the levels of NO
in the older groups of rats and hence in its antioxidant
activity. This could explain the observed increase in lipid
peroxides which suggests an important role for NO in
oxidative stress in the liver of older rats [31].

Also, Marmol and co-workers have evaluated the
presence of oxidative stress and alterations in the levels
of two cytoprotective agents, prostaglandin E2 and nitric
oxide, in the gastrointestinal tract of aging rats. The ab-
sence of macroscopic gastric injury throughout the gastro-
intestinal tract indicates that the oxidative stress in the
stomach and the significant decrease of nitric oxide in
the duodenum in the old rats are not sufficient to disrupt
the mucosal defense network. The results support the
notion that the disruption of the mucosal network is es-
sentially regulated by the cytoprotective agent’s prosta-
glandin E2 and nitric oxide, and that injury appears only
when both substances are concurrently reduced [30].

Heat-induced liver injury in old rats is associated with
exaggerated oxidative stress and altered transcription
factor activation. Older organisms showed extensive
hepatic damage, along with increased morbidity and
mortality, after environmental heating [53].

Conclusions

Lower levels of oxidative stress biomarkers (P<0.05)
were observed in the younger rats when compared to
older rats, as well as in HR rats compared to LR rats.
The levels of lipid peroxidation end product, TBARS as
the major indicator of oxidative stress, were found to in-
crease with age, and summer resulted in further eleva-
tion compared to other seasons. Also, oxidative stress
biomarkers were lower (P<0.05) in winter than in other
seasons, especially in the HR rats. TAC level in the he-
patic tissue of the 6 months aged rats was significantly
higher (P<0.05) elevated when compared to older rats.
A similar higher TAC level was in the hepatic tissue of HR
rats compared to the LR rats. It was shown that the adult
animals with LR had a minimum level of TAC in spring
and a maximum value in autumn. The adult rats with HR
maintained TAC with minimal fluctuations throughout
the year. It should be noted that the difference in TAC
was higher for the groups of the adult animals with HR in
winter, spring, and summer, which may indicate effective
mechanisms preventing the formation of reactive oxygen
species and systems of elimination thereof.
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doTonepioa-iHAykoBaHi 3MiHU GioMapkepiB OKCUAATMBHOrO CTpecy Yy LypiB
pi3HOro Biky Ta iHgMBiAyanbHOI i3ionoriyHoi peakTUBHOCTI

H. Kypeantok', I. TkayeHko', T. [Napmuka?
natalia.kurhaluk@apsl.edu.pl; halyna.tkachenko@apsl.edu.pl

"lHcTuTyT Gionorii Ta Hayk npo 3emnto, [Nomopcbka akagemis B Cnyncbky,
Byn. K. Apuiwecbkoro 226, M. Cnyncek, 76-200, Pecny6nika MNonbLua
2IHcTUTYT cinbebkoro rocnofgapctea Kapnatcbkoro perioHy HAAH,

Byn. pyweBcbkoro, 5, c. ObpolumHe, JbBiBCbka 0611., 81115, YkpaiHa

[ocnigpXeHHs BUKOHaHO ANs BUBYEHHS iHAYKOBaHUX choTonepiogom 3miH 6ioMapKepiB OKMCHIOBAINbHOMO CTPECY Y LLYPIB Pi3HOro Biky Ta
pi3HOI chisionoriYHOT peakTMBHOCTI, L0 OLHIOETBLCS 3a Pi3HOK0 CTiMKICTIO A0 rinokcii. Jocnig nposeaeHo Ha 96 wwypax-camusx niHii Bictap,
po3aineHux Ha 16 rpyn 3anexHo Big cTinkocTi Ao rinokcii (HP — Hu3bKopesncTeHTHi, BP — BucokopesncTeHTHi) Ta Biky (6 i 21 micsaup).
HocnimpkeHHs nposoguny B 4oTUpK hoTonepioan: 3uma (CiveHb), BecHa (bepeseHb), NiTo (MMneHb) Ta OCiHb (OBTeHb). Hukui piBHI Gio-
MapkepiB okucHioBanbHoro ctpecy (P<0,05) cnoctepirany y MOMOALLIMX LUYPIB MOPIBHSIHO 3i CTApLUMMK, @ TaKoX Y BUCOKOPE3UCTEHTHUX
NOPIBHAHO 3 HN3bKOPE3UCTEHTHUMU. Byno BUSIBNEHO, LLO PiBHi KIHLIEBOrO NPOAYKTY NEPEeKUCHOro OKUCHEHH: ninigis — TBK-npogykTis sk
OCHOBHWX iHAVKATOPIB OKMCHIOBAINbHOIO CTPeCy — 36iMbLUYOTLCS 3 BIKOM, @ BMNITKY Lie NP13BOAMTL A0 NOAAMBLLOIO NiABULLIEHHS MOPIBHAHO
3 iHWuMK ce3oHamn. Kpim Toro, Biomapkepu okucHioBanbHoro ctpecy 6ynu Huwkdumm (P<0,05) B3UMKY, HiX B iHLi C€30HU, 0COBNUBO
Yy BUCOKOPE3NCTEHTHMX LLypiB. PiBeHb 3aranbHoOi aHT1okucHIoBanbHOT akTMBHOCTI (OAA) y TKaHUHI NeviHKn B-micsayHmX WwypisB 6yB
BiporigHo BuwmM (P<0,05) nopiBHAHO 3i 3HAaYeHHAMU Y LypiB cTapLuoro Biky. MoaibHo, Buwmii piBeHb OAA Byno BUSBNEHO Y TKaHWHI
NeYiHKN BUCOKOPE3NCTEHTHMX LLYPIB NOPIBHAHO 3 HNU3bKOPE3UCTEHTHUMM. Y AOPOCNMX BUCOKOPE3UCTEHTHUX LLYypiB 3bepiraBcs BUCOKUI
piBeHb OAA i3 MiHiManbHUMK 3MiHamy BNPOAOBX PoKy. BapTo 3a3Haunty, wo pisHuusa B OAA Gyna BULLOIO ANS rpyn AOPOCIMX TBapUH
3 BMCOKOIO PE3VNCTEHTHICTIO [0 FMOKCii B3UMKY, HaBECHI Ta BIiTKY, LLIO MOXe BKasyBaTW Ha ePeKTVBHI MeXaHi3MW, LLO NepeLLKOAKaoTb
YTBOPEHHIO aKTUBHUX (DOPM KUCHIO Ta CUCTEMMU iX enimMiHaulii.

KnrouyoBi cnoBa: Lypi, CTiMKICTb A0 FNOKCIi, NeviHka, ce30Hu poky, rigponepekucu ninigis, TBK-npodykTw, 3aranbHa aHTUOKCUOAHTHA
akTuBHicTb (OAA)

Kurhaluk N, Tkachenko H, Partyka T. Photoperiod-induced alterations in biomarkers of oxidative stress in rats of different ages and individual
physiological reactivity. Biol. Tvarin. 2022; 24 (1): 11-18. DOI: 10.15407/animbiol24.01.011.
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FeHeTMYHa CTPYKTYypa yKpaiHCbKOI nonynsauili BoasHUX 6ynBonis

3a ISSR-PCR mapkepamu

H. b. MoxHa4o8a
nataliia.mokhnachova82@gmail.com

IHCTUTYT po3BeaeHHs | reHeTukM TBapuH imeHi M. B. 3ybus HAAH,

Byn. MorpebHsika, 1, c. YybuHcbke, Bopucninbcbkuit p-H, Kuicbka obn., 08321, YkpaiHa

BuBYEHHS BHYTPILLHEOBMAOBOI FEHETUYHOI PiIBHOMAHITHOCTI BENMKOI poraTtoi xygobw,

30KpeMa i BuaiB pogy Bubalus i3 nigpognHu BrkoBi, Mae BaxnmBe 3Ha4eHHA Yepe3 CKOPOYEHHS
Biopi3HOMaHITHOCTI Cinbcbkorocrnogapcbkmnx TBapmH. OCHOBOK rEHETUYHOI PI3HOMAaHITHOCTI € i
reHeTu4Ha ckrnagoea. Brparta micueBnx BUAiB Ta Nopig BENWKOi poraTtoi Xyaobu — pearnbHa 3a-
rposa ansi 6iocdepwu, 60 CTiIMKICTb BiATBOPEHHSI NPUPOAHUX EKOCUCTEM i arpoekocucTeM 6esno-
cepenHbO MoB’si3aHa 3 IXHbOK FEHETUYHOIO 30aTHICTIO MPUCTOCOBYBATUCS 40 YMOB 30BHILLHBLOIO
cepeposuLa. NpoaHanizoBaHo noniMopdiam ISSR-mapkepiB ykpaiHCbKOI nonynsiuii BOASHNX
6yvieonie (Bubalus bubalis) 3 rocnogapctea TOB « TACBIO» (YepHiriscbka 06n.). [ns gocnigkeHHs
Oyrno BigibpaHo 66 TBapuH. 3pasku reHomHoi [JHK BuaineHo 3 BEHO3HOI KpOBi 3@ 4OMOMOrO
cTaHgapTHoro Habopy peareHTiB «[JHK-cop6-B». MeHOTMNYBaHHA NpOBOAMMAN 3 BUKOPUCTaH-
HaM cneumdivHux ISSR-npanmepiB: (ACC)G, (GAG):C, (AG)C, (CTC)C, (AG)CA, (AG)CG
i (GA);,CC. KoxeH amnnikoH posrnsganu sik oamH nokyc AHK. PisHuuto cnekTpis Bu3Havanu
SIK 3@ KiNIbKICTIO aMMiKOHIB, IX JOBXMHAMM (KINbKICTb HYKNeoTuAaiB), Tak i 3a iX nonimopdiamom.
Y pesynbrarti JocnigKeHHs BCi Npanmepu nokasanu nonimopdiam ginsHok OHK 6yrisonis. Amn-
NikOHW BM3Ha4anu B gianasoHi Big 200 go 4000 n.H. AHani3 ISSR-cniekTpiB BusBMB 87 NOKYCIB,
3 akux 71 nonimopdpHun. (AG)sCA-mapkep BusiBUBCA HanmeHLw nonimopdHum (PIC=0,234),
a (CTC)sC — Hamnbinbww nonimopcHum (PIC=0,389). KoHcepBaTMBHi JTOKYCU 3HaNOEHO y YOTu-
pbox ISSR-mapkepiB: wicte — y (AG)sCA-mapkepa, n'sste — y (AG)sCG, 4otmpn — y (GA)sCC
Ta ognH — y (AG)sC. [nsa ykpaiHcbkoi nonynsauii BoasHux Oyneonis BusBneHo 67 BuaocneLm-
divHmx nokycie: 10 — ansa (AG),C, Tpn — anga (ACC)sG, 4otmpn — gnsa (GAG)sC, cim — gns
(CTC)C, 15 — ana (AG)sCAino 14 —y (AG);CG i (GA)sCC. BukopuctaHi ISSR-npavmepwm
pPEKOMEHO0BaHI AN MOSEKYNsSpPHO-reHETUYHOro aHanisy nonimopdiamy AHK Gyneonis.

KniouoBi cnoBa: 6yriBonu, reHeTndHa cTpykTypa, AHK, nonimopdiam, mapkepy, ISSR,
FNIOKYCU, MONEKYNAPHO-reHETUYHMI aHani3

MOHITOPUHI reHeTUYHOro noniMopadiamy NonynsLin
€ HagBaXXNMBUM ANA 30epexeHHs Ta BiATBOPEHHS
CinbCbKOrocnogapcbkmMx TBapWH, OCKifbKK 3a iHdop-
mMauieto PAO B cepegHbOMY 3a MicsiLb NHOACTBO BTPa-
Yae ogHy nopogy. g 3arpo3oto 3HUKHEHHS OMMHUMCH
MiCLIeBi MOPOAM CiNbCbKOroCcnoAapChknx BUAIB TBAPVH,
AKi MaloTb Y CBOEMY reHOMI pigkicHi aneni, acouiioBaHi
3 NPUCTOCYBAHHSAM [0 YMOB HABKOMULUHLOIO cepeno-
Bua [4]. CkopoveHHs1 6iopiBHOMAHITHOCTI CiNlbCbKO-
rocnofapcbkux TBapuH BigOyBaETLCA YepPe3 HEKOHTPO-
NbOBaHy 3aMiHy MiCLeBUX NOpig HEBEMMKOHD KifbKICTHO
TpaHcHaujioHanbHuxX [12]. OcHOBHOK Npu4nHoto 36epe-
YXEHHS MICLIEBMX MOPIA € YHIKaNbHICTb iX FTEHETUYHOI
cTpykTypy [5]. ToMmy HeobxiaHO ymoBoOw Ans 3anobi-

The Animal Biology, 2022, vol. 24, no. 1

raHHs BTpPaTW rEHETUYHOI Pi3HOMAaHITHOCTI € MPOBEAEHHS
FEHETUYHOrO MOHITOPUHIY CiflbCLKOroCrnofapChbknx BUAIB
Ha MONEKYNAPHOMY PiBHi.

BuBYeHHS reHeTNYHOI CTPYKTYpu BigbyBaeTbCH
nepeBaXxxHO 3a MikpocaTeniTHMMK nokycamm ta QTL-
mMapkepamu [5]. IMpoTe ogHMM 3i 3pyYHUX METOAIB BU-
pileHHs uiel npobnemun € amnnidikaList Mixkmikpocare-
niTHUX cdparmenTis AHK, posTawwoBaHux Mix ABoma
iHBepTOoBaHMMM SSR-nokycamu reHomy (ISSR-PCR).
Llen metoq novas possusatucs y 1994 p. i otpuman
LLUMPOKE PO3MOBCIOMKEHHS B HaLw Yac [13]. Ak npanmepwn
ansa ISSR-aHanisy nonimopdiamy JHK B1ukopnctoBytoThb
KOPOTKi AN- | TPUHYKNEOTUAHI MiKpocaTeniTHi NOBTOPM.
Taki npanmepn [o03BONATL aMmnnichikyBath oparMeHTH
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OHK, poamiweHi mixk gBoma 6rm3sko po3TalloBaHUMU
iHBEPTOBaHUMM MiKpocaTernitTamm (nepeBakHo Lie yHIKarb-
Ha OHK). Y pesynbrati amnnicpikyeTbCa Benmka KinbkicTb
doparMeHTiB, AKi BUSBMAOTLCA Ha enekTpodoperpami
anckpeTHUMU cmyxkkamu (ISSR-giHrepnpuHTHHT).
OtpumaHi natepHun MJIP-npoaykTiB BMagocneumiyHi
i HAanNexaTtb 4O MapKepiB JOMIHAHTHOrO TUMY ycnagky-
BaHHS, NoniMopdiam SIKMX BU3HAYaETLCH 3a HAsIBHICTIO
Yum BIOCYTHICTIO CMYXKM. [nst cTBopeHHs ISSR-mapkepis
He NOTpibHe 3HaHHSA HYKNeoTMAHOI NOCNIAOBHOCTI OO-
cnimkysaHoi IHK. Y reHomax TBapvH € Benuvka KinbKicTb
MiKpocaTeniTHUX NOBTOPIB, LLO PoBUTL Lier MeToq 3pyyd-
HUM Onsi reHeTUYHOro aHanisy [2, 8]. Takox metog ISSR-
aHanisy rapHo BiATBOPIOETLCS | MOXe OyTW BUKOPUCTaHWIA
ONs1 BUBHAYEHHSA MiXKBMOOBOI Ta BHYTPILUHBOBUAOBOI
reHeTU4HOI MiIHNMBOCTI, ineHTudiIKauii rpyn pocnuH
i TBAPWH PI3HOrO TaKCOHOMIYHOIO paHry, a iHKonu 1 ang
iHOMBIAyanbHOro reHoTunysaHH4 [1, 3, 9, 10].

3a KOpAOHOM i3 BUKOPUCTAHHAM MOJIEKYISAPHUX
MeTOoAIB aHanidy JOCHiMKYOTb NepPeBaXXHO EBPOMNENCHKI
BMOW TBapwH. binblua YactMHa micueBux abopureHHMX
nopig i BuAjiB Ha MoNeKkynspHO-reHeTUHHOMY PiBHI Npak-
TUYHO He gocnigkeHa. Cepen HUX — i yKpaiHCbka nony-
nsuist BogsHuMx OyriBonis.

B YkpaiHi ByrBoniBHUUTBO — AaBHSA TpaguvuinHa
ranysb TBApUHHULTBA KPUMCBKMX TaTap Ta PyCUHIB
BakapnatTs. lNepeBaxHo «ykpaiHCbki» GynBonu Harne-
XaTb o Oyreorna piukoBoro (river buffalo), po3BogaTb
TX MOFOYHOro Ta M’ACHOIO HaNpsiMy NPOAYKTUBHOCTI.
ByirBonn — gpeBHi TBApUHU, AKi HanexaTb 40 poay
BukiB (Bos), BUOKpEMIIEHi y caMOCTilHMI pig Oyneonis
(Bubalus) Ta posaineHi Ha Tpu OKpeMnx poau: aHoa,
asiaTcbki Ta acppykaHcbki Oyrieonu. OgomaluHeHi dopmm
ByriBoniB HanexaTtb A0 asdiatcbkux. OcTaHHiM YacoMm
3a KOpOOHOM CTanv NpucBsYyBaTh Oinblue yBarn uym
TBapuHam. Lle ocobnmneo NOMITHO y Takux KpaiHax, sk
IHaisa, €rvneT Ta Itania. B YkpaiHi x icHye ekonorivyHa
iHiLiaTMBa «36epexeHHs arpobiopizHomaHiTTs Kapnart-
CbKMX rip», CNpsiMOBaHa Ha BigHOBMEHHS NONynALjii Kap-
naTcbkmx Gyneonis [6, 7].

MeToto uboro gocnigKeHHs € aHania nonimopdiamy
ISSR-MapkepiB i reHETUYHOIO Pi3HOMAHITTS YKpaiHCLKOT
nonynsuii BogsaHux GyrnBoni..

MaTtepianu i meToaun

Byno gocnigpxkeHo 3pa3km BeHO3HOI kKpoBi (N=66) Big
BoasHux byneonis (Bubalus bubalis) 3 rocnogapcrea
TOB «TACBIO», YepHiriscbka 06n. (puc. 1). ToBapucTeo
cneuianisyeTbCs Ha po3BedeHHi ByBONIB | BUTOTOBINEHHI
NPOAYKTIB XapyyBaHHSA 3 MOsioka 6yneonuLb.

MornekynapHO-reHeTUYHiI JOCHiAKEHHA NPOBOAUIIN
Ha 6a3i nabopatopii reHeTuKN IHCTUTYTY pO3BEOEHHS
i reHeTukn TBapuH imeHi M. B. 3ybus HAAH. NeHom-
Hy OHK 3 uinbHOT KpoBi BUAINANM i3 BUKOPUCTAHHAM
cTaHZapTHOro komepuinHoro Habopy «JHK-cop6-B»
(BupobHuuTBO AMMTiCeHe, LIHII enigemionorii M3 PO,
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Puc. 1. doTo BogsiHux byisonis (Bubalus bubalis) TOB « TACBIO»
(Yepwiriscbka 06r1.)

Fig. 1. Photo of water buffaloes (Bubalus bubalis) TASBIO” LLC
(Chernihiv region)

P®). KoHueHTpauito otpumaroi AHK B oTprmaHomy
npenapaTi BU3Ha4anu B arapo3HoOMY refi, MOpiBHIOKYM
SICKPaBICTb CMY>XOK aHanisaoBaHMX pparMeHTiB i cTaH-
naptHoro npenapaty OHK (dpparmeHTn dara A).

Cymiw ans npoBegerHs MNP mictuna: 2 mkn 3a-
ranbHoro 6ycdepa ana AHK-nonimepasu, 1 Mkn cymiwui
Tpudpocdaris (AmnniceHc, P®), 0,8 mkn BignosigHo-
ro npanmepa, 0,2 mkn OHK-nonimepasu (Fermentas,
Jutea). NeHomuy OHK nogasanu y kinbkocTi 1,5, 06’em
OHK-cymiwi ctaHosme 10 mkn. AMnnidpikaito cymapHoi
OHK 3 npamepamu npoBoaunun Ha NporpamMmoBaHo-
MYy YoTupuKaHanbHOMy Tepmouunkni «Tepumk» (JHK-
mexHornozis, PO).

OocnigxeHHa nonimopadisamy pparmeHTis JHK,
donaHKoBaHUX iHBEPTOBaAHMMW NMOBTOPaMK MikpocaTeniT-
Hux nokycis (ISSR-PCR mapkepu), BUKOHyBanu ctaH-
AapTHM Metogom [13]. Ak nparimepu BUKOPUCTOBYBa-
nn mikpocateniTHi nocnigosHocTi: (ACC)sG, (GAG)sC,
(AG),C, (CTC)sC, (AG)sCA, (AG)sCG i (GA)CC, ski
BBa)XkaloTb HanbinbL iHopmaTmeHMMM (Tabn. 1).

Tabnuus 1. MNMocnigoBHOCTI NpaiMepiB, BUKOPUCTAHUX Y JOCTIMKEHHI
Table 1. The primers sequences used in the study

Motus
Motive

MocnigoBHicTb Nparimepa
Primer sequence

t Bunany
t of firing

5'-ACCACCACCACCACCACCG-3' (ACC)G 64°C

5'-GAGGAGGAGGAGGAGGAGC-3' (GAG):C 64°C
5'-AGAGAGAGAGAGAGAGAGC-3' (AG),C 57°C
5'-AGAGAGAGAGAGAGAGCG-3' (AG)sCG 56°C
5'-GAGAGAGAGAGACC-3' (GA)CC 54°C
5-CTCCTCCTCCTCCTCCTCC-3' (CTC),C 64°C

5'-AGAGAGAGAGAGAGAGCA-3' (AG)sCA 54°C
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®pakujioHyBaHHSA NpoayKTiB amnnidikadii nposogunu
B 2% araposHomy reni B 1XTBE-0Oydepi 3a Hanpyru
90 B (TpuBanictb chope3sy 2 rog.). [Ansa ouiHKM JOBXUHN
npoayktis MNJIP Bukopuctosysanu [HK-mapkep mone-
kynapHux mac 1 Kb Ready-to-Use (Fermentas, Jlutsa).
IHTepnpeTauito NpoaykKTiB amnnidikauii 3gincHoBanm,
doTorpadytouu reni LMPOoBOK Kameporo Nif KopoT-
KOXBUMBbOBUM YrbTpadioneToBUM BUNPOMIHIOBAHHAM
Ha TpaHcintomiHaTopi nicns dapbyBaHHs rento Gpomuc-
TUM eTuaieM.

KoxeH amnnikoH po3rnaganu sk oauH JOKycC
OHK. MapameTpu reHeTMYHOro pisHOMaHITTS BU3Ha-
Yanu 3a JonoMoror Komn'toTepHoi nporpamu Micro-
soft Excel.

Pe3ynbratn 1 06roBopeHHs

BukoHaHO aHani3 reHeTUYHOT CTPYKTYPU BOAAHNX
oywneoniB (Bubalus bubalis) 3a BAKOPUCTaAHHAM ceMU
ISSR-cuctem Ha ocHoBi Takux MikpocateniTis: (ACC)sG,
(GAG)sC, (AG),C, (CTC)sC, (AG)sCA, (AG)sCG Ta
(GA)sCC (pwuc. 2).

Y pocnigxeHin nonynsauii 6yrnBonie cnekTpu npo-
OyKTiB amnnidpikauii 3a BukopuctaHHsi ISSR-nparimepis
(ACC)G, (GAG)C, (AG)C, (CTC)C, (AG)CA, (AG)CG
Ta (GA)sCC cyTTEBO BiApI3HANMCHA OAWH Big OQHOrO.
PisHuuto cnekTpiB BU3Ha4Yanm sk 3a KinbkicTio amnni-
KOHIB, iX AOBXMHaMM (KINbKiCTb HyKIeoTuaiB), Tak i 3a
noniMopgiaMom.

3a gornomoroto MikpocateniTHux npanmepis (ACC)sG,
(GAG)sC Ta (CTC)sC 6yno BMsSBNEHO BIgNoBIgHO CiM,
n'aTb Ta 10 NOKycCiB, AKi BUSBUIUCb NONIMOPQHUMMU.
PewwTa npanmepis ganu Taki pesynstatu: 3a (AG),C

(ACC):G (GAG):C

(AG);CG

(GA),CC

The Animal Biology, 2022, vol. 24, no. 1

Ta (AG)sCA — 15 ta 20 nokycis (no 14 noniMmopdHuXx),
3a (AG)sCG — 16 nokycis (11 nonimopdHux) i (GA);CC
aaB 14 nokycis, 3 9KMX NONIMOPOHNMU BUABUNINCH
10 doparmeHTiB. AMMNNIKOHM BUSABIEHI B AianasoHi Big
200 o 4000 n.H. (Tabn. 2).

YacTtoTta doparMeHTiB CyTTEBO 3anexana Big ISSR-
npanmepa, skui 6paB y4acTb y noriMepasHin naHLo-
roBin peakuii. Tak, y npogyktax amnnidikauii, oTpuma-
Hux 3a gonomorot (AG)sCA nparimepa, dparmeHT
530-550 n.H. BMABNANM y BCIX AOCAIOKEHWNX TBAPVH.
3 Bucokoto Yactototo (0,8) Lewt aMmnnikoH BUSIBNEHO 3a
amnnidikauii 3 (ACC)sG Ta (GA)sCC. 3a Bukopucran-
HA (GAG)sC, (AG),C, (CTC)C, (AG)sCG Ta (GA)CC
Len pparMeHT He TpannaeTbes. [1o amnnikoHiB 3 Han-
GinbLIOK YacToTo HanexuTb Takox 380—400 n.H.
Lle doparmeHT € y BCiXx TBapWH 3a BUKOPUCTAHHS
(AG)sCG Ta (GA)sCC. 3HauHo pigwe (0,1) BiH Tpanns-
etbesa y (CTC)sC (0,6), (ACC)G (0,5), (AG)sCA. Mown-
peHumMn Takox € doparmeHTn 520-500 Ta 870-820 n.H.
Y cnektpax amnnidikaii 3 (AG)sCA Ui aMniikoHu € Y BCiX
TBapuH. Takox 100% TBapmH Manu amnnikoH 520-500 n.H.
3a (AG),C i (AG)sCG.

[ns BU3HaYeHHs1 reHEeTUYHOT PI3HOMAHITHOCTI MomMy-
nauii BogsiHux 6ynsonis 6yno BUKOPUCTaAHO MeToau
OLiHKM Ha nonynsAuinHomy pisHi. ¥ Tabn. 3 HaBegeHo
MOKa3HWKM reHETUYHOT MIHMWMBOCTI AOCHIOKEHOT Nonynsuji
BoAsiHWX Bywvsonis (Bubalus bubalis) TOB « TACBIO»
(n=66) 3a (ACC):G, (GAG)sC, (AG),C, (CTC)sC, (AG)CA,
(AG)sCG Ta (GA)CC.

3aranom 3a ciMoma npanmepamu y CrekTpax amniii-
dhikauii Oyno otpumaHo 87 nokyciB, 3 Skunx 71 BUSBMBCH
nonimopdHuM. 3aranbHa YacTtka noniMopgHMX NOKYCIB
ctaHoBuna 81,6%, cepegHe 3Ha4yeHHs iHaekcy PIC
3a cimoma npavimepamu — 0,321.

(AG),C (AG),CA
Puc. 2. EnektpodopeTnyHi
cnekTpu ISSR-amnnigikauii
3 [1HK 6ynBonis
3a BMKopucTaHHs ISSR-nparimepis:
(ACC),G, (GAG):C, (AG),C,
(CTC)C, (AG)sCA, (AG)sCG
Ta (GA);CC
Fig. 2. Electrophoretic spectra
of ISSR amplification from buffalo
DNA using ISSR primers:
(ACC)sG, (GAG)sC, (AGC,
(CTC)C, (AG)sCA, (AG)sCG
(CTC):C and (GA)sCC
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Tabnuus 2. Yactotu cpparmenTiB ans ISSR-npavimepis: (ACC)sG, (GAG):C, (AG),C, (CTC)sC, (AG)sCA, (AG)sCG Ta (GA)sCC
ans nonynsuii BogsHux Gyneonis

Table 2. Slice frequencies for ISSR-primers (ACC)sG, (GAG)sC, (AG),C, (CTC)sC, (AG)sCA, (AG);CG and (GA)sCC

for the water buffalo population

Poamipu cdoparmeHTiB

Fragments dimensions (ACC)G (GAG)sC (AG),C (CTC)sC (AG)sCA (AG)sCG (GA)CC
3100-4000 0,20
30002600 0,10
2500-2300 0,10
2100-2000 0,30 0,70
1900-1800 0,10
1750-1700 0.70
1650-1600 0,50
1550-1500 0,60 0,90 0,80
1450-1400 0,90 0,80 0,40
1350-1300 0,30 0,90
1290-1240 0,60 0,80 0,80
1230-1180 0,80 0,80
1170-1120 0,60
1110-1060 1,00 1,00
1050-1000 0,10 0,70 0,60 0,80 0,90
990-940 0,20 0,70 0,20
930-880 0,80 0,50
870-820 0,40 0,10 1,00 0,50
810-760 0,40 0,40 0,80 0,90
750-720 0,50 0,20 0,50 0,90
710-680 1,00 0,80
670-640 0,90 0,20 1,00
630-600 0,70 0,90
590-560 1,00
550-530 0,80 1,00 0,80
520-500 1,00 1,00 1,00 0,70
490-470 0,30 1,00 0,90 1,00
460-440 0,50
430-410 0,60 0,10 1,00
400-380 0,50 0,60 0,10 1,00 1,00
370-360 0,80
350-340 0,30
330-320 0,70 0,20 1,00
310-300 0,30 0,50 0,70
290-280 0,50 0,40
270-260
250-240 0,10
230-220 0,60
210-200 0,50 0,80
180-160
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Tabnuua 3. MNonynsuiiHo-reHeTNYHa xapakTepucTika bynBonis ykpaiHCbKOI nonynsuii 3 BukopuctaHHsam ISSR-npanmvepis:
(ACC)sG, (GAG):C, (AG)C, (CTC)sC, (AG)sCA, (AG)sCG Ta (GA),CC
Table 3. Population-genetic characteristics of water buffaloes of the Ukrainian population using ISSR-primers:

(ACC)sG, (GAG)C, (AG),C, (CTC):C, (AG)sCA, (AG),CG and (GA)s

Jlokycis / Loci
ISSR-cuctema

CcC

ISSR system n BUSIBIIEHUX % noniMopgHMX e N. PIC =
detected % polymorphic
(ACC)sG 66 7 100 0,817 0,371 0,309 0,299 —
(GAG),C 66 5 100 0,720 0,48 0,290 0,367 —
(AG),C 66 15 93,33 0,692 0,507 0,290 0,347 1
(CTC),C 66 10 100 0,648 0,536 0,256 0,389 —
(AG)sCA 66 20 70 0,425 0,675 0,153 0,234 6
(AG)sCG 66 16 68,75 0,337 0,775 0,149 0,290 5
(GA)CC 66 14 71,43 0,321 0,800 0,152 0,318 4
lMpumimka. H, — ovikyBaHa retepo3unroTHicTb, N, — cepefHs KinbKiCTb anenis Ha Nokyc, | — inaekc reteporeHHocTi LLleHHoHa,
PIC — ingekc nonimopdiamy nokycy, K — KinbkiCTb KOHCEpBaTUBHUX FTOKYCIiB
Note. H, — expected heterozygosity, N, — average number of alleles per locus, | — Shannon heterogeneity index,
PIC — locus polymorphism index, K — number of conservative loci
BucHoBKu

HanmeHw nonimopcHum 6ys (AG)sCA-mapkep —
iHOekc noniMopdHOCTi 3a HUM cTaHoBMB 0,234. Came 3a
LuuM npanmepom Byno BUsBNeHO HanbinbLLy KinbKiCTb
(K=6) koHcepBaTMBHMX JTOKYCIB, siki nepebyBanu B Me-
Xax 470-490, 500-520, 530-550, 680-710, 820-870,
1060—-1110 n.H. 3aranom KOHCepBaTUBHI JTOKYCK 3Ha-
naeHo Le B Tpbox ISSR-mapkepiB: m’ate — y (AG);CG,
yotupn — y (GA)sCC T1a oguH — y (AG),C.

Pasowm i3 3aranbHUMK nokycamu, B HaloMy Jochi-
DXeHHi BusiBreHi i BugocneumdidHi doparmeHTu. ns su-
3HaYeHHs BUAoCNeungiYHOro natepHy B 0OgOMaLLHEHNX
BMAiB Byno 3anponoHOBaHO BUKOPUCTOBYBaTH NuLLe
dparmeHTn, sKi TpannaTbesa 3 YactoToro >0,4 [11].
Tomy Ang ykpaiHCbKOi nonynsuii BOASHUX 6yneonis
BusBneHo 10 BuagocneumdivHux nokycie ans (AG),C,
TP — ansa (ACC)sG, yotnpn — ana (GAG)C, cim —
ansa (CTC)C, 15 gna (AG)sCA, Ta no 14 y (AG);CG
i (GA)sCC (puc. 3).

M (ACC)G M(GAG)C (AG,C  IM(CTC)C (AG),CG (GA),CC

16 -
14 4

Kinbkictb nokycia / Number of loci Bupocneumdiuni nokyc / Species-specific loci

Puc. 3. Po3nogin ISSR-cbparmeHTiB 3a BUBYEHUMU Npanmepamu
yKpaiHCbKOi nonynsuii BoasiHWx byriBonis

Fig. 3. Distribution of ISSR fragments according to the studied primers
of the Ukrainian water buffalo population

The Animal Biology, 2022, vol. 24, no. 1

1. BukopuctaHHs ISSR-cuctem gocutb Baromo
36inbLUye MOXNMBOCTI FEHETUYHOIO aHani3y nonynsAuin
Ta JO3BOMISIE BCTAHOBUTU BHYTPILLIHLONONYNASAUIAHY
MIHITMBICTb OKpPEMMX AINSHOK reHOMY.

2.1SSR-cuctemm (ACC)G, (GAG)C, (AG),C, (CTC)C,
(AG)sCA, (AG)sCG Ta (GA)sCC Buasunu gocraTtHin
piBeHb noniMopdiamMy Ans BUBYEHHS BHYTPILUHbO-
BMOOBOT MIHMMBOCTI YKpaTHCBbKOT Nonynsauii BoasHUX
OyrBonis..

3. 3aranom 3a cimoma nparimepamu B criekTpax
amnnidpikauii 6yno otpumaHo 87 nokycis, 3 Aknx 71 Bu-
SIBUBCS NorniMopdHUM. 3aranbHa Yactka noniMopgHMX
nokycie ctaHosuna 81,6%, cepegHe 3Ha4YeHHs iHOEKCY
PIC 3a cimoma npanmepamm — 0,321.

4. HanmeHw nonimopHum sussuscs (AG)sCA-
mapkep (P1C=0,234), B (ACC)sG 6ynu HarBuLLi NoKa3-
HUKW piBHSA reTeposuroTHocTi (0,817) Ta reHeTu4HoI
GiopisHomaHiTHocTi (1=0,309).

5. Oinsa ykpaiHcbkoi nonynsuii BogsHux Oyrneonis Bu-
sieneHo 10 nopogocneundivHmx nokycie anst (AG)C,
Tpu — ans (ACC)sG, yotupu — ana (GAG)sC, cim —
ana (CTC)C, 15— gna (AG)sCAino 14 —y (AG);CG
i (GA)sCC.

MepcnekTuBKM NoganbLUMX AOCHiAXKEeHb

3annaHoBaHO JoCnianTK aHani3 kapiotuny ykpa-
THCbKOI nmonynsauii BogsHux Bynsonie 3 rocnogapcTea
TOB «TACBIO» (YepHiriBcbka 06n.) Ta gocnigKeH-
HS FeHiB, acouinoBaHMX 3 rocnoaapCcbKO-KOPUCHUMN
Oo3Hakamu,
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Genetic structure of the Ukrainian water buffalo population by ISSR-PCR markers
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The study of intraspecific genetic diversity of cattle, including species of the genus Bubalus from the subfamily Bull, is important
because of the reduction of biodiversity of farm animals. The basis of genetic diversity is its genetic component. The loss of native
species and breeds of cattle is a real threat to the biosphere, as the resilience of natural ecosystems and agroecosystems is directly
linked to their genetic ability to adapt to environmental conditions. Polymorphism of ISSR-markers of the Ukrainian population of
water buffaloes (Bubalus bubalis) from the farm of “TASBIO” LLC (Chernihiv region) was analyzed in 66 animals selected for the study.
Genomic DNA samples were isolated from venous blood with a standard set of reagents. Genotyping was performed using specific
ISSR primers: (ACC)sG, (GAG):C, (AG),C, (CTC)sC, (AG)sCA, (AG)sCGand (GA);CC. We determined the difference in spectra both
by the number of amplicons, their lengths (number of nucleotides) and by their polymorphism. As a result of the study, all primers
showed polymorphism of buffalo DNA regions. Amplicons were defined in the range from 200 bp up to 4000 bp. Analysis of ISSR
spectra revealed 87 loci, of which 71 were polymorphic. (AG)sCA-marker was the least polymorphic (PIC=0.234), (CTC)sC the most
polymorphic (PIC=0.389). Conservative loci were found in four ISSR markers: 6 in (AG)sCA marker, 5 in (AG)sCG, 4 in (GA)sCC, and
1in (AG),C. 67 species-specific loci were identified for the Ukrainian water buffalo population: 10 for (AG),C, 3 loci for (ACC)sG, 4 for
(GAG),C, 7 for (CTC)sC, 15 for (AG)sCA, and 14 in (AG)sCG and (GA)sCC. The ISSR primers used are recommended for molecular
genetic analysis of buffalo DNA polymorphism.

Key words: buffalo, genetic structure, DNA, polymorphism, markers, ISSR, locuses, molecular genetic analysis
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PO34MHHICTb NpoTeiHy KopMmiB

AIK iHAUKaTOp nepeTpaBHOCTI i AOCTYNHOCTI
NOXWBHUX PEYOBUH B pauioHax 6yranuis

B. C. Kosup, B. I. Nempenko, I'. I. imys, A. H. MaticmpeHko

izkz003337@gmail.com

HepxaBHa yctaHoBa «IHCTUTYT 3epHoBUX KynbTyp HAAH»,
Byn. Bonognmupa BepHapcbkoro,14, m. [iHinpo, 49027, YkpaiHa

JocnigpkeHHsa BUKOHAHO Ha Byranusix YepBOHOI CTENOBOI NOPOAU 3 AyoaeHanbHUMN

Ta ineouekanbHMMN aHaCTOMO3aMK 3a 3rof0BYBaHHS! i30€HEPreTUYHNX, i30NPOTETHOBUX CiHO-
KOHLIEHTpaTHMX paLioHiB 3 Pi3HUM piBHEM po3vMHHoro npoteiny (P4YCIll) i poswennioBaHoro
npoteiny (PwCIT). BuByanu nepetBopeHHs cyxoi pevoBuHu (CP), opraniyHoi pevosuHu (OP),
cuporo npoteiHy (CI), cupoi 3onm (C3), cuporo xupy (CXK), cupoi knitkoBmHn (CKn) Ta Ges-
a30TOBUX EKCTPaKTUBHUX peyoBuH (BEP) okpemo y cknagHoMy LwinyHKy, ToHkomy (THK) Ta
ToBcTOMY (TcK) Bigginax KMwe4yHuKy. 3acBOEHHSI MPOTETHY TBapMHaMM OLLiHIOBAnNM 3a Kifb-
KiCTio noro, nepeTtpaeneHoro B THK, a HeNnpoayKkTMBHI BUTPaATU — 3a YacCTKOK a30Ty Ceui.
PauioHun cknaganucs 3 ciHa CTOKOMOoCy, ropoXoBoi AepTi, MiHepanbHUX o6aBok. Pi3HOi Kinb-
kocTi P4CIl1 B pauioHax gocsaranv 3rogoByBaHHSAM HaTypanbHOI FOPOXOBOI AepTi (KOHTPOrb)
Ta AepTi 3 NpoXxapeHoro ropoxy 3a temnepatypu +105°C (gocnig). 3a 3rogoByBaHHS pauioHy
3i 3HMKeHuM piBHem PYCIT ta PwCIl Buauma iHTEeHCUBHICTb TpaBNeHHs 3HUXyBanach, Lo
NPOSABAIANIOCH B AELLIO MEHLLIN KiNIbKOCTI CMOXMUTOrO KOPMY, B MEHLLIN KiNbKOCTI AyoaeHanbHoro
Ta ineouekanbHOro xiMycis. Y cknagHomy LWNYHKY nepetpasHicTb Cl Ha gocnigHoOMy pauioHi
3i 3HWXKeHum piBHeM P4YCI1 6yna Ha 10% Hux4ow. Ha KOHTPONbHOMY pauioHi 3 BUCOKUM
piBHeM P4YCI1 6inbLe poswenntoBanock Cl1i go THK Hagxogmno Ginblie aMOoHINHOIo asoTy.
HoctynHicte CI ana nepetpasnioBaHHA B THK Ha gocnigHomy pauioHi 6yna Ha 5,8% BuLLoH,
NpoTK KOHTpPonto, 3a Binbwoi Ha 8—10% nepetpaBHocTi CP, OP ta CI1, ane Hux4oi nepe-
TpaBHocTi C3 Ta Cx. Y TcK nepeTpaBHICTb NOXUBHUX PEYOBMH Ha BMBYEHMX paLioHax marna
pi3HOCMPAMOBaHUIA xapakTep. Ha KOHTpornbHOMY pauioHi 3 niasuwieHMM piBHem P4YCIl Binby-
BarioCb 3HELiHEHHS 3Ha4YHOT YaCcTUHM NPOTeiHy KopMiB BHacnigok Ha 40% GinbLUoro BuBegeHHs
3 cevelo asoTy y BUMISIAI CEHOBUHM.

Knro4yoBi cnoBa: opraHiyHa pe4oBurHa, NPOTEIH, PO3YNHHICTb, XNP, KNiTKOBUHA, BEP,
nepeTpaBHiCTb, CKNaaHWI LUMYHOK, TOHKUIN KNLLIEYHUK, TOBCTUN KULLEYHUK

B ocTaHHi gecatumpiydst iH-TEHCMBHO BMBYaKOTb MO-
Tpebu i 4OCTYNHICTb NOXMBHUX PEYOBUH ONS BEMUKOT
poraToi xygobu, ocobnmeo cuporo npoteidy [1, 6, 13,
15, 18-21]. BcTaHoBneHO, WO AKICTb NPOTEIHY KOPMIB,
a came 1oro po34MHHICTb Y BOOHOMY cepenoBuLLi, Mae
BaXXNMBE 3HAYEHHS Ansi ePEKTUBHOIO BMKOPUCTAHHS
NOXMBHUX PEYOBUH KOPMIB XYNHUMU TBapuHamu [14,
19, 21]. Noka3HUK PO3YNHHOCTI MPOTEIHY KOPMIB TICHO
KOpentoe 3 posLLensieHHs M NpoTeiHy B nepeaLunyHKax
i H/XKYe po3TalloBaHUX Bigdinax TpaBHOMO TpakTy Benu-
KOI poratoi xyaobu Ta iHWKX XyrnHUX. BBaxkaeTbcs, Wo
Mavbke BECb PO3YMHHMI NPOTETH KOPMIB PO3LLENIOETb-
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€A y nepefLunyHkax TBapuH i 3@ HasBHOCTI 4OCTaTHLOI
KiNTbKOCTi eHeprii BXoguTb Y MikpOOHWUI Binok, skunm €
BaXKINMBMM JpKepenoM noBHOLIHHOTO Birnka Ans TBapuH.
Cnoctepiranu, Lo 3a 36inbLueHHs KinbkocTi CI B pauioHi
i MOro PO34YNHHOCTI, a Takox KinbkocTi ClM ta PYCI1 Ha
O4MHULIO eHeprii abo aediumnTi eHeprii, epeKTUBHICTb
BUKOpPUCTaHHA kopMoBoro Cl1 3HWXKyeTbCA BHACNIAOK
MOro po3aLLUenieHHs y nepeaLunyHkax. MNpm Lbomy 3HayHa
MOro YacTuHa He TPaHCOPMYETLCS Y MIKPOBHUIA GINok,
NPOXOAAYM CTagii YTBOPEHHS amiaky, MoTamiHOBOI KUC-
NOTU Ta CEYOBMHU, BUBOOUTLCH 3 OPraHiamy 3 ceveto
[4,9, 11, 14, 22]. To6TO BiaOYBaOTLCA HEMNPOQYKTUBHI
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BMTPAaTU KOPMOBOTO NpoTteiHy. OTXe, PO3YMHHICTL Npo-
TEIHY € BaXXIMBOK XapaKTEPUCTUKOI BifTkoBMX KOPMIB
i il HeOBXigHO BpaxoByBaTK Y CKIadaHHi pauioHis, 0cob-
NVBO ANl BUCOKOMPOAYKTUBHUX TBAPWIH.

Mpote y GinbLOCTi JOBIAHMKIB Y cUCTEM rogieni,
30Kpema 1 BUaaHnx B OCTaHHi poku B YKpaiHi, BBEAEHO
MOKa3HWK PO3LLENIIOBAHOIO i HEPO3LLENSIOBAHOMO Npo-
Teiny [2, 7, 8, 13, 16, 20], ane npakTn4HO BIACYTHI AaHi
LLOa0 BMICTY PO3YMHHOIO i PO3LLENOBAHOMO NPOTEiHY
B KOPMaX, HaBIiTb B OCTaHHIN 6agsi 4aHWX XiMiYHOro cKrnagy
kopmiB 3a 2009 p. [3].

Ha Hawuy oymKy, BaXKnmBILLUM € NMOKa3HWK PO34NMHHOC-
Ti NpOTEIHY, a He po3aLLenneHHs. NMo-nepLue, PO3YNHHICTb
nNpoTeiHy KOpMy € NMPUPOAHOK BMACTUBICTIO | MEHLLIE
3anexunTb Bif Pi3HUX YMOB rofisni, Xxo4a N MOXe 3MiHHo-
BaTWUCb 3a Ail Aesknx pisnyHux (Temnepartypa, TUCK) Ta
XiMiYHMX haKTOpIB, @ TakoX CrocobiB MiArOTOBKN KOPMIB
ans srogoByBaHHs. Mo-gpyre, BignpauboBaHa i ctanaap-
TH30BaHa NabopaTtopHa MEeToaNKa BU3HAYEHHSA PO34NH-
HOCTI NpoTeiHy B MiHepansHomy 6ydepi (TOCT 28074-89)
npocTa i JOCTymnHa.

CTyniHb po3swenneHHsa abo pyrHyBaHHSA NPOTEiHY
B nepeaLunyHKax, HaBnaku, He € NPMPOOHOI0 (i3NYHOIO
BenuuuHoto. Lle nponoHroBaHmin npouec, aknin 3ane-
XWTb Big YMOB roieni: KOHUEeHTpauil eHeprii Ta npoTe-
THY B CyXii pe4OBMHI paLioHy, CniBBIAHOLIEHHSA NpoTei-
Hy i eHeprii, cnocobiB 3aroTiBni Ta NiAroTOBKU KOPMIB,
CniBBIAHOLLEHHSA 06’'EMUCTUX | KOHLIEHTPOBAHMX KOPMIB.
Cama MeToauKa BU3HAYEHHS, XO4 TaKOX CTaH4ApTU30-
BaHa, arne cknagHa, notpedye creuianbHO ONepoBaHMX
TBapWH, ManogocTyrnHa, He BpaxoBYyeE LWBUAKOCTi Npo-
CyBaHHSA KOPMY TpaBHMUM TpakToM. OTxe, NOKa3HMK po3-
LLIENsI0BaHOTO Ta HEPO3LLEMITFOBAHOIO NPOTEiHY B KOPMax
€ BEMNVYMHOK OPIEHTOBHOLO i MOro NMerko pospaxysatu
3a KiNbKiCTO PO3YMHHOIO NPOTEIHY Ta NnepeTpaBHOi
opraHiyHoi peyoBuHu [6, 10, 15, 20]. OyeBnaHo, pauio-
HasnbHille HaKonu4yBaTK AaHi 3 PO3YNHHOCTI NPOTETHY
Pi3HMX KOPMIB | 0COBNMBO BiAHOLLEHHS LibOro NOKa3HUKa
Ha OOMHMLIIO CMOXMUTOI eHepril.

BcTaHoBneHo, Lo MeToanka BU3Ha4YeHHSA GanaHcy
a30Ty 3a Pi3HMLEI0 «KOPM MIHYC Kamn» Y XXYWHUX TBapWH
He Bigobpaxkae OINCHUX BEMWUYMH 3aCBOEHHSA MPOTEIHY
B opraHiami [1, 7, 15, 18, 21]. HanedeKTuBHiLue xynHi
TBapMHW BUKOPUCTOBYIOTb Ti MPOTEIHN KOPMIB, siKi NO-
BiNbHiLLe rigponi3yoTbes B pyoui i 3aebinbLworo nepe-
TPaBMNOKTLCA Y KMLWEYHMKY. LLloBu KinbkicHO BU3Hauu-
TW CTYNiHb PO3LLENNIeHHS NPOTEIHY B NepeaLunyHKax,
3aCTOCOBYOTb METOAMKN HEMNITOHOBUX MILLEYKIB, SKi 3i
3paskamMu KOpMiB Ha NEBHUI Yac 3aknagarwTb Yyepes
dpictynu go pybus TBapyH abo nponyckalTb Yepes BeCb
TpaBHU KaHan. binbLuoro nowmpeHHs Habynu JocTyn-
HiLLi MeTOaWN BM3HAYEHHS1 PO34YMHHOCTI MPOTEiIHY CMOCo-
6om iHKyDaLji 3pa3kiB kKOpMiB B MiHeparnbHux bydepax,
ONun3bKKX 3a cknagom 4o pyoueBoi piguHU TBapuH.
3a KinbKiCTI0 PO34MHHOIO NPOTEIHY, SKUN HAAXO0aUTbL A0
TOHKOTO KULLIEYHWKY, | MOTO BU3HaYEHOI0 cCepeaHbOLo nepe-
TPaBHICTIO pO3pPaxoByHOTh KiflbKiCTb PO3LLENIHOBAHOIO
NpoTeiHy, fska MOXe HaaXOAMTW | NepeTpaBnioBaTUCh
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Y TOHKOMY KULLEYHUKY. TakuM YMHOM, KifbKIiCTb NPOTETHY,
sIKka Haginwna i BCMOKTanacs y TOHKOMY KULLEYHUKY,
cTana Mipot Moro 4OCTYNHOCTI AN TBAPUWH.

NS 3HWKEHHS KiNbKOCTi PO3LLIENIIFOBAHOTO NMPOTEIHY
B paLlioHax BenuKoi poratoi xyaobu BUKOPUCTOBYHOTb
Pi3Hi NPUIOMM, SKi 3HWXKYIOTb PO3YMHHICTb MPOTEIHY paLyj-
OHy: NiaBip CKNagHWKIB pauioHy 3 HU3bKOK PO34MHHICTHO
Ta po3LLensoBaHiCTIo NpoTeiHy; 06pobneHHs KopmiB
hopManbaeriaom, KucnoTamu, fyramu; po3MilleHHS
y crieuianbHuX Kancynax; 06pobneHHst cyxmm Tennom,
napoto TOLLO.

Po3pobnanunce Takox pisHi NpUNOMKN HaknagaHHs
dicTyn Ta aHacToMO3iB Ha AiNSHKWU TPaBHOMO TPaKTy
TBapuH [19, 21] Ans npsaMoro BU3Ha4YeHHS KinbKOCTI
NPOTEiHY, BCMOKTAHOrO Y TOHKOMY KULLIEYHUKY. Ane me-
TOA, NOABIVNHMX aHaCTOMO3iB BUSBMBCS JOCUTbL TPyOo-
MiCTKUM, HE 3aBXAM J03BOMSB BUKOPUCTOBYBATK O0-
CTaTHIO KiNbKiCTb TBApWH AN CTAaTUCTUYHOT 0OpoOKM
pesyneratiB. Tomy GinbLLOrO PO3NOBCHOAKEHHS Habynm
npakdi 3i cnpobamun BU3HAYUTM NOTIK NOXMBHUX PEHOBMH
[0 TOHKOrO KULLIEYHWKY B JOCTiAaX TiNbKM 3 OQHOK Ay-
OfEeHanbHOK KaHIoMNer, a NoTiM po3paxyHKOBUM METO-
JOM MPOrHo3yBaTh HAOXOMXKEHHSI NPOTEIHY A0 KuLleY-
HUKY [5, 12, 13, 15, 18-21]. deski i3 3anponoHOBaHUX
CUCTEM OUiHIOBaHHS AaBanu 3Ha4vHi noxmbkn [1, 9].
HanbinbLu 3ag0BiNbHI pesynsTaTi nokasyeanu cucTe-
MM OLiHIOBaHHS, pO3p0obneHi B OCTaHHI AecaTupidys
y CLWA, Tonnangii Ta Ykpaini [5, 6, 10, 13].

Monpwu BCe, HAUTOYHILLMI pe3ynsTaT OTPUMYIOTb 38
OLiHIOBaHHSA [OOOBOI KiNTbKOCTi XiMYCiB, SIKi NPOXOASTb
yepes THK Ta TcK, i BU3HaueHHs ix cknagy. Hessaxaroum
Ha NeBHY CKNaHIiCTb Takux AOCMigKeHb, BOHM 3anu-
LWAKTLCA HANTOYHILLUMU | HAWOBINbLL akTyanbHUMW.

MeTa gocnigxeHb — 3a Pi3HOI KiNbKOCTi PO34MH-
HOro MPOTEIHY B i30€HepreTUYHMX, i30NpoTeiHOBMX CIHO-
KOHLEHTpaTHMX pauioHax byranuis 3 HaknageHnmm
NoABIHMMK aHacTOMO3aMu BUBYUTY MEPETPABHICTb
OCHOBHUX Fpyn NOXMBHUX PEYOBUH Y Pi3HUX Biaainax
TPaBHOrO KaHarny, BU3Ha4YMTu peanbHy AOCTYMHICTb
NpoTeiHy AN TBAPWH i CTYNiHb NOro 3HELHEHHS.

MaTepianu i meTogm

HocnigpkeHHst npoBogunu Ha ABoOX Oyranusax 4epBo-
HOI cTenoBoI Nopoau »xwuBoto Macoto 330—350 kr 3 Hakna-
OeHmn gyopeHansHimm (6—10 cm Big ninopyca) [22] Ta
ineouekansHUMM aHactomo3damu 3a CuHeLLokoBum [18].
3rogoByBanu i30eHepreTUYHi (KOHLEHTpaLis JOCTYMNHOI
ans obmiHy eHeprii, JOE, ctaHosuna 10,84—10,99 MIOx/kr
CP), isonpoTeiHoBI (KOHLUEHTpaLlisi CMpOoro NpoTeiHy —
186,4-190,1 r Cl/kr CP) CiHO-KOHLIeHTpaTHi paLioHu,
SIKi CKnaganucst 3i 3rakoBoro ciHa (ctokonoc, Bromus
intermis) — 6 Kkr Ta ropoXoBOI AepTi: KOHTPOMNbHWI paLli-
OH — 2,6 Kr 3 HATUBHOIO FOPOXY, AOCAIOHUA paLioH —
2,4 kr 3 npoxapeHoro 3a Temnepatrypu 105°C. lNopox
06pobnsnu Ha 6apabaHHux cywwapkax Tuny ABM. MiHe-
panbHy NigroAisnto TBapuHW OTPMMYyBarnu B OAHaKOBIN
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KinbkocTi. PauioHun pisHunuch Tinbku 3a pisHem PYCIT:
58,34% Big CI1 B koHTponi i 39,42% — y nocnia.

Ha BKkasaHux pauioHax TBapvH yTpMMyBanm He MeH-
we 21 gHs 3 cyBopuM 0BNiKOM 3a4aHnX KOPMIB, 3anmLLKIB
KopmiB Ta BunuTOI Boaw. NoTim npoBogmnu Ao6osi BUMI-
pV KiNbKOCTI AyoaeHansHoro Ta ineowekansHOro XiMycis,
Kany, cedi. 3pasku gyogeHanbHoro Ta ineowuekanbHoro
ximyciB Biabvpanu koxHy roguHy (4% Big KinbKoCTi, LWo
MponLLNa 3a roauHy AyogeHansHoro, 2% — ineouekans-
HOro) i Bigpa3y NPOBOAUNN iHAKTMBALO KM ATIHHSAM.
[ns BUBHAYEHHSA aMOHIHOIO Ta CEYOBMHHOIO a3oTy
3pasku Ximycy 3amopoxysanu. [Nopuji kany Ta cevi KoH-
cepByBanu, NoTiM BiAbupanu cepeaHin 3pasok 3 JOO0BOI
KinbkocTi. CEe4YOBUHHMIA @30T cevi BU3Ha4vanm B 6—8 nop-
Lisix cBixoi cevi. KoxkHui paLioH 3rogoByBanu no Yepa3i
[BOM TBapuHamMm MeTOAOM Nepioais.

Y 3paskax KOpMiB, 3anuLLKax KOpMiB, XiMyCiB Ta kany
BM3Hayanu: kinbkicte CP — 3a NOCT 27548-87; C3 —
3a [OCT 26226-95; OP — 3a pisHuueto mixx CP Ta C3;
CIM—3aOCT 13496.4-93; C)XK —3a TOCT 13496.15-
97; CKn — 3a NOCT 13496.2-91; BEP — po3spaxyH-
koBum metogom; PUCll — iHkyBauieto 3paskiB KOpMmiB
B MiHepanbHomy bydepi 3a TOCT 28074-89; PwCIl —
po3paxyHKoBMM MeToAdoM 3a [20], npuiMatoyu, LLO B ne-
peaLUyHKax PO3LLENIIOETLCA BECb PO3YMHHWIA NPOTEIH
i 35% HeposunHHoro; HPwCI— po3paxyHKOBUM METO-
OOM, BigHiMatoum Bif 3aranibHOro NpoTeiHy po3sLuensito-
BaHWI, aMOHIMHUIN Ta CEYOBUHHUIN a30T — ANAY3HUM
metoaom 3a KoHBeem [4] y mogudikauii Kannana ta
CaupuaeHko [9]; AOCTYNHICTb NPOTETHY — 3a KiNbKICTHo,
nepeTpaBneHo B TOHKOMY KULLEYHUKY; eDEKTUBHICTb
BMKOPUCTaHHS a30Ty — 3a BiAHOLLEHHSIM CEYOBVMHHOTO
as30Ty B Cevi A0 3aranbHOoro BugineHoro as3oty [13, 14].
Becb undpoBuin maTtepian o6pobnanm ctTaTMcTUYHO
3a Poknubkum (1967).

Pe3ynbratn 1 06roBopeHHs

Micna npocmaxkyBaHHs ropoxy 3a Temnepartypu 105°C
PO34YMHHICTb NpOTEiHY 3HM3unack Big 93,5 0o 45,0%.
CroxuvBaHHSA KOPMIB TBapUHaMM Ha JOCHiMKYBaHNX pa-
LioHax ctaHoBuno 2,17 1a 2,01 kr CP Ha 100 kr »uBoi
macw (Tabn. 1). KoHueHTpauis eHeprii, BignosigHo, ans
KOHTPOSbHOIO Ta AOCHiAHOIo pauioHiB ctaHoBuna 10,84
i 10,99 Mx/kr CP, cuporo npoteiHy — 186,4 ta 191,1 r/kr.
Mpwy LOMY YacTka PO3HMHHOTO NPOTEIHY Y % A0 3aranbHOI
KiNbKOCTI cMporo npoTteiHy ctaHoBuna 58,3 ta 39,4%,
po3LenntoBaHoro — 72,9 1a 60,6%, Hepo3LLEenntoBaHO-
ro — 27,1 1a 39,4%. Ha 1 M>x JOE TBapuHM Cnoxu-
Bann 10,22 Ta 6,85 r po34MHHOMo NPOTEIHY HA KOHTPOSb-
HOMY Ta gocnigHoMy pauioHax BignosigHo (P<0,02).
3a 3rogoByBaHHA JOCTIAHOMO paLioHy TBapUHU COXK-
Banu Ha 5% meHwe CP ta OP i Ha 3,7 % meHLue CrI1, Hix
TBapUHU Ha KOHTPONbHOMY pauioHi. BogHoyac 3a kinb-
KICTIO CMOXUTUX PO34YMHHOIO Ta PO3LLEMNITFOBAHOIO Mpo-
TeIHIB pi3HMUi Bynn ctatuctuyHo BiporigHumm (P<0,05 Ta
P<0,02) i pocsiranu 35 ta 20% BignosigHo. O4eBnaHo,
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y 3B'A3Ky 3 UMM BMOMMI Npouecy TpaeneHHs y Byranuis
Ha JocrnigHoMYy pauioHi BigbyBanncb MeHL iHTEHCUB-
Ho abo gelo iHakwe. [lobosi 06’eMun oyoaeHanbHOro
Ta ineouekanbHOro XiMyciB, a TakoX cedi Y HUx bynu Ha
21-25% MeHLIMMU NOPIBHSAHO 3 TBApUHAMM Ha KOHTPOIb-
HOMY pauioHi, ae 6yB Buwwmn piseHb PUCIll ta PwCI1,
a BuBefeHHs kany — Ha 10% OBinblwmm K y HaTyparnb-
HOMY BUIMISAI, TaK i B PO3paxyHKy Ha OOVHULIKO CMIOXUTMX
CP T1a OP. Ha gocnigHomy paLioHi TBapyHU BUNMBanm
Ha 19% 6inblie Boan 3a abCONMIOTHUM MOKA3HUKOM,
a B po3spaxyHky Ha cnoxuti CP ta OP — Ha 25%.

MepetpasHicTb CP (3MiHVM CTOCOBHO CNOXUTOI) NOCHi-
OOBHO: Y CKITagHOMY LUSTYHKY — TOHKOMY Bifaini Kuwwey-
HWKY — TOBCTOMY KWULLEYHWKY — BUBELOEHHS 3 KarioM —
Y BCbOMY KMLLIKOBO-LLIFTYHKOBOMY TPaKTi, HA KOHTPOIbHOMY
Ta JocnigHOMY paLioHax CTaHoBUNa, BignosigHo, 58,9 Ta
59,8%; 15,5 Ta 18,8% (pi3HNLSA CTAaTUCTMYHO BipOriaHa,
P<0,05); 7,46 T1a 0,23%; 18,3 Ta 21,1%; 81,7 Ta 78,9%
(tabn. 2). MNMepetBopeHHa OP y Takin e NnocnigoBHOCTI
OiNsIHOK TPaBHOTO KaHary BiabyBanockb aHanoriyHo nepe-
TpaBHocTi CP i mano Taki nokasHuku: 66,2 1a 65,0%; 11,5
Ta 16,2%; 5,6 Ta 0,9%; 16,7 Ta 19,7%; 83,3 1a 80,3%
Ha KOHTPOMNbHOMY Ta AOCAIAHOMY paLioHaXx BignoBigHO.
3aranom MoXHa KOHCTaTyBaTK, LU0 33 3HVPKEHHST KITbKOCTi
PO34MHHOIO NPOTETHY B paUioOHi 3HaYHi 3MiHK Y nepe-
TpaBHocTi CP ta OP, woao cnoxutoro 3 kopMamu 1a
Yy BiCOTKaX Bi HAOXOMKEHHS, CrocTepiranu Ha AinsiHkax
TOHKOIO | TOBCTOIO KULLEYHMKY; 3 Oy Ha Ue, OuiHKa
3aranbHOi NepeTpaBHOCTI NOXMBHUX PEYOBUH 3a ¢op-
MYFOH «KOPM MiHYC Kany» He 3aBXau KOpeKTHa.

MepeTtpasHicTb Cl1 B Hawmnx gocnigax cyTTeBo
3MiHIOBanach ye Ha AinsHui CKNagHoro LWyHKY i cTa-
HOBWMa NOCNiAOBHO B Pi3HMX BigAinax TpaBHOro kaHary,
Ha KOHTPOMNbHOMY Ta AOCAAHOMY paLioHax BignoBigHO:
y nepegwnyHkax — 41,4 i 36,3%, y TOHKOMY KMLLEYHM-
Ky — 35,5 i 45,1%, Ha AinsHuUi TOBCTOrO KNLIEYHUKY —
5,6% Ta nobaska 4,0%, BuaineHHa 3 kanom — 16,8
i 22,6%, 3aranbHa NepeTpaBHICTb Y BCbOMY LUNYHKOBO-
knwkoBomy TpakTi — 83,0 Ta 77,4%. To6To Ha pgocnia-
HOMY paLliOHi 3i 3MEHLLEHOHO KiMbKICTH PO34YMHHOIO Npo-
TeiHy y CKIagHOMY LUITYHKY MPOTEiHY pO3LLEnsIoBanoch
MeHLLUe, WO NiATBEPAXKYETLCS KiNbKiCTIO aMOHINHOIO
Ta CE4YOBUHHOIO a30Ty B AyodeHarnbHoMy ximyci (11,16
Ta 7,48 r amoHinHoro, 12,53 ta 7,56 r ce4OBMHHOIO);
GinbLUe NOro HagXoAMIo 4O TOHKOIO KULLIEYHMKY i Oinb-
e nepeTpasntoBanock. BignosigHo, 40 TOBCTOro Bia-
Ainy KMLWeYHMKY, NOPIBHAHO 3 KOHTPONEM, Hagxoammno
Ha 20% MeHLWe npoTeiHy i BigbyBanocb He3Ha4He
36inbLUEHHS MOro KinbKOCTi — O4YeBUAHO, 3a paxyHOK
MikpobianbHOro CUHTE3y Ta eHOOreHHOro a3oTy.

3 kanom Ha gocnigHoMy pauioHi BUBOAUINOCh 22,6%
NPOTEiHY Bi CNOXWUTOrO 3 KOPMaMMu, Ha KOHTPOJSTbHO-
My — 16,8%. 3aranbHa BMaMMa nepeTpasBHiCTb Npo-
TeiHy Ha gocnigHomy pauioHi 6yna Ha 5,6% Hwxk4oto.
OuiHtouM NepeTpaBHICTb NPOTEIHY 3a KNacU4HOK Cxe-
MO0, BaumMmo, Lo Ha JOCNIOHOMY paLioHi 3i 3HUKEHUM
piBHEM PO34MHHOTO MPOTEIHY 3aCBOEHHST @30Ty Ha4ebTo
Oyno ripLwmm NopiBHAHO 3 KOHTponeMm. Arne 3a aHanisy
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Tabnuusa 1. 3aranbHa xapakTepucTvKa rogisni Ta TPaBMeHHS
Table 1. General feeding and digestion characteristics

MokasHuku / Indices

KoHTponb / Control

Docnig / Experimental

CnoxwTo / Consumed:
CP, r/go6y / Crude protein, g/day

% Big, koHTponto / % of control

PuCIl, r/goby / Soluble protein, g/day

PuCTl, % Big CI1/ Soluble protein, % of crude protein

PuCI, r/MOx OOE / Soluble protein, g/MJ ME

PwCI1, r/noby / Degradable protein, g/day

PwCI, % Big CI/ Degradable protein, % of crude protein

PwCI1, r/MIx OOE / Degradable protein, g/MJ ME

HPwCM, r/goby / Undegradable protein, g/day

HPwCI, % Big CI / Undegradable protein, % CP

HPwCN, r/MOx OOE / Undegradable protein, g/MJ ME

KoHueHTpauis eHeprii, Mbx JOE/kr CP / Energy concentration, ME MJ/kg DM
KoHueHTpauis npoteiny, r Cl/kr CP / Protein concentration, CP/kg DM

Bunuto Bogn / Water drunk:
n/po6y / L/day

n/xr CP / L/kg DM
n/kr OP / L/kg OM
% Big, koHTponto / % of control

Mponwno ayogeHanbHoro ximycy / Duodenal chyme passed:
n/poby / l/day

n/kr CP / L/kg DM
n/kr OP / L/kg OM
% Big koHTponto / % of control

Mpownwwno ineouekanbHoro ximycy / lleocecal chyme passed:
n/poby / l/day

n/xr CP / L/kg DM
n/xr OP / L/kg OM
% Big, koHTponto / % of control

BuBeneHo kany / Feces excreted:
Kkr/poby / kg/day

kr/kr CP / kg/kg DM
kr/kr OP / kg/kg OM
% Big, koHTponto / % of control

BuseneHo ceui / Urine excreted:
n/poby / l/day

n/kr CP / L/kg DM
n/xr OP / L/kg OM
% Big koHTponto / % of control
BugineHo asoty 3 ceveto, r/goby / Nitrogen excreted in the urine, g/day
y TOMy 4umcni a3oTy cevoBuHU, r/aoby / including urea nitrogen, g/day
as3oTy cevyoBuHU, % BiA 3aranbHoro / urea nitrogen, % of total
CepepgHs xu1Ba Maca TBapWuH, kr / Average live weight of animals, kg

MetaboniuHa maca (KMP75), kr / Metabolic mass (JM°7), kg

7265,58+121,18

100
804,55+7,62
58,34+0,39
10,21+0,08
1005,51+7,87
72,94+0,25
12,71+0,11
371,48+7,87
27,08+0,27
34,27+0,73
10,84
186,4

21,25+3,25
2,92
3,1
100

94,49+1,38

13,01+0,07

13,83+0,11
100

23,37+4,25
3,22+0,54
3,41+0,57
100

7,5%1,3
1,03+0,17
1,10+0,18
100

8,66+0,34
1,19+0,03
1,27+0,025
100
104,18+12,36
76,89+6,09
74,15
334,5+1,5
78,29

6901,44+355.56
95,0
521,05+22,2
39,42+0,11**
6,87+0,06**
801,2+32,82
60,62+0,13*
10,57+0,11*
520,30£19,68
39,38+0,08**
47,34+1,79
10,99
190,1

25,32+0,764
3,67
3,90
119,2

71,567+9,3

10,32+0,81

10,98+0,87
75,7

18,25+5,05

2,56+0,65

2,78+0,64
781

8,32+0,21

1,21+0,09

1,28+0,10
110,9

6,88+ 0,05
1,00+0,05
1,06+0,05
79,5
104,73x7,99
36,12+3,79
34,95
343,0+40,2
82,96

lMpumimka. TyT i gani * — P<0,05; ** — P<0,02.
Note. Here and further * — P<0.05; ** — P<0.02.
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npoLiecy TPaBEeHHs1 B OKPEMUX AiNsiHKax TPaBHOIO KaHa-
Ny BMOHO, WO Ha AOCNIOHOMY paLjioHi AiicHe 3aCBOEHHS
npoTeiHy (NepeTpaBHICTb | BCMOKTYBaHHs1) 6yro Ha 10%
BULLIMM Bif, KOHTPOSIO, @ YacTKa a3oTy Y BUrNAai ceyo-
BMHU B 3arasbHili KiNnbKOCTi @30Ty cedi ctaHoBuna 35%
npotn 74% y koHTponi. O4eBMAHO, Ha KOHTPOIBHOMY
paLlioHi 3 piBHEM PO34MHHOCTI MpoTeiHy 56% BinbyBanock
MOro iHTEHCMBHE PO3LLENNEHHS 3 YTBOPEHHSIM BUCOKOI
KOHLIeHTpaLii aMOHINHOro i CEe4OBUHHOIO a3oTy. AK Bi-
aomo [7, 19], ponsi Ce4OBUHM B 3araribHOMY a30Ti ceui
0BYMOBIIOE CTYMiHb 3HELLHEHHS NPOTEIHY KOPMIB Ta iX

HenpoaykTueHi BuTpatu. OTxe, B HalWmWx gocrigax Ha
KOHTPOSTbHOMY paLlioHi 3 piBHEM CUpOro nNpoTteiHy 184,6 r
Ha 1 kr CP, koHueHTpaujeto eHeprii 10,84 Mok Ha 1 kr CP,
CMiBBIOHOLLEHHSAM CUPOro NpoTeiHy Ao eHeprii 17,2 1
Ha 1 MDx JOE, posunHHoro npoteiHy o eHeprii 10,21 r
Ha 1 Mk JOE, po3wenntoBaHoOro NpoTeiHy Ao eHepril
12,71 r Ha 1 MOx OOE, BinbyBanuck Ha 105% GinbLui
HenpoJyKTMBHI BTpaTh a3oTy NpoTeiHy KopMmiB. BkasaHi
BU1LLIE NapaMeTpu BMICTY eHeprii Ta NpoTeiHy B KOHTPOSb-
HOMY paLioHi Ta, FOMNOBHE, IXHE CMIBBIAHOLLEHHS HEe Bynu

onTnMmaribHUMKM anga 3aCBOEHHA B OpI'aHiBMi TBapWH.

Tabnuusa 2. [NepeTpaBHICTb Cyx0i pe4OBUHM, OPraHiYHOI PE4YOBUHU Ta CMPOTo MPOTEiHy, r/Aoby

Table 2. Digestibility of dry matter, organic matter and crude protein, g/day

. OpraHivyHa o ..
. Paujon Cyxa peyoBuHa Cupwuin npoTeiH
MokasHukn / Indices . peyoBuHa .
Diet Dry matter ) Crude protein
Organic matter
CrOXHTO 3 Kopmamm Ki/C 7266+121,2 6831+106,2 1372,0+15,7
Consumed with feed n/E 6901+355,6 6491£329,7 1321,5452,5
BMIHANOGH Y CKITAZHOMY LTYHKY, +: — Kic -4269,+11,3 —4520+18,4 -577,9421,7
Changed in rumen, +; — O0/E —4130+148,5 —42224102,4 —479,4+11,2
3MiHMNOCh Yy WNyHKY, % Big CNOXMTOro K/C —58,76 —66,17 —41,37
Changed in abomasum, % of consumed O/E _59.84 65,04 —-36.28
HAIALLNO A0 TOHKOD KLIEUHIKY K/C 2996+109,5 2311187,9 794,0£37 4
Income to small intestine O0/E 27711504,4 2269432, 1 842,1+63,7
3MIHWMOCh Y TOHKOMY KULLIEYHUKY, + ; — 10 CMIOXMUTOrO K/C -1124£3,5 ~784131,6 —486,6+16,8
Changed in small intestine, + ; — to the consumed O/E _129845.9* ~105043.0 _595.8425.5
— % Bif, CNOXUTOrO K/C 15,47 -11,48 -35,47
— @ ISR A/E -18,81 -16,17 45,08
% BiA HAAXOMKEHHS Kic 37,52 33,94 61,29
— % of admission 0/E _46,86 46,27 70,75
Hazifiuno H0 TOBGTOrO KALIEYHMKY Ki/C 1872+114,0 1527+119,5 307,4+20,6
Ineze (9 [Ege Tilesiiie n/E 1473£510,3 1219+435,1 246,389,2
BMIHANOGH y TOBCTOMY KNLLIGUHIKY, + — kic -542£121,9 —-385£101,0 ~77,3£32,3
Gt/ o [EVefe Untesiiles, 7= A/E ~16+502,5 +58+448,2 +52,4+84,2
— % BiA CNOXMUTOro K/C —7,46 —5,63 —5,63
— % of consumed O/E ~0.23 +0.9 +3.97
— % Bifl HAAXOMKEHHS K/C —28,97 -25,21 -25,14
— % of admission D, |E -1 ,06 +4,78 +21 ‘27
BuBeAEHO 3 Kanom K/C 1330+235,3 1142£220,3 230,155,9
Excreted with feces n/E 1457+7,8 127713,1 298,7+5,1
— % B[} CNOXWUTOrO K/C 18,31 16,72 16,77
— % of consumption O/E 2111 19.68 226
MMepeTpaBneHo y BCbOMY LLUMYHKOBO-KMLLIKOBOMY TPaKTi K7¢C 5935£114,1 5689£114,2 1141,9£43,1
e n/E 544413633 5214+342,8 1022,8+47,4
K/C 81,69 83,28 83,01
— %
0/E 78,89 80,32 77,40
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Tabnuus 3. MNepeTpaBHiCTb CUPOI 301K Ta CMPOTO XK1pY, r/aoby
Table 3. Digestibility of crude ash and crude fat, g/day

MokasHuku / Indices PaD"i";Ct’H Cupa 3ona / Crude ash Cwupun xwup / Crude fat

CrOXMTO 3 KOpMamm K/C 434,7+14,19 164,5+3,65
Consumed with feed 0/E 410,23+26,13 153,5+8,56
3MiHWMMOCh Y CKIagHOMY LUMYHKY, +; — K/C +250,547,13 +15,2+8,13
Changed in rumen, +; — 0/E +91,7+46,15 -3,2+10,88

3MiHUMOCh Y LWNYHKY, % Bif CNOXWUTOrO K/C +57,62 +9,19

Changed in abomasum, % of consumed 0/E +22 36 —0.02
Hapinwno go TOHKOro KULLEYHUKY K/¢C 685,2+22,02 179,6+11,51
Income to small intestine 0/E 501.9+72 28 150.3+19 54
3MiHUMOCh Y TOHKOMY KULLEYHUKY, + ; — 10 CIOXUTOrO K/C —339,4£28,06 ~115,0£4,28
Changed in small intestine, + ; — to the consumed 0/E _248 6+2.89 _82.1+7.77

— % Big cnoXxuToro K/C ~78,08 -69,93

— % of consumption 0/E —60.59 5347

— % Big HaAXo4XXeHHs K/C —49,54 —64,04

— % of admission 0/E —49 52 _54 61
Hapinwno Jo TOBCTOro KULLEYHUKY K/C 345,8+6,04 64,6£7,22
Income to Iarge intestine n/E 253 4+75.17 68.2+27.31
3MiHWMMOCb Y TOBCTOMY KULLEYHWKY, +; — K/C —157,320,88 —10,3+1,825
Changed in large intestine, +; — L/E _74.0+69.89 —13.5+26.99

— % Big cnoxuToro K/C -36,19 -6,24

— % of consumed .D. /|E -18.03 877

— % Bi HAOXOMKEHHS K/C —45,5 -15.9

— % of admission il |E -2918 ~-19.58
BuUBEaEHO 3 Karom K/C 188,4+14,84 54,3+9,05
Excreted with feces O/E 179,445,28 54,8+0,31

— % Bifj CMIOXMTOrO K/C 43,35 33,02

— % of consumption O/E 43.73 35.68
[MepeTpaBneHo y BCbOMY LLTYHKOBO-KULLKOBOMY TPaKTi K/C 246,28+0,06 110,245,67
Digested in gastrointestinal tract 0/E 230.8+20 85 08.7+8.25

K/C 56,35 66,98
— 9%
O/E 56,27 64,32

MepeTtpaBHiCTb (3MiHK) cMpoi 3onu (Tabn. 3) HancyT-
TEBILLE Pi3HWITACk MK rpynamMm y CKIagHoMY LUYHKY Ta
TOBCTOMY KULLEYHUKY, MEHLLIE — B TOHKOMY KULLEYHUKY,
3a O[IHAKOBOI NEPETPaABHOCTI Y BCbOMY TpaBHOMY KaHarli.
Ha pocnigHomy pauioHi 3 Ha 6% MeHLIUM CNOXMBaH-
HsiM C3, NOpPIBHAHO 3 KOHTPOMEM, Y CKNagHOMY LLITyHKY
popanoca 22,4% 3onu npotn 57,6% B KOHTpONi; Ug pi3-
Huuga 30epernack y THK Ta TcK, ae BcmokTyBaHHA C3
6yno Ha 18% meHLWnM. 3MiHM B KiNbKOCTI CUPOT 301K
MPOTArOM TPaBHOIO KaHasny, O4eBUAHO, CYTTEBO 3yMOB-
neHi MikpobianbHMM CMHTE30M B pauioHamu y nepeg-
LIAYHKaX Ta TOBCTOMY KULLEYHUKY.

30

3a mMeHwWworo Ha 6,7% CnoXuBaHHSA CUPOTO XMpPY
(Tabn. 3) Ha gocnigHOMY paLlioHi MOro KiNbKiCTb B CKag-
HOMY LUFTYHKY HE 3MiHUMAch, B KOHTpOMi — 36inbLunnacs
Ha 9%. OyeBMaHO, Ue 36iNbLUEHHST CTano pe3ynsraTtom
iIHTEHCUBHILLOIO PO3LLEneHHs NPoTeiHy B NepeaLusyH-
Kax Ta cuHTe3y MikpobianbHoro Ginka. B TOHkOMY Ku-
LweYvHuKy nepetpasHicTb CX 6yna Ha 16% BuLoO Ha
KOHTPOSBbHOMY paLioHi, HiXX y aocniai. Y ToBcTomy Biggini
KULeYvHuKy nepeTtpasHicTb CXK Ha KOHTpONbLHOMY Ta
gocnigHomy padjioHax 6yrna ogHaKkoBOK Ha piBHi 6—8%.
3aranbHa nepetpapHicTb CX Ha 060ox pauioHax pis-
Hunacb marno.
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Tabnuusa 4. MNepeTpasHicTb cnpoi kniTkosuHu Ta BEP, r/noby
Table 4. Digestibility of crude fiber and BER, g/day

. Pauion Cwupa KniTkoBMHa, BEP,
MokasHuku / Indices Diet r/noBy /o6y
CrOXUTO 3 KOpMamm K/C 1555,243,53 3739,1+1,05
Consumed with feed 0/E 1388,3+84,59 3627,9+184,1
3MIHUMOCH y CKMagHOMY LUYHKY, +; — K/C —1356.5+27,08 -2600,6+75,73
Changed in rumen, +; — n/E ~1164,9+16,85 —2574,6+97,05
3MiHUMOCh Y LWNYHKY, % Bif CNOXWUTOrO K/C -87,22 —69,69
Changed in abomasum, % of consumed 0/E -83.91 ~70.97
Hapinno Jo TOHKOro KULLEYHUKY K/C 198,7£30,62 1138,548,32
Income to small intestine D. |E 223 4+67.74 1053.3+281.0
3MiHUMOCh Y TOHKOMY KULLIEYHUKY, + ; — 10 CIOXUTOrO K/C +149,9£10,19 -332,8£32,17
Changed in small intestine, + ; — to the consumed 0/E +44.7+18 27 _416.8+48.56
— % Big cnoXxuToro K/C +9,64 —8,9
— % of consumption D. /|E +3.22 —11.49
— % Big HaaXoaXXeHHs K/C +75,41 —29,23
— % of admission ﬂ /E +20.03 -39 57
Hapinwno Jo TOBCTOro KULLEYHUKY K/C 348,6+40,81 805,7+50,49
Income to large intestine 0/E 268,2+86,0 630,5+232,58
3MiHUMOCh Y TOBCTOMY KULLEYHUKY, +; — K/C —72,1%8,24 —224,9£56,0
Changed in large intestine, +; — 0/E +30,3+108,27 +4,0£243,7
— % Bifj CIOXUTOrO K/C —4,63 -6,02
— % of consumed 0/E +218 +0.11
— % Bif HAAXOMKEHHS K/C -20,67 -27,92
— % of admission D. |E +11.34 +0.62
BuBEaEHO 3 Karom K/C 276,6+49,05 580,8+106,49
Excreted with feces 0/E 298,6+22,37 640,5+11,11
— % Big cnoxuToro K/C 17,78 15,53
— % of consumption 0/E 2151 17.65
[MepeTpaBneHo y BCbOMY LLTYHKOBO-KULLKOBOMY TPaKTi K/C 1278,7+45,46 3158,3+22,87
Digested in gastrointestinal tract O/E 1089.7+106.96 2087 .4+195 21
K/C 82,22 84,54
— 9%
O/E 78,49 82,35

MepeTpaBHICTb BYrMEBOAHNX KOMMOHEHTIB paLlioHy Ha-
BegeHa y Tabn. 4. CnoxueaHHsa CKn 6yro Ha 12% 6Ginb-
UMM Ha KOHTPONbHOMY paLioHi. Y LUYHKY Ta TOHKOMY
KWLLIEYHWKY ii MEepeTPaBHICTb TakoX Oyna AeLlo BULLOK
B KOHTPONI. Y TOBCTOMY KULLIEYHWKY Ha 060X paLlioHax cro-
cTepiranu HesHauHi 3aMiHM y nepetpaBHocTi CKn. 3aranbHa
nepetpasHicTb CKn y BCboMy TpaBHOMY KaHani 6yna
OnNM3bKOoLo, 3 TeHAEHLUIE A0 36iMbLIEHHS Y KOHTPOS.

MepetpasHicTb BEP Mano pisHnnack Mk padioHamm
y CKIMagHOMY LLTYHKY, TOHKOMY KMLLIEYHUKY | 3aranom;
B TOBCTOMY BigAini KULLEYHKKY crnocTepirany TeHaeHLio
[0 BinbLUOi X NepeTpaBHOCTI HA KOHTPOSILHOMY PaLiiOHI.

The Animal Biology, 2022, vol. 24, no. 1

Buwa gocTtynHicTb NpoTeiHy B AOCHiAHOMY paLlioHi
obymoBuna i 6inbLi cepegHbO000BI NpupocT Gyraii-
uis Ha piBHi 1280 r npotn 930 B KOHTPOMI. Y noganbLumnx
jocrigax Ha gocTaTHbOMY MOroniB’i 3@ BUKOPUCTaHHSA
nogibHUX paLioHIB 3i 3HUKEHMM PIBHEM PO34MHHOIO NPO-
TeiHy nepeBara B npupocTax dyna B mexax 20-25%.

OujiHtoouK npouecu TpaBneHHs B Pi3HUX Bigainax
TPaBHOrO TPaKTy GyranuiB 3a BUKOPUCTaHHS i30eHepreTnY-
HUX, i30MPOTEIHOBMX CIHO-KOHLIEHTPATHUX paLlioHIB 3 pi3-
HOHO KiNbKICTHO PO34YMHHOTO NMPOTEIHY, MOTPIOHO 3a3HaYNTU:

— CyXO-TMOBITPsiHA TeEMMNepaTypHa 06pobka 3epHa ro-
poxy 3a ontumarnbHoi Temnepatypu 100-105°C Ha 50%
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3HWKYE PO3HMHHICTb NPOTEIHY | CNPUSIE NOro NiABULLIEHIN
OOCTYMHOCTI AN NepeTPaBtOBaHHS B TOHKOMY KULLIEY-
HWUKY TBapuH;

— 3a 3MEHLLEHHS Y CKrnagi pauioHy KiflbKOCTi pO34unH-
HOro B MiHeparnbHoMy Gydbepi NpoTeiHy 3HKYETLCHA Nepe-
TpaBHiCcTb B nepealunyHkax Cl1, C3, CX ta CKn, Tomy
BiAOYyBaETLCA AEAKUI 3CYB TPABMEHHS 4O KULLEYHUKY
i 3BMIHIOETBCS IHTEHCMBHICTL Ta HANPSIMOK MPOLECIB PO3-
LLIEMIIEHHS MOXMBHMX PEYOBUH, @ TakoX ix agcopouisi;

— O4eBMAHO, ANS AeTanbHIWOoro po3wmngpyBaHHs
NpoLeciB TpaBfeHHs B pO3TallOBaHUX Nicns nepea-
LUMYHKIB BigAinax TpaBHOro kaHarny HeobXigHO BUOKpe-
MUTWU HEMTParbHO-AETEPreHTHY KITiTKOBUHY, KUCMOTO-
OeTepreHTHy KNiTKOBUHY Ta cknaaosi pevyoBuHu BEP;

— Ha KOHTPOSIbHOMY paLioHi 3 NiABULLEHUM PiBHEM
PO34YMHHOro NPOTEIHY Yy NepeaLuyHKax BiabyBanocb
iHTEHCVBHE PO3LUENNEHHA NPOTEIHY 3i 3HAYHUM HaKo-
NNYEHHSAM aMOHINHOIO Ta CEYOBMHHOIO a30Ty;

— 3a LWMPOKOro CNiBBiQHOLLEHHS MPOTEIHY OO eHep-
rii (17,2 r cuporo npoteiHy Ha 1 MIx OOE 1a 10,21 r
posuuHHoro npoteiHy Ha 1 Mk [JOE) Ha koHTpornbHOMY
pauioHi, BoueBuab, 3 NPUYMHM HEOOCTATHLOI KiNbKOCTI
eHeprii Ana cuHTesy MikpobianbHOro Ginka BUKOPUCTO-
BYBacsi He BECb aMOHINHWIA a30T, KU YTBOPUBCS Micns
po3LUenneHHs NPOTEIHY, | 3Ha4yHa YacTuHa MOro BUBO-
aunacs 3 opraHiamy 3 ceyeto y oopMi CEHOBUHN. TUM
CaMuM 3HELiHIOBaBCS NPOTEIH KOPMIB;

— NepeTpaBHiCTb MiHEpaIbHUX efleMeHTIB (cupa
30Ma) Ta CUPOro XMPY Y KMLIEYHUKY Oyna BULLOK Ha
KOHTPOSIbHOMY paLioHi;

— cupa KIiTKOBUHA Y CKIaAHOMY LUMYHKY iHTEHCKB-
Hille nepeTpaenoBanacb Ha KOHTPOMbHOMY paLlioHi;
Ha Biapi3Ky TOHKOIO KMULLIEYHWKY ii KifbKiCTb 30inbLumnacs,
a B TOBCTOMY KMLLEYHMKY BOHA 3HOBY 4aCTKOBO nepe-
TpasntoBanacb. Ha gocnigHoMy pauioHi KinbKiCTb KniT-
KOBWHMW Y TOBCTOMY Biggini KMLWEYHUKY 36inbLuyBanacs.
3aranbHa nepeTpaBHICTb CUPOi KITITKOBUHM Y BCbOMY
TpaBHOMY KaHari Ha KOHTPObHOMY paLioHi 6yna BMLLIOK
B Mexax 3%;

— Y CKNagHOMY LUMAYHKY | TOHKOMY KMLLEYHUKY nepe-
TpaBHicTb BEP Ha 060x pauioHax 6yna 6numsbkoto,
Ha Bigpi3Ky TOBCTOrO KMLLIEYHUKY — 3HAYHO BinbLuoto
Ha KOHTPOSIbHOMY PaLiOHi 3@ MPaKTUYHO HE3MIHHOI iX
KinbKocTi y gocnigi. 3aransHa nepetpasHicTb BEP Ha
OOCNifKyBaHWX pauioHax pisHMnach mMano;

— OUiHKa AOCTYNHOCTI NPOTEiHY ANg TBapuWH 3a
KNacu4HOK CXEMOKD «KOPM MiHYC Kany» He Bigobpaxae
[incHUX obcariB 3aCBOEHHS NOTO OPraHiaMOM TBapWIH;

— ICTUHHOIO | TOYHOHO OLHKOIO AOCTYMHOCTI NPOTEIHY
OIS KYMHUX € BU3HAYEHHS! KINbKOCTI NPOTEIHY Ha BXOAi
i BUXOAi TOHKOIO KULLEYHWKY B AOCrigax Ha onepoBaHnX
TBapuHax. [Ans ogepXaHHs CTaTUCTUYHO BipOrigHUX
OaHWX NOTPIOHO He MeHLUE 4-X TBApWH;

— Y BU3HaYeHHI NepeTPaBHOCTI MOXMBHUX PEYOBUH
3a KIMacM4HOK CXEMOH HELOOLHIOETLCS POslb TOBCTOMO
BiOINY KULLEYHUKY;

— Yy npoBefeHux gocnifgax KinbkicTb CMPOro npo-
TeiHy, AKa Hagxoauna 00 TOHKOro KULWEYHUKY, byna
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MEHLLIOO Bif, CMOXMWTOrO, WO CBigYMTb NPO HaAMipHY
KiNbKICTb NPOTEiHY B paLjioHax CTOCOBHO eHeprii abo
npo AediunT eHeprii AN Takoro piBHA NPOTETHYy.

BucHoBKku

1. BHWKEHHS1 PO34YMHHOCTI NPOTEIHY B CIHO-KOHLIEH-
TpaTHOMY paLioHi 3a paxyHOK Cyxoi TemnepaTypHOi
06pOOKN 3epHa rOPOXy CNPUSANO 3HWKEHHIO iHTEHCUB-
HOCTI Npouecy TpaBfiEHHA y nepeLyHKax, 3cyBy
nepetpaBHocTi C3, CX, CKn ta BEP go TtoHkoro Ta
TOBCTOIO KULLIEYHUKY.

2. 3MEeHLLUEHHS Y cknagi CiIHO-KOHLEHTPAaTHOro paui-
OHY KiMNbKOCTi PO34MHHOIO NPOTEIHY Ha OAUHULIKO eHeprii
310,2 0o 6,9 r cnpusie 3HWKEHHIO PO3LLENSIEHHS NpoTEi-
Hy B NepeALunyHkax Oyranuis, 6inbLIOMy HaAXOOXKEHHIO
i MepeTpaBHOCTI NOro B TOHKOMY KULLEYHUKY, TOBTO
GinbLUiN AOCTYNHOCTI ANS opraHiaMy TBapwH.

3. 3a nigBu1LLEHOro piBHA PO3YMHHOIO NPOTEIHY
B pauioHi (10,2 r Ha 1 MO>x [JOE) BinOyBaeTbcsi 3Ha4HE
3HELHEHHS NPOTEiHY KOPMIB — 3pOCTa€e YacTka Cevo-
BVMHMW B 3araribHOMY a30Ti ceui.

MepcnekTuBM noganbLunX AocnigXeHb

HeobxigHi noganbLui JOCHiMKEHHS WOoA0 AOCTYMNHOC-
Ti NPOTEiHY AN BENuKOI poraTtoi Xyaobu 3a pisHMX cnis-
BiAHOLLEHb B paujioHax poO34MHHOIO NPOTEIHY i eHepril
s CTBOPEHHS 6a3n AaHMX BMICTY PO3YMHHOIO MPOTEiHY
B PO3MOBCIOAXEHUX KOPMaX.
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Feed protein solubility as an indicator of digestibility and availability of nutrients in the diets of bulls

V. S. Kozyr, V. I. Petrenko, G. G. Dimchya, A. N. Maistrenko
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State Institution Institute of Grain Crops NAAS,
14 Volodymyr Vernadskyi str., Dnipro, 49027, Ukraine

The research was conducted on steppe red bulls with duodenal and ileocecal anastomoses when feeding isoenergetic, isoprotein
hay-concentrate diets with different levels of soluble protein (SP) and rumen degradable protein (RDP). We studied the transforma-
tion of dry matter (DM), organic matter (OM), crude protein (CP), crude ash (CA), crude fat (CF), crude fiber (CF) and nitrogen-free
extractives (NFE) separately in a complex stomach, small (SI) and large (LI) parts of the intestine. Assimilation of protein by animals
was assessed by the amount of it digested in Sl, and unproductive costs — by the part of nitrogen in the urine. Diets consisted of hay,
peas and mineral supplements. Different amounts of SP in the diets were achieved by feeding natural pea (control) or pea grilled at
a temperature of +105°C (experiment). When feeding a diet with a reduced level of SP and RDP, the apparent intensity of digestion
decreased, which was manifested in a slightly smaller amount of feed consumed, and in a smaller number of duodenal and ileocecal
chyme. In a complex stomach, the CP digestibility of the experimental diet with a reduced level of SP was 10% lower. In the control
diet with a high level of SP, more CP was degraded in rumen and more ammonium nitrogen was supplied to Sl. The availability of
CP for digestion in Sl on the experimental diet was 5.8% higher, against control, with 8—10% higher digestibility of DM, OM and CP,
but lower digestibility of CA and CF. In LI, the digestibility of nutrients in the studied diets was multidirectional. A significant amount of
dietary protein was depreciated in the control diet with a high level of SP due to a 40% increase in urinary nitrogen excretion.

Key words: organic matter, protein, solubility, fat, fiber, nitrogen-free extractives, digestibility, complex stomach, small intestine,
large intestine
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KpuTepii Biabopy BUCOKONpOAYKTUBHUX KHYPIB-NJiAHUKIB i CBUHOMATOK
3a BigrogiBenbHUMM i M’SICHUMM AKOCTAMM IX MOTOMCTBa
3 BUKOPUCTaHHAM AeAKUX OLiHOYHUX iHAEeKCiB

B. I. Xanak', O. M. >Kykopcekuti?, O. M. LjepeHrok®

v16kh91@gmail.com

'OepxaBHa yctaHoBa «IHCTUTYT 3epHoBUX KynbTyp HAAH YkpaiHuy,
Byn. Bonogumupa BepHagcbekoro, 14, M. [IHinpo, 49009, YkpaiHa
?HauioHanbHa akageMis arpapHux Hayk YkpaiHu,

Byn. Muxanna OmensiHoBuya-laeneHka, 9, m. Kuis, 901010, YkpaiHa
3lHCTWUTYT CBMHapCTBa i arponpomumcrioBoro BupobHuuTea HAAH,
Byn. LLiBeacbka Moruna, 1, m. MNMonTaea, 36013, YkpaiHa

Meta poboTn — [ocnignTy Bigro4iBenbHi i M'ICHI SKOCTi MONOOHSIKY CBMHEN BENMUKOI Biroi

nopoaun Ta BU3HAYUTU KpUTepii Bigbopy BUCOKONPOAYKTUBHUX KHYPIB-MMIAHUKIB i CBUHOMATOK
3 BUKOPUCTaHHAM OESIKMX OLLIHOYHMX iIHOEKCIB. YCTAHOBMEHO, L0 MOSIOAHSIK CBUHEW BENMKOI Binoi
nopoau NiAKOHTPOMNLHOI NONYNsLi 3a BikoM AoCArHeHHs »xwuBoi Macu 100 kr nepeBaXkae MiHIMarbHi
BMMOIU Knacy enita Ha 6,13%, TOBLUMHOIO LUNWKY Ha PiBHI 6—7 rpygHux xpebuis — 32,25% i nos-
XMHOI oxonomxeHoi Tywi — 3,92%. BiporigHa pi3HUUS Mk TBapyHamMK pisHOT BHYTPINOPOAHOT
andepeHuijauii 3a iHgekcom Tannepa (1 i 1l rpynn) BcTaHOBMEHO 3a cepeaHLOA0060BUM NPUPOC-
TOM XMBOI Macu 3a nepiof KOHTponbHOI Bigroaisni (91,7 r), Bikom gocarHeHHs xueoi macu 100 kr
(7,3 pobw), TOBLLMHOIO LUMWKY Ha piBHI 6—7 rpygHmx xpebuis (3,4 MM), JOBXMHOK OXOMNOMKEHOI
Tywi (1,7 cM), AOBXNHOK BGEKOHHOI MOMOBMHM OXONOMKEHOI Tywi (2,7 cm). 3 ypaxyBaHHSM
BHYTpILLHBOMOPOAHOI AndepeHuiauii 3a iHaekcom Casepa-PpefiHa BCTaHOBMNEHO, WO MOMoa-
HSIK cBuHen |l rpynu nepeBaxkaB poBECHMKIB | rpyny 3a cepegHb04000BUM MPUPOCTOM KUBOI
Macu 3a nepioa KOHTponbHoI Bigrogisni Ha 4,03%, Bikom gocsarHeHHs xuBoi Macu 100 kr — 3,67%
i AOBXMHOW oxornomkeHoi Tywi — 0,2%. KoediuieHT napHoi kopensuii Mix BigrogiBenbHUMn
i M'SICHUMW SIKOCTAMUW MONOOHSAKY CBUHEN Ta OLiHOYHUMM iHOAEKCAMU KONUBAETLCS Y Mexax
Big —0,710 (tr=10,24) pno +0,844 (tr=20,98). MakcnmanbHy npmnbaBKy 404aTKOBOI NPOoAyKLii
odepxaHo Bif, MONMOAHSAKY CBUHen | nigaocnigHoil rpynm 3a iHgekcom Tannepa (+5,03%) ta Il nig-
gocnigHoi rpynu 3a iHgekcom Casepa-®pegina (+1,12%). BapTicTe gogaTtkoBoi npoaykuii, Ky
ofepXaHo Bi MOMOAHSIKY CBUHEN 3a3HayYeHuX rpyn, 3a yMOBWY, Lo LiiHa peanidaLii 3a 1 Kr )unsoi
Macu MOMOAHSKY CBMHEWN Ha Yac npoBeaeHHs OOCNiMpKeHHS aopiHoBana 47,5 rpH. CTaHOBUTL
+247,51 i +55,42 rpH./ron BignoBigHO. TakMM YMHOM, KpUTEpPIEM BiAGOPY BUCOKOMPOAYKTUBHMX
KHYpPIB-NMiAHWKIB | CBMHOMATOK 3a BigrogiBeribHUMM i M’'SICHUMM AKOCTAMM € Mexi iHaekcy Tavnepa
214,89-242,85, ingekcy Casepa-PpegiHa — —3,018...—0,102 6ana.

Knio4yoBi cnoBa: monogHsK CBMHEW, Nopoaa, BiarodiBernbHi i M'ACHI SIKOCTi, iHAEKC,
€KOHOMIYHa eheKTUBHICTb, MiHIMBICTb, KOpensLis

Pesynbratv gocnigXeHHs BigrogiBenbHUX i M'ACHUX
SIKOCTEN MOJIOAHSKY CBUHEN Cy4acHMX MOpid, a Takox
TBapWH, odep>KaHUX Ha OCHOBI MPOMMUCIIOBOIO CXpeLLy-
BaHHSA i ribpuamsadii, ceigvyaTb NPO BUCOKMI PiBEHb iX
(hEHOTUMOBOTO MPOSBY 3 YpaxyBaHHAM YMOB YTPUMAHHSI
i rogisni Ta ix BiANOBIAHOCTI idionorivHin Hopwmi [2, 4, 5,
11, 16]. 3a gaHumun Xpamkosoi O. M. [6] BcTaHOBMNEHO,
LLIO KpaLLMMW BiOroAiBenbHUMN SIKOCTSIMU XapakTepuay-
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€TbCS MOMNOAHSK CBUHEWN, OAEepPXXaHWI Big CBMHOMATOK
reHotuny F; (NxW) i kHypiB cuHTeTUYHOI niKii MaxGrow.
>Kuoi macu 100 kr BoHM gocaranu 3a 171,6 gi6, wo,
MOPIBHSIHO 3 POBECHMKaMM BENMKOI Binoi nopoau, MeHLe
Ha 14,9 pi6 abo 7,99% (P<0,001). MNopiBHsIHO 3 poBec-
HUKaMW CUHTETUYHUX MiHin MaxTer i OptiMus, pisHnusi
ctaHoBuTtb 1,3-10,5 gobu abo 0,75-6,12%. Takox yci
TBapWHW, OTPUMaHI Bif KHypiB 3apybixxHOI cenekuii,
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Manu Kpally onnaTty KopMy NpupocTtamu, NopiBHSHO
3 aHanoramu BiTYM3HAHOI cenekuii, Ha 0,12—0,35 kr
abo 0,13-0,39 kopm. op.

HocnigxeHHamn KpacHowoka O. O. [10] BcTaHoB-
JNEHO, WO MOMNOAHSAK CBUHEN, OAepXaHUA Ha OCHOBI
NMPOMUCIIOBOIO CXpPELLyBaHHSI CBMHOMATOK BENMKOI Ginoi
nopoawm Ta KHypis nopoau naHapac, 3a BikoM JOCATHEHHS
»usoi macu 100 Kr nepeBakaB YNCTOMOPOLAHMX POBEC-
HUKiB Benukoi 6inoi nopoan Ha 8 gi6 abo Ha 4,5%.
3a3HaudeHe CBigunTb, Lo B Nepiod iHTeHcudikaLii cenek-
LiMHOro NpoLecy 3 BUKOPUCTaHHAM TBapuH 3apybibkHOT
cenekuil BaXXnMBuUM NUTaHHAM € OOCTiAKEHHS PIBHS X
apanTauii 4O YMOB HaBKOMMULLIHBOIO cepeaoBuLLa, dheHo-
TMMOBOIO NPOSIBY OCHOBHUX rOCMOAAPCHKO KOPUCHUX
03Hak, a TakoX MOLLYK KpUTepiiB Bigbopy BUCOKOMPOOYK-
TMBHMX TBAPWUH 3a OESAKMMU OLiHOYHUMMW iHOEKCaMMU.
MigTBEpOKEHHSIM aKTYyarnbHOCTI Ta NPAKTUYHOI LiHHOCTI
BMOpaHOro HaNpsIMy OOCHMKEHHSA € pOBOTU BITYN3HSHMX
Ta 3apy0ikHux BYeHmnx [3, 7, 11, 13, 15].

Meta poboTn — gocniguTu BigrogiBenbHi i M’ACHI
AKOCTi MOIOAHSIKY CBUHEW BENUKOI Binoi nopoam pisHoi
BHYTPILLHBOMOPOAHOT AndbepeHLiaLlii 3a iHaekcammn Tan-
nepa i Casepa-PpeaiHa, po3paxyBaTt piBEHb KOpPEnsLii-
HKX 3B’A3KIB MiXX O3HaKaMmu Ta EKOHOMIYHY e(PEKTUBHICTb
pesynbraTiB OCNiAKEHb.

MaTtepianu i meTogm

HocnigpxkeHHa nposenu B arpodopMyBaHHAX [Hinpo-
NeTpoBCbKOi 061., M'sicokoMbiHaTi «[kas» i nabopartopii
TBApUHHULTBA [lepXXaBHOI yCTaHOBU «IHCTUTYT 3€PHOBUX
kKynbtyp HAAH». O6’ekTom gocnimkeHb OyB MONOAHSIK
cBUHen Benukoi 6inoi nopoamn. OuiHKy TBapwH 3a Bia-
rogiBenbHUMM | M’ICHUMU SIKOCTAIMW NPOBOAWIM 3 ypa-
XyBaHHSIM HaCTYMHUX NOKa3HUKIB: cepegHbono60Buin
NPUPICT XKMBOT Macu 3a Nepiog KOHTPOSLHOI BiAroAiBni, Kr;
Bik AOCArHEHHs1 >uBoi Macu 100 Kr, 4i6; TOBLUMHA LUNUKY
Ha piBHi 6—7 rpyaHux xpebuis, MM; JOBXNHA OXONOMKe-
HOI TyLUi, CM; JOBXWHA BEKOHHOT MOMOBUHWN OXONOMKEHOT
Tywli, cm. [1].

IHoekcu Tannepa (1) i Casepa-®pepniHa (2) pospa-
XOByBanu 3a popmynamu:

l, =100 + (242 x K) - (4,13 xL) (1),

e |, — KoMnneKkcHuI inaekc BiarogisenbHMX Ta M ACHNX
AKkocTen, 6ani.;

K — cepeaHbog060BMIA NPUPICT XXMBOT Macw, Kr;

L — ToBLUMHA WMWKy Ha piBHi 6—7 rpygHMX Xxpeoduis, MMm;

242; 4,13 — nocTinHi koediuieHTtn [17];

|=—c’lyg—><Ac;1-—(’ljf—><m=1 (),

ae | — ingekc Casepa-PpepiHa, 6anis;

AG; — WBMAKICTb POCTY Y BIAXUNEHHSAX Bif CEPEeaHbOT;

AF; — ToBLUMHA LINKKY Y BIOXUNEHHAX Bif CEpeaHbOI;

0, — (PeHOTUNHE CTaHAAPTHE BiAXWUNEHHS WBUAKOCTI
pocTty;
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O; — (peHoTUnHe cTaHAapTHE BiAXWUMEHHS TOBLLUHMN
wnuky [9].

Cuny KopensuinHux 3B’s13KiB MiXk 03HaKamMmu BU-
3Havyanu 3a wkanot Yepaoka (umuT. 3a [14]). BapTictb
aopaTkoBoi npoaykuii [12] Ta 6iomeTpuyHy 06pobky
oaepxaHux gaHux [8] nposogunu 3a 3aranbHONPUNHS-
TUMU METOANKAMM.

Pe3ynbTaty 1 06roBopeHHs

AHania pesynesrariB CBigunTb, L0 cepeaHboa0060BUin
NPUPICT XNBOI Macy MOSOAHSKY CBUHEN NigaocnigHol
rpynu (n=51) 3a nepiog KOHTPOMbLHOI BiAroAiBni cTaHo-
BUTb 792,416,37 r (Cv=5,75%), Bik AOCATHEHHS XUBOI
macu 100 kr — 178,0+0,68 nobun (Cv=2,76%), ToBLLMHA
LUMKWKY Ha piBHI 6—7 rpygHux xpebuie — 21,0+0,26 mm
(Cv=8,93%), nosxuHa xornom«eHoi TyLli — 96,8+0,22 cm
(Cv=1,65%), noBxunHa GEKOHHOI NOSTOBUHN OXONOMPKEHOI
Tywi — 86,1+0,37 cm (Cv=3,12%).

IHoekc Tannepa i Casepa-dpeaiHa konMBarOTbCA
y Mexxax Big, 178,89 no 242,85 i B8in —3,018 po +3,427 6ana
BiANOBIgHO. Pe3ynbratn gocnigKeHHs BiarodiBenbHUX
i M'ICHUX SIKOCTEW MONTOOHSIKY CBUHEN BENUKOI Binoi
nopoan pPi3HOT BHYTPILLHBONOPOAHOT AndepeHuiadil
3a iHgekcom Tannepa ta Casepa-PpeniHa HaBegeHO
B TAabn. 1i2.

BcTaHoBneHo, wo monogHsik cBuHen | rpynu (iH-
aekc Tannepa konuBaeTbecs y Mexax Big 214,89 no
242,85 6ana) nepeBaxas poBecHukiB Il (iHoekc Tanne-
pa konvBaeTbcs y mexax Big 178,89 oo 192,72 6ana):
3a cepenHLO000BVM NPUPOCTOM XXMBOI Macu 3a nepioa
KOHTpOMbHOI Bigrogisni — Ha 91,7 r (td=9,28; P<0,001),
BikOM JocsirHeHHs xuBoi macy 100 kr— 7,3 oobwm (td=4,42;
P<0,001), TOBLLMHOO LLNWKY Ha PiBHI 6—7 rpyaHUX xpeb-
uis — 3,4 mm (td=6,07; P<0,001), SOBXMHOIO OXOnomKe-
Hoi Tywi — 1,7 cm (td=3,54; P<0,01), OBXMHOI GEKOHHOT
MOMOBMHM OXONOMKEHOT TyLi — 2,7 cm (td=3,64; P<0,01).
PisHnusa MiXX TBapMHaMy 3a3Ha4vyeHunx rpyn 3a iHgekcom
Tannepa gopisHioe 36,2 6ana (td=13,35; P<0,001).

3 ypaxyBaHHSAM BHYTPILLHbOMOPOAHOI ANdepeHLi-
auii 3a iHoekcom Casepa-®peniHa BCTaHOBMEHO, LLO
monogHsk ceuHen |l rpynu (iHaekc Casepa-®PpegiHa
y mexax Big —3,018 go —0,102 6ana) nepeBaxas po-
BecHukiB | (iHaekc Casepa-®PpegiHa y mexax Big +0,028
0o +3,427 6ana): 3a cepegHb04060BUM NPUPOCTOM
XMBOI Macwu 3a nepioa KOHTPOILHOI BiAroAisni — Ha
32,31 (td=2,92; P<0,01), BikoM JOCArHEHHS XXMBOi MacK
100 kr — 6,7 gobun (td=5,58; P<0,001), oBXUHOI
oxornomxkeHoi Tywi — 0,2 cm (td=0,47; P>0,05).

MpoTunexHy 3akOHOMIPHICTb MK rpynamy BCTaHOB-
JNeHO 3a JOBXWHO OEKOHHOT NONTOBUHN OXONOOXKEHOT
TyLUi Ta TOBLUMHOIO LUNWKY Ha PiBHI 6—7 rpyaHux xpeb-
ui. PisHuus mix tBapuHamu | i [l rpyn 3a goBxuHoo oe-
KOHHOI MOMOBWHW OXONOOXKEHOI TyLUi cTaHOBUTL 1,1 cM
(td=1,54; P>0,05), TOBLUMHOIO LUNWKY Ha piBHI 6—7 rpya-
HKX xpebuiB — 2,2 mm (td=5,23; P<0,001).
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Tabnuusa 1. BigrogiBenbHi i M’ACHI SKOCTi MONMOAHSKY CBUHEN BEMUKOI 6inoi nopoau pisHOi BHYTPILLHLONOPOAHOT AndepeHuiauii
3a iHaekcom Tannepa

Table 1. Fattening and meat qualities of young pigs of large white breed of different intrabreeding differentiation

according to the Tyler index

Ipapauii inaekcy Tavinepa / Tyler index gradations

BiomeTpuyHi
ToKa3HKM, OAMHNLI BUMIDY OKa3HUKM 214,89-242,85 195,52-213,54 178,89-192,72
Indicators, units of measurement Biometric rpyna / group
indicators
I (n=13) Il (n=25) Il (n=13)
CepeaHboao60BMi MPUPICT KNBOT MacH X+Sx 834,4+7,80 796,4+7,41 742,7+6,07
S| TR lEfE O ol Elfaeal=Gl), & oX 28,12+5,524 37,08+5,244 21,864,294
The average daily increase in live weight e e e e
during the period of control fattening, g CvxSc,, % 3,37+0,662 4,65+0,657 2,940,577
X+Sx 174,4+1,14 177,9+0,85 181,7+£1,20
Bik pocarHeHHs xwuBoi macu 100 kr, Oi6
Age of achievement of live weight of 100 kg, days 0tX, 4o AT 4 A AL
CvtSc,, % 2,35+0,461 2,380,336 2,38+0,467
TOBLLMHA LUMWKY Ha PIBHI X+Sx 19,1+0,37 21,1£0,28 22,5+0,43
6—7 rpyaHux xpebuis, MM
Thickness of fat at the level 0+X, 1,34+0,263 1,430,202 1,560,309
of 6-7 thoracic vertebrae, mm Cv+Sc,, % 7,01£1,377 6,77+0,957 6,93+1,361
X+Sx 97,4+0,35 97,1+0,33 95,7+0,34
[loBXMHa OXOMOAXXEHOI TyLLi, CM
The length of the cooled carcass, cm 01X, 1,26:2,475 1,690,239 1,230,241
Cv+Sc,, % 1,290,253 1,74+0,246 1,28+0,251
X£Sx 87,0%0,58 86,120,59 84,30,47
[oBxunHa 6GEKOHHOT NOMOBUHN OXONOMXKEHOI TyLLi, CM
Length of bacon half of chilled carcass, cm g 21020412 2982002l :70%0:855
CvtSc,, % 2,41+0,473 3,46+0,489 2,010,394

Ta6nuus 2. BigrogiBenbHi i M’AICHI SKOCTi MONMOAHSKY CBUHEN BEMUKOI 6inoi nopoau pisHoi BHYTPiLLHbONOPOAHOT AndepeHLjadii
3a iHgekcom Casepa-®peaiHa

Table 2. Fattening and meat qualities of young pigs of large white breed of different intrabreeding differentiation

according to the Sazer-Fredin index

I'papauii inaekcy Casepa-®pegiHa / Sazer-Fredin index gradations

BiomeTpunyHi
[MokasHukK, oguHULi BUMIpY NOKa3HUKN +0,028...+3,427 -3,018...-0,102
Indicators, units of measurement biometics rpyna /group
Indicators
| (n=28) Il (n=23)
CepenHbon060BMii NPUPICT XUBOT Macu X£Sx 769,1£7,33 801,4+8,25
3a nepiof KOHTPONbHOI Bigroaieni, r
The average daily increase in live weight oo 34,374,594 39,595,839
during the period of control fattening, g Cv+Sc,, % 4,46+0,596 4,94+0,728
X£Sx 182,10,82 175,4+0,89
Bik nocarHeHHs »wuBoi macu 100 kr, aio
Age of achievement of live weight of 100 kg, days 0X, CRREU SIS AR B
CvtSc,, % 2,410,322 2,44+0,359
ToBLUMHA LUMVKY Ha PiBHi X+Sx 20,0+0,29 22,2+0,31
6—7 rpyaHux xpebuis, Mm
Thickness of fat at the level oG 1,540,204 0L
of 6—7 thoracic vertebrae, mm Cv+Sc,, % 7,65+1,022 6,75+0,995
XSx 96,8+0,33 97,0£0,29
[oBXnHa OXONOMKEHOT TyLUIi, CM.
The length of the cooled carcass, cm B 7 2es il Rt 203
CvtSc,, % 1,82+0,243 1,430,210
X+Sx 86,3+0,59 85,2+0,42
[oBxuHa 6EKOHHOI MONIOBMHM OXOMNOOXKEHOT TyLLi, CM
Length of bacon half of chilled carcass, cm — Szl U L2
CvtSc,, % 3,65+0,487 2,350,346
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PesynbraTtv po3paxyHkisB koediuieHTa napHoi kope-
nauii MiXk BigrogiBenbHUMM | M’ ICHUMU SIKOCTAMU MO-
NOAHSKY CBUHEN Ta OLHOYHUMW iHOEeKCaMn HaBeaeHo
y Tabn. 3. KoediujieHT napHoi kopensuji Mix Bigrogisernb-
HUMW | M’ACHUMIW SIKOCTSIMU MOMNOAHSIKY CBUHEW Ta OLi-
HOYHMMM IHOEKCaMKM KonmBaeTbes Y Mexax Big —0,710
(tr=10,24) pno +0,844 (tr=20,98).

BiporigHi koediuieHTn kopensuii BCTaHOBNEHO 3a
TakMMn napamm o3Hak: iHgekc Tarnnepa x cepegHbo-
A060BuI NPUPICT XMBOT MacK 3a Nepiog KOHTPONbHOI
Bigrogieni (r=+0,844), iHoekc Tannepa x Bik gocsar-
HeHHs1 xumBoi macu 100 kr (r = —0,546), inaekc Tanne-

pa X TOBLUMHA LUNWKY Ha PiBHI 6—7 rpyaHuX xpebuis, Mm
(-0,647), iHoekc Tarnepa * QOBXMHA OXOIOMKEHOI TyLL
(r = +0,359), iHoekc Tannepa x OOBXMHA GEKOHHOI Mo-
NOBUHM oxonompkeHoi Tywi (r = +0,298), inaekc Casepa-
PpegiHa x cepegHb04000BUIA NPUPICT XXMBOI MacK 3a
nepiog KoHTponbHoOI Bigrogieni (r = —0,371), iHAeKc
Cazepa-PpegiHa * Bik gocsirHeHHs xunBoi macu 100 kr
(r=+0,665), inaekc Casepa-dpegiHa X TOBLUMHA LLNUKY
Ha piBHi 6—7 rpyaHmx xpebuis, mm (—0,710).
Pesynsratv po3paxyHKy eKOHOMIYHOT eheKTUBHOCTI
BMKOPUCTaHHS MOJTOOHSKY CBUHEW NigOoCnigHuX rpyn
HaBegeHo B Tabn. 4. YcTaHOBMEHO, WO MakCcMMarnbHy

Ta6nuus 3. KoediuieHT napHoi kopensiuii Mix BigrogiBenbHUMU | M'SICHUMU SIKOCTSIMU MOMOZHSIKY CBUHEN Ta OLiHOYHUMM iHAeKcamum
Table 3. Pairwise correlation coefficients between fattening and meat qualities of young pigs and evaluation indices

MokasHuk (o3Haka) / Indicator (attribute) BiomeTpuyHi nokasHuku / Biometric indicators

Cuna kopensuiiHoro 3B’A3Ky
The correlation strength

X y r+Sr tr

1 0,844+0,0402*** 20,98 Iyxe Bucoka / Very high

2 —0,546+0,0982*** 5,56 MomitHa / Noticeable
HASkoyaMREpatanls 3 0,647+0,0814** 7,95 MowmitHa / Noticeable
Tyler index, points

4 0,359+0,1220** 2,95 [MomipHa / Moderate

5 0,298+0,1276* 2,34 Cnabka / Weak

1 -0,371+0,1207** 3,08 [MomipHa Moderate

2 0,665+0,0780*** 8,53 MowmiTtHa / Noticeable
IHpekc Casepa-PpepgiHa, 6anis . .
Sazer-Fredin index, points —-0,710+0,0694 10,24 Bucoka / High

4 —0,084+0,1391 0,60 —

5 0,010+0,1400 0,07 —

lMpumimka. 1 — cepegHLOA060BUI NPUPICT XMBOI MacK 3a nepiod KOHTPOSLHOI Biaroaieni, Kr; 2 — Bik AOCArHeHHs xuBoi macu 100 kr, 4i6;
3 — TOBLUMHA UMUKy Ha PiBHI 6—7 rpyaHnX xpebuis, MM; 4 — OOBXMHA OXONOMKEHOI TyLi, CM; 5 — AOBXMHA HEKOHHOI MONOBUHM OXONOOXKEHOT
Tywi, cm. * — P<0,05; ** — P<0,01; *** — P<0,001.

Note. 1 — average daily increase in live weight during the period of control fattening, kg; 2 — age of achievement of live weight of 100 kg, days;
3 — the thickness of the fat at the level of 6—7 thoracic vertebrae, mm; 4 — length of cooled carcass, cm; 5 — length of the bacon half of the
cooled carcass, cm. * — P<0.05; ** — P<0.01; *** — P<0.001.

Ta6nuus 4. EkoHoMiYHa e(peKTUBHICTb pe3ynbTaTiB 4OCHiAXEHb
Table 4. Economic efficiency of research results

Baprtictb gogatkoBoi
npoaykuii, rpH./ron.*

CepenHbono60BUI MPUPICT XMBOI Macu
pyna 3a nepiod KOHTPONbHOI BigroAieni, r

MNprbaBka gonaTkoBoi
npoaykuii, %

Group n The average daily increase in live weight  Increase in additional Cost of additional
during the period of control fattening, g products, % products, UAH/animal*
3aranbHa Bubipka / Total sample 51 792,416,37 — —

BHympiwHbomopodHa dughepeHujiauisi 3a iHOekcom Talnepa / Intrabreed differentiation according to the Tyler index

i 13 742,7+6,07 —6,27 -321,4
Il 25 796,4+7,41 +0,50 +25,09
| 13 834,4+7,80 +5,03 +247,51

BHympiwHbonopodHa dughepeHujauisi 3a iHOekcom Casepa-®PpediHa / Intrabreed differentiation according to the Sazer-Fredin index

| 28 769,1+7,33 —2,94 -151,05

Il 23 801,4+8,25 +1,12 +55,42

lMpumimka. * — uiHa peanisauii MONOAHSAKY CBMHEN Ha nepepobHi mianpremcTBa perioHy Ha Yac NpoBeaeHHs AOCNiMKeHHs AopiBHioBana 47,5 rpH./Kr.
Note. * — the sale price of young pigs to processing enterprises of the region at the time of the study was 47.5 UAH/Kkg.
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Bifbip KHYpiB i CBMHOMATOK 3a BiAroAiBENbHUMM | M'ACHUMUN SKOCTAMU MOTOMCTBA

npubaBKy 0OAATKOBOI NPOAYKLIT o4epXaHo Big Monoa-
HAKy cBuHen | niggocnigHol rpyny 3a ingekcom Tarnepa
(+5,03%) Ta Il nipnocnigHoi rpynu 3a iHaekcom Casepa-
®pegiHa (+1,12%). BapTicTb gogaTkoBOi NpoayKLii, Ky
ofepPXaHo Bi, MOMOAHSIKY CBUMHEW 3a3HaYeHuX rpyn, 3a
YMOBMW, LLO LjiHa peanisauii 3a 1 Kr »xmBoi Macu Monog-
HSIKY CBMHEW Ha Yac NpoBeAeHHs LOCNiAKEHHS OOpiB-
HioBana 47,5 rpH., CTaHoBUTb +247,51 i +55,42 rpH./ron.
BignoBigHO.

BucHoBKku

1. MonogHsik cBuHen Benukoi 6inoi nopoam nigkoH-
TPOnbHOI NONYNALii 3a BikOM JOCATHEHHS XXMBOi Macu
100 kr nepeBaxae MiHiMasibHi BUMOIM Knacy enita Ha
6,13%, TOBLUMHOHO LLNWUKY Ha piBHI 6—7 rpyaHMx xpeb-
uiB — 32,25% i 4OBXMNHO oxonomkeHoi Tywi — 3,92%.

2. BiporigHy pi3HuLI0 MiXX TBapuUHaMu pi3HOI BHY-
TPILLHBONOPOAHOI AndbepeHujadii 3a iHaekcom Tavnepa
(I'i Il rpynun) BCTaHOBNEHO 3a cepeaHbO0060BUM Mpu-
POCTOM XMBOi Macu 3a nepiog KOHTPOMbHOI BigroAisni
(91,7 r; td=9,28; P<0,001), BikoM AOCATHEHHS XNBOI
macu 100 kr (7,3 gobu; td=4,42; P<0,001), TOBLLUHOO
LUNWKY Ha piBHI 6—7 rpyaHux xpebuis (3,4 mm; td=6,07;
P<0,001), nosxuHoto oxonomkeHoi Tywwi (1,7 cm; td=3,54;
P<0,01), aoBxnHoto GEKOHHOT MONOBMHN OXOITOXKEHOI
Tywi (2,7 cm; td=3,64; P<0,01).

3. 3 ypaxyBaHHAM BHyTpinopoaHoi andbepeHrLiauii 3a
iHOoekcom Casepa-®pegiHa monoaHsik ceuHen |l rpynu
nepeBakaB poBecHUkiB | 3a cepegHboa000BUM Npu-
POCTOM XMBOI Macu 3a Nepioa KOHTPONbHOI Biarodieni Ha
4,03%, BikoM gocarHeHHs »xwuBoi macu 100 kr — 3,67%
i LOBXMHOW oxonogxeHoi Tywi — 0,2%.

4. KoedilieHT napHOi Kopenswji M BiarogisernsHUMm
i M’'AICHNMM SIKOCTSIMW MOFOAHSKY CBUHEN Ta OLIHOYHUMU
iHoekcamu konmeaeTbes Big —0,710 (ir=10,24) no +0,844
(tr=20,98).

5. MakcumanbHy npubaBky Ao0OaTKOBOT NPoAyKUil
OEepPXXaHo Big, MONMOAHSAKY CBUHEN | rpynu 3a iHAeKcoMm
Tawnnepa (+5,03%) i Il 3a iHaekcom Casepa-PpepgiHa
(+1,12%). BapTicTb gogaTkoBOI NpoayKLii, OTPMMaHOI Big
MOMOAHSIKY CBUHEN 3a3HayeHuX rpyn, 3a yMoBH, LLO LiiHa
peanisadlji 3a 1 Kr >XMBOi Macy MOIOAHSIKY CBUHEN Ha Yac
npoBeaeHHs aocnigkeHHst 47,5 rpH, ctaHoBUTb +247,51
i +55,42 rpH./ron. BiANoBigHO.

6. Kputepiem Bigbopy BMCOKOMPOOYKTUBHMX KHYpIB-
NNigHWKIB i CBMHOMATOK 3a BiAroaiBenbHUMU | M'siC-
HUMU SKOCTAIMM TX NOTOMCTBa € MeXi iHaekcy Tannepa
214,89-242 85, ingekcy Casepa-PpeniHa — Big —3,018
po —0,102 6ani..

nepCI'IeKTVIBM noganbLunxX gocnigkeHb

MopanbLua pobota nependavae NPoOBECTU AOCTMKEH-
Hs1 BiAroAiBenbHUX | M'ACHUX SKOCTEN MOMOOHSKY CBUHEN
Pi3HMX NOEAHaHb Ta reHoTUNiB 3a reHom MC4R.
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Selection criteria for highly productive breeding boars and sows
by fattening and meat qualities of their offspring using some evaluation indexes

V. I. Khalak’, O. M. Zhukorsky?, O. M. Tserenyuk?
v16kh91@gmail.com

'SE Institute of Grain Crops of National Academy of Agrarian Sciences,
14 Volodymyr Vernadskyi str., Dnipro, 49009, Ukraine

2National Academy of Agrarian Sciences of Ukraine,

9 Mykhailo Omelyanovych-Pavlenko str., Kyiv, 901010, Ukraine
3Institute of Pig Breeding and Agrarian Sciences NAAS,

1 Shvedska Mohyla str., Poltava, 36013, Ukraine

The aim of the work is to study the fattening and meat qualities of young white pigs and to determine the criteria for selection of
high-yielding breeding boars and sows using some evaluation indices. It was found that young pigs of large white breed of the controlled
population at the age of 100 kg exceed the minimum requirements of the elite class by 6.13%, the thickness of the fat at the level
of 67 thoracic vertebrae — 32.25% and the length of chilled carcass — 3.92%. Significant difference between animals of different
intrabreed differentiation according to the Tyler index (groups | and lll) was established by the average daily gain of live weight during
the control period of fattening (91.7 g), age of 100 kg live weight (7.3 days), fat thickness at the level of 6—7 thoracic vertebrae (3.4 mm),
length of chilled carcass (1.7 cm), length of bacon half of chilled carcass (2.7 cm). Taking into account the intrabreed differentiation
according to the Sazer-Fredin index, it was found that young pigs of group Il outperformed peers of | on average daily live weight gain
for the period of control fattening by 4.03%, age of 100 kg — 3.67% and length of chilled carcass — 0.2%. The pairwise correlation
coefficient between fattening and meat qualities of young pigs and evaluation indices ranges from —0.710 (tr=10.24) to +0.844 (tr=20.98).
The maximum increase in additional products was obtained from young pigs of the first experimental group according to the Tyler index
(+5.03%) and the second experimental group according to the Sazer-Fredin index (+1.12%). The cost of additional products obtained
from young pigs of these groups, provided that the selling price per 1 kg of live weight of young pigs at the time of the study was 47.5 UAH.
is +247.51 and +55.42 UAH/animal respectively. Thus, the criteria for selecting highly productive breeding boars and sows for fattening
and meat qualities are the limits of the Tyler index 214.89-242.85, the Sazer-Fredin index — —3.018...—0.102 points.

Key words: young pigs, breed, fattening and meat qualities, index, economic efficiency, variability, correlation
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FeHOoTMNOBA CTPYKTYypa MiKpononynsiuin CBUHEeN BiTYU3HAHUX Nopig
3a Nokycom piaHoguHoBoro peuentopa RYR1

T. M. Puk
tanya.ryk.77@gmail.com

JlbBiBCbKa MeguyHa akagemis imeHi AHgpes KpynuHcbkoro,
Byn. Metpa JopoweHka, 70, m. JTbBiB, 79000, YkpaiHa

Mpobnemy HecTaui opraHiB i TKaHWH Y TpaHCNNaHTaUHIN MEeaMLUMHI MOXHa BUpILLYBaTK
3aBOSAKN BUKOPUCTAHHIO KCEHOTPAaHCMaHTaLii — nepecagky NoAWHI OpraHiB TBapyH, 30Kpema
cBuHen. OHaK CBMHI MatoTb ByTW CTPECOCTIKUMM | NPUCTOCOBaHMMM 0 YMOB YTPUMAHHS! i rofiBni
y BiBapisix. CTPeCOCTINKIiCTb y cBMHEN KoHTportoeTbes [IHK-mapkepom Hal 1843. ToukoBa myTaluis,
3a sKoi BinOyBaeTbCst 3amiHa 1843C>T B ek3oHi 17 reHa peLenTopa piaHognHy RYR1 y romoaurot-
HOMY CTaHi y CBUHEN, CNPUYMHSIE CTPeCc-cuHapoM. MeToro AocnigKeHHsi Byro BUBYEHHSI reHETUYHOI
CTPYKTYpW OKpeMux nonynsiuin cBuHen 3a nokycom reHa RYR1, BignosigansHoro 3a niasuLLeHy
cTpec-vytnueicTb. MNMpoBeaeHo AHK-TectyBaHHsa 102 cBuHen nopig noNTaBCbKOI M’ACHOT, MUp-
ropogchKoi, BEMNWKOI Binoi, naHapac, mMeTpeH, B'ETHAaMCbKOI 3BMCITOMEPEBOI, YKPaiHCbKOT M’ICHOI,
YKpaiHCLKOT cTenoBoi psiboi. JocnigpkeHHs NpoBoannu Ha 3paskax AHK, otpymMaHux i3 KpoBi CBUHEN.
OHK Buainsnu 3a gonomoroto peareHty Chelex 100. QocnimkeHHs doparmeHTa reHa RYR1 npo-
BOAMNM 3a NONIMOPARI3MOM AOBXMH PeCTpUKLIiIMHNX chparmeHTis (MNOP®) metogom nonimepasHoi
naHutoroeoi peakuii (MJ1P). Y pocnimkeHnx TBapuH Byro ineHTudikoBaHO ABa aneni reHa piaHo-
avHoeoro peuentopa RYR1 (n i N) i Tpy reHotunn (NN, Nn, nn). Y pesynisrati MonekynspHoro Ao-
CIiMKEHHS1 CBUHEWN pi3HMX nopig Oy BusABNeHWn nonimopdiam reHa RYR1. KinbkicTb TBapunH-HOCIIB
peLecrBHOrO anens n reHa piaHoauHosoro pelentopa RYR1, skuia Bignosigae 3a 4yTnmBiCTb CBU-
Heln J0 CTpecoBux (hakTopiB, KOMMBanacs y 3Ha4HMX Mexax: Bif MOBHOI MOro BiACYTHOCTI Y npea-
CTaBHWKIB B'ETHAMCBKOI 3BMCIIOYEPEBOI, YKPAIHCLKOI M'SICHOI, BENUKOI 6inoi Ta ykpaiHcbKoi cTeno-
Boi psiboi nopig 4o 100% tBapuH romosurotHoro RYR1™ reHotuny B nopogi m'etpeH i 50% ocobuH
nopoau naHapac, ski Manu reteposurotHuid reHotun RYRAN. MytaHTHUi anenb RYR1" BusiBnsanu
y TBapuH nopoam m'etpeH 3i 100-BigcoTkoBoto YacToToro. etepoanrotHuin reHotun RYR1N" BusB-
neHo y ceBuHel nopig nontaecbka m'sicHa (10%), naHapac (50%), mypropoacbka (15%), ykpaiHceka
ctenosa psiba (50%). Y BCiX AochimKeHNX CBUHEN nopia Benvka Bina, B'eTHaMCbka 3BUcnovepe-
Ba i yKpaiHCbKa M’siCHa BUSIBITEHO FOMO3UrOTHMIA reHoTun RYR1NN, qkui CBiguMTb Npo BiACYTHICTb
Y HUX cTpec-cuHapomy. BctaHoBREHO, Wo BaxaHumm A4S po3BeAeHHS 3 METOK BUKOPUCTaHHS
y BiomMeanyHMX Linsix € CBUHI nopig Benukoi 6inoi, B'eTHAMCbKOI 3BUCITOYEPEBOI Ta YKPaiHCbKOI
M’sicHOI. PO3BejeHHS1 CBUHEW MOPOAU METPEH i Oyab-AKMX NOEAHAHb 3 LiE0 MOPOAOHD YHe-
MOXXITMBITHOE BUKOPUCTaHHS TakMX TBapuH Ansi 6ioMegnyHnx ekcnepmmeHTansHux pooirt.

Kno4yoBi cnoBa: KceHOTpaHCcnnaHTauis, CBMHI, CTpeC-CMHAPOM, FeH piaHOANHOBOIO
peuentopa RYR1

[ediunT opraHiB i TKaHWH oNA nepecagky NoanHi — MigBuLeHa YyTNMBICTL CBMHEN OKPEMMX Nopia 40
BaXxnmMBa npobnema TpaHcnnaHTauinHOT MeauLmHu, CTpeciB (CTpecHyTNMBICTb) CTae Aeaani rocTpillow nNpoo-
OLHVM i3 HaNPAMIB BUPILLEHHSA AKOT HUHI BBaXXa€eTbCS NEeMOLO i B CENEKLinHiI poOOTi, OCKINTbKM CyMNPOBOMMKYETHCS
BUKOPUCTaHHA OpraHiB i TKAHWH TBapWH, KCEHOTPAHC- 3HAYHUMUN EKOHOMIYHUMM 3BMTKaMM Ons rocnogapcTs [5).
nnaHTauis. Ona meamko-6ionoriyHmx notped TBapuHMm, 3a noBigoMNeHHsIMM OOCNIOHMKIB, CNoCTepiraeTbCa pis-
30Kpema CBUWHI MOBUHHI ByTy CTPECOCTIKUMM 1 aganToBa- HWI CTYNiHb NPOSIBY CTPEC-CUHAPOMY Y TBAPUH Pi3HNX
HUMU 0O YMOB YTPUMaHHS Ta rogieri B Mexax BiBapito. nopia 3anexHo Big HanpsAMy iX NpogyKTUBHOCTI [4].
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CTpecoHecCTiNKi TBAPUHU XapakTepu3yTbCs BU-
COKOK CMEpPTHICTIO Nifg Yac TpaHCNopTyBaHHS, rinep-
YYTAMBICTIO A0 Ail HeraTMBHUX haKTOpiB AOBKOMMLL-
HbOro CepeoBULLA, L0 NPU3BOAUTL 00 3HUKEHHS
piBHS BiATBOpPOBANIbHUX O3HAK, MOKa3HUKIB POCTY Ta
po3BuTKy [1].

Y CBMHEN 3a KOHTPOMb TakOl BaXnMBOI rocnogap-
CbKOI 03HaKM, SK YyTNMBICTb 4O CTPECy, NPOSIBOM SKOi
€ cTpec-cuHgpom — PSS (porcine stress syndrom),
Bignosigae reH piaHoguHosoro pevenTtopa (RYR1, ryano-
dine receptor 1 gene) [8].

PSS — reHeTn4yHo ob6ymoBneHa aHomManigd, saka
Mae aBTOCOMHO-PELECMBHUN TUM YCNagKyBaHHS.
MpunymHOLO i1 BUHMKHEHHS € TOYKOBA MyTalisl B €K30-
Hi 17 reHa piaHOOMHOBOrO peuenTopa, 9KUin Kogye
B CKeneTHUX m’'a3ax Oinok kanbuieBoro kaHany [2].
Lis TpaHauuia y no3uuii 1843 (C—T) npu3BoguTb 40
3aMiHuM apriHiHy Ha uucTeiH y nosudii 615 piaHoauH-
peuenTopHoro Ginka, sk € y capkoniasmaTtuiHoMy
peTUKynyMi M’A30BOro BOSTOKHA, L0 NPM3BOAUTL 0
MOPYLLEHHSI OCHOBHOI oyHKLUiT Liboro Binka i, sk Hacni-
[OK, BiOyBaeTbCs HM3Ka BIOXiMIYHMX 3MiH | PO3BUTOK
3rosikicHoi rineptepmii [3].

MeToto Haworo gocnigxxeHHsa O0yrno BUBYEHHS re-
HETUYHOI CTPYKTYPU OKpEMUX NONYNSLii CBMHEN 3a
nokycom reHa RYR1, BignosiganbHoro 3a nigBuLleHy
CTPeC-YyTNmBICTb.

MaTepianu i meToam

MposeneHo AHK-TecTyBaHHs 102 cBuHel nopia non-
TaBCbKOI M’SICHOT, MMPropoACbKOi, BENMKOi 6inoi, nax-
Jpac, MeTpeH, B'€ETHAaMCbKOI 3B1CIOYepeBol, yKpalHCHKOT
M’ICHOI, YKpaiHCbKOI cTenoBoi psiboi. JocnimkeHHs npo-
BoAMNM Ha 3paskax OHK, oTpumaHnx i3 KpoBi CBUHEN.
OHK Buainanu 3a gonomoroto peareHta Chelex 100 [12].
OcCHOBHi NapameTpu OTPUMAHMX HYKMEIHOBUX KMCNOT
(koHUeHTpauis OHK, cTyniHb T YncToTM Ta HAaTUBHOCTI)
BUMiptoBanu 3a gonomoroto npunagy NanoDrop-219
(IHCTUTYT MonekynsapHoi Gionorii i reHeTnkn HAH,
M. KuiB, YkpaiHa).

HocnigxeHHs dparmeHTa reHa RYR1 npoBoamnu
3a NoNiMopPdI3MOM LOBXWH PECTPUKLINHUX doparMeH-
TiB (MNAP®) meTogom noniMepasHol NaHLroBoi pe-
akuii (MJIP).

Awmnnidikauito doparmeHta RYR1 reHa nposoaunm B
amnnicpikaTtopi « Tepumk» 3 npanmepamu; 5-GTGCTG-
GATGTCCTGTGTTCCCT-3", 5-CTGGTGACATAGTT-
GATGAGGT TTG-3' npotdrom 35 LMKniB y TakoMy pe-
Xumi: geHatypauia 94°C — 1 xB; 31 umkn — 94°C, 25 ¢;
68,5°C, 26 c; 72°C, 40 c; enoHrauia 72°C — 2 xB.

Naponia amnnidgikoBaHmx nocnigosHocTter reHy RYR1
34iMCHIOBanu 3a CXeMOI0: peakuinHa cyMmiw mictuna
10x pecTpukLiiHuin 6ydep (onTMMi3oBaHUM aNg LbOro
depmeHTy) — 2,5 MKn, Boay AeNOoHi3oBaHy — 7,3 MK,
eHAOoHyKreasy pecTtpukuii Hin 6 — 0,2 mkn (4-5 og,. akT.)
Ta 12,5 mkn MINP-npoaykTy.

The Animal Biology, 2022, vol. 24, no. 1

PosaineHHs npoaykTiB pecTpukUii 34inCHI0Banm
METOLOM FrOpU30OHTaNbHOTO renb-enekTpodopesy 3 BU-
KopucTaHHsaM 3% arapo3Horo rento y Tpic-bopaTtHomy
enektpodopesHomy bydepi (TBE: 0,0879 M Tpic,
0,089 M 6opHa kucnota, 0,002 M EOTA pH 8,0). Ons
KOHTPOIMIO 3a po3MipamMun OTPUMaHUX y pesynesraTi amn-
nigikauii pparmMeHTiB BUKOPUCTOBYBanNu Mapkep Mo-
nekynsipHoro poamipy Thermo Scientific O’GeneRuler
100 bp DNA Ladder, w0 0o3Bonsge npoBOANTU KOHTP-
onb 3a po3mipamu JHK-parmeHTiB y gianasoHi mone-
KynsapHux po3mipis Big 100 go 1000 n.H.

3HayeHHs genome copy number (MiHiManbHa Kinb-
KicTb konin cpparmeHTy OHK ana moxnueocTi noro
Bidyanisau,ii) po3paxoByBanu 3a oopmynoto [9]:

Pe3ynbrat 1 06roBopeHHs

Y pocnigxeHux TBapuH Oyno igeHTndikoBaHo aBa
aneni reHa piaHoguHoBoro peuentopa RYR1 (ni N)
i Tpu reHotunn (NN, Nn, nn).

EnektpodopeTnyHe po3aineHHs pecTpuKUinHUX
dparmeHTiB NokasaHo Ha puc. 1. PparMeHTn QOBXU-
Hoto 84 i 53 napu HyknNeoTUaiB BKa3yTb HA AOMIHAHT-
HUA romo3uroTHui reHotun NN i e o3Havae, LWo myTa-
L BiACYTHSA, a gocnigxXyBaHa TBapuHa CTPECOCTInKa.
dparmeHT goBxmHoto 137 N.H. KnacuikyeTbCcs SK pe-
LECUBHWUIA TOMO3UIOTHUI FEHOTUM NN i Lie O3Ha4vae, Lo
TBapvHa CTpecoYyTnmBea.

TBapuHu 3 reTepo3uUroTHUM reHotTunom Nn —
CTPECOCTIlKi, ane € HOCIIMNU MyTaHTHOrO anens.

Cepen npoaHanisoBaHuX BUBIPOK CBUHEWN Pi3HUX MO-
pig, KiNbKiCTb TBApWH-HOCIIB peLecMBHOIO anensi n reHa
piaHoanHoBoro peuenTtopa RYR1, skuii Bignosigae 3a
YyTNMBICTb CBUHEN A0 CTPECOBUX (PaKTopiB, KOnuBa-
nacs y 3HadyHux mexax: Big MOBHOI MOro BiACYTHOCTI
y NpeacTaBHUKIB B'’€THAMCbLKOI 3BUCNOYepeBol, yKkpa-
THCBKOI M’SICHOT, BENMKOi Binoi Ta yKpaiHCbKOI CTenoBoi
psa6oi nopig Ao 100% tBapuH romosunrotHoro RYR1™
reHoTuny B nopodi n'etpeH i 50% ocobwH nopoawm naH-
apac, ski manu retepoaurotHi RYR1NT reHoTun.

BcTaHoBneHO, Lo HOCISIMKW anensa CTPeCcoYyTIMBOCTI
Buasunucs 20% teapuH Mmupropoachbkol i 10% cBuHen
NONTaABCbKOI M’'ACHOI Nopia. [eHeTNKo-nonynauinHum
aHania ceuHel 3a nokycoM RYR1 nokasas, LU0 B nony-
NAUiSX MUPropoachbKol, BENUKOT Binoi Ta nonTaBcbKoi
M’ACHOI nopig YyactoTu myTaHTHoro anens RYR1"
BUABUNNCS HabaraTo HMXKYUMUN, HiX Yy cTagax nopig
nangpac Ta m'eTpeH. BkoTpe nokasaHa ToTanbHa romo-
3UFOTHICTb YACTONOPOAHNX CBUHEN NOPOAN METPEH
3a MyTaHTHMM anenem n nokycy RYR1. Lle nos’sa3aHo
i3 Ha3BMYANHO BUCOKUMU MOKa3HUKaMMN M’ ICHOCTI L€l
nopoAau i HeraTMBHMM edPEKTOM cesekLil Ha NigsuLLeHy
YYTNMBICTb A0 CTPECOBUX (PaKTOPIB, LLUO CYNpPOBOOXY-
€TbCHA BUHUKHEHHAM CTPEeC-CMHAPOMY, OpraHiyHMMu
nopyLleHHAMMN 3 BOKY cepueBO-CyaUHHOI CUCTEMMU,
Bagamu sikocTti Mm'saca: PSE (bnige, Mm’sike, ekcyaaTuBHe)
Ta DFD (cyxe, xopcTke).
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9 10 11 12 13 14 M

Puc. 1. Enektpodoperpama po3gineHHs NpoayKTiB pPecTpuKLii
nokycy RYR1 y 3%-y arapoaHomy reni. 1-14 — Homepu cBuHel
Ta BigMoBiAHi iM reHoTMNM, M — Mapkep MOMNeKynsipHOro po3mipy
Fig. 1. Electrophoregram of separation of restriction products

of RYR1 locus in 3% agarose gel. 1-14 — numbers of pigs

and their corresponding genotypes, M — marker of molecular size

g 27 &% PUC 7 0 & & 20 28

Puc. 2. Enektpodoperpama po3gineHHs NpoayKTiB pecTpuKLii
nokycy RYR1 'y 3%-y araposHomy reni. 5k, 25, 7, 11k, 27, 35, 17,
11, 30, 34, 20, 28 — HOMepM TBapWH YKPaiHCbKOI M’ICHOT NOpoAM
Ta BignoBiaHi im reHotunu, PUC — mapkep MonekynspHOro poamipy
Fig. 2. Electrophoregram of separation of restriction products

of RYR1 locus in 3% agarose gel. 5k, 25, 7, 11k, 27, 35, 17, 11,
30, 34, 20, 28 — numbers of animals of Ukrainian meat breed
and corresponding genotypes, PUC — marker of molecular size
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Poltava meat  (n=10) (n=20) (n=8) (n=54)  Vietnamese Ukrainian ~ Ukrainian
(n=10) Pot-bellied ~ meat Spotted Steppe

Puc. 3. Yactota pi3Hux reHoTunis 3a reHom RYR1

cepef CBUHEN pi3HUX nopig

Fig. 3. Frequency of different genotypes for the RYR1 gene
among pigs of different breeds
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Takum YMHOM, pO3BEOEHHSI CBMHEN NOPOAN METPEH
Ta Byab-sIKMX NOeAHaHb 3 L€t MOPOOo0 YHEMOXIMBITIOE
BMKOPUCTaHHS TakNX TBapWH Ars GioMeauyHux ekcrnepu-
MeHTarnbHMX pobiT. HanbinbLu onTUManbHUMK Y LibOMY
acrnexTi € nopoau, NONynALl AKMX NOBHICTIO No30aBneHi
anensa RYR1", ockinbku i3 HayKoBMX JKepern BigoMo, Lo
TBapWHW reTepo3nroTHOro reHOTUNY pearyoTb Ha CTPec
MEHLU iHTeHCMBHO, HiX RYR1™, T06TO ycnaakyBaHHs
CXMITbHOCTI IO CTPECOBUX (haKTOPIB Y CBMHEN BigOyBa-
€TbCS 3@ HEMOBHOIO AOMiHYBaHHS1 HOPMaIibHOrO AVKOrO
anena RYR1N [10].

Ha puc. 3 HaBeaeHi aaHi LWoao po3noBCHOAXKEHHS
MYTaHTHOIO arens N foKycy piaHOOMHOBOIO peLienTopa
cepep pi3HMX Nopia CBUHEN.

MNonynauinHi gocnigXeHHs, npoBeaeHi iHWMMn go-
cnigHvkamu, BUsSIBUNW BiACcyTHICTb anens RYR1" a6o
Oy>Xe HU3bKY MOr0 KOHLEHTpaLio y Mopogax canbHOro
i KOMBiIHOBaHOIo HanNpsIMiB NPOAYKTUBHOCTI [2, 6].

3a nosigomnieHHsim B. C. Tonixm i O. O. Ctapogybeup
[11], nomicHi cBWHI, oTpMMaHi Big cxpeLlyBaHHSA nopig
OIOPOK i BENMKOI Binoi aHrmincekoi cenekLii, € HociiMK
MYTaHTHOrO anersto, Wo CNPUYNHSIE CTPEC-CUHOPOM.
Y pocnigpyKeHHAX nonynsuii CBUHEN nopig meTpeH, OHopoK
i Benukoi 6inoi nopoan Ginopycbki BYEHi BUABUNN OO
50% myTaHTHOro anensa y nopoau meTpeH, 4,4% —
B AKOPOK i 6,7% — y Benukoi 6inoi [7].

BucHoBKku

Y pesynbraTti MONeKynsapHOro 4OCHiAKEHHS CBUHEN
pi3HMX nopig, 6yB BUsSiBNeHW nonimopdiam reHa RYR1.
MyTanTHMIA anenb RYR1" BuBNsinu y TBapuvH nNopoam
n’eTpeH 3i 100-BigCOTKOBOK YacToTow. [€Tepo3nroT-
HuM reHoTMn RYR1N" BUsiBNeHMI y CBUHEN nopig non-
TaBcbka M'sicHa (10%), naHapac (50%), mupropoacbka
(15%) ykpaiHcbka ctenoa psba (50%). Y Bcix gocni-
[PKEHMX CBUHEN nopig Benvika bina, B'eTHamcbka 3BMCIO-
YyepeBa i ykpaiHCbKka M’SiICHa BUSIBIIEHO FOMO3UIOTHUIA
reHoTun RYR1NN, gkmuin Bkadye Ha BiACYTHICTb Y HUX
CTPeC-CUHAPOMY.

3 ornsAgy Ha pesynbTaTy HaWoro MonekynsapHo-
reHeTM4Horo aHanisy 3a mapkepamu RYR1 BcTtaHoB-
NeHO, WO GakaHumu ons po3BegeHHs 3 METOK BUKO-
pUCTaHHS y BioOMeaNYHMX Linsx € CBMHI NOpia BENUKOT
Binoi ykpalHCbKOI cenekuii, B'eTHaMCbKOI 3BUCrovepe-
BOI Ta YKpaiHCbKOT M'ACHOI.

I'IepcneKTM BU NoganbLlUMX OOCNiAKeHb

Y nogansLuomMy nnaHyemMo AoChignuTn 4acToTy My-
TaAHTHOIO anens BB iHLWMX NOPOAax CBUHEN YKPaTHCLKOI
i 3apyOiXXHOI cenekuii.
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Genotypic structure of micropopulations of domestic pigs at the locus of the ryanodine RYR1 receptor

T. M. Ryk
tanya.ryk.77@gmail.com

Andrei Krupynskyi Lviv Medical Academy,
70 Petro Doroshenko str., Lviv, 79000, Ukraine

An important problem in transplant medicine is the lack of organs and tissues for human transplantation. One of the promising
areas of its solution today is the use of organs and tissues of animals — xenotransplantation. Pigs for medical and biological needs
must be stress-resistant and adapted to the conditions of keeping and feeding within the vivarium. Stress syndrome in pigs is caused
by a point mutation that replaces 1843CT in exon 17 of the ryanodine RYR1 receptor gene in a homozygous state. The aim of the
study was to examine the genetic structure of individual pig populations at the locus of the RYR1 gene responsible for hypersensi-
tivity. DNA testing of 102 pigs of Poltava meat, Myrhorod, Great White, Landrace and Pietren breeds was performed. The studies
were performed on DNA samples obtained from pig blood. DNA was isolated using Chelex 100 reagent. Studies of the RYR1 gene
fragment were performed by restriction fragment length polymorphism (RFPR) by polymerase chain reaction (PCR). Two alleles of
the ryanodine RYR1 receptor gene (n and N) and three genotypes (NN, Nn, nn) were identified in the studied animals. A molecular
study of pigs of different breeds revealed a polymorphism of the RYR1 gene. The number of animals carrying the recessive allele n
of the ryanodine receptor gene RYR1, which is responsible for the sensitivity of pigs to stress factors, varied considerably: from its
complete absence in the Viethamese Pot-bellied, Ukrainian meat, Large White and Ukrainian Spotted Steppe breeds up to 100% of
animals of homozygous RYR1™ genotype in the Piétrain breed and 50% of Landrace individuals with the heterozygous RYR1"" genotype.
The mutant RYR1" allele was found in animals of the Piétrain breed with a 100% frequency. Heterozygous genotype RYR1N" was
found in pigs of Poltava Meat (10%), Landrace (50%), Myrhorod (15%) Ukrainian Spotted Steppe (50%). Homozygous RYR1NN
genotype was detected in all Large White, Vietnamese Pot-bellied, and Ukrainian Meat pigs studied, indicating the absence of stress
syndrome. It has been established that pigs of the Great White, Vietnamese Pot-bellied, and Ukrainian Meat breeds are preferred for
breeding for biomedical purposes. Breeding of Piétrain pigs and any combinations with this breed makes it impossible to use such
animals for biomedical experimental work.

Key words: xenotransplantation, pigs, stress syndrome, RYR1 receptor gene
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BukopuctaHHs noniBiHiNIanKkorosnto Ta noniBiHiNniponigoHy
ANA nNigroToBKU AeKOHCEepPBOBaHMUX esIKyNIbOBaHUX CNepMaTo30iAiB KHypiB

[o 3annigHeHHA metoaom ICSI

O. KO. Jlusoeyb

oksanalyzohub@gmail.com

IHCTUTYT po3BeaEHHS! Ta reHeTUkM TBapuH imeHi M. B. 3ybus HAAH,

Byn. MNorpebHsika, 1, c. YybuHcbke, Bopucninbcbkuii p-H, Kniecbka o6r., 08321, YkpaiHa

MeToto poboTtu 6yno BuBunTU BNnue cepeaosuly 3 MBI (nonisiHinniponigoH) ta NMBA

(noniBiHiNankoronb) Ha AeKOHCEPBOBaHI esKyNbOBaHi CriepMaTo30iaun kKHypa Ta iX nigrotoBky Ao
LUTYYHOrO 3anmigHEHHs AN ONTMMI3aLil GioTEXHOMOMYHUX METOAUK. Y OOCHIMKEHHSX BUKOPUC-
TaHO esIKyNbOBaHi KPIOKOHCEPBOBaHI CNepmaTo30iam KHypa MUpropoachbkoi nopoau [Hinpo 641.
leHeTM4HMIA MaTepian 36epiraBcs B BaHky reHeTu4HMX pecypciB TBapuH IPIT imeHi M. B. 3ybus
HAAH ynpogosx BocbMM pokiB. CycneHsito cnepmaro3oifiB po3MOpOXyBarv Ha BOASHIN OaHi 3a
Temnepatypu +37°C ynpooBx 5 XB. 10 NOBHOIO PO3MOPOXYBaHHS. BigokpemneHHs cnepmato-
30i4iB Bif KpIOKOHCepBaHTa Ta po3pimKyBaya NpoBOANIIM 3a JONOMOTo METoQy Swim up 'y cepe-
posui Sp-TALP. MNMicna nepebysaHHA cnepmato3oigis B 10,0%-my poaumHi MBI npotsarom 10 xB.
PYXnuBIiCTb 3HM3UNack Ha 68,2% (P<0,05) i ctaHoBuna 3,4%, a Yepes HacTynHi 10 xB. iHKyBaUii
3Hu3unacsa go 1,4% (P<0,01), wo B 10 pasiB HMXYe MOPIBHAHO 3 NOYATKOBOK PYXIUBICTIO.
Y 10,0%-my posunHi NBA pyxnusicTb Yyepes 10 xB. iHkybauil 3Hu3mnack Ha 37,4% (P<0,05) cTa-
HoBwna 6,7%, a we yepes 10 xB. 3Hu3unace 8o 5,7% (P<0,01), wo B 1,8 pasa H1x4e NOPIBHAHO
3 NOYaTKOBOK pPyxNuBicTi0. BcTaHoBneHo, wo B pasi 3actocyBaHHA 10,0%-ro posunny MBI
esKynbOBaHi JEKOHCEPBOBaHi CNepMaTo30ian KHypa BTpadatoTb pyxnumsicTb Ha 86,9% (P<0,01)
BiJ NOYATKOBOI PYXJIMBOCTI, LLIO YHEMOXITUBIIKOE MpoLec BUOOpY NpmuaaTHOro cnepmartosoifa
ana sannigHenHs metogom ICSI (Intra Cytoplasmic Sperm Injection). BctaHosneHo, wo 10,0%-ui
po3unH NBA MoXHa 3acTocoByBaTU 4SS NPOBEAEHHS iMMOBini3adii cnepmarto30ifiB KHypiB,
OCKIMbKW BiH 3HWXYE PyXnuBICTb Ha 46,7% (P<0,01) Big no4aTKoBOI pyxnMBOCTi CNepmaTo30ifiB.
[oBepneHo, WO pyxnMBICTb Nig Yac iHKybaLii JeKkoHCepBOBaHMX €SIKYNIbOBAHMX CNepMaTo30iaiB
KHypa y 5,0%-oMy po3uuHi NBA 3HmkyeTbca nuwe Ha 28,0% (P<0,01) Big noyaTkoBOI, WO €
onTUMarnbHMM 3a BUKOPUCTAHHS KPiOKOHCEPBOBAHNX CNEpMaTto30iiB KHypa, MaTtepian akux
€ B 0OBMexeHin KinbKocTi Ta 3py4yHUM Ons oneparopa i 6esneyHnm ans ooumTis.

KniouoBi cnosa: ICSI, pyxnmBicTb cnepmaro30ifiB, 0oLMT, NONIBiHINNiponigoH, NoniBiHin-
ankorosb, eMOpioHM CBMHEN

[ns oTpMmaHHs eMOpIOHIB CBUHEN HaYacTilLe 3aCcTo-
cosytoTb MeToguky IVF (In Vitro Fertilization), sika € ae-
LLEBLLIOIO | TEXHIYHO NPOCTILLOH. Ane SAKLLO KPIOKOHCep-
BOBaHWI MaTtepian HasiBHUN B OOMEXEHIN KinNbKOCTI,
NPOBELEHHS TaKOro METOAY AOCTIMKEHHS € HEMOXITVBUM.
MeTtoauka ICSI (Intra Cytoplasmic Sperm Injection) cbo-
rOAHI € YHiKanbHO NPoLEeaypoto, 3aBASKN SKIM MOXHA
oTpumaTn eMOpPiOH, BUKOPUCTOBYHOYMN OANH OOLMT Ta
oguH cnepmarosoig. OgHum 3 Baxxknmeumx eTanie ICSl €
3HEPYXOMITEHHS CNIepMaTo30iaiB, ke NPOBOASATL 3 BUKO-
puctaHHam posduHy MNBI1. Hessaxkatoum Ha MOro LWnpoke

44

BMKOPUCTAHHS, LIEW PO34MH HEraTMBHO BMIMBAE Ha po3-
BMTOK OOUMTIB i HeNpuaaTHUM Ans imMobinisadii cnepma-
TO30iA4iB KHypiB. Po3unH NBA Mae cxoxi xapaKkTepucTuku
B’SI3KOCTi, ane BUKOPWUCTOBYETLCS SIK 6e3nedYHnin areHT
ONSA KyNbTMBYBaHHA eMOpIOHIB B HEBEMWKNX KOHLIEH-
Tpauisix, TOMy € NepCcnekTUBHO ansrepHaTusoto MBI
ONs1 BAKOPUCTaHHA nig vac ICSI.

IH’ekuia cnepmaTo30igiB y uuTonnasmy SnUekniTuH
ICSI € meToooM OOMOMIKHOIO PO3MHOXKEHHS, AKUIA BUKO-
PVCTOBYIOTb 515t OTPUMAHHSA eMOPIOHIB in vitro y TBapyH
i nikyBaHHA 6e3nnigad y nogen. ICS| 3abesnevye yHUK-
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HeHHs nonicnepMii Ta BUKOPUCTaHHSA CnepMaTo3oiaiB sk
BekTopiB ek3oreHHol [HK ons oTpuMaHHsS TpaHCreHHMX
TBapuH. Lis meToamka 3acTocoByeThCs Ans peanisadii
nporpam 36epexxeHHs1 Biopi3HOMAHITTS, PO3YMiHHST Me-
XaHi3MmiB i NpoLeciB 3annigHeHHs Ta BUBYEHHSA PaHHLOIO
embpioHanbHoro po3sutky [15, 18].

[onoBHO NepeBaroto 3annigHeHHs 3a 4ONOMOro
ICSI € MOXIMBICTb BUKOPUCTAHHS CIEPMM 3i 3HVDKEHOHO
KOHLIeHTpaLlieto abo 3HMKEHOK PYXIMBICTIO criepmaro-
30iiB, CEKCOBAHOI YN KPIOKOHCEPBOBaAHOI abo y pasi
BUKOPUCTaHHS CriepmMarto30iaiB i3 npuaaTtkiB CiM stHUKIB
(emigmaumic) nicna 3aboto um 3arubeni nnigHuka.
Y csuHen IVF npussoantb 40 NonicnepMHoro 3annia-
HeHHSA noHap 50% anueKkniTyH, WO iICTOTHO 3HMXYE
eEeKTUBHICTb OTPMMaHHS eMOpIOHiIB in vitro [6]. Tomy €
rocTpa HeobXigHICTb LLOAO 3aCTOCYBaHHS LibOro MeToay
30Kpema i ans ycyHeHHs nonicnepmii [20].

OTpumaHHsi eMBpPIOHIB CBMHEN — OOUH 3 HABaXKI -
BiLLMX 3ax0AiB, HEOOXIOHMX NS 30epeXeHHs pisHOMa-
HITTS LbOro Buay TBapuH. Kpim Toro, CBUHI € BaXXnNnBoo
eKCrnepuMeHTarnbHOK MOAENI0 Yepes iXHIo BionorivyHy
CXOXiCTb 3 MTIOANHOK | MOXYTb OYTU NOTEHUINHUMM
AOHOpaMu opraHiB AN KCeHoTpaHcnnaHTauin. Tomy
Ha[3BMYaNHO Ba)XkNMBO ONTMMIi3yBaTu nNpoLecu 3a-
NMigAHEHHS OOUUTIB CBUHEWN in Vitro Ta OTpUMaHHs
MaKcuMMarbHO BUCOKOTO PiBHA (hOpMYyBaHHS Ta po3-
BUTKY eMbpioHiB [3, 8].

OcHogHi acnekTn npouenypw ICSI Ha cborogHi oxon-
notoTb iMMOGinisadito cnepmarto3oiga Yepes NoLKo-
[PKEHHS1 [DKTyTUKa, acripaLito KOro B iH'eKUiHY NineTky,
acnipauito yMtonnasmm tTa 6esnocepenHio iH'eKLito
cnepmarosoiga B oouut [14]. Immobinisauisa cnepma-
TO30I4a — KPUTUYHO BaXnNuMBUIM eTan aAng yCnilHoro
3annigHeHHs, OCKiNbkM BOHa HeobxigHa onsa BUBINb-
HEeHHS PO34YNHHUX haKTOpPIB cnepmMu, sKi iHOYKYTb
aKkTVBaLilo ooumTiB, WO nepeaye NpoLecy yTBOPEHHS
BepeTeHa noginy [2,13, 20].

Pesynsratu wopno 3actocyBaHHs ICS| y cBuHen Ha-
pasi MatloTb cynepeynuei AaHi [16]. Y pobdotax Yong H. Y.
et al. [20] Ta Li X.X. et al. [7] nicna 3annigHeHHs MeToaoM
IVF oTpMmaHo po3gpobneHnx eMOpioHiB Ha apyry Aoby
po3BuUTKY Ha piBHi 53,2 Ta 88,2% BignosiaHo, a nicns
3annigHeHHsa metogom ICSI pesynbTaTuBHICTL Oyna
HVkYoto B 060X BMUNaakax — BianoBsiaHo, 48,7 1a 85,1%.
PisHnua mix metogamu ICSI Ta IVF cnoctepiranacs nig,
Yyac 3acTocyBaHHs 61acTOUUCTHOI KyNbTypu, a came
OO0pOLLYyBaHHA eMOpIOHIB Bif TPeTbOI 40 N'ATOi Ao6u
PO3BUTKY, LLO € 4OAATKOBMM METOOO0M CenekLii Ansi Bu-
3Ha4YeHHA HanNBINbLL XUTTE3QATHUX EMOPIOHIB. Y LMX
OOCTioKEeHHSIX BiaCOTOK chopMOBaHMX OnacToumcT nicns
3annigHeHHs in vitro 3a gonomoroto ICSI 6ys maixe yaBi-
yi HkumM (10,5 Ta 20,2% BigNoBIAHO) MOPIBHSHO 3 pe-
3ynsratamm cdhopmoBaHux GrnactoumcT nicns IVF (19,4
Ta 35,2% BignosigHo). Y pocnimkeHHsax Wy J. et al [18]
3a gonomoroto ICSI 6yno oTpumaHo GinbLue emopio-
HiB (51,0%), Hix 3a gonomoroto IVF (45,0%). KinbkicTb
oTpuMaHmMx brnactoumcT Oyna BMLOK Nig Yac 3annig-
HeHHs meTogom ICSI (21,0%), Hix nig yac IVF (16,0%).
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3a pesynsratamm gocnimxkeHs Mandryk . [9] BctaHoBne-
Ho, WO 3annigHeHHs metogom ICSI He € onTuMi3oBaHo
METOAMKOIO, a pe3ynbTaTUBHICTb 3a i BUKOPUCTaHHSA MOXe
konmeartucs Big 37,5 o 53,3% oTprMMaHux eMOpioHiB.
Kinbkictb oTpumaHmnx GriactoumcT Moxe 36inbLuyBaTuch
(abo 3ameHwyBaTuce) Ha 15,8% B pasi 3acTocyBaHHS
O[HOrO i TOro X MeToAy 3annigHeHHs, a came ICSI. Ane
iICHYIOTb BMNagKW, Konu 3annigHeHHs metogom ICSI e
HeOoOXiAHNM Yepe3 OOMEXKEHY KiNbKICTb raMeT. SHUKEHHS
pesynbTarTiB nif Yac Takoro meToay 3ansigHeHHs no-
B'AI3Y10Tb 3 HU3KOHK YMHHWKIB, Cepen SIKUX BUKOPUCTaHHS
cnonykv nonisiHinniponigony (MBI1) ons 3HepyxomneHHs
cnepmarto3oigis [10, 12].

[nsa 3HepyxoMneHHs cnepMaTto3oifiiB BUKOPUCTO-
BytoTb 10% po3unH NBI1. BiH yacTto 3actocoByeTbCs nig
yac ICSI, wo6 crnoBinbHWUTY aKTUBHICTb CepMaTo3oiaiB
Ta KOHTPOJOBATU PyX PigMHU B iH'EKLINHIA nineTu,,
Monpw Ooro 3ryOHUi BNMB Ha PO3BUTOK ooLmTiB [5, 7].
3acTtocyBaHH4 NBI1 Takox 3anobirae HanUNaHHI
cnepmarto3oifiB Ta KniTMHHoro aebpicy Ha nineTky, Wwo
nonerwye nposegeHHs npouenypm [17]. OgHieto 3 MOX-
nuneBocTer nokpawmntn metog ICSI € mogndikoBaHui
MeTog iH’ekLii cnepmarosoiga 3 BukopucTtaHHsm MNBA
3amicTb [1BI1.

Ha sigminy Big wikogwm MBI gnga ramer, cnonyka MNMBA
He gae HeraTMBHUX ecdpbekTiB Ha ooumTi. Yong H. Y. et al.
nokasanu, Lo A0BOMi YCMILLHO L0 CMOMyKy BUKOPUCTO-
BYIOTb B HEBENMUKUX KOHLIEHTPALAX Yy KynbTyparbHUX
cepenoBULLIaX HaBITb AN TPUBANOro KynsTUBYBaHHS
embpioHiB ceuHen [1, 20].

BukopuctanHsa MBI gna nposeaeHHs npouenypu
ICSI cnpuynHeHe TuM, WO Le HanbinbL ryctumn ta
B’A3KMI PO34MH A8 umx dinen. ig 4ac BUKOPUCTaHHSA
TaKOro PO34MHY CNepMaTo3oian SOCTaTHLO CMOBIMbHIO-
0TbCS Ans Toro, o6 iX MoxHa Oyno ouiHuTK, BUOpaTy
MOPONOriYHO HaNNPaBUIbHILWLWIA Ta 3HEPYXOMUTMW.
Ane, OCKinbku cnepmaTo3oian KHypiB Bigpi3HAOTHCS Bif,
crnepmaro30iaiB iHWMX BUAIB 32 po3Mipamu, a TakoX Ans
CrnepmaTo30idiB Bka3aHoro BMay TBapuH He XapaKTepHUN
NPSAMONIHINHWIA pyX, CNepMaTo30ian KHypiB MatoTb Crie-
undidHMn pyx (puc. 1) Ta 4OCUTb HEBUCOKY LLBUAKICTD.

Puc. 1. TpaekTopia pyxy cnepmaros0igiB KHypiB
Fig. 1. The trajectory of boar sperm
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[nsa nposegeHHs npouenypu ICSI y cBuHen He NoTpibHO
3HaYHO CMOBINbHIOBATU PYX, OCKIMbKU 3MOBUTK criepma-
TO30i4 He HacTinbkv npobrnematnyHo [19]. Tomy 3Hepy-
XOMIIEHHS CriepmaTo30ifiB kKHypiB B po3dmHi NMBA npocri-
e i nerLue, HiXX 3a BUKOPUCTaHHSA MOro Ans iHWKMX BUAiB
TBaPWH, i abCOMNOTHO NPUIHATHE AOr1s 3aCTOCYBaHHS Nig
Yyac 3annigHeHHst metogoM ICSI pisHunx nopig cBUHEN.

LLle ogH1M BaXKNMBUM acrnekToM nig, Yac MiaroToBKM
[JeKoHCepBOBaHMX eSKyNbOBaHNX CNepMaTo30ifiB KHypiB
00 WTYYHOro 3annigHeHHs € 30aTHICTb PO34MHY 3arno-
Giratn HanunaHHo aedpicy i HepyXoMMx cnepmMaTo3oi-
[iB BCepeauHi Ta 30BHI nineTkn. Tpeba 3a3HaunTy, Lo
HaMBaXKNNBILLUM HIOAQHCOM € PU3UK 3armnaHHs cnepmMa-
TO30iAa BCepeauHi iH eKLiIMHOI NineTkun, ake MoXe CTBO-
pyTV Npobriemy Mg Yac camoi iH'exLii, LWo, y CBO Yep-
ry, npu3sene Ao gereHepadii oouumta. Takuin XiMmivHUN
peareHT, sik MBI, 3anobirae BUHNKHEHHIO HAaBEAEHNX
BULLIE HENPUNYCTUMUX BUNAAKIB, TOMY po34uH [NBA Tex
MOBMHEH MaTW Taki BNacTUBOCTI, Wob npouenypa byna
aTpaBMaTU4HOK AN OOLMTIB.

[ns yHUKHEHHS HeraTMBHMX eheKTiB, MOB’A3aHNX
i3 3acTocyBaHHAM [MBI1, moXHa 3acTocoByBaTh cepef-
oBue 3 gogasaHHAM [BA, sike Takox MOXe TpumaTu
CTiHKY T@ MOPOXHUHY iH'EKLIAHOT MINETKN MEHLL FIUMKOO
YNPOAOBX AOBLLIOrO MPOMIXKKY Yacy, HiX Npu NpoBeaeH-
Hi immOOGinisavii cnepmarto3oigiB 6e3 Lporo posyunHy [4].
B pesynbrati MOXHa JOCAITU Takoro edekTy, akni Mu
crocTepiraeMo 3a BMKopUcTaHHs NBIM— meHLwe npunu-
NaHHsA MiHeparnbHOT Onil Ta LWUMATKIB KNITUH A0 iH EKLIAHOT
nineTku, ane BogHo4vac He wkoauTtn rametam [20].
Tomy mMeTo poboTK Byno BUBYMTU BNIMB CEPELOBMLL
3Bl Ta NBA Ha gekoHCepBOBaHi eAKyrnbOBaHi crepma-
TO30IaM KHypa Ta MiAroToBKY iX 40 LUTYYHOrOo 3anmigHeHHS
AN onTuUMi3auii 6ioTeXHONOrYHMX NigXoAaiB.

Puc. 2. Yawka lMNetpi 3 gopixkamm 10,0% poauunis MBI Ta MNBA
Fig. 2. Petri dish with lanes of 10.0% PVP and PVA solutions
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Marepianu i meTogmn

Y OocnigKeHHsIX BUKOPUCTAHO esiKyrnbOoBaHi KPiOKOH-
CEpBOBaHi Cnepmaro30iay KHypa MMPropoachkoi mopoam
[Hinpo 641. leHeTnyHUA maTepian 36epirasca B baHky
reHeTn4HNX pecypcis TBapwvH IPIT im. M. B. 3y6ua HAAH
ynpoaoBX BocbMu pokiB. CycneHsito cnepmarto3oigis
pPO3MOpPOXYyBanu Ha BoAsHi BaHi 3a TemnepaTypu
+37°C ynpogoBx 5 xB 4O NOBHOrO pO3MOPOXKYBaHHS.
BigokpemneHHs cnepmaTo30ifiB Bif KpPiOKOHCepBaHTa
Ta po3pigXyBaya npoBOAUIIM 3a JOMOMOro MeToay
swim up y cepegosuwi Sp-TALP. [N uboro posraLlo-
ByBanm NpobipKy 3 2 Mi TENJIOro cepeaoBULLIA Mg KyTOM
45°. Ha gHo npo6ipku nigwaposysanu 0,2 mn po3mopo-
XKEHOI cycneHsii cnepmarto3oifiB i Ha 15 xB. 3anuwanu
B TepmocTari 3a Temnepatypu +37°C. Micna iHkybauji
OTpPMMaHy CYCMneHs3ito cnepmaTto30idiB po3pigxysanm
cepepnoBuwem Sp-TALP go koHueHTpauii 1-5x107
crnepmMaTos0igis B 1 mn.

Onsa tectyBaHHa 10,0% posuunis MBI (Origio,
Oanis) Ta MNBA (Sigma, P8136, CLUA) nigrotosntosa-
nm vawky Metpi (d=35 Mm) 3 ABOMa AopiKKamMu LUX
cepenoBuLL i NokpuBanu MmiHepansHoto onieto LiteOil
(GloballLife, CLUA) (puc. 2). Yawwky NeTpi 3 po34ymHamm
nonepeaHLO po3MillyBanu B TepMmocTarTi 3a Temnepa-
Typn +37°C Brnpogosx 60 xB. [1n1a ouiHKK pyxnmMBOCTI
cnepmaTtosoigis BHocunm 10 Mk BigMUTOT cycneHasii
cnepmatosoigie y 10,0% posuunu MBI Ta MNBA. Micns
LibOro OLiHIoBanu pyxnmeicTe B 10 nonsx 3opy 3a 36inb-
weHHsa B 400 pasi..

Ona pocnimpkeHHs WBWMAKOCTI pyxy cnepmarosoifis
BMKOPUCTOBYBAaINM iH eKUINHY MineTky giametpom 5,0 MKkm
(Cook, CLUA). EkcnepMMeHT NpoBoAnnM B TPbOX MO-
BTOpax.

Opyrum eTanom gocnigkeHs 6yro ouiHUTK BNYB
Pi3HMX KOHLUEHTpaLi po3dnHy MNMBA Ha pyxnuBicTb cnep-
MaTo30i4iB. Y OOCTMKEHHSAX Byro BUKOPUCTaAHO YOTUPKU
KoHueHTpauii: 0,1; 1,0; 5,0 Ta 10,0%-nin po3umHu MNBA.

[lnsa BCix 3pa3kiB NpoBOAMIM OOYNCNEHHS cepea-
HbOIo apUMMETUYHOIO 3HAYEHHS | 3HA4YEHHS CepeaHbO-
KBagpatnyHoi nomunku (M+m). OTpumaHuin udpoBuii
marepiarn CTaTUCTM4YHO OMNpaLbOBYBay i3 3aCTOCYBaHHSIM
nakeTy nporpam Microsoft Office Excel 2010.

Pe3ynkTaTy  06roBopeHHs

Mepwwni eTan gocnigxeHb nepenbavan OUiHKY
moxnumocTi 3actocyBaHHs 10,0%-mx posumnHis MBI
i MBA B pasi 3annigHeHHa meTtogom ICSI; mn gocni-
IPKyBanm pyxnmBicTb cnepmMaTtosoigis yepes 10 i 20 xB.
nicns po3MileHHst X y JocnigxysaHi po34uHu. Lie Ton
NMPOMIXKOK Yacy, K1 HeobXigHWMI 4ns NPOBEAEHHS 3a-
nnigHeHHs 10 ooumnTiB B OAHIN YalliLi 3aANnsa 3HUKEHHS
YacoBoi Nay3u nepebyBaHHsi raMeT no3a iHkybaTopom.
[nsa 3annigHeHHs1 BinbLUOI KiNbKOCTi 0OLMTIB BUKOPUC-
TOBYHOTbCS AOAATKOBI YaLUKW; BiANOBIOHO, CycneHsiqa
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cnepmaTto30igiB PO3MiLLlyETbCA 3aHOBO Y HOBI YaLLKu
3 yuctmm posunHamu MBI um MNBA. Takox 6yno npo-
TECTOBaHO 3pY4HICTb NPOBEAEHHS npoueaypuy ans one-
paTtopa, a came BiACYTHICTb 3anunaHHA B MineTLi KNiTyH
Ta gebpicy, WO € BaXNMBUM eNleMeHTOM Mig Yac npo-
ueaypwm ICSI.

BcTaHoBMNEHO, WO Nicns pO3MOPOXYBaHHSA pyX-
nuBicTb cnepmaTo3oigiB kHypa ctaHoBuna 10,7%.
Micnsa nepebyBaHHs cnepmatosoigis B 10,0%-My po3-
yuHi MBI BnpogoBx 10 XB. pyXfuUBICTb 3HM3NUNACb
Ha 68,2% (P<0,05) i ctaHoBuna 3,4%, a 4yepes Ha-
ctynHi 10 xB. iHKy6aUii 3Hu3nnacs go 1,4% (P<0,01),
wo B 10 pasiB HWKYe NOPIBHAHO 3 NOYATKOBOKO PyXIuU-
BicTo. B 10,0%-my p-Hi NBA pyxnusicTb 4epes 10 xB.
iHKyGauii 3HM3nnacb Ha 37,4% (P<0,05) i ctaHoBMna
6,7%, a we yepe3s 10 xB. 3HM3MNace o 5,7% (P<0,01),
wo B 1,8 pasa HMXK4Ye MOPIBHSAHO 3 MNOYATKOBOK PyX-
nueicTio (Tabn. 1).

[pyrvin eTan gocnigykeHb 6yB CNPSIMOBaHWUIA Ha OLHKY
BNNMBY Pi3HNX KOHLIEHTPaLin po3dnHy MNBA Ha pyxnuBiCcTb
KpiOKOHCEpPBOBAHMX CnepMaTto3oiaiB kHypa (Tabn. 2).
BukopucTtoByBanu 4oTMpu KOHLEeHTpaLii posunHy MNBA:
0,1; 1,0; 5,0 Ta 10,0%.

Tabnuusa 1. Bnnue 10,0%-ux po3umHis MBI ta NMBA

Ha PyXnuMBICTb AEKOHCEPBOBaHNX CNepMaTo30idiB KHypa
Table 1. The effect of 10.0% solutions of PVP and PVA
on the motility of deconserved boar sperm

PyxnuBictb cnepmarto3oigis / Sperm motility, %

MokasHukn  Bigpasy nicrns

Parameters  BNOpcKyBaHHSA yepes 10 xB. yepes 20 xB.
Immediately after 10 min after 20 min
after adding

MBM/PVP, * ok

10,0% 10,7+1,71 3,410,86 1,4+1,3

on PV 1072086 6,71,71* 5,740,65*

lMpumimka. TyT i B HAacTynHin Tabnuui * — P<0,05, ** — P<0,01 no-
PIBHSIHO i3 MOYaTKOBOO PYXIUBICTHO.

Note. Here and in the following table *— P<0.05, ** — P<0.01 com-
pared to the initial mobility.

Tabnuus 2. Bnnue pi3Hnx KoHUeHTpauin MNBA

Ha pPyXnMBICTb AEKOHCEPBOBAHUX CNepMaTo30igiB KHypa
Table 2. Influence of different concentrations of PVA

on the motility of deconcerved boar sperm

PyxnueicTb cnepmarto3oigis / Sperm motility, %

MokasHukyu  Bigpasy nicns

Parameters  BNOpCKyBaHHSA yepes 10 xB. yepes 20 xB.
immediately after 10 min after 20 min
after adding

10,0% 10,7+0,86 6,7+0,86* 5,7+0,86*

5,0% 10,7+0,86 8,4+0,65** 7,7+0,86*

1,0% 10,7+0,86 9,4+1,71* 9,4+0,65**

0,1% 10,7+0,86 10,7+0,86* 9,7+0,65**
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Uepes 10 xB. iHKyBaLjil HaNHWXYY PyXIMBICTL Criepma-
To3oigiB cnocrepirany B 10,0%-my po3ymHi NBA — BoHa
ctaHoBuna 6,7%, wo Ha 1,7 Ta 2,7% (P<0,05, P<0,01)
HVXYe NopiBHAHO 3 5,0%-nm Ta 1,0%-um posynHamm
MNMBA BignosigHo. BapTo 3a3HaunTy, WO pyXnuBicTb
cnepmarosoigis B 0,1%-mMy po3suumHi NMBA yepes 10 xB.
iHKyGaLii He 3miHWnack i 3anuwmnnack Ha pieHi 10,7%.

Bu1COKi NOKa3HMKKN XXUTTE3AATHOCTI CnepmaTo30ifiB
KHypa 6ynu 3adpikcoBaHi y 0,1%-my posunHi NBA. Yepes
20 xB. iHKyBaLii B LIbOMY PO34MHI PyXIUBICTb 3anuana-
Cs1 OCTaTHBO BUCOKOH i cTaHoBMna 9,7%, wo Ha 9,4%
HVKY€ NOPIBHSIHO 3 NMOYATKOBOK PYXIIMBICTHO.

HaHmx4i NnoKasHUKKW XUTTE3[aTHOCTI cnepmMaTo-
30iaiB kHypa cnoctepiranu B 10,0%-My posunHi MNBA,
TYT LUeln nokasHuk ctaHoBuB 5,7%, wo Ha 2,0; 3,7 Ta
4,0% (P<0,05, P<0,01) meHwe nopisHsHO i3 5,0, 1,0
Ta 0,1%-um pozunHamum MNBA BignosigHo.

Onga ycniwHoro nposeaeHHs npoueaypu ICSI pyxo-
MU CNepMaTo30id MeXaHi4YHO 3HEPYXOMITIOKTL 3a J0-
MOMOTOH0 PI3HUX MaHiNynsLin 3 MOro XBOCTOM: yaapamu
iH’EKLIMHOT MINETKWN, EHEPrinHNM NOTMMHAHHAM, KiNlbKO-
Ma n’e3oimnynecamMm abo NOBTOPIOBAHOK acnipalieto
B iH'e€KUinHy nineTky i 3 Hei. [Ans usoro B BinbLiocTi em6-
pionoriyHMX nabopaTtopii BUKOPUCTOBYHOTb XiMIYHWUIA
areHT noniBiHINMIpoOniAoH — came ANs yrnoBifIbHEHHSA
pyxy criepmartosoifa i Anga nonerweHHsa NoLKOmKEeHHS
XBOCTUKA, HE3BaXkaloun Ha NepeKkoHnuMBi AaHi Wwoao
LUKIAAMBOro BNSAIMBY HA BUXKUBAHHS i PO3BUTOK OOLUTIB
nicns npoueaypwu ICSI [20].

B’askicTb po3udnHiB MNBA Ta NBI1 ogHaKoOBOI KOH-
ueHTpauii € cxoxoto, 20,0%-umin posuuH MBI 3a +25°C
mae B'askictb 0,084 MNa/c, a 20,0%-1 po3uumH MNBA
mae B’askicTb 1,836 Ma/c 3a Tiei x Temneparypu [11].
B’a3kicTb — KNO4OBa XapakTepucTuka, HeobxigHa ons
CMNOBINbHEHHSA cnepMaro30ifis, TOMY nig Yyac gocni-
DXKeHb 3 OTpMMaHHSA embpioHiB cBuHen metogom ICSI
MU npoTecTyBanu po3yunH MNBA B Takili e KOHUeHTpa-
uii, 9K i HassBHUI KoMepLinHMin po3yumH MBI, To6To
10,0%-ni" po34nH.

Mig yac 3actocyBaHHA 10,0%-ro posumHy MBI ans
KpPIOKOHCEPBOBaHUX CNepMaTo30ifiB KHypiB M1 CrOCTe-
piranu WBenaky BTpaTy pyxfiMBOCTi CnepmMaTo30ifis Ha
68,2% (P<0,01) Big no4atkoBoi pyxnmeocTi (10,7%).
Takun pesynerat Moxe OyTn Yepes Te, wo 10,0% pos-
ymH MBI gocTaTHBO B’A3KMIN, a Cnepmaro30ian KHypiB
Yyepes 0cobnmMBOCTiI CBOro pyxy, 0COBNUBO Micns Kpio-
KOHcepBaUil, HefoCTaTHLO Aobpe MOXYTb pyxaTucs
y HacTinbku B'a3koMy cepegoBuLLi. Ockinbkn cnepma-
TO30i4M KHYPIB MatoTb HU3bKY KPIOPE3UCTEHTHICTb, Taka
BTpaTa pyx/MBOCTi NpU3Beae 40 CYTTEBOIO 3HWDKEHHS
pesyneraTiB 3annigHeHHs in vitro, TOMy e pO34uH He
nigxoanTb AN BUKOPUCTAHHS Y PENPOAYKLii CBUHEN.

AnbTepHaTUBOIO € 3aCTOCyBaHHs po3ynHy MBA ans
niaroToBKM CNepMaTto30igiB KHypiB 40 LUTYYHOrO 3annig-
HeHHS. Po3uunH NBA 3abe3neymB NoBirnbHe 3HEPYXOM-
NEeHHs cnepmaro30ifiB kKHypa NMOpPiBHAHO 3 PO34MHOM
MBI Ha 3,3 % 4epes 10 xB. KynbTVBYBaHHSA | Ha 4,3%
nicna 20 xB. KynbTMByBaHHsA (Tabn. 1). Y 10,0%-my
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po3uuHi MBI 3a 10 xB. iHKybaLil pyxnMBicTb cnepmaro-
30iAiB KHypa 3Hu3unack 8o 3,4%, a B 10,0%-My po3uyuHi
MBA — 0o 6,7% (P<0,05), wo Ha 3,3% BuLLie NOPIBHAHO
3 nokasHunkom pyxnmeocTi B 10,0%-my po3zumHi MNBIT.

Yepes 20 xB. iHKybauji pesynsratn 6ynu Lie pasto-
Yilwmmm — nig Yac kynstmByBaHHs B 10,0%-My po3umHi
MBI pyxnusicTb 3HWxyBanacs Ao 1,4%, 3a Ton camun
NPOMIKOK Yacy pyxnuBicTb cnepmarosoigis y 10,0%-
My posunHi NBA ctaHosuna 5,7% (P<0,01).

AHanisytoum oTpumaHi gaHi nicns iHkybadii cycnen-
3il JeKOHCepBOBaHMX eAKyNbOBaHNX cCNepMaTo3oigiB
KHYpiB y po3duHi MNMBA 3 pi3HMMUK KOHLEHTpauismMmu, My
BCTaAHOBWMNU, WO po34unH NBA B KoHUeHTpauii 10,0%
HaMEHLL BOAnuim NopiBHAHO 3 iHLLMMW KOHLEHTpaLisiMK.
ig Yac nigrotoBkK AEeKOHCEPBOBAHNX €SKYNbOBaHMX
cnepmarto30ifiB KHYpiB 4O WTYYHOro 3anfnigHeHHA
B 10,0%-My posuuHi MNMBA wBuakicTe pyxy yepes 20 xB.
3HM3unacsa o 5,7% (P<0,01) i npoBoguTK iH eKLito
3 TOYKM 30py BCMOKTYBaHHS Ta BUMNOPCKYBaHHS crep-
mMaTo3oifa Oyno 6 4OCTaTHBO 3py4YHO. Ane 3HMKEHHS
PYXIMBOCTi € 4OCTATHLO BUCOKVMM MOPIBHAHO 3 iHLIMMM
KOHLEHTpaLisiM/, TOMY LLIO YaCTO MICIs PO3MOPOXYBaHHS
cnepMaTtosoifiB KHypiB KiMNbKiCTb pyxXnuMBUx cnepmMaro-
30i4iB | TaK € HEBUCOKO. [INg npoBeaeHHs npoueaypu
3annigHeHHs metogom ICSI HeobxiaHO 3HEpPYXOMUTH
cnepmartosoig, MM MaemMo BUbupatn came pyxnmeum
ONS BNEBHEHOCTI B TOMY, LLO BiH € XMBUM, | 3HEPYXOM-
NOBATN MEXAHIYHO iH' EKTOPHOID FOJSKOHO.

3a BukopucTaHHs 0,1 Ta 1,0%-ro posumHiB [NBA yepes
20 xB. pyxnuBiCTb cniepmarto3soigis 3Huannacda Ha 1,0 Ta
1,3% (P<0,01) BignoBigHO NOPIBHSAHO 3 NOYaTKOBOK PyX-
nuBIcTI0. Ane WBUAKICTb PyXy B iH’EKLiNHIN nineTui 6yna
3aBMCOKOH0, OCKINbKM LUIMBbHICTL PO34MHY Maibke He 3Mi-
Hynacs i Byna Takoro X, §K i B KynsTypanbHOMY cepeno-
BULLY. 3aHaATO LWBUOKUIA PyX MOXE MOLLKOOUTN OOLMTU Nif
Yac acnipyBaHHS! LMTONMasmu, Lo € HeobxiaHMM eTanom
B pasi npoBeneHHs ICSI. Hacnigkom acnipyBaHHS BENUKOI
KinbKOCTi umTonnasmm Moxe OyTn gereHepaldisi ooumta.
Takox Yepes BENUKY LUBMAKICTb BMYCKaHHSA/BUMYCKaHHS
PiOVHN MOXHA iH'EKTYBaTW BENUKY KirbKiCTb PO34NHY BCe-
peavHy 0oumTa, LLO HEraTMBHO BNIMHE Ha PO3BUTOK eMO-
pioHa. OnTManbH1UM po34nHoM € 5,0%-uin posynH MBA.
PyxnuBicTb cnepmartosoifiB y LibOMY pO34MHi CTAHOBUTb
7,7% (P<0,05) 3a 20 x8. iHKyGaulii. LLBUAKICTb pyxy 3HW-
3uracs, Wwo CnpocTuno npouenypy, 40 TOro X npouec
3annigHeHHs y LboMy BUNaaky 6ys 6e3neyHiwmm ans
oouuTa i Ans ManbyTHbLoro embpioHa.

BucHoBKu

1. Y pasi 3actocyBaHHs 10,0%-ro posuumny MBI esky-
NbOBaHi JEKOHCEPBOBAHI CNepmaTo30ian kHypa BTpaya-
t0Tb pyxrmBicTb Ha 86,9% (P<0,01) Big noyaTkoBOi pyx-
NMBOCTI, LLIO0 YHEMOXIMBITHOE NPOLIEC BUOOPY NpuaaTHoOro
cnepmarosoiga anga 3annigHeHHst metogom ICSI.

2. 10,0%-mwn po3uuH NBA MoxHa 3acTocoByBaTu
ONsi NpoBefeHHs iMMOoGinisaLii cnepmaTto30igiB kKHypiB,
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OCKINbKW BiH 3HWXYE pyxnuBicTb Ha 46,7% (P<0,01)
BiZl MOYATKOBOI PyXNMBOCTI cnepmaTo30igiB.

3. PyxnuBicTb 3a iHKybaLii AeKOHCepBOBaHMX esKyIrb0-
BaHWX criepmaro30igiB kHypa y 5,0%-omy po3umHi NBA
3HUXKYeTbCA nuiie Ha 28,0% (P<0,05) Big noyaTkoBol,
LLO ONTMMarbHO Nif Yac BUKOPUCTAHHS KPIOKOHCEPBO-
BaHWX CNepmaTo30ifiB KHypa, MaTtepian akux HasiBHUM
B 0OMEeXeHil KinbKOCTi, Ta 3py4YHO Ansa oneparopa
i 6e3ne4yHo AN ooLuUTIB.

MepcnekTuBM NoganbLIKMX AOCHiAXKEeHb

MoganbLui gocnigpkeHHs OyayTb CkepoBaHi Ha BUBYEH-
Hs BNnmBy o6’eMy cepeposuLla NBA Ha AekoHCepBOBaHi
€sKynboBaHi CriepMaTo30ian kHypa anst 3HEPYXOMIIEHHS
i 3acTocyBaHH4 iX nig Yac 3annigHeHHs metogom ICSI,
pPO3yMiHHA MexaHi3MiB i npoueciB 3annigHeHHs Ta BU-
BYEHHSI paHHLOro eMBpPIOHANBLHOIO PO3BUTKY.

JoTpumaHHA eTUYHUX cTaHpapTiB

Bcix MixkHapoaHux, HauioHanbHKX i/abo iHCTUTYLIR-
HUX NPVHUMNIB JOMSAY Ta BUKOPUCTaHHS TBapuH 6yno
OOTPMMaHO.
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Usage of polyvinylalcohol and polyvinylpyrrolidone for preparation of thawed ejaculated boar sperm for fertilization by ICSI

O. Ju. Lyzohub
oksanalyzohub@gmail.com

Institute of Animal Breeding and Genetics named after M. V. Zubets NAAS,
1 Pogrebnyaka str, Chubynske village, Boryspil district, Kyiv Region, 08321, Ukraine

The aim of the study was to explore the effect of PVP (polyvinylpyrrolidone) and PVA (polyvinyl alcohol) media on deconserved ejacu-
lated boar sperm and their preparation for artificial insemination to optimize biotechnological approaches. The studies used ejaculated
cryopreserved sperm of a boar of the Myrhorod breed Dnipro 641. Genetic material was stored in the Bank of Genetic Resources of Animals
IABG named after M. V. Zubets NAAS for eight years. The sperm suspension was thawed in a water bath at +37°C for 5 min until completely
thawed. Separation of sperm from cryopreservative agent and diluent was performed using the swim up method in Sp-TALP medium.
After the presence of sperm in the 10.0% solution of PVP for 10 min, motility decreased by 68.2% (P<0.05) and amounted to 3.4%, and
after the next 10 min of incubation decreased to 1.4% (P<0.01), which is 10 times lower than the initial mobility. In 10.0% of PVA mobility
after 10 min of incubation decreased by 37.4% (P<0.05) and amounted to 6.7%, and after 10 min decreased to 5.7% (P<0.01), which is
1.8 times lower than the initial mobility. It was found that in the case of 10.0% of PVP solution ejaculated deconserved boar sperm lose motility
by 86.9% (P<0.01) from the initial motility, which makes it impossible to select a suitable sperm for fertilization by ICSI (Intra Cytoplasmic Sperm
Injection). It is shown that 10.0% PVA solution can be used for immobilization of boar sperm, as it reduces motility by 46.7% (P<0.01)
of the initial sperm motility. It is proved that the mobility in the case of incubation of deconserved ejaculated boar sperm in 5.0% PVA solution
decreases only by 28.0% (P<0.05) from the initial, which is optimal when using cryopreserved boar sperm, material which are limited

and convenient for the operator and safe for oocytes.

Key words: ICSI, sperm motility, oocyte, polyvinylpyrrolidone, polyvinylalcohol, pig embryos

Lyzohub OJ. Usage of polyvinylalcohol and polyvinylpyrrolidone for preparation of thawed ejaculated boar sperm for fertilization by ICSI.
Biol. Tvarin. 2022; 24 (1): 44—49. DOI: 10.15407/animbiol24.01.044.



https://doi.org/10.15407/animbiol24.01.050
UDC 66.095; 573.4
Received 14.03.2022 = Accepted 29.03.2022 = Published online 01.04.2022

Cnonyku NepmaHito Ta IXHA posfib B opraHiami TBapuH

P. C. ®edopyk’, 1. I. Kosanw4yk?, J1. M. Me3zeHuesga’, Y. I. Tecapiecbka?,
A. 3. lNununeuyp’, B. I'. KannyHeHKo®

rostislavfedoruk@gmail.com

"IHcTuTyT Gionorii TBapuH HAAH,

Byn. B. Ctyca, 38, m. JlbBiB, 79034, YkpaiHa

2[IbBIBCbKUIA HaLiOHaMNbHUIA YHIBEPCUTET BETEPUHAPHOT MeauLmuHK Ta GioTexHonorii imeHi C. 3. IK1LbKOrO,
Byn. Mekapcbka 50, M. JbBiB, 79010, YkpaiHa

SHauioHanbHa Akagemis ArpapHux Hayk Ykpainn,

Byn. Munxanna OmensiHoBuya-laeneHka, 9, m. Kuis, 01010, YkpaiHa

4OepxxaBHUA HAyKOBO-AOCHIAHNIA KOHTPOMBbHWIA IHCTUTYT BETEPUMHAPHUX Npenaparis i KOpMOBUX [06aBOK,
Byn. foHeubka, 11, m. JIbBiB, 79019, YkpaiHa

5T30B «HaHomaTtepianu i HaHOTEeXHONOorii»,

Byn. Bacunekisebka, 27, M. Kuis, 03022, YkpaiHa

Oznssdoea cmammsi

MpoBeneHo aHani3 gaHux nirepatypu Ta OKpemMmnx pesynsraTiB A0CHimKeHb Ti aBTopiB 3a
OCTaHHi poKM oo GionorivHoi gii cnonyk Mepmanito y nabopaTtopHuX i NPOAYKTUBHMX TBAPUH.
Y cTaTTi Big3Ha4eHO NOPIBHAMNBHUI BMUB MiHEparbHMX | OpraHidHUX cnonyk Fepmatito XiMiYHoro Ta
DIiOTEXHONMOMYHOIO CMHTE3Y, a TaKOX HAHOTEXHOJTOMYHOrO UMTPaTy repmaHito Ha (oyHKLOHyBaHHS
iIMYHHOT, reMaTonorivyHol, aHTUOKCUAAHTHOI, AETOKCMKALLINHOI, penpoayKTUBHOI Ta HEPBOBOI CUCTEM
opraHiamy TBapvH. [lokasaHo BigMiHHOCTI Aiji crionyk 'epmaHito B OpraHiami TBapyH 3anexHo Bif 10ro
dopmm, crnocoby, [o3n Ta ekcrnoauuii 3acToCyBaHHs!, METOAIB ofepkaHHsi. Ha ocHOBI MOpPIBHSIHHSA
pesynbsratiB BacHNX AOCHiMKeHb, a TakoX npaub iHLWMX aBTOPIB, BUCBITIIEHO NepeBar BUKOPUC-
TaHHS OpraHiYHMX crornyk FepMaHito XiMiYHOro, BiIOTEXHOMOMYHOIO i HAHOTEXHOOMYHOTO CUHTESY.
MpoBeaeHo aHani3 dyHKLIOHYBaHHS OKpEMUX OpraHiB, CUCTEM Ta OpraHiamMy TBapWH 3a KOPOTKO-
YacHoI i Tp1Banoi Aji pisHux cnonyk lepMarito. 3a 4OCTYMHMMM A58 BUBHEHHS MiTEpaTypHUMM [HKe-
penamu NpMBeOeHO pesynbraTi AOCNioKeHb TOKCUYHOCTI PisHMX Cronyk epmanito, ix BNnvBy Ha
piBEHb NPOAYKTMBHOCTI TBAPUH Ta SKICTb NpoaykLuii. OBrpyHTOBaHO CNiBCTABMEHHS BNIMBY AESKMX
npenaparis, 6ionorivHo akTMBHUX [OBABOK i NikapCbkUX 3acobiB, Ski MICTATL cnonyku epmatito, Ha
opraHiam TBapuH. 3pobrneHo BUCHOBKM NPO nepeBary GionorivHoi gji opraHivyHMX cnonyk Fepmanito,
BWIOTOBIIEHNX METOAOM BIOTEXHOMOMYHOMO CMHTE3Y 3 BUKOPUCTaHHAM ApikopkiB Saccharomyces
cerevisiae, a TakoX ['epMaHito UMTpaTy HAHOTEXHOMNOMYHOO, OAEPXKaHOrO HA OCHOBI HAHOTEXHO-
norii, WoA0 NepcneKkTMBU IX BUKOPUCTaHHS Y TBAPMHHULTBI Ta BETEPUHAPHIN MeOULMHI.

Knto4yoBi cnoBa: repMaHiiopranivHi cnonyku, TBapuHu, GionoridHi npouecu, TOKCKUY-

HIiCTb, QpidionoriyHi cuctemm, pyHKLT, BiaTBOPEHHSI

lNowupeHicmpb [epmaHito y HaBKOMUWHBOMY cepedosuLui

lepmaHin (Ge), sk meTanoig, HanexunTb 40 PO3-
CISIHUX eneMeHTIB, AKi nowmpeHi B Npupoai y Burnagi
okengis (GeO,), cynbdigis (GeS,) abo conen repma-
HieBoi kucnotn (GeO,H,) [48, 69, 80]. Y moBkinna uen
enemMeHT HaaXOAUTb TakoX 3 POOOBWLL, KaM SSHOTO BYTir-
ns Ta 3 N00iYHMMYM NpoayKTamMmu NepepodKkn KOPUCHMUX
KonanuH y Burmsai cynbigHux pya, Wo cTaHOBUTL A0
30% ceiToBoro cnoxveanHs [53, 61, 69, 70]. Y Gionoriy-
Hux o6’ektax Ge BnepLue OyB BUSIBNEHNA SAMNOHCHKUMM
aocnigHykamm [43, 48, 80]. Lie cnpusino po3sBuTKy HU3KK

50

OOoCnigXeHb Woao 3'AcyBaHHs GionoriyHmx edekTiB
NPUPOAHUX CMOMYK repMaHito, a TaKoXX CTBOPEHHS Oro
HOBUX KOMIMJIIEKCIB 3 Pi3HNMW firaH4amMu, OTpUMaHux
MeTodamu XiMiYHOro, Bio- i HAHOTEXHOMOTMYHOrO CUHTESY
[7, 42,48, 91, 92]. Taki cnonykn Ge LIMPOKO 3aCTOCOBY-
0TbCs B Bionorii, MeauLmHi, TBApMHHULTBI Ta BETEpUHa-
pil, LLO NiATBEPMAKEHO OOCAIIKEHHAMMU SK in vitro, Tak i in
vivo [4, 11, 37,43, 72, 96]. NpupoaHumun cnonykamu Ge,
LLIO YTBOPIOKOTLCA 3 yHaCTHO MIKpOOPraHi3miB, € OpraHivHi
KOMMIEKCM MOHOAMMETUITEPMAHIIO, SIKi BUIYTrOBYHOTLCS
NMOBEPXHEBMMUW BOAAMM Y PiYKM | erpagytoTb Yy CONMOHMX
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Mopcbkux Bogax [69, 80]. OgHak Ha CbOrogHi 3aCTOCOBY-
HOTbCS €KONOriYHI MeToaM oaepKaHHsA [epMaHito i3 30mm
BYriNns 1a nuny BUNNaBnsHHSA Mifi K 3 TEXHOMOriYHOT
CVIPOBMHMU, @ TAKOX 3 BUKOPUCTaAHHAM POCIMHHOIO Mo-
KpYBY 3MakoBWMX TPaB i CiNbCbKOrOCNo4apChKMX Kyrib-
Typ [70]. HagxomxeHHs Ge y KOpeHeBy i BeretaTuBHy
Macy POCINWH 3anexuTb Bif iX Buay Ta MOPOCTPYKTY-
pv rpyHTiB [48, 69, 70, 95]. JocnigxeHHamn po3noginy
Ge B pi3HUX TUNax rpyHTIB BCTAHOBINEHO MOMO 3HaYHi
KONMBaHHSA 3anexHo Bif X CTPYKTYpWU Ta BMICTY iHLLMX
YMHHWKKIB [53, 61, 95]. PocnuHn, BUPOLLIEHI Ha I'pyHTax
3 HenTpanbHuM pH, kymynioTb Ge iHTeHCUBHIWe,
Hi>XXK Ha crabonyXHunx. BUCoknin BMICT opraHikvi Ha Tni
HU3bKMX 3Ha4YeHb pH rpyHTY nacoBuLL 3yMOBIIOKOTh
B MI piBeHb Ge y TpaBi [69, 70, 95].

Y pocnvHax Ge yTBOPIOE OpraHiyHi KOMMMeKcK, ki
BMSIBMSAIOTL BUCOKY BionoriyHy akTuBHicTb [29, 61, 80].
BeaxatoTb, L0 3acBOeHHSA Ge y pocnuHax BiabyBaeTb-
CS 3 y4aCTHO OpPraHiYHNX KOMMNIIEKCOYTBOPOBANIbHNX
peYoBMH — LKpIB, KUCMOT, noniceHonis [95]. Ge moxe
YaCcTKOBO 3aMilyBaTu B y pocnvHax 3a noro gequiuunty
B I'pyHTi. BmicT Ge y pocnuHax manun (Big 0,01 go 1 mr/kr
mMacu) [69]. Bumii piBeHb LbOro enemMeHTy BCTaHOBIe-
HO Y YaCHWKY, HaCiHHi 3naKkoBKX, rpnbax, >KeHbLUeHi [67,
80]. OgHak BCTaHOBNEHi 3HaYHi perioHarnbHi Ta COpTOBi
BigMiIHHOCTI BMiCTY Ge y YacHMKY i ioro cepefHil piBeHb
He nepesuwye 0,0042 mkr/r. MNigXnBNeHHA 03MMOro
YaCHWKY repMaHin-BMiCHUM cybCcTpaToM nigBuLLyBasno
BmicT Ge go 0,02 mkr/r TkaHuHK [79, 80].

Haneuwmin BMicT Ge BCTaHOBIEHO y rpubax, 30-
Kpema nicoBi nigdbepesHukn i 6ini rpndun MiCTsTb BUCOKI
piBHi Ge 0,01 MKr/r TkaHuHW [67, 79]. Y rpubax, 3 AKX
BUIOTOBMAOTbL dhapMaKkororiyHi npenaparu, BUpoLle-
HUX B eKCNepuMeHTarnbHUX yMoBax 3 goaasaHHsaMm Ge,
BMICT LIbOro MikpoenemMeHTa y nrogoBoMy Tini 3poctaB
no 70-80 mr/kr. OgHak 6iogocTynHicTe Ge 3a Lux ymoB
6yna Husbkoto — 0,4—7,6% ansa poay Canoderma i 5,4—
6,6% — ans Plevrotus Ha Tni 3MiHW Macu rpubis [79].

BmicT Ge y Boai HesHayHui [12, 84], npoTe y Mop-
CbKii BOAi piBEHb MOro 3Ha4yHo BuUwWmin — 0,06 Mkr/n
[12, 79]. KoHueHTpauis Ge y Boai MOXe CyTTEBO Bia-
Pi3HATMCSA 3anexHo Big cepefoBuLLa, TemnepaTypu,
arpoekonoriyHmMx Ta MeTeopornoriyHmx ymos. Mirpauis
Ge y OoBKinni NpoxoauTb Y BUMSIA NPOCTUX ioHIB abo
cknagHux cnonyk [53, 80]. ABTOpy BKasyloTb, LLO BMICT
lepmaHito y noBepxHeBux Bogax binbLl ctabinbHui
i moxe konmeatucs Big 0,01 go 0,17 mkr/n. MpupogHi
MiHeparbHi Boau MiCTsTb BULLi piBHI Ge, LLIO Big3Ha4YeHo
ana Cygetcekoro perioHy MNonbuwi (0,025-10,62 mkr/n),
ane Ui piBHI HWXYi, HXX Y TepmManbHMX Bogax [12].

Brinue miHepanbHuUXx crioniyk Ge Ha opaaHi3aM meapuH

Cnonyku Ge maroTb ninodinkeHi BNacTUBOCTI | Nerko
BCMOKTYIOTbCH B KMLWEYHUKY Ta NereHax, Tomy oo
95% ioHIB LIbOro enemMeHTa NPOHUKaoTb Yepes KIiTUHHI
CTiHKM | MemBpaHu [23, 48]. OgHak po3noain uux Kom-
MOHEHTIB MiXK NO3aKMITUHHUM i BHYTPILUHBOKNITUHHUM
cepefoBuLLEM, @ TAKOXK Y TKAHWHAX Ta opraHax Npoxo-
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OWTb HEPIBHOMIPHO i 3aNeXuTb Bif, KiNbKOCTi HAOXOOKEH-
Hs Ge [18, 43, 48]. 3okpema, y KponukiB i cobak nicns
BHYTpiLLHbOBEHHOrO BBeAeHHA GeO, BuLLi KOHLeHTpaLLi
Ge y nopsigKy 3HWDKEHHS Byrno BCTAHOBMNEHO Y TKaHMHAX
TaKUX OpraHiB: HUPKM — neviHka — cenesiHka — LUMyH-
KOBO-KULLIKOBUIM TPAKT — M’S131 — MO30K — KiCTKM [23].
Posnoain Ge B opraHiami 3anexmTb sk Big cnocoby noro
HaOXOMKEHHS, TaK i ekcrnioauuii [11, 48, 52]. KoHueHTpauis
LibOro MiKpoernemeHTa y TKaHMHax opraHiamMy HU3bka 3a
YMOB (Di3ionoriYHOro HagXoMKEHHS 3 KOPMOM i BOAOHO.
BHYTpPilWHBEOM'A30Bi YU/ BHYTPIilLLbOBEHHI BBEAEHHS
CromnyK repMatito NigBuULLLYHOTb Oro BMICT Y TKaHWHaX Ta
OKpemunx opraHax. Ane nicns ogHOKpaTHOro nepoparb-
HOrO 3aCToCyBaHHs po3dnHy GeO, y MuyLLen He 3pocTaB
BMICT LibOro efiemMeHTa Yy KpoBi Ta TKaHuHax [45].

Y Halmx OOCNIMKEHHAX BiA3HAYEHO 3POCTaHHS KOH-
ueHTtpadii Cu, Co, Mn i Zn y TKaHMHax HUPOK, fereHb
i M’A13iB LLpiB 32 yMOB TpuBaroro sunotoBaHHsA Ge y Bu-
rmsai Moro XiMiYHO CMHTE30BAaHOIO XenaTHOro KOMIMeK-
Cy Ta HaHoTexHonoriyHoro uuTtpaty [24]. HegocTtaTtHe
HagxomkeHHA Ge 3 KOPMIB i BOAW MOXE 3HUXYBATK
piBeHb IMyHHOTO 3aXUCTy OpraHiamy Ta NpPoAyKTUBHOCTI
TBapuH [44, 80, 81]. BMicT UbOro mikpoenemeHTa y Kpo-
Bi, 3@ JaHMMW Pi3HNX aBTOPIB, KONMBAETLCS | B cepen-
HboMmy cTaHoBUTb 0,44 mr/n [11, 48]. Posnogin Ge mix
epuTpoumTaMm i NIa3Moro KpoBi nabopaTopHUX LLypiB
CcTaHoBUTb 2:3. BCTaHOBMEHO, WO Y BEHO3HIN KPOBI
Ge 6GinbLue nokanizoBaHUn B epuTpoLMTax, B apTepi-
anbHin — y nnasmi [48].

[oseneHo, wo Ge Gepe yyacTb Y TpaHCMOPTYBaHHI
O, B opraHiami, 3anobirato4m po3BUTKY MNOKCIi HA TKAHUH-
Homy piBHi [11, 49, 83]. Taka GionoriyHa ais Ge nepLuo-
YeproBo Bi3HAYaAETLCA AN TKAHWH, OPraHiB i CUCTEM,
HanbinbLw YyTnmMemMx go Hectadi O, — cepud, LUHC, Hu-
pok, nediHku [81, 89]. Cnonyku Ge NposiBnsoTb NPoTU-
MIKpOBHY Aito, Slka MeHLUIe BUpaXeHa Ans 6akTepin, Hixk
ana gpikopxkis [37, 51, 58]. BaxxnvBummn Takox € 4ETOK-
cukauiHi BnactmeocTi cnonyk Ge, 3okpema 3a yMOB
TOKCUYHOTO BMSIMBY Ha OpraHiam TBapyH COMEN BaXKnX
meTanis [60, 76]. Kpim Toro, BkasaHi crnonyku Ge MatoTb
HEeNPOTPONHI, NpoTU3ananbHi, aHTUBIPYCHI, MPOTUNYX-
NWHHI, aHTUOKCMAAHTHI Ta iHLWi KOPUCHI AN opraHiamy
BNacTmBocTi [5, 6, 25, 40, 46, 54, 86, 93], aki byayTb
BMCBITNEHI Y HACTYMHUX NyHKTaX ornsagy.

LLlogo HeraTMBHOrO BrNMBY HeopraHivyHmx cnonyk Ge,
OOCNIOHVKN Bi3Ha4aloTb HM3KY NobivHMX edoekTiB 3 BU-
HUKHEHHSAM HedoponaTii y Nepioa TPMBaroro 3acTocyBaH-
Hs1 BUCOkux o3 GeO, [3, 23, 71, 82]. Tpmeana aist BUCOKOI
po3n GeO, symoBntoBana 3anarnbHi NpoLecn y M'30Bii
TKaHWHI Ha Tni AediumTy umToxpom-C okeuaasm y YepBo-
HMX BOMNOKHaX 3 NosiBoto iX po3puBis [45]. Taka aist okcu-
Ay Ge noe’a3aHa TakoX 3i 3HWKEHHSIM MeMOpaHHOTOo No-
TeHLjany MITOXOHAPIN, TpaHCNoKanisauieto AiNsHKX reHa
Bax Ta 3HwkeHHsaM ekcnpecii Bel-2 [3, 44, 48]. HagmipHi
po3un i ekcnosuuii GeO, BUSBNAIOTb TOKCUYHUIA BMIUB
Ha HepBoBY cuctemy. BukopuctanHs GeO, y TBapuH no-
Haf 24 TxHi 3yMOBINIOE CEHCOPOHEBParibHY NaTororito,
CMPUYMHEHY MITOXOHApPIANBbHOK AncdyHKLUiero [3, 23, 45].
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OpHak TepaneBTnyHi 4o3n GeO,, nigibpaHi y nikyBaHHi
Ta npocdpinakTuui NyxnuH, He NPoABNANN reHETUYHOI
MyTaLii B opraHiami MuLien, Lo NiaTBepaXeHo Bia-
CYTHICTIO LLKIANMBOro BNAMBY Ha WIBMAKICTb abepauii
XPOMOCOM Y IXHbOMY KiCTKOBOMY MO3KY [66, 98]. Y ma-
nnx gosax (0,1-0,5 mr/kr macu Tina wypa) us crnonyka
npurHivyeana 3ymoneHy Cd reHOTOKCUYHICTb. [poTe
3a ofHoKpaTHOI BMcokoi go3n GeO, B 100 mr/kr macu
TBApPUHU BHYTPILLHBO Ta 4 MI/Kr BHY TPILLHBOM’SI30BO
He BCTaAHOBMEHO TOKCUYHOI Aii [43, 48].

Brinue opeaHiyHux crionyk Ge xiMiyHO20 cUHmMe3sy
Ha opeaaHi3mM meapuH

Kpim MiHepanbHWX, Ha CbOroAHI oAepXaHO HU3KY
¢i3ioNoriYHO aKTMBHUX OpraHivyHMx crionyk Ge XiMiYHOro
cuHTesy [9, 46, 50, 51, 52]. JoseaeHo, LLO Taki repmaHie-
Bi KOMMIIEKCU NPOSIBSAOTL NO3UTUBHI BionorivHi edoekTn
Y MEHLLUNX 03aX, arie MatoTb CYTTEBO HWXYY TOKCUYHICTb
NOpIiBHSIHO 3 oro okcugamm [11, 51, 97]. Posnogin Ge
y TKaHWHaX BCTAHOBMEHMWI Y TakKili 3anexXHOCTi: cene-
3iHKa, HUPKK, NeYiHKa, NereHi, WyHoK, cepue Ta nia-
LUNyHKoBa 3anosa [85].

LLlogo iMyHOCTMMYMHOBaNbHMX, LIUTOTOKCUYHKX, MPOTU-
NYXAUHHUX I aHTUOKCUOAHTHUX BMACTUBOCTEN XiMIYHO
CMHTE30BaHVX OpraHivyHmx cnonyk Ge HasiBHi pesynsraTtu
HM3KKM gocnigpkeHs [27, 28, 57, 66]. BctaHoBneHo, Lwo Ge-
132 He BUSABMSAB LIMTOTOKCUMYHOI Aii Ha KynbTUBOBaHI Ki-
TWHW CCaBL,iB 32 BU3HAYEHUMU PIBHSIMUM NakTataerigpore-
Haswu (J10") [93]. DoseneHo npornidhepaTyBHUA 1 aHTUOK-
cvpaHTHUIA BNnmB Ge-132 3amnexHo Big Jo3n Y KITiTUHaX
S€4YHUKIB XoM'sika. CUHTETUYHMI OpraHivyHuA Ge NpurHi-
Yy€e BHYTPILUHBOKNITUHHE yTBOPEHHS ADK i kapBoHinbo-
BaHOro Oirka, o iHaykyetbes H,O,. ABTOpM LibOro Jocri-
IPKEHHS CTBEPIKYHOTb MPO BUPAXKEHY aHTUOKCUAAHTHY
aKTMBHICTb Ge-132 B KynbTMBOBaHMX KITiTMHaX CCaBLiB 3a
YMOB CTPECOBOIO BMIMBY NEPEKUCY BOAHIO. AHANOMYHUIA
3axucHun BnnvB Ge-132 Big anonTosy, 3yMOBIIEHOIO
OKUCHIOBanbHUM CTPECOM, Bif3Ha4YeHo Ang 3annigHe-
HUX emMbpioHiB cBUHI [27, 28]. 3acTocyBaHHs Ge-132
y nepion [o3piBaHHS OOLMTIB CBUHI Ta eMBpioHansHOro
PO3BUTKY MiCNS NApPTOreHETUYHOI aKTUBaLlii MoKpaLLyBa-
o Ui NpouecH 3 NiABULLEHHAM PIBHIB MMyTaTioOHY | 3MeH-
LWEHHAM yTBOpeHHs1 ADK i anonTuyHOi Aii, CnpuYnMHEHOT
OKUCHUM CTpecoM. ABTOPU LMX SOCHIOKEHb NOB'A3YHOTb
cTmMyntoBanbHui Brnmne Ge-132 Ha po3BUTOK eMBpioHIB
cBVHI Ha piBHi ekcnipecii MPHK. BionorivyHa oujiHka cuH-
Te3oBaHux nonicgeHonsHNx komnnekcis Ge(lV) Bkasye
Ha Te, Lo TaKi CMoryKM MaroTb BUCOKY aHTUOKCUOAHTHY
i NPOTUNYXIUHHY 3A4aTHICTb [66]. MepmaHin y noegHaHHi
3 KaBOBOH) KMCIOTOI 3yMOBIIOBAB iHAYKYHUMI BNVB Ha
NyXNWHHI KNiTHKW U14, iHriBytoun ix picT y muwwen [47].
MonidbeHonbHI Ge-BMICHI KOMMNIEKCH BUSIBISOTb CUTITbHi-
LUi NornmHanbHi BNaCTMBOCTI MAPOKCUIbHUX ENIEMEHTIB,
HDK aHanoriyHi niraHan. ABTOpU OOCIM{KEHb Bia3HaYa-
I0Tb iHTEpKansuiiHe (3BOPOTHE) BKIMIOYEHHS BKa3aHWX
Komrnekcis y monekynu IHK Tumycy Tenar, wo 3ymoB-
ntoe noro mopdponoriyHi 3miHn. Cnonykn Ge 3 ByrneBo-
AaMu1 Ta HYKNeiHOBUMW KMCNoTaMy MOXYTb iHribyBaTtu
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cuHTes AHK i PHK y nyxnuHHMX KniTuHax i nigsuwysaTy
iIMYHHY BignoBiab opraHiamy [77, 78].
Ge y HaBKONULIHBOMY CepefoBULL TpannaeTbCA
y hopmi M'sITW i30TONIB, 30aTHUX YTBOPHOBATM KOMIMITEKCHI
cnonyku. I3otonn Ge 0cobnmBo YyTnmBi A0 KOMMEKCO-
YTBOPEHHSA 3 OpraHidyHMMM pedoBnHamMmM Ta cynbdiga-
mu [70]. OocnimkeHHsamm B3aemogin Mk Ge-132, Hyknei-
HOBMMW KUCINOTaMM Ta BYITEBOAAMM LOBEAEHO 30aTHICTb
BOZHOIO PO34MHY LIiE€i CMOMyKM YTBOPHOBATU KOMMIIEKCU
3 iX LUMC-AiONbHUMW CTPYKTYpPamMu — [THOKO30H0 | opyk-
To30t0. CriekTpanbHWi aHania nigreepmxye, wo Ge-132
Mag€ BULLY CMOPIAHEHICTb A0 PPYKTO3M, HK OO ITHOKO3N.
BkasaHy ocobnumBicTe aBTOpM PEKOMEHAYIOThb 3apaxy-
BaTW A0 Lle OAHIel NO3UTMBHOI (hi3ionoriyHOT dyHKLiT
Ge-132. BigsHavaeTbces, wo Ge-132, IMOBIPHO, MOXe
B3aEMOZiSITM 3 AIONBMICHUMMW LiyKpamu B rnikonpoTeiHax
i rmikoninigax. 3acTocoByYM METOAUN SIAEPHOMO MarHiT-
Horo pesoHaHcy (AMP), BCTaHOBMNEHO, LLO KiNbKiCTb LIMX
AioNbHMX rpyn Y CTPYKTYpi caxapuay BnivBana Ha KoMr-
nekcoyTBopeHHs Mixk Ge-132 i MoHouykpamm [77, 78].
BukopuctaHHs opraHiyHoro Ge y noegHaHHi 3 pa-
diHO3010 CTMMYNOBaNo MikpobionoriyHi npouecu
y TpaBHOMY kaHani wypis [58]. NoegHaHHs Ge-BMicHOI
cnipyniHu 3 d-ranakTo3amiHoM i ninononicaxapugamu
3yMOBIOBANO renaTonpoTEKTOPHY Aito y Lwypis [99].
CTumyntoBanbHWIA BNNMMB Mae repMaHifiopraHiyHa
crnonyka — TpUrigpoKcurepmin NponaHoBoi KUCNOTH
(THGP) Ha npouec izomMepu3allii NakTo3n Ta ofepkaH-
Hs1 MaKkTynosu y chapMauesTtuui [56]. JogasaHHa THGP
00 peakuinHOl CyMilli NigBuLLYBano BUXig NaKTyrosun
3 25% no 80% 3a paxyHoK Ti 3axuCTy Bif Aerpagadii.
CuvHTe30BaHi koopauHaLinHi cnonykn Ge 3 iHWMMK MiHe-
panbHUMK 1 OpraHiYHUMK PEHOBMHAMU, SIKi MPOSIBNSIOTH
BMCOKY BionoriyHy akTusHicTb [34, 46, 50, 51, 52].
MeTtogamu xiMi4HOTO CUHTE3Y CTBOPEHI 1 anpoboBaHi
opraHiyHi Ge-BMiCHi CECKBIOKCaHOBI CMOMNYKN — repMak-
CaHW, repMarpaHu, repMakaHu, Cripo- i opraHinrepmaHa-
™ [11, 34, 46]. YcniluHO CTBOPHOKOTE Ta AOCNIAKYOTb HOBI
(pi3ioNoriYHo akTMBHI OpraHivHi cnomnyku Ge 3 HiKOTUHO-
BOHO KMUCIOTOHO, HIKOTUHaMIZOM i BypLUTUHOBOKO KUCIOTO
[44,63,72, 74, 86], a came roMo- i reTepomMeTarivHi Koop-
OViHaUinHI cnonyku 3 Gioniranaamm [36, 64, 73]. Lli cnony-
KM iHriOytOTb Ait0 OKCMOATUBHOIO CTPECY Y NEYiHL, MPosiB-
NATb LMTO- i renaTonpoTEKTOPHY aKTUBHICTb. 30Kpema,
Ge-BMicHa cuHTeTM4YHa cnornyka «CniporepmMaHiny npo-
ABNSIE IMYHOPETYNATOPHY, aHTU3anasbHy i NPOTUNYXIWH-
Hy Adito, a npenapat «AnbuMHap» Mae 00303anexHun
renaTtonpoTeKkTopHU BNnus [44, 72, 86].
HoBocvHTe30BaHi opraHiyHi cnonykun Ge BUKOPUCTO-
BYIOTb Ansi CTBOPEHHS 1 IHLWMX e(PeKTUBHUX NiKapCbhKMX
3aco0biB i npenaparTis, KOTPi 3aCTOCOBYHOTb Al KOPEK-
LiT iIMyHHOrO 1 aHTMOKCMAAHTHOIO CTaTyCy OpraHiamy
[72, 93] Ta HU3KKM nopyLLeHb OYHKLLIA OpraHiB i cuctem
[52, 64, 86]. HainowwmpeHilumM npenapaToMm, Lo Mic-
TUTb opraHiyHuin Ge XiMiYHOro CUHTE3Y, BUSIBUBCS OIO
cecksiokcua-2-kapbokemetun Ge (Ge-132), skun mae
BUPaXXEHY iIMyHOCTUMYMHOBarbHY, NMPOTUMYXITUHHY, aHTU-
BipYCHY, anonTuyHy gito [48, 89, 97, 98]. BcTtaHoBNEHO,
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Lo iMyHOoCcTMMYMtoBanbHa aig Ge-132 3ymMoBnioeTbCS
iHOYKUi€E y-iHTepdepoHry, sk 6epe yvacTb Y Kopekuji
iMyHHOI 30aTHocCTi T-kniTWH | Makpodaris [6, 11, 36, 82].
EdekTrBHICTb LOro npenapaty AoBe4eHo NpoTy Bipyc-
HWUX, OepMaTomnoriYyHKX i pecnipaTopHUX 3aXBOPIOBaHb,
BiH MPOSIBNSIE NPOTUMYXITMHHY Aito. LLnpokuia cnekTp Gio-
NOriYHOT aKTUBHOCTI Npenapary 3a NaTonoriyHMX CTaHiB
3yMOBIEHWN, KPIM iIMYHOCTUMYTOBanbLHOI Aji, 30aTHICTIO
npurHivyBatu cuHtes okpemux oinkis AHK i PHK 36ya-
HKKiB XxBOpOb [2, 11, 48].

BigsHadeHo pisHocnpsiMOBaHa 3arnexHicTb Aii cnonyk
Ge Bi MOro KOHUEeHTpaLii: 3@ BUCOKOI — BMHMKAE anor-
TO3 KniTnHK [83, 97], 3@ HU3bKOI — BNOKYETLCS KINITUHHA
andbepeHuiadis [3, 41, 49, 93]. CupoBaTtka KpoBi MULLEN
nicns 3acTocyBaHHs opraHiyHoro Ge-132 nposiBnsina iHri-
Oytovy 30aTHICTb LLOA0 aCUMTHUX KITITUH LX TBApWH [66,
97]. BkasyeTbCs, L0 NPOTUNYXIMHHA Ais 3yMOBSHOETLCA
akTueauieto Ge-132 nimdokiHis, 30kpema y-iHTepepoHy
[44, 47, 97]. BukopuctaHHsa Ge-132 y npoMmcnoBomy
MTaxiBHALTBI CMPUSANO MOKPALLEHHIO iHKYOaLLIMHOT AKOCTI
seUb, NigBuULLEHHIo Macu Tina Kypyart [10, 94]. Kpim uporo,
3a BMIMBY BKa3aHOro NpenapaTty CKopodyBaBcs nepiog
BMBEOEHHS Kyp4aT i nepeneneHsT, Wanawe posnoyn-
Hanacs AnLeHOCHICTb Y Monoaux kypen [44, 68].

Y HacTynHi nepiogy Ha OCHOBI OpraHiYHKX | MiHeparnb-
HMX cnortyk Oyno po3po0breHo 1 iHWiI Npenapatu i nikap-
CbKi 3aC00MU, SKi YCNiLLHO 3aCTOCOBYHOTLCS Y MEAULMHI,
BeTepuHapii Ta TBapuHHMUTBI [4, 37, 45, 72, 78, 97].
3okpema, npenapat KoMnnekcHoi ail «fepmakany», skui
aKTUBYE IMyHHY CUCTEMY i 3yMOBIIOE NOCUEHY OETOKCU-
KauiHy, aHTUOKCUOAHTHY 1 afanTuUBHY Aito, NOKpaLlye
AkicTb npoaykuii [90, 94]. MNMpenapat «'epmatpaHon»
Mae pagionpoTEKTOPHI, iIMyHOKOperyBarbHi i 6iocTumy-
noBanbHi BNAcTMBOCTI [72]. AK aHTaroHiCT LWKIAIMBOro
BMNIMBY BaXKVNX MeTarniB 3actocoBytoTe Ge-untpar [60].

Bkasani komnnekcn Ge nposiBrstoTh iHridyoBansHUA
BMJIMB HA HU3KY €H3MMIB NnasMaTn4HOi MemMbpaHm Krii-
TUH CEpLIEBOro M’A3a, YMM MOKPaLLYyOTb MOr0 CKOPOTNKU-
BY (DYHKLLiLO 3@ yMOB aTpaumKniHOBOI iHTOKCKKaLii [63, 64,
73, 74]. EkcnepumeHTarnbHO A0BEAEHO, LLIO CUHTE30BaHI
OpraHivHi KoopaMHaLnHi crionykn Ge 3MiHIHTL NoBediH-
KOBI peakLii y TBapuvH 3a YMOB MOAEMNOBaHHSA eninencii
Ta NapKiHCOHI3MY, a TakoX BNANBAKOTb HA PEaKTUBHICTb
HEeWpOHIB KOpW rornosBHoro mMosky [50].

KomnnekcHi ximidHO cuHTe3oBaHi cnonyku Ge 3 amiHo-
KMUcrnoTamm (repMaHaTt) BUSIBMATb iIMyHOMOZYOBArb-
Hi, NPOTM3ananbHi BNacTMBocTi [6, 21, 40, 57]. [loeeaeHo,
LLIO 34aTHICTb Takux opraHiyHux cnonyk Ge akTnByBaTtu
iMyHHY cucTemy Ta doyHKLUiI0 Makpodaris, HenTpodinis,
niMcokiHiB, iHTepdepoHiB, T-kniTuH i kniTuH-kinepie (NK)
€ dhisionoriyHo OCHOBOI BGaraTboX TepaneBTUYHUX
edekTiB Ge [36, 59].

EgpekmusHicmb dii crionyk Ge
b6iomexHono2i4yHo20 cuHMe3sy

OpraHiyHi cnonykn Ge 6iOTEXHOMOMNYHOIO CUHTE3Y
HanexaTb [0 HU3bKOTOKCMYHOIO Krlacy PeYoBUH i Ma-
I0Tb [esKi BigMiHHI BNaCTUBOCTI Bif NOr0 HEOpraHiyHmX
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dopm. 3okpema, 2-kapbokcuetmn repmasito (Ge-132,
Bio-Ge) — L 6ioTexHONoriYHO CMHTE30BaHWU Npena-
paT Ha OCHOBI KynbTUBYBaHHS ApkmkiB Saccharomyces
cerevisiae 3 pogaBaHHAM MiHepanbHOi coni Ge.
JocnigpkeHHs TOKCUYHOCTI 0ogHOpPa3oBoro (2 r/kr macu
Tina (m. T.)) i baratopasosux (0,5-1,0i 2 r/kr M. T.) per os
BBeeHb ApiKIKiB, 30aradeHnx opraHiyHum Ge, BKasy-
t0Tb Ha NeBHi BiAMIHHOCTI X 6i0NoriYHOro BNAMBY Y LLY-
piB [41]. OgHOpa3oBe BBEAEHHSI HE 3yMOBIOBANO CyT-
TEBMX 3MiH KNiHIYHMX | didionoro-6ioxiMiYHNX NOKa3HUKIB
opraHiamy. 3a nepiog 13-TMXKHEBOIro BBEAEHHS Opix-
oxiB, aki mictunu Bio-Ge, BcTaHOBNEHO 3HMXeHHA A/l
CMiBBIOHOLLEHHS ¥ KPOBi CamUjiB LLypiB, KOTPMM BBOAMU-
nn 1,0 r Giomacu gpikaxis/kr M.T. i Ginblue. BiasHaveHo
30iNbLUEHHST MacK cepus SIK caMuiB, TaK i CamMoK LLypiB
3a gii 2,0 r/kr 6iomacm gpixoxis. Ha ocHoBi pesynbraris
UMX gocnimkeHb 3pobneHo BUCHOBOK, LU0 piBEHb Hera-
T1BHOro BNnuBY Bio-Ge y LuypiB cTaHOBUTL BinbLue, Hix
2,0 r/kr m.T. BuKOpUCTaHHS BKa3aHOi CXemMy BBEOEHHS
Bio-Ge cobakam nopoam Girnb niaTBepauno BiacyTHICTb
MOro TOKCMYHOTO BMNAMBY 3a 0gHOpPa30Boi [o3u 2,0 r/kr
M. T. BaratopasoBe (13 TWXHIB) 3aCTOCYBaHHS LibOro
npenapary 3yMOBMIOBano Aeski 40303anexHi 3MiHu re-
MaTOJOriYHKX | BiOXiMIYHMX NOKa3HMKIB KPOBI, 30KpeMa
AIl" koedilieHTa, BMICTY pETUKYNOLMTIB i TPOMBOLMTIB,
4acToTK CepLeBMX CKopodeHb Ta iHTepBaniB RR i QT
y kobenis. HeratusHuii Bnnue Bio-Ge ana cobak ctaHo-
BUTb 2,0 r/kr M. T. i Ginblue. TprBarne 3acTocyBaHHsI MEH-
LUMX 103 HE Marno HECTIPUSATNIMBOIO BMUBY Ha KNiHIYHWN
CTaH i hi3ionoriyHi MoKa3HWKM opraHiamy TBapuH [39].
Baxnmeuin etan gocnigkeHHs goisionorivyHoi aii opra-
HiYHMX cnonyk Ge posnodaBscs nicns ix 6ioTeXHONOrYHo-
o CUHTE3Y 3 BUKOPUCTaHHAM OpiKOKiB Saccharomyces
cerevisiae i BUNPOBYBaHHAM Ha TBapuHax «bionorivyHo-
ro repmaHito» (bio-Ge) [20, 39, 40, 42, 44]. OgepxaHni
BioTexHornoriyHUM MeTtogom bio-Ge nponwoB HU3Ky i-
3i0MOoriYHMX | TOKCUMKOSMOrYHMX AochigkeHb Ha nabopa-
TOPHUX TBapUHaXx, Ha cobakax i kniHiYH1X BUNpobyBaHb
Ha noaax [11, 39, 40, 41, 47]. EkcnepumMeHTanbHMMmn
OOKMIHIYHUMM | KNiIHIYHUMKW OOCHIKEHHAMM OOBEOEHO
TepaneBTUYHY i NPOMiNakTUYHY ePEKTUBHICTb LibOro
GioTexHonoriyHoro npenapaty [11, 20, 36, 43]. Hos.i
OaHi nitepaTtypy BKa3yloTb Ha Te, O oAepXaHu npe-
napat bio-Ge Ha ocHoBi TpaHcdopmalii Ge B opraHiami
OPPKOXKIB 3 MiHEpanbHOI CNONyKU B OpraHiyHy Habysae
6e3neyHocTi | Popmye BUCOKY (hi3ionoriyHy akTUBHICTD.
MigTBEpoXEHO, Wo bio-Ge 38’s3aHun 3 Ginkamu i mae
AeToKCMKaUiHy 30aTHICTb OO COmnemn BaXxKux meta-
nie, NiABMLLYE LMTOTOKCMYHICTb NK-KkniTUH, akTuBye
B-kniTnHWM i pakTop Hekpody nyxnuH [20, 39, 40, 43].
BuikoHaHi Ha wypax i cobakax 4OCnigpKEeHHS rOCTPOi,
CyBXPOHIYHOI | XpOHiYHOT ToKkcu4YHOCTI Bio-Ge 3a ymoB
per 0S 3aCTOCYBaHHS He BUSIBUNN TOKCUYHOIO BMANBY
HaBiTb y BMcokMx (3 i 5 r/kr M. T.) gosax [36, 39, 40].
Baxnueo, o 3actocyBaHHs bio-Ge He npusBoaunno
00 kymynsuii Ge B HUpKax i neviHui [41].
XapakTepHot € Takox npoTusanansHa gis bio-Ge,
LLO 3MOoAenboBaHa y OOCNISKEHHSAX HabpsKy nanm Ha
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camusx LwypiB 3 BBeAeHHAM 1% kapareHaHy y pi3Hux
no3sax [38]. BctaHoBNeHo ao3o3anexxHun iHribysanb-
HuA BNnMB Bio-Ge Ha po3BMTOK 3ananbHOro NpoLecy.
ABTOpPU BKa3ylTb Ha MOXNMBICTb i3ioNoriYHOro
3B’sI3Ky NpoTmu3ananbHoi Aji bio-Ge 3 iHribyBaHHAM BU-
BiNlbHEHHS1 apaxigoOHOBOI KMCMOTY i BIOCUMHTE3Y NpocTa-
rmanavHy E,. fososanexHuin Bnnue bio-Ge BigsHavyeHo
TaKoX y OOCMiAXEHHI IMYHHOro 3aXUCTy OpraHiamy
MULLEN 3 BUKOPUCTAHHAM aHTUTIN [20].

Bigomo, wo knitnHu-kinepun (NK-knitnHm) MoxyTb
aKTVBYBaTUCA 3a il LIUTOKIHIB, SKi BUBINMbHSHOTHCS 3 MaKpO-
daris [2]. BogHo4ac BcTaHoBneHO, wo NK-kniTuHu Bigj-
rpatTb BaXKNUBY POSb Y 3aXMUCHIN PyHKLIT OpraHiamy,
a IXHS LIUTOTOKCUYHICTb, SIKY cTUMynitoe bio-Ge, € ogHUM
3 OCHOBHWX iHAMKATOPIB akTMBaUil iIMyHHOT CUCTEMM.
JocnigkeHHaMU iIMyHOCTUTYMNoBanbHOI 30aTHOCTI Jo-
baBok bio-Ge nigTBepOoKEHO MiABULLIEHHAM LIMTOTOKCUY-
HocTi NK-kniTuH, Lo aano nigcraey CTBepaKyBaTh Npo
OCHOBHY iX ponb y nocuneHHi bio-repmaHiem iMyHHOT
dyHKLii opraniamy [11]. ABTopw Ui€i nybnikauii cteep-
OXKYI0Tb NPo BU3HaHHA bio-Ge HOBUM AiETUYHUM iH-
rpegieHToM y CLUA, 110 JOKYMEHTanbHO NigTBEPIKEHO
YnpaeniHHAM 3 KOHTPOMIO 3a npoaykTamu i nikamu CLUA
(FDA, ID:FDA-2010-S-066S-0243). Kpim Toro, Bkasy-
eTbes, Wo bio-Ge HagaHo cratyc 3eneHoro cnncky FDA
CLUA i 3BiflbHEHO Bi KOHTPOJO IMNOPTHOI NpoayKLUii
3 BMicToM Lboro npenaparty (FDA Import Abert 54-07).
Bio-Ge cxBaneHun y lMiaeHHin Kopei sik dyHKLioOHanb-
HUI | 6e3neYHNin iHrpedieHT xapyoBMX NPOAYKTIB i MikiB
ana nigeuilenHs imyHitety (KMFDS) — dyHKuioHanb-
HWi iHrpegieHT Ne2007-15 [11]. JocnigHukn BKasyoTb,
LLIO BUKOHAHI HUMM Ta iHLUMMMK aBTOpamm BCEBIYHI AOKNMi-
HiYHi | KNiHIYHI JOCNiMKeHHN Aii Ta opraHiyHol CTPYKTYpuy
Bio-Ge poBogsATb MOro iMyHOCTMMYROBarbHy edek-
TUBHICTb 3 aKTMBaLi€eto iIMyHHOI cuctemn. Ha ocHoBi BY-
3Ha4YeHHs 3BOPOTHOI MyTaLii XpOMOCOMHOI abepalii Ta
MiKpOSAepHUX TECTIB CTBEPAXKYETHCA MPO BiACYTHICTb
FEHOTOKCUMYHOCTI Y LibOro npenaparty. ABTOpU BBaXatoTb
Bio-Ge 6araroobiuatounm TepaneBTUYHNM 3acob0oM,
noganbLui OCAIIKEHHS SIKOrO BUSABMATL HOBI MOTEH-
LiiHi MOXITMBOCTI A5 pO3BUTKY imyHoTepanii [11].

3a gaHumu iHLWInX aBTopiB [2, 8] ecbekTopHa dOyHKLIA
LMTOKIHIB Makpodiaris BBaXXaeTbCA OCHOBOIO NMpupos-
HOrO iIMYHITETY OpraHiamy Ta opmMyBaHHs Moro agan-
TUBHOI IMYHHOI BignoBigj 3a 6aratbox iHeKUinHuX i na-
pasuTapHMX 3axBoptoBaHb. Lli HeBENMKi po3uMHHI Ginkm
onocepeaKkoByOTb KOMYHiKaLito MiX iIMyHHUMU Ta Hei-
MYHHUMM KINiTHamu [2]. PiBeHb LMTOKIHIB Bigirpae 0CHOB-
Hy pornb y YHKLIOHYBaHHI Makpodaris, siki onocepe-
KOBYIOTb Nepexig opraHiamy Big iMyHITETY BPOOKEHOMO
00 hopMyBaHHS iIMYHITETY afanTauinHoro. Y disiono-
riyHomy Ta BioxiMiYHOMY acnekTax Ha BiOCUHTE3 LIMTOKi-
HIB CYTTEBO BMMMBAOTL BiOMNOrivHi KOMMEKCH, 30KpeMa
Ti, SIKi opMyIOTb cKnaaHi Ginku. IxHa perynstopHa ais
3abe3nevye TPaHCMNOPT LUTOKIHIB 0 BUXOAY 3 KMITUHHO-
ro cepegoBuwia. Taki Gifnkuy, WO KOOPANHYIOTb 3NUTTS
KNITUHHUX OpraHen i BUBINIbHEHHST LIMTOKIHIB, BUSIBMEHI
B Apixmxax Saccharomyces cerevisiae [11].
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Y po6orTi iHwwmx aBTopis [20] BCTaHOBMNEHO, WO 3ro-
AO0BYBaHHSA caMuLAM MULLIEN BNpoaoBx 28 aib bioma-
cu apixaxis 3 bio-Ge amiHoBano nonynsauito B-kniTuH
i BAPOONEeHHsA HUMK aHTUTIN. KinbkicTe B-kniTnH go3o-
3anexHo (Big 100 go 800 mr/kr M. T.) 36inbLUyBanace Ha
TNi BiACYTHOCTI 3MiH y nonynsuii T-KNiTWH, AeHOPUTHNX
Makpodpari i piBHS UMTOKIHIB. OfHaK aBTOpU He BCTa-
HOBUNM BiAMIHHOCTEN LUNUTOTOKCUYHOCTI NK-KniTUH.
Bio-Ge apixmxiB BUSBNAE KpaLuin noTeHLian iMyHHOT
BigNoBigj B-kniTuH, Hixx Ge-BMICHWI MOPOLLIOK YKEHBLLIEHHO.
3pobneHo BUCHOBOK, Lo crnonyka bio-Ge moxe 6yTu
HOBUM [>Xepenom NO3NTUBHOIO BNNUBY Ha OYHKLO
iIMyHHOT cuctemu.

BpaxoByloun aHani3 pesynbraTiB UMX Ta iHWKUX
aocnigxeHb, 6yno cpopmoBaHo rinotesy npo nepe-
BaxkaHHs BnuBy NK-KMiTWH y MexaHi3amax iMyHOCTUMY-
nioBaneHoi aii Ge, nigTeBepgxeHoi ans bio-Ge [11].
[oBeneHo, LWo akTnBauis iMyHHOIo 3aX1CTy OpraHiamy
3a il opraHivyHmx crnonyk Ge BigbyBaeTbCS pPi3HOBEK-
TOPHO 3i 30ara4yeHHsAM TKaHWH KUCHEM i MOrMMHAHHAM
noro aktTnBHux copm [40, 43, 93], LeToKcuKaLlieto
BMMBIB COnen Baxkmx meTanie [75, 78], niaBuLEeHHSM
BMICTY IMyTaTiOHy I aHTMOKCUOAHTHOrO 3axucTty [28,
57]. Kpim TOro, opraniyvHi cnonykm Ge 6iotexHonoriyHo-
rO CUHTE3Y iHrBYIOTb PICT KIMITUH | 3HUXKYIOTb X TOKCUY-
Hi MOLLKOXEHHS Big NPOTUMYXJIMHHOIO OMPOMIHEHHS
Ta npouecis nepokcugadii ninigis 6iomembpar [89].
3axucHy 3gaTHICTb TakMx opraHiyHux cnonyk Ge Bia-
3Ha4YeHO CTOCOBHO TOKCUYHOI Al pisHnx popm ADK,
30Kpema nepekncy BOOH0, CyNnepoKCUAHOro aHioHa
Ta rigpoKCcUnbHUX pagukanis [66, 89].

OTxe, opraHiyHi komnnekcu l'epmasnito, ogepxa-
Hi BiOTEXHOMOrYHUM CUHTE30M, 306€epiraloTb OCHOBHI
NO3WUTUBHI ANS OpraHiaMy BNacTMBOCTI LWOAO CTUMY-
NIOBArNbHOrO BMSIMBY Ha iMyHHY, aHTMOKCUOAHTHY Ta
AeTOKCMKaLiNHy CUCTeMU, NOCUNIOKTL NOro NPOTU-
NYyXJIMHHWIA 3aXUCT.

Brinue HaHomexHornoziyHux crionyk I'epmaHiro
Ha opaaHi3m meapuH

Pa3om 3 TUM, KpiM npoaHaniaoBaHuX y nonepeaHix
MyHKTaxX CTaTTi, HA CbOrOOHI BaXKnuBy posb y 3abesne-
YEHHI 300POB’sl | MPOAYKTUBHOCTI TBAPVH BigjirpatoTh iHLLi
HOBI HaNPSIMX OePXKaHHS Ta 3aCTOCyBaHHSA BionoriyHoO
aKTVMBHMX PEYOBUH, 30KpEMa HAHOTEXHOIOr Ta HaHOMa-
Tepiann[1,7, 22, 29, 30, 31, 91]. PospobneHo i aocnigxe-
HO HaHOMaTepianu, Pi3Hi 3a TEXHOMNOr4YHO POPMOIO,
BNACTMBOCTAMM, NOXOLKEHHAM, 3aCTOCYBaHHAM, SAKi
€e(peKTBHO BUKOPUCTOBYIOTb Y TBApPUHHULTBI Ta BETEPU-
HapHin meguupHi [4, 18, 22, 35, 91, 92]. BeTepuHapHi 3a-
cobwu i npenapaTtu, ogep)kaHi METo4aMN HAHOTEXHOMOTII,
3aCTOCOBYIOTb 419 OiarHOCTMKN, NiKyBaHHS i npodinak-
TUKM 3aXBOPIOBaHb, @ TAKOX MOKPALLEHHS BiATBOPEHHS
Ta xuBneHHsa TBapuH [10, 33, 62, 92, 96]. BkasyeTbes, WO
HaHOTEeXHOMOoril Ta HaHOMaTepianu BUKOPUCTOBYHOTHCS
y po3pobnenHi 3acobiB gornagy i ririeHn gns JoMallHiX
TBapPVH i MalOTb 3HaYHi NepeBary NOPIBHSHO 3 TpaauLin-
HuMK BUpobamu [4, 90, 92].
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3 uboro HanpsMy B YkpaiHi po3pobreHo yHikansHy
TEXHOIOTiK0 OfiepKaHHSA HAHOKAPOOKCUMNATIB MaKpo- i Mi-
KpoenemeHTiB, 3o0kpema Ge-Uunutpaty HaHOTEXHOMOTYHO-
ro (GelUH) [7, 18, 31]. Ockinbkv gaHux nirepatypu LWodo
MexaHiamie gji GellH, horo TokenyHOoCTi Ta dhisionoriyHnx
edeKTiB HeQOCTaTHLO, Y Ui YacTuHI ornsaay npveeaeHo
nornuoneHe BUCBITIEHHS GionoriYHOro BNmMBY L€l Cro-
NyKn 3a Matepianamu onyonikoBaHoi MoHorpadii aBTop-
CbKOro KONeKTUBY Mig KepiBHUUTBOM A.M.H. M. T1. T'yniy.

3a gannmu umx aeTopis [18], Ge yTBOPIOE KOMMMEKCH
3 JIMMOHHOIO KMCMOTOK Y CNiBBIAHOLLIEHHI MeTar-niraHz
1:2, 1:1i 1:3 3anexXHO Big KINbKOCTi KUCNOTU y cepenosu-
Li. Taki KoMnnekcy posknagarTbCs B NYXKHOMY cepe-
JOBWULLI, ane CTilki y cnabokucrnomy i kucriomy. ABTopu
BKa3yloTb Ha Te, Lo akBaHaHouuTpatn Ge Ta AesaKnX iH-
LLUMX eNEMEHTIB BiOPI3HAKTLCSA Bif IXHIX XiMiYHMX aHano-
riB HecTabinbHICTIO cknagy. Baxnueo, Wwo 3a HagnmLky
TNIMMOHHOI KUCNOTW Y peakLUiiHOMy cepeaoBULL BiflbHUX
HaHO4YacTOoK Ge Yu iHLMX MIKPOENEMEHTIB He MOXe ByTu.
Tomy oOLiHKa AOCTaTHOCTi IMMOHHOI KUCNOTU Y BOAHOMY
po34dnHi unTpaTy Ge € CKPpUHIHTOBUM TECTOM Ha IXHI0
Ge3neYHiCTb sIK CNOMNyKN, O4epXaHoi METOAOM HaHO-
TexHonorii. Y npoBeaeHnx A0CHiAKEeHHsIX NigrocTpoi Ta
rOCTPOi TOKCUYHOCTI HA MULLIAX i LLlypax BCTAHOBMEHO,
Lo 3a BBeaeHHs Ge umTpary per os noro LDs, cTaHOBUTD
400mr/kr m. T. [18]. ABTOpM CTBEPIKYIOTb MPO BiACYTHICTb
0cobnmMBOCTEN TOKCUYHOCTI LLIET CNOMYKW NS OpraHiamy
MULLEN i WypiB. Ane B QOCTYMHIN niTepaTypi BiACYTHI
NOpPIBHAMBHI AaHi OO piBHA TOKCUYHOCTI LumuTpaty Ge
0N TBAPWH iHLWKMX BUAiB. ABTOPY BUCITOBIHOIOTL BaXKITUBI
OUiHKM BionoriYHOI aKTMBHOCTI HAHOMaTepianis y BAMMsAAI
umTpaTiB MeTanis, 3okpema Ge. BkasyeTbes, WO LuutpaTu
OiomeTaniB € CTIKUMW XenaTHUMK KOMMNMNeKkcamu, Mano
3anexHVMK Bif NiraHAHOTO roMeocTasy, OaHaK iIXHs CTi-
KICTb MeHLUa Bif CTINKOCTi BHYTPILUHbOKOOPANHALIMHUX
Cronyk MeTanie 3 aMiHOKMCNOTaMK, EH3UMamMu, Byrne-
Bogamu. BkasaHa GionoriyHa ocobnmBicTb BU3HaYae no-
CTyrnoBe BUBifNbHEHHA Ge 3 LuMTpaTy 3a KOHKYPEHTHUMUN
peakuisMmum 3 ummn cnonykamn. Lis 3gatHicTb 3yMoBntoe
LwBKaKe 3arnyyeHHs umtpary Ge y metaboniyHi npouecu
OopraHiamy i nocuntoe ePeKTUBHICTb MOro BionorivyHoro
BNIMBY. ABTOPY 3p0obumny BUCHOBOK MPO MEHLLY TOKCUY-
HiCTb Ge-uuTpaTy HaHOTEXHOMONYHOIO, HiX IHLIMX Oro
cronyk, LWo NiATBEPOAXYIOTb HaLi AocnigpKeHHs [24].
MpoTe uer komnnekc epeKTUBHILIMI Big, MOro XiMiYHMX
aHarnoris K (pisionoriYHMn CTUMYNSATOP BUCOKOT XiMIYHOT
YNCTOTU 3 NEPCMNEKTMBOIO LUMPOKOIO MPaKTUYHOrO 3acTo-
CYBaHHS Y MeQUUUHI, TBAPUHHULTBI, BeTepuHapii [18].
BkasaHi BUCHOBKM NiATBEPAXYE HNU3Ka Nybnikauin
iHLUMX aBTOPIB NPO BUCOKY BionorivyHy edpeKTnBHiCTb Ge-
umMTpaTy HaHoTexHororiyHoro [13, 60, 83, 90, 91, 92]. Ha
BiACYTHICTb LWIKignmMBoro abo TokcuyHoro ernmey GellH
Ha opraHi3m NnabopaTopHNX TBApUH BKa3yloTb pe3yrib-
TaTth HU3KW iHWKX JOCNiIKEeHb, BUKOHAHNX 3@ OCTaHHI
5-7 pokiB [15, 25, 32, 34, 55, 60, 88]. [NiaTBEpmMKEHO CTU-
MmyntoBanbHy gito GellH y mikpogosax (2—20 MKr/kr M. T.)
Ha dpisionoriyHi i GioximiuHi npouecw [13, 15, 25], dyHKuito
iMyHHOI [15, 16, 17, 32], aHTnokeugaHTHoI [13, 25, 55],
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penpoaykTuBHoi [14, 26, 32, 33, 60, 87] Ta aganTuBHOI
[87, 88] cuctem. Pesynbratv gocnimkeHb iHWNX aBTopiB
BKa3yloTb Ha aKTUBALINHWIA BNAMB A0AaBaHHSA 0 KOpMY
abo NUTHOI BOAM BM3HAYEHMX MiKpo KinbkocTten GellH
Ha MiHepanbHWI, NiNiaHWIA | GinkoBUIA OOMIH B OpraHi3mi
cBuHen [35], kypyat-6ponnepis [10], nepeninok [62],
6oxin [26, 33, 96]. JonaBaHHa GelH fo uykpoBoro
cupony y nepiog nigrogisni 64xin nigsvwyBano ixHo
XUTTE3OATHICTb | 30epexeHicTb, a Takox bionorivyHy
LiHHICTb Ta sKicTb Meay [96].

MposeneHi B IBT HAAH pgocnigkeHHs, pesynsratu
AKUX BUCBITNEHI y noHaa 50 nybnikaujsx, 3okpema y Bu-
JaHHax Himewuunuun, MonbLui, CnosavydnHu, nokasanu
BMCOKY 6ionoriyHy akTUBHICTb HAHOTEXHOMOMYHOIO Un-
Tpaty Ge, ogep>aHoro MeTooM epOo3iiHO-B1OYXOBOI aK-
BaHaHoTexHonoril [18, 31]. [loBeaeHO CTUMynoBansHUN
BrnmB Gell|H Ha imyHodisionoriuyHy peakTUBHICTb i pe-
3UCTEHTHICTb OpraHiaMy TBapuH, MOro A4eTOKCUKaLinHy
N aHTVoKeuaaHTHy doyHKuito [14, 16, 88, 92]. BiosHaueHo
BipOrigHO 3HAYYMMMI aKTUBALNHWIA BMNSIMB HAHOTEXHONO-
riyHoro uutpaty Ge Ha nepebir gisionoridHmx i Bioximiy-
HVX NPOLIECIB B OpraHi3mi LLLypiB OeKiNbKOX NoKoniHb [13,
14, 15], a TakoX Ha IXHil pICT, pO3BUTOK Ta adanTauirHi
peakuii [16, 88], 3annigHIOBaHICTb | MOMNOYHICTb CaMuLib
[87, 88]. BacTocyBaHHs Mikpogob6aBOk HAHOTEXHOMO-
rivHoro uutpaty Ge y nigrogisni 64KonMHUX cimen nig-
BMLLYBarno pe3vCTEeHTHICTb | TPUBAnICTb XUTTA 6axin,
penpoaykTUBHY OYHKLiKO B4KONMHMX MaTokK [26, 33].
Bucoka GionoriyHa akTUBHICTb HAHOTEXHOMOTIYHOI0
untpaty Ge NoeqHYeETbCS 3 MOro HU3BbKOK TOKCUYHICTHO.
3a YHHMM HOPMAaTUBOM TOKCUYHOCTI repMaHin uMtpar
HaHOTEXHOMONYHUI HANEXWUTb A0 NOMIPHO HeBe3nevHMX
peyoBUH (3 knac HebesnevHocTi) [18].

PenpodykmueHa 30amHicmb opaaHi3my
ma npodykmueHicmb meapuH 3a Oii criornyk Ge
lepmaHin y dhopMi MiHepanbHWX i opraHidHMUX CronyK
NPOSIBMSIE CYTTEBUI BNMUB HA PENPOOYKTUBHY 30aTHICTb
camuLb TBapwiH [33, 44, 60, 75, 88] Ta eTonoriyHi peakwii
npunnogy [87]. Cnonykn Ge BNNMBalOTb Ha 3annigHio-
BaHICTb cCaMuLb, baraTonnigHiCTb, PO3BUTOK EMOPIOHIB
i Nnoais, IXHO Macy Ta XUTTe3aaTHicTb [75, 87]. YyacTtb
Ge y TpaHCcnopTyBaHHi i 3abe3neyeHHi TkaHuH O, cnpusie
3anobiraHH!o MiNoKcii Ha KMiTMHHOMY piBHi [48, 83]. BkasaHi
BriactueocTi Ge nigBuLytoTh 3aatHicTb O, o iHribyBaH-
HSl YTBOPEHHSA Ta HenTpanisauii ail nepokeuais [27, 52].
3’acoBaHO 0cobNMBOCTI BNAMBY Cnonyk Fepmanito Ha
OKWCHO-BiIAHOBHI NpoLeCH, aHTUOKCUAAHTHUN 3aXUCT
i penpoayKTUBHY OYHKLIIO cCamuub TBapuH 3anexHo
Big go3n. 3okpema, gocnimkeHHssmu Brnnmey 100, 200
i 400 mkr/mn kapbokennrepmatito (Ge-132) Ha fo3piBaH-
Hs1 sigpa OoUMTIB CBUHI, BMICTY rnyTaTtioHy (GSH) Ta ak-
TUBHUX cpopM O, (ADK) He BCTAHOBIEHO 3HAYHOT Pi3HUL
y bopmMyBaHHi sigpa [28]. OgHak gosa B 200 mkr/mn Ge-
132 BiporigHo niaBWLLyBana BMICT ryTaTioHy B ooLuMTaX,
a 200 i 400 MKr/Mn 3yMOBMHOBany 3HYDKEHHS BHYTPILLHBO-
KniTuHHOro piBHs APK. ABTOpu BKa3yoTb Ha BULL PiBHI
ekcnpecii iHpopmavinHoi PHK, wo nos’a3aHe 3 npoueca-
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MW OKUCHEHHS, ane Huxkdi — maTtpuydHoi PHK, nopiBHsHO
3 KOHTPOSBHO rpynoto. BigHOCHMIA BMICT anonTUYHNX
i HEKPOTUYHKMX KMITUH B eMBpioHax CBUHI, 06pobrneHnx
Ge-132, 6yB MEHLUUM, HiXX Y KOHTPOI — BignNMnoBigHo,
9,1 npotn 17,1% i 0 npotun 2,7% [28]. JonaBaHHa Ge-
132 po KynbTypanbHOro cepedoBuLLa 3axuwano 3anmnig-
HeHi eMBOpioHM CBWHI Big, anonTosy, 3yMOBIIEHOMO OKUC-
HIOBaribHMM CTPECOM 3 HaKOMUYEHHSIM akTUBHMX chopM
KucHIo. BkasyeTbces, wo Ge-132 nokpallye noteHuian
PO3BUTKY EMOPIOHIB CBUHI, 3MEHLLIYIOUM anonTo3 B OOLIM-
Tax i 3uroTax, CpU4MHEHNI OKUCHUM CTPECOM.

Y poboTi iHWKX aBTopiB [93] BCTAHOBMEHO, LLO CUHTE-
TUYHUIA OpraHiuHUn Ge, KA BUKOPUCTOBYHOTb SIK Xapuo-
By Ao6aeky Ge-132, cnpuss nponicpepadtii KniTuH S€4Hn-
KiB KUTANCbKOIo XOM'siKa | NPOSABIISAB aHTMOKCUAAHTHY
aKTVBHICTb 3a Jji OKUCHOrO CTPECY, CPUYNHEHOIO NEpeKm-
com BogHto. ExcnepymeHTansHo goeeneHo, wo Ge-132
iHribye yTBopeHHst APK, ski inaykosaHi H,O,, B KniTMHax
SEYHMKIB XOM'ska. BogoposunHHmm opraHivyHmn Ge-132
iHOYKYE CUHTE3 aHTUOKCUAAHTIB 3 NiABULLEHHSAM PiBHS
anba-Tokodbepony y nnasmi KpoBi MuLLEN. IHridyBaHHSA
yTBOpeHHs ADK 3a aii Ge-132 Moxe npurHivyBaTy akTve-
HICTb €H3MMIB, SiKi BepyTb y4acTb Y BUPOBneHHi Liei op-
MU K1CHIO. 30Kpema, pesynsrati JOCTiMKEHHS BMIUBY
Ge-132 in vitro Ha eH3NMHY aKTUBHICTb TKAHUH NEYiHKN
SANOHCBKMX MaKak BKa3ytoTb Ha iHridyBaHHs piBHst NADH-
i NADPH-3anexHux okcuaas, CnpusHHs NiaBULLEHHIO
aKTMBHOCTI cynepokcuaancmyTtasm i katanasm [89].

HosepeHo, wo 3acTtocyBaHHA Ge-132 y pauioHi
MU1LLEN-CaMLiB BMPOAOBX YOTUPLOX Aid nocmntoBarno
€KCMNpeCito reHa cuHTe3y anba-Tokodepony B 1,62 pasa.
Ge-132 BnnvBaB TakoX Ha reHW, NOB’si3aHi 3 yTBOPEHHAM
AT®, metaboniam ninigis Ta anonTto3 KniTuH [59].

MigcymoByoun npoBegeHuin aHania pesynerartis
JocnigpkeHb nowmpeHHs cnonyk Fepmasito y Gionoriy-
HOMY CepefoBULLi, CTBOPEHHS Ta BUKOPUCTaHHS NOro
CUHTETUYHUX, BIOTEXHOMOYHUX | HAHOTEXHOOTIYHMX
KOMMIEKCIB, MOXHa Bi3HAYMTU PI3HOBEKTOPHICTb IXHLOI
edpeKTUBHOI BionorivHoI Aii Sk CTUMYroBanbHNX 3acobiB
iIMyHHOI, AETOKCUKALNHOT, aHTUMOKCUOAHTHOT Ta HU3KK
iHLLMX Pi3iONOrivYHMX CUCTEM Y NabopPaTOPHUX i MPOAYK-
TUBHUX TBapwH. [laHi nitepatypu i focnigkeHb aBTopis
nybnikaLji BKa3ytoTb Ha NEPCMNEKTUBHICTb BUKOPUCTaHHS
OpraHi4YHMX CNonyK repMaHito 6io- i HAHOTEXHOMOTIYHOrO
CUHTE3y And KopeKuii Ta cTumynsuii gisionoriyHmx dyHk-
Ll opraHiB i cucteM opraHiamy Ha meTaboniyHomy piBHi,
a TakoX Ans NikyBaHHs Ta NpodinaKkT1kM oKpeMmx naro-
NOriYHUX CTaHIB y TBapUH.

BucHoBKu

1. AHani3 gaHnx OCTYNHOI NiTepaTypu BKasye Ha
He3HayHe nowmpeHHsa Ge y NpupogHOMY cepenoBuLLi
Ta pisHocnpsiMoBaHy GionoriyHy Aito Noro mMmiHepanb-
HWX A OpraHiYHMX CNOMYK i HAHOTEXHOMOrYHOro LINTpa-
Ty Ge. NpoBeaeHo NOPiBHANBHY OLLIHKY HOBKX pe3ynbra-
TiB BNACHNX eKCrepMeHTanbHUX OCHIMKEHD W iHLWINX
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aBTOpIB LWoa0 6e3neyHocTi, GisionoriYHoi aKTMBHOCTI Ta
TOKCUYHOCTi B OpraHiaMi TBapuH opraHiuHmx cnonyk Ge
XiMiYHOrO | HAHOTEXHOMOIYHOrO CUHTESY.

2. BinaHaueHo 3HayHy YacTKy nyonikauii 3a OCTaHHE
OecsaTupivys wopao GionorivHoi Aii opraHivyHmx cnonyk Ge
Y NPOAYKTUBHUX TBAPVH, NPOTE NNLLIE HE3HAYHY KiNbKIiCTb
AocnigxeHb NpoBeAeHO 3 NUTaHb IXHbOro BMNMBY Ha
6e3neyHicTb, BiONOriYHy LiHHICTb Ta SAKICTb NpoayKLii.

3. MNMpoBeaeHwnit aHani3 onybrikoBaHWX pesynerarTis
BKa3y€ Ha NepCrneKTUBHICTb KOMNNEKCHNX AOCHIAXEHb
dpizionorivyHmX i GIOXIMIYHMX MEXaHI3MIB CTUMYIOBALHOI
BionoriyHol Aii B opraHiami TBapuH opraHiyHuX i HaHo-
TexHonoriyHux cnonyk Ge, siki BU3HaHi 6e3ne4yHmummn
XapyoBmMMu gobaBkamu.
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Last years literature data and separate research results analysis was carried out concerning biological influence of Germanium
compounds at laboratory and productive animals. The article states a comparative effect of mineral and organic Germanium com-
pounds in chemical and biotechnological synthesis, as well as nanotechnological germanium citrate influence on the functioning of
the immune, hematological, antioxidant, detoxification, reproductive and nervous systems of animals. The article displays a differ-
ence in influence of Germanium compounds on animal body depending on its form, dose and exposure. Benefits of using organic
Germanium compounds in chemical, biotechnological and nanotechnological synthesis are highlighted based on a comparative
analysis of the own research results, as well as other authors. Functioning analysis of a separate body organs, body systems as well
as animal body in total was conducted after animals been exposed to short-term and long-lasting action of various Germanium com-
pounds. Studies results for various Germanium compounds toxicity, their impact on animal productivity and product quality are stated
based on the available literature. Comparison of influence effect for some drugs, biologically active additives and products containing
Germanium compounds on the animal body was documented. Conclusions are made about the advantages of biological action of or-
ganic Germanium compounds, made by biotechnological synthesis using yeast Saccharomyces cerevisiae, and Germanium citrate,
obtained on the basis of nanotechnology, regarding the prospects of its use in animal husbandry and veterinary medicine.
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