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EFFECT OF EXTRACTION SOLVENTS ON THE PHENOLIC CONTENT
AND ANTIOXIDANT CAPACITY IN XYLARIA POLYMORPHA
AND XYLARIA LONGIPES STRAINS

Background. Fungi of the genus Xylaria are known for their wide range of secondary metabolites, including antioxidant
polyphenolic compounds. Due to their critical role as chain-breaking antioxidants, phenolic compounds have been studied
extensively in plants and fungi. The objective of this study was to assess and compare the total phenolic content and antioxidant
capacities of the biomass of different strains of two common representatives of this genus in Ukraine — Xylaria polymorpha and
Xylaria longipes — by applying various solvents for extraction.

Methods. A vegetative mycelium was cultivated in submerged conditions and extracted with ethanol, methanol, and ethyl
acetate. Total phenolic content in extracts was determined using the Folin-Ciocalteu method with gallic acid as the standard.
Antioxidant activity was assessed by determining the DPPH (2,2-Diphenyl-1-picrylhydrazyl) free radical scavenging
spectrophotometric assay. The correlation between the total phenolic content and antioxidant capacity of the extracts was
assessed using the Pearson correlation coefficient for each organic solvent.

Results. Methanol was the most effective solvent in yielding the highest quantities of phenolic compounds. Among all the
strains studied, X. polymorpha IBK 2736 exhibited the maximum yield of phenolic compounds at 21,64 * 0,03 mg GAE/g.
Conversely, when ethyl acetate was used as the solvent, the phenolic yield from the biomass of the same strain was significantly
lower at 0,68 * 0,14 mg GAE/g, as well as for other strains in our investigation. Furthermore, the methanol extract of X. longipes
IBK 2726 demonstrated the highest antioxidant activity, reaching 88,99 t 0,07 %, while the ethyl acetate extract of X. longipes IBK
2718 exhibited the lowest antioxidant activity with a value of 41,28 * 0,33 %.

Concluslons. The results indicated that the amount of extracted phenolic compounds was greatly influenced by the
choice of solvent. Methanol was found to be the most effective solvent for extracting these compounds from studied strains,
outperforming ethanol and ethyl acetate. Moreover, methanol extracts displayed a strong antioxidant capacity, and the correlation
analysis confirmed the relationship between it and the phenolic content present in them. Overall, all the strains investigated showed
significant antioxidant potential, highlighting the importance of further studies of the chemical properties of their antioxidant

components.

Keywords: polyphenols, antioxidant activity, Xylaria, Ascomycota, submerged cultivation, biomass.

Background

The worldwide exploration of fungi as a source of novel
active bioproducts is ongoing and remains relevant because
of their potential in biotechnological applications. Fungi of
the genus Xylaria Hill ex Schrank are among those that
researchers are continuously screening for new bioactive
compounds since these produce a range of secondary
metabolites with different properties (Chen et al., 2018;
Song et al., 2014). Among them, phenolic constituents are
of particular interest because of their remarkable potential
for free radicals scavenging and thus reducing oxidative
stress (Mathew, Abraham, & Zakaria, 2015). Phenolic
derivatives obtained from the fruiting bodies of xylariaceous
species include tyrosol from Xylaria longipes Nitschke
(Schneider, Anke, & Sterner, 1996), xylarinols from Xylaria
polymorpha (Pers.) Grev. (Lee et al., 2009), globoscin from
Xylaria globosa (Pers.) Mont. (Adeboya et al., 2010) etc.

Moreover, it has been reported that the content of
polysaccharides and phenolic compounds in plants and
fungi correlates with antioxidant activity (Cheung, Cheung,
& Ooi, 2003; Guo et al., 2012; Kaur, & Kapoor, 2002). Fungi
proved to be essential among sources of various natural
antioxidants. Extracts prepared from the fruiting bodies and
mycelium of medicinal mushroom species, such as
Ganoderma lucidum (Curtis) P. Karst, Hericium erinaceus
(Bull.) Pers, Inonotus obliquus (Fr.) Pilat exhibited significant
scavenging activity against the ABTS radical cation, DPPH,
and superoxide radical anion (Lee et al., 2008; Mustafin et al.,

2022). Thus, it is important to consider the effect of the total
phenolic content on the antioxidant activity of fungal
extracts. To broaden the spectrum of such compounds, a
comprehensive screening of new productive fungal species
and strains remains relevant.

The aim of our study was to determine and compare the
content of phenolic compounds in different strains of two
widespread representatives of the genus Xylaria in Ukraine —
X. polymorpha and X. longipes. The strains for this study were
selected as promising for biomass accumulation based on
preliminary culture and morphological investigation
(Atamanchuk, & Bisko, 2022; Atamanchuk, 2023). In addition,
the free radicals scavenging potential of studied strains was
of particular focus. To ensure a more extensive screening of
strains for total phenolic content and antioxidant activity,
different solvents were used for the extraction.

Methods

Fungal strains, inoculum preparation and cultivating
conditions. All the strains were isolated into pure culture
from the entostromatal tissue of fruiting bodies of
X. polymorpha and X. longipes, collected in different regions
of Ukraine and preserved in the IBK Mushroom Culture
Collection (Bisko et al., 2023). For the experiments, fungal
strains were first grown in Petri dishes for 7 days at
25+1°C on a glucose-yeast-peptone agar medium
(GYPA), containing (g/l): glucose, 25; peptone, 3; yeast
extract, 3; MgSQOs, 0,25; KH2PO4, 1; K2HPO4, 1; agar-agar, 21.
The obtained mycelium was homogenized and sterilely

© Atamanchuk Alisa, Bisko Nina, 2023
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inoculated in 250 ml Erlenmeyer flasks (in 6 duplicates),
containing 100 ml of GYP medium (10 % v/v). Incubation was
carried out for 9 days in submerged conditions on a laboratory
shaker with the agitation speed of 120 rpm, at 25+ 1 °C, in
darkness. Finally, mycelial biomass was harvested by
filtration and dried at 60 °C until constant weight.

Extracts preparation. Extraction was carried out using
three types of solvents: ethyl acetate (98 %), ethanol (96 %)
and methanol (98 %). For the extraction, previously
powdered mycelial biomass was poured with each of the
solvents in a ratio of 1:5 (w/v), stirred, and stored for 24 h at
room temperature (20 +1°C). Then, the extracts were
centrifuged for 15 min at 3000 g, aftwerwards the
supernatant was separated and evaporated using a vacuum
rotary evaporator at 40 °C. The residues were dissolved in
the same solvent in a ratio of 1:1 (w/v) and then stored at
4 °C before further analysis.

Determination of antioxidant activity. The antioxidant
capacity of studied extracts was determined by
2,2-Diphenyl-1—picrylhydrazyl (DPPH) scavenging assay
(Liu et al., 2007). A volume of 0,1 ml of the extract was mixed
with 2,9 ml of 120 yM DPPH (Alfa aesar®) solution in
methanol. The mixture was incubated for 30 min in the dark
at 37 °C. The absorbance was measured at 517 nm using
UV-Visible spectrophotometer (Jenway® 6850). The DPPH
radical scavenging activities were expressed as the
percentage inhibiton of free radical production or
antioxidant index (Al %) using the following formula:

Al(%) = ((Ao — A1)/Ao) x 100,
where Ao is the absorbance of the control reaction
(containing all reagents except the test compound), A1 is the
absorbance of the test compound.

Determination of total phenol content (TPC). Total
phenol content was estimated using Folin—Ciocalteu (FC)
reagent-based assay (Elfahri et al., 2016). A volume of
0,5 ml extract and 0,5 ml of FC (Sigma—Aldrich®) reagent
was mixed. After 3 min, 10 ml of 7,5 % sodium carbonate
solution and 5 ml of distilled water was added. The final
mixture was shaken and incubated in the dark at room
temperature for 30 minutes. The absorbance was recorded
at 750 nm, using a UV-Visible spectrophotometer (Jenway®
6850). This procedure was also repeated with aliquots of
1-500 pg/ml gallic acid solutions which were used as a
standard for the calibration curve. The total phenolic value of
the samples was obtained from the regression equation
y =0,0025x + 0,0982 with R? =0,9852. The content of total
phenolics was estimated as gallic acid equivalents (GAE) and
then converted into mg/g of dry weight.

Statistical Analysis. All experiments (apart from
cultivation) were performed in ftriplicate. The data were
recorded as means + SD (standard deviation) and analyzed
with Excel statistical functions using the Microsoft Office XP
software. Correlations were obtained by Pearson correlation
coefficient in bivariate correlations. Differences at p < 0,05
were considered to be significant.

Results

Total phenolic content (TPC). The concentration of
phenolic compounds in the extracts, measured in milligrams
of gallic acid equivalent per gram of dry weight of biomass
(mg GAE/ g dw), varied depending on the extraction solvent
used. Among the solvents tested, methanol extracts of both
fungi exhibited the highest content of total phenolic
compounds (TPC), followed by ethanol extracts. Ethyl
acetate extraction, on the other hand, resulted in a
significantly lower amount of phenols. The methanol extract

ISSN 1728-3817 (Print), ISSN 2308-8036 (Online)

of X. polymorpha IBK 2736 had the highest TPC value
among all the studied strains, reaching 21,64 £ 0,03 mg
GAE/gdw. A similar TPC value of 20,40+ 0,02 mg
GAE/g dw was obtained when using methanol to extract
biomass from another X. polymorpha strain — IBK 2720. In
comparison, the TPC values for X. longipes were lower, with
strain IBK 2718 and IBK 2726 yielding 14,81 + 0,29 mg
GAE/g dw and 16,60 + 0,04 mg GAE/g dw, respectively.

As shown in Fig. 1, with ethanol the TPC values for
X. polymorpha IBK 2720 and X. longipes IBK 2718 were
approximately two and a half times lower than those
obtained through methanol extraction. For the other two
studied strains, TPC values were also lower than in
methanol extraction, but the reduction was not as significant.
Among the solvents tested, ethyl acetate performed the
least effectively in extracting phenolic compounds. The
amount of TPC in the extracts from X. longipes IBK 2726
was the highest — 1,83 £ 0,06 mg GAE/g dw. Following
closely were X. polymorpha IBK 2720 and IBK 2726, with
similar values of 0,72 + 0,21 and 0,68 + 0,14 mg GAE/g dw,
respectively (Fig. 1). The higher (p < 0,05) yield of TPC with
methanol extraction can be explained by solubility principle,
suggesting that the polarity of the phenolic compounds in
biomass of studied strains is similar to those in methanol.

The findings indicated that the methanol and ethanol
extracts of the studied strains contain phenolic compounds
comparable to those found in certain medicinal plants and
mushrooms, known for their antioxidant properties. In the
research conducted by (Proestos et al., 2006), authors
observed a range of total phenolic content varying from
2,9 mg/g (for Humulus lupulus L. leaves) to 28,2 mg/g (for
Geranium purpureum Vill. leaves) in greek aromatic plants.
Other researchers have also reported similar values to ours
but expressed in terms of 100 g of dry matter. Specifically, the
phenolic content ranged from 34,5 mg/100 g in Praecitrullus
vulgaris var. fistulosius (Stocks) Pangalo to 253,5 mg/100 g in
Chenopodium album L. (Kaur, & Kapoor, 2002). When
comparing the results obtained from similar studies on other
fungi, it was observed that the choice of solvent had varying
effects on the extraction of phenolic compounds depending
on the species. For instance, in case of Pleurotus ostreatus
(Jacg.) P. Kumm, using ethanol resulted in the extraction of
102,78 mg/100 g phenols, while using methanol yielded
100,45 mg/100 g (Garcia, Ontero, Arellano, 2020). In
contrast, for Lentinula edodes (Berk.) Pegler, the total phenol
content obtained by these authors was 81,83 mg/100 g with
ethanol and 78,92 mg/100 g with methanol.

To evaluate our findings concerning the phenolic
compounds present in representatives of the genus Xylaria,
we made a comparison with the research conducted by (Liu
et al., 2007). Their study focused on the antioxidant activity
and phenolic content of an endophytic Xylaria sp. from
Ginkgo biloba L. The authors reported phenol values
ranging from 9,71 to 54,51 mg GAE/g of dry weight. They
also found that methanol extraction yielded the highest
phenolic values, while hexane extraction resulted in the
lowest values. The results of 18,36 £+ 0,4 mg/g were
obtained by other researchers, who used methanol to
extract phenols from Xylaria feejeensis (Berk.) Fr.
(Rebbapragada, & Kalyanaraman, 2016). However, it's
worth noting that our extraction method and experimental
approach for determining the total phenol content differed
from the mentioned studies. Additionally, we investigated
distinct species and strains, which could account for the
variations in the obtained results.
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Fig. 1. Total phenolic content of the extracts of biomass of X. polymorpha and X. longipes
strains obtained with different solvents. The results are the mean of triplicate, expressed
as mg GAE/g dry weight and error bars indicate standard deviation

Scavenging activity of DPPH radical. Nowadays there
is considerable progress in understanding and researching
free radicals, especially reactive oxygen species (ROS), and
the development of antioxidants. Different types of free
radical scavengers, including natural, sem-synthetic, and
synthetic, have received significant attention as a chain—
breaking antioxidants that safeguard aerobic organisms
from oxidative stress (Villafio et al., 2007). Polyphenolic
compounds are of particular interest as free radical
scavengers, because these antioxidants are effective in
preventing lipid peroxidation due to the presence of a
hydroxyl group, which enables them to donate hydrogen and
provide a protective effect (Ali Al-Mamary, & Moussa, 2021).
The DPPH method applied in this study is based on
scavenging of a 2,2-Diphenyl-1-picrylhydrazyl through the
addition of a radical species or antioxidant leading to the
decolorization of DPPH solution. The extent of color change
directly corresponds to the concentration and potency of the
antioxidants. A significant decrease in the absorbance of the
reaction mixture indicates that the tested compound has a
strong free radical scavenging activity.

Figure 2 presents the scavenging activity of DPPH
radicals for different extracts in our study. Methanol extracts
of X. longipes strains, possessing high phenolic contents,
exhibited strong DPPH radical scavenging activity. On the
other hand, X. polymorpha strains showed higher activity in
ethanol extracts, reaching 84,24 + 0,07 % and
86,55 +£0,20 % for strains IBK 2736 and IBK 2720,
respectively. The lowest values were recorded for ethyl
acetate extracts: from 41,28 + 0,33 t0 60,83 £ 0,17 % (Fig. 2).

ISSN 1728-2748

The extracts derived from the investigated
X. polymorpha and X. longipes strains demonstrated
higher free radical-scavenging capacity when compared to
numerous plants and fungi studied by the same method.
For example, out of 36 studied plants, 22 ethanol extracts
exhibited free radical-scavenging activity ranging from
12,8 % to 69,5 %, with only 3 extracts showing up to 80 %
and higher (Kaur, & Kapoor, 2002). In the study conducted
by (Liu et al., 2007) mentioned above, even though the
extracts of the endophytic Xylaria sp. had a substantially
higher phenol content, their antioxidant activity was
notably lower compared to the results obtained in our
research. The authors reported values of 66,29 % for the
methanol extract and 29,66 % for the ethanol extract,
which were lower than the values observed in our study for
analogical solvents. The methanolic and ethyl acetate
extracts of X. feejeensis HMJAU22039 demonstrated
antioxidant activity of 73,86 % and 69,24 %, respectively
(Rebbapragada, & Kalyanaraman, 2016), which are similar
to our findings for X. polymorpha strains.

It is known that the antioxidant activity is well correlated
with the content of phenolic compounds, so it was decided
to determine the interconnection between the obtained
values of phenolic compounds with the DPPH scavenging
activity in obtained fungal extracts. For this purpose, the
Pearson correlation coefficient was calculated for each
organic solvent. The results revealed a highly significant
negative correlation (Pearson coefficient -0,97) for methanol
extracts, suggesting that phenolic compounds may play a
crucial role in their antioxidant activity.
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Fig. 2. Free radical-scavenging capacity of the extracts of biomass of X. polymorpha and X. longipes
strains obtained with different solvents, measured in DPPH assay.
The results are the mean of triplicate and error bars indicate standard deviation

On the other hand, in the ethanol and ethyl acetate
extracts, there was no significant correlation between free
radical scavenging activity and total phenolic content, with
correlation coefficients of 0,46 and 0,07, respectively. This
lack of correlation could be attributed to the presence of other
chemical components in these extracts, such as sugars or
ascorbic acid. The presence of compounds with a high
hydrogen—donating capacity to scavenge DPPH radicals
might influence the antioxidant capacity independently of
phenolic content (Saeed, Khan, & Shabbir, 2012).

Moreover, it is important to note that the Folin—Ciocalteu
method may yield different responses depending on the
specific phenolic compounds present, as different phenols
can have distinct reactions in this method. This implies a
possible variation in the antioxidant response of phenolic
compounds based on their chemical structures. Nevertheless,
these techniques allow us to assess and compare the
potential of fungal species and strains and select the most
productive strains for further detailed analyses.

Discussion and conclusions

The current study provided useful and efficient
quantitative analysis of total phenol contents in
X. polymorpha and X. longipes strains from the IBK
Mushroom Culture Collection under submerged liquid
cultivation conditions. The results demonstrated that
depending on the solvent for the biomass extraction,
different yields of phenolic compounds were recovered.
From each studied strain the highest amount of phenols was
yielded using methanol, proving it is an optimal solvent for
their extraction compared to ethanol and ethyl acetate.
Moreover, methanol extracts were more effective in
antioxidant capacity, and the correlation analysis supported
the connection between these properties and the phenolic
content present in them. Having revealed a high antioxidant
potential in the studied fungal strains, further detailed study
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of the chemical characteristics of their antioxidant
components remains relevant.
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BMNUB PO34YNHHUKIB AN EKCTPAKLIT HA BMICT ®EHOMNIB
TA AHTUOKCUOAHTHY 30ATHICTb BIOMACH
LUTAMIB XYLARIA POLYMORPHA TA XYLARIA LONGIPES

B c Ty n. pubu pody Xylaria e eidomumu npodyyeHmamMu WupoKo20 crieKmpa e MopuHHUX Memabosimie, ek/ro4aro4u nosigheHoNbHI crnonyku
3 aHmuokcuGaHMHUMU enlacmueocmsaiMu. [JocnioxeHHs1 akmyarsbHi, OCKiNIbKU 30cepedXeHi Ha odepXaHHi heHOIbLHUX croyK i3 2pubie ma pocnuH,
38axKaloyu Ha eaxnuei 3axucHi ¢pyHKYiil aHmuokcudaHmie nMpomu oKucHroeasnbHo2o0 cmpecy. Mema po6omu — oyiHumu i nopieHamu 3az2anbHull
emicm ¢heHonie ma aHmuokcudaHmMHy akmueHicmb y 6iomaci pi3Hux wmamie deox nowupeHux 8 YkpaiHi npedcmasHukie pody Xylaria — Xylaria
polymorpha ma Xylaria longipes, sukopucmoeyro4u pi3Hi po34YuHHUKU O1ns1 ekcmpakuyil.

M e T 0 A u. BecemamueHuli miyenili docnidxyeaHux wmamie Kynbmueyeanu 3a 2n1u6uUHHUX yMOe ma eKcmpazyeasiu emaHosIoM, MemaHosIoM
ma emunayemamom. 3a2anbHuli eMicm ¢heHOIbHUX CMOJYK y eKcmpakmax eu3Ha4anau 3a memodom dosiHa-Yokanbmey 3 sUKOpUCMaHHAM 2as10801
Kucsiomu sik cmaHdapmy. AHmMuokcudaHmMHy aKmueHicmb OyiHr8anu 3a 0OMOMO20H CrIeKMpPOoOMoMempPUYHO20 aHasi3y MnoauHaHHS 8iNlbHUX
padukanie DPPH (2,2-ducpenin-1-nikpunziopasuny). Kopensiyito mix 3a2anbHum emicmom ¢peHosnie ma aHmuokcudaHmHOI aKmueHicmro ekcmpa-
Kmie oyiHroeanu 3a donomozoro koegpiyienma kopensayii lMipcoHa Ans KOXHO20 op2aHiYHO20 PO3YUHHUKA.

Pe3ynbTartu. [1id yac ekcmpakyii 6iomacu memaHosiom 6ysno 3aghikcoeaHo Halieuuyuli eMmicm ¢heHONbHUX CNoJyK ceped ycix wmamie,
i3 MakcumanbHuUM 3Ha4eHHsIM 21,64 * 0,03 M2 ekeieaneHma 2anoeoi kuciomu/e cyxoi eazu (M2 FKE/2) dns wmamy X. polymorpha IBK 2736.
BukopucmaHHs emunayemamy npu3eesio 00 3Ha4YHO HUX4020 euxody ¢heHOsIbHUX cnoslyK i3 6iomacu ybo2o x wmamy — 0,68 * 0,14 me MKE/e, a
makox ycix iHwux wmamie y npoeedeHomy AocnidxeHHi. AHano2iyHo, 3HaYHO Ui MOKa3HUKU aHMUOKcudaHMHOIi akmueHocmi crocmepiza-
nuck nid yac ekcmpakyii 6iomacu MemaHosioM, HallHUX4i — emunayemamom. Halisuwa aHmuokcudaHmHa akmueHicmb 6yna eusiesieHa 8 Mema-
HonbHomy ekcmpakmi X. longipes IBK 2726 — 88,99 * 0,07 %, modi sik HaliHuxx4a 6yna 3aghikcoeaHa 8 emunayemamHomy ekcmpakmi X. longipes
IBK 2718, 3i 3HauyeHHsiM 41,28 + 0,33 %.

B v cHoOBKMW. Bubip po34yuHHUKa icmomHo ensiuHy8 Ha KinlbKicmb ekcmpaz2oeaHux ¢heHosnibHUXx criosyk. MemaHon susieuscsi Halibinbw ege-
KmueHum 051 ekcmpakuyii gpeHonie i3 6iomacu docnidxeHux wmamie eudie Xylaria nopieHsiHo 3 emaHonioM ma emunayemamom. MemaHosnbHi ekc-
mpaKkmu makox nposieusiu 8UCOKY aHMUOKCUOaHMHy aKkmueHicmb, KopensiyiliHull aHani3 niomeepdoue 36 'A30K MiX aHmuokcudaHmMHoI 30amHicmio
ma emicmom ¢heHonbHUX crionyK. Yci docnidxeHi wmamu nposieunu 3Ha4yHuUli aHmuokcuGaHmHuli momeHyias, wjo ekasye Ha eaxsiueicms nodasb-
wux AocnidxeHb XiMiYHUX Xapakmepucmuk IXHiX aHMuoKcuOaHMHUX KOMIIOHeHmie.

Knwo4yoBi cnoBa: geHosnbHi cnonyku, aHmuokcudaHmHa akmueHicmsb, Xylaria, Ascomycota, 2nu6uHHe KynbmueyeaHHsl, 6iomaca.
ABTOpM 3asBNAIOTb NPO BiACYTHICTb KOHANIKTY iHTepeciB. CnoHcopu He Bpanu yyacTi B po3pobneHHi 4ocniaxeHHs; y 36opi, aHanisi umn
iHTepnpeTauii AaHWX; Y HanMCaHHI pyKonucy; B pilleHHi Npo nybnikauito pe3ynbTaris.
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EKCINPECIAl FEHIB PTGS2TA NOS2Y CUHOBIANBbHIA PIAUHI XBOPUX
HA OCTEOAPTPMUT MICNA SARS-CoV2-IHOEKLII

B cTyn. [Mossea Hoso2o KopoHaegipycy Severe acute respiratory syndrome-related coronavirus 2 (SARS-CoV-2) cmeopuna cep-
io3Hy a2nobanbHy 3a2po3y 300poe'to 1odell pisHuUx KpaiH. KopoHaeipycHa xeopoba 2019 p. (Coronavirus disease 2019, COVID-19)
cnpuYyuHuia po3eumok 6azambox ycKnadHeHb y HacesleHHs1 6inbwocmi kpaiH ceimy. Bazamo nrodeli 8id4yynu Ha cobi HenpuemHi
Hacnioku kopoHasipycHoi iHgekuii. Ceped Hux ocobnugy epyny cmaHoe/isimb X80Pi Ha XPOHIi4Hi 3ax80pro8aHHsI, 30KpemMa ocme-
oapmpumu. Po3eumok 3ananeHHs1 ma iHmeHcudikauisi einbHopadukanbHUX npoyecie € NpoeiOHO JIaHKOIO y NamozeHe3i ocme-
oapmpumis. 3ananbHi ma de2zeHepamueHi Npoyecu, Wo po3eusarombCsi NPU ocmeoapmpumi, UK/TUKatomb Modudpikayiro Mose-
KyJ/IsSipHO20 ma K/limuHHO20 ckiady cuHosianbHoi piduHu. Mema pobomu — eu3sHa4umu ekcnpecito 2eHie PTGS2 (Prostaglandin-
endoperoxide synthase 2) ma NOS2 (Nitric Oxide Synthase 2) y knimuHax cuHOgianbHOI piOuUHU X8opux Ha ocmeoapmpum nicss
SARS-CoV2-ingekuii.

MeToaw. Yci yyacHuku docnidxeHHs1 6ynu nodineHi Ha dei epynu: 1-wa 2pyna (n = 22) — nayieHmu 3 ocmeoapmpumom
KoniHHux cyanobie lI-lll cmynersi; 2-2a epyna (n = 14) — nayieHmu 3 ocmeoapmpumom KoJliHHuUx cyanobie li-lll cmyneHs, siki nepeHe-
CJ1u s1Ie2Ky ma cepeGHbOMsKKY ¢hopmy COVID-19 6-9 mic. momy. Y si0epHuUX KIlimuHax cuHosianbHOI PiOUHU eu3Hayvyasiu eKCcrpecito
2eHie PTGS2 ma NOS2. PHK ompumyesanu 3a memodom Chomczynski. Cunme3 k[JHK i kinbkicHy nonimepa3Hy naHyro2o8y peakyiro
8 peanbHoMmy 4aci (Real-time PCR, kl1JIP) 3a donomozoro komepuyiliHo2o Habopy "Thermo Scientific Verso SYBR Green 1-Step
gRT-PCR ROX Mix" ("Thermo Scientific", Jlumea). O6po6Ky pe3ysnbmamie 00c/1iOeHHsI Npoeodusiu 3a2albHOMPUUHAMUMU Me-
modamu eapiayiliHoi cmamucmuku.

Pe3ynbTaTu. Y xeopux Ha ocmeoapmpum KosiHHUx cyanobie nicsiss SARS-CoV2-iHghekuil, y ssdepHux KiimuHax cuHoegia-
NbHOT piOuHU 36inbwyembcs ekcnpecisi 2zeHie PTGS2 ma NOS2 nopieHsiHO 3 nayieHmamu, y sikux diazHocmoeaHo ocmeoapmpum.

B uncHoBKu. OmpumaHi pesynbmamu ceid4amb, Wj0 y Xeopux Ha ocmeoapmpum nicns iHgikyeaHHss COVID-19 moxnuesul
po38UMOK 6inbW MsXKo20 nepebicy cuHO8iasIbHO20 3anaseHHsl.

Knw4yoBi cnoBa: SARS-CoV-2, ocmeoapmpum, cuHogiasibHa piQuHa, 3anaseHHsl, ekcrpecisi 2eHie NOS2, PTGS2.

Betyn

MounHatoum 3 2002 poky, O6yno 3apeecTpoBaHO Tpu Be-
JIUKi cnanaxy 300HO3HOTrO BipYyCy — KOPOHAaBIpYCy, SKUK, SK
BiJOMO, BMKIMKA€E pecnipaTopHi 3axBOplOBaHHA. 3axBOpio-
BaHicTb Ha SARS-CoV (Severe Acute Respiratory
Syndrome-coronavirus, KOpOHaBipyC TS>KKOro rocTporo pec-
nipatopHoro cuHgpomy) y 2002 i 2003 pp. i MERS-CoV
(Middle East Respiratory Syndrome-coronavirus, kopoHasi-
pyc BnmabkocxigHoro pecnipatopHoro cuHapomy) y 2012 p.
NnpoaeMOHCTpyBana MoXMBICTb Nepeaadi HOBMX KOPOHaBi-
pyciB Big, TBapUHW [0 NMIOAVHU Ta Bif NOAMHU 0O MOOUHK.
Y rpyaHi 2019 poky 6yno noBigoOMMIeHO Npo HOBUI KOPOHa-
Bipyc (nCoV) nig Haseow "SARS-CoV-2" (Severe Acute
Respiratory Syndrome-related coronavirus 2), sikuii Bcecsi-
THS opraHisauis oxopoHu 3gopos'a (BOO3) oronocuna Big-
nosiganesHUM 3a crnanax naHaeMii KOpoHaBipyCHOT XBOpPOOU
2019 poky (Coronavirus disease 2019, COVID-19). Takum
YMHOM, 33 OCTaHHI Kinbka AeCATUNITb KOPOHaBipyC 3a paxy-
HOK MyTaLii Ta aganTauii nogonae MixxsuaoBuin 6ap'ep, WO
npu3Beno Ao Moro nowmnpeHHsa cepeg nogen. Omxe, nosiea
HOBOrO KOpOHaBipyCy CTBOpMNa Cepro3Hy rnobanbHy 3a-
rpo3y 3[40POB'0 HAceneHHs B YCix kpaiHax cBiTy (Gupta et
al., 2022; Mohamadian et al., 2021).

HewopagHin cnanax COVID-19 y Kutai, skuii novaBcs y
MICTi YxaHb, NpoBiHLUis Xyben, cnpuyMHMB 3apaXkeHHs 6ru-
3bKO 771 MrnH oci6 i 3ab6paB Maibke 7 MIH XUTTIB Y BCbOMY
ceiTi (World Health Organization, 2023). [OocnigHuku
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NoBiAOMMMMK, LU0 BipyC NOCTINHO PO3BMBAETHLCA Ta MOLUMPIO-
€TbCA Yepes 6e3CMMNTOMHUX HOCIIB, LLO CBigYUTb MPO BUCOKY
rnobanbHy 3arpo3sy 340poB't0 Nonynsuii nogen.

SARS-CoV-2 Bpaxae enitenianbHi KNiTMHW OUXanbHOI
cuctemu nmoguHun. Lie npusBoanTb 00 pO3BUTKY TakmMX KriHi-
YHUX CUMMTOMIB, SIK pecnipaTopHi: CyX1i Kaluerb, 3aguLLka,
BTpaTa abo NopyLLEeHHs1 CMaky Ta 3arnaxy, a TakoXX CUCTEMHI
CYMNTOMU: NMXOMaHKa, ronoBHUIA Ginb, NigBULLEHA BTOM-
MIOBAHICTb Ta iHWIi 03HakK. MNoganbLunii po3BUTOK KOPOHABI-
PYCHOi XBOpOOM MOXe NPU3BECTU OO0 TAKKUX YCKNaAHEHb:
MHEBMOHii, TOCTPOro pecnipaTopHOro ANCTPeC-CMHAPOMY Ta
cencucy. Kpim pecnipaTtopH/x Ta CUCTEMHUX CUMMTOMIB, Y
NaLieHTiB MOXYTb PO3BUBATUCS YPaKEHHSI OMOPHO-PYXO-
BOro anapary, Lo cuMmnToMaTnyHo byae nposisnAtucs 6o-
nsmMu B M'sAi3ax i cyrnobax, HabpsikaHHSIM Ta 3MEHLLEHHSIM
pyxnmBocCTi cyrnobiB. ¥ Takux nauieHTiB nepebir 3axBopio-
BaHHSA cTae GinbLu TsXKKMM Ta ycknagHeHum (Campos et al.,
2022; Farisogullari, Pinto, & Machado, 2022; Ono et al.,
2020; Yiice, Filiztekin, & Ozkaya, 2021).

HepoctaTHbO BUBYEHWM 3anulIaeTbCA MUTAHHS Npu-
YMHHO-HacNigKoBUX 3B'A3KIB Mk Bipycom SARS-CoV-2 Ta
YPaXXEHHAM OMOPHO-PYXOBOI CUCTEMU OpraHiamy NOAVHMU.
Lle HoBUIA NnoTeHUiHWIA 3B'A30k NoTpebye AeTanbHOro o-
cnigkeHHs. 3aBAsKM Cy4yacHMM MOEKYNSAPHO-TEHETUYHUM
MeToAaMm CTano MOXIMBUM BUBYEHHSI MOMEKYNSIPHUX Me-
XaHi3MiB 3aXBOPIOBaHb, L0 € OOHWUM i3 KITOYOBMX 3aBAaHb
cyvacHux OGiomeaunyHux pocnigxeHb. Y poboTi 6yno
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AOCniAXeHO B3aEMO3B'A30K MidK PO3BMTKOM KOPOHaBipyCHOI
XBOPOOW Yy NaLieHTIB 3 0CTE0APTPUTOM Ta EKCMPECIE0 reHiB,
NOB'A3aHMX i3 3ananeHHsiIM Ta OKUCHUM CTpecoM. Y poOoTi
npoBedeHo  AocnimkeHHss  ekcnpecii  reHiB  PTGS2
(Prostaglandin-endoperoxide synthase 2) Ta NOS2 (Nitric
Oxide Synthase 2) y kniTuHax CMHOBIanNbHOI PiAUHU XBOPUX
Ha ocTeoapTpuT nicna SARS-CoV2-iHdekwii.

CuvHoBianbHa piguHa € disionoriyHoto pianHoto cyrnoba,
BOHa Mae renenofibHy CTpykTypy Ta 3anoBHIOE cyrnobosy
WinuHy. Onsa cyrno6oBoro xpsila cuHoBIianbHa pigMHa Bu-
KOHYE psf BaXnNuBMX (DYHKLIN: 3mallyBaHHs cyrnoba, mxe-
peno MoXMWBHUX PEYOBMH Ta 3axucCT cyrnoba Bifg yLIKOOXY-
toumx areHTiB. OKpiM TOro cMHoBIanbHa pianHa onocepeako-
BYE MOMEKYNspHY KOMYHiKaLilo 32 JOMOMOIol PO34MHHMX
hakTopiB MiXX pi3HUMK nonynsauisMy KNiTUH y cyrnobi. Cu-
HOBianbHa pignHa cknagaeTbes 3 ynbTpadinsTpaTy nnasmm
KpoBI, skui audyHaye B cyrnoboBy LWinuHy 3 cybiHTUManb-
HOI CyQVHHOI Mepexi, a TakoX rianypoHOBOI KUCNOTK Ta ny-
OpUUMHY, WO BMAINSATLCA CMHOBioUMTamMu Tuny B, ski no-
XoAaThb i3 ibpobnacrtis. NanypoHoBa kucnoTta nigTpumye
B'A3KICTb CMHOBIaNbHOI pianHM Ta 3anobirae BTpaTi pianHu 3
cyrno6oBoi NOpOXHUHW. JIyGpPULIMH HasiBHUIA Ha MOBEPXHi
cyrno6oBoro xpsiLla i HeobXigHWIA ANs 3MallyBaHHSI Cyrno-
6iB i NiATPMMKM IXHBOrO 340POBOrO CTaHy. AAEPHi KNITUHW,
AKi YaCTO BUSABNAOTLCA B CMHOBIamNbHIW PiAWHI, BKNIOYaOTb
HenTpodinu, nimgountn, MoHoumnTK Ta Mmakpodaru (Gupta
etal., 2019; Oliviero, & Mandell, 2023). 3miHu 06'emy Ta BMmi-
CTY KOMIMOHEHTIB CMHOBIanbHOI pianHW BigOyBaloThCA Y Bif-
noBigb Ha TpaBMy, 3ananeHHs Ta MPOHMKHEHHS GakTepin,
rpmbkiB abo BipyciB. Konu nauieHTn 3BepTatoTbCs 3 roCTpuM
6onem y cyrnobax i3 nigo3poto Ha iHdekwito, 3ananeHHs abo
Hes3ananbHi NpMYMHM BUMOTY, acnipalis Ta aHania cuHoBia-
NbHOI pianMHN € 060B'A3kOBMMU, LLOG AONOMOITY B AiarHoC-
Tuui Ta BUGopi 6eanocepeqHbOro MeToay nikyBaHHS.

3ananbHi Ta gereHepaTuBHI npouecw, WO po3BMBa-
I0TbCS NPU OCTE0apPTPUTI, BUKIIMKaKOTb MoauMddikaLito Mone-
KyNsIpHOro Ta KNITMHHOrO CKnagy CUHOBIanbHOI pianHn. 3a
Takux yMOB BOHa CTae MEHLU B'A3KO0 | BTpayae CBOI YHika-
NbHi B'A3KONPY>KHi BACTUBOCTI Yepe3 3MEHLLEHHSI MOreKy-
NSAPHOI MacuK Ta KOHLUEeHTpaLii rianypoHOBOi KUCAOTU, 3MiHK
B Npodinsax dpepmeHTiB i NosBi Nnpo3ananbHUX eneMeHTiB
(umMTOKiIHIB, NerKoumnTIB TOLLO). 30Kpema, Npyu OCTeoapTpuTi
Yy CMHOBIarnbHi pigvHI NiaBULLYETLCA BMICT MediaTopiB 3a-
naneHHs (npoctarnaHavH E2, nenkotpieH B4), unMTokiHIB (iH-
TepnenkiH (I11)-1B, 1J1-6, dhakTop HEKPO3Y NyXNWH a), oKcuay
asoty (NO) Ta aktuBHUX hopm KucHio (APK), ski BUBINbHS-
I0TbCSl 3 XOHAPOUMTIB, CUMHOBIOUMTIB i NenkouuTiB, LWO
cnpusie gerpagadii cyrmobosoro xpsiwa (Lineham et al.,
2022; Liu, Xiao, & Li, 2023). Takox Haa3BMYanHO BaXKN1BUIA
nigpaxyHoK 3aranbHOI KifbKOCTi SAEPHMX KIITUH y CUHOBIa-
NbHIN pigyHI ANa po3aineHHs 3ananbHUX i HesananbHUX ap-
TponaTivi i gudepeHLitoBaHHA Pi3HUX NPUYMH 3anasibHOro
apTputy. 30Kpema, 3ananbHi Ta CENTUYHI CUHOBIanbHi pi-
OVIHU XapaKkTepuayTbCs 36iNMbLUEHHSIM KiNbKOCTi NenKkoLm-
TiB (Girén, & Torre, 2020). Omxe, apTpoueHTe3 i gocni-
OXKEHHS1 CUHOBIamNbHOI PiAVHU € BaXXNUBMUM AiarHOCTUYHUMMU
napameTpoM, KU MOXe NiATBEPAUTU HasIBHICTb apTpuTy,
OXxapakTepusyBaTu peakuilo gk 3ananbHun abo Hesananb-
HUW i, 38 AesKnx 0OCTaBUH, BUSIBUTU €TIONOrNYHUI areHT.

[Ons po3yMiHHA MOMEKyNsapHUX MeXaHi3MiB pPO3BUTKY
OCTeoapTpUTIB MM NpoaHani3ysanu Ta NopiBHANN OTpUMaHi
AaHi ekcnpecii reHiB PTGS2 (umknookcureHasa 2) Ta NOS2
(inayumbeneHa NO-cuHTa3a) y KniTmHax CUHOBIANbHOI pi-
OVHU NauieHTiB, sIki CTpaXaaloTb HA OCTeoapTpuT, Ta XBO-
pux Ha ocTteoapTput nicna SARS-CoV2-iHdekuii. PTGS2
KOAye npocTarnaHguH-eHgonepokcuacuHrtasy 2 (PTGS2),
TakoX BiQOMY SIK LMKnookcureHady 2 (cyclooxygenase-2,
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COX2), sika € OCHOBHUM hepMeHTOM Yy BiocuHTE3I npocTar-
naHaviHiB i 6epe yvacTb y po3BUTKY 3ananeHHs. 3a disiono-
rYHMX YMOB LIMKITOOKCUIreHasa 2 y GinbLIOCTi TKaHUH Ta pi-
OVH opraHiaMy He BUSBMSIETbCS, ane ii piBeHb iCTOTHO 306i-
NbLUYETLCH Ha TNi PO3BUTKY 3ananeHHs. Lien bepmeHT € mi-
LLEeHHto Aii HecTepoigHMX NpoTU3ananbHUX nNpenaparis, siKi
BMKOPUCTOBYIOTb SIK KOHCEPBATMBHY Tepanito 3ananbHUX 3a-
xBoptoBaHb cyrnobie (Ferrer et al., 2019; Su et al., 2022).
NOS2 kopye iHayunbenbHy cuHTasdy okcuay asoty (iNOS),
O € OOHUM i3 dhepMeHTIB, sakuiA 6epe y4acTb Y CUHTESI OK-
cuay asoty (NO), i Bigirpae ponb B onocepeakyBaHHi KMiTUH-
Hoi nponidepadii, anonTo3y, OKUCHOrO CTpecy Ta 3ana-
neHHs. HakonuyeHi gaHi ceigyatb npo Te, wo NO BBaxa-
€TbCSl OOHMM i3 TONOBHMX MeiaTopiB 3ananeHHs npu ocrte-
0apTpUTI Ta BUKMUKae GaraTo NaTofioriyHMX 3MiH Mig 4ac
Noro po3BUTKY Ta nporpecyBaHHA. HagmipHe BMpobneHHs
NO B xoHOpoUUTax CNpUsie pyVHYBaHHIO XpsLla Ta MOLLKO-
DKeHHo kniTuH. CuHtes NO B xoHApouuTax katanisyerbes
iHOyuMbenbHO CMHTa30 OKcuay as3oTy, TOMYy Liel Mokas-
HVK € BaXKNIMBUM MapaMeTpoM OLHIOBaHHs BinNbHOpaawuka-
NbHYX | 3ananbHUX MPoLECiB y XpsiLli, a Takox npuBabnu-
BOK TepaneBTUYHOK MILLEHHIO ANs NiKyBaHHSA OoCcTeoapTpu-
TiB (Ahmad, Ansari, & Haqqi, 2020; Ostojic et al., 2021).

Memoro poboTu Oyno BU3HAYUTM EKCMpPECio TeHiB
PTGS2 ta NOS2 y kniTMHax CYHOBIanbHOI piAVHN XBOPUX
Ha octeoapTpuT nicna SARS-CoV2-iHdekuii.

Metoau

Y pocnigxkeHni 6panu yyacTtb 36 nauieHTiB y Bili Big 39
no 70 pokis, ki nepebyBanu Ha cTauioHapHomy abo amby-
naTtopHoOMy fikyBaHHi B opToneanyHoMy creLianisoBaHoMy
Meau4HoMy uUeHTpi "OpTokniHika" (TepHoninb, YkpaiHa) 3
npusoay octeoapTpuTy. MNauieHTam 6yB BCTaHOBNEHW Aia-
rHo3 "octeoapTpuT KoniHHUX cyrnobis II-IIl cTtyneHs" Ha ni-
OCTaBi KMiHIYHMX Ta PEeHTreHonorivyHmMX Kputepiie. Ha etani
BinOOpy BCIM XBOpPUM NpoBoAMNaca peHTreHorpadis KoniH-
HUX cyrnobiB y NpsAMmin (nepeaHbO3afHi) Ta BOKOBIN NPOEK-
uisix. OuiHioBaHHA iHTEHCUBHOCTI Gono Ta yHKUioHamnb-
HOro CTaHy KomniHHUX cyrnobiB XBopMx NpoBoAMnack 3a A0-
nomoroto 06umcnenHs iHgekcy WOMAC (Western Ontario
and McMaster Universities Osteoarthritis Index), sakuii Bu-
3Ha4yalTb y pe3ynbTaTi CaMOCTIMHOIO NPOXOAXEHHS nadlie-
HTOM TECTY, SIKUA MICTUTb 24 3annTaHH4, WO BigobpaxatoTb
BUPaXeHiCTb 60nMboBMX BigyyTTiB (5 3anuTaHb), CKYTOCTi
(2 3anuTaHHs) Ta pyHKUiOHANBLHOI akTMBHOCTI (17 3anu-
TaHb) (McConnell, Kolopack, & Davis, 2001).

Yci y4acHukn gocnigxeHHs Hagani 6ynu nogineHi Ha agi
rpynu. Mepwa rpyna (n = 22) — nauieHTn 3 ocTecapTpUTOM
koniHHMx cyrno6is II-lll ctyneHs. B o6cTexyBaHi rpyni Bu-
KMoYanm MOXNMBY CYMyTHIO HAsBHICTb KOPOHAaBIPYCHOI iH-
dekuii WnaxomMm npoBefeHHsT enigemMionoriyHoro aHamHesy
KO>XXHOTO MaujieHTa Ta BiACYTHOCTi iXHbOrO KOHTaKTy 3 XBO-
pumn Ha COVID-19. Opyra rpyna (n = 14) — naujieHTn 3 ocTe-
oapTpuTOoM KoniHHUX cyrnobis lI-lll cTynens, siki nepeHecnu
nerky Ta cepegHboTskky bopmy COVID-19 6-9 mic. Tomy.
HiarHo3 COVID-19 6yB niaTBEpPOKEHWI MOMNEKYNSPHUM
aHanisom (RT-PCR) maska 3 HOCOrNoTKW. YCi y4acHWKH, Lo
[06pOBINbHO MOroAMnMCA B3STW yyYacTb Y LibOMY AOCHi-
[DPKEeHHi, 03Hanomunucd Ta nignucanu eignosigHy opmy iH-
dopmoBaHoi 3roaun. [locnimkeHHs1 BUKOHaHI 3 4OTPMMaHHSAM
OCHOBHUMX NOSOXeHb "lpaBun eTUYHUX NPUHLMMIB NpoBe-
OEHHS HayKoBMX MeOWMYHMX AOCHiMKEeHb 3a y4acTio fio-
OnHn", 3aTBepaxeHux MenbciHCbko aeknapadieto (1964—
2013 pp.), ICH GCP (1996 p.), Oupektnen EEC Ne 609 (Big
24.11.1986 p.), Hakasie MOS3 VYkpainm Ne690 Big
23.09.2009 p., Ne 944 Big 14.12.2009 p., Ne 616 Bia
03.08.2012 p. Ta cxBaneHi KomiTeToM 3 eTUK1M Megu4Horo
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ueHTpy "OpTokninika" (TepHonine, Ykpaina). Bxuti BCi 3a-
Xoau ons 3abeanevyeHHs aHOHIMHOCTI NaLieHTiB.

3abip GionoriyHoro matepiany npoBoauBcs Ha 6asi cne-
LianisoBaHoro meau4Horo LeHTpy "OpTokniHika", micto Te-
pHoninb, YkpaiHa. CuHoBianbHy piguHy 36upanu B cTepu-
NbHi NPoBipKky 3 renapyMHOM LUMISIXOM apTPOLEeHTe3y KOmMiH-
Horo cyrno6a BignoBigHO 4O CTaH4APTHUX NPOTOKONiB 06-
pobku. 3Baxatoum Ha Te, WO HaWBINbLUi MOPOXHUHW KOMiH-
HOro Ta KynbLUOBOro CyrnobiB MaTb MakcMmMansHui ob'em
CMHOBIanNbHOI pianHn go 3,5 mn, 3abip GionoriyHoro marepi-
any B YMOBHO 3[40pOBUX Ntofen HebesnevHe i Moxe npus-
BECTM [0 MOPYLUEHHS CTPYKTYPHO-(YHKLIOHANbHOro CTaHy
cyrnoba. Y 3B'sI3Ky i3 UMM Yy HalMX OOCMIMKEHHSX rpyna
YMOBHO 30pOBUX MNoAen BiACyTHS.

Y KniTMHax CUHOBIanNbHIA PiAWHI BU3Ha4Yanu ekcnpecito
reHiB PTGS2 ta NOS2. PHK oTtpmumyBanu 3a metogom Xo-
MymHcbkoro (Chomcezynski, & Sacchi, 1987) i3 cuHoBianbHoOT
PiAVHN, BUKOPUCTOBYHOYN HASIBHI B Hil NNENKOUNTU | MyNbTU-
NMOTEHTHI CTpPOMasbHi KMiTMHU CUHOBIANbHOI MembpaHu
(Sanjurjo-Rodriguez et al., 2020; Walters et al., 2021). Cun-
Te3 k[HK Ta kinbkicHy nonimepasHy naHLUoroBy peakLito B
peancHomy 4aci (Real-time PCR, klJIP) 3gincHioBanu 3a
A0Mnomororo komepuiriHoro Habopy "Thermo Scientific Verso
SYBR Green 1-Step gRT-PCR ROX Mix" ("Thermo
Scientific", Ilutea), Bukopuctosyoun no 0,3 MKMOIb/N KOX-
HOro npavimepa. EkcnepvMeHT npoBoanmnmn 3a Takux peko-
MeHA0BaHNX ipMOI0-BUPOBHMKOM TemnepaTypHUX YMOB:
cuHTes k[HK 50 °C — 30 xB; iHiuitooya geHaTtypadia 95 °C —
15 xB; pgani 40 uwmknis: geHatypauia OHK 95 °C - 15 c; ri6-
puamsauis npanmvepis 50 °C — 35 c; pobynosa naHutora
72 °C — 30 c.; enoHrauia amnnicikaTie 72 °C — 5 xB.
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1 2

Bingnocna excnpecist PTGS2 / ACTB, pa3n

a)

Y peakuisix Oyno BUKOPUCTaHO Taki MOCNiAOBHOCTI NpanmMepis:
ona PTGS2 — npamuii — CAAATTGCTGGCAGGGTTGCT i
3BopoTHUN — GCTTCAGCATAAAGCGTTTGC; ana NOS2 —
npsmuii — CGTGCAAACCTTCAAGGCAG i 3BOpPOTHMI —
CTGAGGTCCAAAGGCTGTGA; ona ACTB (reH B-akTuHy,
LLIO BUKOPUCTOBYETLCS SIK BHYTPILLHIN KOHTPONb peakuii 3a-
BASIKN KOHCTUTYTUBHIN ekcnpecii): npsiMui -
CTTCCAGCTCCTCCCTGGAG i 3BOPOTHUIA -
CCACAGGACTCCATGCCCAG. BintBoptoBaHiCTb pesynb-
TaTiB amnnigikauii 6yno nepesipeHo B napanenbHUX ekcrne-
pumeHTax wnaxom notopeHHs KIMJIP Ha 3paskax PHK ycix
[o6poBonbLiB, i3 KOXHUM NpaiMepoM He MeHLUE TpbOoX pa-
3iB. BigHocHy kinbkicte MPHK Bu3Havanu nopiBHsinbHUM Cr
metogom "AACT Method" (Livak, & Schmittgen, 2001), edek-
TmeHicTb MJIP 6yna ogHakoeoto (Ex = (10-"/slope) —1), ne slope
— KoedilieHT Haxuny, akui ctaHoBuB 3,8, a ePeKTUBHICTb
kMNP popisHioBana 83 %. BigHocHMI piBeHb ekcnpecii 3a-
3Ha4YeHUX reHiB Hopmanisyeanu 8o pieHa ekcnpecii ACTB.

OTpvMaHi faHi TecTyBanun Ha HopmaribHe po3MnoAiNeHHs
3a gonomoroto TecTy Lanipo—Binka 3 BUKOPUCTaHHAM Npo-
rpamHoro naketa "GraphPad Prism 8.4.3" ("GraphPad
Software Inc.", CLLA). MoganbLue ob4ncneHHs Bigbysanocs
3a [JONOMOrol0 HemnapHoro napameTpuyHoro t tecty. OTpu-
MaHi pe3ynbTaTi HaBedeHO Y BUrMsaai cepeaHboro apudme-
TUYHOTO + CTaHAapTHe BiaxuneHHs — SD. PesynbTtaTtn BBa-
Xanu 3Hauywumu, konm p < 0,05.

PesynbtaTtn

Y xodi npoBefeHVX ekcnepumeHTarnbHUX OOoChigXeHb
BCTaAHOBIIEHO, LLIO Y XBOPUX Ha OCTE0apTPWT, SKi MepexBo-
pinn COVID-19, piBeHb ekcnpecii reHa PTGS2 y knituHax
CVHOBIanbHoI piguHW 36inblwysascs B 1,4 pasa (p < 0,0001)
NOPIBHSHO 3 rPYNOK0 XBOPUX Ha ocTeoapTput (puc. 1, a).

- ok

1 2

Binnocna excnpecist NOS2 / ACTB, pa3u

6)

Puc. 1. PiBeHb ekcnpecii reHiB PTGS2 (a) Ta NOS2 (6) y kniTuHax CMHOBianbHOi 060MOHKMN
XBOPUX Ha ocTeoapTpuT: 1 — ocTeoapTput; 2 — octeoapTput + COVID-19;
**p < 0,01, ***p < 0,0001 wono rpynu nogen 3 0OCTe0apTPUTOM

BusBneHo, Wwo y kniTnHax cMHOBianbHOI PiAnHY cyrnobis
nauieHTiB 3 OCTE0apTPUTOM, SIKi NepeHecnun nerky Ta cepe-
OHbOTsDKKY hopMy COVID-19, piBeHb ekcnpecii reHa NOS2
36inbwyBascs B 1,2 pasa (p <0,01) nopiBHSHO 3 rpynoto
XBOpMX Ha ocTeoapTput (puc. 1, 6).

Y xofi npoBeAeHWX ekcnepuMeHTarnbHUX [OChigKeHb
nokasaHo, Lo B rpyni NauieHTiB, XBOPUX HA OCTE0apTpWT Mi-
CNns nepeHeceHoi KOpoHaBipyCHOI IHGeKLUIT, Y aaepHUX Kni-
TWHaX CUHOBIANbHOI PiAMHN 3pOCTaE eKCNpeCis reHis, Lo Bi-
ANoBiAaloTb 3a PO3BUTOK 3anarbHWX Ta BiflbHOpaanKanbHUX
npoLeciB MNOPIBHAHO 3 LUMMU NOKa3HUKaMW Y CUHOBIANbHIN
piavHi cyrno6iB naujieHTiB 3 ocTeoapTpuToM. BusineHe 36i-
NblLUEHHS piBHA ekcnpecii reHa PTGS2 y kniTMHax CMHOBIa-
NbHOI piguMHM BKa3dye Ha akTuBauilo 6ioCcuHTE3y npocTta-
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rmaHavHIB, ski 6epyTb yyacTb y po3BUTKY 3ananeHHs. Ekc-
npecia PTGS2, akun kogye umknookcurenasy 2 (LOr-2),
Moxe ByTu iHOyKOBaHa 3a JOMOMOrol Pi3HOMaHITHMX Mpo-
3ananbHux ctumynie. LJOIM-2 katanisye nepeTBOpeHHs apa-
XiAOHOBOI KUCMOTN Ha npocTarnaHavH H2, akui € nimityto-
YOl CTafielo YTBOPEHHS MpocTarnaHauvHiB i TpombokcaHy
A2. LIOl-2 € noTyxHuMm MepiaTopoM 3ananeHHs i Gepe
yyacTb y nepegadi curHanis npoctaHoigis. 3okpema, Ans ni-
KyBaHHS1 OCTE0apTpU1TIB Ta peBMaTOifHOro apTpUTy BUKOPU-
CTOBYIOTb CenekTuBHi iHribiTopm LOI-2, ki 6inbw edextu-
BHi, HDX CTaHOApTHi 003N HeCenekTUBHUX HEeCTepOigHUX
npoTtusanansHux 3acobiB (Ferrer et al., 2019; Nakata et al.,
2018). OTpumaHi pe3ynbTaTh 3pOCTaHHS PiBHS eKcnpecii
reHa NOS2 cBig4aTb nNpo MOPYLUEHHS  OKUCHO-
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aHTMKCMAaHTHOI piBHOBarn B Gik iHTEHcMdiKauii BinbHopa-
AViKanbHWX NPoLEeciB Ta pO3BUTKY OKMCHOro ctpecy 6esno-
cepeaHbOo B camoMmy cyrnobi. Lie niaTBepaxyeTbca oTpMma-
HUMW HaMK paHille pesynbTaTaMmyM CTOCOBHO HaKOMUYEHHS
aKTMBHUX (DOPM KUCHIO Ta 30inbLUEHHSI KOHLEHTpaLii npoay-
KTiB OKMCHEHHS niniais i 6inkiB y cMHoBianbHin piguHi (bopo-
4iH, 2022; bopoaiH, & OBopleHko, 2023; Borodin, 2022).

Lunckycis i BUCHOBKM

Y XBOpUX Ha OCTE0apTpuT KOMiHHUX cyrnobis nicnsa
SARS-CoV2-iHhekLii B saepHUX KINITUHAX CUHOBIANbLHOI pi-
OVHi 30inbLlyeTbCs ekcnpecis reHiB PTGS2 ta NOS2 nopis-
HSHO 3 nauieHTamu 3 OCTEe0apTPUTOM, LLO He XBOpPINM Ha
COVID-19. Lle cBigunTb Npo po3BUTOK BinbLll CUMbHOro 3a-
naneHHs B cyrnobax nauieHTiB 3 0OCTe0apTPUTOM nicns iH-
dikyBaHHA SARS-CoV-2. 'pyna nauieHTiB, WO MalTb Xpo-
HiYHi XBOpOGK, NOTPEBYIOTL 0COBNMBOrO KOHTPOMIO 3a Nepe-
6irom ocTeoapTpuTy Ta NepcoHarni3oBaHOro nikyBaHHA Mi-
CNns NepeHeceHoi KOPOHaBipyCHOI XBOpoOU.

BHecok aBTopiB: Ceprii bopoaiH — nowyk Ta onpauBaHHs
¢axoBoi niTepatypu 3a TEMOK OOCHISKEHHS, aHamni3 Cy4acHOro
cTaHy npobnemu, y4acTb y NPOBEeAEHHI EKCNEPVMEHTIB, TEOPETUYHE
0Or'pyHTYBaHHsI pe3ynbTaTtiB AocnigxeHHs; AneBTuHa Hert —
y4acTb y MpOBEAEHHi eKCNepUMeHTIB, CTaTuCT4YHa obpobka pe-
3ynbTaTiB AocnigxeHHs; KatepuHa [IBopLueHKo — dopMyBaHHS
iaei Ta meTn poboTK, NOCTaHOBKa 3aBAaHb, MOAEMNOBaHHS ekcrne-
PUMEHTY, MraHyBaHHA MEeTOAMYHMX NiAXOAIB, y3aranbHEHHs pe-
3ynbTaTiB AOCNIAKEHHS.

Mopsikn, pxepena diHaHcyBaHHA. Pob6oTa BUKOHaHa Ha Ka-
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LlleBueHka y pamkax HayKoBo-gocnigHoi Temu "lMaTonorii cyrnobis
pisHoro reHesy B nocTkoBigHui nepiog" (Ne a/p 0122U001909,
2022-2024 pp.).
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EXPRESSION OF PTGS2 AND NOS2 GENES IN THE SYNOVIAL FLUID
OF PATIENTS WITH OSTEOARTHRITIS AFTER SARS-CoV2 INFECTION

Background. The emergence of a new severe acute respiratory syndrome-related coronavirus 2 (SARS-CoV-2) has created a serious global
threat to the health of people in various countries. The 2019 coronavirus disease (Coronavirus disease 2019, COVID-19) has caused the development
of many complications in the population of most countries of the world. Currently, many people have felt the unpleasant consequences of the
coronavirus infection. Among them, a special group consists of patients with chronic diseases, particularly osteoarthritis. The development of
inflammation and intensification of free radical processes is a leading link in the pathogenesis of osteoarthritis. Inflammatory and degenerative
processes that develop in osteoarthritis cause modification of the molecular and cellular composition of the synovial fluid.

M e th o ds. The aim of the work was to determine the expression of (Prostaglandin-endoperoxide synthase 2) and NOS2 (Nitric Oxide Synthase 2)
genes in synovial fluid cells of patients with osteoarthritis after SARS-CoV2 infection. All study participants were divided into two groups. The first
group (n = 22) is patients with osteoarthritis of the knee joints II-lll degree. The second group (n = 14) is patients with osteoarthritis of the knee joints
lI-1ll degree, who suffered a mild and moderate form of COVID-19 6-9 months ago. Expression of PTGS2 and NOS2 genes was determined in nuclear
cells of synovial fluid. RNA was obtained by the Chomczynski method. Synthesis of cDNA and quantitative polymerase chain reaction in real time
(Real-time PCR, qPCR) using the commercial kit "Thermo Scientific Verso SYBR Green 1-Step qRT-PCR ROX Mix" ("Thermo Scientific, Lithuania).
Processing of research results was carried out using generally accepted methods of variational statistics.

R e s ults. In patients with osteoarthritis of the knee joints after SARS-CoV2 infection, the expression of PTGS2 and NOS2 genes increases in
nuclear cells of the synovial fluid compared to patients diagnosed with osteoarthritis.

Conclusions. Our results indicate that patients with osteoarthritis may develop a more severe course of synovial inflammation after
infection with COVID-19.

Keywords: SARS-CoV-2, osteoarthritis, synovial fluid, inflammation, NOS2, PTGS2 gene expression.
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'KuiBcbkui HauioHanbHUM yHiBepcuTeT imeHi Tapaca LLieByeHka, KuiB, Ykpaina
2lHCcTUTYT eKcepMMeHTanbHOI naTonorii, oHKonorii i pagio6ionorii im. P.€. KaBeubkoro, Kuis, YkpaiHa

XENATYBAHHA OBOBAJIEHTHUX KATIOHIB TA AHTUPAKOBA AKTUBHICTDb
noxigHUX 8-rinfPOKCUCTUPUNXIHONIHIB /N VITRO

B cTyn. Y 3e's3ky 3i weudkum Habymmsim peaucmeHmHocmi o mpaduuyiliHux xiMmionpenapamie ma iXHbOI MOKCUYHiCMIO
nowyk Hogux Mmemodie JlikyeaHHs1 ma OiazHOCMUKU paKy 3anuwaembcsi akmyanbHum. [oxioHi 8-2idpokcuxiHoniHie maromb wu-
pokull cnekmp 6ionoz2iyHoi akmueHocmi ma Heob6XxiOHi enacmueocmi Ansi ¢hryopecyeHmMHoi diazHocmuku paky. Memoto dociii-
OxeHHs1 6ys10 eu3Ha4Yumu xeslamyeaHHsl KamioHie Kaslbyilo, Ma2Hito ma YuHKy noxiOHumu 8-2idpokcucmupusnxiHoniHy (8HQ),
2-[2-(4-xnopogpeHin)emeHin]xiHonin-8-onom (STQ-CI) ma 2-[2-(4-HimpodpeHin)emeHin]xiHosiH-8-onom (STQ-NO;) y ¢hizionoziuHomy
Po3Y4uHi; docnidumu cmabinbHicmb ymeopeHux KoMeKcie i mokcuyHicme crnosyk wjo0o iHill knimuH paky nepedmixypoeoi ma
MOJI0YHOI 3as103 in vitro. O6'ekm docnioxeHHs — NOXiOHi 8-2i@pokcucmupunxiHosiHie, 2-[2-(4-xnopogeHin)emeHin]xiHoniH-8-os
ma 2-[2-(4-HimpodgbeHin)emeHin]xiHoniH-8-os.

M e T o au. BukopucmaHo noxioHi 8HQ STQ-CI ma STQ-NO,. lomyeanu po34yuHu kamioHie Ca*, Mg?, Zn** memodom deokpa-
mHux po3eedeHb y diana3oHi kKoHyeHmpadyit 0,5-0,0078125 mM Ha ocHoei 0,9 % NaCl. BukopucmaHo sik OKpeMi po34UHU KOXXHO20
kamioHa, mak i cymiw y ekeieaneHmHomy morssipHomy cnieeidHoweHHi. KoHyeHmpauyii noxioHux 8HQ — 0,05 mM. Peecmpyeanu
onmuyHe noanuHaHHsA y diana3oHi doexuH xeusnb 200-700 HM. umomokcu4yHicmb docnidxyeasnu Ha JiHIsIX KIlimuH paKy Moso4-
Hoi (MDA-MB-231) ma nepedmixypoeoi 3ano3 (DU-145). [o iHky6ayiliHo2o po34yuHy dodaeasiu noxioHi STQ-Cl ma STQ-NO, y AMCO
mMemodoM YyomupukpamHux po3eedeHs (0,125-0,00003 mM). Ons nrominecyeHmHux docnidxeHb kinimuHu MDA-MB-231 ma DU-145
supoujyeanu Ha nokpueHux ckenbysx. KiHyeea koHyeHmpauisi noxionux 8HQ — 5 MM. Knimunu eumpumyeanu npomsizom 5, 10,
20 ma 30 xe. Peecmpyeasnu sroMiHecyeHUyiro 3a o0Hakoeux ymoe OJisi ecix 3pa3kie, 4ac ekcrio3uyii 10 mc.

PesynbTaTtu.Mg? ma Ca? (0,03125 MM) cnpusiec 3HWXEHHIO iIHMeHCUBHOCMIi MaKCUMyMie onmu4Ho20 rnoasuHaHHs STQ-
Cl y 1,6 ma 1,3 pa3a, eidnoeidHo. E¢pekm Halibinbw eupaxeHul 3a KoHueHmpauii Zn** 0,015625 mM. Cna6ki eiomiHHOcmi onmuy-
HO20 noa2/uHaHHs1 po34uHie criocmepizaromsbcsi nid Yyac iHky6yeaHHss STQ-NO, 3 pi3HUMU KOHUeHmMpauyisiMu kamioHie Kanbyiro ma
MazHito. IHmeHcueHicmb no2nuHaHHsa 600HO20 po3yuHy STQ-NO, 36inbwyeanacs 3a kKoHUeHmpauii Zn?* 0,015625 ma 0,03125 MM.
MakcumanbHa yumomokcu4YHicmb w000 kiimuH MDA-MB-231 dns STQ-CI — 6nu3bko 80 %, a STQ-NO, — 60 % 3a koHUeHmpauii
0,04 MM. KnimuHu DU-145 susieunucs 6inbw yymnusumu 0o STQ-NO,(EC50 = 0,011 mM), ane cnabko yymnueumu do STQ-CI (50 %
3a 0,125 MM). MakcumanbHa iHmeHcugHicmb siloMiHecyeHyii docsizaecmbcsi Yepes 20 xe iHKy6yeaHHs1 knimuH 060x niHil 3 STQ-CI
ma STQ-NO; (5 MmM) i He 3MiHOEMbCS i3 Yacom.

B 1 cHOBKM. 3HWKEHHsI MaKkcuMymie OonnMuUYHO20 No2siuHaHHA 800HUX po34yuHie STQ-Cl 3a HasseHOocmi KamioHie MagzHilo,
KanbUuiro, YUHKY € HacJliOkoM azpezauiliHux npouecis. Lje ssuwje (iMO8IPHO € NPUYUHOIO pPi3HOi yumomokcu4yHocmi crionyk STQ-CI
ma STQ-NO,, a makox 0Qii iHwux mexaHi3mie Ha pakoei knimuHu. OmpumaHi pesynbmamu € Hac/iOKom pi3Hoi criopidHeHocmi
noxidHux 8-2idpokcuxiHoniHie 0o kamioHie MazHito, Kanbyito ma YuHKy, po34uHHocmi y eodi, cmabinbHocmi, cxunbHocmi do az-
peaauyii ymeopeHux KoMmyiekcie ma iflbHUx pe408uH.

Knw4yoBi cnoBa: 8-2idpokcucmupunxiHosiiHu, YUHK, Kanbyil, Ma2Hil, pakosi KnimuHu, 4umomoKCcU4HicMb.

Bctyn

Pak € ofHieto 3 ronoBHUX NPUYMH CMEPTHOCTI Y CBITI i
po3pobka egeKTMBHUX Ta MaroTOKCUYHUX METOAIB niKy-
BaHHs Mae Benuke 3HaveHHsl. Bucoka edekTuBHICTL Lu-
cnnaTuHy 3Ha4yHO NigBMLLMIA IHTEPEeC OO0 NPOTUMNYXIMHHUX
MeTarnonpenapariB. Ane iXHe 3aCTOCyBaHHS 0BMeXyeTbCs
BMCOKOK TOKCUYHICTIO Ta LUBMAKOK ajanTauield pakoBuX
KNiTWH, WO Np13BOANTb OO0 pe3ncTeHTHOCTI. Cnomyku Ha oc-
HoBI 8-rigpokcmxiHoninie (8HQ) matoTb wnpokuin cnekTp 6i-
OnoriYyHOi aKTUBHOCTI, SIka BKIoYae aHTubakTepiansHy, Npo-
TMpakoBy, NMPOTMBIPYCHY Ta aHTUrpmbkoBy. Monekyna 36e-
pirae BnacTMBOCTi nupimMignHy i 6GeH3ony Ta 3gaTHa

xenaTyeaTu pag Kationis: Mg?*, Ca?*, Zn?*, Ni?*, Fe®*, Al®*,
Mn?* Towo. (Shoji et al., 2003). MoxiaHi 8-rinpokcuxiHomiHiB
PO34YMHSIIOTLCS B aUEeTOHi, xnopodopmi, 6eH3oni Ta BOAHMX
po34nHax MiHepanbHUX KUCMOT. [NpuLLenneHHs pisHMX 3ami-
CHWKIB 4O OCHOBHOI MOneKynu 3abe3neyvye cTBOpeHHst dap-
MaKOSOryHO aKTMBHMX CMONYyK i3 3agaHMMuM BRacTMBOC-
TSAMM, HU3BbKOK TOKCUMYHICTIO Ta BMCOKOK CENEKTUBHICTIO.
XenaTtyBaHHA MeTarniB € OOHMM i3 MeXaHi3MiB Aii noxigHMx
8-rigpOKCMXIHONMIHIB NI Yac NikyBaHHA HenmpoaereHepaTune-
HUX po3nagis. Baaemogia HITpOKConiHy 3 pakoBUMMU KNiTU-
HaMu iHilitoe BUPOOHMUTBO akTMBHMX hopM KucHIO (ADK).
8HQ Ta ixHi komnnekcu 3 MeTanamu iHTepkanooTs y AHK,
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LLO € NPUYUHOID aHTUbakTepianbHOI, PYHrILUMHAHOT Ta Npo-
TMpakoBoi akTmBHOCTI (Gupta, Luxami, & Paul, 2021). Cno-
JNIYKN Ha OCHOBI 8-TiApOKCUXiIHOMIHIB MOXYTb OyTW iHriGiTO-
pamu npoTeas Ta NoTeHUinHUMW KaHauaaTamu nig yac niky-
BaHHst CHI[ly (Zheng et al., 2005; Jacobsen et al., 2011).

loHn meTaniB € BaXNMBUM KOMMOHEHTOM GionoriyHmx
cuctem i 6epyTb yvacTb y MigTpUMLi KMiITUHHOrO roMeoc-
Tasy, perynsuii metaboniamy, cMHTE3i peyoBUH, nepepadi
curHanis Towo. MNMopyleHHa 06MmiHy kaTioHiB meTanis BNAun-
Ba€ Ha dpisionorivni yHKLUii KMiITUH Ta MOXe Npu3BecTn Ao
cmeprti (Liu et al., 2021; Gumienna-Kontecka et al., 2013).
Lle Bkasye, L0 KaTiOHN MeTaniB MaTb cneuudivHi MexaHi-
3MU iHAYKUiT 3armbeni KMiTUH i MOXyTb ByTU KOPUCHUMM Y
XoAi po3pobkn meToAiB NikyBaHHSA paky. He meHLWw Baxnu-
BOIO € AiarHoctuka paky. TexHonorii 6iosidyanisauii nepea-
6avaloTb BMKOPWUCTaHHA KOHTpacTyloumx areHTiB. Heponi-
KaMy Takux CMonyk € HefoCTaTHIA Yac unpkynsuii in vivo,
KOPOTKMI Nepiod Hanispo3nagy pagioakTUBHUX i30TONiB Ta
BMCOKa TOKCUYHICTb. Y 3B'A3KYy 3 LUM iHTEHCUBHO MPOBO-
ONTbCSA MOLWYK HOBUX HAHO30OHAIB 3 Oinbll cneundivHumm
Gisn4yHMMKM Ta XiMidHMMUK xapakTepuctukamm (Hu et al.,
2022). 8-rigpOKCUXIHOMIHM Ta iXHi MOXigHI BWKOPWUCTOBY-
H0TbCHA ONA CUHTE3Y BMCOKOYYTIUBUX (DITyOPECLEHTHUX Xe-
MOCEHCOPpIB, sIKi MOXYTb OyTW iHOMKaTOpaMu HasiBHOCTI Bio-
NoriYHo BaXknmBux kaTioHiB MeTanie (Heiskanen et al., 2007;
Rohini, Paul, & Luxami, 2020).

Memoro pocnigkeHHs Oyno BM3HAYMTU 3OaTHICTb OO0
XenaTyBaHHS KaTiOHIB KarbLito, MarHito Ta LUHKY rigpodo6-
HUMK noxigHuMmn 8-rigpokcucTupunxidHonidis STQ-CI i
STQ-NO2 y cisionoriyHoMy po3uyumHi, cTabinbHICTL yTBOPE-
HUX KOMMMEKCIB Ta TOKCUYHICTb CMONYK LWOAO MiHiN KNiTUH
paKky nepeamixypoBoi Ta MOTOYHOI 3anos in vitro.

06°'ekm docnidxeHHs1. [oxigHi 8-rigpokcMcTUpunxiHo-
niHiB, 2-[2-(4-xnopodeHin)eTeHin]xiHoniH-8-on Ta 2-[2-(4-
HiTpodheHin)eTeHin]xiHoniH-8-on.

Metoan

XenamyeaHHs1 kKamioHig noxioHumu 8-gidpokcucmupurni-
XiHoniHie. BukopucTtaHo noxigHi 8HQ STQ-Cl ta STQ-NO..
loTyBanu poaunHu kationis Ca2*, Mg?*, Zn?* metogom ABo-
KpaTHMX po3BedeHb Yy Aianas3oHi KoHueHTpauin 0,5—
0,0078125 mM. BukopuctaHo ik OKpemi po34MHU KOXHOro
KaTioHa, TaK i CyMill B eKBiBaneHTHOMY MONSPHOMY CniBBia-
HOLUEHHI. Y KOXHY npobipKy JofaBanu TECTOBY CMOMyKy A0
AocArHeHHst koHueHTpauii 0,05 MM. OnTuyHe nornuMHaHHs
BUMiptoBanu Ha cnektpodoTtomeTpi Perkin Elmer Lambda
365 UV (CLUA) y piana3oHi goBxuH xBunb 200—700 HM ye-
pe3 5, 20, 40 i 60 xB. NoBTOpHICTb AOCNIAQIB TPUKPATHA.

LiumomokcuyHicmb 0r1s1 pakogux KrimuH in vitro. Oocni-
OXKEHHS1 NPOBEAEHO Ha NiHisAX KNiTUH paky MOMOYHOI 3arno3u
MDA-MB-231 ta nepegmixyposoi 3ano3un DU-145. KnituHu
OTpMMaHO 3 GaHKy KNITUHHUX MiHiA TKAHWH NIOAUHKW | TBApUH
IHCTUTYTY ekcnepumeHTanbHOI naTonorii, oHkonorii Ta pa-
piobionorii imeni P.€. KaBeubkoro. KnitvHu iHkyGyBanu B
cepeposuwi AMEM 3 10 % deTanbHOI cupoBaTku TENATH,
40 mkr/mn reHTamiumHy B atmocdepi 5 % CO2 3a 37 °C. o
iHKyGauinHoro po3vmHy gogasanu noxigHi 8HQ y AMCO wme-
TOAOM YOTUMPUKPaATHUX pO3BedeHb Y AianasoHi KOHLEeHTpa-
uin 0,125-0,00003 mM. KiHueBa koHueHTpauia AMCO y po-
34uHi iHkyGauii He nepesuyBana 0,25 %. Y KOHTPOnbHI ny-
HKW fogasany ekBiBaneHTHyY KiNbKiCTb PO3YMHHMKA Ta Npo-
BOAMNWN aHanorivyHi MaHinynsauii ane 6e3 TeCToBUx CNonyk.
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Yepes 48 rog cepenoBule BUOaANSann. Y KOXHY fNyHKY AO-
nasanu 50 mkn 0,5 % po3uunHy KkpucTanivyHoro cioneToBoro
B 70 % meTaHoni. BapBHuk Bugansanm yepes 10 xB. JTyHku
TpWdi NpoMmMBanu UCTMNboBaHO BOAoK. KinbKiCTb KMiTUH
BM3Ha4Yanum oTOMETPMYHO 3a [OMOMOroH MaHLEeTHOro
crnekTpodoTtomeTpa Ha goBxuHi xBuni 540 HM. Bygysanu
KpuBi "no3a-edekt" Ta po3paxoByBanu EC50 3a piBHAHHAM
Xinna (Pulukuri et al., 2020). O6pobky AaHux npoBoAMNU 3a
ponomoroto nporpamHoro 3a6esneyeHHs OriginLab 8. lMo-
BTOPHICTb AOCHiAXXEHb TPUKpaTHa.

JliomiHecuyeHmMHi docnioxeHHs. TliHiT KniTUH MOMNOYHOT
3anosn MDA-MB-231 ta nepegmixypoBoi 3ano3un DU-145
iHKyOyBanu Ha NOKpMBHUX ckenbLsx y cepegosui AMEM 3
nigBULLIEHOO KOHLEHTpauieto rmnoko3n Ta nipyeaty, 10 %
deTanbHoi cupoBaTku TENSTH, 40 MKI/MN reHTamiuuHy B aT-
mocdepi 5 % COz2 3a 37 °C. IHkybaLiliHe cepenoBuLle BU-
Jananu Ta gogasanu TecTtoBi noxigHi 8HQ y disionoriyHomy
po3uuHi. KiHueBa koHueHTpauis 5 MM. KnituHu dapbysanu
npotsarom 5, 10, 20 Ta 30 xB, npomuBanu 1 xB disionoriy-
HUM pO34MHOM. JlloMiHecueHLUito AocnifxXyBanu Ha Mikpo-
ckoni Carl Zeiss 3 kamepoto AxioCam ICc5 Ta nomiHecLeH-
THUM 6nokoMm HXP 120 V. [ns 36yaXeHHst nioMiHecLeHLiT
BMKOPWUCTOBYBanNu LUMPOKOCMYrOBUIN  ynbTpacdpioneTosui
ciTnodinbTp 330-380 HM. Yci 3pasku doTtorpadysanu B
OflHaKoBMX yMoBaXx, Yac ekcnoauuii 10 mc. JliomiHecueHLUito
KNiTUH aHanidyBanu 3a JOMOMOrol nporpaMHoro 3abesne-
yeHHs Imaged. BusHayanu AinsiHkM 3 BUCOKOKO SICKPaBICTHO
nomiHecueHUii 3a Wwkanoto rpagauii ciporo. [laHi npeacras-
neHo y Burnagi mediaHn Ta keapTtunis. KinbkicTb BUMIptO-
BaHb AN KOXHOro 3paska — 50. O6pobky AaHUX NpoBOAMIU
3a gornomorow nporpamHoro 3abesneueHHst OriginLab 8.
HocnigxeHHs nosTtoptoBanu 10 pasis.

PesynbTatn

MoxigHi 8-riapoKCUCTUPUNXIHONMIHIB 3aCTOCOBYHOTHCS K
OMNTUYHI Nepemukadi, 3acobn 36epexxeHHs faHnX, HeMiHiHi
OMNTUYHI NPUCTPOI, PNYOpeCLEHTHI 30HAM Towo. Taki Brac-
TMBOCTI, Y KOMMNIIEKCi 3 XenaTyluot 34aTHICTHO, MOXYTb BU-
ABUTUCS KOPUCHUMU AN BUSHAYEHHS BMICTY KaTiOHIB Y Kni-
TMHaxX Ta TkaHuWHax. MepeLuKoao IXHBOro 3acTOCyBaHHS €
HM3bKa PO3YMHHICTb Y BOAi Ta CXWMbHICTb 0 arperadii. MNepe-
Ba>kHa BinbLUICTb AOCMIAXEHb XenaTyBaHHs KaTiOHIB MeTanis
noxigHumu 8HQ npoBegeHo B ymMoBax MOBHOI PO3YMHHOCTI
TECTOBUX CMOMYK Y rigpodOOHNX PO3UMHHMKAX YK TXHIX CyMi-
wax (Monzon, Burke, & Coey, 2011). Y BOAHMX pO34MHaXx
BMNacCTUBOCTI BTpavaloTbCA. Y 3B'A3Ky 3 UMM icHye notpeba
MoamdikaLii MoneKkynu 3 MeTo MiABULLEHHS TiapodinbHO-
cTi. MoLwyKk onTMManbHOI KOHCTPYKLT KIHLEBOI MONEKYN Mae
BaXKITMBE 3HAYEHHS AN NPUKNaZHoro i 3aCTOCyBaHHSA B 6io-
NOriYHMX cUCTEMaX, y TOMY YMCIi TEPAHOCTMKM paKy.

MepeBipeHO MOXNUBICTb XenaTyBaHHA NoxigHUMu 8-rig-
pokcucTupunxiHoniHis STQ-CI ta STQ-NO2 kartioHis Mg?*,
Ca?* ta Zn?* y gpisionoriyHoMy poauuHi. HasisricTe Mg?* Ta
Ca?* cnpusie 3HWKEHHIO IHTEHCUBHOCTI MakCUMYMIB OMTHY-
Horo nornvHaHHa STQ-Cl y 1,6 Ta 1,3 pasa BignosigHo 3a
KOHLeHTpaLlii kaTioHiB y cepenosuLi 0,03125 MM (puc. 1, a, 6).
3Baxaroum Ha noraHy po3uvmHHicTeb STQ-CI y Bogi, npunyc-
Kaemo, Lo BiaOyBaeTbCA OCaKEHHSI YTBOPEHUX KOMMMEK-
ciB. Edpekt Hambinbw BupaxeHuin 3a KoHUeHTpauii Zn?
0,015625 MM (puc. 1, B).
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Puc. 1. OnTuyHe nornuHaHHA noxigHoro 8-riapokcuctupunxiHonivy STQ-CI (0,05 mM)
y chisionoriuHomy po3umHi 3a HasiBHOCTI kaTioHiB Mg?* (a), Ca?* (6), Zn?* (B) Ta iXHbLOI CyMiLui
B OiHaKOBOMY MOISIpHOMY chniBBiAHOLWWEeHHi (r). TpuBanicTb iHKyb6auii STQ-NO, 3 kaTtioHamu 5 xB

BusBneHo 36inbweHHa MakcumymiB 320 i 380 Hm
STQ-ClI 3a koHueHTpauii Mg?*, Ca?* ta Zn** 0,5MM i
0,015625 MM (puc. 1, r). Mn npunyckaemo cknagHi KOHKy-
PeHTHi B3aeMogii MK KaTioHaMu 3a caT 3B'A3yBaHHS XiHO-
NIHOBOI CTPYKTYpW, MOXNMBOro (hOPMYBaHHSA NepexigHunx
CTaHiB 3a y4acTi pi3HMX KaTiOHIB Ta AeKifbKOX MOfeKyn no-
XiQHWX 8-TiAPOKCUCTUPUNXIHOMIHIB, SIKi BUpaXatoTbCs Y 3MiHi
opMK cnekTpa ONTUYHOIO MOTMMHAHHS BOOAHOIO PO3YMHY
STQ-CI. He BukntoyeHo, Wo oTpuMaHi edbekT € Hacnigkom
YTBOPEHHS arperaris.

Cnabki BigMIHHOCTi OMNTMYHOrO MOrMMHAHHSA PO3YMHIB
cnocTepiratoTbes nig Yac iHkybyBaHHs STQ-NOz2 3 pisHuMmun
KOHLIEHTpaLissM/ KaTiOHIB KanbLito Ta Marhito (puc. 2, a, 6).
IHTEHCMBHICTb NornMHaHHA BogHoro po3dmHy STQ-NO2 36i-
nblwyBanacs 3a  KoHuUeHTpauii  Zn?* 0,015625 Ta
0,03125 MM (puc. 2, B), L0 BigNoOBiAae MONsPHOMY CMiBBIA-
HOLUEHHIO KaTioH : xenatop MeHwe 1:1. 3i 36inblUEHHSM
LbOro CniBBiAHOLUIEHHSI CNOCTEPIraeTbCa 3HMKEHHSA ONTUY-
HOro NOrMNHAaHHS LWoA[o noyaTkoBoro po3unHy STQ-NOz. Y
cymiwi Mg?*, Ca?* Ta Zn?* cyTTEBMX 3MiH iIHTEHCMBHOCTI
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ontu4Horo nornuHaHHa STQ-NO2 He BusiBneHo. BapTo Bka-
3aTu NULLE Ha He3HayHe 36iMnbLUEeHHS MaKCMMYMIB 3a KOHLie-
HTpauii kaTioHiB 0,0625 MM. lNpunyckaemo, Lo 3apeecTpo-
BaHi 3MiHM iHTEHCMBHOCTI ONTWYHOrO MOrfMHAHHA € Mpo-
SIBOM BigMIHHOCTEN PO3YMHHOCTI YTBOPEHUX KOMMIEKCIB Y
BOZAi Ta IXHbOI CXMNbHOCTI 4O arperauii.

OTpumaHi pesynbTaTti Oy>Ke BaXknuBi Ans po3yMiHHS B3a-
emogii noxiaHmx 8-rigpoKCUCTUPUIXIHONMIHIB 3 HAMMOLLMPEHI-
LUMMUK JBOBArIEHTHUMU KaTioHamu B GioNoriYHMX cuctemax.

LIMTOoTOKCMYHICTE noXigHMX 8-rigpOoKCUCTMPUNXIHONMIHIB
STQ-CI Ta STQ-NO2 nepeBipsinu Ha KynbTypax KIiTUH pakKy
mornoyHoi (MDA-MB-231) Ta nepeamixyposoi 3anos (DU-145).
Bigomo, Lo po3BMTOK paKy Lux OpraHiB 4acTo CynpOBOAXY-
€TbCS1 MOPYLUEHHSAM MeTaboni3aMy LMHKY, KanbLiilo Ta MarHito
(Zhao et al., 2016, Cui et al., 2007; Dai et al., 2011). Lii ene-
MEHTU € BaXMBUMU perynsaropamm GioximiyHMX npolecis
Ta BHYTPILWHBOKNITUHHOIO curHaniHry. KnitmHu paky mMonou-
HOI 3ano3u cxunbHi Ao akymynsauii umHky (Rusch et al.,
2021), Ans nepeMmixypoBoi 3aro3u CnocTepiraeTbCa NpoTU-
nexHun edekt (Xue et al., 2019).
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Puc. 2. OnTuyHe nornuHaHHs noxigHoro 8-rigpokcuctupunxiHoniny STQ-NO; (0,05 mM)
y chisionoriuHoMy po3umHi 3a HasiBHoCTi KaTioHiB Mg?* (a), Ca?* (6), Zn?* (B) Ta IXHbLOI CyMiLui
B OQiHaKOBOMY MOMSAPHOMY chniBBiAHOLWEeHHI (r). TpuBanicTb iHKybauii STQ-NO, 3 kaTioHamu 5 xB

BusBneHo BigMiHHOCTI LMTOTOKCUYHOCTI MNOXigHUX
8-rigpokcuctupunxiHonivie STQ-Cl ta STQ-NO2 wopo ni-
Hii KNiTMH paky Mono4Hoi 3ano3n MDA-MB-231 (puc. 3, a).
MakcumaneHun edekt 6nm3pko 80 % pocaraeTbes 3a
kKoHueHTpauii STQ-Cl y cepenoBuwi iHkybauii 0,04 MM, a
STQ-NO2 — 60 %.

KniTnHu paky nepeamixyposoi 3anosun DU-145 susisu-
nnca 6inbw yytnveumm go STQ-NO2 (EC50 = 0,011 mM).
MakcumanbHa UMTOTOKCUYHICTb (6nuabko 100 %) pocs-
raeTbCcs 3a koHueHTpauii Buwe 0,02 MM (puc. 2, 6). Ls
NiHia kNiTMH BusiBMNacsa cnabko yvytnueoio o STQ-CI.
BuaBneHo makcumanbHy LMTOTOKCUYHICTE 50 % 3a KOH-
ueHTpadii 0,125 mM.

OTxe, BMSIBNEHO Pi3HY LMTOTOKCUMYHICTb noxigHux 8HQ
Wodo niHin KNiTMH nepeamixypoBOi Ta MOMOYHOI 3anos.
BBakaemo, L0 OOHMM 3 OCHOBHUX MexaHi3miB gii 8HQ e
3B'A3yBaHHS KaTioHIB MeTaniB y LUTonnasmi KnituH. Y 3s'sa-
3Ky 3 MM MOXHa MPUMNYCTUTU IXHIO Pi3HY BaXnuMBICTb ANA
nponicpepadii kNiTMH. Pak nepeamixypoBoi 3arno3u xapakrepu-
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3YETbCSI 3HWKEHOI KOHLIEHTpaUE LUMHKY B KniTuHax (Xue
et al., 2019). NigBMWEHHA BMICTY enemMeHTa Moxe iHriby-
BaTK NOAiN KNiTnHM Ta iniuitoBatn anonto3 (To et al., 2020).
Y 3B'A3Ky 3 HECENIeKTUBHUM XenaTyBaHHaM Zn?*, Ca®* Ta
Mg?* noxigHi 8-rigpoKCUCTMPUNXIHOMIHIB MOXYTb 3HUKYBaTH
KOHLIEHTPALito KanbLito i MarHito B LIMTONMa3Mi, a Takox ne-
peLuKkogXaTu NPOTiKaHHI0 MarHiesanexHux 6ioxiMiyHux npo-
uecis. MNpunyckaemo, Wwo cnabky YyTnMBICTb UUX KITiITUH A0
aii STQ-Cl MoXXHa NOSICHUTM 3HAYHO TIPLLOK PO3YMHHICTIO
CMOMYKU Y BOAHMX PO34MHax Ta LUBMAKOK iHAKTUBALiE Ye-
pes arperadinHi npouecu Ta ocapKeHHs nif Yac yTBOPEHHS
KOMMJIEKCIB 3 kanbLieM abo marHiem, sik 6yno nokasaHo no-
nepefHbo. Kpim TOro, iCHyTb iHLLUI MexaHi3Mu1 LUTOTOKCUY-
HOCTi noxigHWX 8-riApoKCUXiHONIHIB, SAKi NOB'A3aHi 3 nopy-
LEHHAM DyHKLIOHYBaHHSI €H3UMIB 3 KaTioHaMn MeTaniB sk
kodakTtopamum (Chen et al., 2019; Conan et al., 2022). bno-
KyBaHHS aKTMBHUX LIEHTPIB MOpyLlye HOpManbHuii nepebir
OioxiMiyHMX peakuin Ta Npu3BoaUTb 4O 3arnbeni KIiTuH.
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Puc. 3. LluToToKCMYHicTb noxiaHux 8-rigpokcuctupunxiHonidiB STQ-Cl, STQ-NO; woao paky MONo4Hoi 3anosu
MDA-MB-231 (a) i nepeamixypoBoi 3anosu DU-145 (6); kpuBa ciTyBaHHA AaHux untoTokcuyHocTi STQ-NO; (B)
wopao niHii knitnH DU-145 (pEC50 = —1,94, koedpidieHT Xinna — 5,03); (M £ SD, n=3)

dizionoriyHi 0cobNMBOCTI KMITUH paKy MOMOYHOI 3aro3u
LoAo akymMynsuil LMHKY NpOTUNEXHi 40 paky nepeamixypo-
Boi 3ano3un (Rusch et al., 2021). CnocTtepiraetbca 3Ha4YHe
HaKonuUYeHHs Zn?* y LUTONNasMi PakoBKX KNiTUH LLOAO HO-
pManbHMX OTOYYUMX TKaHWX. MNpouec BaXnMBMin ANS WBK-
Akoi nponicpepadii KNiTMH Ta pOCTy NyxnuHW. HasiBHiCTb
xernaTtopa 3B'a3y€ NeBHY YacCTKy iOHIB LIMHKY, LLO YMOBIMNbHIOE
LUBMAKICTb PO3MHOXEHHS. Ha Lie BKasye 3HWWKEHHS BiAHOC-
HOI KiNbKOCTiI KMiTUH 3a MiHiManbHOI HAsBHOCTI MOXigHWX
8-rinpokcmcTupunxiHoninis (puc. 3, a). BigmiHHOCTI B uuTo-
TokemnyHocTi STQ-Cl Ta STQ-NO2 woao MDA-MB-231 mox-
NNBO NOB'A3aHi 3 Pi3HOK PO3YMHHICTIO CMNONYK Yy BOAi Ta Ha-
SABHICTIO IHLUMX KNITUHHUX MilLEeHEN.

MoxigHi 8-rigpoKCMXiHONIHIB € (hNyOOPOreHHMMU fliraH-
AaMu nig Jac xenaTyBaHHS iOHIB MeTarniB. 3aBAgku Takum
BMACTMBOCTSIM BOHWN BUKOPUCTOBYIOTBCA SK (OrTyOPECLIEHTHI
AeTekTopu Ta 3acobu KinbKicHOro aHanisy KaTioHiB MeTanis.
BeanocepenHbo monekyna 8HQ e cnabkum dnyopodopom
3 KOPOTKMM YacoM XWUTTS. Hagwsuake NpoTOHyBaHHS Ta Ae-
NPOTOHYBaHHS € NPUYMHOIO YNbTPAKOPOTKOT chiyopecLeHL;i
BifTbHOrO Xenatopa, ToAi SK 3B'A3yBaHHA KaTioHa meTany

ISSN 1728-2748

nepeLukogKae LbOMy npouecy. FAK Hacnigok, TpueanicTb
dnyopecueHLuii 3Ha4Ho 3pocTae (Park et al., 2016). Mu Bu-
KOpMCTanu Ui BNacTUBICTb A5 BUSHAYEHHST akyMynsuii Ta
XenaTyBaHHSA [BOBaNEHTHUX KaTiOHIB y uUMTOMMasMi niHin
KniTH paky monoyHoi (MDA-MB-231) Ta nepegmixypoBoi
3anos (DU-145). Y 3B'A3Ky 3 BiAHOCHO HWU3bKOIO KOHLIEHTpa-
Lieto KaTioHiB MeTaniB y UMTONna3Mi KNiTMH iHTEHCUBHICTb
BUSIBNEHOI bnyopecueHuii byna cnabka. lNpote uvepes
20 xB iHKyGyBaHHs kniTMH 060x niHin 3 STQ-CI (5 MM) pocs-
racTbCa MakCUManbHUIM piBeHb nyopecueHLii Ta He 3Mi-
HIOETbCS 3 4YacoM (pwuc. 4, a, B). AHanoriyHi pesynbTatu
oTpumaHo nicnga gopasaHHa STQ-NOz2 (puc. 4, 6, ).

Otxe, noxigHi 8HQ STQ-CI Ta STQ-NO2 npoHukaoTb
Yy PaKoBi KNiTUHM MONOYHOT Ta NepeamixypoBoi 3anos 3a
KOpOTKMn npomixxok yacy (go 30 xB). BpaxoByoum WwBua-
KicTb arperauii STQ-CI, cnonyka MmanonpugaTtHa Ansi BU-
3HaYeHHs BMICTY KaTiOHIB MeTaniB y uMTOonnasmi KniTuH,
ane MexaHi3mu ii LMTOTOKCMYHOCTI noTpebytoTb nogans-
WNX AocnigXeHb.
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Puc. 4. IltomiHecueHUis KNiTUH paKy nepeaMixypoBoi 3ano3u DU-145 (a, 6) Ta monoyHoi 3ano3n MDA-MB-231 (B, 1)
nicnsA iHKy6auii 3 noxiaHumu 8-rigpokcuctupunxiHoniniea STQ-CI (a, B) Ta STQ-NO, (6, r)
npotsarom 5, 10, 20, 30 xB; meaiaHa i kBapTuni, n =10

Ouckycisi i BACHOBKK

BuABNEHO 3HWXKEHHA MaKCMMYMIB OMTUYHOrO MOrMn-
HaHHSA BOAHMX PO34YUHIB MOXIgHMX 8-TiAPOKCUCTUPUNXIHONMI-
HiB STQ-Cl 3a HaseHocti Mg?* (0,03125 mM), Ca?
(0,03125 MM), Zn?* (0,015625 MM), W0 HaitGinbL iMOBIPHO
€ HacnigkoM arperauinHux NPoLEeCiB yTBOPEHNX KOMMIIEKCIB.
BigHocHO kpaully cTtabinbHicTb AeMoHCcTpye crnonyka STQ-
NOz2 3a aHanoriyHnx ymoB. CneKkTpy ONTUYHOrO NOrfIMHAHHSA
3MiHIOBanNucs He cyTTeBo. BuasneHo BiAMIHHOCTI LMTOTOK-
cnyHocTi STQ-Cl ta STQ-NO:2 wopao niHii kNiTMH paky Mono-
yHoi (MDA-MB-231) Tta nepeagmixypoBoi (DU-145) 3anos.
BusiBneHo Brcoky umtoTokcnyHicte STQ-NO2 woao knitnH
DU-145 (EC50 = 0,011 mMM), a STQ-CI maB crnabkui Bnnvs
Ha BWXMBAHHSA LUMX KNiTUH. MakcumanbHa UMTOTOKCUYHICTb
cnonyk STQ-Cl Ta STQ-NO2 knituH MDA-MB-231 6yna B
mexax 90 % Ta 60 %, BignosigHo. OTpuMaHi pe3ynbtatu €
HacCIiAKOM Pi3HOI CNOPIAHEHOCTI NOXigHUX 8-rigpoKCUCTUPK-
NXiHONIHIB OO KaTiOHIB MarHito, KanbLilo Ta LUMHKY, PO34UH-
HOCTIi y BogAj, cTabinbHOCTI, CXMNbHOCTI A0 arperadii yTBope-
HUX KOMMMEKCIB Ta BiNlbHNX PEYOBMH.

BHecok aBTopiB: [laBno Bipud — meTogonoria, HanucaHHs
(opvriHanbHa YepHeTka), HanMcaHHa (Mepernsag i pefaryBaHHs);
Bitanin Cmokan — HanucaHHs (opuriHanbHa YepHeTka), Banigauis
naHux; OkcaHa XapyeHKo — MeToforiorisi, dopmarnbHUIA aHanis;
Hatanisa Kyueson — koHuenTyanisauis, dopmansHui aHanis; MNeTtpo
Bipny — meTonoris, Banigauis gaHux.
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CHELATION OF DIVALENT CATIONS AND ANTI-CANCER ACTIVITY
OF 8-HYDROXYSTYRYLQUINOLINE DERIVATIVES IN VITRO

Background.The search for new methods of cancer treatment and diagnosis are important. The disadvantages of chemotherapy drugs are
the rapid acquisition of resistance and high toxicity. 8-hydroxyquinoline derivatives have a wide spectrum of biological activity and have the
necessary properties for fluorescent cancer diagnosis. The aim of the study was to determine the chelation of calcium, magnesium and zinc cations
by hydrophobic derivatives of 8-hydroxystyrylquinolines (8HQ) 2-(4-chlorostyryl)quinolin-8-ol (STQ-CI) and 2-(4-nitrostyryl)quinolin-8-ol (STQ-NO2)
in physiological solution, the stability of the complexes and the cytotoxicity of the compounds to prostate and breast cancer cell lines in vitro.

Methods. 8HQ derivatives STQ-CI and STQ-NO; were used. Solutions of Ca*, Mg*, Zn** cations were prepared by the method of two-fold
dilutions in 0.5-0.0078125 mM concentration range based on 0.9 % NaCl. Both individual solutions of each cation and a mixture in an equivalent molar
ratio were used. The concentration of 8HQ derivatives were 0.05 mM. Optical absorption was registered in 200-700 nm wavelength range. Cytotoxicity
was investigated on breast (MDA-MB-231) and prostate (DU-145) cancer cell lines. STQ-CI and STQ-NO: derivatives in DMSO were added to the
incubation solution by four-fold dilutions (0.125-0.00003 mM). For luminescence studies, MDA-MB-231 and DU-145 cells were grown on coverslips.
The final concentration of 8HQ derivatives were 5 mM. Cells were kept for 5, 10, 20 and 30 min. Luminescence was recorded under the same conditions
for all samples, with an exposure time of 10 ms.

Results.Mg? and Ca? (0.03125 mM) were contributed to reduce the intensity of optical absorption maxima of STQ-CI by 1.6 and 1.3 times,
respectively. The effect was most pronounced at 0.015625 mM Zn?*. Weak differences in the optical absorption of solutions were detected when STQ-NO; was
incubated with different concentrations of Mg?* and Ca?*. The optical absorption intensity of the STQ-NO: aqueous solution was increased at 0.015625
and 0.03125 mM Zn?*. The maximum cytotoxicity against MDA-MB-231 cells for STQ-CI was about 80 %, and STQ-NO; was 60 % at 0.04 mM Zn?*.
DU-145 cells were more sensitive to STQ-NO; (EC50 = 0.011 mM), but weakly sensitive to STQ-CI (50 % at 0.125 mM). The maximum luminescence
intensity was after 20 min of incubation with STQ-CI and STQ-NO: (5 mM) for both cells lines and was not change over time.

Conclusions. The decrease of optical absorption maxima of STQ-CI aqueous solutions in the presence of magnesium, calcium, and zinc
cations was a consequence of aggregation processes. This phenomenon was probably the reason for the different cytotoxicity of STQ-Cl and
STQ-NO;, as well as the presence of other mechanisms of action to cancer cells. Results was a consequence of different affinity of 8-hydroxyquinoline
derivatives to magnesium, calcium and zinc cations, solubility in water, stability, aggregation of metal complexes and free compounds.

K ey words: 8-hydroxystyrylquinolines, zinc, magnesium, calcium, cytotoxicity, anticancer.
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DROUGHT RESISTANCE MONITORING OF INTRODUCED TALL TREES SPECIES
UNDER CHANGED URBAN CLIMATIC CONDITIONS

Background. Landscaping of urban environments significantly mitigates the negative effects of "urban heat islands”,
which in turn has a positive effect on many aspects of human life. Therefore, the purpose of our research was to identify drought-
tolerant rare and decorative species of woody plants with further recommendation for their inclusion in the ecosystems of the
urban environment.

Methods. Forresearch, we selected from the collections of the Botanical Garden named after acad. O.V. Fomina 25 highly
decorative species of trees with a height from 10 to 50 m, which come from temperate and continental climate zones. Among them,
14 species are uncommon and 11 species are widespread in mass culture in the Polissia and Forest-Steppe zone of Ukraine. The
drought resistance test was conducted twice: in early June and also in early September. Relative drought resistance was assessed
by following parameters: tissue hydration and water loss per unit time.

Results. According to the results of the study, most of the 25 species of tall trees showed a high or average level of drought
resistance. The most drought-resistant light-loving and shade-tolerant species were recommended. Species that may require
additional care during cultivation (Phelodendron amurense and Styphnolobium japonicum) have been identified, which must be
taken into account when landscaping urban areas.

Conclusions. Among shade-tolerant trees, the following species can be recommended for cultivation in urban conditions as
highly drought-resistant: Acer mandshuricum, Acer velutinum, Corylus colurna and Prunus padus. The following light-loving plants
turned out to be the most drought-resistant: Liriodendron chinense, Ginkgo biloba, Acer saccharinum, Catalpa bignonioides,

Catalpa fargesii and Tilia europea.

Keywords: drought resistance, landscaping of cities, rare plants.

Background

The importance of increasing and expanding the area of
green spaces in cities in order to reduce the effects of "urban
heat islands" in the summer, as well as to improve the
comfort, health and safety of local communities, is
emphasized by scientists from different countries (Keenan
et al., 2016; Zhao et al., 2018; Branas et al., 2018). Planting
trees contributes to the cooling of the earth's surface and the
air, the air is saturated with O2 and purified from harmful
substances, phytoremediation and protection of the soil from
degradation is observed (Onder & Akay, 2014). The
selection of drought-resistant plants for landscaping
increases their viability in urban conditions, and also has a
positive economic effect, as it reduces the costs of their
maintenance. The selection of rare, uncommon drought-
resistant species will not only allow recommending new
plants for landscaping urban environments, but will also
contribute to the preservation of phytodiversity, which is
prescribed in the "National Strategy of the State
Environmental Policy of Ukraine".

Global climate change is often accompanied by sudden
changes in temperature, a significant increase in
precipitation in some regions, and increased drought in
others. According to the latest forecasts, such phenomena
will occur more often and will be more extreme (Allen et al.,
2010; Reyer et al.,2015). Such climatic changes in some
places reduce the viability of some native plants, but, on the
other hand, there is an opportunity to grow plants from
temperate climate zones, which are not yet widely cultivated
in Ukraine. Unfortunately, similar problems are currently
present all over the world (Lanza & Stone, 2016; Kannenberg
et al., 2019). So, for example, Lanza K. and co-authors
studied the historical range of distribution of tree species in
the United States in view of the migration of winter hardiness
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zones to the north with climate change (Lanza & Stone, 2016).
The goal of their work was to identify tree species that are
likely to remain well adapted to urban climates in the future.
Under urbanized conditions complicated by climate change,
the survival of plant species depends on the complex of their
adaptations. However, until recently, agricultural plants (corn,
wheat, soy, some fruit trees, etc.) were the objects of study of
the mechanisms of resistance to the effects of, in particular,
drought (Zandalinas et al., 2016; Hasanuzzaman et al., 2019;
Hussain et al., 2019).

In this regard, the aim of the work was to identify and
research the most promising drought-tolerant rare and
decorative species of woody plants from the collection of the
Botanical Garden named after Acad. O.V. Fomina with a
further recommendation to include them in the ecosystems
of the urban environment.

Methods

For research, we selected from the collections of the
Botanical Garden named after Acad. O.V. Fomina 25 highly
decorative species of woody plants with a height from 10 to
50 m. Kyiv is located in the North of Ukraine, on the border
between Polissia and Forest Steppe; the climate of the
capital is defined as moderately continental, with mild
winters and warm summers (Climate of Kyiv, 2010). Among
the introduced species selected by us, there were 14, which
originate from the zones of temperate and continental
climates, are not common in culture in the Polissia and
Forest-Steppe zones of Ukraine (Acer mandshuricum
Maxim., Acer velutinum Boiss., Castanea sativa Mill.,
Catalpa bignonioides Walter, Catalpa fargesii Bureau,
Fagus orientalis Lipsky, Ginkgo biloba L., Juglans nigra L.,
Liriodendron chinense (Hemsl.) Sarg., Parrotia persica C.A.
Mey., Paulownia tomentosa Steud., Platanus x hispanica
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Mill. Ex Miinchh., Pterocarya pterocarpa Kunth ex Llljinsk.,
Styphnolobium japonicum (L.) Schott).

As well as 11 introduced and native species that come
from temperate and continental climate zones, widely
distributed in mass culture in the Polissia and Forest-Steppe
zone of Ukraine (Acer saccharinum L., Aesculus x carnea
Zeyh., Aesculus hippocastanum L., Corylus colurna L.,
Fagus sylvatica L., Phelodendron amurense  Rupr.,
Prunus padus L., Quercus rubra L., Robinia pseudoacacia L.,
Tilia europea L., Tilia platyphyllos Scop.).

In addition to being highly decorative, most of the
species we have chosen are rare and endangered. Such
species as: Acer mandshuricum, Castanea sativa, Corylus
colurna, Fagus orientalis, Fagus sylvatica, Juglans nigra,
Prunus padus, Quercus rubra have the degree of rarity LC;
Aesculus hippocastanum — Vul, Catalpa bignonioides — DD,
Ginkgo biloba — Enand Liriodendron chinense — NT. The
degree of rarity of plant species is established according to
iucnredlist.org, version 2021-2.

The staff of the Botanical Garden conducted long-term
visual observations of the woody plants used in this study.
These plants proved to be hardy in our climate. However,
growing in garden collections involves additional care, which
is often absent in urban landscaping. Therefore, we
conducted additional studies of relative drought resistance
indicators in order to select the most hardy species for
cultivation in the urban environment.

The test on drought resistance was carried out twice: in
early June, when the temperatures are already high, but the

leaves on the trees are still young, and also in early
September, when the temperatures are still high, the amount
of precipitation is low, but the leaves have already acquired
all characteristics of their species.

The winter of 2022 in Kyiv had little snow, the spring and
summer of 2022 were very dry, according to the observations
of the weather station Boris Sresnevsky Central Geophysical
Observatory (https://www.cgo-sreznevskyi.kyiv.ua). Spring
started a month earlier. The spring months, except for
March, were colder than the climatic norm, and the amount
of precipitation in the capital during the spring was 87 mm,
which is 59 % of the climatic norm. The spring of 2022 was
among the ten driest from 1855. The average air
temperature in summer in Kyiv was +21.6°C. This
exceeded the climatic norm by 1.2 °C. According to the
amount of precipitation, the summer in Kyiv was among the
twenty driest since 1891. Such weather conditions
contributed to conducting research on drought resistance.

Relative drought resistance was assessed by measuring
the following parameters of the water regime: leaf water
content (WC) and water loss per unit time (WL) (n = 6 for the
species) and based on the relative drought resistance
assessment scale (Table 1):

WC=(a-b)/ax100, where WC- leaf water content, %; a —
weight of wet raw, g; b — weight of dry raw, g;

WL=(M1-M2)/M3%x100, where WL — water loss in 1 h of
wilting, %; M1 — mass of leaves before wilting, g; M2 — mass
of leaves after 2 or 4 h of wilting, g; M3 — weight of dry raw, g.

Table 1
Rating scale of water regime parameters
for determining relative drought resistance
Assessment o o
of drought resistance WC, % WL, %
Low 59,9 and < 11,1 and >
Average 60,0 — 69,9 10,1 -11,0
High 70,0 and > to 10,0
Statistical processing of the results was done using the Paulownia tomentosa, Phelodendron amurense,

Prism Graphpad 8 program (GraphPad; La Jolla, CA, USA).
The values for different groups were compared by ANOVA
followed by Tukey's multiply comparison test. Tree species
were compared with each other, as well as the June group
with the group studied in September.

Results

One of the relative indicators of drought resistance is
leaf water content (Fig.1). Liriodendron chinense,
Aesculus hippocastanum and Ginkgo biloba are the most
drought-resistant species according to this indicator
among large trees both in spring and in early autumn.
Increased water content indicates the presence in the
leaves of a sufficient supply of water for the vital activity of
plants in case of dry conditions. Also, a high rate of water
was found in early June in young Ileaves of
Acer saccharinum, Aesculus x carnea, Acer velutinum,
Catalpa bignonioides, Catalpa fargesii, Juglans nigra,
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Styphnolobium japonicum, Tilia europea. This indicator is
especially important for young leaves, since they often
have not yet acquired all the inherent xerophytic features.

A low rate of water content in both summer and autumn
leaves was found in Castanea sativa, Fagus orientalis,
Fagus sylvatica, Parrotia persica, Prunus padus,
Quercus rubra.

Acer mandshuricum, Corylus colurna, Platanus x
hispanica, Pterocarya  pterocarpa and Robinia
pseudoacacia showed a low level of water content of
autumn tree leaves. All other studied plants were
characterized by the average values of this indicator. In
general, leaf water content at the beginning of summer was
significantly higher than at the beginning of autumn in all
studied species. A similar pattern was also observed for
trees up to 10 m tall and bushes (Nuzhyna et al., 2022).
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Fig. 1. Index of leaf water content (where, dark color is the value obtained in June;
light color is the value obtained in September) * — P < 0.01 significant difference, compared to the September group;
identical letters in bold italics indicate no significant difference between species examined in June;
same letters in regular font indicate no significant difference between different species examined in September

The water-holding capacity is characterized by the loss
of water in 1 hour of wilting, this indicator was small for most
of the studied species of tall trees, which is indirectly a sign
of high drought resistance of plants (Fig. 2). Only such
species as: Aesculus hippocastanum and Phelodendron
amurense showed a large loss of water per unit time of
wilting in the spring along with a small loss in the fall, which
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is probably related to the slower formation of immature
leaves and requires especially careful care for young
seedlings in the spring. Along with this, Aesculus x carnea
and Juglans nigra showed an average level of drought
resistance in autumn according to the water retention index.
Styphnolobium japonicum had rather low indicators of
relative drought resistance in both autumn and spring.
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Fig. 2. Index of leaf water loss in 1 h of wilting (where, dark color is the value obtained in June;
light color is the value obtained in September);
* — P < 0.01 significant difference, compared to the September group;
identical letters in bold italics indicate no significant difference between species examined in June;
same letters in regular font indicate no significant difference between different species examined in September

ISSN 1728-2748



~ 26 ~

B 1 C H U K Kuiscbkoro HauioHanbHoro yHisepcurety imeni Tapaca LleBueHka

Castanea sativa, Fagus orientalis, Fagus sylvatica,
Parrotia persica, Prunus padus, and Quercus rubra showed
a lower relative drought resistance according to the leaf
water content, but a high water-holding capacity. That is, the
adaptation to arid conditions in these species is not aimed
at the accumulation of water in the leaf, but at the
development of the covering tissues of the leaf plate, with
the aim of reducing water evaporation.

Most species showed an increase in drought resistance
as measured by water loss in September compared to
early June, possibly due to the appearance of xerophytic
traits in older leaves. When growing these plants, it is
especially important to increase watering in the spring for
young seedlings.

Discussion and conclusions

Adaptation to drought is characterized by such
anatomical and morphological features as leaf thickness,
cuticular cover, number of stomata, root morphology, etc. It
is the first three signs that affect the measured indicators of
relative drought resistance. Also, adaptation at other levels
are analyzed. Thus, although Fagus sylvatica and Quercus
robur are close representatives of the same family, they
adapt to arid conditions in different ways (Roman et al.,
2015). Beech has a shallow root system, while oak has a
deep root system, which allows efficient use of groundwater
(Leuschner & Meier, 2018). Based on the results of the
relative drought resistance indicators, the beeches and oaks
studied by us did not reliably differ from each other, only a
slight tendency towards greater drought resistance of
Quercus rubra was observed. It should be noted that the
condition of the root system is difficult to assess when
growing in urban conditions, since in cities, as a rule, the
growth of the root system is limited to roadways,
foundations, pipelines, etc. That is why it is difficult to
extrapolate the structure of the root system characteristic of
the species to plants grown in the city.

Another way to withstand drought is leaf shedding, which
is regulated by various phytohormones. Breeders have
created polyploid poplars, which in drought conditions shed
leaves similar to plants from dry tropical forests, which
increased the survival of such poplars during extreme drought
(Hennig et al., 2015). A similar property was found in
Liriodendron chinense, Acer velutinum, Platanus hispanica,
Prunus padus, Stiphnolobium japonicum, which is an
additional protection of the plant against adverse conditions.

When creating landscape compositions, it is also
necessary to take into account the relationship of plants to
the intensity of lighting. According to Kolisnichenko, among
the studied species, the following are shade-tolerant:
Acer mandshuricum,  Acer velutinum,  Corylus colurna,
Fagus orientalis, Fagus sylvatica, Parrotia persica,
Phelodendron amurense and Prunus padus (Kolisnichenko,
2004). Since growth in shaded conditions generally involves
less drying of the soil, it is possible that this may explain the
lower drought tolerance of most of these species. Thus,
among shade-tolerant trees, the following species can be
recommended for cultivation in urban conditions as highly
drought-resistant: Acer mandshuricum, Acer velutinum,
Corylus colurna and Prunus padus. Growing Phelodendron
amurense will require additional watering, which is not
economically beneficial, and insufficient soil moisture is
stressful for plants, which in turn increases the possibility of
various diseases.

Among light-loving plants, almost all plants showed a
high or medium level of drought resistance, only
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Styphnolobium japonicum showed a low water-holding
capacity. The following light-loving plants turned out to be
the most drought-resistant:  Liriodendron chinense,
Ginkgo biloba, Acer saccharinum, Catalpa bignonioides,
Catalpa fargesii and Tilia europea.

According to the results of the study, most of the 27
species of tall trees showed a high or average level of
drought resistance. Only Phelodendron amurense and
Styphnolobium japonicum were characterized by a low level
of drought resistance according to the measured
parameters. Therefore, these species cannot be
recommended for landscaping urban areas.
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MOHITOPUHI MOCYXOCTIMKOCTI IHTPOOYKOBAHUX BUAIB BUCOKOPOCNUX OEPEB
nicnsa 3MIHU KNIMATUYHUX YMOB YPBEOIPOCTOPIB

B c Ty n. O3eneHeHHs1 ypbaHizoeaHux cepedosuw 3Ha4YHO MOM'sKWYye He2amueHi egpekmu "MicbKux ocmpoeie menna"”, wjo, y ceor 4yepay,
nosumueHo ennueae Ha 6azamo acnekmie xummsi 10O0uHU. ToMy Memoro docnidxeHHs1 6yio eusieumu nocyxomoJsiepaHmHi piokicHi ma dekopa-
museHi sudu depe8HUX POCIIUH 3 N00aslbWOK peKoMeHOayieto npuedHaHHS ix do ekocucmemu ypbaHizogaHoz20 cepedosuuya.

M e T o A u . [nsa docnidxeHHs 6ymno eidibpaHo 3 konekyili BomaHiyHo20 cady iMm. akad. O.B. domiHa 25 eucokodekopamueHux eudie depeeHuUX
pocnuH eucomoto 8id 10 do 50 M, siki MoX00simb i3 30H MOMiPHO20 Ma KOHMUHEeHMasbHo20 Kriimamy. Ceped Hux 14 eudie € ManonowupeHUMu ma
11 eudie icmomHo nowupeHi 8 macoeil Kynbmypi e 30Hi lMoniccs i Jlicocmeny Ykpainu. [Jocnio Ha nocyxocmilikicmb npoeodunu Oeiyi: Ha mo4amky
4epeHs, a maKo)X Ha noyamky eepecHsi. OyiHro8aHHs1 8iO0HOCHOI Mocyxocmilikocmi NPoeodusIu 3a MaKuMu napamempamMu: 0800HEeHICMb MKaHUH i
empamy eodu 3a 0OUHUY Yacy.

Pe3ynbTarTu.3apesynsmamamu docnidxeHHs: 6inbwicms 3 25 sudie sucokopocsiux depee rnokasasu aucokuli abo cepedHili pieeHb nocy-
xocmitikocmi. Byno pekomeHdoeaHo Halibinbw nocyxocmiliki ceimnono6Hi ma mivboeumpueani eudu. BusieneHo eudu, w0 MoXxyms nompe6y-
eamu dodamkoegozo o250y nid Yyac eupowyeaHHsi (Phelodendron amurense ma Styphnolobium japonicum), wjo nompi6Ho epaxoeyeamu nid Yac
03eJ1IeHeHHs1 MicbKux mepumopid.

BucHoBku. Ceped miHbosumpueanux depee Ossi supoujyeaHHsi 8 MiCbKUX yMO8ax sIKk 8UCOKOCMIliki A0 nocyxu MoO)KHa pekoMeHAyeamu
maki eudu: Acer mandshuricum, Acer velutinum, Corylus colurna ma Prunus padus. Hali6inbw nocyxocmilikumu eusisunucsi ceimsonto6Hi pocnuHu:
Liriodendron chinense, Ginkgo biloba, Acer saccharinum, Catalpa bignonioides, Catalpa fargesii ma Tilia europea.

Knio4yoBi cnoBa:nocyxocmilikicmb, 03es1eHeHHs1 Micm, PiOKiCHi pOC/TUHU.
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nonynauinHUM CKNAA NEUKOLUTIB NEPU®EPUYHOI KPOBI Y LLYPIB
3 PI3HUMM MOOENAMU XBOPOBU ANIbLUIFEMMEPA

B ¢ Ty n. CucmemHe 3anasieHHs1 8u3HaHO OOHI€H0 3 OCHOBHUX O3HaK xeopobu Anbuzelimepa (XA) — Helipode2eHepamueHO20
po3nady, wo xapakmepu3yembCcsl 3HUWKEHHSIM KO2HimueHuUX ¢byHKUill, Mpo2pecyro4yor0 empamoro nam'smi ma epaxae MinbUuoHu
nrodell nepesaHo noxusozo eiky. JimepamypHi daHi ocmaHHix pokie ceidyamsb nNpo y4acmb nepughepuvHuUx iMyHHUX K/1imuH e
iHiyiroeaHHi ma npozpecyesaHHi 3axeoprosaHHsi. [lpome nonynayiliHul cknad nelikoyumie y nepughepuyHili Kpoei ma lio2o ensue
Ha npozpecyeaHHs1 3aX80pro8aHHs 3a/luuialombcsi He 00 KiHYss eus4eHUMU. BukopucmaHHs meapuHHuUx modesell Mae saxsuse
3Ha4yeHHs1 Onsi docnidxeHHs1 NomeHyiliHUX MexaHi3mie, W0 s1iexxamb 8 OCHO8I 383Ky MiX nepugepuyHoro iMyHHOK CUCIMEMOIO
ma 3anasibHUMU npoyecamu, wo JieXkamb 8 OcHoei HelipodezeHepauii. Memoro docnidxeHHs1 6yn10 nopieHsiIbHe OUiHFO8aHHS Mo-
nynsyitiHozo cknady nelikoyumie y wypie 3 XA, iHdykoeaHor iHmpazinokamnanbHUM yeedeHHsIM 6ema-aminoidy (AB) 1-40 ma
6ema-aminoidy 25-35. Y docnidxeHHi eukopucmoeyeanu camuyie wypie niHii Wistar.

MeTopAawn. ik koHmponb eukopucmosyeasu iHmakmuux i nceedooneposaHux meapuH. Po3sumok 3axeoprosaHHs1 nidsep-
dxyeasu oyiHr8aHHSIM KO2HIiMmuU8HuUX nopyuieHb y nosediHkogomMy mecmi nabipunm bapHca, a makox pieHs 3azubeni doghamiHe-
paidyHux HelipoHie (A). [Moka3Huku 2emozpamu docnidxyeanu Ha MOMeHM 3asepuweHHs ekcriepumeHmy (37 deHb). OyiHloeanu
a6conromHy Kinbkicms nelikoyumie, a makox abcosromdy ma 8iOHOCHY Kinbkicme nimgpoyumie, MoHoyumie i Helimpogpinis.

PesynbTaTun.Ymeapun 3 AB 1-40-inHdykoeaHoro XA 3apeecmposaHo epaHyioyumo3s (36inbweHHs1 abconromHoi Kinbkocmi
yupkynor4vux epaHynoyumie y 5 pasie). [lokasHuku abconromHoi i @iI0HOCHOT Kinbkocmi nimgboyumie y yux meapuH 6ynu 3HWKeHi
rnopieHsIHO 3 aHa/I02iYHUMU MOKa3HUKaMu e 2pynax iHmakmHux ma xubHo oreposaHux uypie, y cepedHboMy e 2,5 pa3a, MOKa3HUKU
MoOHoyumie — y cepedHbomy 8 3 pa3u. Y wypie 3 AB 25-35-iH0ykoeaHoro XA eusierieHO sieliKoyumo3s i3 He3Ha4YHUM 3MEeHWEeHHSIM
qacmku nimghoyumie, 36inbwWeHHsIM YacmKu MOHoyumie, y cepeOHbLOMY 8 2 pa3u i eidcymHicmio 3MiH y Kinbkocmi Helimpodbinie.

BucHoBkWU.Y meapuH 3 AB 1-40-iH0ykoeaHoto XA eusiesieHo 2eMamoJsio2iyHi MapKepu cucmeMHO20 3anasieHHs (nelikoyu-
mo3, Helimpodginis, nimghoyumoneHiss, MOHoyumoneHisi). OmpumaHi 0aHi ekasyromb Ha me, wo AP 1-40-iHdykoeaHa modenb XA
6inbw adekeamHo sidmeoproe 2eMamoJsio2iyHi 03HaKu cucmeMHO20 3anajieHHs1, XxapakmepHi Ons nauieHmie 3 yiero namornoezicto.

KnwyoBi cnoBa: xeopoba Anbuzelivepa, selikoyumu, 3anasneHHs, 1imgpoyumu, MOHoOUumu, Helimpoginu.

Beryn

B ocTaHHi poku gemorpacdpiyHa cuTyauis y BUCOKOPO3BU-
HEHNX KpaiHax CBiTYy pyxaeTbcsi B Bik CTapiHHS HaceneHHs.
XBopobGa AnbureiMepa € ogHMM i3 HabinbLL YacTo AiarHoc-
TOBaHWX BMNAaAKIB HEMpOOEereHepaTUBHNX 3aXBOPHOBaHb fto-
Aen noxunoro Biky y ciTi (Alzheimer's Association, 2023). 3a-
pas3 y cBiTi 6nmM3bko 55 MnH nogen cTpaxaatoTe Ha XA, i uga
KinbKiCTb NOaBOIETLCA KOXHI 5 pokiB (Twarowski, & Herbet
2023). NMepepbavaeTbes, Wwo Ao 2050 poky KinbkicTb XBOPUX
3pocTe npunbnuaHo Ao 152 MnH, Npu upoMy HanbinbLue 3poc-
TaHHS OMiKyeTbCH B KpaiHax, Lo possusatoTbes (Twarowski,
& Herbet 2023). XA xapakTepunayeTbes cneumdiyHumm naTo-
NOriYHMMM 3MiHAMU B FTONTOBHOMY MO3KY, BKITHOHAK4M HaKomnu-
YeHHs BrALWOoK aHOMarnbHO 3ropHyTOro aminoigy-6eta (AB) Ta
6inka Tau, Wo npmn3BoauTb 00 AereHepadii Ta 3armbeni Hep-
BoBuX KniTuH (Villabona-Rueda et al., 2019). BeaxaeTbcs, Lo
CUCTEMHE 3anarieHHs € HeBi'€EMHUM KOMMNOHEHTOM naTtodisi-
onorii XA (Xie, Van Hoecke, & Vandenbroucke, 2022). 3a
YMOB TPMBAIIOrO HaBaHTaXEHHS! Ha IMyHHY CUCTEMY CUCTEMHE
3ananeHHs HabyBae XPOHIYHOrO XapakTepy, NiABULLYOUM pu-
31K PO3BUTKY i NporpecyBaHHsA XA. JIenkounUTn € OCHOBHUMU
edekTopamMy SIK JIOKanbHOro, Tak i CUCTEMHOrO 3anareHHs
(Abbas et al., 2020). NitepaTypHi oaHi BKa3yoTb Ha Te, LIO

CUCTEMHE 3anareHHs CynpoBOKYETbCA BUPOGNEHHSM Mepj-
aTopiB, AKi MOXYTb NOPYLUUTU remMmaTtoeHuedaniyHmnin d6ap'ep i
cnpoBokyBaTy nartonorito Anburenmepa. Megiatopu nokans-
HOrO Herpo3anarneHHsi, ke € TUNoOBUM Ansi nepebiry XA, y
CBOIO Yepry, MOXyTb MOTPannaT B NepudepuyHy LIMPKyns-
uito yepe3 nocrnabneHu remato-eHuedaniyHui Gap'ep i
CNPUYUHATK Npo3anarnbHy aKTUBALiK0 LMPKYITHOYUX NEnKo-
uuTiB. Y Takui cnocié ¢opmyeTbCs MOPOYHE KOMo, sike
cnpuse iHigiadii i nporpecyBaHHiO xBopobu (Pérez et al.,
2021). To4Hi MexaHi3mu, Lo nexaTtb B OCHOBi PO3BUTKY CUC-
TEeMHOro 3ananeHHs Ta iMyHHOI AucdyHKUii SK iHAyKTOpIB
HelpoaereHepaTUBHOMO MPOLIECY, 3anumLLaloTLCsl NPegMeToM
aKTMBHUX OWUCKYCIl Ta CynepeYox.

Jlelikorpama, sika nepenbayae OUHIOBaAHHS nonynsii
nemnkouuTiB (NenkouuTiB) Ta ix cybnonynauin, sigirpae Bupi-
WanbHy porb y po3yMiHHi iMyHHOI BignoBigi Ta 3ananbHWX
npovecis, NoB'a3aHMx 3 natodisionorieto XA (Garfias et al.,
2022). MNigBWLEHHsT 3aranbHOi KiNbKOCTI NenkouuTis, Bi-
[OMe SK NNeNKoLUnTO3, 3a3Bmyai cnocTepiraeTbes nig vyac cu-
CTEMHOrO 3anasieHHsl Ta BKa3ye Ha aKTUBHY iMyHHY Biano-
Biab (Saresella, 2020). AndepeHuiiHun nigpaxyHoK nemnko-
unTIB Aa€e 3MOry kpaiie 3po3yMiTh cneumndidHi 3mMiHu B Kri-
TUHHUX MONYMAUIAX, Taki SK rpaHynouutos (nigBuvLieHa
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KiNbKiCTb rpaHynouuTis), abo MoHOUMTO3 (MiABULLEHA KiMb-
KiCTb MOHOLMTIB), O MOX€E AOMOMOITU OLHUTU TAXICTb i
NPOrHO3yBaTU  MPOrpecyBaHHs  3ananbHOro  npouecy
(Bennett, 2016).

YucneHHi nitepaTypHi gaHi 3acBigyytoTb, O NenKoumTo3
3 HENTPOWINIEI 3a 3HMKEHHAM BiHOCHOI KinbKocTi nimdpoLu-
TiB BCIX MOMyNALiN € TMNOBUMW Mapkepamu nporpecytodoi XA
N acouiloloTbCa 3 NMPOrpeCMBHUMM KOTHITUBHUMW MOPYLUEH-
Hamu (Unda et al., 2021). Oeski gocnigXeHHsi NOBiAOMMAI0Tb
NPO 3HWKEHHSI KiNbKOCTI NepudepnyHnx HernTpodinie y ocid
3 XA nopiBHsiHO 3i 3gopoBumu goHopamum (Huang et al., 2022;
D'Andrea, 2016). MNocuneHa mirpauis Ta iHdinsTpaLis MOHo-
LMTIB Y MO30OK, [1e BOHM CMpUsItOTb HEMPO3anareHHIo Ta o4u-
LLeHHI0 OnsALWoK aminoigy-B, Moxe NpuU3BOAMTM OO 3MEH-
LLEHHS KiNMbKOCTi LIMPKYMIOYMX MOHOUMTIB Ha nepudepii
(Butovsky, & Weiner, 2018). 3MeHLUEHHS KinbKOCTi NenKoLm-
TiB, WO crnocTepiraetbes npyu XA, Moxe BigobpaxaTtn nopy-
LLIEHHS1 PEKPYTYBAHHS iIMYHHUX KNiTUH 260 3MiHM B KICTKOBOMY
MO3Ky 4u nimcpoigHNxX opraHax, Lo Npu3BoauTb A0 Ocnab-
neHHs imyHHoiI Bignosigi B uinomy (Fricker, Ott, & Mahringer
2014). MNMpoTe BCi aBTOPM OQHOCTaNHI B TOMY, LLIO 3MiHM MorMy-
NAUIMHOrO cknagy NevkoumTiB B yMoBax po3BuTKy XA, BKIO-
Yaroum SK NigBULLEHHS, TaK i 3HVXKEHHS MEBHUX NOMYNSLUIN, Bi-
AobpaxaloTb Aucperynsuito iMyHHOI cucTemu i BigirpatoTb Bu-
pillanbHy porb y natoreHesi HelposananeHHs Ta noTpedy-
10Tb OinbLLU peTenbHOro AOCMIAKEHHS.

TBapuHHI Mogeni [03BOMAKTb BiATBOPUTU  OCHOBHI
0o3HakmM XA, y T. 4., 4ocnignTn pornb nepudpepudHmnx nemnko-
LUUTIB Yy MporpecyBaHHi 3aXBOPIOBAHHS Ta OTPUMATW ysiB-
NeHHs Npo Aucperynsuito iMyHITeTy, acouinoBaHy 3 po3BUT-
kom xBopobu (Lehmann et al., 2020). na mogentoBaHHA XA
3a3BMYanl BUKOPUCTOBYHOTbCS FEHETUYHI Ta iHTepBeHLUIVHI
mogeni (Yokoyama et al., 2022). OcTaHHi 3aCHOBaHi Ha iH-
TpauepebpanbHOMy BeaeHHi 6eTa-aminoigis. MNopiBHANbBHE
OLiHIOBaHHS BiOTBOPEHHS MOPYLUEHb NeKouuTapHoi ¢op-
MYI1 KpPOBi, SIKi € BiiOGpaXXeHHAM CUCTEMHOTO 3anaribHOro
npouecy, € BaXNUBMM €NeMEHTOM XapaKTepUCTUKN iXHbOT
a[eKBaTHOCTI AN AOCNIAKEHHST 3ananeHHs sik BaXNyMBOro
KOMMOHeHTa nartodisionorii Ta natoreHesy XA. [nsa gocni-
OXXeHHst My obpanu HanbinbLl YacTo 3acTOCoBYyBari iHTep-
BeHUinHi moaeni XA, 3acHOBaHi Ha iHTpauepebpanbHin iH-
dysii AR 1—-40 Ta moHo/oniromepHoi dopmu AR 25-35 nito-
anHn. Mogenb AB1-40 nepenbavae HakoNUYEHHS NenTUaiB
AB1-40, BiaTBOpPIOE OETa-aminoigHy NaTonorito, WO CrnocTe-
piraetbcs y xogfi kniHiyHoro nepebiry XA. Lis mogens aosso-
nse gocnigHukam BUBYATU BNIIMB HakonuyeHHs1 AR Ha pisHi
acnekTu naTonorii 3aXBOPIOBaHHS, BKOYayy NOro BrnvB
Ha npodinb nepndepunyHnx nenkouuTie (Zeiss, 2015).

3rigHo 3 nitepatypHumu gaHummn AR25-35 gemoHcTpye
TOKCUYHI BNAaCTMBOCTI nogibHO A0 MOBHOpO3MipHoro 6eta-
aminoigHoro 6inka. Mpote AB1-40 Ginbl CXUNbHWUIA OO ar-
perauii Ta YTBOPEHHs aMinOigHMX OMsILOK MOPIBHSHO 3
AB25-35. O6buasi mogeni BiATBOPKTbL KOTHITUBHI NOpy-
LLEHHs Ta HeMpo3anarnbHi peakuil, TMNoBi ANs KMiHiYHOro ne-
pebiry XA (Zambrano et al., 2021). [laHi cTocoBHO remaro-
NOriYHMX MapKepiB CUCTEMHOTO 3ananeHHs y TBapuWH 3 iHTe-
pBeHuiiHuMn  mogenimm XA B niTepaTypi HEYMCNEHHI
(Akhtar et al., 2022).

IMyHHy BignoBiab Ha Mmogeni wypis 3 AD gocnigxysanm
(Xie et al., 2013) i BuABWIM 36iNbLUEHHA 3aranbHOI KifbKOCTi
NenkounTi, BKMAOYaUKM NiMdounTn, HeNTPOodinu Ta MOHO-
unTK y nepudepunyHin kposi (Xie, et al., 2022).

MomivyeHo 36inbLUEHHS YaCTKM aKTMBOBAHUX MOHOLMTIB
y nepudepuyHin KpoBi, L0 MaloTb MOCUMEHUA npo3ananb-
HWA PeHOTUN | 30aTHICTb NPOHMKATM B MO30K, AOrnaro4m re-
maTtoeHuedaniyHni 6ap'ep i CNpusioYn po3BUTKY HeMpo3a-
naneHHs Ta HenpopgereHepauii (Huang, 2021). Y poc-
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nigpxenHi (Wu et al., 2019) nigBuLLeHU piBEHb LIMPKYIO0-
4nx HenTpodinie cnoctepirascs Ha mogeni XA Lwypis, WO
CBiAUMTb NPO iXHiN NoTeHuian sk nepudepunyHoro Giomap-
Kepa po3BUTKY XBOPOOU.

Memoro focnigxeHHs 6yno NpoBecTy NOpPIBHANBHE OLi-
HIOBaHHS NONYNAUIMHOIO cknagy nenkoumTis y Lwypis 3 XA,
iHOYKOBaHO iHTparinokamnanbHUM yBeAeHHsM GeTta-
aminoigy (AB) 1-40 Ta 6era-aminoigy 25-35.

MeTtoaun

JocnigpkeHHs1 npoBoaunM Ha camusix LypiB niHii Bictap
BikoM 14 mic. (300-500 r) po3BeneHHs BiBapito Hae4anbHo-
HayKoBOro LeHTpy "IHcTuTyT Gionorii Ta MeamumHn" Kuisch-
KOro HaujioHanbHoro yHiBepcuteTy iMmeHi Tapaca LeByeHka.
TBapvH yTpuMyBanu B CTaHOAPTHUX YMOBaX 3 AOCTYMOM [0
Boau Ta ki adlibitum. MpoTokon yTpyMaHHs TBapuH GyB 3a-
TBEepmkeHn Komitetom 3 6ioeTukun yHiBepcuTeTy BiANoBiaHO
[0 BKasiBOK 3akOHy Mpo 3aXUCT TBapWH. YCi OCNIMKEHHS Ha
TBapWHax NPOBOAMNMCS BIAMNOBIAHO A0 HOPM, BCTAHOBIEHNX
3akoHom YkpaiHu Ne 3447-V "Mpo 3axucT TBapuWH Big opc-
TOKOrO MNOBOKEHHS", @ TAKOX BiANoBigHO 40 cTaHAapTiB KoH-
BeHLUii 3 GioeTnkn Pagu €sponn "€Bponencbka KOHBEHLs
ONst 3axXUCTy XpebeTHMX TBapwH, WO BUKOPUCTOBYIOTLCS B
eKkcnepuMeHTarnbHUX Ta iHWKnX HaykoBumx Uinsx" (1997), 3ara-
MNbHUX ETUYHMX NPUHLMMIB pOBOTU 3 AOCAIAHUMY TBapUHAMMU,
3aTBepaxeHux MNepwnm HauioHanbHUM KOoHrpecom 3 6io-
eTvkn Ykpainu (BepeceHb 2001 p.) Ta iHLUMMKU MibKHApPOAHUMU
yrogamu Ta HauioHanbHUM 3aKOHO4ABCTBOM Y Ui ranysi. [Ne-
pen novaTKkoM eKCnepuMeHTy TBapuHW Oynu paHOOMHO po3-
noginexi Ha 4 rpynu: | (n = 10) — iHTaKTHI TBapWHW, LLO yTpu-
MyBanucb 3a CTaHZapTHMX YMOB BiBapilo Ta He nigaasanuch
»ogHuMm Madinynauism; 1l (n = 10) — xubHo onepoBaHi (nna-
uebo) wypw; Il (n=10) — wypn 3 AR1-40-iHgykoBaHo XA,
IV (n =10) — wypwn 3 AB25-35-iHaykoBaHot XA. PaHgomisa-
uito nposoaunu 3a gonomoroto yHkuii "RAND" () y Microsoft
Excel. HapkoTusadito Lwypis NpoBoannn CyMiLLLLKO KeTaMiHy
(75 mr/kr, po3BegeHOro B CTEPUIbHIN BOAI AN iH'eKuin,
"Sigma", CLUA) i 2 % posumHom kcunasuHy (100 mkn/wyp,
"Alfasaninterntional B.V", Hinepnangu). Lijo cymiwn BBOAUNM
iHTpanepuToHeanbHO 3aransHnM o6'emom 1 M. IHTparinokam-
nanbHe BBeAeHHs A3 npoBoaunu y ctepeotakci. [ins npose-
OeHHS iH'ekuil nonepeaHbLO NpoBOAUNM TpenaHaLilo JYepena
ONs BBEAEHHS iH'eKUiHOI ronku. TpenaHadito nposoaunu Big
TOYKM MEPETUHyY cariTanbHOro wea i 6permu: 2 MM aucra-
NbHO, 2 MM narteparnbHo i 3,5 MM Brn6. Po3unHeHi arperatu
AB1-40 abo ABR25-35 Habupanu B MIKpOIH'EKTOP i omyckanu
MOro KiHYMK y TpenaHaLiiHvn oTBip. 3aranbHuii 06'eM cycneH-
3ii 10 Mkn Ha TBapuHy. IHdY3ia BigbyBanack npoTsrom 5 xB 3i
weuakicTio 0,5 Mkn/xB (koxHi 5 ¢). MNicns BBeaeHHSA AR KiHUMK
MIKpOIH'EKTOpa 3anuwiaBcs y TkaHuHi MO3ky 4 xB. [licns 4yoro
Moro fictaBanu i Haknaganm KoXHi TBapuHi LUBM HA M'siKi TKa-
HVHW rornoBu. KOHTponbHMM TBapyHaMm (XMGHO ornepoBaHnM)
NPOBOAWINM aHanorivyHy XipypriyHy onepadito, NpoTe 3amicTb
pocnigHoi cycnensii AB1—40 abo AB25-35 BBOAWIU PO34MH-
HVK Y TOMY caMmomy o6'emi.

[OereHepauito gogamiHepriyHux HeripoHis (OH) ouiHto-
BanvM MeTogoM iMYHOriCTOXiIMIYHOro aHanisy 3 BMKOPUCTaH-
HSAM aHTWTIN Ao TuposuHrigpokcunasm (TI). 3a gonomoroto
nabipuHTy BapHca nposogunu nepesipKy 3MiH KOPOTKOTpU-
Banoi Ta 4OBroTpMBasoi MpoCTOpOBOI NaM'sTi, @ TaKOX Kor-
HITUBHY FHYYKICTb Yy AocnigHunx wypiB. KoHUeHTpauito pos-
ynHHoi cpopmu AR (CloudCloneCorporation, Houston, TX,
CLWA) i Tay-npoteiHy (Elabscience, Houston, TX, CLUA) y
romMoreHaTax rinokamna wypis 3 XA Bu3Havanu MeToaoMm
iMyHObEepPMEHTHOrO aHarni3y 3 BAKOPUCTAHHAM KOMepLiHMX
TecT-cucteM (R&D Systems, USA) BignosigHo 0o pekomeH-
Aauii BUpobHukiB. [na yHUKHEHHS NpOTeoniTUYHOI Aerpa-
Jauii 6eta-aminoigy B romoreHati BUKOPUCTOBYBanu KOMI-
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nekc iHribiTopie npoteas Ta ocdaras (Sigma, CLUA). le-
MaTorIOriyHi MOKa3HWKN BM3Ha4anu 3a AOMNOMOrol aHanisa-
Topa "ParticleCounterModel PCE 210" (ERMA, AnoHis),
a[anToBaHOro Anst EKCNEPUMEHTIB 3 BUKOPUCTAHHSAM KIiTUH
KpPOBI LLYypiB i MULLIEN.

Yci gaHi npegctasneHo sk cepegHe + SD. CtaTUCTUYHI
BiAMIHHOCTI MiXk rpynamMm nopiBHsiHHS 6yny o64ncneHi 3a go-
NOMOroK AMNCMEPCIAHOrO aHarmi3dy 3 NOCT-XOK TECTOM TbHOKi.
3a p < 0,05 BigMiHHOCTI BBaXkanmcs OCTOBIPHUMU.

Pe3ynbratn

3a pesynsratamu Hawmx OOCHiMKeHb iHTparinokamna-
nbHe BBeaeHHs AR 1-40 ta AR 25-35 He cynpoBoaxyBa-
nocs CTaTUCTMYHO BIPOrigHMMK 3MiHaMK Barn TBapuH Ta ix-
HbOI Xap4yoBOi NOBEAIHKM (4aHi He NpeACcTaBeHi), KOrHITUBHI
nopyLueHHst 6ynu Ginbl BupasHuMmuy y wypis 3 AR 1-40-iH-
nykoBaHoto XA (tabn. 1).

Ta6bnuys 1

KorHiTMBHI nopyluieHHs y wypiB i3 xBopo6oto Anbureimepa,
iHayKoBaHOMO iHTparinokamnanbHUM yBepgeHHAM 1-40- Ta 25-35-B-aminoigy

KpuTepin

MpocTopoBa nam'ATb

KorHiTMBHa rHyu4kicTb

nicns 3aKkiH4eHHs

nicnga 3akiH4eHHs

KopoTkoTpuBana Dosrotpusana

KopoTtkoTpuBana HosroTpueana (TepmiH nepebyBaHHSA (TepmiH nepebyBaHHA

(TepmiH noLuyky (TepMiH noLuyky nepen, BXo4om nepeq BXoAoMm

"ESCAPE BOX" "ESCAPE BOX" o "ESCAPE BOX" no "ESCAPE BOX"
yepes 24 roq yepes 5 g6 nepea eBakyadieto nepeg eBakyauieto

yepes 24 rop nicng yepes 5 gi6 nicns

n=10

Ipyna aocnimkeHHs TPeHyBaHHs, C) TPeHyBaHHS, C) 3aKiH4YEHHS 3aKiHYEHHS
TPEHYBaHHS, C) TPEHYBaHHS, C)

IHTaKTHITBapuHn, n = 10 57+13 18,0+ 2,2 18,0+ 2,2 16,3+ 2,3

XunbHO onepo:iaHl TBapuHu 45+11 218467 218467 24,0+6,3

(nnauebo), n =10

140 AB-nayKosana wopent, 17,0 £7,212 268+22 26,8 £ 12,212 28,3 +7,8"

25-35-AB-iHaykoBaHa Moaenb, 11,4 + 43123 174 +1,9° 17,4+1,9° 28,4 + 5,412

Mpumimku: 1 — p < 0,05 NOPiGHSIHO 3 NMOKA3HUKOM iHMaKmMHuUx meapuH, 2 — p < 0,05 nopieHsIHO 3 MOKa3HUKOM XUBGHO oreposaHux mea-

puH, 3 — p < 0,05 nopieHsiHO 3 nokasHUKoM meapuH 3 1—40-AB-iHOyKogaHO MOJenso.

MMopiBHAHO 3 iHTaKTHUMKM TBapuHamu B rpyni 3 AR
1-40-iHaykoBaHot XA, yac Ha nouwyk "ESCAPE BOX" ve-
pe3 foby nicns 3akiHYeHHsI TPEHYBaHHS, SIKUI XapaKkTepuaye
KOpPOTKOTpMBany MpoCcTopoBy nam'atb, OyB Oinblwum y
3 pasu, Togi Ak y rpyni 3 AR 25-35-iHaykoBaHOK MoAenso —
y 2 pa3u NopiBHAHO 3 XMOHO onepoBaHMMK TBapuHamu. Y
NpoLUeCi OUiHIOBaHHSA OOBroTpuBanoi NpPOCTOpPOBOI Nam'daTi
MopyLUeHHS MOKasHWKa crnocTepiranucsa nuwe y Lwypis 3
AB 1-40-iHgykoBaHol Mogennio: vyepes 5 fgi6 nicna npose-
AeHHs1 TpeHyBaHHA Yac nowyky "ESCAPE BOX" y umx TBa-
pvH ByB 36inbLueHni Ha 50 % NOPIBHAHO 3 IHTAKTHUMMU | Xu-
©6HO onepoBaHVMU TBapUHaMu.

[nsa nepeBipkn KOTHITMBHOI KOPOTKOTPUBAIOI Ta JOBrO-
TPVBanoi rHy4KOCTi BU3HaYanu TepmiH nepebyBaHHsi TBApUHM
nepeg Bxogom y "ESCAPEBOX" uepes 24 rog i 5 gi6 nicns
TpeHyBaHHs. Y wypiB 3 AR 1-40-iHgykoBaHoi XA 3Ha4eHHs
LibOro nokasHuka nepeBwLLyBarnu Taki B 060X KOHTPOMbHWX rpy-
nax, Lo CBiQYMTb NPO HEMEBHICTb TBAPMHW LLIOAO KOPEKTHOCTI

obpaHoro BapiaHTa Bxogy. Y wypis 3 AR 25-35-iHgykoBaHOO
XA nuwe nig Yac nepeBipkX AOBrOTPUBANOi KOrHITUBHOI THY-
YKOCTi ByNo BMABNEHO NOPYLLEHHS LLOAO KOHTPOMBHMX rpyn.
[MokasHWMKM KOPOTKOTPMBANOI KOTHITUBHOI THYYKOCTI B LN
mogeni 6ynn aHanoriYyHMMmn Jo TBapwiH, O HE Manmn 3axBo-
ptoBaHHs (iHTakTHa rpyna i rpyna nnauebo).

HopatkoBumun Kputepismmn po3suTky XA Oynu nokasHuk
KinbkocTi TH-NO3UTMBHMX HEWPOHIB Yy rinokammi, a Takox
KoHUeHTpauis AB i Tau-npoTeiHy B romoreHarti rinokamna.

TuposunHoBarigpokcunasa € mapkepom [1H HelpoHis, Lo
MICTATb AodpamiH, HopagpeHariH, agpeHaniH. Y 3pinux Tea-
PVH KinbkicTb TI-NO3VTUBHUX HEWPOHIB 3HAYHO 3MEHLUy-
€TbCSA, OCKIMbKW eKcrpecis BiAbyBaeTbCS Ha AYXEe HU3bKUX
piBHAX. [Ans natonorii AnbureriMepa TakoX XxapakTepHe 3Me-
HLUEHHS KinbkocTi umx HenpoHiB (Wu et al., 2019). IcToTHy
BTpaty [IH 6yno BusBneHo y wypis 3 AR 1—40-iHaykoBaHo
MOAENM0, ToAi K y TBapuH 3 AR 25-35-iHaykosaHoto XA 3a-
peecTpoBaHO nuLLe NOMIpHY BTPaTy LMX HEMPOHIB (Tabn. 2).

Tabnuys 2

HopaTtkoBi KpUTepii po3BUTKY XBOpo6u AnbLureniMepa,
iHAyKoBaHOI iHTparinokamnanbHUM yBeaeHHAM 1-40- Ta 25-35-B-aminoiay, y wypiB

Yactka TH-no3mTuBHMX
HEeWPOHiB y rinokamni KoHueHTpauis AB KoHueHTpauis Tau-npoteiHy
Fpynu TBapMH (% BiA Nnoka3HMKa iHTaKTHUX y romoreHari y romoreHari rinokamna,
TBapuH/% Bif noKa3HUKa rinokamna, nr/pr 6inka nr/mn
XWOHO onepoBaHUX TBApPUH)
IHTakTHi, n = 10 - 18,8 + 8,1 22,0+£9/1
XabHoonepoBaHi, n = 10 — 21,3+15,.2 38,8 +10,6

AB1-40-iHgykoBaHa XA, n =10 38,9/33,3 62,2 + 18,3** 86,9 + 32,1**
AB25-35-iHgykoBaHa XA, n =10 88,9/76,2 66,5 + 21,0** 92,5 + 28,5

IMpumimku: *— p < 0,05 nopigHsIHO 3 MOKa3HUKOM iHMaKmMHuUx meapuH, #— p < 0,05 nopieHsIHO 3 MOKa3HUKOM XUBHO Orepo8aHuUX mMeapuH.

Cnocrtepiranu BTpudi GinbLuy KoHUeHTpauito AR y romore-
HaTi rinokamna wypis sk 3 AR 1-40-, Tak i 3 AR 25-35-iHayko-
BaHo XA. Takox 3apeecTpoBaHo B 3-3,5 pasa 30inbLueHy
KOHUeHTpauito Tau-npoTteiHy B 060x rpynax. HakonnyeHHsa AR

ISSN 1728-3817 (Print), ISSN 2308-8036 (Online)

i Tau-npoTeiHy B rinokamni CBiA4YMTb MPO Te, L0 MIKPOrmis He
3naTtHa 3abe3nevyBaTy KnipeHc uux cybcTaHuii B 060x Mmoge-
nAx, WO, OAHaK acouiioBanocs 3 pPi3HUM  CTyrNeHem
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HemnpogereHepauii 1 pO3BUTKY KOrHITUBHWX MOPYLLEHb, Briac-
TmBMX Lin natonorii (Nefodova et al., 2022).

JocnigxeHHs Noka3HUKIB nerkorpaMmm NpoBOAMIIOCh Ha
MOMEHT 3aBEpLUEHHS eKcrepumeHTy. Y TBapuH 3 AR 1-40
Ta 3 AR 25-35-iHgykoBaHoto XA 3apeecTpoBaHO 36inb-
LLIEHHSA KiNbKOCTI NenkouuTie Maxe B 2,5 pasa, LWo BKa3sye
Ha nenkouuTos3, SIK MapKep CUCTEMHOro 3anarnbHoro

npouecy (puc. 1). OkpiM MOAENbHUX rpyn, TakoX NMOMIYEHO
XapaKTepHWUIN NenkoumTo3 y XMbHO onepoBaHUX TBApWH, LLO
Moxe 6yTn 3yMOBMEHHO PO3BMTKOM penapaTMBHOrO 3ana-
NeHHs nicna NpoBeAeHOoro XipypriYHoro BTpyYaHHs, sk Oyno
3a3HayeHo paHiwe (Maimaiti et al., 2021), i HU3bkUM piBHEM
Ta TeMMNOM pereHepadii y LypiB NOXMUMOro BiKy.
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Puc. 1. KinbkicTb nenkouuTiB nepucepryHOi KpoBi y TBapuH
3 AB 1-40- Ta AB 25-35-inaykoBaHoto XA, n = 10 y KOXHii rpyni TBapuH

lMpumimku: *— p < 0,05 nopieHsIHO 3 iHMakmMHuUMuU meapuHamu, # — p < 0,05 nopigHsIHO 3 XubHO oneposaHuUMu meapuHamu, * — p < 0,05

ropieHsHO 3 meapuHamu 3 AB 1—40-iHOykosaHow XA.

MepudepunyHi NiMpoumnTK, AKi LMPKYOTb Y KPOBOTOLL
Ta nepudepnyHnX NiMgoigHMX opraHax, MOXyTb Bigobpa-
aTu CUCTEMHI IMYHHi 3MiHW i NOTEHLHO cnyXunTn Giomap-
Kepamu MporpecyBaHHsl 3aXBOPIOBaHHA Ta TepaneBTUYHMX
BTPyYaHb y wypsayunx mogenax AD (Maimaiti et al., 2021). Y
TBapuH 3 AR 1-40-iHaykoBaHoto XA KinbkicTb nimMdouunTis
Oyna iCTOTHO MEHLLOK MOPIBHAHO 3 iHTAKTHOIO rPYMoHo i XK-
OHO onepoBaHNM KOHTPOMEM, L0 BKa3dye Ha abCconioTHy ni-
MdouunToneHito. 3HwkeHo Oyna i BiOHOCHa KinbKiCTb

nimcoumTiB, O € OOHIEI 3 OCHOBHMX O3HAK CUCTEMHOIO 3a-
nanbHoro npouecy. Y TBapuH 3 AR 25-35-iHaykoBaHoto XA
HaBMaku, KinbKicTb NnimcpounTie 6yna BULLOK NOPIBHSHO 3 iH-
TaKTHOM rpynoto i XMGHO onepoBaHMM KOHTponem. Takox
BKa3aHO Ha OfHOYacHU abconoTHUIA NiMdouuTo3 Ta Bia-
HOCHY NiMPOLMTONEHIIO, OOHIEI0 3 NPUYMH AKOT € Nepepos-
nogain nimcouuTie Ta Mirpauis 4O YLWKOAKEHOT TKaHUHN, TU-
noBa Ansa npouecisB penapadii Ta pereHepadii (puc. 2).
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Puc. 2. A6contoTHa (A) Ta BigHocHa (B) kinbkicTb nimcouunTiB y TBapyH
3 AB 1-40- Ta AB 25-35-iHaykoBaHoto XA, n = 10 y KOXHiu rpyni TBapuH, n = 10 y KOXHill rpyni TBapuH

IMpumimku: *— p < 0,05 nopigHsAHO 3 iHMakmHumu meapuHamu, #— p < 0,05 nopigHsAHO 3 XUbHO oneposaHumMu meapuHamu, * —p < 0,05

ropieHsHO 3 meapuHamu 3 AB 1—40-iH0ykosaHow XA.

Bigomo, WO KinbKicTb nepudepuyHnx MOHOUMUTIB Kope-
TO€ 3i 3HWKEHHAM KOTHITUBHUX (DYHKLIN | MOXe BUCTynaTu
NMPOrHOCTUYHUM GiOMapKkepoM PaHHLOTO BUSIBIIEHHS Ta MO-
HiTopuHry XA. Y koHTekcTi XA Gyno nokasaHo, L0 MOHO-
LMTU NPOHUKAOTb Y MO3OK i CNPUSIIOTL 3anasnieHHIo HEMPOHIB
Ta iX NOLWKOMKEHHIO. Mpn LBOMY KiNbKiCTb LMPKYIIOYUX Y
nepudepnyHii KpoBi MOHOLMTIB 3MEHLIYETbCA. 3 iHLIOTO
©OOKy, Mirpauis MOHOUMTIB B YLUKOMKEHY AINSHKY TKaHWUHK

ISSN 1728-2748

Moxe ByTn MoB'A3aHa 3 3any4eHHsAM iX 40 penapaTtuBHUX
npouecis 3 AndepeHLiloBaHHAM Ha ansTepHaTMBHO aKTUBO-
BaHi makpodarn M2 npodinto (Garfias et al., 2022).

Y 1BapuH 3 AB 1-40-iHaykoBaHoto XA abcontoTHa Kinb-
KicTb MOHOLMTIB Byna B 4 pa3u HWXKYOK MOPIBHSIHO 3 iHTa-
KTHOIO rpynoto. BupasHa moHouuTONEHIA BKadye Ha nopy-
LWEHHS IMYHHOT (DYHKLIT, AMCperynsauilo 3ananbHUX peak-
Lin abo peKpYTUHT UMX KNITUH 4O NOLUKOIKEHOI OiNAHKM,
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O CMPUSAE MOTIPLUEHHIO KOTHITMBHUX (PyHKUiN. 3 iHWOro
Ooky, y TBapuH 3 AR 25-35-iHaykoBaHoi XA 6yno

3apEeeCTPOBaHO 36iNbLUEHHS KiNbKOCTI MOHOUMTIB, BinbLu
HiX y 5 pasiB (puc. 3).
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Puc. 3. A6contoTHa (A) i BigHocHa (B) KinbkicTb MOHOLUMTIB y TBapuH
3 AB 1-40-iHaykoBaHoto Ta AB 25-35-iHgykoBaHoto XA, n = 10 y KOXHi rpyni TBapuH

lMpumimku: *— p < 0,05 nopigHsAHO 3 iHMakmHumu meapuHamu, #— p < 0,05 nopigHsAHO 3 XUbHO orneposaHumMu meapuHamu, * —p < 0,05

ropieHsiHo 3 meapuHamu 3 AB 1—40-iH0ykosaHow XA.

AGContoTHUIA HeWTpodinbo3 Bigobpaxxae akTUBOBaHY
3ananbHy iMyHHy BignoBigp, WO CPSMOBaHa y T. Y. Ha 04u-
LeHHs OeTa-aminoigHux arperatiB. Hentpodpinu 6epyTb
6e3nocepeHio y4acTb y naToreHesi XA Ta cnpuysioTb norip-
LLUEHHIO KOTHITUBHWUX PYHKLIA. 3aranom HenTpodinn € Han-
NOLUMPEHILLUM TUNOM NENKOLUUTIB i BigirpaloTb BUpILLanbHY
pOorib Y BPOMKEHMX iIMYHHUX peakLisiX, BKIoYaodm 3ananeH-

HA Ta KOHTponb iHdekuii (Wang et al., 2021). NigBnweHHS
abContoTHOI i BiAHOCHOI KiNTbKOCTi MOHOLUTIB € OCHOBHUM re-
MaTororiYyHUM MapKepoM 3ananbHoro npouecy. Y TBapuH 3
AB 1-40-iHpgykoBaHo XA 3apeecTpoBaHO abCONMOTHUIN HEW-
TPOQiNbo3, 36iNbLUIEHHST BIQHOCHOI KinbKOCTi HeWTpodinis
BinbLU HiXX Y 3 pa3un NOPIBHSHO 3 iHTAKTHOIO rpyrnoto (puc. 4).
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Puc. 4. A6contoTHa (A) i BigHocHa (B) KinbkicTb HenTpodiniB y TBapuH 3 AR 1-40-iHAyKOoBaHOO
Ta AB 25-35-ingykoBaHoto XA, n = 10 y KOXHil rpyni TBapuH

IMpumimku: *— p < 0,05 NopigHsIHO 3 iHMakmMHUMU meapuHamu, # — p < 0,05 nopigHsIHO 3 XUGHO orneposaHUMU meapuHamu, - p < 0,05

ropieHsiHo 3 meapuHamu 3 AB 1—40-iH0ykosaHow XA.

Y tBapuH 3 AP 25-35-iHaykoaHot XA KinbKicTb X Kni-
TWH He Bigpi3Hanacs Bi4 aHanoriYyHMX NOKasHWKIB y TBapuWH
KOHTpONbHUX rpyn. BigcyTHicTe HenTpodinii € foka3oBo
03HAKOK BIOCYTHOCTI CUCTEMHOrO 3anarnbHOro npoLecy,
3BaXKalouu Ha BUHATKOBE 3HAY€HHS LUUX KITITUH B iHiL,itOBaHHiI
i nepcucTeHuji cucteMHoro 3anansHoro npouecy (Herrero-
Cervera, Soehnlein, & Kenne, 2022).

[unckycin i BACHOBKMU

Taknum 4MHOM, NOPIBHSANbHE OUHIOBAHHS remMaTonoriy-
HUX MapKepiB CUCTEMHOIO 3anareHHst y ABoxX moaensix XA,
iHOYKOBaHUX NMOBHOPO3MIpHWUM i kopoBuM AP, CBIgYMTL Ha
KOPUCTb TOrO, O CUCTEMHUIA 3ananbHui npouec 30ebinb-
LIOro BiATBOPKETLCSA Nif Yac iHTparinokamnanbHOMYy BBe-
OEHHi MOBHOPO3MIpPHOro aminoigy, Wwo poduTb BignoBigHy
Mogzenb GinbLl afekBaTHOK A4St BUBYEHHS CUCTEMHOIO 3a-
naneHHs y naTtodisionorii xBopobu Ta NoLLyKy TepaneBTny-
HUX MilleHen s Noro apMakonoriYyHoro YyCyHeHHs.
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COMPOSITION OF PERIPHERAL BLOOD LEUKOCYTE SUBSETS IN RATS
WITH DIFFERENT MODELS OF ALZHEIMER'S DISEASE

Background. Systemic inflammation is recognized a sone of the key features of Alzheimer's disease (AD) — a neurodegenerative disorder,
which is characterized by cognitive decline with progressive memory loss and affects millions of predominantlyeld erly people. Recent literature data
suggest the involvement of periphera limmune cells in the initiation and progression of AD. However, our understanding of the population composition
of peripheral blood leukocytes and its contribution to disease progression remains limited. The use of anima Imodels plays an important role in
investigating possible mechanisms linking the periphera limmune system to the infl tory proc underlying neurode generation. The aim of
this study was comparative assessment of the composition of leukocyte subsets in rats with AD, induced by intrahippocampa linjection of amyloid-
beta (AB) 1-40 and AB 25-35.

M e t h o d s. Male Wistar rats were used in the experiments, including intact and sham-operated animals as controls. Disease development was
confirmed by assessing cognitive impairment in the Barnesmaze be havioral test and by the loss of dopaminergic neurons. Hematological
parameters were evaluatedat the end of the experiment (day 37 after the disease initiation), including absolute leukocyte count, as well as absolute
and relative count of their main subsets: lymphocytes, monocytes, andneutrophils. Rats with AD induced by AB 1-40 exhibited granulocytosis
(a fivefold increase in absolute granulocyte countin the circulation). Absolute and relative count of lymphocytes In these animals were
decreased on average by 2.5 times, monocyte count — on average by 3 times as compared to those in intactand sham-operated rats.In rats
with AB 25-35-induced AD, leukocytosis with slightly decreased lymphocyte proportion, increase in monocyte count twice at average and
unchanged neutrophil countwere revealed.

R e s ults. Therefore, animalswith AD, inducedby AB 1-40, had hematologic markers of systemic inflammation (leukocytosis, granulocytosis,
lymphocytopenia, andmonocytopenia).

Conclusions. These results suggest that the AB 1-40-induced AD model more accurately reproduces the hematologic signs of systemic
in flammation observed in patients with this pathology.

Keywords: Alzheimer's disease, leukocytes, inflammation, lymphocytes, monocytes, neutrophils.
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EKCHPECIA FEHIB LRP71TA OLR7Y KPOBI XBOPUX HA OCTEOAPTPUT
nicna SARS-CoV2-IHOEKLII

BcTyn. Ynepwe npo iHghekyito msxko20 20cmpoeao pecrnipamopHo20 cuHOpomMy KopoHaegipycy 2 (Severe acute respiratory
syndrome-related coronavirus 2, SARS-CoV-2) 6yno nosidomneHo e YxaHi (Kumatii) y 2pydHi 2019 poky, a nomim eoHa weuoko
nowupunacsi No ecCboMy ceimy, cnpuyuHuswu 6nu3bko 771 MaH akmueHux eunadkie i3 ~7 MiIH cmepmeli cCmaHOM Ha eepeceHb
2023 poky. MaHOdemisi Hogo2o KopoHasipycy SARS-CoV-2 cmeoptoe genuky 3a2po3y Ons ceimy 8 6aezambox acriekmax: Meou4-
HOMY, couyiaslbHOMy, eKOHOMiYHOMY ma iHwux. Bcebi4He po3yMiHHs1 83aeMO0il 8ipycy 3 op2aHiaMoM ¢hyHOaMeHmMaslbHO eaxJuee
8 6opombbi 3 SARS-CoV-2. [1id yac kopoHaesipycHoi xeopobu 2019 p. (Coronavirus disease 2019, COVID-19) ypaxyrombcs eni-
menianbHi KNiMmuHU uxanbHUX WIAXie, W0 NPosieIAEMbCSI cCUMIMomMamu pecrnipamopHoi iHghekyii. Bipyc SARS-CoV-2 sk iH-
ekyiliHull mpuzaep CrNpuUY4YUHIOE YWKOOXEHHsI iHWUX cucmeM op2aHie, 30KpeMa OfMopPHO-PyX08020 afnapamy, a MaKox MoXe
ycknadHeamu cmaH nayieHmie 3 KoMop6idHUMU 3axeoproeaHHAMU. Memoro po6omu 6yno eusHayumu ekcnpeciro 2eHie LRP1
(LDL receptor related protein 1) ma OLR1 (oxidized low density lipoprotein receptor 1) y kpoei xeopux Ha ocmeoapmpum nicns
SARS-CoV2-ingpekuii.

M e T o Aawu. YuacHuku docnidxeHHs1 6ynu nodinexi Ha mpu 2pynu: 1-wa 2pyna (n = 10) — ymoeHo 38dopoei nodu; 2-2a 2pyna
(n = 22) — nayienmu 3 ocmeoapmpumom KosiHHux cyano6ie lI-lll cmynens; 3-ms epyna (n = 14) — nayieHmu 3 ocmeoapmpumom
KosliHHuUx cyano6ie ll-Ill cmyneHsi, siki nepeHecnu e2cky ma cepedHbomsikky gpopmy COVID-19 6-9 mic. momy. Y kpoei eusHavanu
ekcnpeciro 2eHie LRP1 ma OLR1. PHK ompumyeanu memodom XoMyuHcbKk020; cuHmes k[JHK ma kinbkicHy nonimepa3sHy naHyro-
208y peakuito — 8 peanbHomy 4Yaci (Real-time PCR, k[1/IP) 3a donomozor komepyiliHozo Habopy "Thermo Scientific Verso SYBR
Green 1-Step qRT-PCR ROX Mix" ("Thermo Scientific", Jlumea). O6po6Ky pe3ynbmamie 0ocnidxeHHs1 npoeodusiu 3a2anbHonpuli-
HamMumu Memodamu eapiayiliHoi cmamucmuku.

Pe3ynbTaTun. Y kposi nayicHmis, xeopux Ha ocmeoapmpum, 3HUXyembcsl ekcripecis ezeHa LRP1 ma 3pocmae ekcnipecisi
2eHa OLR1 nopieHsiHO 3 2pynoto ymoeHO 300poeux Jsitodell. Y nayieHmie 3 ocmeoapmpumom nicnsi iHgikyeaHHs1 SARS-CoV-2
nokasaHo 6inbw cymmeei nopyweHHs1 ekcripecii docnidxyeaHux 2eHie.

B uncHoBKW. OmpumaHri daHi ceidyamb npo nopyuweHHs1 Memaboniamy ninonpomeiHie 8 op2aHi3aMi, akmueayito einbHopa-
dukanbHuUX npouyecie ma po3eUMOK CUCMeMHO20 3arnaJsleHHs, Wo npu3eodums A0 3HUXEeHHs1 npomekuyii cyOuH ma eHOomernianb-
Hol QuchbyHKUiT y xeopux Ha ocmeoapmpum, sike MOCUTFEMbLCS 3@ YMO8 000amKoeo20 iHgheKyiliIHo20 HasaHMaXKeHHs1 Ha opaa-
Hi3M niod dieto SARS-CoV2-iHghekuil.

KnwuyoBi cnoBa: SARS-CoV-2, ocmeoapmpum, kpos, ekcnipecis 2eHie LRP1, OLR1, ninidHuli o6miH, 3anaseHHsi, oKuc-
Huli cmpec.

Betyn

KopoHaBipyCc TS)KOro roctporo pecnipaTopHOro CuHA-
pomy 2 (Severe acute respiratory syndrome-related
coronavirus 2, SARS-CoV-2) € eTionoriyHum 36ygHNUKOM KO-
poHaBipycHoi xBopobu 2019 (Coronavirus disease 2019,
COVID-19). Lle 3axBoptoBaHHs1 Habyno po3mipiB naHge-
Mii, Big SIKOT Ha CbOrogHi BXXe NOMepnn MifibNoHU Nogen.
SARS-CoV-2 6yB BrepLue 3apeecTpoBaHU y KUTanCbKOMyY
micTi YxaHb (Kutan) y 2019 p. Lien Bipyc BUCOKOKOHTarios-
HUIM Onsa NACbKOT NonynAuii, BiH WBMAKO NOLWMPUBCS MO
BCbOMY CBIiTy 4Yepes pecnipaTopHun MaTepian (kalwensb,
UXaHH$) iHikoBaHMX Ntofer abo HeNPSAMMA KOHTaKT Yepes
OMITU Ha NOBEPXHSIX Y HANOIMKYOMY OTOUEHHI XBOPOrO.
o 30 ciyHa 2020 p. BcecBiTHA opraHisaLisi OXOpoHW 340-
poB's oronocuna rrnobanbHy Hag3BuYavHy cuTyauilo y
cchepi oxopoHu 3a0poB'sa, a 11 6epesHsa 2020 p. COVID-19
6yno oronoweHo naHgemieto (Billah, Miah, & Khan, 2020).
KopoHagipycHa xBopo6a 2019 nowmpunaca Ha OinbLu Hixk
200 kpaiH, obnacter abo TepuTopii NO BCbOMY CBITY, LLO
CTarno Cepro3HO MeanKo-colianbHO npobnemoto B 6a-
raTbox kpaiHax cBiTy (Muralidar et al., 2020; Taleghani, &
Taghipour, 2021).
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SARS-Cov-2 TaKCOHOMIYHO HanexuTb 40 POOUHU KOPO-
HaBipyciB i nigpoay Sarbecovirus, siki MICTATb KifnbKa iHLLIMX
BMAIB, LLIO BUKIUKAKOTb FErki Ta TSKKi 3aXBOPIOBAHHA Ii0-
OuHKn. LiboMy Bipycy BnacTtmea TPOMHICTb A0 eniTenianbHuX
KNiTUH amxanbHux Wwnsaxis. SARS-CoV-2 3B's3yeTbes 3 enite-
nianbHUMK KNITUHAMW POTOBOI Ta HOCOBOI MOPOXHWH, a Ta-
KOX MOXe MirpyBaTu gani — y npoBigHi AnxanbHi wnaxu. Bi-
pyc MOXe NpoHMKaTK LWe Aani Ta iHikyBaT! KNITUHU MHEB-
MOLMTIB anbBeonsapHoro Tvny Il, BUknukawoum ixHii anonTos,
WO CMpUYMHAE AMdY3He MOLUKOMKEHHS anbBeon i nopy-
LLEHHS ra3o0bMmiHy. MpunyckatoTb, Lo came Ui nogii, Npu3Bo-
OSTb 0O PO3BUTKY FOCTPOrO pecnipaTopHOro OUCTPEC-CUHA-
pomy (Kirtipal, Bharadwaj, & Kang, 2020; Parasher, 2021).

Ak iHdekuinHni Tpurep Bipyc SARS-CoV-2 cnpuynHioe
YLWKOOKEHHS iHLIMX CUCTEMW OpraHiB, 30KpeMa OMopHO-
pPYyXOBOro anaparty, a TakoX MOoXe YCknaaHBaTW CTaH na-
uieHTiB 3 komopbigHummn 3axsoptoBaHHsMK (L.M. Ailioaie,
C. Ailioaie, & Litscher, 2022; Jovani et al., 2021; Ruiz-Del-
Valle et al., 2022; Wendling et al., 2021). [Jo nowwmpeHnx
XPOHIYHUX 3axBOPIOBaHb HanexaTtb octeoaptputn (OA) —
XPOHiYHi AereHepaTMBHI 3axBoptoBaHHs cyrnobis. Octeoap-
TPUT Ma€e NPOrpecylynii xapaktep i 3 4acoMm MOXe

© Tyrapos lOpin, lOeT AneBTuHa, [iBopieHko KatepuHa, 2023
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npu3BeCTy A0 NOBHOI BTpaTu pyxnuBocTi cyrnoba. HagmipHi
(Pi3NYHi HaBaHTaXXeHHSs, TPaBMM ONMOPHO-PYXOBOro anapary,
CTapiHHA, MeTaboriYHi NOPYLUEHHs Ta iHEKLiiHI 3aXBOopto-
BaHHS € OCHOBHMMM (bakTopamMu pu3mKy po3BUTKY OocTeoapT-
putiB (Abramoff, & Caldera, 2020; Motta et al., 2023; Yao
et al., 2023). Ha cborogH Ao UMx eTionoriYyHMX YUHHUKIB MO-
XHa gopaTw i BipycHy iHdekuito SARS-CoV-2. BoHa cTBO-
pIOE OYEBUAOHWI PU3MK Y MALEHTIB 3 OCTeoapTpUTamm, Lo
MOXe NiABULLUTU TSXKKICTb 1oro nepebiry Ta cnpusatu pos-
BUTKY YCKNagaHeHb. TOMy Lie NnTaHHsA noTpebye aetanbHoro
BMBYEHHS Ta HAyKOBOIo O6r'pyHTYBaHHS.

OcTaHHiMK pokamu Bynu JOCATHYTI 3HAYHI ycnixu y Bu-
KOpPUCTaHHi FeHOMHOro aHani3dy psay naTtonoriu, Wo gae ge-
TanbHWMA aHani3 reHiB-kaHougaTie, 3anyyeHux Ao naTtore-
Hesy 3axXBOPOBaHb, NPOrHO3yBaHHs iXHbOro nepebiry, aiar-
HOCTWKY Ta nepeabayeHHs BiAnNoBigi Ha Tepanito. Takox au-
epeHUianbHa ekcrnpecis reHiB Baxxnuaa Anst po3yMmiHHs 6i-
OnoriYHMX BIOMIHHOCTEN MiX 340POBUM i XBOPUM CTaHaMM
opraHiamy. 3MiHa eKkcnpecii reHiB Mae BenvMke 3Ha4YeHHs
ONs npolecy 3axBOpHOBaHHA. Y Hawii poboTi mu gocni-
OUnNn B3aEMO3B'A30K MiXK PO3BUTKOM KOPOHaBIPYCHOI XBO-
pobun y nauieHTiB 3 OCTE0apTPUTOM Ta EKCMNPECIE0 reHis,
noe'asaHunx 3 perynsuieto metaboniamy ninigis. Bynu npo-
BeAeHHi JocnigpkeHHa ekcnpecii reHis LRP1 (LDL receptor
related protein 1) Ta OLR1 (oxidized low density lipoprotein
receptor 1) y nerikountax KpoBi XBOPUX Ha OCTE0apTpuT
nicna SARS-CoV2-iHdekuii. 3a gaHumu nitepatypu
(Akhmedov et al., 2022; Hashimoto et al., 2018; Ymamoto
et al., 2013), ui reHn MoxXyTb ByTU 3anyyeHi 4O PO3BUTKY
OCTE0ApPTPUTY, ane MeXaHi3mMu, 3a SIKUM BOHUW CNpUSIOTb
MNOro po3BuUTKY in Vivo, 3anuialoTbCs He 3'9CoBaHUMM.

Memoro poboTn Gyno BM3HAYUTM EKCMPECi0 reHiB
LRP1 ta OLR1 y KpoOBi XBOpPWMX Ha OCTeOapTpuT Micns
SARS-CoV2-iHdekuii.

Metoan

Y pocnimkeHHi 6panu yyactb 46 nauieHTiB BiKOM Bif
39 po 70 pokis, ski nepebyBanu Ha cTaulioHapHoMy abo am-
OynaTopHOMY nikyBaHHi B OpTOMeauYHOMYy crneLianisoBa-
HOoMy Megu4HOMYy UeHTpi "OpTokniHika" (M. TepHoninb, Yk-
paina). ¥ 36 nauieHTiB Ha NiacTaBi KNiHIYHUX Ta PEeHTreHo-
noriyHmx KpuTepiie 6yno BcTaHOBNEHO AiarHo3 "ocTeoapT-
puT koniHHMX cyrnobis II-Ill ctynens". Ha etani Bin6opy
BCiM XBOpPMM MnpoBoaunacsa peHTreHorpadis KOniHHUX cyr-
nobie y npamin (nepegHb03agHin) Ta OOKOBI MPOEKLAX.
OujiHioBaHHA iHTEHCMBHOCTI Gomto Ta dyHKUiOHaNbHOro
CTaHy KOniHHMX cyrnobiB XBoOpux NpoBoaunach 3a AonomMo-
roto obuncnenHst ingekcy WOMAC (Western Ontario and
McMaster Universities Osteoarthritis Index), akun BusHa-
YETLCH Ha OCHOBI TECTYBaHHA, WO MICTUTb 24 3anuTaHHS,
AKi BigobpakaloTb BUpaXeHicTb 6onboBux BigyyTTiB (5 3a-
NUTaHb), CKYTOCTi (2 3annTaHHS) i PyHKLIOHANbHOI aKTUBHO-
cTi (17 3anutaHb) (McConnell, Kolopack, & Davis, 2001).

Bci yuacHukn gocnigkeHHst Hagani 6ynu po3nogineHi Ha
Tpu ekcnepumeHTanbHi rpynu. Jo nepwoi rpynu (n = 10)
BXOAMUINO YMOBHO 340poBuX ntogen. Opyra rpyna (n = 22) —
nauieHTn 3 OA koniHHux cyrno6is lI-Ill cTyneHs, y akux Bu-
KroYanm MOXMMBY CYyMNyTHIO HasiBHICTb KOPOHAaBIPYCHOI iH-
dekuii WnaxoM npoBefeHHsT enigemMionoriyHoro aHamHesy
KOXXHOTO MaujieHTa, Ta HasiBHICTb KOHTaKTy 3 XBOPUMW Ha
COVID-19. Tpeta rpyna (n = 14) — nauieHTn 3 OA KOMiHHMX
cyrno6is ll-Ill ctyneHs, siki nepeHecnu nerky abo cepegHbo-
TsKKY dpopmy COVID-19 6-9 mic. Tomy. OiarHoz COVID-19
Oyno nigTBEpAXeHO 3a 4ONOMOrOK MOMEKYISPHOrO aHarnisy
(RT-PCR) 3pa3skiB MaskiB i3 HOCOIMOTKU. YCi y4acHUKM, SKi
[OOPOBINbHO NOroauNUcst B3STU yyacTb Y AOCHIXKEHHI,
O3Hamomunuca Ta nignucanu BignosigHy dopmy iHdopMo-
BaHOI 3rogu. [ocnigXeHHs BWKOHAHO 3 AOTPUMAHHSM
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OCHOBHUMX NonoxeHb "MMpaBun eTUYHUX NPUHUMNIB NpoBe-
OEHHS HayKoBMX MeOWMYHUX AOCHiMKEeHb 3a y4acTio fio-
OVHN", 3aTBepKeHNX enbCiHCcbKo Aeknapadieto (1964—
2013 pp.), ICH GCP (1996 p.), Oupektnen EEC Ne 609 (Big
24.11.1986 p.), Hakasie MO3 Ykpaihm Ne 690 Big
23.09.2009 p., Ne 944 Big 14.12.2009 p., Ne 616 Big
03.08.2012 p. Ta cxBaneHi KoMiTeToM 3 eTVK1n MeanyHoro
ueHTpy "OpTokniHika" (M. TepHoninb, YkpaiHa). BxuTi BCi
3axoan ons 3abea3neyeHHs1 aHOHIMHOCTI NaLieHTiB.

3abip 6ionoriyHoro maTepiany npoeoaMBCA Ha 6asi cne-
LianizoBaHOro meauyHoro LeHTpy "OpTokniHika", M. TepHo-
ninb. Kpos oTprmMmyBanu NyHKUiE0 3 NiKTbOBOI BEHU NaLlieHTa
HaTLle, nepeHocunu y npobipKy 3 aHTUKOarynsiHToMm, Lwob
3anobirTu i 3ropTaHHIo.

Y kniTMHax KpoBi BM3Ha4anu ekcnpecito reHie LRP1 Ta
OLR1. PHK oTtpumyBann MeTogoM  XOMYMHCHKOro
(Chomczynski, & Sacchi, 1987) i3 LinbHOI KPOBI, BUKOPUCTO-
Bytoum ii nenmkoumTtn. Cuntes kHK Ta kinbkicHy nonimepa-
3HY NaHLUroBy peakLito B peanbHomy 4vaci (Real-time PCR,
KMIP) 3gincHioBanu 3a JOMOMOrol KOMepLiiHoro Habopy
"Thermo Scientific Verso SYBR Green 1-Step qRT-PCR
ROX Mix" ("Thermo Scientific", JluTea), BUKOPUCTOBYIOUM MO
0,3 MKMOMb/N KOXHOro Nparmepa; NPoBOAUNM 3a Takunx pe-
KOMeHOOBaHux  hipMOol-BMPOOHUKOM  TemnepaTypHUX
ymoB: cuHTe3 k[HK 50 °C — 30 xB; iHiuitotoya aeHaTypauis
95 °C — 15 xB; gani 40 umknis: geHatypadia OHK 95 °C —
15 c; riopuausadisa npavimepis 50 °C — 35 c; gobynoea nax-
ytora 72 °C — 30 c.; enoHrauis amnnicikaTtie 72 °C — 5 xB.

Y peakuisx 6yno BMKOPUCTAHO Taki MOCNiAOBHOCTI Npan-
mepiB: anst LRP1: npamui — TGGCACAGACCGGAAGATTG
Ta 3BopoTHUN — CGTTCCAAGCGGTAGACACT; ansa OLR1:
npsimuii — GTGACTGCTTCACTCTCTCATT Ta 3BOPOTHMI
— GGCACCACCATGGAGAGTAA; ona ACTB (reH B-ak-
TUHY, LLIO BUKOPUCTOBYETbLCS SIK BHYTPILLHI KOHTPOMb peak-
uii  3aBOAKM  KOHCTUTYTMBHIA  eKcrpecii): npamui  —
CTTCCAGCTCCTCCCTGGAG Ta 3BOPOTHUI -
CCACAGGACTCCATGCCCAG. BiareoptoBaHicTb pe3synb-
TaTiB amnnidgikauii 6yno nepesipeHO B napanenbHNX ekcre-
puMeHTax wnsaxom nosTopeHHs KMJIP Ha 3paskax PHK ycix
[o6poBonbLiB, i3 KOXHUM NpaiMepoM He MeHLUIE TPpbOoX pa-
3iB. BigHocHy kinbkicte MPHK Bu3Havanu nopiBHsinbHUM Cr
meTogom "AACT Method" (Livak, & Schmittgen, 2001), edek-
TuBHicTb MNJTP 6yna ogHakosoto (Ex = (10-"/s°re) —1), e slope
— KoeiuieHT Haxuny, Skui ctaHoBuB 3,7, a ePeKTUBHICTb
KMJTP popisHioBana 86 %. BigHocHu piBeHb ekcnpecii 3a-
3HaYeHUX reHiB HopManisysanu ao pieHs exkcnpecii ACTB.

OTpumaHi AaHi TecTyBany Ha HopmaribHe po3noAineHHs
3a gonomoroto TecTy LLanipo—Binka 3 BukopucTaHHAM npo-
rpamHoro naketa "GraphPad Prism 8.4.3" ("GraphPad
Software Inc.", CLUA). Moganbwmin obpaxyHok BinbysaBcs
3a JONOMOrol0 HemnapHoro napamerpuyHoro t tecty. OTpu-
MaHi pe3ynbTaTu HaBedeHi y BUIMsAi cepeaHboro apudme-
TUYHOrO + cTaHaapTHe BigxuneHHs — SD. PesynbTatu BBa-
Xanu 3Hauywumu, konm p < 0,05.

PesynbTaTtn

Y npoBeAeHunx JocnigKeHHsX 6yno BU3HAYeHO ekcrpe-
cito reHiB LRP1 (kogye 6inok 1, nogibHuin oo peuentopa ni-
MonNpoTEiHIB HU3bKOI LWinbHOCTI (abo peuenTop ANs a2-Mik-
pornobyniny, abo peuenTtop anoninonpoteivy E (LRP-1))
Ta OLR1 (kogye peLenTop OKUCHEHMX NINONPOTEiHIB HU3b-
KOi winbHocTi (ox-LDL), sknin HanexuTb A0 HaApOAMHM
nektuHiB C-tuny — LOX1) y KpoBi nauieHTiB, siki cTpaxaa-
I0Tb Ha OCTE0apTpuT, Ta XBOPUX Ha OCTEoapTpuT nicns
SARS-CoV2-iHdekuii.

Y pesynbTati NpoBeAeHMX €eKCrnepUMeHTarnbHUX A0CHi-
[KeHb BMSIBMNEHO, WO piBeHb ekcnpecii reHa LRP1 y KpoBi
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naujeHTiB 3 ocTeoapTputom OyB Hwkuum B 1,7 pasa
(p =0,0001) nopiBHAHO 3 rPYMoO0 YMOBHO 340POBUX MHOLEN.
Y rpynun xBopux Ha octeoapTpuT nicrnsg COVID-19 uen nokas-
HUK 3HWXKyBaBcs B 2,3 pa3sa (p < 0,0001) nopiBHSHO 3 rpynoto
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YMOBHO 3[,0pOBUX Nntogen Ta mamke B 1,4 pasa (p <0,001)
MOPIBHSIHO 3 IPYMNOK XBOPUX Ha OCTE0apTpuT (puc. 1).
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Puc. 1. PiBeHb ekcnpecii reHa LRP1 y KpoBi XBOpUX Ha OCT€0apTPUT:
1 — yMOBHO 340pOBi Nnoau; 2 — naui€eHTU 3 ocTeoapTputom; 3 —octeoapTput + COVID-19;
****p < 0,0001 BigHOCHO yMOBHO 3A40poBUX ntoaein; #HH — p < 0,001 BigHOCHO rpynu nioaen 3 ocTeoapTpUToM

Y pesynbTaTi nopanblUnX eKCrepuMeHTiB BCTaHOB-
neHo, Wo piseHb ekcnpecii reHa OLR7T y KpoBi XBOPUX Ha
octeoapTput 6yB Buwmm y 1,9 pasa (p <0,0001) nopis-
HAHO 3 rpynoK yMOBHO 340poBUX nogen (puc. 2). BogHo-
Yyac y nauieHTiB 3 OCTe0apTPUTOM KOMiHHMX cyrnobis, ski

nepexsopinu COVID-19, uew nokasHuk 3pocTaB y 2,4 pasa
(p =0,0001) NOpPIBHAAHO 3 rPYMNO YMOBHO 300POBUX fHOAEN
Ta B 1,3 pa3a (p < 0,001) NOpiBHAHO 3 rpyno XBOpuX Ha
ocTeoapTpuT (puc. 2).
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Puc. 2. PiBeHb ekcnpecii reHa OLR1 y KpoBi XBOpMX Ha OCTe0apTpUT:
1 — yMOBHO 340pOBi Nntoau; 2 — NauieHTy 3 ocTteoapTputoMm; 3 — octeoapTpuT + COVID-19;
****p < 0,0001 BigHOCHO YMOBHO 340poBux niogen; ### — p < 0,001 BigHOCHO rpynu nogen 3 0CTe0apTPUTOM

LRP1 € GaraTodyHKUiOHanbsHUM peLenTopoM, SKUi
6epe y4yacTb y pi3HMx BionoriyHux npouecax, BKIOYaum
MeTaboniam ninonpoTeiniB, po3nag npoTeas, akTUBaLito ni-
30COMarbHUX (hepMeHTIB, NPOHNKHEHHST GakTepianbHUX To-
KCWHIB i BipyCiB y KNiTUHY, 0O3piBaHHA Ta peLunpKynsauito iH-
TErpuvHiB, perynsauito CyanHHOro TOHycy Ta NPOHWUKHOCTI, 3a-
naneHHs, KNiTUHHY aaresito (Yepes iHTerpuHu), pict, mirpa-
uisa Ta anonto3 (Dietert et al., 2023; He et al., 2021; Pratt,
Haidara, & Annabi, 2022; Wujak et al., 2018).

B opraniawmi LRP1 Bigirpae BaxnmBy CUCTEMHY pOrb, 3a-
BASKM AOr0 34aTHOCTI po3nidHaBaTu noHag 100 niraHais, Ta-
KMX K TiNONpOTEeiHW, TMiKONPOTEiHM NO3aKMiTUHHOrO MaT-
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pukcy (pibpoHeKTMH, renapaHcynbdaTt-npoTeornikaHu, ami-
noia B), UMTOKIHM (TKAHUHHWUIA aKTMBATOP Nia3MiHOreHy, ne-
NTWH), | akTopu pocTy (BKIHOYAKYM TpaHCHOpPMyUmMin da-
ktop pocty (TGFB1), iHribiTop akTuBaTOpa nnasmiHoreHy-1
i hakTop pocTty cnonyyHoi TkaHuHn (CTGF)). Takox LRP1
34aTHWI 3B'AA3yBaTW BEMUKY KiNbKIiCTb LMTOMMAa3MaTUYHUX
apganTopHux Ginkie. Kpim Toro, LRP1 moxe 3B'sisyBaTucs
3 iHWKMK TpaHCcMeMOpaHHUMK peLenTopammn, TakUMK K
iHTerpuHNn, peuenTopHi TMposuHkiHasn, BMPR i peuen-
Topn TGFB1 (TGFBR), Ta MmogynioBaTu akTUBHICTb iHLLNX
TpaHcMembpaHHMx peuenTopiB (Calvier et al., 2019;
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Faissner, 2023; Munshaw et al., 2023; Sizova et al.,
2023; Wujak et al., 2018).

Y pocnigxeHHsx, L. Calvier 3i cniBaBTopamu nokasaHo
BasonpoTekTopHy ponb LRP1 y nerexesin aptepii (Parasher,
2021). 3aBasiku umcneHHuM niraHaam LRP1 € oveBngHoto Te-
paneBTUYHOI MiLLEHHIO ANs NIATPUMKMA CYOUHHOMO roMeoc-
Tasy Ta raciHHsi MakpornobyniHo3ananbHUX cUrHanie npu ki-
NbKOX CKNafHWX 3axBOptoBaHHAX. Bynu ineHTudikoBaHi pisHi
aroHictn LRP1, Taki sk npypogHuii a2-, al1-aHTUTPUNCUH, aH-
TUTPOMOGIH IIl i cuHTEeTMYHUI SP16. OKpiM TOro, Kinlbka aroHi-
ctie LRP1 BXe ycniluHO OUHEHO Ha AOKNIHIYHUX MOAEensx
iLemii-penepdyaii, i ABa 3 HMX (a1-aHTUTpUNCKH | SP16) Bu-
Npo6oBYOTLCS B KIMIHIYHMX AOCNIAKEHHSAX AN FOCTPOro iH-
bapkTy Miokapaa. OnucaHo 6araTo nikiB, ki MOOYNOKOTb aK-
TUBHICTb peuenTtopa LRP1, npuuomy gesiki npenapatu Bxe
TECTYIOTbCH B KMiHIYHUX BMNPOOYBaHHAX ONs KOpekKuii cep-
LeBO-CYAMHHMX 3axBoptoBaHb (Calvier, Herz, & Hansmann,
2022). HakonuueHi gaHi ceig4aTh npo Te, wo LRP1 moayntoe
CYOVHHWUIA TOMEOCTa3 TOfOBHMM YMHOM LUMISIXOM peryrio-
BaHHS BA30aKTUBHWX PEYOBUH i cneuunivyHUX BHYTPILLHBOKI-
TUHHUX CUTHANBHUX LUMSAXIB, BKMHOYAYM CUrHANBHWUA LUMSX
iHribiTopa aktuBatopa nnasmiHoreHy 1 (PAI-1), curHanbHuin
Lwnsix TpombouunTapHoro caktopa pocty (PDGF), TpaHcdo-
pmytouunin doaktop pocty B (TGFB) curHanbHWmM WNSAX i curHa-
nbHWA Wwnax daktopa pocty eHgotenito cyamH (VEGF)
(Calvier et al., 2019).

Takox LRP-1 3agisiHuii y cbisionoriyHnid i natonoriyHmn
kaTaborniaM arpekaHy B XpsiLi SIK KIOYOBUIA MOZYNATOP Mo-
3aKnNiTUHHOT aKTMBHOCTI agamanianHonodibHoi MmeTanonpo-
TeiHa3n 3 TpombocnoHanHoBUMKU MoTMBamMu 5 (ADAMTS-5),
sIka € OCHOBHVMM (pepMeEHTOM, L0 PO3KMaJae arpekaH y
xpsawi (Ymamoto et al., 2013).

LOX-1 € peuenTopHUM BIiNkKoM, sSiKMA HANeXxuTb 40 Hag-
poavHM nexkTuHiB C-Tuny. Moro reH perynioeTbcs yepes cu-
rHanbHWA WNax yukniyHoro AMP. Binok 3s'a3ye, iHTepHani-
3y€e Ta po3Kiagae OKMCHEHWI MINONPOTEiH HU3LKOT LLiNbHO-
cTi. Cuctema LOX-1/ox-LDL Bigirpae 6arato poneu y pos-
BUTKY apTpuTy. Kinbka gocnimkeHb nokasanw, Wo cuctema
LOX-1/ox-LDL Bigirpae neBHy ponb y po3BUTKY AereHepadii
xpswa. T. Nakagawa 3i cniBaBTopamu BnepLue npoaemMoH-
ctpyBanu ekcnpecito LOX-1 i HassHicTb ox-LDL y cyrno6o-
BMX XOHApOUMTax npu apTpuTi, iHOyKOBaHOMY 3MMO3aHOM
(ZIA) (Nakagawa et al., 2002). Kpim Toro, BOHM Bkasanu, Lo
cyrno6oBi XOHAPOUMTH LypiB y 6a3anbHOMY KyrnbTyparnb-
HoMy cepepoBuwi ekcnpecyBanu LOX-1, a ox-LDL, sikui
3B'a3ye LOX-1, 3HMXKyBaB XWUTTE3AATHICTb KyNbTUBOBAHMX
xoHapouuTiB (Nakagawa et al., 2002). Takox nosigomns-
nocs npo HasBHICTb ox-LDL y cMHOBianbHin piguHi nognHn
Ta cninbHy ekcnpecito LOX-1 i ox-LDL y xpsAwi niognHn npu
octeoapTpuTi (Akagi et al., 2007; Simopoulou, Malizos, &
Tsezou, 2007).

BigoMo, WO pO34YMHHUI NEKTMHOMOAIOHMI peuenTop
1 OKMCHEeHoro ninonpoTeiHy HM3bKOT WinbHocTi (SLOX-1) Ha-
SABHUI y KPOBOOBIry Ta CMHOBIAnNbHIl pigyHi B NaLieHTIB 3 pe-
BMaToigHum apTputom (Ishikawa et al., 2016). MNigsuileHi pi-
BHi TNF-a cnpuurHAIOTL He NuLle peBMaToigHWM apTpuT, ane
N eHpoTenianbHi AUCYHKUIT WNsaxoM 36inblUeHHS BMICTY
okcJTNHL, y cyanHax Ta aktueadii wnsxy LOX-1/NFkB/Arg2,
Lo NpuM3BOANTbL A0 3HWKeHHs BiogoctynHocti NO Ta 3Hu-
eHHs1 piBHA cCGMP. JlikyBaHHs1 aHTU-TNF-a 3mMeHLye sik cyr-
NoboBi cMMNTOMU, TaK i YHKLjH0 €HAOTENit0 LWNAAXOM 3HU-
eHHs piBHiB LOX-1, cyamHHoro oxLDL ta Arg2 (Akhmedov
et al., 2022). PiBeHb sLOX-1 moxe Oyt kopucHUM Biomapke-
pOM ONs OUiHIOBaHHS KNiHIYHOI peMicii Ta aKTUBHOCTI 3aXBO-
plOBaHHSA Y NaLjieHTiB 3 peBMaToigHNM apTPUTOM.

MokasaHo, Wwo nekTnHonmogibHwu peuentop ox-LDL-1
(LOX-1) € Baxxnueum peventopom ansa ox-JIMHLL, aki 6ynu
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KNMOHOBaHi 3 KyNbTMBOBAHUX eHAoTenianbHUX KIiTUH aopTh
BENMKOi poraTtoi Xygobw i, sik BigomMo, ekcripecytoTbes B 6a-
raTboX Pi3HMX TMNax KNiTUH, BKIMOYaoumn eHaoTenianbHi Kni-
TUHU, KNITUHW rNageHbKol MycKynaTypu cyaunH, Makpodaru
i xongpouutn (Akhmedov et al., 2022; Hashimoto et al.,
2018). MNMposeaeHe oujiHoBaHHA poni LOX-1 y cepueBo-cy-
OVHHUX 3aXBOPlOBaHHSIX. [okasaHo, LWo nig vyac 3ananeHHs
BiabyBaeTbCa iHAyKUiA peuenTopa okncHeHux JTTHLL, LOX-1,
AKAM  3anyyYyeHuin [0 YTBOPEHHS aTepOCKNepOTUYHMX
OnAWOK Npy rocTPoOMy KOPOHapHOMY cuHApPOMI. 3a3Buyan
ekcnpecia LOX-1 Ha eHaoTenianbHMX KiTUHaX HU3bKa, ane
OHIM-a, okucHeHi JIMHL, Ta iHWI aTepocKnepoTuyHi ctu-
Mynu 3Ha4HO NiaBuLLyOTL ekcnpecito LOX-1 (Sagar et al.,
2020). MyTauii reHa OLR1 noB'a3aHi 3 aTepocknepo3om Ta
PU3MKOM iHGPapKTy Miokapaa.

OcTaHHi fgaHi cBiguaTh Npo Te, WO nekTMHonodibHa oku-
CHeHa cucTema ninonpoTeiHiB HWU3bKOI LWinbHocTi (ox-LDL)
peuenTop-1 (LOX-1)/ox-LDL moxe 6paTtu yyacTb y natore-
Hesi apTpuTy. LOX-1-N03UTUBHI CMHOBIANbHI KMiTUHU Ta XO-
HOPOLUMUTM € MOTEHLUINHUMK TEPANEBTUYHMMMN MiLLEHAMM AN
npodpinaktukm aptputy (Hashimoto et al., 2018).

3rigHo 3 MpoBeAeHUM aHamnizoM niTepaTypHUX AaHuX
LRP1 ta OLR1 HanexaTb Ao 6aratodyHKUiOHaNbHNX peLie-
NTOpiB B OpraHiami, 3any4eHnx A0 KNiTMHHOI curHanisawii,
TpPaHCNOPTYBaHHi NiNONpoTeiHiB Ta PO3BUTKY Pi3HUX NaTo-
NOTIYHMX CTaHiB, BKMOYAKYM 3ananeHHss Ta OKUCHUN
cTpec. 3Baxalouu Ha OTPMMaHi y npoueci 4OCNioKEHHS pe-
3ynbTatn, 6yno BCTaHOBMNEHO, WO Y XBOPUX Ha OCTeoapT-
pUT Y KPOBI 3HUXYETLCA ekcnpecis reHa LRP1 i 3pocTae
ekcnpecia reHa OLR1 NOpiBHSIHO 3 rpyno YMOBHO 34,0p0-
BUX Mofen. Y nauieHTiB 3 0cTeoapTpUTOM nicns iHiky-
BaHH SARS-CoV-2 nokasaHo 6inbLl rnnboki nopyLueHHs
eKcnpecii AoCNioKyBaHNX rEeHiB.

Ounckycis i BUCHOBKMN

3Baxaloum Ha AdaHi nitepatypy W OTpMMaHi BnacHi pe-
3ynbTaTu, BUSBIIEHE Y KPOBI MALIEHTIB 3HWKEHHST eKcrpecii
reHa LRP1 Ta 3pocTaHHs ekcnpecii reHa OLR1 cBigunTb Npo
nopyLleHHs MeTaboniamy ninonpoTeiHiB B opraHiaMi, aktusa-
Ljto BinNbHOpaaukanbHUX NPOLECIB Ta PO3BUTOK CUCTEMHOMO
3ananeHHs, Lo NPM3BOAUTbL 0 3HKEHHS NPOTEKLT cyauH Ta
eHpgoTenianbHOI AMCYHKLIT y XBOPUX HA OCTeoapTpuT, ke
NMOCUIMIOETBLCS 3a YMOB A0OATKOBOrO iHEKLIMHOro HaBaHTa-
YKEHHs1 Ha opraHi3m nig gieto SARS-CoV2-iHdekuyji.

BHecok aBTopiB: KOpiii TyrapoB — NoLyk Ta onpaltoBaHHs da-
XOBOI niTepaTypu 3a TEMOK OOCHIAKEHHS, aHari3 Cy4yacHOro CTaHy
npobnemu, y4acTb y NPOBeAEHHI EKCNIEPUMEHTIB, TEOPETUYHE 06 pyH-
TyBaHHS pe3ynbTaTiB AoChimpkeHHs; AneBTuHa KOeT — yyacTb y npo-
BE[EHHi eKcrnepvMeHTiB, cTaTucTuyHa obpobka pesynbTaTtiB Aochi-
DpkeHHs1; KatepuHa [iBopLueHko — chopMyBaHHS igei Ta meTu poboTy,
MOCTaHOBKa 3aBAaHb, MOLEMIOBAHHS EKCMEPUMEHTY, MNiaHyBaHHS
METOAMYHUX NiOXOAIB, y3aranbHEHHs pe3ynbTaTiB JOCNIAKEHHS.

Mopsikn, axepena diHaHcyBaHHA. PoboTa BUKOHaHa Ha ka-
deppi bioximii HaByanbHo-HaykoBoro ueHTpy "lHcTuTyT Gionorii Ta
mMeamnumHn" KniBcbkoro HauioHanbHOro yHiBepcuteTy iMeHi Tapaca
LLleByeHKka y pamkax HaykoBo-gocnigHoi Temu "lNatonorii cyrnobis
pisHOro reHesy B nocTkoBigHuin nepiog” (Ne a/p 0122U001909,
2022-2024 pp.).
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EXPRESSION OF LRP1 AND OLR1 GENES IN THE BLOOD OF PATIENTS
WITH OSTEOARTHRITIS AFTER SARS-CoV2 INFECTION

Background. Severe acute respiratory syndrome-related coronavirus 2 (SARS-CoV-2) infection was first reported in Wuhan, China in
December 2019, and then spread rapidly worldwide, causing an estimated 771 million active cases with ~7 million deaths as of September 2023. The
pandemic of the new coronavirus SARS-CoV-2 poses a great threat to the world in many aspects: medical, social, economic and other.
A comprehensive understanding of the interaction of the virus with the body is fundamentally important in the fight against SARS-CoV-2. During the
2019 coronavirus disease (Coronavirus disease 2019, COVID-19), epithelial cells of the respiratory tract are affected, which is manifested by symptoms
of a respiratory infection. The SARS-CoV-2 virus, as an infectious trigger, causes damage to other organ systems, in particular, the musculoskeletal
system, and can also complicate the condition of patients with comorbid diseases.

Methods. The aim of the work was to determine the expression of LRP1 and OLR1 genes in the blood of patients with osteoarthritis after
SARS-CoV2 infection. All study participants were divided into three groups. The first group (n = 10) is conditionally healthy people. The second group
(n = 22) - patients with osteoarthritis of the knee joints II-lll degree. The third group (n = 14) is patients with osteoarthritis of the knee joints lI-lll degree,
who suffered a mild and moderate form of COVID-19 6-9 months ago. The expression of LRP1 and OLR1 genes was determined in the blood. RNA
was obtained by the Chomczynski method. Synthesis of cDNA and quantitative polymerase chain reaction in real time (Real-time PCR, qPCR) using
the commercial kit "Thermo Scientific Verso SYBR Green 1-Step qRT-PCR ROX Mix" ("Thermo Scientific, Lithuania). Processing of research results
was carried out using generally accepted methods of variational statistics.

Results. In the blood of patients with osteoarthritis, the expression of the LRP1 gene decreases and the expression of the OLR1 gene
increases compared to a group of conditionally healthy people. In patients with osteoarthritis after infection with SARS-CoV-2, more significant
violations of the expression of the studied genes are shown.

Conclusions. The obtained data indicate a violation of the metabolism of lipoproteins in the body, the activation of free radical processes
and the development of systemic inflammation, which leads to a decrease in vascular protection and endothelial dysfunction in patients with
osteoarthritis, which increases under conditions of additional infectious load on the body under the influence of SARS-CoV2 infection.

Keywords: SARS-CoV-2, osteoarthritis, blood, LRP1, OLR1 gene expression, lipid metabolism, inflammation, oxidative stress.
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OPTIMIZATION OF AN ENZYME ELECTROPHORESIS METHOD
FOR USING COLLAGEN AS A SUBSTRATE

Background. The optimized method of collagen-containing sodium dodecyl sulfate-polyacrylamide electrophoresis is
introduced in this work. The main parameters that affect the efficiency and resolution of the methodare the degree of sample
dilution, the concentration of separation gel,the concentration of collagen solution which was used as a substrate, time of
electrophoretic separation elongation. In order to investigate all active and pro-active forms of plasmin, all samples were prepared
in two variations: with supplementary activation by streptokinase (Sk) addition, and without.

Methods. To obtain clearly visible and detectable lysis points, samples with Sk were diluted in a ratio of 1:16, and samples
without Sk were diluted in a ratio of 1:8. To prevent substrate migration and the loss of proteins' electrophoretic mobility, the
concentration of was 15 % separation gel, and the concentration of copolymerized collagen solution was 1 mg/ml. To obtain the
most informative results, the time of electrophoresis elongation was 15 min. After electrophoresis gels were washed in 2,5 % Triton
X-100 solution for 1 hour and stained according to a standard protocol.

Results. As a result of the conducted research, the optimal conditions for carrying out this enzyme-electrophoresis
modification were found, according to all analytical manipulations, and methodical approaches to the detection of latent pro-
enzymatic forms of enzymes with collagenolytic activity were shown.

Conclusions. This modified technique can be used for quantitative and qualitative analysis of the presence of
collagenolytic activity in various samples and allows research of enzymes that possess this activity, both from a scientific point of
view, and in the process of finding and developing technologies for obtaining collagenolytic enzymes for biotechnological purposes.

Keywords:enzyme electrophoresis, collagen, collagenolytic activity, proteolytic activity.

Background

The human genome has more than 500 genes that
encode proteases or protease-likemolecules, where the
largest classes are metalloproteinases (MMPs)
andserineproteases (Kundapur, 2013). These enzymes
regulatea lot of biological processes. For example, MMPs
are important for tissue repair and remodeling, they also play
a crucial role in different pathological processes, so that they
were used as diagnostic tools or therapeutic targets in a
wide range of diseases. Several approaches for detecting
and identifying proteolytic activity in various samples have
been developed, but enzyme electrophoresis remains to be
the preferred one due to its simplicity and quality (Choi et al.,
2008; Tajhya et al.,2017).

Enzyme electrophoresis is based on a standard sodium
dodecyl sulfate-polyacrylamide gel electrophoresis technique
with an incorporated substrate thatallows scientists to detect
active enzymesby substrate degradation (Wilkesman, 2009).
This method has a lot of advantages, for example, this
technique gives both quantitative and qualitative information,
it allows not only to detect the presence of different enzymes
but alsoto identify them by molecular weight. In addition, both
pro-enzymatic and active forms can be distinguished by
zymography (Snoek-van Beurden, & Von den Hoff, 2005).
However, the main advantage of this method is that it can be
developed for the detection of different proteases by
incorporating a suitable substrate such as fibrinogen, gelatin,
casein, and collagen (Choi et al., 2004).

The inclusion of native collagen fibers in PAAG seemed
to be in appropriate, duetoits complex structure. However,
this problem was solved by SDS presence. SDS

ISSN 1728-2748

disruptsmost of the fibrillar collagen organization, which
allows proteins to easily migrate through the gel and
partiallyp reserve their electrophoretic mobility (Gogly et
al.,1998). The first data indicating the successful
identification of active collagenase were obtained by Gogly
and colleagues (Gogly et al.,1998)in their study on the use
of copolymerized native collagen | in SDS-PAGE for the
determination of interstitial collagenase. Although collagen
zymography had been proven to be more sensitive than
gelatin zymography because it can detect up to 0.1 pg of
active collagenase (MMP-1) (Gogly et al.,1998), gelatin is
still a commonly used substrate for protease detection and
the information of collagen usage is limited.

In this study, we present an optimized method of
collagen enzyme electrophoresis for qualitative and
quantitative detection of collagenolytic activity in samples.
The main advantages of this technique are that it prevents
substrate migration through the gel and provides a better
level of washing and staining steps for gaining clearly
detectable results.

Methods

Tris, acrylamide, N,N'-methylen-bis-acrylamide, ammonium
persulfate  (APS), N,N,N',N'-tetramethylethylenediamine
(TEMED), sodium dodecyl sulfate (SDS), Triton X-100,
glycine, Coomassie G-250, were purchased from GE
Healthcare AB, Sweden. Streptokinase was obtained
fromKabi Pharmacia AG, Sweden.

To test the technique we used blood plasmafrom donors,
who had recovered from COVID-19. According to the
available scientific literature (Rachkovska et al., 2023), the
post-COVID period is characterized by hemostatic
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disorders, which can lead to an increase in proteolytic
activity in the blood stream.

Samples were prepared in two variations, according to a
protocol (Bratchik, 1993): 1) blood plasma was diluted in
distilled water in a ratio of 1:10 without streptokinase (Sk)
addition in order to investigate the whole content of active
plasminogen/plasmin forms; 2) blood plasma was incubated
with Sk for 10 min at 37 °C before dilution to examine pro-
enzymatic forms with plasminogen origin present in the
bloodstream. Then, all samples were incubated with 0,25 %
acetic acid for 30 min at 4 °C and centrifugated for 15 min at
10,000 g. The precipitate was mixedwith a sample buffer in
an appropriate volume and stored before electrophoresis at
4 °C without boiling or the addition of any reducing agent, in
order to prevent the loss of enzymatic activity.

Collagen zymography was conducted in several steps.
A separation gel with collagen was incubated for 1 hour at
room temperature in order to gain an appropriate
polymerization. Electrophoresis was carried out at 36 mA for
concentration gel and at 72 mA for separation gel. Then the
gel was incubated with a non-ionic detergent, 2.5 % Triton
X-100 solution for 1 h with gentle orbital shaking toremove
the SDS.This step is necessary for enzyme and
substraterenaturation, it also helps to prevent the
irreversible denaturation of some enzymes and the total loss
of their activity.Subsequently, gelswere incubated in Tris-
buffered saline solution with pH 7.4 for 12 h at 37 °C, in
order to activate the enzyme and ensure that the substrate

was hydrolyzed at its stopping points in the gel. Afterthe
obtained gel was stained with Coomassie Brilliant Blue and
washed to detect lysis spots. The results were detected as
clear lysis points on a dark background. As markers of
molecular weight were used trypsin (23 kDa) and plasmin
(85, 44, 36 kDa). Plasmin was prepared according to a
standard protocol (Wiman, 1973).

Results

We determined the main parameters that can affect the
quality of electrophoresis: 1) degree of sample dilution;
2) concentration of separation gel; 3)concentration of
collagen solution which was added to the separation gel as
a substrate; 4) time of electrophoretic separation elongation
after sample front line extends beyond gel into a buffer for
electrophoresis.

Testing samples without dilution can lead to excessive
hydrolysis of the substrate, making the results difficult to
analyze. However, the greater the sample dilution, the
smaller the lysis points. The optimum degree of sample
dilution was investigated by placing identical samples with
and without Sk on different gels with dilutions of 4, 8, and
16 times. Samples with Sk diluted 16 times (Fig. 1a),
compared to the others, formed a larger number of bands
evenly distributed across the gel (it is shown by arrows that
point to the lysis areas). On the opposite, samples without
Sk diluted 8 times (Fig. 1b) allowed us to detect a larger
number of clearly visible bands (it is shown by arrows that
point to the lysis areas).

Fig. 1. Enzyme electrophoregram of donors'blood plasma incubated with Sk (a), and with out additional incubation withSk (b):
1 - plasminstandard (MW85, 44, 36 kDa); 2 — trypsin standard (MW23 kDa); 3, 4 — samplesdiluted 4 times, with 0 Index (S/C)
titer of anti-SARS-CoV-2 IgG; 5, 6 — samples diluted 8 times, with 0 Index (S/C) titer of anti-SARS-CoV-2 IgG;
7, 8 — samples diluted 16 times, with 0 Index (S/C) titer of anti-SARS-CoV-2 IgG

The concentration of separation gel,due to pore size, has
a great impact on a protein's electrophoretic mobility,
substrate incorporation, and its ability to migrate through the
gel. We revealed that the 10 % separation gel caused

substrate migration and neither m. w. markers nor samples
were not detectable (Fig. 2, the arrow points to the line of
collagen migration).

Fig. 2. Enzyme electrophoregram of donors' blood plasma incubated with Sk, separated in 10 % gel:
1 — plasmin standard (MW 85, 44, 36 kDa); 2 — trypsin standard (MW 23 kDa); 3, 4, 5 — sample diluted 16 times, with 10 £ 3 Index (S/C)
titer of anti-SARS-CoV-2 IgG; 6, 7, 8 — sample diluted 16 times, with 55 * 5 Index (S/C) titer of anti-SARS-CoV-2 IgG
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On the opposite, 12 % gel prevented the loss of samples substrate migration (Fig. 3, the arrow in the middle points to
and allowed to get distinct lysis points, but it failed with the line of collagen migration).

Fig. 3. Enzyme electrophoregram of donors' blood plasma incubated withSk, separatedin 12 % gel:
1 - plasmin standard (MW 85, 44, 36 kDa); 2 — trypsin standard (MW 23 kDa); 3, 4, 5 — samples diluted 16 times, with 0 Index (S/C)
titer of anti-SARS-CoV-2 IgG; 6, 7, 8 — samples diluted 16 times, with 10 * 3 Index (S/C) titer of anti-SARS-CoV-2 IgG

Fig. 4 shows that the 15 % separation gel contributes to keeping collagen from migrating out of the gel andthe formation of evenly
distributed, clearly visible markers and samples (the square on the gel shows the line of lysis points).

Fig. 4. Enzyme electrophoregram of donors' blood plasma incubated with Sk, separated in 15 % gel:
1 - plasmin standard (MW 85, 44, 36 kDa); 2 — trypsin standard (MW 23 kDa); 3, 4, 5 — sample diluted 16 times, with 10 £ 3 Index (S/C)
titer of anti-SARS-CoV-2 IgG; 6, 7, 8 — sample diluted 16 times, with 55 * 5 Index (S/C) titer of anti-SARS-CoV-2 IgG

We determined that 18 % gel, shown in Fig. 5 has a normally migrate and separate through the gel (the square
critically low pore size, so that samples weren't able to on the gel shows the front of samples and marker).

S

Fig. 5. Enzyme electrophoregram of donors' blood plasma incubated with Sk, separated in 18 % gel:
1 — plasmin standard (MW 85, 44, 36 kDa); 2 — trypsin standard (MW 23 kDa);
3, 4, 5 — samples diluted 16 times, with 0 Index (S/C) titer of anti-SARS-CoV-2 IgG

The concentration of substrate copolymerized in to the markers). In contrast, the zymogram in Fig. 6b shows that
separation gel can affect the protein'sability to migrate the collagen solution with a concentration of 1 mg/ml

through the gel and the quality of washing gel after staining. contributed to better washing after staining, which allowed
It was found that a 2 mg/ml collagen solution cause dpoor us to obtain clearly visible molecular weight markers and
washing of the gel after staining, which made both markers samples (the arrows on the gel also point to the markers).

and samples badly visible (Fig. 6a, the arrows point to the
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Fig. 6. Enzyme electrophoregram of donors’ blood plasma in cubated with Sk, separated in 15 % gel
with in corporated 2 mg/ml (a), and 1 mg/ml (b) collagensolution:1 — plasmin standard (MW 85, 44, 36 kDa);
2 - trypsin standard (MW 23 kDa); 3, 4, 5 — samples diluted 16 times, with 0 Index (S/C) titer of anti-SARS-CoV-2 IgG

Despite the fact that substrate incorporation practically
does not create additional obstacles to the protein's
movement through the gel, their electrophoretic mobility is
still reduced to some extent, which can be detected by m. w.
markers. So thetime of electrophoretic separation needs to
be elongated after the sample front line extends beyond the
gel into the buffer for electrophoresis.

The extension time in 10 minresulted in sample
concentration in the up per part of the gel, and the frontline

of the markers was higher than expected (Fig. 7a, the
square on the gel shows samples' concentration in the upper
part of the gel). In contrast, Fig. 7b indicates that extending
the electrophoretic separation by 15 min contributes to the
formation of a clearer and more elongated exit line for both
markers and samples, which caused formation a greater
number of bands (the arrows on the gel point to the lysis
points distributed across the gel).

Fig. 7. Enzyme electrophoregram of donors' blood plasma incubated with Sk, with time of electrophoretic separation elongation 10 min (a),
and 15 min (b): 1 — plasmin standard (MW 85, 44, 36 kDa); 2 — trypsin standard (MW 23 kDa); 3, 4, 5 — sample diluted 16 times, with 10 3
Index (S/C) titer of anti-SARS-CoV-2 IgG; 6, 7, 8 — sample diluted 16 times, with 55 * 5 Index (S/C) titer of anti-SARS-CoV-2 IgG

Discussion and conclusions

We found the most appropriate conditions for conducting
enzyme-electrophoresis using collagen as a substrate. This
optimized technique can be used to test the presence of
collagenolytic activity, identify enzymes due to their
molecular weight, and compare enzymatic activity in
different samples.

Authors’ contribution: Maryna Kalashnikova — conducting the
experiment and calculations, writing the article; Olexiy Savchuk —
conducting the experiment and calculations; Vitaliy Karbovskiy — the
idea and conceptual provisions of the conducted research, writing
the article.
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OMNTUMISALIA METOAY EH3UM-ENEKTPO®OPE3Y
AnA BUKOPUCTAHHA AK CYBCTPAT KOJIATEHY

B c Ty n. llpedcmaeneHo onmumizosaHuli Memood eH3uM-esiekmpoghope3y 3 8UKOPUCMAaHHSIM KoslazeHy sik cy6ecmpam. OCHO8HUMU napamem-
pamu, wo ennuearoms Ha e¢hekmueHicmb ma po30inbHy 30amHicmb Memody, € cmyniHb po3eedeHHsI NPo6, KOHUeHmMpauyis pPo3nodinbL4yozo0 2es,
KOHUeHmpauisi po34uHy KoslazeHy, KonoJslimepu3o8aHo20 8 po3nodinb4uli 2esib ma Yac npoodoexeHHs1 esleKmpoghopemuyHo20 Po30iNeHHsI.

MeToawn. [na mozo, wjo6 docnidumu eci akmueHi ma npoakmueHi ¢popmu nna3miHy, yci 3pasku 6ynu npuzomoersneHi y deox eapiayisix:
3 dodamkoeoro akmueauieto, wnsixom dodaeaHHsi cmpenmokiHasu (Ck), ma 6e3 Hei. [Jnsa ompumaHHsi 4imko euGuMuUX MOYOK Jli3ucy 3pa3Ku i3
Ck po3eodusnu y cniesidHoweHHi 1:16, a 3pa3ku 6e3 Ck po3eodusu y cnieeidHoweHHi 1:8. [Qns 3ano6izaHHa mizpayii cy6cmpamy ma empamu eiek-
mpogbopemuyHoi pyxnueocmi 6inkie eukopucmosysasnu po3nodinbyuli 2efb 3 KOHYUeHmpauicto 15 %, a KOHYUeHmpauis Po34uHy Kosaz2eHy, Konoisti-
Mepu308aHo20 8 2eflb, cmaHosuna 1 ma/mn. [ns ompumaHHs Halibinbw iHghopMamueHuX pe3ynbmamie Yac nPodo8XeHHs efleKmpogopemuyHo20
po3dineHHsi cmaHosue 15 xe. [icns enekmpoghope3y 2eni eiomueanu e 2,5 % po3yuHi TpumoH X-100 npomsizom 1 200 ma ¢pap6bysanu eidnoeioHo
do cmaHOapmHO20 MPOMOKOoJy.

Pe3ynbTartu.YpesynsmaminpoeedeHHux docnidxeHb 6yno 3HalideHO onmumarsnbHi ymoeu npoeedeHHs1 MoOugbikauii eH3uM-esrekmpogho-
pe3y 32i0H0 3 yciMa aHanimuyHuUMuU MaHinynayisMu ma nokaszaHo MemooOuYHi Nidxodu 0o eusi8/IeHHSI JameHMHuUX npogepMeHMHuUX ¢hopM eH3umis,
SKUM e/1acmuea KoJlaeeHoJslimuYyHa akmueHicms.

B 1 c HoBKWK. OnucaHy modughikosaHy MemoOuKy MOXHa euKopucmosysamu O1isl KiflbKiCHO20 ma sIKiCHO20 aHasi3y HaseHOCMi Kosla2eHosi-
muyHoi akmueHocmi e pi3Hux 3pa3kax, wo do3eoJsisic Npoeodumu AocCiOKeHHs1 hepMeHmie, AKUM eflacmuea maka akmueHicmb, sIK 3 HayKoeux
nosuyiti, mak i 8 npoyeci nowyky ma po3po6ieHHs mMexHOoJ102ili ompuMaHHs1 hepmMeHmie-KonazeHonimukie dns 6iomexHonoz2idyHux yined.

Knw4yoBi cnoBa: eH3umM-enekmpogope3s, Kosia2eH, KoslazeHoslimu4yHa akmueHicmb, MpomeoJslimu4yHa aKmueHicma.
ABTOpM 3aABNSAIOTL NPO BiACYTHICTb KOHAMIKTY iHTepeciB. CnoHcopy He Bpanu yyacTi B po3pobneHHi AoChimKeHHs; y 360opi, aHanisi un
iHTepnpeTaLii AaHVX; y HanUcaHHi pyKonucy; B pilleHHi Npo nybrnikavito pe3ynbTaris.
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DISTORTED FACE PERCEPTION:
AN ERP STUDY OF EMOTIONAL EXPRESSION PROCESSING

Background. Reading the emotional cues from the faces of people around us is considered to be the crucial element of
successful social interaction. However, at the moment there is no single point of view on the basic principles of the organization
of neuromechanisms corresponding to face perception, which determines the relevance of this work. Therefore, we focused
primarily on the effective neuronal networks formed during the processing of emotional visual stimuli — human faces, in their
natural form and under the conditions of configurational changes‘ introduction. Current study aimed at highlighting more subtle
elements of face perception and decoding mechanisms.

Methods. For the purpose of the study, blurred facial expressions were presented amongst the natural face images of
different emotional valence. During the exposition, the electroencephalogram was recorded, which then formed the basis for event-
related potentials' grand average calculation. Further analysis involved comparing the grand average ERP curves recorded from
the precentral cortical regions in two gender-based groups. The findings showed that female participants were more engaged in
detecting and deciphering emotional expressions even from the minute hints included in the blurred photos. On the other hand,
the male group also showed more significant decoding and recall processes, when presented with blurred neutral stimuli.

Results. The findings showed that female participants were more engaged in detecting and deciphering emotional
expressions even from the minute hints included in the blurred photos. On the other hand, the male group also showed more
significant decoding and recall processes, when presented with blurred neutral stimuli.

Conclusions. These results are consistent with current evidence on the emotional sensitivity hypothesis and gender-
specific variations in face perception strategies, which reveal that men and women appear to perceive neutral faces with varying

degrees of accuracy, and women are more likely to perform better when processing emotional expressions.

Keywords: electroencephalography; event-related potentials; emotions; face perception.

Background

Successful social interaction is said to depend heavily on
one's ability to perceive nonverbal cues, such as facial
expressions. Intuitive reading of mimic cues occurs
automatically since it is seamlessly incorporated into our
daily social interactions. There is no consensus on how the
human brain interprets facial traits, though, as of yet. The
perception of the face as a whole and as a single image is
described by one competing idea, while the other
emphasizes the significance of isolating particular structural
components of the face with subsequent progressive
processing. This ambiguity makes the problem of choosing
the most important elements in emotional irradiation, which
may be studied using warped images. The human face is
perceived holistically, and information concerning the
"centering" of the face is located in both the right and left
hemispheres of the human brain cortex, according to
recently discovered data (Almeida et al., 2020).

According to the concept of a holistic (configurational)
face perception strategy, these visual stimuli are perceived
atomically, as an inseparable object, at all stages of
cognitive processing, and each subsequent presentation of
a stimulus from this category is correlated by the brain with
a previously formed template. Holism is a basic premise of
Gestalt theory, which states that gestalts are "sensory
wholes" that are qualitatively different from the sum of their
individual parts or components and possess new traits
(Almeida, 2020), that is, emergent properties. In the field of
face perception, terms such as "configurational,"
"relational,” and "holistic" are used to explain the emergent
attributes of a face that emerge only when two or more of its
elementary features (such as the eyes, nose, or mouth) are
processed simultaneously at the same point in time.

The recognition process begins with the stage of visual
analysis, which leads to the construction of a detailed
perceptual image of the face being presented. For the
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reason that faces constitute a visually homogeneous category
with a high level of structural similarity seen among individual
exemplars, successful discrimination at the individual level
requires detailed holistic/configural processing that integrates
multiple parts of a face into a unified perceptual image, taking
into account subtle differences in the spatial relations between
its components (Rossion, 2014). Thus, under normal
circumstances, the activation of a face memory
representation is accompanied by the search for multimodal
information about the degree of familiarity of a person, which
is a diverse collection of relevant biographical/semantic facts
(e.g., profession, name, and personality traits),
autobiographical/episodic details (e.g., memories of specific
personal meetings) and an emotional reaction that reflects the
personal significance of a person.

Thanks to the numerous works that exist at the moment,
it has been proven that the perception of such a stimulus
category as a face occurs thanks to an extensive cortical
network that connects topographically separated areas of the
cortex and some of the subcortical structures. Currently, it is
customary to divide the elements of the face perception
network into two distinct large networks: the central system,
which specializes in processing the characteristics of the
stimulus, according to the modality inherent in the face itself,
and the extended system, which is responsible for storing a
memory trace of the face, and is also able to generate an
emotional response. The key components of the central
system responsible for face recognition include three well-
defined areas of the visual cortex located along the posterior-
anterior axis of the ventral occipito-temporal cortex (VOTC) —
these are face-specific areas of the occipital cortex (occipital
face area, OFA), the fusiform face area (FFA), and anterior
temporal face area (ATFA) (Kessler et al., 2021).

Core components of the extended face recognition
system regions within the anterior temporal lobe (ATL),
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namely ventrolateral and medial structures including the
hippocampus and perirhinal/entorhinal cortex. They are
involved in the storage and updating of semantic and
episodic memory. The extended network also includes the
amygdala and other elements of the limbic system (insula,
ventral striatum, cingulate cortex, orbitofrontal cortex), which
are involved in evaluating the emotional significance and
personal significance of faces. Finally, it was found that the
activation of the ventrolateral prefrontal cortex (PFC) during
the processing of a familiar face was associated with the
involvement of top-down monitoring functions and executive
control mechanisms for face perception operations
performed by the temporal cortex and memory network
(Willinger et al., 2019).

For the purposes of the study, the event-related potential
(ERP) technique was chosen due to its ability to detect fine
aspects of input information perception and processing. In
this study we focused on the nuances of cognitive
processing, therefore only several cortical regions, all of
precentral nature (frontal, central, and parietal) were
selected for further inquiry, as they are known for their role
in information analysis and integration. Several components
of the grand average ERP curve demonstrate high
specificity for face detection and analysis both at the early
and late stages of processing, i.e., P100, N170, N40O, LPP,
etc. While the N170 peak (a negative peak, which arises at
150-200 msec after stimulus onset) is considered to be the
major marker of face detection (Feurriegel et al., 2015), an
increasing amount of evidence is currently being
accumulated regarding the sensitivity of such ERP
components as N400 (a negative component, which occurs
around 400 msec after stimulus onset and indicates
attention modulation during face processing (Neumann,
Schweinberger, 2008)) and late positive potential (LPP, a
positive peak at 800-1000 msec latency after stimulus
onset). According to recent data (Gao et al., 2022), the LPP
is considered to be the major ERP component conveying the
face context effect. That is, the early-stage processing
mainly reflects the emotion-valence based effects of face
perception, while the late positive potentials correlate with
specific contextual emotion-based effects.

The aim of this study was to uncover subtle
neuromechanisms of face perception, "coding", and

emotional impact processing by using functionally
misconstrued ("blurred") faces.
Methods

20 healthy volunteers of ESC "Institute of Biology and
Medicine", Taras Shevchenko National University of Kyiv
(n =20, nfem =11) aged 18 to 24 (M =21, SD = 1.76) were
involved in the study. The participants were informed about
the content of the stimulation, and written informed consent
was obtained from each subject under the World Medical
Association (WMA) Declaration of Helsinki—ethical principles
for the medical research involving human subjects (Helsinki,
Finland, June 1964), the Declaration of Principles on
Tolerance (28" session of the General Conference of
UNESCO, Paris, November 16, 1995), the Convention for the
protection of Human Rights and Dignity of the Human Being
about the Application of Biology and Medicine: Convention on
Human Rights and Biomedicine (Oviedo, April 04, 1997).

The experimental structure consisted of the
consequential oddball presentation of four stimulation series
(10 min long each), with simultaneous EEG data recording.
Each series of images was preceded by a resting EEG
recording with eyes closed (3 min) and eyes open (3 min).

Stimulation material was obtained from the International
Affective Pictures System (International Affective Pictures
System) (Bradley, Lang, 2007), with further blur filter
application. In the stimulation program, faces with neutral
emotional valence were chosen as frequent stimuli
(M=422, SD=1.64, n=100, nem=50 to M=5.84,
SD =1.62, n =100, nem=50). Rare stimuli were identified as
positive (mean values of emotional valence: M =6.94,
SD=142, n=100, nfem=50 to M=8.03, SD=1.13,
n =100, nfem = 50) and negative (mean values of emotional
valence M= 2.1, SD =1.63, n =100, nem=50 to M =4.21,
SD =1.62, n=100, nfem= 50) faces, which were blurred.
Rare stimuli (positive and negative in valence, respectively)
were presented according to a randomized pattern with rare
stimuli' appearance probability at a 30 % rate. The total
number of rare stimuli reached 100, and each stimulus was
onset for 500 msec with a follow-up period of 3 sec + 30 %.

Fig. 1. Example of stimulation material — positive facial expression (a); blurred positive facial expression (b)

Further preprocessing and analysis of the obtained data
were carried out using the EEGLAB tool based on the
MATLAB engineering package (Delorne, Makeig, 2004). In
the above-mentioned software components, preprocessing of
the primary data — filtering and ICA analysis — was carried out
in order to remove the present artifactual components
(oculomotor, neck muscle artifacts, etc.). The subjects were
divided into two gender-based groups. With the use of total
EEG recordings, several averaged ERP curves were created,
reflecting the cognitive processes associated with the brain's
response to visual stimulation — event-related potentials.
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The following assumptions form the basis of the ERP
derivation from the original EEG signal: in a situation of
multiple repetition of the event (stimulus presentation) the
EEG signal that is registered is the sum of two coumponents:
spontaneous EEG and event-related potential (i). The
component of spontaneous EEG is distributed accidentally
across a series of consecutive event repetitions (ii). The
component of the potential associated with the event is
constant for all repetitions of the event (iii). Accidental "noise"
from the raw EEG-data is removed by smoothing.
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As a result of the accumulation of the EEG segments
associated with certain events, their preprocessing (filtration,
smoothing, artifactual components removal) and averaging, the
ERPs are obtained, which can be described as a sequence of
amplitude values or as a sequence of oscillations (waves).

ERP morphology is usually described in terms of waves,
oscillations, deflections and shifts — directly observed
changes in potential, and components — components of
ERPs that do not necessarily coincide with a certain wave
or oscillation and can determine the shape of several
consecutive waves (synthetic component).

To identify a wave or component, the following
parameters were used: amplitude characteristics — polarity
(positive or negative deviations denoted as P and N,
respectively), duration, latent period from the beginning of the
deflection or its peak with respect to the moment of stimulus
appearance (i); scalp distribution topography (ii); relation to
the events, its characteristics (iii); task dependence (iv).

The major intergroup trends in the mechanisms
underlying the response generation were revealed using the
permutation statistical approach (p <0.05), with further
application of the Bonferroni correction in order to eliminate
statistical inexactness if any.

Results

The results obtained during the subjects' exposition to
the blurred neutral faces presented amongst negative
facial expressions demonstrated regions of statistically
significant differences both in the early and late ERP
components. The female group demonstrated larger ERP
amplitudes in the frontal cortical area around both at
200 msec (A =2.1 yV, p <0.05) and in the range of 800—
1000 msec (A =4.2 pV, p<0.05) after stimulus onset
(Fig. 2). At the same time, the male group was
characterized by a significantly more pronounced negative
ERP component, emerging at 200 msec latency.
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Fig. 2. Averaged ERP curves for blurred neutral face perception in the frontal (Fz, A), central (Cz, B),
and parietal (Pz, C) areas when presented in a negative context. Point 0 marks the beginning of stimulus demonstration.
The response of the male group is marked with a green line, and the response of the female group is marked with a red line.
The regions of statistically significant difference are marked with grey color (p < 0.05)
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A similar early-component trend was observed in the
central cortical areas for the early 200 msec-ERP component
(A=14pV, p<0.05). Apart from that, the male group
appeared to have a larger amplitude of the P300 ERP
component (A = 1.9 pV, p < 0.05). Lastly, in the central parietal
cortical area, the male group demonstrated a statistically
significant increase of ERP components amplitude both in the
range of 100-150 msec (A=0.7 uV, p<0.05) and 400-
600 msec (A = 3.1 pV, p < 0.05), correspondingly.

In the case of blurred facial expression presentation on
the background of positive emotional context, a slightly
different picture was observed. That is, within the frontal
region of the cortex the latencies of statistically significant
difference included 300 msec (A =0.6 pV, p <0.05) and

800-1000 msec (A =2.0yV, p<0.05) after rare stimulus
was onset (Fig. 3). Notably, the female group demonstrated
enhanced amplitude of the P300 component and delayed
development of positive slow-wave (800—1200 msec). At
the same time, the ERP data obtained from the parietal
EEG-lead was characterized by the regions of statistically
significant differences at the latencies of 200 msec
(A=1.1pV, p<0.05) and 800-1000 msec (A =2.6 uV,
p <0.05), and the female group showed larger ERP
amplitudes in both cases. Alongside with this evidence, the
parietal grand average ERP obtained from the male group
demonstrated enhanced amplitude at 200 msec and
decreased amplitudes at the latency of 400-600 msec
(A =2.3puV, p<0.05) compared to the female group.
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Fig. 3. Averaged ERP curves for blurred neutral face perception in the frontal (Fz, A), central (Cz, B),
and parietal (Pz, C) areas, when presented in a positive context. Point 0 marks the beginning of stimulus demonstration.
The response of the male group is marked with a green line, and the response of the female group is marked with a red line.
The regions of statistically significant difference are marked with grey color (p < 0.05)
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The ERP data obtained during the exposition to negative

of latency, localized in the frontal and central cortical regions

blurred faces presented among neutral images (A=51upvV, p<005 and A=55uVv, p<0.05
demonstrated the areas of statistically significant amplitude correspondingly) (Fig. 4).
increase for the negative component around 800—-1000 msec
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Fig. 4. Averaged ERP curves for blurred negative face perception in the frontal (Fz, A), central (Cz, B),
and parietal (Pz, C) areas, when presented in a neutral context. Point 0 marks the beginning of stimulus demonstration.
The response of the male group is marked with a green line, and the response of the female group is marked with a red line.
The regions of statistically significant difference are marked with grey color (p < 0.05)

Furthermore, in the case of the blurred negative face
presentation, the female group demonstrated larger
amplitudes of N-400 negativity, located in the central and
parietal regions of the cortex (A=1.7 pV, p<0.05 and
A=3.1puV, p<0.05 correspondingly) (Fig.4). Also, the
N-400 assumption might be further supported by the difference
observed at early latencies (around 100 msec), located
within the parietal cortical region (A = 0.9 pV, p < 0.05).
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Lastly, it is important to note that this phenomenon was
not observed when the rare stimuli consisted of positive
blurred faces (Fig. 5). The only areas of the statistically
significant differences were observed in the centro-parietal
areas of the cortex within 600-800 msec after stimulus
onset (LPP), with female group demonstrating larger
amplitudes (A = 4.2 uV, p < 0.05).
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Fig. 5. Averaged ERP curves for blurred positive face perception in the frontal (Fz, A), central (Cz, B),
and parietal (Pz, C) areas, when presented in a neutral context. Point 0 marks the beginning of stimulus
demonstration. The response of the male group is marked with a green line, and the response of the female group
is marked with a red line. The regions of statistically significant difference are marked with grey color (p < 0.05)

Discussion and conclusions

First and foremost, we would like to point out the results
of blurred neutral face perception, when primed with
negative natural images, both in terms of early and late ERP
components (Fig. 2). Speaking of the frontal cortical areas,
generally, the time window between 100 and 200 msec is
now seen as a transitional period between low- and high-
level vision (Caharel et al., 2013). According to the current
data, the negative ERP peak emerging at the latency of
200 msec, corresponds to the development of internal visual
representation of the face (Rossion, 2014), which was more
pronounced for the male group. We can also assume, that
the difference observed in terms of the late positive potential
(800—-1000 msec), might reflect better emotion regulation for
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the female group, as effective emotional reestimation and
intended shift of attention focus reduce the amplitude of the
LPP (Schienle, Unger, Schwab, 2022). As for the central
cortical regions, larger P300 component amplitudes,
observed in the male group, might depict the allocation of
enhanced attention processes driven by rare stimuli
(Marhofer, Bach, Heinrich, 2015). Lastly, we have to
mention the trend observed in the central parietal regions of
the cortex within the male group, which is expressed in
amplitude increase both at the early and medium latencies
after the rare stimus was onset.The ERP positive peak
between 100 msec and 150 msec (P1) is often seen as a
neuronal marker of stimulus detection, traits' assembling, and
discrimination (Bublatzky, Schupp, 2011) when the increased
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N400 amplitude might reflect larger perception fluency and
recollection (Strézak, Leynes, Wojtasinski, 2021).

The general ERP pattern, obtained during the blurred
neutral stimuli presentation in the positive medium (Fig. 3),
displayed the trends observed during negative context-
mediated perception analysis. However, more regions of
statistically significant differences were observed for the late
components of the grand average ERP, all of them
demonstrating the difficulties of rare stimuli discrimination
and recollection, alongside enhanced emotional regulation
characteristics for the female group (Strézak, Leynes,
Wojtasinski, 2021).

As for the reverse mode of presentation, when the
blurred negative faces were presented as rare amongst the
frequent neutral images, the enhanced amplitude of late
negative component within the fronto-central cortical region
(Fig. 4) might reflect that the female group was more inclined
to retrodiction (i. e., infer which emotional expression the
subject was viewing (Kang et al., 2018)).

Lastly, the late positive potential (LPP, 600-800 msec
after stimulus onset) demonstrated the enhanced memory
retrieval processes and perceptual knowledge consolidation
in the female group, when blurred positive faces were onset
(Fig. 4) (Taylor, Shehzad, MacCarthy, 2016). Furthermore,
in the case of the blurred negative face presentation, the
female group demonstrated larger amplitudes of N-400
negativity, located in the central and parietal regions of the
cortex (Fig. 4). This evidence correlates with the modern
view of the N-400 component, which was first discovered as
a marker of linguistic processing, but is currently associated
with morphed face emotion detection and decoding
(Balconi, Pozzoli, 2005). In this case, the N-400 assumption
might be further supported by the difference observed at
early latencies (around 100 msec), located within the
parietal cortical region, which depicts the enhanced external
attention functioning at early stages of morphed negative
stimuli processing in the female group (Hermann et al.,
2004). Notably, no such tendency was observed when the
rare stimuli group consisted of the blurred positive facial
expressions (Fig. 5), which once again emphasizes the vital
importance of accurate threat-reading directly from the facial
cues (Bublatzky, Schupp, 2011).

In sum, we might assume, that participants from the
female group were more prone to decoding and perceiving
the emotion even from the subtle cues, present in the blurred
images. At the same time, the male group demonstrated
more pronounced decoding and recollection processes,
when presented with blurred neutral stimuli. These findings
fall in line with to-date data regarding the gender-specific
differences in face perception strategies and emotional
sensitivity hypothesis (Hoffmann et al., 2010), as women
tend to perform better when processing emotional
expressions, whilst men appear to show more accuracy in
perceiving neutral faces (Skolnick, Bascom, Wilson, 2013).

Consequently, the female group generally tended to
decoding and recollection mechanisms' enhancement when
both positive and negative blurred stimuli were presented in
the neutral context. Additionally, the female group was
characterized by the increase of retrodiction mechanisms'
function, when presented with morphed negative faces. The
male group, on the other hand, demonstrated enhancement
of processes, related to discrimination and recollection, with
accompanying attentional resources involvement and
greater cortical activation at the later stages of stimuli
processing, when blurred neutral stimuli were presented
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amongst emotional face expressions. However, no specific
difference was observed in regards to context valence
(positive or negative), when the participants were presented
with blurred neutral images. This falls in line with to-date
data on the gender-based differences in emotion perception
strategies, as females tend to decode emotion-related cues,
whilst men tend to focus more on neutral stimuli. Thus, the
described regularity might indicate the differences in
neurobiological mechanisms of behavior formation
characteristic for men and women.

Authors' contribution: Mariia Chernykh — conceptualization,
methodology, software, data curation, validation, formal analysis,
writing — original draft preparation; lhor Zyma — conceptualization,
writing — review and editing, supervision.
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CNPUAHATTA BUAO3MIHEHUX OBNNY: AOCNIMKEHHA NOTEHLIANIB,
NOB'A3AHUX 3 NoAl€to, nifa YAC O6POBKU EMOLIMHOIO BUPA3Y

B ¢ Ty n . 3yumyeaHHs eMouiliHux cu2Haisie 3 06/1u4 omoyyr4ux Jirodeli 8aKaembCsl K/IOY08UM eJIeMeHINOoM yCriwHoi coyianbHol e3aeMo0il.
Ymim, Ha cb0200Hi He icHye eduHo20 noansidy Ha 6a3oei NpUHYUNU opaaHi3ayil HelipoMexaHi3mie, eidnoeidanbHux 3a cnpuliHamms o6nuyys, wjo U
obymoesitoe akmyanbHicmb po6omu. Memoto docnidxeHHs1 6yno eudineHHs 6inbw MOHKUX acrekmie crpuliHamMms o6siuY, a MaKoXx MexaHiamie
iXHbOT 06PO6KU Mma dekodyeaHHSI.

M e T o aun. O06'ekmom AocnidxeHHs1 sucmynunu eghekmueHi HelipoHasnbHi Mepexi, o gpopmMyrombcs nid yac 06pob6Kku eMoyio2eHHUX 8i3yallb-
Hux cmumyiiie — nroAdcbKux 0651uY, y iXHbOMYy NPUPOOHOMY eu2/1si0i ma 3a yMoe eHeCeHHs1 KoHgi2ypayiliHux 3MmiH. Y npoyeci docnidxeHHs1 po3mumi
supasu obnuyys 6ynu npedcmassneHi ceped NPUPOOHUX 306paeHb 061u44s1 pi3HOi eMoyiliHoi earreHmHocmi. [1id Yac ekcro3uyii 6yna 3anucaHa
eslekmpoeHyeghanozpama, sika TomiM cmasia 0CHogoro Osis1 Ppo3paxyHKy MoeHUX ycepedHeHUX Kpueux nomeHyianie, noe's3aHux 3 nodiero, 3apeec-
mpoeaHux y npeyeHmpasnbHuUx o651acmsix KOpu 20J108HO20 MO3Ky y 080X 2pynax, eudifieHux 3a cmammio.

Pe3ynbTarTu.llokasaHo, Wo y4yacHUKuU i3 XiHo4ol 2pynu 6ynu 6inbw cxusnbHi o dekodyeaHHs1 ma crnpuliHamms eMoyili, Hagime i3 MOHKuUX
03HaK, Hasi8HUX ¥ pO3Mumux 306paxkeHHsIX. Y moll e 4ac yosiogiya epyna npodeMoHcmpyeana 6inbw supaxeHi npoyecu dekodyeaHHs1 ma npuaa-
0dyeaHHs1, Konu iM nped‘aensnu po3mumi HelimpanbHi cmumysnu.

B 1 cHoOBKW. OmpumaHi pesynsmamu y3200)KylombCsi 3 Cy4aCHUMU OaHUMU w000 2eHAepHUX 8iOMiHHOCcmel y cmp isIx cnpulit
o6n1uy4ss ma 2inome3u eMoyiliHoi Yymmueocmi, OCKiNbKU XiHKU 3a3euyali deMoHcmpyroms 6inbwy ycniwHicms nid yac o6pob6ku eMouiliHux eupa-

3ie, modi sk yosoeiku susiensirome nidsuwWeHy MoYyHicmb y cnpuliHammi HelimpanbHUX o6nuy.

Knw4yoBi cnoBa: enekmpoeHyeganozpagis, nomeHyianu, noe'asaHi 3 nodicro, emouii, cnpuliHamms o6nuyys.

ABTOpM 3asBNAIOTb NPO BiACYTHICTb KOHANIKTY iHTepeciB. CnoHcopu He Bpanu yyacTi B po3pobneHHi AoCniaxeHHs; y 36opi, aHanisi umn
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