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AOOMNMOBHEHHA A0 ®J1IOPU HALIOHAJIbHOI'O
NPUPOLOHOIO MAPKY «3AJIICCA»

Y cmammi HagedeHo OaHi rpo ¢hriopucmuyHi 3HaxiOKu Ha mepumopii HauioHarisHoz20 rpu-
PpodHoe0 rapkKy «3ariccs» (HII), skuti 6ye cmeopeHuli y 2021 p. Ha rinowi 14836,0 ea. Y
2024 p. Hamu ecmaHoerieHo eudosuli cknad cyOuHHux pocrnuH HII, nposedeHo
biomopgboroaidHuLll, eeozpagbiyHUl, €KON020-UeHOMUYHUU aHari3 ¢hriopu ma 3’9cCo8aHo
ocobrnueocmi i cuHaHmponisauji. byno HagedeHO xapakmepucmuky PIOKICHUX eudie
gpriopu, nokasaHo micuye HII e ekomepexi pezioHy. HuHiwHs poboma rpyHmMyembCcs Ha
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pesynibmamax opuaiHanbHUx 0ocsiOxeHb, rnposedeHux Hamu Ha mepumopii HIM
«3aniccs» y 2024-2025 pp. i3 3acmocysaHHsIM MapuwipymHo20 crocoby ma memodie
ropigHsNbHOI ¢hriopucmuku. Y pe3yribmami OOCIIOXKEeHHST 8 Mexax rnapKy eusierieHo 34
HOBUX MakKCOHU OUKOPOCIIUX CyOUHHUX pocsiuH. Kpim moeo, 8id3Ha4yeHo 0OuH Hosuli 8Ud
(Rosa rubiginosa L.), timosipHo, iHmpodykoeaHuli uinecripsimosaHo. Ceped Hosux gudie
i nidsudie chropu 19 Hanexame 00 abopuzeHHOI chpakuii i € docume 38udaliHUMU Orisi
pezioHy docnidxeHHs1, a 15 — 0o adseHMuUBHOI (4YyxopidHoI) ghpakuii priopu. [na Hux
HasedeHO xapakmepuCmMUKU ma KOHKpemHi Micye3HaxodxxeHHs1 8 mexax HIr. lNosisy
Oesikux HeabopuzeHHux sudie gpriopu (Hippophae rhamnoides L., Heliopsis helianthoides
(L.) Sweet var. scabra (Dunal) Fernald., Robinia viscosa Michx. ex Vent.) nog’a3yemo 3
ICHYHOHOI aKmuBHOI0 20Cro0apChKoto OiSiFIbHICIMIO Ha CYMDKHUX 3 MTapKOM mepumopisx
(Ga4yHux koonepamuseax). CmaHom Ha meniep ¢hriopa HIIM «3aniccsi» Hanidye 812 eudie
i midsudie cyOUHHUX pocnuH. Pe3ynbmamu yux JocrioxeHb 8UKOHy8arucs 8 Mexax
npoepamu Jlimonucy npupodu napkKy. BoHu € eaxriueumu Onsi 8CMaHOB/EHHS Lio2o
Cy4acHO20 pi3HOMaHImmsi, 3’acy8aHHs meHOeHUit 3MiH y peaioHaslbHil ¢briopi, pO3pObKU
3axodie Oris rnorepedxeHHs1 chimoiHeasitl. IcHye nompeba y nodansbwiomMy MOHIMopUHay
3a POCIUHHUM [OKPUBOM MapKy 8 383Ky 3 HasigHICmio Ha lio2o mepumopii 3Ha4Ho20
Pi3HOMaHImms meapuH, 30KpeMa KOrMuUMHUX, Wo ornocepedKosaHo erusaroms Ha
ckriad ma OuHaMiKy ¢hriopu.

Knrodoei crnosa: biopisHomaHimmsi, YepHieiecbke [Moniccs, Kuiscbka ma YepHiziecbka
obnacmi, gpnopucmuyHi 3Haxioku, YkpaiHa.

BcTyn. IHBeHTapu3sauis Ta MOHITOPUHT diopu, 0cobnmBo 06’eKTiB MPUPOLHO-3ano-
BiOHOrO ¢hoHAY YKpaiHu, € BaXKITMBOK CKITaZ0BOK HAYKOBUX AOCTIKEHb AN 3'ACYBaHHS ii
Cy4acHOro CTaHy, 30Kpema 1 papuUTETHOI Ta YY>KOPIAHOI KOMMOHEHTW, OLHKWN perioHanbHOI
penpeseHTaTMBHOCTI, BU3HAYEHHS 3MiH | HanpsiMiB TpaHcdopMaLlii POCAIMHHOIO MOKPUBY
Towo. OTpuMaHi XOpOroriYyHi BiAOMOCTIi € OCHOBOK pPO3pobkM edeKTUBHUX 3axoniB
30epeXeHHs NPUPOAHUX BUAIB POCIHWH, NepeayciM PIAKICHUX, | KOHTPOHO 32 YY>KOPIAHUMW.

Y rpygHi 2021 p. 6yno ctBopeHo HaujioHanbHWM NprpodHuii napk «3aniccs», 3 me-
TOK BOOCKOHANEHHS yrpaBniHHS 30epexXeHHsIM, BiATBOPEHHAM i pekpeaLiiHUM BUKOpUC-
TaHHSM TUMOBWX Ta YHIKanbHWX NPMPOAHMX KoMmnekciB LieHTpanbHoro MNoniccs (B mexax
KniBcbkoi Ta 4acTKOBO YepHiriBcbkoi obractewn), Wo MalTb BaXKMBE NPUPOAOOXOPOHHE,
HayKkoBe, eCTeTUYHe, pekpeaLiinHe Ta 0340poBYe 3HaYeHHs, Ha nnowi 14836,0 ra [6].

Y 2024 p. onybnikoBaHO NepLUMIn aHOTOBAHMWIA KOHCMEKT (OIOpU LIbOro Napky, sIKUI
HanidyBaB 778 BuaiB Ta NiaBWAIB CyaAMHHMX POCnuH [4]. ABopureHHa dpakuis dnopu napky
[oHenasHa Hanivysana 612 suais (58,5%) pisHOMaHITTS BCiei perioHanbHoi doropu. i
CTPYKTYPHi 0CcOBnMBOCTI BigoOpaxatoTe OOCUMTb J00pe BUPaXKEHWUW NCOBUM XapakTep
donopw, y 3B’A3Ky 3 po3TallyBaHHAM Y niBAeHHI cmysi [Nonicca. Cepepn Giomopd y cknagi
dopu HIMIM nepeBaxatoTb remikpuntoditn (65,7%), a 4actka daHepodiTiB CTaHOBUTb
9,5%, y reorpadiyHin CTpYKTYpi — LUMpOKOoapearbHi TakcoHu (47,5%). Bucoki no3uuii matoTb
npencTaBHuKkN esponencebkoro (21,2%), esponercbko-cybcepenzemHomopcbkoro (13,1%)
Ta bopeansHoro (10,6%) recenemeHTiB oriopwm. 13 166 BuaiB agBeHTMBHOI hpakuii dropm
Hanbinblie BuaiB MaloTb cybcepensemHomopcbke (44,6%) Ta MiBHIYHOAMEpPUKaHCbKe
(22,9%) noxomkeHHs. Pe3ynbTaTtv npoBeaeHOro ppakuiiHoro aHanidy Bkaszanu Ha Te, Lo
y cuHaHTponisadii conopu HIMIM nepesaxae npouec agseHTu3adii [4].

3a pesynbTatamy (priopuUCTUHHNX ODCTEXEHb, MPOBEAEHMX aBTOpaMy BNPOOOBX
2024-2025 pp., 6yno BUSIBNEHO HU3KY HOBMX ANs ¢priopyn NapKy TaKCOHIB CyAMHHUX POC-
NVH. Y3aranbHeHHs Ta ONpUIMIOHEHHS LMX OaHUX € MEeTOR AaHOi 4aHOTO MOBIAOMIIEHHS.

Marepianu i meTogm gocnigxeHb. B ocHoBY po6oTi OyB NoknageHui NopiBHAmb-
HWUIA Mopdpororo-reorpadivHmMin MeToa AochimkeHHsi. BuBdeHHst doropu HII «3anicca»
3pjncHioBanocs y 2024—2025 pp. mapLupyTHUM MeToAoM. Y poboTi 3aCTOCOBaHO nigxoau,
Knacucpikauii Ta TepMIHONOri0, NPUIHATI Y NOpIBHANBHIA dnopucTtuui [4, 5, 7]. Hassu
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Pe3ynbTaTu Ta ix 06roBopeHHs. Y pesynbTtaTi NpoBeAeHMX AOCHiIKEHb aBTOpaMm
BUsBNeHO 36 HOBWUX BMAIB, NiABMAIB i OOPM CYAMHHUX pocnuH ans Tepwutopii HIM
«3aniccsa», Npo Aki N0gaeMO KOPOTKY XOPOIorivHy iHGhopMaLito.

Acer saccharinum L. YyxopigHuii Bug (keHodiT, eprasiocpiroit) niBHiuHOamepu-
KaHCbKOro noxomkeHHs1 [11]. KynbTuByeTbCcst Ha npucagnbHux ginsiHkax abo, WMOoBIpHO,
paHiwe 1 Ha TepuTopii napky. Kinbka 3gnyasinux pocnvH BikoM A0 3 pokiB 3adhikcoBaHi y
PoxHsHcekomy MHOB, npu goposi nobnuay gavHunx ginsHok, 12.09.2025 p., O. WvHaep.

Arenaria serpyllifolia L. (Arenaria viscida Loisel.). AbopureHHuii Bug [5], nowm-
peHuin y 3anicekomy MNHAB (ksapTtan 27, sugin 10), no nicoBmx rangsuHax, cnopaguyHo.
Takoxx noro BUABMEHO Yy BMPBI neped npvBaTHuUM OyAuHKOM Ha TepuTopii cagubu HIM
(c. 3aniccq, koopauHaTn: 50.65324 N, 30.88957 E). Lleit Bua 3ycTpivaeTbcsl 30Kkpema y cta-
pPOMy COCHOBOMY fliCi 3nakoBomy (kBapTan 42, sugin 11) Jlitkiscbkoro MHOB, koopanHaTw:
50.73114 N, 30.88203 E, 23.04.2025 p., O. Opros.

Bidens connata Muhl. ex Willd. YyxopigHuit Bug (keHodiT, KCeHOMIT) NiBHIYHO-
aMepUKaHCLKOro NOXOMKEHHS [12], 3HaxoauTbCA Yy CTaHi aKTUBHOIO PO3MOBCHOMKEHHS.
Ynepwe ans HIMM 3acikcoBannn O.A. Oasmugosum 09.10.2024 p., 3Haxigka 3adpikcoBaHa
Ha nnatdpopmi iNaturalist (https://www.inaturalist.org/observations/252881900), rep6apHi
3pasku Buay, 3idpaHi M. LLieepoto Ta B. Konowminuykom, 36epiratotbest B epbapisx IHCTUTyTY
BotaHikv im. M.I". XonogHoro HAH Ykpaitu (KW) i HIIN «3aniccs». TpannseTteca 3pigka.

Carex leporina L. A6opureHHun Bua. Bigmivyenun y Jlitkiscekomy NMHAOB, HeBenuka
KypTUHa y nepecoxnomy kaHani, 11.09.2025 p., |. JaHunuk.

Centaurea stoebe L. subsp. stoebe. AbopureHHun sug [10]. BusiBneHuin Ha nickax
y PoxHsiHcbkomy NMHAB, y3aox napkaHy, cnopaguyHo, 12.09.2025 p., O. WWuHaep.

Chaenorhinum minus (L.) Lange. AbopureHHuii Bug. BigmivyeHuii noogmHoko, y
Banicbkomy MNHAB, pocTe Ha niaHux Ta pyaepansHux Micusax, 12.09.2025 p., O. lWuHaep.

Chondrilla latifolia M. Bieb. AGopureHHu/ Bua. BigmideHun cnopaguyHo Yy
HecHaHcbkomy MHOB, no pyaepanbHux micuax 6ina o3epa, B3gOBX Hacuny damow,
12.09.2025 p., O. WWuHgep.

Cornus sanguinea L. subsp. australis (C.A.Mey.) Jav. (Swida australis
(C.A. Mey.) Pojark. ex Grossh.). YyxopigHun Bug (keHodiT, eprasiodirodit) cepeaseMHo-
MOPCBbKOro MoxomkeHHs [8]. Biamivenuint y OecHsaHcbkomy MNMHOB, 6ina o3epa, B3goBx
Hacuny gambu, 12.09.2025 p. O. LWnHaep.

Cucurbita maxima Duchesne. YyxopigHui Bua (keHoiT, eprasiodiroit) nis-
HiYHOaMepmKaHCbKoro noxomkeHHs [11]. Buasnenui y 3anicekomy MNMHAB, 6ina rocnogap-
CbKOro ABOpPY B NpuBaTHOMY CeKTopi, koopamHaTtu: 50.68337 N, 30.86539 E, 12.09.2025 p.,
O. Wwngep.

Cucurbita moschata Duchesne YyxopigHun Bug (keHodiT, eprasiodirodit) [11]
NiBHIYHOAMEPUKAHCBLKOrO NOXOMKeHHs. Busenernnn y 3anicekomy MNMHAB, 6ina rocnogap-
CbKOro ABOpY y NpmBaTHOMY cekTopi, koopanHaTtu: 50.68335 N, 30.86539 E, 12.09.2025 p.,
O. WuHgaep.

Cuscuta europaea L. ABopureHHWin BUA, napasnTye Ha BaraTboxX KynbTYPHUX i An-
KOPOCNNX TpaB'saHUCTUX pocnuHax. Bnepuue Bussnernun Ha Teputopii HIMM 09.10.2024 p. y
mexkax Jlitkiscbkoro MHAB: O. Mickkooto (https:/Mmww.inaturalist.org/observations/246643677)
Ta B. Komnowminuykom (https://www.inaturalist.org/observations/246481260) y BIinbLUHAKY
OCOKOBO-KPOMNMBOBOMY, koopamHaTu: 50.75972 N, 30.83507 E.

Danthonia decumbens (L.) DC. ABopureHHuii Bug. BusasneHuin y JliTkiBcbkomy
MHAOB, Ha oHi nepecoxnoro kaHany, cnopaguyHo, 11.09.2025 p., |. OaHunuk.

Eupatorium cannabinum L. AGopureHHuii Bug. Bigmivenui y JlitkiBcbkomy i Jec-
HaHcbkomy MHOB, B 3abonoveHnx ekoTonax B3AoBX bepera 03epa, yacTo, 11-12.09.2025 p.,
O. WuHgep.
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Galeopsis ladanum L. YyxopigHunin Bug (apxeodit, kceHodiT) cepeaseMHOMOop-
CbKOro noxomkeHHs [12]. Bigmivennn y [ecHsaHcekomy [MHOB, no ©Gepery o3sepa,
nooguHoko, 11.09.2025 p., O. WnHaep.

Hippophae rhamnoides L. YyxopigHun Bug (keHodiT, eprasiodirodit) [11].
KynbTMBYETBCA Ha MpUcagnbHMX LiNsHKax B okonvusx c. PoxHW. 3amuaBini noOAMHOKI
ek3emnnspu Luboro Buay 3adikcoBaHi y PoxHsHcekomy MHOB, 11.09.2025 p., O. WuHgep.

Heliopsis helianthoides (L.) Sweet var. scabra (Dunal) Fernald. YyxopigHui Bug
(keHOIT, eprasiodirodit) NiBHIMHOAMEPUKAHCHKOro NOXOMKeHHS [11]. PocnvHm KynbTuey-
HOTbCS Ha NPUCaAMBHMX AiNsiHKaX B OKONULUAX C. POXHW, 3aM4aBini NOOOMHOKI eK3eMMsipy
pocnuHm 3acdpikcoBaHi y Mexxax PoxxHsiHebkoro MNMHIB, 12.09. 2025 p., O. Wvnaep.

Hierochloe repens (Host) P. Beauv. AbopureHHun Bug,. MicuesHaxomkeHHs: J1iT-
kiBcbke MHAOB, kBapTan 42, Buain 11. Y ctapomy CocHsIky 3nakoBomy Bikom o 120 pokis,
TpannseTbCA cnopaanyHo, koopamHatu: 50.73114 N, 30.88203 E, 25.04.2025 p., O. Opros.

Lepidium ruderale L. YyxopigHuin Bug (apxeodit, KCEHOMIT) ipaHO-TypaHCBbKOro
[12] abo cepenzemMHOMOpcbKkoro [13] noxomkeHHsl. PocnuHm npnypoyeHi 0o pyaepanbHux
MicuespocTaHb y PoxHsiHcbkomy MHIOB (Ginst koHTOpW) Ta B3AOBX NapkaHy nobnusy
AayHoro koonepartusy, cnopaanyHo, 12.09.2025 p., O. WuHaep.

Leontodon hispidus L. A6opureHHuin Bug. Bigmivenunn y JlitkiBcekomy MHOB,
kBapTani 42, sugini 11, y ctapomy COCHOBOMY fiCi 311akOBOMY, Ha ransiBuHi, MOOAMHOKO,
koopamHaTtuh: 50.73114 N, 30.88203 E, 23.04.2025 p., O. Opros.

Mentha x verticillata L. ABopureHHuii HoToBMA. BigMivennn y Jlitkiscbkomy MHAOB,
Ha BGepesi 03epa, cnopaanyHo, 11.09.2025 p., O. Wunaep.

Myosotis sicula Guss. (Myosotis micrantha Guss.). AGopureHHU Bua. BigmiveHni
y 3anicekomy MHAOB, kBapTan 27, B. 10, Ha noagip’i nepea 6yauHKOM, y BOPOHL Big npu-
NbOTY pakeTn, NOOAMHOKO, koopanHaTh: 50.65324 N, 30.88957 E, 24.04.2025 p., O. Opnos.

Myriophyllum verticillatum L. ABopureHHuin Bug [5]. BigmiueHnnin y JliTkiBcbkomy
MHOB, Ha nepecoxnomy 6epesi o3epa, cnopaanyHo, koopamHaTtu: 50.76769 N, 30.83032
E, 12.09.2025 p., O. lWunHaep.

Oxybasis rubra (L.) S.Fuentes, Uotila & Borsch. AbopureHnnii Bug [5]. Biami-
yeHun y Jlitkiscekomy MHOB, Ha nepecoxnomy 6epesi o3epa, cnopagnyHO, KOOPAMHATU:
50.76768 N, 30.8303 E, 12.09.2025, O. LuHaep.

Prunus cerasifera Ehrh. f. pissardii (Carriere) Koehne (P. pissardii Carriére).
KynbTuBap 4yxopigHoro Buagy (keHodiT, eprasiociroit) cepen3eMHOMOPCBHKOrO MoXo-
DkeHHs1 [11]. KynbTuBYETbCA Ha npucagubHuX ginsiHkax nodnmay napky. 3amnyasini 3 Kyrnb-
TYpU pOCnuHM BUsIBREHi y PoxHsHCbkoMy MHIB, B3goBX napkaHy nobnusy 3 gadHum
KoonepaTuMBOM, MOOAMHOKI ocobuHu, 12.09. 2025 p., O. WwuHaep. Tuvnosi ocobunu P.
cerasifera yxe 6ynu Bigomi B agseHTVBHIN dpakuii doriopn HIIM «3anicca» [4].

Prunus insititia L. YyxopigHuin Bua (keHodiT, eprasiodirodiT) asiicbkoro noxo-
oxeHHsa [11]. BigmiyeHuWn y COCHOBOMY Fici KyHWYHUKOBOMY (kBapTan 42 JliTkiBCcbkoro
MHOB), TpannsaeTbca noognHoko, 28.08.2025 p. O. WuHaep.

Prunus tomentosa Thunb. YyxopigHun (keHoiT, eprasiodirodit) Bua niBgeHHO-
cxigHoasincbkoro noxomkeHHs [11]. BigmideHnn Ha y36ivdi cocHOBOro nicy y mexax
3anicbkoro MNHAB, nooanHoki ocobuHu, 12.09. 2025 p. O. WnHgep.

Robinia viscosa Michx. ex Vent. YyxopigHun Bua (keHodiT, eprasiogirodiT),
MIBHIYHOAMEPVKAHCLKOTO NMOXOMKeHHS [11]. IMOBIpHO, paHille KynbTUBYBaBCS Ha Tepu-
Topii HIMNIM «3aniccs», a Takox Ha JavHuX AinsiHKax, WO BApUTYn NiaxoaaTb 4O TepuTopil
napky. Kinbka ocobuH BeretatMBHOrO NMOXOMKEHHS BiAMiYeHi 6inst napkaHy Ha TepuTopii
PoxHsiHcbkoro MHOB, npy goposi B3ooBX gadHux ginsHok, 12.09.2025 p., O. WuvHaep.
Moxe ribpuamnsyeaTn 3 R. pseudoacacia L. (R. xambigua Poir.), ane Taki ¢oopmu noku He
3adikcoBaHi.

Rorippa amphibia (L.) Besser. AbopureHHnii Bua. BigmideHnn y POXHSIHCBKOMY
MHOB, Ha nepecoxnomy 6epesi o3epa, cnopagnyHo, koopauHaTtu: 50.76769 N, 30.83032
E, 12.09.2025 p., O. WwuHaep.
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Rosa rubiginosa L. ABopureHHuin BUA y GinbLUOCTI perioHiB YkpaiHu, ane He Bka-
3aHun gnsa npupogHoi dropw Monices [5] . Bigmivyennin y PoxHsaHcekomy NMHOB. OgnHny-
HUA ek3eMnnsap 3pocTae 6insg napkaHy cagubu BigdineHHsi, MMOBIPHO, BUCAKEHWN.
12.09.2025 p., O. WwuHaep. Bua y npupogHux MmicLe3pocTaHHsax Ha Teputopii HIM
«3anicca» 40 LbOoro Yacy He niaTBepoKeHUn.

Salvinia natans L. ABopureHHuii Bua, 3aHecenunii go Hdopatky | BepHCbKoi KoH-
BeHLii, paHile OyB BKMOYEHMA 40 YepBOHOI KHUMM YKpaiHn [9]. Po3HOCKMTLCSA nTaxamu.
Hesenuka kinbkictb pocnuH (ao 10 ek3.) BMay No4aTkoBO BUSBMNEHA Ha MINKOBOAAI 03epa
«Benukiecbke» (29.08.2025 p., B. Konowminuyk, M. LLiesepa), 3rogom — Ha MOro nepecox-
nomy ysbepexoki: koopauHaTtu: 50.76769 N, 30.83032 E, 12.09. 2025 p., O. LLnHgep.

Sedum pallidum M. Bieb. YyxopigHuin Bug (keHodiT, eprasiodirodit), cepeasem-
HOMOPCBLKOro MoxXomKeHHs [11], y ripcbkin YacTuHi Kpymy — Ha NiBHIYHIiN MexXi MpUpoaHoro
apeany [14]. KynmbtuByetbca Ha Teputopii [lapky, 3guyaBini ek3emnnspu pOCHvHM
BiaMiyeHi (cnopaguyHo) y PoxHsHcbkoMy Ta 3anicbkomy (6ins LeHTpanbHoro odicy)
MHAOB, 12.09.2025 p., O. WwuHaep.

Sisymbrium altissimum L. YyxopigHnin ana teputopii HIMM «3anicca» sua (ke-
HOIT, KCEHOQIT) cybcepea3eMHOMOPCHKOro NoxomkeHHs [7, 12, 13]. Ha gymky A.l. InbiH-
CbKoi, remianodiT, eBPONEeNCLKO-3axigHOAa3INCbKUIA B, Ha TepuTopii YkpaiHu npoxoauTb
niBHIYHO-3axigHa Mexa noro npupogHoro apeany [3]. KonoHis pocnvH BMAay BigmideHa y
JlitkiBcbkomy MHAB, no Hacuny o3epa, Ha 6eToHHI cnopygi, koopgnHatu: 50.76351 N,
30.83065 E, 12.09.2025 p., O. lunHaep.

Viola reichenbachiana Jord. ex Boreau. AGopureHHun Bug. Bigmiuyenun y
PoxHaHcekomy [MHOB (kBaptan 14), y BiNbXOBOMY FiCi, MOOAWHOKI eK3emMnnspu,
koopamHaTtuh: 50.64715 N, 30.79736 E, 23.04.2025 p. O. Oprnos.

Veronica dillenii Crantz. AbopureHHun Bug. Bigomivenun y 3anicbkomy MHOB
(ksapTan 23, suain 10), nobnm3y myseto NpUpoam, pOCTe HEBEMMKMMM Fpynamm Ha NilaHnx
Bigkocax BupBW, koopauHaTth: 50.65620 N, 30.88849 E, 23.04.2025 p., O. Opnos.

Veronica hederifolia L. YyxopigHuin Bug (apxeodit, kceHodiT) cepensemHo-
MOPCbKOro noxomkeHHsi [12]. BigmiveHun y 3anicekomy MNMHAB, y BUpBi NoGnuv3y myseto
npvpoau, NooanHoko, koopanHatu: 50.65620 N, 30.88849 E, 23.04.2025 p., O. Opros.

Wolffia arrhiza (L.) Horkel ex Wimm. AGopureHHuin Bua, yrpyrnyBaHHSA 3a MOro
yyacTi paHiwe Byno BkNYeHO A0 «YepBOHOrO CMMCKY YrpynyBaHb BOAHWX MakpodiTis
YKkpaiHu» 3 KaTeropieto «4» (yrpyrnyBaHHs, NMOLLi SKMX LUBMOKO CKOPOYYIOTLCS | TOMY iM
3arpoXkye 3HMKHEHHS! B MaibyTHLOMY). 3a3Buyal e BUA NpUypoYeHnin 40 NPiCHOBOAHNX
BOOOVM i3 HE3HAaYHVMM KONMBAHHAM PiBHS BOAM Ta cnabo nyxHow abo HerTpanbHO
peakuielo cepefoBuLLa, MyNUCTUMU OOHHUMMK Bigknagamu [1]. 3aBAsKU NepeHEeCeHHIo
nTaxaMun 3HaXOOUTLCS Y CTaHi aKTVBHOTO PO3MOBCIOMKEHHS TepuTopieto CxigHoi €Bponu.
Brnepwe BigmiveHun Ha Teputopii HIMIM «3anicca» O.A. Oasmgoum 09.10.2024 p.
(https://www.inaturalist.org/ observations/252881894), koopauHaTtu: 50.75968 N, 30.83324
E. HuHi BigoMuni 3 gekinbkox nokaniteTtiB ctoa4mx Boaonm [lecHsiHCcbkoro Ta J1iTKiBCbKOro
MHOB pe TpannsieTbest Hepigko.

BucHoBkuW. Y pesynbTaTi npoBeaeHnx gocnimpkeHb Ha Teputopii HMM «B3aniccs»
BUSIBNEHO 34 HOBMX BUAIB i NiABUAIB CYOUHHNX POCIINMH Y CMOHTaHHIN propi napky, 3 sKux
19 HanexaTb [0 abopureHHol, a 15 — 0o agBeHTUBHOI bpakLili, Y ckragi OCTaHHLOI CYTTEBO
nepeBaxatoTb eprasiogiroditu (11). Kpim Toro, Big3HaueHo Lie oauH HOBUIA BUA, iIMOBIPHO
iHTpoAyKUiHOro noxomkeHHst (Rosa rubiginosa), Ta KynsTUBap yxe BiJOMOro B afBeH-
TUBHIV dopakuii prnopm Buay (Prunus cerasifera f. pissardi). 3apa3s Bngosuw cknag cnopu
HIMM HapaxoBye 812 Buais, NiaBMAiB i POPM CyAMHHMX POCIVWH, 3a SKMMKU Byae NpoaoB-
KEHO MOHITOpUHr. OfepxaHi pe3ynbTaTtv € BaXMBMMM OJ19 BCTAHOBIIEHHST CY4aCHOro
pisHomaHITTa cpriopy HIM Ta ouiHkn TenaeHuin 3MiH y perioHanbHin donopi. HuHi icHye
notpeba y 34iNCHEHHI NoAanbLUMX MOHITOPUHIOBMX AOCHIMKEHb 3a (hriopoto MapKy y 3B’A3Ky
3 HasiBHICTIO Ha VOro TepUTOpIi 3HAYHOTO PIBHOMAHITTS KOMWTHUX TBapWH, LLO onocepen-
KOBaHO BMNIMBAKOTb Ha CKrag ¢oriopy Ta pO3BUTOK 3MiH, MOB'sI3aHNX 3 HUMM.
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Mopsikn. AsTopu wmpo BaayHi aupextopy HIMM «3anicca» T.1. Koryty Ta npauis-
Hukam MNMHB 3a BcebiyHy gonomory npu NpoBeAeHHI JoCNiopKeHb, a Takox K.6.H. [1.A. [a-
BnaoBy (IHCTMTyT 6oTaHikm im. M.I. XonogHoro HAH YkpaiHu) 3a no6’sa3HO HagaHy
iHdbopMmaLito Npo aesiki BUaw.
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ADDITIONS TO THE FLORA OF THE ZALISSIA
NATIONAL NATURE PARK

The article presents data on floristic findings in the Zalissia National Nature Park (NNP),
established in 2021 and covering 14,836.0 hectares. In 2024, the species composition of
vascular plants in the NNP was established; biomorphological, geographical, and
ecological-coenotic analyses of the flora were conducted, and the specific features of its
synanthropization were clarified. The characteristics of rare species are provided, and the
role of the NNP within the regional ecological network is demonstrated. This study is
based on original research conducted at the Zalissia NNP in 2024—2025, using the route
method and comparative floristic techniques. As a result of the study, 34 new taxa of wild-
spread vascular plants were identified within the park. Additionally, one new species
(Rosa rubiginosa L.) was recorded, which was likely introduced intentionally. Among the
newly recorded species and subspecies, 19 belong to the indigenous fraction and are
relatively common in the study region, while 15 belong to the alien fraction. Detailed
characteristics and specific locations within the NNP are provided for these taxa. The
emergence of certain non-native species (Hippophae rhamnoides L., Heliopsis
helianthoides (L.) Sweet var. scabra (Dunal) Fernald., Robinia viscosa Michx. ex Vent.) is
attributed to ongoing economic activities in the areas adjacent to the park (summer
cottage cooperatives). Currently, the flora of the Zalissia NNP comprises 812 species and
subspecies of vascular plants. These research results were obtained as part of the
«Chronicles of Nature» program of NNP. They are essential for establishing the current
diversity of the park, identifying trends in regional floral changes, and developing
measures to prevent phytoinvasions. There is a clear need for further monitoring of the
NNP plant cover due to the significant animal diversity, particularly ungulates, which
indirectly influence the composition and dynamics of the flora.

Key words: biodiversity, Chernihiv Polissya, Kyiv and Chernihiv oblasts, floristic findings,
Ukraine.
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EFFECTS OF IRON AND COPPER OXIDE NANOPARTICLES ON CALLUS
INDUCTION AND IN VITRO REGENERATION OF POTATO (SOLANUM
TUBEROSUM L., CV. TELMAN)

Potato is widely used as a model species for plant tissue culture, micropropagation, and
genetic improvement studies due to its responsiveness to in vitro manipulation and its
economic relevance. Iron (Fe) and copper (Cu) are essential micronutrients involved in
fundamental physiological and biochemical processes in plants. The application of
metal oxide nanopatrticles has recently emerged as a promising strategy to improve
nutrient bioavailability and morphogenic responses in plant tissue culture. This study
investigated the effects of iron oxide (Fe;O.) and copper oxide (CuO) nanopatrticles on
callus induction and in vitro regeneration of potato (Solanum tuberosum L., cv. Telman).
Explants cultured on Murashige and Skoog (MS) medium supplemented with optimal
concentrations of Fe and Cu nanopatrticles exhibited significantly enhanced callus
formation, shoot regeneration, and rooting compared to the control. In contrast, higher
nanoparticle concentrations negatively affected morphogenesis, likely due to
nanoparticle-induced oxidative stress. These results demonstrate the potential of iron
and copper oxide nanopatrticles as effective modulators of potato tissue culture when
applied at appropriate concentrations. Results suggest that nanoparticles not only
influence early morphogenic responses but also have lasting effects on plantlet

15


mailto:nesibov.hikmet@teti.az
mailto:ayxanhesen1234@gmail.com
mailto:Zlenko_lora@ukr.net

Haykosi 3anucku. Bionoriyni Hayku. 2026. Ne 1

establishment, which is critical for successful transfer from in vitro to ex vitro conditions.
Controlled application of Fe;O, and CuO nanoparticles therefore represents a
promising strategy for improving tissue culture efficiency in potato. Overall, the data
indicate that the effects of nanoparticles on potato tissue culture are dose-dependent,
with low to moderate concentrations enhancing callus induction, shoot regeneration, and
root development, while higher concentrations impose inhibitory effects due to oxidative
stress. Plantlets regenerated under optimal nanoparticle treatments exhibited enhanced
rooting performance and higher survival rates during acclimatization. However, elevated
concentrations of Cu-NPs resulted in a pronounced decrease in regeneration efficiency.
This decline suggests potential copper-induced toxicity, likely associated with the
disruption of cellular redox homeostasis and excessive ROS accumulation.

Keywords: Solanum tuberosum, iron oxide nanoparticles, copper oxide nanopatrticles,
callus induction, in vitro regeneration, nanobiotechnology

Introduction. Potato (Solanum tuberosum L.) is a globally significant food crop,
ranking among the most widely cultivated and consumed vegetables due to its high
nutritional value, adaptability, and economic importance. In Azerbaijan, potato plays a
central role in both the national diet and agricultural economy, with one of the highest per
capita consumption rates in Central Asia. The tuber is a key ingredient in traditional dishes,
including soups, stews, and various local recipes, highlighting its cultural as well as
nutritional relevance. Despite its importance, potato production in Azerbaijan has historically
faced challenges, including limited access to high-quality, disease-free seed material and
vulnerability to biotic and abiotic stresses, such as viral infections, soil-borne pathogens, and
drought [3, 4, 10].

Until recently, most certified seed potatoes were imported, restricting local production
and increasing dependence on external sources. In response, the joint initiatives of the Food
and Agriculture Organization (FAO) and Azerbaijan have strengthened national capacity in
potato production through enhanced laboratory facilities for virus diagnostics, in vitro tissue
culture, and the establishment of farmer-based seed multiplication schemes [1, 2]. In this
context, certified disease-free tubers of potato (cv. Telman) were procured from the
Scientific Research Institute of Vegetable Growing, a public legal entity, ensuring the highest
phytosanitary standards for subsequent experimental studies. The availability of high-
quality, pathogen-free planting material is critical not only for field cultivation but also for
controlled experimental research, as it eliminates variability caused by latent infections and
ensures reproducibility in tissue culture and genetic studies.

Potato is widely used as a model species for plant tissue culture, micropropagation,
and genetic improvement studies due to its responsiveness to in vitro manipulation and its
economic relevance. Efficient callus induction and plant regeneration are essential for
micropropagation, somaclonal variation studies, and genetic transformation. However,
regeneration capacity is highly genotype-dependent, and several cultivars, including cv.
Telman, exhibit limited morphogenic responses under conventional in vitro conditions.
Optimization of tissue culture protocols is therefore necessary to improve regeneration
efficiency, enhance propagation rates, and facilitate advanced genetic and biotechnological
research [8, 9].

Micronutrients such as iron (Fe) and copper (Cu) are essential for plant growth and
development. They act as cofactors in key enzymatic reactions involved in photosynthesis,
respiration, electron transport, and antioxidant defense mechanisms. In conventional tissue
culture systems, supplementation of these elements in media does not always guarantee
efficient cellular uptake, limiting their physiological effectiveness. Nanoparticle-based
delivery systems have emerged as a promising strategy due to their high surface area,
enhanced chemical reactivity, and improved bioavailability, offering a novel approach to
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micronutrient supplementation in vitro [5, 6, 7]. Despite increasing research on nanopatrticle-
mediated nutrient delivery, data regarding their effects on potato callus induction and
morphogenesis remain scarce, and systematic studies are required to elucidate their
potential benefits.

The present study aims to evaluate the influence of Fe;O, and CuO nanoparticles
on callus formation and in vitro regeneration of potato cv. Telman. By using certified disease-
free tubers sourced from a recognized public legal entity, this study ensures the reliability
and reproducibility of experimental results while addressing both biotechnological and
nutritional aspects of plant tissue culture. The findings are expected to provide insights into
optimized micropropagation protocols and the application of nanotechnology in enhancing
potato growth and morphogenesis, contributing to both scientific knowledge and practical
improvements in crop production.

Materials and Methods.

Plant Material and Explant Preparation

Certified disease-free tubers of potato (Solanum tuberosum L., cv. Telman) were
procured from the Scientific Research Institute of Vegetable Growing, a public legal entity,
ensuring the highest phytosanitary standards for subsequent experimental use. Tubers
were sprouted under controlled conditions (22—250C, darkness). Young shoots were
excised, and leaf and internode segments (0.5-1.0 cm) were used as explants.

Surface Sterilization

Explants were washed under running tap water and surface-sterilized with 70% (v/v)
ethanol for 30 s, followed by immersion in 2.5% (v/v) sodium hypochlorite solution containing
a few drops of Tween-20 for 10—12 min. Explants were rinsed three to four times with sterile
distilled water under aseptic conditions.

Culture Media and Growth Conditions

Murashige and Skoog (MS) basal medium supplemented with 3% (w/v) sucrose and
solidified with 0.7% (w/v) agar was used. The pH was adjusted to 5.8 before autoclaving at
121 °C for 20 min. Cultures were maintained at 24 + 2 °C under a 16 h photoperiod with a
light intensity of 40-50 pmol m™2s™.

Preparation and Application of Nanopatrticles

Iron oxide (Fesz0,) and copper oxide (CuO) nanoparticles with an average particle
size of 20—40 nm were used. Stock suspensions were prepared in sterile distilled water and
sonicated for 30 min to minimize aggregation. Nanoparticles were incorporated into the
culture medium at the following concentrations:

Fe-NPs: 0, 25, 50, and 100 mg L™

Cu-NPs: 0, 5, 10, and 25 mg L™

Media without nanoparticles served as controls.

Callus Induction

Explants were cultured on MS medium supplemented with 2.0 mg L7 24-
dichlorophenoxyacetic acid (2,4-D) and 0.5 mg L™ 6-benzylaminopurine (BAP), in
combination with the respective nanoparticle treatments. Cultures were maintained in
darkness for the first 10 days. Callus induction frequency (%) and callus fresh weight (g)
were recorded after four weeks.

Regeneration and Rooting

Actively growing calli were transferred to regeneration medium consisting of MS
supplemented with 2.0 mg L™ BAP and 0.2 mg L™ a-naphthaleneacetic acid (NAA).
Regeneration frequency, number of shoots per callus, and shoot length were recorded after
six weeks. Rooting was induced on half-strength MS medium supplemented with 0.5 mg L™
indole-3-butyric acid (IBA). Rooted plantlets were acclimatized under greenhouse conditions.

Statistical Analysis
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Experiments were arranged in a completely randomized design with three
independent replicates per treatment. Data were analyzed using one-way analysis of
variance (ANOVA), and mean comparisons were performed at p < 0.05.

Results and Discussion.

Effect of Nanoparticles on Callus Induction

Both iron (Fe;O,) and copper oxide (CuO) nanoparticles had a significant impact on
callus induction in potato cv. Telman. The highest frequency of callus formation and greatest
fresh weight were recorded at 50 mg I"* Fe-NPs and 10 mg I Cu-NPs, respectively. These
results significantly exceeded those of the control treatment, suggesting that optimal
concentrations of nanoparticles can stimulate cellular proliferation and tissue differentiation
in vitro.

The stimulatory effects observed at these lower concentrations are likely associated
with improved micronutrient availability and activation of iron- and copper-dependent
enzymatic pathways, which are crucial for DNA synthesis, respiration, and overall cellular
metabolism. In contrast, callus formation was markedly reduced at higher nanoparticle
concentrations, presumably due to the overproduction of reactive oxygen species (ROS) and
resulting oxidative stress, which can damage cellular structures and inhibit morphogenesis [2,
7]. These observations are consistent with previous reports indicating that while micronutrients
are essential for growth, excessive accumulation can exert cytotoxic effects.

Effect on Shoot Regeneration. Shoot regeneration of potato cv. Telman was
significantly enhanced under optimal nanoparticle treatments. Fe-NPs at 50 mg [
promoted both shoot number and shoot length, likely through improved chlorophyll
biosynthesis and enhanced photosynthetic efficiency. Similarly, low concentrations of Cu-
NPs stimulated shoot regeneration, possibly by facilitating electron transport processes
and activating antioxidant enzymes, which mitigate oxidative stress and support cellular
differentiation.

However, elevated concentrations of Cu-NPs resulted in a pronounced decrease in
regeneration efficiency. This decline suggests potential copper-induced toxicity, likely
associated with the disruption of cellular redox homeostasis and excessive ROS
accumulation. These findings align with prior studies emphasizing the narrow optimal range
for copper nutrition in plant tissue culture and the delicate balance required to support
morphogenesis without inducing cytotoxic effects [3].

Rooting and Acclimatization. Plantlets regenerated under optimal nanoparticle
treatments exhibited enhanced rooting performance and higher survival rates during
acclimatization. Improved root development is likely linked to increased metabolic activity
and a balanced oxidative state in hanoparticle-treated tissues. These results suggest that
nanoparticles not only influence early morphogenic responses but also have lasting effects
on plantlet establishment, which is critical for successful transfer from in vitro to ex vitro
conditions.

Overall, the data indicate that the effects of nanoparticles on potato tissue culture are
dose-dependent, with low to moderate concentrations enhancing callus induction, shoot
regeneration, and root development, while higher concentrations impose inhibitory effects
due to oxidative stress. These results underscore the potential of Fe;O, and CuO
nanoparticles as tools to optimize in vitro propagation protocols for potato and possibly other
economically important crops.

Conclusion. This study demonstrates that iron oxide (Fe;O,) and copper oxide
(CuO) nanoparticles significantly influence callus induction, shoot regeneration, and rooting
of potato (Solanum tuberosum L., cv. Telman) in vitro. At optimized concentrations, both
nanoparticles enhance morphogenic responses, likely by improving micronutrient
availability, supporting enzymatic activity, and maintaining oxidative balance. In contrast,
excessive concentrations lead to reduced callus formation and regeneration, likely due to
oxidative stress and nanoparticle-induced cytotoxicity.
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Controlled application of Fe;O, and CuO nanoparticles therefore represents a
promising strategy for improving tissue culture efficiency in potato, offering potential benefits
for micropropagation, genetic studies, and biotechnological applications. Further research
is warranted to elucidate the underlying molecular mechanisms and to optimize nanoparticle
use across different potato genotypes.
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BNNnMB HAHOYACTMHOK OKCUAIB 3ANI3A TA MiAl HA IHOYKLIIO
KANIOCY TA PEFTEHEPALIIO KAPTOMMII
(SOLANUM TUBEROSUM L., COPT TEJIbMAH) IN VITRO

Kapmonns wupoko sukopucmosyembcs ik MoOesibHUl 8ud Orisi AOCTIOKeHb Ky bmypu
POCIIUHHUX MKaHUH, MIKDOPO3MHOXEHHSI ma 2eHemu4yHo20 800CKOHaneHHs 3as0sKu
c80ill Yymnusocmi 0o MaHinynsayid in vitro ma eKoHOMIYHIl 3Havywocmi. 3aniso (Fe) ma
Mmidb (Cu) € saxrnugumu MikpoernemeHmamu, wo 6epyms ydacmsp y pyHOamMeHmarnbsHUX
¢pisionoeiyHux ma bioxiMiYHUX rpoyecax y pocruHax. 3acmocyeaHHs HaHO4YacmUuHOK
okcudy Memary Hewo0asHO 8USIBUIIOCST MePCrieKmusHo cmpameaieto Orisi rokpa-
weHHs1 6iodocmyrnHOCMI MOXUBHUX PEeYO8UH ma MOPEO2EHHUX peakyill y Kyrbmypi
POCIUHHUX MKaHUH. Y LboMy O0CTiOXeHHI sugqariu ernniue HaHo4YacmuHOK oKcudy 3ariisa
(Fes0,) ma okcudy midi (CuQ) Ha iHOyKUjtO Karocy ma pezeHepauito in Vitro kapmorni
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(Solanum tuberosum L., copm TernbmaH). EkcrinaHmamu, KyribmueogaHi Ha cepedosulli
Mypauwiee ma Ckyea (MS), dornogHeHOMY onmumMarnbHUMU KOHUeHmpauismMu HaHo4Yac-
muHok Fe ma Cu, deMoHcmpysarnu 3Ha4HO roKpauweHe chopMy8aHHs Kartocy, peceHe-
paujito rna2oHie ma 8KOpPIHEHHST MOPIBHSIHO 3 KOHMporieM. Haenaku, suwi KoHUeHmpauii
HaHOYacmUHOK He2amugHO 8rIUHYIU Ha Mopgbo2eHe3, UMO8IPHO, Yepe3 OKUC/IHo8arb-
HUl cmpec, iHOyKkoeaHuUll HaHoYacmuHKamu. Lli pesynsmamu deMoHCmpyomp rMomeH-
uian HaHo4YacmuHOK okculy 3ariiza ma Midi ik e¢beKmueHUX MOOYIsSImopig Kysbmypu
MKaHUH Kapmonsi fpu 3acmocy8aHHi y ei0rnosiOHUX KOHUueHmpauisx. Pesynbmamu
cg8i@uyamp rPo me, WO HaHOYaCMUHKU He fuwe 8riugarome Ha paHHi MoOpgho2eHemuyHi
peakuii, ane U matomb mpueanull rnnue Ha fpPUXUGIEeHHSI POC/UH, WO € KPUMUYHO
8axkrueum 01151 yCrilWHO20 epeHeceHHs 3 yMo8 in Vitro 0o yMos ex Vitro.

Takum YUHOM, KOHMPObo8aHe 3acmocysaHHs HaHoYacmuHok Fe;O, ma CuO e
riepcriekmueHo0 cmpameazieto Ornsl Mid8ULEHHsT eghbeKmueHoCMI Kyrbmypu MmKaHUH
Kapmonri. 3a2anom, OaHi cei@4ampb NPO me, WO 8/IU8 HaHOYaCMUHOK Ha Kyrnbmypy
MKaHUH Kapmonsii 3anexums 6i0 003U, Mpu4yoMy HU3bKI ma MOMIPHI KOHUeHmpauii no-
cusmmorms iHOYKUIO Karlrocy, peeeHepaujito nazoHie ma po3sumoK KopeHie, modi siK suLi
KoHUeHmpauii YuHsame iHeibyroquti eghekm depe3 okucrnreanbHuli cmpec. PocrnuHu,
peaeHeposaHi 3a onmumMarbHOi 06pobKU HaHOYacmuHKamu, OeMOHCmpPy8arsu rokpaue-
Hy PoOyKMUBHICMb 8KOPIHEHHS mMa UL MOKa3HUKU 8UXXUBaHHS Mid Yac akrimamu3auj.
OdHak, nidsuweHi KoHUeHmpauji HaHo4acmuHok Cu ripuseenu 00 3Ha4YHO20 3HUXKEHHST
eghekmusHocmi pezeHepauii. Lle 3HUXeHHS c8id4umb Mpo MOMeEHUYiUHY MOKCUYHICMb,
iHOyKo8aHy MO0k, iIMOBIPHO, NMO8'a3aHy 3 MOPYWEHHSIM KITiIMUHHOZ0 OKUCHO-8i(0HOBHO20
eomeocmasy ma HaOMipHUM HaKormnuYeHHsIM akmueHux ¢gpopm KucHio (ROS).

Knroyoei crioga: Solanum tuberosum L., HaHoYacmuHKU okcudy 3ari3a, HaHO4YacmUuHKU
okcudy midi, IHOYKUis1 Karocy, peaeHepauis in vitro, HaHobiomexHosnoais
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THE CONTENT OF VITAMIN D2 IN BASIL SEEDS DURING
SEED PRIMING WITH COMPOSITIONS
OF METABOLICALLY ACTIVE COMPOUNDS

Basil (Ocimum basilicum L.) is found all over the world and is increasingly used in the
food, pharmaceutical, and cosmetic industries. However, the nutritional and functional
properties of its seeds have been little studied.

In the human body, vitamin D can be synthesized in the skin under the influence of
ultraviolet radiation, followed by activation in the liver and kidneys to form the active form
D3 - cholecalciferol. It can also be obtained from plant sources in the form of vitamin D2
(ergocalciferol). This vitamin performs a wide range of important functions, including
optimizing mineralization processes in the body, inhibiting the proliferation of transformed
cells, suppressing metastasis, inhibiting the activity of microorganisms, neutralizing
reactive oxygen species, and participating in the maintenance of normal insulin secretion,
among others.

The aim of this study is to determine the content of vitamin D2 in basil seeds and in the
aqueous extract from these seeds using a modified determination method, as well as to
evaluate the obtained results for statistical reliability.

As a result of the study, it was established that dry basil seeds have a significantly higher
content of vitamin D2 compared to aqueous extracts from the same seeds. An effective
agricultural approach to increasing the content of biologically active compounds in plant
organisms is the pre-sowing treatment of seeds with various substances. As a result of
the conducted studies, it was demonstrated that the most effective increase in vitamin D2
content in basil seeds was observed after pre-sowing treatment with combinations EPM
(vitamin E + para-oxybenzoic acid + methionine) and EQ (vitamin E + ubiquinone-10).
This may be related to the ocobeHHocmi of vitamin D2 biosynthesis in basil seeds and the
influence of vitamin E, ubiquinone, para-oxybenzoic acid, and methionine on this process.
By evaluating the correlation between relative frequencies and the frequencies of a
normal distribution, it can be concluded that the method for determining vitamin D2
content in basil seeds using a modified colorimetric approach yields accurate results with
low error. Determination of vitamin D2 content in basil seeds and in aqueous extracts from
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basil seeds across all groups indicates the absence of background absorption and a small
relative error.

These results may be useful in further studies of vitamin D2 content in plant organisms.
Keywords: basil seeds, vitamin D2, determination method, relative frequencies, normal
distribution frequencies, background absorption

Introduction. Basil (Ocimum basilicum L.) is found worldwide and is increasingly
used in the food, pharmaceutical, and cosmetic industries. However, the nutritional and
functional properties of its seeds remain poorly studied. Basil seeds contain a high level of
proteins (11.4-22.5 g/100 g), including all essential amino acids except tryptophan [1]. They
also have a high content of linoleic acid (12—-85.6 g/100 g) and minerals such as calcium,
potassium, and magnesium.

Recently, basil seeds have been shown to contain phenolic compounds, including
orientin, vicenin, and rosmarinic acid [2]. The importance of basil seed consumption for the
prevention of type 2 diabetes and cardiovascular diseases has been demonstrated. In
addition, basil extract has been proven to protect A549 cells from the effects mediated by
infectious disease caused by Klebsiella pneumoniae (Friedlander’s bacillus), inhibiting cell
death due to apoptosis [3].

It is also known that basil seed extract exhibits anti-inflammatory, antimicrobial, anti-
ulcer, anticoagulant, and antidepressant properties [4].

To assess the state of the pro- and antioxidant balance in plants and their overall
biochemical characteristics, the following indicators are currently used: the content of free
radical oxidation products of lipids and proteins, bioflavonoids, SH groups, ascorbic acid,
vitamins E, A, D, and C, the activity of catalase and superoxide dismutase, total antioxidant
activity, etc. [1-4].

The content of these substances also depends on various agricultural practices
applied during plant cultivation. One such practice is the pre-sowing treatment of seeds with
compositions of metabolically active substances.

For this study, our attention was drawn to vitamin Dz. In humans, vitamin D is
contained in two forms: D3 (cholecalciferol), which is synthesized in the skin, and D2
(ergocalciferol), which enters the body exclusively from the plant diet [10]. It performs a wide
range of important functions, including optimizing mineralization processes in living
organisms, inhibiting cancer cell proliferation, preventing metastasis, suppressing the
activity of microorganisms, neutralizing reactive oxygen species, and maintaining normal
insulin secretion, among others [5].

A commonly used method for determining vitamin D content is high-performance
liqguid chromatography; however, it is an expensive and hard-to-access procedure [11].
Therefore, we decided to improve a photocolorimetric method for determining vitamin Dz in
basil seeds [6], and to evaluate the obtained results for statistical reliability.

The aim of this study is to determine the content of vitamin D2 in basil seeds and in
the aqueous extract from these seeds using a modified determination method, as well as to
evaluate the obtained results for statistical reliability.

Methods and Study Design. The study material consisted of basil seeds (Ocimum
basilicum L.) and compositions of metabolically active substances: vitamin E (10 M), para-
oxybenzoic acid (POBA) (0.001%), methionine (0.001%), ubiguinone-10 (10“ M), and
MgSOs4 (0.001%).

The study design included four variants:

e Control: seeds collected from plants pre-sowing treated with water.
e Group 1: seeds collected from plants pre-sowing treated with a composition of
vitamin E (108 M) + POBA (0.001%) + methionine (0.001%) (EPM).
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e Group 2: seeds collected from plants pre-sowing treated with a composition of
vitamin E (10® M) + POBA (0.001%) + methionine (0.001%) + MgSO4 (0.001%)
(EPMMg).

e Group 3: seeds collected from plants pre-sowing treated with a composition of

vitamin E (10® M) + ubiquinone-10 (10 M) (EQ)

Basil seeds were soaked for 6 hours in the respective solutions and then sown in
open soil as four groups, spaced 3 meters apart, in mid-May 2024. Seeds from all four plant
groups were harvested at the end of August 2024.

The seeds were dried in a well-ventilated room at 23—28 °C without direct exposure
to sunlight.

Vitamin D, content was determined both in the seeds themselves and in an aqueous
extract. The aqueous extracts were prepared by mixing water and dried plant material (basil
seeds) in a 3:10 ratio, followed by extraction at 90 °C for 40 minutes.

Vitamin D2 content was evaluated colorimetrically. The principle of the method is
based on the qualitative reaction of vitamin Dz with an aniline reagent, resulting in the
formation of a red dye with an absorption spectrum at 420 nm [6].

Results and Discussion. The method for determining vitamin D2 content was
improved with modifications. The principle of the method involves extracting vitamin D2z from
plant material, followed by a qualitative reaction with an aniline reagent and measuring the
color intensity using a photoelectrocolorimeter [6].

The aniline reagent is prepared by mixing aniline with concentrated hydrochloric acid
in a 15:1 ratio in the presence of an excess of chloroform.

The reagents required for determining vitamin D2 content are: vitamin D2 of known
concentration, ethanol, aniline reagent (aniline + HCl in a 15:1 ratio), and an 8% chloroform
solution.

To begin, a calibration curve is constructed. For this, a standard solution of vitamin
D2 is prepared by dissolving 20 mg of pure vitamin D2 in 100 cm? of 80% ethanol. To improve
dissolution, the mixture is heated to 38 °C.

Into wide test tubes, the following volumes of the standard vitamin D2 solution (in cm?)
are added: 1.0, 1.5, 2.0, 2.5, 3.0, 4.0, 4.5, and 5.0. The volume of each solution is then
brought up to 5 cm? with an 8% ethanol solution.

As aresult, each test tube contains the following amounts of vitamin Dz, respectively:
0.2,0.3,0.4,0.5, 0.6, 0.8, 0.9, and 1 mg.

To each test tube, 15 cm? of 8% chloroform solution is added, and the mixture is kept
in the dark at 25 °C for 15 minutes. Then, 5 cm3 of the aniline reagent is added to each test
tube, and the mixture is left in the dark at 25 °C for 2 hours.

The resulting settled mixture is kept for 30 minutes at 40 °C, after marking the volume,
and 80% ethanol is added up to this mark.

To construct the calibration curve, the x-axis represents the vitamin D2 content (mg),
and the y-axis represents the optical density of the colored solutions. Measurements are
performed using a photoelectric colorimeter at a wavelength of 420 nm.

Method. The plant extract is measured in milliliters in proportion to the mass of the
dry material (taking into account the specifics of preparing the aqueous extract, as described
in the Materials and Methods section). Depending on the expected vitamin D, content in the
plant material, between 1 and 2 grams of dry material are used, corresponding to 4.66—23.3
milliliters of the aqueous extract.

Add 25 ml of 80% ethanol. Transfer the mixture into a 100 cm?3 volumetric flask and
bring the volume up to the mark with ethanol, mixing thoroughly along the way. Let the
mixture stand for 1 hour at 25 °C.

Take 5 cm? of the mixture and transfer it into a test tube. Add 15 cm? of 8% chloroform
solution and keep it in the dark at 25 °C for 15 minutes. Then add 5 cm? of the aniline reagent
and allow the mixture to stand in the dark at 25 °C for 2 hours.
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The resulting mixture is placed in a water bath for 30 minutes at 40 °C (after marking
the volume and gradually adding 80% ethanol up to this mark). Afterward, the mixture is
allowed to cool.

The control is prepared in the same way as the test mixture, but water is used instead
of the aniline reagent. All measurements are performed on a photoelectric colorimeter at a
wavelength of 420 nm, as this corresponds to the absorption spectrum of the red dye
formed. This qualitative reaction between vitamin D2 and the aniline reagent is known as
the Furter reaction [6].

The vitamin D2 content, expressed in mg per 100g of plant material (mg%), is
determined using the following formula:

_ CxV1%V2%100
T mx*V3xV4

where:

C - vitamin D2 content in 5 cm? of extract, determined from the calibration curve;
V; - total volume of the ethanol solution with the extract;

V, - volume of the ethanol solution with the extract after incubation at 40 °C;

V3 - volume of the mixture taken for analysis;

V, - volume of the mixture taken for colorimetric measurement;

m - mass of dry material corresponding to the volume of extract taken.

Analyzing the results, it is evident that the level of vitamin D2 in basil seeds is relatively
low. However, there is a noticeable difference in its content between the experimental
groups and the control group. It was found that the vitamin D2 content in dry basil seeds
from the first, second, and third experimental groups is significantly higher by 0.01, 0.006,
and 0.01 mg/100 g, respectively, compared to the control group (Table 1).

Table 1
Vitamin D2 content in basil seeds, mg/100g (mg%)

mg/100g mg/100g

Group (dry seeds) (aqueous extracts)
Control 0,0269 + 0,0023 0,0016 + 0,0002
Group 1 0,0367 + 0,0027* 0,0015 + 0,0002
Group 2 0,0329 + 0,0018* 0,0019 + 0,0003
Group 3 0,0367 + 0,0027* 0,0016 + 0,0001

*- probable differences (p<0,05) compared to control

When examining the vitamin D2 content in the aqueous extracts, no significant
differences were found either between the experimental groups or between the
experimental groups and the control.

This may be related to the specific features of vitamin D biosynthesis in basil seeds
and the influence of metabolically active substances on this process. The probable causes
and mechanisms of how these substances affect vitamin D2 biosynthesis in basil seeds will
be discussed in more detail in subsequent publications.

From a statistical perspective, the results were analyzed by determining relative
frequencies, frequencies for a normal distribution, and the correlation between relative
frequencies and the frequencies of the normal distribution.

Relative frequencies are the proportion of the absolute frequency of a value within
the total number of values in the dataset.
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Frequencies of a normal distribution represent the frequency of random values that
follow a normal (Gaussian) distribution. Essentially, this is a function that defines the ideal
or expected value for each variable [7-9].

The correlation of these values helps to establish the relationship between the
frequencies and determine whether the observed frequencies are close to the ideal
predicted values [8-9].

For each group, 80 replicates were performed to determine errors at each stage as
accurately as possible.

When examining vitamin D2 content in the control group, it was found that the
correlation coefficient between the relative frequencies and the frequencies of a normal
distribution was 0.95 (where 0 = no correlation, 1 = maximum possible strong correlation
[7]) (Fig. 1).

In the first experimental group (EPM), the correlation coefficient between the relative
frequencies and the frequencies of a normal distribution was 0.89 (Fig. 2).

Fig. 1. Fig. 2.
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When examining vitamin D2 content in the third experimental group (EPMMg), the
correlation coefficient between the relative frequencies and the frequencies of a normal
distribution was found to be 0.98 (Fig. 3).

For the fourth experimental group (EQ), the correlation coefficient between the
relative frequencies and the frequencies of a normal distribution was 0.86 (Fig. 4).

Fig. 3. Fig. 4.
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When examining vitamin Dz content in the control group (aqueous extract of basil
seeds), the correlation coefficient between the relative frequencies and the frequencies of a
normal distribution was 0.93 (Fig. 5).

For the aqueous extract from the first experimental group (EPM), the correlation
coefficient between the relative frequencies and the frequencies of a normal distribution was
also 0.93 (Fig. 6).

Fig. 5. Fig. 6.
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When examining vitamin Dz content in the aqueous extract from the second
experimental group (EPMMg), the correlation coefficient between the relative frequencies
and the frequencies of a normal distribution was 0.88 (Fig. 7).

For the aqueous extract from the third experimental group (EQ), the correlation
coefficient between the relative frequencies and the frequencies of a normal distribution was
0.90 (Fig. 8).

Fig. 7. Fig. 8.
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It can already be concluded that this method demonstrates high accuracy, as
evidenced by the strong correlation between the relative frequencies and the frequencies of
a normal distribution.

The specificity of the method is confirmed by the absence of background absorption
and a negligible relative systematic error (Figs. 9-10).
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Fig. 9

The content of vitamin D, in dry basil seeds when the wavelength
changes, mg/100g
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Fig. 10.

The content of vitamin D, in aqueous extracts from basil seeds
when the wavelength changes, mg/100g
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Conclusions. The study established that dry basil seeds contain significantly higher
levels of vitamin D> compared to agueous extracts from the same seeds. The most effective
increase in vitamin D2 content was observed in the EPM and EQ combinations
(experimental groups 1 and 3). This may be related to the specific features of vitamin D2
biosynthesis in basil seeds and the influence of vitamin E, ubiquinone, para-oxybenzoic
acid, and methionine on this process.

By evaluating the correlation between the relative frequencies and the frequencies of
a normal distribution, it can be concluded that the colorimetric method for determining
vitamin D2 content in basil seeds provides accurate results with a low margin of error.

When checking the vitamin D2 content in basil seeds and in aqueous extracts from
basil seeds across all groups, and by shifting the wavelength to both higher and lower
values, it can be concluded that there is no background absorption and that the relative
systematic error is negligible.
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BMICT BITAMIHY D2 B HACIHHI BA3UNIKA 3A NEPEAMNOCIBHOI OBPOBKU
KOMMO3UUIAMN METABONIYHO AKTUBHUX CNONYK

Basunik (Ocimum basilicum L.) 3ycmpiyaembcsi no ecbomy ceimy i ece Yacmiwie io2o
8UKOpUCMOo8YyomMb 8 Xxap4osil, chapmayesmuyHili ma KoCMemuyHit rnpomMucio8ocmi.
OdHak xap4osi ma ¢hyHKUIOHasIbHI 8riacmueocmi Lio2o HaciHHS 8U8YEeHI Marlo.

B opeaHismi iroduHu eimamid D 30ameH cuHme3ysamucsk rid dieto yribmpaghiornemosux
rPOMeHi8 8 WKIipi 3 nodanbWOon akmueauyjeto 8 rnediHyi ma Hupkax 3 YmeOPEeHHS
akmugHoi gpopmu D3 — xonekarnbyugbeporiy, a makox Hadxooumu i3 pOCiUHHUX Oxxeperi
y suensadi eimamiHy D. (epeokanbyugbepory). Lleli eimamiH 8UKOHYE 8€1UKY KiflbKiCmb
8aXrusux ¢byHKUil, 30KpemMa onmumisye rpouecu MiHeparisauii 8 Xueomy opaaHi3mi,
iHeibye nposichepauito mpaHchopMoBaHUX KIlimuH, iHeibye memacmasysaHHs, iHeibye
XummeodisifibHiCMb  MiKpoopaaHiamie, Helmpari3ye akmueHi ¢bopMy KucHo, bepe
y4acme 8 rnidmpumyi HopMaribHOI Cekpeuii iHcyniHy mouwjo.

Memoro aHo20 BocridxKeHHs € 8uU3HaYeHHs1 emicmy gimamiHy D2 8 HaciHHi 6a3urika ma
y 800HOMY eKcmpaKkmi 3 Ub020 HaciHHs1 3a A0NoMoeoto MoOughikogaHO20 Memody 8U3Ha-
YeHHS], 8 MaKoX OUjHKa ompumMaHux pe3yribmamie Ha cmamucmu4Hy A0CmosipHicMb.
B pe3ynsmami docnidxeHHs1 6yr10 8CmaHOB/IeHO, WO Cyxe HaciHHS ba3uriika Mae 3Ha4qHo
suwul emicm simamiHy D2, 6 MopigHsIHHI 3 BOOHUMU eKcmpakmamu 3 Ub020 XK HaCiHHSI.
EgpexkmueHum aepornioxodom 00 36inbweHHs emicmy 6iofoeidyHo akmueHUX CriofyK 8
POCIIUHHUX OpaaHi3max € riepedriocieHa 0b6pobka HaciHHS Pi3HOMaHIMHUMU PeYo8UHa-
mu. B pesynsmami npogedeHux docridxeHb 6yno npodemMoHCcmposaHo, Wo Halegek-
museHiwe 36inbweHHs emicmy simamiHy D2 8 HaciHHi 6a3uriky criocmepieanocsi 3a
riepedriocigHoi 06pobku kombiHauiamu EPM (gimamin E + napa-okcubeHsolHa Kucrioma
+ MemioHiH) ma EQ (8imamiH E + ybixiHoH-10). Lle moxxe 6ymu nos’a3aHo 3 ocobnusicmio
biocuHme3sy eimamiHy D2 8 HaciHHI 6a3urnika ma ennusom Ha yel npouec simamiHy E,
y6ixiHOHY, napaokcubeH30UHOI KUCIIOMU ma MemioOHiHy.

OuyjHuswU MoKasHUKU Kopensuii MixX 6i0HOCHUMU Yacmomamu ma Yacmomamu Hop-
MarbHo20 po3rodinly MOXHa 3pobumu 8UCHOBOK, W0 MemooOuKa 8U3Ha4YeHHs eMicmy
eimamiHy D» e HaciHHi 6a3sunika KoropumempuyHum memodom 3 Moludbikauissmu
OeMOHCmpye MOoYHI pe3yribmamu 3 Masioko noxubkoro. BusHadarodu emicm eimamiHy D2
8 HaciHHi basuriika ma y 800HUX eKcmpaKkmax i3 HaciHHs1 6a3uriika 8 yCix epyrnax MoxHa
2080puUMU rpo 8idcymHicmb hOHOB020 rMo2sIUHaHHS i He3Ha4YHy 8i0HOCHY MOXUOKY.

Lli pesynbmamu Moxymb cmamu 8 Ha2o0i 8 nodansuwiux Aocnidx)eHHsX emicmy eima-
MiHy D> 8 pocriuHHUX opaaHi3max.

Knroyosi _crnosa: HaciHHs 6asunika, eimamiH Dz, Memoduka 6U3HaqeHHs], 8IOHOCHI
Yacmomu, Yacmomu HOpMasibHO20 po3riodirly, (hoHO8E Mo2UHAHHS.
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3AMNANEHHSA HU3bKOI IHTEHCMBHOCTI TA OO 3HAYEHHA Y
PO3BUTKY OBJIITEPYIOHOIO ATEPOCKNEPO3Y
HA TN LYKPOBOI'O AIABETY Il TUMY

Ob6nimepyroquli amepockiepos € CKITadHUM MyrbmugbaKmopHUM 3aX80PH8aHHSIM, WO
Cyrnpo8oOXKYyeMbCS CUCMEMHUM YPaXKeHHsIM apmepili ma xapakmepu3yembCs rpoepe-
CYIOYUM 38Y>KEHHSIM (CmeHO030M) abo rO8HO OKITHO3IED CYOUH. Y nauyieHmIe i3 UyKposum
Odiabemowm Il muny nepebiz ub020 rpouecy mae binbl agpecusHuUli Xxapakmep, wWo oby-
MO8JIeHO rMoedHaHHSIM MemabosiyHUX, iMyHHUX ma 2eModUHaMIYHUX ropyweHs. Hessa-
JKato4u Ha 3Ha4Hy KirbKicmb OOCIIOKeHb, namo2eHemuYHi MexaHiamu MpUCKOPEeHO20
amepozeHe3y rpu uykposomy Oiabemi Il muny 3anuwaromscsi HeAOCMamHbO y3azarb-
HeHUMU ma riompebyrome ModarnbU020 NeEPeoCMUCIEHHS. Y CyYacCHUX YAB8IEeHHSIX came
HU3bKOIHMEeHCUB8He 3ariasneHHs1 po3ansadaembscs K yHOaMeHmarnsHUl MexaHisMm, Wo
roedHye memabornidHy QUCGYHKUIIO 3 Mpoepecy8aHHSIM amepOoCKIepoMUYHO20 Npouecy.
XpoHidHa romipHa akmueaujsi iMyHHOI' 8idrosidi Ha miii einepanikemii ma iHcyniHope-
3UcCmeHmMHOCMI Cripusie pPo38UMKy eHOomeriaribHOI QUCGDYHKUIT, NMOPYWEHHHO TlifiOHO20
2omeocmasy ma pemMoOerit8aHHI0 CyOUHHOI cmiHKu. Memoto crmammi € y3a2aribHeHHSsI
cyqacHux 0aHux w000 MOMEKYISPHUX | KITIMUHHUX MexXaHi3Mie HU3bKOIHMEeHCUBHO20 3a-
raneHHs1 y po3sumky obriimepyro4o20 amepocKiepo3y Ha mii uykposoeo Oiabemy I
murty. Y pobomi npoaHarizoeaHo pe3yrnbmamu 00ciOXeHb 3a ocmaHHi Oecsamuriimms,
wo 0eMOHCMPYMb 83aEMO3alIEXHICIb MK 2irepariikeMiero, OKCudamueHUM CImMpPecom,
OucbanaHcom MakpoghazaribHUX ¢hbeHomurniie, MoPYyWeEHHSIM X0rIecmeporiogozo eqhritokCy
ma iHcyniHope3ucmeHmHicmio. OKpemMo 30cepedxeHo yeazy rnpouecam ¢bopMyBaHHSs
niHUCMUX KIMiMUuH ma ix posii y ymeopeHHi ma rpoepecysaHHi amepoCKIepomuy4Hoi brsiu-
Ku. Takox po32aisiHymo 6HEeCOK 2/1a0KOM’1308UX KITiMUH CyOUH y pO38UMOK amepoCKrie-
po3y, 30Kpema posib mpaHcKpunuitiHo2o ¢pakmopa KLF4 y nipoyecax ¢heHomurnogoeo
riepeMuKaHHs1 ma KiimuHHo20 peMoOesIro8aHHs CyOUHHOI CMIHKU. Y3az2arbHeHHs Hagede-
Hux OaHux 00380715IE PO32/150amu HU3LKOIHMEHCUBHE 3araieHHs SiK KIloH08Y ramozeHe-
MUYHy JlaHKy, Wo eu3Hadyae ocobnusocmi nepebicy obriimepyroHoeo amepocKieposy y
naujeHmis i3 yykposum diabemom Il murty ma eidkpusae nepcriekmuegu 05151 MouwyKy HO8UX
meparnesmuyHux rioxodis.

Knirodoei criosa: obnimepyroduli amepockriepos, uykposuli iabem Il mun, 3ananeHHs
HU3bKOI IHmeHcusHoCMI, einepeariikemisi, niHucmi KrimuHuU, eHoomerianbHa AucyHKUIS,
Mmakpoghaau.

MocTaHoBKa npobnemu. OGniTEPYOYMIN aTepOCKIIepo3 NnepudepunyHx apTepin —
ue dopma aTepoCKnepOTUYHOro 3axBOPKOBAHHS, NPU SKiN BiAOYBAETbCA 3BYXKEHHS 4u
MoBHa O6niTepauis apTepin, L0 acOoLETbCA 3 BUCOKAM PU3UMKOM XPOHIYHOI ileMmii
KIHLLIBOK, amnyTaLii i cepLeBO-CyAMHHOI NneTanbHOCTI. 3a JaHUMK enigeMionoriYHnx 4ocni-
[PKeHb, HasiBHICTb LiykpoBoro Aiabety (L) 3Ha4HO NpUCKOpPIOE NporpecyBaHHsi aTepockrie-
POTUYHOIO YPaXKEHHS1 CyAMH Ta MOTipLUye NMPOrHO3 3axBOPtoBaHHA [1, 2]. Y 3B's13Ky 3 LMM
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nornubneHe BMBYEHHSI NATOreHETUYHUX MEXaHi3MiB, LLO NexaTb B OCHOBi MOEQHAHOrO
nepebiry LI Ta obniTepyouoro atepockneposy, 3anmiaeTbCs Haa3BUYanHO akTyarnbHUM.

[MpOTAroM OCTaHHIX POKIB aTepoCKNepo3 po3rnsagacTbCa He NUwe SK Hacmnigok
nopyLUeHb NinigHoro obmiHy, ane i ik XpoHiyHe iMyHHO3ananeHe 3axBOPIOBAHHS, MPOBIAHY
porb y naToreHesi AKoro Bifdirpae HU3bKOIHTEHCUBHE 3ananeHHs (low-grade inflammation,
LGI) [3, 4]. LGl xapakTepunsyeTbCsl TpMBanmm, CyoKmniHiYHMM MiABULLIEHHAM PiBHIB Npo3a-
nanbHWX LMTOKIHIB Ta OinkiB roctpoi ¢asn, 3okpema iHTepnenkiHy-6 (IL-6), dpakTopa
Hekpo3y nyxnuH-a (TNF-a), iHTepnenkiHy-183 (IL-13) Ta C-peaktuBHoro binka (hs-CRP) [5].
Came us dopma 3anarneHHs € TUMOBOK ANs1 MeTabomiyHUX MOpPYLUEHb | BBaXKAETLCS
KIMHOYOBOHO NTAHKOHO, LLIO NOEAHYE FNEpriikeMito 3 YParKEHHSIM CyAVNHHOI CTiHKW.

XpoHiyHa rinepriikemis € He TiNbKW LieHTparnbHOo NaTodisionoriyHOK 03HaKOH0 LIYK-
poBoro fiabeTy, arne i BUCTynae NOTY)XHUM TPUrepoM 3ananbHux npouecie. MNMiasuiLieHnin
piBEHb MHOKO3M NPU3BOAWTE A0 YTBOPEHHS KiHLEBMX MPOAYKTIB rMiko3unoBaHHsA (AGES),
aKTMBaLii NONioNoOBOro Ta rekco3amiHOBOro LUMSXIB, a TakoX A0 iHTeHcudikauii okcnaa-
TUBHOTO CTPECY Ta MITOXOHApIanbHOT ANCAYHKLIT [6, 7]. Lli MexaHisM1 CNpUYMHSIIOTE akTu-
BaLil0 BHYTPILUHLOKNITUHHUX cUrHanbHWX wWwnsxie, 3okpema NF-kB Tta NLRP3-iHdna-
Macomu, L0 CTUMYIIOE CEKpeLLio Npo3ananbHUX LIUTOKIHIB i NiATPUMYE CTaH XPOHIYHOrO
3ananeHHs [8].

Y cyauHHin cTiHui LGl cnpusie po3suTKy eHgoTenianeHOi ANCAYHKLT, NigBULLEHHIO
eKcnpecii monekyn agresii Ta NOCUIeHin Mirpaii MOHouMTIB y iHTUMY apTepii. [NoganbLua
OndepeHLialis MoHoOUWTIB Yy Makpodharn Ta hopMyBaHHS NIHUCTUX KMITUH y cybeHaoTe-
nianbHOMY LUapi € KIYOBMMM eTanamu ateporeHesy [9, 10]. YMOBU XpOHIYHOrO 3ananeHHs
TaKOX CTUMYMIOKOTL NporidiepaLito rmageHbKOM A30BMX KNiTUH, peMOAENOBaHHs NO3aKri-
TUHHOTO MaTpuKCy Ta AecTtabinisailo aTepocknepoTUYHUX BNSALLOK, WO 0COBNMBO Xapak-
TEPHO Ans NauieHTIB i3 LykpoBuM giabetom [11]. LGl mae ocobnuee KriHidHe 3HaYEHHS Y
MeXax KOHLEnNL,i «3anuwKoBoro 3ananbHOro puavky». Hessaxaroum Ha yMOBU agekBaT-
HOrO KOHTPOSO PIBHA MHOKO3UM KPOBI Ta NinigHOro Npodifito, y 3Ha4YHOI YaCTUHW NaLiEHTIB
30epiraeTbCa nigBMLLEHa 3ananbHa aKTMBHICTb, LIO acOLiOETBCA 3 MNPOrpecyBaHHsIM
aTepocKneposy Ta BUHUKHEHHSAM YycknagHeHsb [12, 13]. Tomy LGl noTpibHO po3rnsgatv He
TiNbKW SIK NATOrEHETUYHUIA MEXaHi3M, ane i Ak MOTEHLiNHY TepaneBTUYHY Linb.

Takum ynHOM, bopMyeTbCA LinicHa Moaenb «aineparikemis<— 3ananeHHs <> ame-
POCKIIEPO3%», SIKa € MPVHLMMNOBO BaXXIUBOIO Ar1S PO3YMIHHS MEXaHi3MiB po3BUTKY 00niTepy-
IOUOr0 aTepocKnepo3y Ha Thi LyKpOBOro AiabeTy Ta moLuyky HOBUX nigxogis Ao npodi-
NaKTUKK 1 NiKyBaHHS CyAMHHUX ycknagHeHs [14, 15].

MeTolo pob6oTu Oyno npoaHanisyBaTu CyvacHi YSBMEHHS MpPO pofb 3ananeHHs
HM3bKOI IHTEHCUBHOCTI Yy pPO3BUTKY OBMITEPYOYOro aTepocknepo3y Ha Thi LyKpOBOro
niabety Il Tvny.

Buknag ocHoBHoro marepiany. Liykposun giabet Il Tuny (L3 | Tuny) — knacuyHni
npuknag metaboniyHoro 3axsoptoBaHHSA, nepebir AKOro CynpoBOMKYETLCS XPOHiIYHUM LGI.
Ha cyvacHomy etani U Il Tuny posrnagaetsca He nuwe siK NOpYyLEHHsT BYrneBOAHOro
00MiHy, a i ik cucTeMHe 3anarnbHO-MeTabonivyHe 3axXBOPIOBaHHS, Y NAaToOreHesi SIKoro TiCHO
nepennitTatTbCs rinepriikemisi, iHCyniHOPe3UCTEHTHICTb, ANCAYHKLiS XKUPOBOI TKAHWUHN Ta
aKTuBaLis BPOKEHOro iMyHiTeTy [14, 16].

OpHum i3 Kno4oBKMX MexaHiamiB po3suTky LGl npy LA 1l Tuny € iHcyniHopesuc-
TEHTHICTb. |HCYMiH Yy HOpPMi Ma€e 4acTKoBO MpoTU3anarnbHUN edoekT (MPUrHiYye akTUBHICTb
NF-kB, 3mMeHLUye eKkcrnpecito npo3ananbHuX LMTOKIHIB Ta NigTpumMye eHaoTeniansHy qyHK-
Ljit0), ane npu po3BUTKY iHCYNIHOPE3UCTEHTHOCTI Lji MEXaHi3amu BTpadarTbes. Lle npuaso-
OUTb 0O akTuBauii npo3ananbHUX BHYTPILUHBOKNITUHHUX CUMHANbHUX LWASXIB Y MNediHui,
CKENneTHUX M’A3ax i XXMPOBIA TKaHWUHI. MNopyLIEeHHs HCYNIHOBOrO CUrHariHry CrpuU4nHIOE
iHiLitoBaHHA TpaHcKpunuinHoro dpaktopa NF-KB Ta nocuneHHHs1 ekcnpecii npo3ananbHUX
UMTOKIHIB, 30kpeMa TNF-a Ta IL-6 (6riokytoTb nepegavy curHany iHcyniHy Yepes docdopu-
noBaHHA cybeTpaty iHcyniHoBoro peuentopa (IRS-1)), wo, y cBot 4epry, we GinbLie
NornMoIoe iIHCYNIHOPE3NCTEHTHICTL, hOPMYOUM 3aMKHEHe naTonorivyHe koro [17, 18].
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Ocobnuey ponb y po3sutky LGI Bigirpae BicLueparnbHa XupoBa TKaHUHa. Y HOPMi
BOHA BUKOHYE (PYHKLIO HaKOMMYeHHs Tpurniuepuais, ogHak npu LU Il Tmny Habysae
BNacTUBOCTEN aKTUBHOIO EHOOKPUHHOIO opraHa: aamnouuTy rinepTpodyoTeCs, HapocTae
riNnOKCIis )KMPOBOI TKAHWHW Ta aKTUBYIOTLCA Makpodaru (BiabyBaeTbCs nepexig 4o nposa-
nanbHoro ceHoTuny M1). Y pesynbTaTi NpoayKylTeCa Npo3anarnbHi agunokiHW (NenTuH,
PE3NCTUH) Ta 3HWKYETBCHA CEKPeLlis aaumnoHEKTUHY, WO Mae NpoTM3anarnbHi BNacTUBOCTI.
Lle cnpusie doopmyBaHHIO CUCTEMHOTIO 3anarnsHoro cepegosuia [19, 20].

XpOHiyHa rinepriikemis € we ogHuM Baxnmeum Tpurepom LGI. TigeuieHa koH-
LieHTpaLlist [OKO31 CTUMYIIOE YTBOPEHHS KIHLIEBUX NPOAYKTIB rMiko3untoBaHHs (AGES), Sk
B3aeMOgjitoTb 3i cBoiMM peuentopammn (RAGE) Ha noBepxHi eHaoTenianbHUX KIiTUH,
Me3aHriarnbHUX KNiTMHax Ta Makpodoarax, iHOyKylouM peLienTop-onocepeakoBaHe BUpoO-
HULITBO aKTUBHUX OOPM KMUCHHIO. AkTmBaUis oci «kKAGES-RAGE» npu3BoanTb 0 MNOCUIEHHS
OKCMAATMBHOIO CTPECy Ta aKTMBaLi 3ananbHux kackagis, 3okpema NF-kB, wwo symoentoe
CTIMKy NpOAyKuito nposananbHux Megiatopis [21, 22]. Takum 4uMHOM OpPMYETbCA
npoaTteporeHHe MikpocepeaoBULLE.

Baxnueum komnoHeHnTom LGI npu LA Il Tuny e aktneauis NLRP3-iHprnamacomy,
sika pearye Ha MeTaboriyHi CUrHanu NOLLKOPKEHHS!, Taki SIK HAO MLLIOK FTOKO3W, BiNlbHUX
XMPHUX KUCMOT Ta peakTUBHUX hopM KMUCHIO. AKTuBaUis iHpnamacomn npusBogntb A0
Kacnaso-3anexHoro yTBopeHHs aktueHux copm IL-1B Ta IL-18, aki BigirpatoTb knoyvoBy
pornb Yy CUCTEMHOMY 3anarneHHi, MopylleHHi yHKUiT B-KMiTMH MiAWIyHKOBOI 3arosu
(3MeHLLYyeTbCA cekpelist iHCyniHy) Ta eHgoTenianbHin gucdyHkuii [8, 23].

OxkcmaaTuBHMIM CTpeC Ta MITOXOHApIarnbHa ANCYHKLIA Takox TiCHO NoB’a3aHi 3 LGI.
HapnuiikoBe yTBOPEHHS peakTUBHMX (hOPM KUCHIO CMPUSE YLLIKOPKEHHIO KITITUHHUX CTPYK-
TYp, akTmBaLii 3ananbHUX CUrHanbHUX LUMAXIB Ta NiGTPUMAaHHIO XPOHIYHOIo 3ananbHOro
cTaHy. Lli npouecn MalTb CUCTEMHUIA XapakTep i 3anyyaroTb Sk MeTaboniyHi (B-KniTvH
NigWTyHKOBOI 3ano3n, agunouuTy, MIOLMTK), TaK i CYAMHHI KNiTUHW (eHOOTEeniouunTy,
makpodparw) [7, 24].

Takum ymHom, LGI npu UO Il TNy € pe3ynbTatoMm ckragHoi B3aemMogii iHCyniHO-
PE3UCTEHTHOCTI, rineprnikemii, ANCAYHKLT XMPOBOI TKaHUHMK, OKCUOATUBHOIO CTpecy Ta
aKTuBaLii BpogKeHoro iMyHiTeTy. Came Ui naToreHeTUYHI MEXaHi3M1 CTBOPIOKOTb MiArpyHTS
[ONs1 pO3BUTKY CYAMHHUX YCKINagHEHb, 30Kpema obniTepytoyoro atepockneposy [11, 25, 26].

3a BCix BULLIe3a3HaYeHMX YMOB, BiAOyBa€eTbCA aKTUBALLA eHAO0TeNio 3 NiABULLIEHO
ekcnipecieto monekyn agresii (VCAM-1, ICAM-1, E-selectin), Wwo cnpusie pekpyTyBaHHIO
LIMPKYIIOIYNX MOHOUMTIB y cybeHpoTenianbHui npocTip [3, 27]. Micnsa agresii oo eHOo-
TenNito MOHOLMTY MIrpytoTb Y iHTUMY apTepil nig, gieto XxeMokiHiB, 3okpema MCP-1, Ta ande-
peHujiotoTbesa B Makpodparu [28]. Mpu LA Il Tuny nepeBaxae nonapusavis makpodaris y
deHoTn M1. | came gucbanaHc Mk peHoTnamm M1 Ta M2 cnpusie xpoHisauii 3ananeH-
HS, NOPYLUEHHS edhepoLmnTo3y Ta MPOrpecyBaHHI0 aTePOCKIIEPOTUYHOMO ypaxeHHs [29, 30].

KntoyoBum eTanom ateporeHesdy € opMyBaHHSA NIHUCTUX KNiTWH. [lig BAAvMBoMm
OKCUOATMBHOIO CTpecy MinonpoTEIHN HU3bKOI LLiNTbHOCTI OKUCHIOKTHLCS | 3aXONIIHoHTHCS
Makpocparamu yepes scavenger-peuentopu (CD36, SR-Al, LOX-1) [31, 32]. Lli peuenTtopu
Ha BiAMiHY Bif] peLienTopa [0 NinonpoTeiHy HU3bKOT LLINBHOCTI HE PEryniolTbCA 3BOPOTHUM
3B'a3koM xornectepony [31]. licna 3axonneHHs MoaudikoBaHMX MINONPOTEIHIB HU3LKOT
LLiNbHOCTI, MakpodarM TpaHCMopTYHOTh IX BCepeauHy KNiTMHW 4O eHA0Ni30CoManeHOI CUc-
Temu [28, 32]. Y nizocomax xonecteponosi edipu rigponidyooTeea nig gieto nisocomaris-
HOT KUCIOT Ninasu Ta yTBOPIETLCS BiflbHUIN xorecTtepon [31]. BinbHui xonecTtepon TpaHc-
NMOPTYETLCS OO0 eHAOMNMa3MaTUYHOrO peTukynymy, ae depmeHt AXAT-1 (aunn-KoA: xonec-
Tepon-auunTpaHcdepasa-1) NOBTOPHO ecTepUAIiKYE AOro 3 YTBOPEHHSAM XOJIECTEPOSIOBUX
egipis [33]. Li edipn akymynioloTbCa y BUMNAAI LUTONNa3MaTUyHKUX AiNigHUX Kpanesnb,
3aBOsKM LbOMY Makpodbar i HabyBae xapaKTepHOro «niHWCTOro» BUMMS4y. 3a y4yacTio
TpaHcnopTepiB ABCA1 ta ABCGH1, siki 3abe3nevytoTb nepegady BifbHOro X0necTepony Ha
niNonpoTeiHN BUCOKOI LUiNbHOCTI, Y HOpMi Makpodarn 34aTHi 34iMCHIOBaTN 3BOPOTHUN
TpaHCnopT Xonectepony. Ane B ymoBax iHCyniHope3ucTeHTHoCTi Ta LGl nopyluyeTbcs
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OanaHc Mk HagxOmKEHHSIM XOrecTepory Ta noro BuBeaeHHAM. Exkcnpecis ABCAL/ABCGL1
3HWKYETbCA Nig BNAMBOM npo3ananbHux uuTokiHiB (TNF-a, IL-1B), wo nopylwye
xonectepornosui ecntoke [34, 35]. Hagnuwkosuii BiflbHUI XONECTEPOST € LIUTOTOKCUYHMM:
BiH iHTErpyeTbcs y MeMbpaHu, NopyLlye IXHIO TEKYYICTb, NOPYLUYE MIKPOAOMEHW, 3MiHIOE
yHKLi0 MeMBpaHHKX BinkiB Ta CNpUYNHSIE CTPEC EHAOMNA3MAaTUYHOIO PETUKYNyMa (aKkTu-
BaLis curHanis anontoay) [36, 37]. AkymMynsLis xonectepony B nisocoMax npu3soauTb A0
YTBOPEHHS rOCTPUX MIKPOKPUCTaniB, SAKi (DI3UYHO YLLIKOXKYIOTb LiNICHICTE BHTYPILUHLO-
KNITUHHUX CTPYKTYp Ta aktuByoTb NLRP3-iHdnamacoMy 3aBasku Buxony katencuHy B y
uuTo3onb. IHdnamacoma akTMBye kacnasy-1, sika NepeTBOPKE HEAKTUBHI MonepenHuKm
UMTOKIHIB y ixHi akTvBHi cpopmm: IL-13 Ta IL-18 i nigTpumye nokanbHe 3ananeHHs B
aTtepocknepoTnyHin 6nawui [38]. Omke, BHYTPILUHBLOKMITUHHE HAKOMUYEHHST XONecTepony
He nuwe copMye MOPAONOriYHUA PEHOTUN NIHUCTOI KNiTMHW, ane N 3anyckae kackag
nposanarnbHWX cUrHanis, WO MNPUCKOPOKOTL NporpecyBaHHa aTepockneposy. A LA Il Tuny
TiNbKM NOCUNIOE BULLLEONMCaHI NpoLecy Yepea rhikauito NinonpoTeiHiB BUCOKOI LWiNbHOCTI
Ta nigBuLeHHs ekcnpecii CD36 [39].

HakonnyeHHs niHUCTUMX KNiTUH POPMYE XXMPOBI CMYXKM — paHHi MOpPOnoriyHi
nposin aTepocknepo3dy. Moganbla 3arnbens makpodaris i HeeeKkTBHU eddepoLIMTO3
CNpUSIOTb YTBOPEHHIO HEKPOTUYHOIO sAapa onswku [40, 41].

Oxpim Makpodbaris, y popmyBaHHi briswkn 6epyTb y4acTb rMagkoM’a30Bi KITiTUHN
cyauH (VSMC), ski nig BNNvMBOM Npo3anarnbHUX CUrHanis MoxyTb HabyBaTu beHoTMMy, Nno-
fibHoro 0o MakpodaransHoro. LieHTpanbH1UM MexaHisMOM BULLIE3a3HAYEHOTO MEXaHi3mMy
€ aKTuBaLis TpaHckpunuiHoro daktopa KLF4. Tig noro BnnmMBom rnagkom’a30Bi KNiTUHK
CYOMH MOYMHAKTL eKcnpecyBaTu MakpodparanbHi Mapkepy (CD68) Ta 3gaTHi akTUMBHO
3axOnmoBaTM OKUCMEHI NINOMPOTEIHM HU3bKOI LWINbHOCTI. Y pe3ynbTaTi BigbyBaeTbes
BHYTPILLUHBOKMITUHHE HaKOMWYeHHSA xorecTteponosux edipis i opMyBaHHSA MIHUCTUX Kni-
TuH. Okpim Lporo, KLF4 BnnmBae Ha CTabinbHICTb aTepoCKNepoTUYHOT BNSILLIKK, 38 paxyHOK
3MEHLLEHHS NPOAYKLT KorareHy Ta enacTuHy, Lo NPU3BOAUTb A0 nocnabneHHs gidbposHoi
MOKPULLKKN Ta NiABULLEHHS PU3KKY Ti po3puBy [42, 43, 44]. Y KOHTEKCTi HU3bKOIHTEHCMBHOMO
3ananeHHs HaBiTb MOMipHa, ane TpmBana akTmeauis KLF4 moxe cnpusaTi NocTynoBoMy
peMOoAEentoBaHHIO CyaAMHHOI CTIHKW Ta NMPOrpecyBaHHIO 0bNiTepytHoro arepocknepoasy.

BucHoBku. Omxe, LGl € He BTOPMHHUM (DEHOMEHOM, a LIEHTPaNbHNUM MEXaHi3MoM
aTeporeHesy npu LiyKpoBOMY AiabeTi, WO JOBOAUTb OOLUINBHICTE Oro po3rnsay Sk Tepa-
NEeBTMYHOI MilLeHi Ans NpodinakTyky Ta CMOBiNIbHEHHSI MPOrpecyBaHHst obniTepyroyvoro
aTepocknepoasy. lineprnikemis, iHCYNiHOPE3UCTEHTHICTb, OKCMOATUBHUA CTPEC Ha T Xpo-
HIYHOT MOMIPHOI akTMBaLil iIMyHHOI BignoBigi popMylOTb NpoaTeporeHHe CepedoBULLE.
AHani3 gocnimkeHb OeMOHCTpye, Wwo LGl o6’egHye MeTaboniyHi Ta 3ananbHi MexaHiamu
yepe3 aktumBauito NF-kB-3anexHux curHanbHuX LWnsaxis, gucbanaHc makpodparanbHuX
deHOoTMNIB, NOPYLLUEHHS] XONEeCcTepOsioBOro eqoritokCy Ta YTBOPEHHAM MIHUCTMX KIITUH.
OpfHy 3 KMYoBKX Ponen y NporpecyBaHHi aTepPOoCKIIEPOTUYHOIO YpaXkeHHs Bigirpae oeHo-
TUMOBA NMACTUYHICTL FMAOKOM'SI30BUX KMITUH CyauH, 3okpema KLF4-onocepenkoBaHe
KNiTUHHE NepenporpamMyBaHHs, Lo Npu3BoanTb A0 AecTabinisauii 6nawKy Ta NoBHiIN OKMto-
3ii apTepii. Aktneauis NLRP3-iHdnamacomu nigTpumye XpoHivyHe 3anansHe Mikpocepeao-
BuLle. Tomy obnitepytounin atepocknepos npu LA Il Tuny cnig posrnsgaty sk pesynertat
B3aEMO3B’A3KY XPOHIYHOrO HWU3bKOIHTEHCUBHOIO 3anarieHHs Ta MeTaboniuyHoi anCayHKLUII.
Po3yMiHHSI MONEKYNSPHUX Ta KNITMHHUX MexaHiamiB LGl 30inbliye MOXIMBOCTI paHHbOI
cTpaTtudikauii pu3nKy, noLyKy HOBMX OioMapkepiB Ta po3pobKu HOBMX MpoTM3ananbHUX
TepaneBTUYHMX CTpaTeri NpodinakTukM Ta NikyBaHHS 00NITEPYHOYOro aTepoCcKieposy.
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LOW-GRADE INFLAMMATION AND ITS ROLE IN THE DEVELOPMENT OF
OBLITERATING ATHEROSCLEROSIS IN DIABETES MELLITUS TYPE 2

Obliterative atherosclerosis is a complex, multifactorial disease characterised by systemic
arterial involvement and marked by progressive narrowing (stenosis) or complete
occlusion of the blood vessels. In patients with type 2 diabetes mellitus, the course of this
process is more aggressive, due to a combination of metabolic, immune and
haemodynamic disturbances. Despite a significant number of studies, the pathogenetic
mechanisms of accelerated atherogenesis in type 2 diabetes mellitus remain insufficiently
understood and require further re-evaluation. According to current understanding, it is low-
grade inflammation that is regarded as the fundamental mechanism linking metabolic
dysfunction with the progression of the atherosclerotic process. Chronic moderate
activation of the immune response against a background of hyperglycaemia and insulin
resistance contributes to the development of endothelial dysfunction, disruption of lipid
homeostasis, and remodelling of the vascular wall. The aim of this review article is to
summarise current data on the molecular and cellular mechanisms of low-grade
inflammation in the development of obliterative atherosclerosis against a background of
type 2 diabetes mellitus. The paper analyses research findings from the past decades
demonstrating the interrelationship between hyperglycaemia, oxidative stress, an
imbalance in macrophage phenotypes, impaired cholesterol efflux and insulin resistance.
Patrticular attention is paid to the processes involved in the formation of foam cells and
their role in the development and progression of atherosclerotic plaques. The contribution
of vascular smooth muscle cells to the development of atherosclerosis is also examined,
in particular the role of the transcription factor KLF4 in the processes of phenotypic
switching and cellular remodelling of the vascular wall. A synthesis of the data presented
allows low-grade inflammation to be considered a key pathogenetic link that determines
the characteristics of the course of obliterative atherosclerosis in patients with type 2
diabetes and opens up prospects for the search for new therapeutic approaches.

Key words: obliterating atherosclerosis, type Il diabetes mellitus, low-intensity
inflammation, hyperglycaemia, foam cells, endothelial dysfunction, macrophages.
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NOKA3HUKU NPO3ANANbHUX KINNITUHHNX ®AKTOPIB
B OCIE BIKOM 18-21 POKIB Y BIOOANEHUA NEPIOA NICNA
3AXBOPIHOBAHHA HA COVID-19

B ocib, iHgpikosaHux SARS-CoV-2, moxe cghopmysamucs cmilike rpo3anasnibHe MiKpo-
cepedosulue, xapakmepucmuKu sIKO20 3asiexxamsb 6i0 mpusanocmi 3axeoptosaHHs. Lle
[euwa mae meHOeHUiro 00 3MeHWeHHsT npomseom 12 micsyie nicriss 2ocmpoi ¢hasu
iHgbekuitiHoeo ripouecy. lNpome, Ha mpusanicmb cmabinizauji npo3ananbHo20 NPogIirto
eriuearome pisHoMaHimHi cyrymHi gpakmopu. Ecpexkm moxxe nocuntosamucs po3banaH-
cosaHicmIo iMyHHOI cucmeMu, 8UKIIUKAaHO CMPEeCcosuMU YUHHUKaMU. HasieHi OaHi, wo
naHOemiss COVID-19 cmana rnpu4uHoO0 3Ha4YHOZ0 rICUX0s0eidHHo20 Oucmpecy ceped
HacereHHs1, OCKinbKu rpussena 0o coujaribHo20 ducmaHUit08aHHs, cmpaxy 3apaKeHHs!
ma cmepmi, siKi Cyrnpo8odKysanucsi He2amueHUMU eKOHOMIYHUMU HacniOkamu. Cymap-
HO ue nidsuuysaro pusuk po3gumky ernpecii ma rnopyweHHs ncuxiyHoz2o 30o0poe’s. [o-
damkosuM eMOoUuitiHUM cmpecosuM ¢hakmopom Os1s1 HacesleHHs1 YKpaiHu cmara 80eHHa
aepecis pociticekoi pedepauii y 2022 poui. Mema Hawo20 docniOxKeHHs1 — npoaHarisy-
8amu rMokasHUKU KIimUHHUX ripo3anasnbHux ghakmopis e ocib eikom 18-21 pokie y sidda-
nieHuti nepiod nicrisi 3axeoprosaHHs Ha COVID-19. Noka3Huku nelikoyumis, eo3uHogirie
ma 6a3oqbinie susHayvanu y 47 cmydeHmie Yepkacbko20 HauioHarnbHO20 yHisepcumemy
y 2021 poui, Ha dpyeomy poui naHOemii COVID-19, i, noemopHo, y 2023 poui, e rnepiod
B80€HHO20 cmaHy. 3a 6-9 micsayje o nepwoz2o obecmexeHHs 17 ocib nepexeopinu Ha
COVID-19. Bcma+osunu, wo 8 obcmexeHux cmydeHmie sikom 18-21 pokie, He3anexHo
8i0 HasisHocmi 68 aHaMmHesi iHikyeaHHs1 SARS-CoV-2, criocmepizatombCsi O3HaKu
riomipHoi Mobinizauii nposanasnbHUX PoUecie, 0CHOBHUM rPOosi8OM siKux byria nidsulyeHa
8i0HOCHa ma 3aearibHa Kinbkicmb 6a3ogpinie. B ocib, kompi norepedHb0 nepexaopinu Ha
COVID-19, criocmepizanocsi He3Ha4yHe 3HUXEHHS KiflbKocmi rnpo3ananbHUX KIiimuHHUX
ghakmopie 8podxxeHoe0 imyHimemy 6i0 2021 do 2023 poky, sike He Masio cmamucmuYHOI
3Hadywocmi. Y cmydeHmis, Kompi He xeopirnu rornepedHso Ha COVID-19, nposanarnbHi
O3HaKu eupaxeHi meHwe. Mpome, 3pocmaHHs y uiti koeopmi y 2023 poui 3a2arnbHoi
Kirlbkocmi eo3uHodgbirnie, nopieHsHO 3 2021 pokom, moxe 6ymu HaciOKOM XPOHIYHO20
eMOoUjliHo20 cmpecy, 8UKIIUKaHO20 rnocmyrnasbHUM noedHaHHsM riaHoemii COVID-19 3
HacmyrnHuUM rnepio0om 80eHHO20 cmaHy. [nsi po3yMiHHSI ¢bopMy8aHHs rpo3anasbHUX
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A8UWY y NPOSIOH208aHUX CMPECoBUX yMosax OOUIIbHO rpoaHasidysamu KOPessayito MK
ycima KIimuHHUMU rpodyueHmamu mediamopie 3anasneHHs.

Knroyosi crioga: nposananeHi ghakmopu, eo3uHoginu, 6asoginu, emouiliHul cmpec,
naHOemiss COVID-19, iHgbekuitiHuli npouec, 80EHHUL cmaH

BeTyn. IHdekuUiHi npoLecn, He3anexHo Big npupoau 36yaHuka, MobinisytoTb nNpo-
uecu 3ananenHs [1; 21]. OaHi nitepatypu ceigyatb, WO B 0OCi0, iH(pikoBaHNX SARS-CoV-2,
dopMy€eTLCA CTilKe nNpo3ananbHe MikpocepeaoBuLLEe, XapaKTEPUCTMKM SIKOro 3arnexartb Bif
TPMBaNoCTi 3axBOptoBaHHs. Cepep TMMOBMX NPOSIBIB — NABULLEHUA PiBEHb HENTPOQIniB,
€03UHOIMNIB T2 MOHOLIUTIB, @ TaKOX Npo3anaribHUX UUTOKIHIB. 3a YMOB e(DeKTMBHOIO JiKy-
BaHHS Ui SiBMLLA MatoTb TEHOEHLIiIO 00 3MEeHLLEHHS 3a 12 micAauiB nicns rocTpoi dasu iHdek-
uiHoro npouecy. lMpoTe, Ha TpvBanicTe cTabinizauii NposananbHOro NPoginto MOXYTb
BNAMBATU PI3HOMAaHITHI CoLlianbHO-eKOHOMIYHI dhakTopu. € aymKa, WO BigaaneHi Hacnigki
COVID-19 cknagHo nepenbaqnTn. MauieHTwn, ki ogykanu nicnsa iHgpekuii SARS-CoV-2,
He3anexHo Bif Toro, 4n Bynu BoHW rocnitTanisoBaHi, nepedysanu y BiaaineHHi iHTEHCUBHOT
Tepanii Y1 ambynaTopHO, 3 YaCOM YacTO AEMOHCTPYIOTb MiABMLLIEHY CXWUITBHICTb 4O NATOSOriN
iHLWOI eTionorii [3; 4; 22].

Edekt moxe nocunioBatuca pfectabinisauieto iMyHHOI CUCTEMW, BUKIMKAHOO
CTPeCcoBNMN YnHHUKaMKU. CykynHiCTb 6araTbox OCnigKeHb MOKa3ye, Lo CTpec Npu3Bo-
OVTb He OO 3HWXKEHHS perynsuii iMyHHoI Bignoeigi, a go ii nopyweHHs [16]. Cama naHgemis
Oyna cTpecoBUM YMHHMKOM, OCKiNbKWU NpM3Bena A0 CoLianbHOro AMCTaHLitoBaHHS, CTpaxy
3apaXeHHsa Ta CMepTi, AKi CynpoBOLKYBaNUCH HEraTUBHUMWU €KOHOMIYHUMW Hachigkamm
[17; 19; 20]. CymapHO ue MigBumLLYBarno p13nK po3BUTKY Aernpecii Ta NOPYyLUEHHS MCMXIYHOro
300poB’a. 3aranom, HasBHiI AaHi, Wwo naHgemis COVID-19 Buasunachb NPUHNHOK 3HAYHOro
MCUXONOrYHOro ANCTPECY cepe HaceneHHs pisHUX KpaiH [8; 12].

HdopatkoBMM eMOoUiiHM CTPecoBMM (hakTOpoM AN HaceneHHs YkpaiHu cTtana
BOEHHA arpecisa pocincekoi egepadii [10; 11; 15].

MeTa pgocnimkeHHA: npoaHanisyBaTh MOKA3HUKU KMNITUHHWUX npo3ananbHuX dak-
TopiB B OCib Bikom 18-21 pokiB y BinganeHui nepiog nicns 3axsoptoBaHHa Ha COVID-19.

MeTtoau Ta opraHisadisa pocnigkeHHs

OUiHKY NOKa3HWKIB KIITMHHMX Npo3anarnbHUX akTopiB BPOMPKEHOO KIITUHHOIO iMYHi-
TETY BU3Ha4anun y 47 cTyaeHTiB YepkacbKoro HaujioHanbHOro yHiBepcuteTy imeHi boraaHa
XmenbHuLpKoro (11 ocib Yonosivoi cTarti, 36 — XiHo4OoI, aHani3 aAns H1X NpoBeaeHo Yy dhoniky-
napHy hasy MeHcTpyanbHOro Luky). 3 Hux 17 ocib nepexsopinu Ha COVID-19. NokasHuKm
IHLUMX OBCTEXEHNX BUKOPUCTANM sIK KOHTPOMbHI. [ OUiHKM BMNMBY TPMBANOCTi BiAHOBHOIO
nepioay nicrs 3axXBOPOBaHHSA AOCAMKEHHSA NPOBOAM ABidi: nepLumi aHanis —y 2021 pouj, Ha
apyromy poui naHgemii COVID-19, konv 6yno BigHOBNEHO ayauTopHe HaBYaHHA. CTyaeHTu
Oynn Ha 2 kypci, Bik — 18-19 pokiB. [pyrvin aHani3 ans Ti€l )K KOropTy CTyAeHTIB NpoBenu y
2023 poui, nig 4Yac BoeHHoro ctaHy. CtyaeHTn 6ynu Ha 4 kypci, Bik — 20-21 pokiB. Ha vac
0BCTEXEHHS CTYOEHTU HE Manm O3HaK rOCTPUX UM XPOHIYHMX XBOpob. CTyaeHTn 3 gocnigHol
niarpynun nepexsopinu Ha COVID-19 3a 6-9 micauiB Ao nepluoro obctexeHHs. Biabip kposi
3qjicHIOBanM MeauyHi ¢paxieui Ha 6a3i KoMyHanbHOro HEKOMepLIHOro MianpuemcTea «Yep-
Kacbka LieHTparnbHa paloHHa nikapHs» YepBoHOCNobiackKol CinbCbkoi paau (BianosigHo Ao
yrogv npo cnienpauio 3 Yepkacbkum HauioHanbHUM yHiBepcuteToMm). OBCTeXeHi aaBanu
MOrOPKEHHSI Ha y4acCTb B AOCHIMKEHHSX Ta ONPUITKOAHEHHS OTPMMaHKX pesynbraTie. Cxema
npoBeaeHHs gocnimkeHHa Byna norompkeHa 3 Komicieto 3 6ioetukm YHY.

£k nokasHUKN HOPMW BUKOPUCTany pekoMeHaoBaHi pepepeHTHI 3HaYEHHS.

[MoKa3HMKM KiNbKOCTi NIEMKOUMTIB BU3Ha4anu Ha GioximiyHOMy aHanizatopi Diagon
D-cell 60 (Diagon Ltd, YropiuuHa), nonynsuii eo3uHodinie Ta 6asodinis BU3Hayanu, aHa-
ni3ytoun masku Kposi, papboBaHi 3a NanneHrenvom. CtaTucTnyHy o6pobKy OTpMMaHOro
dhakTnyHOro marepiany nposogunu B nporpami Microsoft Excel. [1ns nopiBHAHHS BUOIpOK
nicns NepeBipk/M Ha HOPMAIbHICTb PO3MNOAINyY BUKopucTanu t-kputepin CTbltogeHTa.
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Pe3ynbTaTu gocnimKkeHb Ta iX 06roBopeHHs. BcTaHOBMNEHO, LLIO 3a MOKa3HMKaMu
3aranbHOl KifTbKOCTi JIEMKOUUTIB BiACYTHA CTAaTUCTUYHO AOCTOBIPHA PI3HULS SK MDK rpy-
namu, po3aifieHMM 3a HasBHICTIO YK BIACYTHICTIO B aHaMHesi 3axBoptoBaHHa COVID-19,
Tak i B Mexax OHi€el rpynu y pisHi poku gocnimkenHs. [NpoTe, y BCiX BUNagkax nokasHUKU
3a cepefHiM 3Ha4YeHHsIM Oynn 3MiLLleHi JO BEPXHLOI MeXi pechepeHTHNX 3HaYeHb. Y rpyni
ocib, KOTpi He xBopinn paHiwe Ha COVID-19, cnocrepiranaca TeHOEHLiS OO 3pOCTaHHS
nokasHuka Big 2021 go 2023 poky (tabn. 1).

Baxnueumn npogyueHTamu nposananbHUX MediaTopiB € eosuHodinu [9] Ta
©asodinum [7].

Y 2021 poui y cTyaeHTiB, ski He xBopinn Ha COVID-19, BigHOCHa Ta 3aranbHa Kifb-
KicTb e03uHodpinie nepedyBanu B Mexax HOPMU, CEPEOHE 3HAYEHHS! BiQHOCHOI KirbKOCTi
Dasoginie 3MiLeHe 0O BEPXHBOI MEXi HOPMU, 3aranbHOI KINbKOCTi — BUMLLSIO 3a L0 MEXY.
B oci0, siki nepexsopinu Ha COVID-19, BigHOCHa Ta 3ararbHa KinbKiCTb €03MHOMINIB TaKOX
nepebyBanu B Mexax HOPMU, CepeHE 3HAYEHHS SIK BiQHOCHOI, TaK i 3ararnbHOi KifbKOCTi
6a3ocpinis BUALLNM 32 BEPXHIO MEXY HOPMW. 3aranbHa KinbKicTb €03MHOINiB, BigHOCHa Ta
3aranbHa KinbkicTb 6a3oginis 4OCTOBIPHO BULLi, HK B OBCTEXEHUX, KOTPi NonepeaHL0 He
xBopinu (Tabn. 1). TakuM YMHOM, HaBiTb 3@ BIOCYTHOCTI B aHaMHe3i iHgikyBaHHA SARS-
CoV-2, y obcTexxeHux cnocTepiraeTbcsl NneBHa MobinisaLlis npo3ananbHUX SBULL, 3a 3HaYeH-
HSAMM KinbkocTi 6a3ocpinie. Y BUNaaKy HasiBHOCTI 3aXBOPIOBAHHA Npo3anarnbHi ABuLLa BUpa-
XeHi GinbLie. EdektT € AOCUTb NOMYHMM | MOXEe MOSICHIOBAaTUCh NMPOOOBXEHHSM nepiogy
BiIHOBNEHHSA Y BUMaKy nonepeaHboro 3axBoptoBaHHs. [poTte, nogibHa cutyauis B rpyni
obcTexeHnx 6e3 xBopobu B aHaMHe3i MOXe CBigYUTU NPO CTpec-iHayKoBaHy mMobinisadito
nposananbHWX NPOLECIB.

Tabnuus 1
lMoka3HuKu npo3ananbHUXx ¢ghakmopie epPOOKeHOo20 K/TIMUHHO20 iMyHimemy
8 o6cmexeHux, M+m

[MokasHukM B 0ciO, Lo He
xBopirm Ha COVID-19, 2021 pik

[NokasHuKu B 0cib, Lo
nepexsopinu COVID-19, 2021 pik

MokasHmkmn / Hopma

n=17 n=30
TNenkoumntn, x10%n / 4,0-9,6 8,49+0,27 7,12+0,18
EosnHodoinm, % / 0,5-3,0 2,06 + 0,23 1,6+0,12
EosuHod., x10%n / 0,05-0,45 0,18 + 0,02 0,11+0,01*
Bazodinu, % /0,0-1,0 1,65+0,15 0,77 £0,14 **
Bazodpinm, x10%n/0,00-0,02 0,14+0,01 0,05+0,01 *

[Noka3HuKkM B OCib, LLIO
nepexeopinn COVID-19, 2021 pik

[NokasHWk/ B 0Ci0, LLIO
nepexsopinn COVID-19, 2023 pik

n=17 n=17
Tenkouutn, x10%n/ 4,0-9,6 8,49+0,27 9,06+0,19
EosnHodoinm, % / 0,5-3,0 2,06 £0,23 1,88+ 0,21
EosuHod., x10%n / 0,05-0,45 0,18 +0,02 0,17 + 0,02
Bazodinu, % /0,0-1,0 1,65+0,15 1,29+0,17
Basodpinm, x10%n/ 0,00-0,02 0,14 +0,01 0,12+ 0,02

lMokasHWKKM B OCIB, LLIO He XBOPINK
Ha COVID-19, 2021 pik

[Moka3HMKM B OCIO, LLIO He
xBopinm Ha COVID-19, 2023 pik

n=30 n=30
TNenkouutn, x10%n / 4,0-9,6 7,12+0,18 8,82+0,18
EosnHodoinm, % / 0,5-3,0 1,60+0,12 1,83+0,17
EosuHod., x10%n / 0,05-0,45 0,11+0,01 0,16 + 0,02*
Basodinun, % /0,0-1,0 0,77+0,14 0,70+£0,15
Basodpinu, x10%n / 0,00-0,02 0,05+0,01 0,06+ 0,01

[NokasHuKM B 0Cib, Lo
nepexsopinu COVID-19, 2023 pik

[MokasHukM B 0ciO, LLo He
xBopinm Ha COVID-19, 2023 pik

n=17 n=30
TNenkoumntn, x10%n / 4,0-9,6 9,06+0,19 8,82+0,18
EosunHodpinu, % / 0,5-3,0 1,88+ 0,21 1,83+0,17
EosuHod., x10%n / 0,05-0,45 0,17 +£0,02 0,16 + 0,02
Basodinm, % /0,0-1,0 1,29+0,17 0,70+ 0,15*
Basodinm, x10%n/0,00-0,02 0,12 + 0,02 0,06 +0,01*

lMpumimka: * - P<0,01;

**- P<0,001 y nopieHsiHHI 3 iHWOO epyroto

41



Haykosi 3anucku. Bionoriyni Hayku. 2026. Ne 1

CTaTUCTUYHO JOCTOBIPHMX 3MiH aHanizoBaHWMX NokasHukiB y 2023 poLli, NOPiBHSHO 3
2021, He BusBNeHo anst 06ox nigrpyn obcrexxeHnx. B o6cTexeHmx, KOTpi nonepeaHbo ne-
PEXBOPINY, BUABUN HE3HAYHI TEHAEHL,T 40 3HWKEHHS MOKa3HWUKIB KiflbKOCTI €03nHOINIB.
B obcTexeHnx, KoTpi He XBOpinu, cnocTepiranacst TEHAEHLIS 40 3pOCTaHHS KinbKOCTi e03n-
HodbiniB, NiABULLEHHS aBCOMIOTHOI KiNbKOCTi BYNo CTaTUCTUYHO AOCTOBIPHUM. AK HACMIOK,
y 2023 poui B 00CTEXEHUX, KOTPI NEPEXBOPINM, BiJHOCHA Ta 3ararnbHa KinbKicTb 6a3odinis
3anuMLIMnacs SOCTOBIPHO BULLIOK, HiX B Miarpyni 6e3 3axBoptoBaHHsI B aHAaMHE3i, cepeHi
3HaAYEHHS BUALLNN 3a BEPXHIO pedepeHTHY Mexy (Tabn. 1). Takum YnHoM, neBHa Mobi-
nisauis nposananbHUX NpoLEeciB Yy 06CTeXeHMX, KOTpi nepexsopinu Ha COVID-19, 36eper-
nacs npoTArom Tpueanoro yacy. BogHovac, BusiBneHi nposananeHi TeHAeHLUIi B iHLWiK rpyni
MOXYTb 3YMOBIIIOBaTUCS XPOHIYHUM CTPECOBUM BNNMBOM. Hapasi BU3HaHO € AyMKa, Lo
cneuundivHi peuenTopu Ha iIMyHHUX KMiTUHaxX 3a YMOB XPOHIYHOIO CTPeCy 3 YacoM CTalTb
PE3UCTEHTHMMM [0 [THOKOKOPTMKOIAIB, LLO NPU3BOAUTE A0 HU3LKOIHTEHCUBHOIO CTIKOrO
3ananeHHs. [locnimpkeHHs sk 3a ydacTi niogen, Tak i Ha TBapyHax NigTBepAWIun Lo rinotesy
[5, 13; 14]. Kpim Toro, XpoHi4HUiA BNMB KOPTU3ONY MOXE rarbMyBaTu eKCrpecito NpoTunsa-
narnbHWX reHiB i MobinisyBaTy TPaHCKPUNUNHI hakTopwu, SKi CNPUSIOTL NPOLIECY 3ananeHHs
[6; 16]. OcobnmBy yBary OOUINbHO 3BEPHYTW Ha 3POCTaHHSA KiNbKOCTi €03uHOoiniB B
obCcTexeHux, KOoTpi He xBopinM Ha COVID-19, y 2023 poui. Eo3uHodinu Bigomi TicHoto
B32EMOZIEI0 3 iHLLUMMW KIMITUHHUMW PaKTopamMm BPODKEHOTO iIMYHITETY, 30KpeMa, 30aTHICTIO
MobinizyBaTu HenTpodinu Ta 6asodinm [2; 18].

BucHoBKM 3 fOCHiAKEHHA Ta NepPCneKTUBYA NOAANbLLIOro AOCHIMKEHHSs. Taknuv
YWMHOM, B OBCTEXEHMX CTyaAeHTiB Bikom 18-21 pokiB, He3anexHo Big HasiBHOCTI B aHAMHES3
iHpiKyBaHHA SARS-CoV-2, BMSIBNIEHO O3HaKM NMOMipHOiI Mobinizauii nposananeHux npo-
LeciB, OCHOBHMM NPOSIBOM sIKMX Oyra nigBuLLieHa KinbkicTb 6asodiniB. B ocib, koTpi none-
peoHbo nepexsopinm Ha COVID-19, cnoctepiranocs He3HayHe 3HWKEHHS KifbKOCTi
nposananbHUX KMiITMHHKUX hakTopiB BPO4KeHOro iMmyHiTeTy Big 2021 go 2023 poky, sike He
Maro CTaTUCTUYHOI 3HaYYLLOCTI. Y CTyAEHTIB, KOTpi He XBopinn nonepeaHbo Ha COVID-19,
npo3anarnbHi 03HaKM BMpakeHi MeHwe. [MpoTe, 3pocTaHHa y Ui KoropTi y 2023 poui
3ararnbHoIi KifbKOCTi €03MHOQINIB, NOPIBHAHO 3 2021 pokom, MOXe ByTK HacniAKOM XPOHiY-
HOro €MOLINHOTO CTPECY, BUKIMMKAHOMO NOCTynansHUM noegHaHHAM naHgemii COVID-19 3
HaCTyNHWM nepiogoM BOEHHOrO cTaHy. [ns po3yMiHHA dhopMyBaHHSA npo3anarnbHUX ABULL
Yy MPONIOHIOBaHMX CTPECOBMX YMOBAaX AOLINMbHO MpoaHanidyBaTu KOpensuil MK ycima
KNITUHHMMM NpoAyLIeHTaM1 MefiaTopiB 3ananeHHs.
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INDICATORS OF PRO-INFLAMMATORY CELL FACTORS IN PERSONS AGE
18-21 IN THE LONG PERIOD AFTER COVID-19 INFECTION

Individuals infected with SARS-CoV-2 may develop a persistent pro-inflammatory
microenvironment, the characteristics of which depend on the duration of the disease.
This phenomenon tends to decrease within 12 months after the acute phase of the
infectious process. However, the duration of stabilization of the pro-inflammatory profile is
influenced by various concomitant factors. The effect may be exacerbated by an
imbalance in the immune system caused by stress factors. There is evidence that the
COVID-19 pandemic has caused significant psychological distress among the population,
as it has led to social distancing, fear of infection and death, which have been
accompanied by negative economic consequences. Overall, this has increased the risk
of developing depression and mental health disorders. An additional emotional stress
factor for the population of Ukraine was the military aggression of the Russian Federation
in 2022. The purpose of our study is to analyze the indicators of cellular pro-inflammatory
factors in individuals aged 18-21 years in the long term after COVID-19 infection. The
indicators of leukocytes, eosinophils and basophils were determined in 47 students of
Cherkasy National University in 2021, in the second year of the COVID-19 pandemic, and
again in 2023, during the matrtial law period. 6-9 months before the first examination, 17
people became ill with COVID-19. It was found that the examined students aged 18-21
years, regardless of the presence of a history of SARS-CoV-2 infection, showed signs of
moderate mobilization of pro-inflammatory processes, the main manifestation of which
was an increased relative and total number of basophils. In individuals who had previously
been ill with COVID-19, a slight decrease in the number of pro-inflammatory cellular
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factors of innate immunity was observed from 2021 to 2023, which was not statistically
significant. In students who had not previously been ill with COVID-19, pro-inflammatory
signs were less pronounced. However, the increase in the total number of eosinophils in
this cohort in 2023, compared to 2021, may be a consequence of chronic emotional stress
caused by the progressive combination of the COVID-19 pandemic with the subsequent
period of martial law. To understand the formation of pro-inflammatory phenomena in
prolonged stressful conditions, it is advisable to analyze the correlation between all cellular
producers of inflammatory mediators.

Key words: pro-inflammatory factors, eosinophils, basophils, emotional stress, COVID-19
pandemic, infectious process, martial law
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MIKPOKPUCTANI3ALISA CNTUHU TA TUMW BULLIOT HEPBOBOI AIANIHOCTI

PiduHu nnrodcbkoeo opeaHiamy (bionoeidHi piduHu) Micmsamb iHgbopmauito npo cmaH chi-
3i0102iYHUX Npouecie 8 UinicHoMy opaaHi3my. bionoaiyHi piduHu micmsame pi3HOMaHImHi
bionoeiyHi crionyku ma MiKo- i MakpoerieMeHmu, came makul ckinad pobumes 8ci 6ioro-
2i4Hi piIOUHU T0OCBEKO20 OpeaHi3My yHikarbHUMU Or1si OiaeHocmuku. Ceped bionoaidHuX
PiduH, criuHa € 0ocmamHbO MEPCEKMUBHO0 CriosTyKoro Orisi iaeHOCMUKU (byHKUIOHarIb-
HO20 cCmaHy opaaHi3my.

Crniuparoyuce Ha Haykosuli dopobok Lletiko B. I, Cymopmin . O., KasHaveesa []. A.,
AKul ripucesHeHuUl rnpobremi MiKpokpucmarnizauii CrluHU Ha QbOHI pi3HOMaHImMHuUX ¢bisio-
io2iyHUX ma namogbizionioaiqyHux rpouecie. Tak susierieHo, WO murl MIKpoKpucmarie
CIUHU Mae rnesHy 3anexHicmb 6i0 ernnugy eHOO2eHHUX ma eK302eHHUX ¢hakmopis, a
makox eeHe3ucy ¢hisionoeidHux ma rnamoagisionoaiyHux npouecis. Tak byro ausigrneHo,
wo 8podxeHa namorioeisi opaaHy 30py (momarsnbHa abo Yacmkosa chirnoma) cynposgo-
Oxyembcs HasisHicmio kpucmarnig Il (31,14 %), 1V (59,34 %), V (9,5 %), 3 nepesakaHHsIM
Il IV munig. NamocgbizionoeidHi npouecu 8uKnukaHi sipycHum aeramumom C cyrposo-
Oxyeaacsi HasisHicmio kpucmariie 1V (75 %),V (25 %) munie ma eidcymHicmio MiKpOKpuc-
manie I, Il ma lll munis. Mikpokpucmanidaujs criuHu Ha ¢boHi koiHgbekuito BIJT ma gipycHo2o
eenamumy C xapakmepus3yearack rnepesaxaHHsm IV (35 %) ma V (75 %) muny mikpo-
Kpucmariie. Takox eusierneHo, Wo 3MiHU MIKpoKpucmarnizauii CrluHU Ha QbOHI pi3HoOMaHIm-
HUX namogbizionoaidHux npouecie Marome (OyHKUIOHaIbHUL 83a€MO38’30K 3i CmyrneHem
akmueauji eezemamueHOI Hep808OI cucmeMu (cunamu4yHOi ma napacumamu4HOi cknado-
8ux). Takox € Haykosi nybnikauii, wo ceid4ams MPo 3arnexHicmb adanmauitiHpo-Komrie-
HacmopHUX peakuill Ha cmpec ghakmopu pisHo2o eeHesucy eid muny BHLM. Hawumu
paHHimMu rybnikauisamu eusierieHa 3asexHicmb (byHKUIOHaIbHOI akmueHoCcmi CKkiiadosux
8eaemamueHOi Hepeo8oi cucmemu 6i0 murly 8ULLOi Hep8o8oi disirIbHOCM,

Mema 0OocnidxeHHs1 € Oocridumu muru MiKpoKpucmasizauii CriuHU 8 3arexHocmi 8io
murty BH/.

B Hawomy docnidxeHi 835ina y4acme epyria 80/10Hmepie 3az2arbHoro Kinbkicmro 100 ocib,
cepedHili sik sikux cmarosue 21,2+1,6 pik. Borionmepu 6ynu nodinexi 3a muriom BH/] Ha
4 epynu 8 KoxHili epyri no 25 oci6. Tun euwoi Hepeosoi disiribHOCMI 8U3HaYarnu 3a
d0romMoe2or0 mecmosoe2o-ornumysarbHuka. Mikpokpucmanisauito cruHu Aocsidxyeanu
3a memodukoro Jleyca I1. A.

Poboma sukoHysarnack y 8idrnosidoHocmi 0o bioemuyHUX HOPM.

Mikpokpucmanisaujs criuHU y 8cix 80floHMepi8 xapakmepu3ysanack HaseHicmo | ma Il
muriie MiKpoKpucmarniie, wo eidrnosidae HopMmarbHOMY riepebiey ¢hizionoaiyHuUX npouyecis.
I mun mikpokpucmarnie cruHu 6ys npucymHit y xorepukie — 96 % (24 ocobu), caHesiHiKie —
92 % (23 ocoba), chrieamamukie — 88 % (22 ocobu), menaHxornikie — 8 % (2 ocobu). Il munamu
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MiKpoKpucmarie criuHu 6ys susisneHuli y xonepukie — 4 % (1 ocoba), caHasiHikie — 8 % (2
ocobu), cprieemamucie — 12 % (3 ocoba), MenaHxorikie — 92 % (23 ocobu).

Takum yuHomMm, ocobnusocmi MiKpoKpucmarnisauji criuHu y npedcmasHUKi8 Pi3HUX muriie
BH/] mae nesHy 3anexHicme: | mun Mikpokpucmarie CriuHU rnepeeaxHo npumamaHHul
Xorepukam, caHesiHukam ma ¢brieemamukam, Il mun mikpokpucmanisauii cnuHu 6ys
riepesaxxHo npumamaHHul MenaHxorsikam.

Knrwuosi criosa: mun BHL (xonepuku, caHe8UHUKU, ¢hbrieaMamuku, MesiaHxomiku),
MiKpOKpucmarnisauisi CluHU.

PioguHn ntogcbkoro oprariamy (6ionoridHi piguHy) MicTaTh iHGOpMaLilo Npo CTaH
dizionorivHnX NpoLECiB B LLiNICHOMY OpraHiamy. bionorivHi piaMHn MiCTaTb pisHOMaHITHI 6io-
NOriYHi CNONYKM Ta MiKO- | MakpoenemMeHTU, came Takui cknag pobutb BCi BionoriyHi pignHu
NIOACBLKOrO OpraHiaMy yHikanbHuMKn ans giarHoctukn. Cepef 6ionoridyHmx piguH, cnvHa €
[OCTaTHLO NEePCNEKTUBHOK CMOSTYKO AN A4iarHOCTUKU OYHKLIOHANBLHOIO CTaHy opraHiamy
[20, 21, 23, 24].

Cnnpatoumch Ha HaykoBui fopobok Lenko B. I., Cytopmin [. O., KasHaueesa [. A.,
SKMN NPUCBSAYEHWI NpobneMi MiKpoKpucTanisauii CrMHM Ha GOOHi pisHOMaHITHUX doisiorno-
riYHUX Ta natodpisionoriyHmx npovecis. Tak BUABNEHO, LLIO TUN MIKPOKpUCTanIB ClIMHWU Mae
NeBHY 3anexHiCTb Bif BMAMBY eHAOreHHUX Ta ek30reHHUX hakTopiB, a TakoxX reHe3ucy i-
3ionoriyHMx Ta naTodisionoriyHmx npowecis. Tak Oyrno BUSBNEHO, LLO BPOMKEHA NATONOriA
opraHy 3opy (ToTanbHa abo YacTkoBa cninoTa) CynpoBOKYETLCA HAABHICTIO kpucTanis |l
(31,14 %), IV (59,34 %), V (9,5 %), 3 nepeaxaHHam Il IV Tunis. MaTocpisionoriyHi npouecu
BMKIMKaHi BipycHuM renatutom C cynpoBOMKyBaBCHA HasBHICTIO kpucTanis IV (75 %),V
(25 %) Tvinie Ta BigcyTHicTiO MikpokpucTanis |, Il Ta lll Tunie. MikpokpucTanisauis cnvmHm Ha
dooHi koiHdpekuijto BlJ1Ta BipycHoro renatuty C xapaktepuayBanack nepeaxaHHsam 1V (35 %)
Ta V (75 %) Tvny mikpokpucTtanis. TakoX BUSIBNEHO, LLO 3MiHM MiKpOKpucTanisawii CrivHm
Ha poHi pi3HOMaHITHUX naTodisionoriyHMX MpoueciB MalTb (OYHKLOHaNbLHUA B3aEMO-
3B'A30K 3i CTyneHeM akTuBaLii BeretaTMBHOI HEPBOBOI CUCTEMW (CUMATUYHOI Ta
napacvmaTtuyHoi cknagosux) [12-15, 17].

BeretaTnBHOO HEPBOBOK CUCTEMOID 3AIMCHIOETHCS KOHTPOSb 3a CUMHTE30M BCIiX
BioNOriYHOAKTMBHUX PEYOBMH: NapacMMNaTUYHOK aKTUBHICTIO KOHTPOIIOKTLCSA ENEKTPo-
NiTW CNWHW Ta CeKpeList piaMHW, CUMMNAaTUYHOK aKTUMBHICTIO 3amnyckaeTbCs cekpeLis Oinka
cnvHu. CniBBigHOLLEHHS aKTMBaLii CUMNATUYHOT Ta NapacuMNaTUYHOI NaHOK BEreTaTUBHOI
HEpPBOBOI CUCTEMM BKa3ye Ha (PpyHKUiOHAmNbHE HanpyXeHHS PerynsaTopHMX MexaHiamis [1,
22]. 3MmiHa CTPYKTypu MIKPOKPUCTaniYHOI apXiTEKTOHIKM 3anexuTb Bid CniBBiAHOLUEHHS
pigkoi Ta cyxoi cbpakuii cnuHum, Wo aoseaeHo B poboTi EMenbsHoBoi H. HO. [6].

TakoX € HaykoBi nybnikauji, Wo cBig4aTe NPO 3anexHiCTb aganTauiiHpo-KomMe-
HaCTOPHMX peakLin Ha cTpec dhakTopu pisHoro reHesucy Big Tuny BHA, [3, 8, 16, 18]. Ha-
LMW paHHIMK NyOnikauisMy BUSBREHA 3aneXHICTb (OYHKLIOHaNbHOI akTMBHOCTI CKrnago-
BMX BEretaTMBHOI HEPBOBOI CUCTEMM Bif TUMY BULLIOI HEPBOBOI AisnbHOCTI [9, 18].

Meta gocnigxeHHA € 4oCnianTy TUNN MIKpOKpUCTanisauii CnvHW B 3aneXHOCTi Big,
Tuny BHL.

MeToau Ta opraHisauis gocnimkeHHs. B Hawomy focnifpkeHi B3ana yyactb rpyna
BOJIOHTEPIB 3aranbHot0 KinbkicTio 100 ocib (Yonosivoi cTari), cepefHivi Bik SIKUX CTaHOBB
21,2+1,6 pik. BornoHTepu 6ynu noginexi 3a Tunom BHL, Ha 4 rpynu B KoxHiv rpyni no 25
oci6. Bci BonoHTepyn AaBanu NMCbMOBY 3rofly Ha y4acTb B HALWOMY JOCHiMKEHI.

Twun BULLIOT HEPBOBOI AiANBHOCTI BU3HAYanM 3a 4OMOMOrol TECTOBOrO-onuTyBasb-
Huka [8, 11].

MikpokpucTanisadito cnuHn gocnigpkysanu 3a metoaukoto Jleyca M. A. Metoauvka
360py gocnigKyBaHoro cybcrpaty 3acHoBaHa Ha 30MpaHHi HECTMMYNbOBAHOI 3MiLLaHOi
CINVHWU, SIKa aKyMYITFOETBCS Y MOPOXHWHI poTa A0 NosiBu pedorekCy KOBTaHHS CIMHK, TOBTO
piy ine came npo poToBy piguHy [4]. 3abip crnvHK 3gjiicHIoBanM Yepes 2 roguvHn nicns
npuviomy ixi. [lo 3abopy GionoriyHnx 3paskis BONOHTEPW NMPONOMAOCKany NOPOXHUHY poTa
Bogoto npotsrom 30 cekyHa. [NpoBeaeHHs 3abopy GionoriyHOro martepiany 34iMCHIOBaBCS
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No Mipi HAKONNYEHHS HECTUMYNBOBAHOI CIIMHM B MOPOXHUHI pOTa, B HECTEPUIBbHI NPOBIpKM
06’eMOM 7 M5 3 repMETMYHOIO 3arfyLUKO, OTPUMaHUI GiomaTepian MaB MapKyBaHHS.
CepegHii 06’em 3i6paHoi crimHm ctaHoBuB 1-1,5 M. TpaHcrnopTyBaHHs GionoriYHol pignHm
(cnuHa) 3gincHioBanu y cneuianbHOMY TEPMOKOHTEMHEPI 3 OXONOMKYIOUMMUN eNEMEHTaMK.
TepmiH 36epiraHHs Npu Temnepatypi +2 — + 8 °C — Bnpogoex 1 goow [10].

MpuroTyBaHHA HaTMBHMX MpenapartiB CcrnvHKU BigbyeBanocs nicns 12 roguH Big
MOMEHTY ix 360py, 3rigHo Haka3dy MO3 Ne662 Big 30.07.2013 [10].

ANropyTM MpUrOTYBaHHA HaTMBHOIO npenapaTy cnuHu 3a metogom Jleyca M.A.:
npegMeTHe CKIO MornepedHbO 3HEXUpPEHe Ta MpoMapkepoBaHe BignoBiOHO OO HOMeEpY
BOJTOHTEPA; HecTepunbHo nineTkoto Mactepa 0,2 mn cnvHM 6yno HaHeceHo Ha npen-
METHE CKINO 3i 30epexeHHsIM NeprneHauKynsapHOro MOSIOXKEHHS; BUCYLLYBaHHS 3pasky
BiOOyBanocb Npu KiMHaTHI TeMnepaTypi NPOTAroM 6-8 roanH nicrns HaHECEHHS CNMHKU Ha
npeameTHe ckno [4].

HacTynHuin eTan: oTpyMaHy MiKpoKpucTanisaLinHy apxiTeKTOHIKY BMBYanu 3a ono-
MOrOK0 CBITNOBOI Mikpockonii, Mikpockonom MICROmed XS-3330 LED, npu 36inbLUeHHi
4x10(40x) Ta 10x10(100x), 3 BUKOPUCTaAHHSAM METOOMKW CBITNOro nons. ®oTo-NpoToKon
JocnigkyBaHux 3paskis oTpumysanu 3a gonomororo kamepu MICROmed MDC-500. Bigeo-
okynsip 6yB npyvegHaHuin Yepes TPyOKy-aganTep Ha Mikpockori [5].

laeHTUbiKaLilo MiKpoKpucTanis CrvHM NPOBOAMMM LWASXOM AudpepeHduiauii Ha |-V
TMIM MIKPOKpUCTaniyHMX arperaTis, 3a gaHumm Aurelia Spinei, Alina Monica Picos, Ina
Romanciuc [23].

| TN — XapaKTepPHWI YiTKNIA ManOHOK 3 BEMNWKMX KPUCTaniB, SiKi 38’A3aHi Mk coboto,
Mae BUIMSIA NIMCTKAa NanopoTi.

Il TMN — XapaKTepu3yeTbCA HAsABHICTIO ronkonogibHMX CTpyKTyp, abo NooAN-HOKMMM
KpucTanonoaioHUMM CTPYKTYP, siki MeHLLI 3a popMoto HiXK y | Tuni.

Il TMN — NpPoOSIBNATLCA HAasBHICTIO BENWKMX ppakranbHUX MIiKpOKpUcTanis no
nepudpepii Ta NOOAMHOKMX KpUCTamniB ski MarTb KannenogioHy abo 3sipyacTo-noaioHy
dopMu, ane KOHCTPYKLISt YTBOPEHHSI MOXe BapitoBaTUCS.

IV T1n — XxapakTepu3yeTbCs HAABHICTIO OKPEMUX KpUCTarniB B BUrnsAAi ctebna abo rinku,
SIKi pO3TALLOBYIOTLCS BiJHOCHO PIBHOMIPHO MO BCi MOBEPXHi AeriapoBaHoi Kpani CAMHW.

V TVN Mae 3HayHy KinbKiCTb OKpPEMWX 3ip4acTuX KpucTaniB oBasfibHOI Yv Henpa-
BUIMbHOT POPMU, PO3TALLIOBAHUX B i30METPUYHOMY MOSOXKEHHI [23].

MMig Yac gocnigXeHHa BpaxoByBanv 3MiHW pO3yMOBOI NpaLe3aaTHOCTI Ha noyaTtky
po0OoYOro AHS i TWXKHSA, AOCHIMKEHHS 3AIMCHIOBANN y AHi BUCOKOI pO3yMOBOI npale3aar-
HOCTi — y BIiBTOPOK, cepeay, YeTteep 3 09.00 go 11.00 paHKy, konu crnocTtepiraeTbcs ONTu-
ManbHWU piBeHb isionoriyHnx dyHKuin [1].

KoopauHauis gocnimpkeHb 3ajncHioBanach kadpegpoto Gionorii HiknHcbkoro gep-
»KaBHOro yHiBepcuTeTy imeHi Mukonu "oronsi Ta kadpeapoto 3aranbHoi 6ionorii Ta METOOUKM
HaBYaHHA NPUPOAHMYMX AUCUMNNIH  TepHOMINbLCLKOro HauioHaneHOro neaaroriyHoro
yHiBepcuTeTy iMeHi Bonogummpa ByHHMUYEHKO.

PoboTa BMKOHyBanacb Yy BIignMoBigHOCTI A0 Gi0ETUYHMX HOPM 3 AOTPUMMAHHSAM
BiQNOBIAHMX NpuHUMNIB [enbCiHCbKOI Aeknapadil npas noamHu, KoHeeHUil pagn €sponun
npo npasa NanHK | BiomeanLMHN Ta BiANOBIOHMX 3aKoHIB YkpaiHu [2; 7].

PesynbTtati pocnimkeHb Ta iX obroBopeHHA. MikpokpucTanisawis CrivHu y BCiX
BOJIOHTEPIB XapakTepmayBarnach HasBHICTHO | Ta |l TuniB mikpokpucTanis (puc.1.), Wwo Bignosigae
HopMarnbHoMY nepebiry disionoriyHnx npouecis, 3rigHo 3 aaHumu Aurelia Spinei, Alina
Monica Picos, Ina Romanciuc [23]. OTpumaHi Hamu pe3ynbTaTi MiKpoKprcTanisauii CImHU
y TMPaKTU4YHO 300POBMX MEPErykyrnTbCa 3  pesynbTataMu  HaykoBUX — MyOnikauin
CytopwmiHa . O., KasHaueesa [. A.

CTocoBHO BiAHOCHMX 3HayeHb | Ta Il TMNamu MiKpoKkpucTanis CAMHU B HaLLIOMY
pocnimkeni ctaHoBuno | — 71 %, 11 — 29 %.
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Puc. 1. I ma Il mun mikpokpucmanisauii cnnuHu (KoHmpoJsibHa epyna) 4x10:
a-Imun, b - Il mun.

| Tin MikpokpucTaniB cnmMHW B6yB NPUCYTHIN Y XonepukiB — 96 % (24 ocobwu), caHrBi-
HikiB — 92 % (23 ocoba), nermatukie — 88 % (22 ocobu), menaHxonikie — 8 % (2 ocobw). Il
TUNaMn MiKpOKpUCTaniB CrimHy OyB BUSBNEHUI y xonepukie — 4 % (1 ocoba), CaHrBiHikiB —
8 % (2 ocobwn), dnermatukie — 12 % (3 ocoba), menaHxonikiB — 92 % (23 ocobw).
CnisigHoLueHHst | Ta Il TuniB MikpokpucTanis cnvMHu ctaHoBunu sk 2,44 no 1 (3a 1 6yno
npurHaTo 29 % wo signosigae Il Tuny mikpokpuctanis).

Cnunparouncb Ha Halli nonepeaHi JOCHIMKeHHSs, siki 3'acyBanuy 3anexHicTb aktmsauil
BereTaTMBHOI HEPBOBOI CUCTEMM 3anexHo Bia Tvny BHL, Wwo xapakrepn3syBanocb 3Ha4eHHM
BeretaTmBHoOro iHoekcy Kepno: xonepuku — -8,18 y.o. , caHrBiHiku — -7,44 y.o., donermatukm — -
4,38 y.o., merneHnxoniku — -3,9 y.0. MiHiManbHi aganTtauinHi pesepeu Oynu xapakTepHi ans
MernaHxonikiB, MakcMmarkeHi aganTauinHi pesepsm Oynn xapakTepHi ans xonepukis [9, 19].

[MpoBoasAYM MOPIBHANBHUIA aHarni3 ocobnMBOCTEN MiKpoKpUcTanisauii CrimHu Ta
aganTauiiHMMM MOXXIMBOCTSIMW OpraHiaMy 3 ypaxyBaHHaM Tuny BHIO moxHa npunyctutu
BMCOKY BipOriAHICTb (oyHKLiOHANbHOrO B3aEMO3B’'sI3KY Mixk 0CODMMBICTIO MiKpOKpUCTanisauii
cnuHn Ta BHA.

BucHoBOK. Takum YnHOM, 0COBNMBOCTI MikpoKpucTanisauji CivuHW y NpeCcTaBHUKIB
pisHux Tunis BHO Mae neBHy 3anexHicTb: | TN MiKpoKpucTanis CAMHN NEPEBaXKHO npuTa-
MaHHWIA XOnepukam, CaHrBiHMKam Ta cprnermatmkam, Il Tn mikpokpucTanisadii cnvHm 6ys
nepeBaXXHO NpUTaMaHHUN MenaHxonikam.
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SALIVA MICROCRYSTALLIZATION AND TYPES
OF HIGHER NERVOUS ACTIVITY

Human biological fluids serve as vital carriers of information regarding the physiological
state of the organism as a whole. Containing a diverse array of biological compounds, as
well as micro- and macroelements, these fluids possess a unique composition that makes
them invaluable for diagnostic purposes. Among these, saliva is a particularly promising
medium for assessing the functional state of the body.This study builds upon the scientific
contributions of V. I. Sheyko, D. O. Sutormin, and D. A. Kaznacheiev, focusing on saliva
microcrystallization during various physiological and pathophysiological processes.
Research has demonstrated that saliva microcrystal patterns depend on endogenous and
exogenous factors, as well as the genesis of specific conditions. For instance, congenital
visual impairments (total or partial blindness) are associated with Type Il (31.14%), Type
IV (59.34%), and Type V (9.5%) crystals, with a predominance of Types Ill and IV.
Pathophysiological processes induced by Hepatitis C are characterized by Type IV (75%)
and Type V (25%) crystals, with an absence of Types |, Il, and Ill. Conversely, HIV and
Hepatitis C co-infection shows a shift toward Type IV (35%) and Type V (75%)
microcrystallization. Furthermore, changes in these patterns correlate with the activation
of the autonomic nervous system (sympathetic and parasympathetic divisions). Existing
literature also indicates that adaptive-compensatory responses to stress depend on the
type of higher nervous activity (HNA). Our previous findings established a link between
the functional activity of the autonomic nervous system and HNA types.The aim of this
study is to investigate the patterns of saliva microcrystallization in relation to the specific
type of higher nervous activity.Materials and Methods. The study involved 100 volunteers
with a mean age of 21.2+1.6 years. Participants were divided into four groups of 25
individuals based on their HNA type, determined via standardized testing questionnaires.
Saliva microcrystallization was analyzed using P. A. Leus’s method. The study was
conducted in accordance with bioethical standards.Results. Saliva microcrystallization in
all volunteers was characterized by Type | and Type Il crystals, indicating a normal
physiological course. Type | microcrystals were observed in 96% of cholerics (24
individuals), 92% of sanguine individuals (23), 88% of phlegmatics (22), and only 8% of
melancholics (2). Type Il microcrystals were identified in 4% of cholerics (1), 8% of sanguine
individuals (2), 12% of phlegmatics (3), and 92% of melancholics (23).Conclusion. The
characteristics of saliva microcrystallization exhibit a clear dependence on HNA types: Type
I microcrystals are predominantly inherent to choleric, sanguine, and phlegmatic types,
whereas Type Il microcrystallization is primarily characteristic of the melancholic type.

Key words: HNA type (choleric, sanguine, phlegmatic, melancholic), saliva
microcrystallization.
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CEMNCUC Y OITEW, BUKITMKAHUA TPAMHETATUBHOIO ®JIOPOIO.
ornapn NITEPATYPU

Cenicuc 3anuwaemscsi OOHI€EI0 3 MPOGIOHUX MPUYUH CMepmHOCMI y C8imi, CrIPUHUHSIIOHU
6nussko 11 minblioHie cMepmel WopivyHoO ma cmaHoensdu 0o 20% ycix sunadkig re-
marnbHocmi. Ocobnueo epa3snueoto epyroro € dimu sikom 0o 5 pokie. Bucoka yacmoma
B8HYMPIWHBOMIKapPHSIHO20 CEercucy, 3Ha4yHi eKOHOMIYHi eumpamu Ha JliKy8aHHs ma
3pocmaHHs aHmubiomuKope3uCmeHmMHOCMI 3yMOS/IHIMb akmyasibHicmb rnpobremu.
BidnosidHo 0o eusHauyeHHs1 HauioHarnbHO20 IHCmumymy OXOpoHU 300po8’s ma
0dockoHaniocmi 0oensady, cerncuc € 3agpo3fueoro Or1s Xummsi OUCEYHKUIEHD Op2aHis,
CMPUYUHEHO OPYWEHOK peayrnaujiero eiornoeidi opaaHiaMy Ha iHgbekuyito. [MposidHy
POrib y PO38UMKY MSKKUX GhopM eifigparompb epamMHe2amueHi bakmepii 3 MHOXUHHUMU
mexaHismamu cmitikocmi.

Y cmammi npoaHarnizoeaHo cy4dacHi nidxodu 0o OGiaeHOCMUKU ma aHMUMIKPOBHOI
mepanii cericucy 3 ypaxysaHHsIM peKoMeHOauilti MiXKHapPOOHUX €KCrEePMHUX CriflbHOM,
30Kpema BcecsimHboi opeaHizauii oxopoHu 300poe’si ma €8ponelicbkko2o moeapucmea
KniHi4HOI Mikpobionoail ma iHgbeKUiliHUX 3axeoptosaHb. Po32/1sHymo oHosneHul neperik
nipiopumemHux namoeeHie BOO3 (2024), wio oxonmoe 24 b6akmepianbHi 30yOHUKU,
ceped sKkux OOMiHytomb KapbarneHem-pe3ucmeHmHi epaMHe2amueHi MiKpoopeaaHi3mu.
HaeedeHo pe3ynbmamu nepwioi 8 YKpaiHi KyMmyrnsimusHoi aHmubiomukozpamu, po3pob-
nieHoi dnsi HauioHaneHOI crieuianizoeaHoi umsiyoi nikapHi « Oxmamoumy, siKi 0eMoHCM-
pytomb 8UCOKUU piseHb peaucmeHmHocmi ceped Klebsiella pneumoniae, Pseudomonas
aeruginosa ma Acinetobacter spp., 3i 3HUXeHor 4dymrusicmio 00 kapbarnieHemis i
KoMb6iHOo8aHUX rpenapamis.

lNokasaHo, W0 3pocmaHHsI MyJibmupe3uUcmMeHMHOCMi 0OMEXYe mepanesmuyHi MOXIIu-
8ocmi ma 3ymMoenoe HeobxiOHicmb 3acmocysaHHs KombiHogaHOI aHmMubaKkmepiarbHOI
mepanii. PaHHil noYamok afexkeamHo20 eMripu4HoO20 JliKy8aHHs 3 nodasibuor 0eecka-
naujero 8idrnosioHo 0o pesyrnbmamie MikpobionoeidHHo20 OOCIIOKEHHST € KITH0Y08UM
YUHHUKOM 3HL)KeHHS1 CMepmMHOCMI rpu cercuci.

Knroyoei cnioea: cericuc, epamHe2amueHi MIKpOOp2aHi3Mu, My ibmupe3ucmeHmHi
opeaaHi3mu, aHmubakmepiarnsHa pesucmeHmHicmbs, C-peakmugHUli birok.

MNMocTaHoBka npo6nemu. Cencuc € oHIE 3 HaNYacTILLIMX NPUYUH CMEPTi Y CBITI
[1]. SrigHo 3 gaHumu, onybnikoBaHumn B 2020 poui, y cBiTi Oyno 3apeecTtpoBaHo 48,9
MinbloHa BMNaaKiB 3axBoptoBaHb Ta 11 MiNbMOHIB CMepTeN, NOB’A3aHNX i3 CENCUCOM, LLO
ctaHoBuTb 20% ycix cmepTen y cBiTi [2]. Marke nonosuHa (20 MInbIAOHIB) YCiX IMOBIPHMX
BMMNafKiB cencucy y CBiTi cTanaca y Aiten Bikom 4o 5 pokiB.

Ha koxHi 1000 rocnitanizoBaHux nauieHTiB y 15 BUNaakiB po3BMBaETLCS CEMNCUC SIK
YCKMNagHeHHs1 OTpuMMaHHs MeaudHoi gornomorn. Cencuc noTpebye OoporoBapTiCHOrO
NiKyBaHHs1; cepeHi BUTpaTW Ha NiKyBaHHA cencucy B NikapHi ouiHioTbLeA B noHag 32 000
ponapie CLUA Ha ogHoro nadieHTa B kpaiHax i3 BUCOKMM piBHeM goxoay [3].

Po3BuTok cencucy 3anexuTb He nuLle Bif 30yAHVKa, ane W BKIYae Kinbka gakTo-
piB: Bik nauieHTa, MMOBIpHe oyKepeno iHdeKLji, OCHOBHI hakTopu opraHiamy abo CrnipynHAaT-
NYBICTb, Taki K ocrabrneHWn iMyHITET, HasiBHICTb BHYTPILLUHLOBEHHUX MPUCTPOIB abo
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XPOHIYHUX CYMYTHIX 3aXBOPIOBaHb, a TaKOX Yac A0 po3nizHaBaHHS abo 3aTpumka WMoro
BUSIBNEHHS [4].

Mertoto po6oTu Gyrno npoaHanidyBaTh cydacHi nigxoau Ao AiarHOCTUKN Ta aHTUMIK-
poBHOI Tepanii cencucy 3 ypaxyBaHHAM pekoMeHAaLin MDKHaPOAHUX EKCNEPTHUX CMifbHOT.

Buknag ocHoBHoro martepiany. Cerncuc — e 3arpo3nmea ansi XXutta aMcyHKLis
OpraHiB, CNpuYMHEHa MOPYLUEHHSIM perynsauii peakuii xa3siHa Ha iHdekuito [5]. XassiiH
no36aBnsAeTbLCS NaTOreHiB, akTUBYOUM 3anaribHy Peakwito, KON NaToreHHi MikpoopraHiaMu
NPOHMKATb B OpraHiam. pu cencuci BUHUKae cucTeMHa 3anasbHa peakuisi Yepe3 6es-
nepepBHy akTVBaLilo HenTpodinie i Makpodaris/MOHOUWTIB, O NpU3BOANUTL OO HE3BO-
POTHOTO MOLLKOOKEHHS TKaHWH Ta ix 3armbeni [6].

3rigHo 3 kepiBHULTBOM HaujioHanbHOro iHCTUTYTY OXOPOHW 340POB’'Sl Ta JAOCKOHa-
nocTi gornsay, Ans AiarHOCTUKKU CEncucy, Kpim gismkanbHOro ormsay Ta KniHiYHOT KapTuHW,
HeobXigHO NPOBECTU TaKi AOCMIIKEHHSI: ra30BMI aHarni3 KPOBi, BKIMHOYaK4YX BUMIPHOBAHHS
rMOKO3M Ta NnakTaTy, NociB KPOBi, 3aranbHWIA aHania kpoBi, C-peakTMBHUIA BiNok, cevyoBnHa
Ta eneKkTponiTH, KpeaTuHiH, NeYiHKOBI NPOOU, CKPUHIHT Ha 3ropTaHHS KpoBi [7].

MepjaTpuyHi pekomMeHaauji kKamnaHii «BwknBaHHA Npu cencuci» mMarTb HaBedeHi
HKYe pekomeHaauii. Y AiTel i3 cenTMyHUM LUOKOM po3royaTth aHTUMIKPOOHY Tepanito
SiIKOMOra LwiBuaLle, NpoTaroM 1 roavHu nicnsa BUsBNeHHs. Po3noyaty eMnipuyHy Tepanito
LLIMPOKOrO CNeKTpy Ail 3 04HUM abo KinbkoMa aHTUMIKpOBHUMYK NpenapaTamu, Lwob oxonuTu
BCi MMOBIPHI 36yaHuku. Micna Toro, K CTaHyTb BigoMi 36yAHUKM Ta YyTNUBICTb, 3BY3UTK
OXOMJIEHHST EMMIPUYHOO aHTUMIKPOBHOO Tepanieto.

Y 2017 poui BOO3 onybnikyBana nepLunin B icTOpii CMMCOK CTiMKMX 4O aHTUBIOTUKIB
«MPIOPUTETHMX NATOrEHIBY, Y AKOMY MpiopUTETHA yBara HagaeTbCa rpamMmHeraTMBHUM 6ak-
TepiaMm, CTiMkuM go GaraTbox aHTubioTukiB. Cnncok BOO3 noaineHo Ha Tpu kateropii
3anexHo Bid TEPMIHOBOCTI MOTPeOM B HOBMX aHTMDIOTMKAX: KPUTUYHWIA, BUCOKOrO Ta
cepenHbOro NpiopuTeTy.

HankputnuHiwy rpyny 3 ycix cknagatoTb 0OakTepii 3 MHOXWHHOK NiKapCbKOH
CTIAKICTIO, SIKi CTaHOBNSATb 0COGNMBY 3arpo3y B NiKapHsiX, OyauHkax ans nogen noxunoro
BiKy Ta cepep nauieHTis. Cnucok 6yno po3pobneHo y cnienpadi 3 BigaineHHam iHeKuinHmx
3axBoptoBaHb TobiHreHCbkoro yHiBepcuteTy (HimevunHa) 3 BUkopucTaHHaM meToay Gara-
TOKPUTEPINHOIO aHanidy pilleHb, NepeBipeHoro rpyno MixkHapoaHux ekcnepTiB. Kputepii
BiABGOpy naToreHis 40 CNUCKY BYnn TakUMW: HaCKiNbKN CMepTENbHUMMN € iHpeKLi, SKi BOHM
BMKINMKAIOTb; Y/ BUMArae ix nikyBaHHs1 TpMBanoro nepebyBaHHA B NikapHi; ik 4acTo BOHU
CTaloTb CTIMKUMW OO0 iCHYHUMX aHTUOIOTUKIB, UM MOXHA iM 3anobirTh; CKiNbku BapiaHTiB
NiKyBaHHSA 3anULLIAETLCS; Ta YN HOBI aHTUBIOTVKM ANst iX NiKyBaHHS BXe 3HaxoOsaTbCs Ha
cTagii AoCnimKeHb i po3poboK.

Cnncok npioputeTHux natoreHiB BOO3 ans pocniokeHb i po3pobok HOBUX
aHTUBIOTWKIB:

MpioputeT 1: KPUTUHHO

Acinetobacter baumannii, cTirikuin oo kapbaneHemis

Pseudomonas aeruginosa, cTinka oo kapbaneHemis

EHTepobakTepii, cTiviki o kapbaneHemis, Lo npoaykytoTb ESBL

MpiopuTteT 2: BUCOK

Enterococcus faecium, CTilkuin 4O BAHKOMILIMHY

30M0TUCTUI  CTaINTIOKOK,  METULMITIH-PE3UCTEHTHUIN,  BAHKOMILMH-TIPOMiXKHO-
PE3NCTEHTHUIA Ta CTINKUIA

Helicobacter pylori, cTinkuin o KnapuTpOMILMHY

Campylobacter spp., CTiiki 4O (PTOPXIHOMOHIB

CanbMoHenu, CTilki 4o pTOPXiHOMOHIB

Neisseria gonorrhoeae, cTilika 0o LiedanocnopuHiIB, CTilika 4o (DTOPXIHOMOHIB

Mpioputet 3: CEPEHIN

Streptococcus pneumoniae, He4yTNMBWIN A0 NEHILUIHY

Haemophilus influenzae, cTinkun oo amniumniny
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Shigella spp., cTiviki 4o dTOpXiHOMOHIB [8].

Y 2024 poui BOO3 oHOBWIO 1 yTOYHUIO NPIOPUTETHICTL BakTepianbHNX NaToreHis,
CTIKMX 0O aHTUOIOTUKIB, AN BUPILLEHHSA NpoGrem, WO BUHMKAKTL Y 3B'A3KY 3 pesuc-
TEHTHICTIO 0O aHTUBIOTHMKIB, ane BiH BXXe OXONSOE 24 naToreHu, LWo HanexaTb 4o 15 poguH
CTIKMX OO0 aHTMDioTMKIB OGakTepianbHux natoreHie [9]. Ocobnuee Micue ceped HuUX
3alMatoTb rpaMHeraTMBHI MIKpOOpPraHiaMu.

B 2024 poui B YKpaiHi BnepLue po3pobreHo KyMyNSTUBHY aHTUOIOTMKOrpamy ans
HaujoHanbHol cneujanizoBaHoi Auta4vol nikapHi «OxmMaTauT», BUKOPUCTOBYHOYM AaHi
WHONET. TecTyBaHHSA Ha YyTnMBICTb A0 aHTUMIKpOBHMX NpenapaTiB NPOBOAWIOCS BiAmno-
BioHO 0o pekomeHgauin EUCAST. Onsa Escherichia coli 66% Ta 69% isonatis Oynu
YyTnMBUMK 10 LedTasnammy Ta uedTpiakcoHy BignosigHo, a 99% Oynu vyTnMeMMKu 80
meponeHemy. [ns Klebsiella pneumoniae 26% Ta 27% isonatie 6ynu yyTtnueMmu Oo
uedrasgumy Ta LedTpiakCoHy BignoBigHo, i nuwe 59% Oynmu 4yTnneBMMKM OO Mepo-
neHemy. 3 kapbaneHem-pe3ncTeHTHUX isonsaTiB K. pneumoniae, ski nporwwnu goaaTkose
TECTYBaHHSA Ha YyTNMBICTb, nuwe 38% Oynu vyTnuBuMmn A0 uedTasmanmy/asibakramy.
Ona Pseudomonas aeruginosa nuwe 53% 6ynu uytnneumMmn Jo meporneHemy. 3 TUX, XTO
OyB pPE3NCTEHTHMM OO0 MEpONEeHeMY Ta MPOMLLOB AOA4ATKOBE TECTYBAHHSI Ha YyTIMBICTb,
nvwe 12% 6ynu yytnuemumMu Oo uedrasnanmy/asidbakramy. AHanoriyHo ans Acinetobacter
spp. nuwe 37% izondAtie Bynu YyTnMBMMKM OO0 MeponeHemy. YyTnmeicTb A0 amniuuniHy/
cynbbakTamy Takox Oyna Husbkoto i ctaHoBuna 45%. PiBeHb vyTnmBocTi Staphylococcus
aureus go okcaumniHy ctaHosmB 99%. Y LibOMY NepLIOMY B iCTOpii po3pobneHomy B YKpaiHi
OOCHiMKEHHI KyMYynATMBHOI aHTMBioTUkorpamm 6yno NnpogeMoHCTPOBaHO BUCOKWIN PiBEHb
pe3nCTEHTHOCTI cepen rpaMmHeratuBHux 6akrepin [10].

LLle B 2011 poui KonaH Ta PaiiT HagatoTb MOXNMBI KOMOiHaLLi aHTUBIOTUKIB:

Onsa wramie KPC, konicTMH + MeponeHeM + TawreuukniH abo uedpTasngmm/asi-
Bakram.

Ons wramie OXA, astpeoHam abo uedTasnamm/aBidbaktam sk MOHOTepanis.

IOna npogyueHTiB MeTano-B-kapbaneHemasn, KomictTuH + docoMiuunH, +/-
Tanreumkrid [11].

Ane BpaxoBylOUMN CTPIMKMNA PO3BUTOK MHOXMHHOI aHTubakTepianbHOI pe3nCTeHT-
HOCTI Ui KoMGiHauil Buoo3miHotoTbes. B 2022 poui onybrnikoeaHi PekomeHaalii €sponei-
CbKOrO TOBapMCTBa KIiHiYHOT Mikpobionorii Ta iHdekuinHmX 3axBoptoBaHb (ESCMID) wono
NiKyBaHHS iHEKLiN, CNPUYNHEHWUX FPaMHEraTMBHUMU MIKPOOPraHiaMaMm 3 MHOXUHHO
niKapCcbKOK CTINKICTIO, A& NiOKPECnETbCA NPO MOXNMBICTL BNAMBY Ha Aesiki 3 TamiB
reHepaujieto HOBMX aHTMDIOTMKIB Takmx $K uedigepokon, MeporneHeM-Babopbakram,
epaBauuKniH [12], siki He 3apeecTpoBaHi B YKpaiHi Ta € Aye JOpOroBapTiCHUMN.

Y 2025 poui B cBoin ctatTi Ppenepiko MNepec pasom 3 cniBaBTopamMmm BUCBITAOOTb
BiOHOCHI nepeBarn MeponeHemy-BabopbakTamy Ta iMineHemy-pernebakramy B NiKyBaHHi
wramiB Klebsiella pneumoniae, wo npoaykytoTe kapbaneHemasy (KPC), CTikmMx o ued-
Tasuammy-asibakramy, nepesary LedTasuammy-asibakramy B niKyBaHHi opraHiamis, LUO
NpoayKytTb OKCcauuniHrigponisytodi kapnaneHemasu (OXA)-48, Ta kombiHaujio uedTasu-
OvMy-aBibaktamy 3 asTpeoHamMom Ans Enterobacterales, o npoaykytoTb MeTano-3-
naktamasy (MBL). LLlogo A. baumannii, cynebakram-gypnodakram BU3HaUEHO sIK epeBaX-
HUIA MeTOoZ NiKyBaHHS, TOAI SK LledpTono3aH-Tazobakram, Ledprasmaum-asidakram Ta imine-
HeM-penebakTam € XuUTTesaaTHMMK BapiaHTamu ang P. aeruginosa. Kpim Toro, uedige-
pokon npeAcTaBneHun Sk anbTepHaTUBa Ans rpaMHeraTMBHMX BakTepi, LWo NpoayKyloTb
kapbaneHeM-pe3ncTeHTHi bakTepii, Wwo npoaykytoTs MBL [13].

HeHag Madewny y cBoin nyonikauii BUCBITIOE porib MOSIBU HOBUX aHTUOaKTepiarb-
HUX NpenapariB, NiAKPECHIOE, LLO Kiflbka HOBMX kOMOiHaLi B-nakTamiB Ta iHribiTopis 3-nak-
Tamas cTanv KOpPUCHMM JOMOBHEHHSAM [0 nikyBaHHs. LledpTonosaH-tazobakram noegHye
HOBWIA LiedhanocnopyH M'ATOrO MNOKOSiHHS 3 BU3HAHMM iHMGITOpoM B-raktamasu Ta Bigirpae
neBHy ponb Yy Tepanii kapbaneHem-pe3ucTteHTHoro Ta DTR- P. aeruginosa 3aBAsiku
MOKpaLLEHIn CNopiAHEHOCTi LledpTono3aHy A0 NeHIuMniH-3B’A3yro4nx Binkie, WO pobuTtb
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MOro MeHLL CXUIbHUM A0 MyTaLin nopuHy abo edntokcHMX HacociB [14]. Y aocnimkeHHsxX
cnoctepexeHHs 66-98% ycix isonATiB P. aeruginosa 6ynu 4yTnuBei A0 LedTONo3aHy-
TazobakTamy, Bknoyatoum 63-95% isonatisB MDR P. aeruginosa. Ak pesynetart, ued-
TON03aH-TazobakTaM LUMPOKO BU3HaAHWIA SIK Tepanisi NepLuol MiHii Ans cepnosHnx iHdekwin
DTR- P. aeruginosa, siKWO BiH aKTMBHWUI in Vitro. AKTMBHICTb LiedTono3aHy-Tasobakramy
npoTtun eHTepobakTepiii ESBL € 3MillaHoo, 3 BUCOKUMYM NMOKA3HUKaMM YyTnmBoCTi o E. coli
ESBL (66—100%), ane 6inbLw obmexeHoto aktusHicTio npotu Klebsiella pneumoniae ESBL
(42—-84%) [15].

IHWi HOBI KOMOiHaLi BKOYaoTb LiedpTasnanm-asibaktam, meponeHeM-Babopbak-
Tam Ta iMineHem-penebakTtam. Lli areHTv 3apas € npenapatamu nepLUoi fiHii 4ns nikyBaHHS
iHpekuii CRE, i iXHA aKTMBHICTb BapiloETbCA 3anexHo BiA knacy kapbaneHemas. Ll
KOMGiHaUil aKkTMBHI NpOTK BINbLLOCTI OpraHi3miB, WO NPoAYKyHOThb kKapbaneHemasu knacy A
3a Ambnepom (Hanpukrnag, KPC), ane nvwe uedTtasmgum-aBidaktam Mae LOCTOBIPHY
aKTUMBHICTb MPOTU TUX, XTO Mae kapbaneHemasu knacy D 3a Ambnepom, Taki sk OXA-48.
[aHi cnoctepexeHb cBigyaTh Npo Te, WO MeponeHem-Babopbaktam MoXe MaTv MeHLUY
MNMOBIPHICTb BUHMKHEHHS PE3UCTEHTHOCTI A1 BakTepin, Wo npoaykytoTs KPC [16].

Cynbbaktam-gyprnobaktam — OOuH i3 HalHOBILUMX KOMOIHOBaHWX Npenaparis,
cneujansHo po3pobnennn ans 6opoTbou 3 iHekuismm CRAB. Cynbbaktam mae npsimy
aKTMBHICTb NPOTK A. baumannii LWNAXOM NpUegHaHHSA 00 NEHILUNIH-3B’A3y04mMX Binkis, Togi
Sk gyprnobakram iHribye B-naktamasm Ambnep knacis A, C Ta D (Bknoyaroun kapbaneHe-
masn OXA). OocnimpkeHHs a3 3 nokasarno, wo cynbbakram-gyprobakram He nocTy-
NaeTbCsl KONICTUHY 3i CTATUCTUYHO 3HAYYLLO HWKYOK YacTOTOK HEMPOTOKCUYHOCTI, LLO
npu3Bserno Ao cxBaneHHs FDA ons nikyBaHHSA BHYTPILUHBONIKApHSAHOI iHdekuii [17].

Y nigcymky HeHag Mauvelwuny 3BepTtae yBary, WO nigsuleHa 30aTHICTb LUBUAKO
BMSIBNSITY OCHOBHI MEXaHi3MW pe3NCTEHTHOCTI MPOMOHYE BAXITMBY MOXIMBICTb ANS Kepy-
BaHHA Ta MakCMMi3aLii KOPUCHOCTI HOBMX aHTWBIOTKKIB Ans iHdekuih MDR-rpamHeraTve-
HUX BakTepin, siki BCe YacTile CnpsMOBaHi Ha KOHKPETHI MeXxaHiaMWU. PaHHE BUSIBNEHHSI
aHTMMIKPOOHOI PEe3NCTEHTHOCTI 3 MOKPALLEHOK AiarHOCTUKOK TaKoX Bidirpae KIH4voBY
pornb y 3anobiraHHi nowwmnpeHHio MDR-rpamHeraTmBHUX OakTepii, OO3BONSAYM paHille
BXMBATW 3axoAiB NpoqinakTUKL Ta KOHTPOIKO iHAheKUin. Y 6araTbox KpaiHax i3 HU3bKUM i
cepeaHiM piBHeM JoxoAy BiACYTHA nabopaTopHa iHgpacTpykTypa, 6araTto HOBMX AiarHoc-
TUYHUX 3acobiB, 3a3BUYaN HE BUKOPUCTOBYIOTHCS M03a Mexamu pedepeHc-nabopaTopin
[18], HaBiTb B ymoBax, b6aratux Ha pecypcu. AHanoriyHo, 4OCTyN A0 HOBWUX aHTMBIOTUKIB
ayxe obmexeHun. Y baratbox perioHax Lji MeToam NiKyBaHHS MPOCTO HEAOCTYMHI, | HABITb
B ymMoOBax, baratux Ha pecypcu, 3abesneveHHsa OOCTyrny MOXe Bumaraty iHHOBaUili B
€KOHOMILi BUKOPUCTaHHSA aHTuBioTukis [19, 20].

BucHoBku. Cencuc € XXnTTe3arpo3nuBmnM CTaHOM, SIKUI NoTpebye paHHBOro noYaTky
aHT1baKTepiansHoi Tepanii. BiH € 0cobnmeo HeGe3NeYHUM anst AiTen | AOPOCIMX, BPaxXoBYyHOUM
npeBanitoBaHHA rpaMHeraTMBHOI oriopy 3 MHOXVHHUMM MEXaHi3MaMWU CTiNKOCTi. [NoLumnpeHicTb
MynNbTUPE3UCTEHTHOI dhropu 3pocTae. KombiHoBaHiM Tepanii 4acTo HagaloTb nepesary
MOHOTepanii 4ns NiKyBaHHS MyNbTUPE3UCTEHTHUX LLUTaMIB, OCKINbKW 0A4HOYACHE 3aCTOCYBaHHS
KINbKOX aHTMBIOTMKIB i3 CYHEPreTUYHO Ajet0 A03BONSE (PaKTUHHO YHUKHYTU aHTUBIOTUKO-
PE3VNCTEHTHOCTI, PO3LLMPUTI aHTUMIKPOBHMIA CNEKTP i 3MeHLINTY NoBivHi ecbekTn Tepanii.
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SEPSIS IN CHILDREN CAUSED BY GRAM-NEGATIVE FLORA.
LITERATURE REVIEW

Sepsis remains one of the leading causes of death worldwide, causing approximately 11
million deaths annually and accounting for up to 20% of all fatalities. Children under the
age of 5 are a patrticularly vulnerable group. The high incidence of nosocomial sepsis,
significant economic costs of treatment, and increasing antibiotic resistance make this a
pressing issue. According to the definition of the National Institute for Health and Care
Excellence, sepsis is a life-threatening organ dysfunction caused by impaired regulation
of the body's response to infection. Gram-negative bacteria with multiple resistance
mechanisms play a leading role in the development of severe forms.

The article analyzes current approaches to the diagnosis and antimicrobial treatment of
sepsis, taking into account the recommendations of international expert communities, in
particular the World Health Organization and the European Society of Clinical
Microbiology and Infectious Diseases. It considers the updated list of priority pathogens
of the WHO (2024), which covers 24 bacterial pathogens, among which carbapenem-
resistant Gram-negative microorganisms dominate. The results of Ukraine's first
cumulative antibioticogram, developed for the Okhmatdyt National Specialized Children's
Hospital, are presented, demonstrating a high level of resistance among Klebsiella
pneumoniae, Pseudomonas aeruginosa, and Acinetobacter spp., with reduced sensitivity
to carbapenems and combination drugs.

It has been shown that the growth of multidrug resistance limits therapeutic options and
necessitates the use of combination antibiotic therapy. Early initiation of adequate
empirical treatment followed by de-escalation based on microbiological test results is a
key factor in reducing mortality in sepsis.

Keywords: sepsis, Gram-negative microorganisms, multidrug-resistant organisms,
antimicrobial resistance, C-reactive protein.
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CYYACHI YABINEHHA NMPO POJIb OKCMOATUBHOIO CTPECY B
NMATOMEHE3| XPOHIYHOI CEPLIEBOI HEAOCTATHOCTI

XpoHiuHa cepueea HedocmamHicmb € O0Hiet0 3 HallakmyarbHilwux npobriem cydacHoi
Kapoionoaii, Wo xapakmepu3yembCs 8UCOKOH MOWUPEHICMIO, 3HAYHOK CMEPMHICMIO
ma cymmesuM 3HUXEHHSIM SKOCmi XXummsi nauieHmis. B YkpaiHi 3axeoprosaHHs epaxaec
rioHad 1,7% dopocrioeo HacerneHHs!, a ceped ocib noxunoeo eiky Lioeo Yacmoma csieac
20%. lNamozeHe3 xpOoHi4HOI cepuesoi HedocmamHocmi € ckriadHUM | 6azamogbakmop-
HUM, 8KITroHaroyu HelpoaymoparibHi, 2eMoOUHaMIYHi ma MemaboriyHi MopyweHHs, ce-
ped siKux gaxruse micye 3alimae okcudamueHuli cmpec. OkcudamugHUl cmpec 8UHU-
Kae eHacniook OucbanaHcy MiX YmMEOPEeHHAM aKmueHUX hOPM KUCHIO ma echekmus-
Hicmto aHmMuokcudaHmMHoI cucmemu. Y (bisionoaidHUX ymoeax akmueHi ¢hopMu KUCHIO
BUKOHYIOMb peaynsimopHi ¢hyHKUi, 00HaK iX Hadnuwiok npu3sodums 00 YUWKOOXKEHHS
b6inkie, ninidie i HykneiHoaux kucriom. OCHOBHUM O>KepesioM aKmueHUX ¢bOpM KUCHIO €
MimoxoHOpii, a ix HadmipHa eeHepauisi criocmepizacmbscsi 3@ yMo8 iwemii, 2ifokcii, 3a-
raneHHs1 ma Oii eK302eHHUX YUHHUKIB. Y p0o38UMKY XpOHIYHOI cepuegoi HedocmamHocmi
oKcuGamueHUU cmpec Ccripusie MimoxoHOpianbHIl OUCYHKUT, 3HUXEHHIO eHepaemuy-
HOo20 3abe3rneyeHHs1 kapOioMioyumis, NMopyweHHK ckopomsiueoi 30amHocmi Miokapda
ma pemoderro8aHHI0 cepus. Baxnusy porib sifizparomb makox ripouecu eHoomeriiarb-
HOI' QucebyHKUJi, akmueauis 3anasneHHsI ma ymeopeHHsT MOKCUYHUX CIIOSTyK, 30Kpema
riepoKcuHimpumy. Y nauieHmis i3 XpOHiYHOK cepuyesoro HedocmamHicmio ei03Havyaemb-
Cs1 NiOBULEHHST PIBHS aKMUBHUX QOOPM KUCHIO Y MOEOHaHHI 3i 3HUXXEHHSIM akmueHoCcmi
aHmuokcudaHmMHuUx chepmeHmis, W0 Moanubsoe namorsnoaivyHi 3aMiHu. AHmuokcudaHmHa
cucmema, npedcmasrneHa hepmeHmamu (cyrepokcudducMymasa, Kamarnasa, a/yma-
mioHnepokcudasa) ma HeghepMeHmMamueHUMU KOMIIOHEHMamu, gidiepae Kiro4osy porib
y nidmpumaHHi npookcudaHmMHo-aHmMuokcudaHmHoz20 banaHcy. Hessaxaro4u Ha nepc-
rnekmusHicme aHmuokcudaHmHoi mepariii, ii KniHiYHa egbeKmueHicmb 3anuwaemscsi
HEOOHO3HaYHOI0, WO 3YMO8ITI0E HEObXIOHICMb nodasibuiux OOCiOXKeHb. Takum YUHOM,
okcudamueHUll cmpec € BaX/UBOK JIaHKOK [amoe2eHe3y XPOHIYHOI cepuesor
HedocmamHocmi | MOMeHUjGHOK mepanesmu4yHOI0 MilUEHHIO, a roanubrieHe 8UBHEHHS
lioeo MexaHiamie eiOKkpueae Hosi Moxrueocmi O 800CKOHaneHHs NiKyeaHHsI ma
rPOoiNIakmMuUKU 3axe80pro8aHHSI.
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Knroyosi _crniosa: xpoHidHa cepuesa HedocmamHicmb, okcudamueHuUl cmpec, rpo- i
aHmuokcudaHmHa cucmema.

MocTaHoBKa npo6nemMun. XpoHiyHa cepueBa HepocTaTHicTb (XCH) € opHieto 3
HarakTyanbHilwmx npobnemM cyvyacHoi kapaionorii, L0 XapakTepu3yeTbCs BUCOKOK) MOLLIN-
PEHICTI0, 3HAYHOK CMEPTHICTIO Ta CYTTEBMM 3HWKEHHSM AKOCTI XKUTTSA NauieHTiB. B YkpaiHi
Lie 3axBOpLoBaHHS Bpakae noHag 1,7 % OOpPOCHOro HacerneHHs, a cepes Ocid NoOXMIoro Biky
noro vactota cqarae 20%, WO 3yMOBMOE 3HAYHE HABAHTAXEHHSI Ha CUCTEMY OXOPOHM
3nopor’st [1]. HesBaxkatoum Ha OOCArHEHHS cydacHoi MeauumHu, natoreHe3 XCH 3anu-
LIAETbCS CKNagHMM i 6aratohakTopHMM, BKITKOYAKUYN HEMPOTYMOpParibHi, reMogMHaMiyHi Ta
mMeTaboniyHi nopyweHHsa. OcobnuBy yBary OCTaHHIMM poOKamu MNpuBEpTae porb
OKCWOATUBHOIO CTPECY sIK OJHOrO 3 KIYOBUX MEXaHi3MIB PO3BMTKY Ta MpoOrpecyBaHHs
CepLeBOi HEAOCTATHOCTI.

OKcrpaTuBHUIA CTPEC BUHMKAE BHACNAOK AMcHanaHcy MK YTBOPEHHSIM aKTUBHUX
dopM kucHio (ADK) Ta edpeKTUBHICTIO aHTUOKCUAAHTHUX CUCTEM opraHiamy. Y disionoriy-
HMX ymoBax ADK BUKOHYIOTb BaXKNMBi PErynsaTopHi cyHKLUii, 0gHaK iX HAANMLIOK NPU3BOo-
OVTb 00 MOLWKOMKEHHS KITITUHHMX CTPYKTYP, BKMOYatouM Binkw, ninign Ta HykneiHoBi
kncnotn. Y koHTekcti XCH okcnpaTuBHWIA CTpeC CnpuUsie pO3BUTKY MITOXOHApianbHOI
AMCAYHKLUIT, TOPYLLEHHIO CKOPOTNMBOI 34aTHOCTI MioKapa Ta peMOAENOBaHHIO CEPLEBOro
M’'si3a. BuBYEHHS MexaHi3MiB YTBOPEHHS BiNbHWMX pagukanis, X BMAMBY Ha CepLeBo-
CYOVHHY CUCTEMY, @ TaKOX pofi aHTMOKCMOAHTHOMO 3axXWUCTy € BaXKIIMBMM HamnpsMOM
CcydacHUX JocnigkeHb i BiAKpMBae HOBI NepCcnekTMBY AN1s BAOCKOHANeHHs npodinakTuku
Ta nikysaHHs XCH [2, 3].

MeTta po6oTM — npoaHanisyBath CydacHi YSBMEHHS MPO POfb OKCUOATUBHOIO
CTpecy B naToreHesi XpoHi4HOI cepLieBOi HeOCTaTHOCTI.

Buknag ocHoBHoro marepiany. OkcMaaTVBHUIA CTPEC BUHUKAE BHacMigok aucba-
naHcy MK YTBOPEHHSAM | HakonudeHHam ADK y kriTrHax | TkKaHuHax Ta 3gaTHIiCTio 6ionorivHoi
cuctemMmn o ix getokcukauii. ADPK BUKOHYIOTb Kinbka isionoriyHMX ponen, 3okpema B
KMITUHHIN curHani3auii, i 3a3BuYan yTBOPIOKOTECA SK MOBIYHI NPOOYKTU KUCHEBOTO MeTa-
Boniamy. [NpoTe ekonoriyHi cTpecopw, Taki Sk ynbTpacdpioneTose BUNPOMIHIOBAHHS, IOHI3yto4e
BMMPOMIHIOBaHHS, 3abpyaHioBadi Ta Badkki MeTanu, a TakoX KCeHODIOTMKW, HanpuvKiag,
aHTUbaKTepianbHi NpenapaTy, MOXYTb 3Ha4YHO iIHTEHCUikyBaTK yTBOPEHHST ADK [2].

OcTaHHIMM pokaMn JocChigKyBanu Kinbka aHTUOKCUAAHTIB, TakMx $K BiTamiH E,
donaBoHOIAM Ta NOMiPEHONN, Ha NPeaMET iXHbOI NOTEHUINHOT ab0 haKTUYHOI KOPUCHOCTI B
0OopoTLOI 3 OKCMAATUBHMM CTPECOM. Xo4Ya OKUCIIOBANbHWUIA CTPEC 3a3BuYali BBaXKAETHCS
LUKIONMBUM ONS OpraHiaMy, BiH TaKoX MOXe ByTu BUKOPUCTaHWI SK TepaneBTUYHa MilleHb
ANsi NiKyBaHHA AeSKUX KIHIYHUX CTaHIB, TakMX SIK CEPLIEBO-CYAMHHI 3aXBOPIOBAHHS.

CynepokengHi pagukanm (O,7), nepekuc BogHio (H,0,), rigpokcuneHi pagukanu
(*OH) Ta cuHrmeTHUn kuceHb ('O2) € BIAOMUMW aKTUBHUMM (DOPMaMM KUCHIO, SiKi YTBO-
pIOKOTBCA K MOOIYHI NpoayKTu meTaboniamy B OionoriyHux cuctemax [1-3]. Baxnusi
npouecu, Taki sik ocdopuntoBaHHs GinkiB, aKkTMBaLisi NEBHUX TPAHCKPUMLIMHNX dhaKTOopiB,
anonTos, iMyHHa BigMNoBiAb Ta AvdepeHLiallia, 3anexaTtb Bif, afeKBaTHOro YyTBOPEHHS Ta
npucytHocTi ADK y KniTUHax, ski MOBWHHI MIATPMMYBATMCA HA MEBHOMY HU3bKOMY
goisionoriyHomy piBHi [4]. Konn piBeHb APK nigBuLLyeTbCS, BOHU MOYMHAKOTL HEFAaTUBHO
BMMVBATU Ha KPUTUYHO BaXKIUBI KNITUHHI CTPYKTYpU, Taki AK Binku, ninign Ta HykneiHo.i
kucnoTw [4]. lcHye GaraTo gokasiB TOro, LU0 OKUCMOBarbHUI CTPEC MOXE BigjirpaBaTtu posb
Y BUHWKHEHHI Ta/abo nNporpecyBaHHi psify 3aXBOPIOBaHb, TakuX sIK pak, AiadbeT, MeTaboniyHi
NOpPYLLEHHSI, aTepOCKNepo3 Ta CepLIEBO-CYANHHI 3aXBOPIOBaHHS.

ADK B OCHOBHOMY BUPOBNAOTHECA MITOXOHAPIAMN 5K Y i3ionoriyHmX, Tak i B nato-
noriyHux ymoBax. Hanpuvknag, cynepokeug (O,~) MOXe yTBOpHOBaTUCS Nif, Yac KINiTMHHOTO
ONXaHHS, a TakoX 3a JOMOMOrO NIMOKCUreHas i LIMKIooKecureHas nig yac metadoniamy
apaxigoHOBOI KUCMNOTK, a TaKoX eHAoTeNianbHUMK Ta 3ananbHUMK KniTuHamm [4]. Xova uj
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opraHenu MatTb NEBHY 34aTHICTb nornuHaTn A®K, Liboro HegoCTaTHLO ANs ePEKTUBHOIO
oumLLieHHs Big kinbkocTi ADK, o npoaykytoTbest MiToOXoHapiaMu [5].

[nsa 3axucTy Big, NOWKOMKEHb, BUKNMKaHUX A®K, KNiTMHM akTMBYIOTL aHTUOKCU-
OaHTHY 3aXUCHY CUCTEMY, BaXINUBY Porib Y PYHKLIOHYBaHHI SKOT BigirpatoTe pepmeHTH,
Taki Ik cynepokcuMaamMcMyTasa, katanasa Ta rnyraTioHnepokcuaasa [6].

YT1BOpeHHs1 ADK nepeBakHO 3anexuTb Big (epMEHTATUBHMX | HEDEPMEHTATUBHNX
peakuin. PepmMeHTaTUBHI peakLii, B akux reHepytoTbcs APK, BinbGyBatoTbCsa B AMXarnbHOMY
naHutosi, nig Yac cMHTE3y npocTarnaHauHie, darouuTosy Ta B cucteMi uutoxpomy P450
[7]. CynepokcugHun pagukan (O,7) yrtBOptoeTbca 3a gonomorot HALPH-okcupasm,
KCaHTUHOKCMAA3n Ta nepokcmaas. licns cBoro yTBopeHHs BiH 6epe y4acTb y psgi peakuin,
SIKi, B CBOIO Yepry, NpM3BOAATb 4O reHepalLlii nepokcuay BOAHHO, MOpPOKCUMITbHOIO paaukana
(*OH), nepokcuHiTputy (ONOO™), nepxnopHoi kucrotn (HOCI) Towo. MNepokecna BogHO
(H,0,), sknin He € paguKanoMm, yTBOPHETLCSA Nig, Aito pisHMX (DepMEHTIB-OKCUAA3, Takux siK
oKcmaasa amiHOKUCHOT Ta KcaHTuHokemaasa. lNgpokeunsbHun pagvkan (¢OH), HanbinbL
peakLuinHOo 30aTHWI cepef YCix BiNbHWUX pagukanis in vivo, yTBOPIOETLCA BHACNIQOK peaKLii
cynepokcuaHoro pagukana 3 H,O, 3a yyacTtio Fe?t abo Cu* sk katanisatopa. Pagukan
okcmay a3oTy (NO+¢), KM BUKOHYE BaxknmBi (i3ionoriyHi yHKLi, CUHTE3YETLCA B MPOLECI
OKMUCNEHHS apriHiHy 4o LMTPYNiHY 3a AONOMOrok cMHTasn okeuay asoty (NOS) [8].

He MeHL BaXknuBnMn € HebepMeHTaTUBHI peakuii, AKi TaKOX MOXYTb CNPUYNHATU
YTBOPEHHSA BifNlbHWX pagukanis, Hanpuknag, KONM KUCeHb B3aemMogie 3 OpraHivyHvMM
cnonykamun abo Konu KMiTMHW MiggatoTbCA  BMAMBY  iOHI3YHOHOro  BUMPOMIHIOBaHHS.
HedbepmeHTaTUBHE YTBOPEHHSI BIMbHUX paauvKaniBa Moxe TakoX BigbyBaTucsa nig vac
MiTOXOHApIaneHOro aAmxaHHs [9].

BinbHi pagukany MOXyTb YTBOPIOBaTUCHA AK 3 €HOOTEHHWX, TaK i 3 eK30reHHWX
okepen. AKTMBauia iIMyHHUX KMITWMH, 3ananexHs, ilemisi, iHdekuii, pak, HaaMipHi i3nyHi
HaBaHTaXXeHHS, NCUXIYHWIA CTPEC i CTapiHHA € NPUYNHaAMK EHOOTEHHOTO YTBOPEHHS BiNTbHNX
pagvkanis. Ek3oreHHe YTBOPEHHSI BiNbHWX pagukanis Moxe OyTu BMKMNMKaHe BMSIMBOM
3abpyaHIoBaYiB HABKOMMLLIHBOMO cepenoBuLLIa, Baxkknx metanis (Cd, Hg, Pb, Fe, As Towlo),
NeBHMX MikiB (LMKIOCMOPWH, TaKpOIiMyc, reHTamiluuH i 6rneomiuuH), XiMidHUX PO3UYMHHKKIB,
NPOAYKTIB XapyyBaHHS (konyeHe M'ACO, BignpauboBaHa Ofist Ta XMp), CUrapeTHOro AMMy,
ankoronto Ta pagiauii [10]. Konu ui ek3oreHHi cnonyku npoHuKatoTb B OpraHiaMm, BOHU
po3krnagatoTbes abo MeTaboni3yoTbCs, BHACMIAOK HYOro YTBOPIOKOTLCS BirbHi pagukanm siK
nobivHi NpogyKTw.

CepueBo-CyanHHI 3aXBOPIOBAHHS € KNiHIYHUMK CTaHamMu 3 6araTodakTopHOKO eTio-
NOrieto, AKi 3a3BMYal NOB’A3aHi 3 YACIEHHMU dhakTopamm puanky. HanbinbL BigomMmmmm 3
HVX € rinepxonecTepuHeMisl, apTepianbHa rinepTeHsis, KypiHHs, giabet, He3banaHcoBaHe
Xap4yBaHHS, CTpeC i Manopyxnueui cnocib »xutta [11]. JocnimkeHHs oCcTaHHIX pokiB BKa-
3yl0Tb Ha Te, L0 OKCUAATMBHUIA CTPEC Chif po3rnsaaT ik NepBUHHY abo BTOPUHHY NpUYm-
Hy 6araTboXx CepLieBO-CYOUHHNX 3aXBOPIOBaHb. OKMCIIOBarbHUI CTPEC NEPEBAXHO BUCTY-
nae TpurepoMm aTtepockneposy. Bigomo, o opmyBaHHA aTepocKnepoTUYHOT BNALIKK €
HacniaKoM paHHLOro 3anarieHHs eHaoTenilo, Lo, B CBOK Yepry, Beae 40 reHepadii AOK
Makpodaramu, ki pekpyToBaHi Ha Micui. LiMpKyntotodi NinonpoTeiHM HU3LKOI LLiNbHOCTI
(JTMHLL) oxkmnecntoroTeea ADK, 110 Npu3BoanTb A0 YTBOPEHHSA MIHUCTUX KNITUH | HAKOMUYEHHS
ninigis. JocnimpkeHHa NiATBEPIKYIOTb POMb  OKCUAATUBHOMO CTPecy B PO3BUTKY
aTepocknepoay, iwemii, rinepTeHsii, kapaiomionaTii, cepueBoi rinepTpodii Ta 3acTiNHOI
cepueBoi HegocTaTHocTi [12].

OxkucrnioBanbHU CTPEC | BiNbHI pagukanuy BigOMi CBOIM HEraTMBHUM BMVBOM Ha
3gopoB'a noavHu. barato gocnimpkeHb MNOKasyloTb, WO BiflbHI pagukanu CnpusitoTb
BMHWKHEHHIO Ta NPOrpecyBaHHI0 pisHMX natosnorin, Big CC3 o paky.

HocnimpkeHHs1 nokasanu, Wo Npu XpPoHiuHi cepueBii HegocTaTHocTi (XCH) piBeHb
aKTUBHNX OOPM KUCHIO Y MiOKapZi Ta nna3mi KpoBi 3HaYHO NepeBuLLyE 4idiofnoriyHy HOpMY.
Y Bunagky XCH miToxoHapianbHa AMCHYHKUiS KapaioMmiouuTiB Bigirpae Kro4oBY pornb.
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lMoLuKompKeHi MITOXOHAPIT CTaloTb OCHOBHUM [KepenoMm CynepoKCUAHOro pagukana, Lo
3arnyckae kackag MoLLKOMKeHHs OinkiB Ta ninigis cepueBoro m's3a [13] .

Y nauieHTiB i3 CiMEMHMM aHaMHe30M KapAiomionaTini ChoCTepiracTbCs 3HWKEHa
aKTUBHICTb aHTUOKCUAAHTHUX hepPMEHTIB (CyrnepokcnaamMcMyTasy Ta Katanasu) e ao
NOSIBM KNHIYHUX CUMMTOMIB 3aCTiHOI CepueBoi HegocTaTHOCTI. HagmipHa KinbKicTb cynep-
okcmay B Miokapaj MUTTEBO B3aemMogie 3 okmcom a3oTy (NO), Lo Npu3BoAnTb A0 YTBOPEHHS
BMCOKOTOKCUYHOIO NEPOKCUHITPUTY. Lle He nuLle BUKIMKae Ba3OKOHCTPUKLLIK0 KOPOHaPHMX
CyauH, arne 1 6esnocepedHbO MNPUrHIYYE CKOPOTMAMBY 34ATHICTb BOro  LUNYHOYKA,
MopyLUyoYM OOMIH KanbLito B KriTuHax [14].

Ha noyaTkoBMX CTafisix XPOHIYHOI cepLeBoi HeJOCTaTHOCTI MiABULLEHHS CUHTE3Y
OKMCY a30Ty Ta aKTuBaLlid aHTUOKCUAAHTHUX CUCTEM € aJanTUBHOK pPeakLieto Ha po3T4r-
HEHHS1 cepLeBUX Kamep i NepeBaHTaXXeHHA TUCKOM. [poTe BUCHaXKEHHS LUX MeXaHi3miB
Np13BOaUTb 4O HE3BOPOTHOIO peEMOENOBaHHs Miokapaa Ta gibpoasy [15].

AHTUOKCUAAHTU, SIK KNac CNOMyK, WO 3AaTHI NPOTUAIATA OKCUAATUBHOMY CTpecy Ta
NOM’SIKLLIYBaTW MO0 BNAMB Ha 340poB'4. Lli cnonykvu npoaemMoHCTpyBanu BUCOKY edpeKTuB-
HiCTb y NpodoinakTuui Ta/abo nikyBaHHi 3aXBOPIOBaHb, a TaKOX 3arasibHe CNPUNHSATTS TOrO,
LLIO BOHM HE MalTb Cepro3Hux nobivHux edpekTiB. MpoTe, xo4a aHTMOKCUAAHTU MOXYTb
OyT¥ KOpUCHUMU AN NPOINaKTVKK, KOHTPOSO abo NiKyBaHHSA NaTomnori, BOHU MOXYTb 3a
NeBHUX YMOB MPOSABNATU MPOOKCUMOAHTHI BrAacTUBOCTI Ta CTaBaTu MPUYMHOK PO3BUTKY
nobivHmx edbekTiB. 3 iHWOro 60Ky, AesiKi MPOOKCMOAHTHI COMyKy abo areHT! MOXYTb TaKoX
OyTV KOPUCHMMM Ans 300POB'sl, 0COBMBO B fiKyBaHHI OHKOJOMYHMX 3aXBOPOBaHb [16].

BucHoBok. OTXe, okcuaaTUBHUIA CTPEC Bidirpae KNo4YoBY porib Y naToreHesi Xpo-
HIYHOI cepLeBOi HeJOCTaTHOCTI, BUCTYMakuM BaXXMBUM (PaKTOPOM YLLKOPKEHHS Kapgio-
MiouuTiB i nNporpecyBaHHs 3axBoptoBaHHSA. HagmipHe ytBOpeHHs A®K, 3ymoBneHe sk
€HOOreHHUMM, TaK i eK30reHHNMU YMHHUKaMW, NPU3BOAUTL [0 MOPYLUEHHSA CTPYKTYPHOI Ta
PYHKUIOHANbHOI LiNiCHOCTi KNITUH, PO3BUTKY MITOXOHAPIanbHOI AUCYHKLIT Ta 3HKEHHS
CKOPOTNMBOI 3aaTHOCTI Miokapaa. OcobnvBe 3Ha4YeHHs1 Mae B3aEMOAIs BiNbHUX paauvKanis
3 OKCMOM a30TY, L0 CYNPOBOMXKYETLCS YTBOPEHHAM TOKCUYHWUX CMONYK i NOTNMGNEHHAM
CYAVHHMX Ta MeTaboriYHMX NOPYLLEHb.

BcTaHOBNEHO, WO BUCHAKEHHA aHTUOKCWMAAHTHOI CUCTEMW OpraHiaMy € BaXXMBUM
eTtanom nporpecyBaHHa XCH, wWo crnpusie pemogentoBaHHi0 Miokapaa Ta po3BuUTKy ¢idbposy
[17]. Xova aHTMOKCUAAHTU PO3MMAAAIOTECA SK MEPCMEKTUBHWA HanpsaM NpodpinakTuki Ta
nikyBaHHS1, X 3acToCcyBaHHs noTpebye iHaMBigyani3oBaHOro NiAXo4y 3 ypaxyBaHHAM MOX-Nu-
BWX MOBIYHMX echexTiB. TakMm YMHOM, NnodarbLue BUBHEHHS MEXaHI3MIB OKCUAATUBHOIO CTPeCy
Ta MoLyK edpeKTMBHMX CMOCOBIB MOro KOPEKLji € BXKMMBMMM A1 MiABULLEHHS €CheKTUBHOCTI
Tepanii Ta NoKpaLLEeHHS MPOrHO3Y Y NALEHTIB i3 XPOHIYHOK CEPLIEBOKD HELOCTATHICTHO.
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CURRENT CONCEPTS ON THE ROLE OF OXIDATIVE STRESS IN THE
PATHOGENESIS OF CHRONIC HEART FAILURE

Chronic heart failure is one of the most pressing issues in modern cardiology,
characterized by high prevalence, significant mortality, and a substantial decline in
patients’ quality of life. In Ukraine, the disease affects more than 1.7% of the adult
population, and its prevalence reaches 20% among the elderly. The pathogenesis of
chronic heart failure is complex and multifactorial, involving neurohumoral, hemodynamic,
and metabolic disturbances, among which oxidative stress plays a significant role.
Oxidative stress arises from an imbalance between the production of reactive oxygen
species and the efficacy of the antioxidant system. Under physiological conditions,
reactive oxygen species perform regulatory functions; however, their excess leads to
damage to proteins, lipids, and nucleic acids. The primary source of reactive oxygen
species is mitochondria, and their excessive generation is observed under conditions of
ischemia, hypoxia, inflammation, and the action of exogenous factors. In the development
of heart failure, oxidative stress contributes to mitochondrial dysfunction, reduced energy
supply to cardiomyocytes, impaired myocardial contractility, and cardiac remodeling.
Endothelial dysfunction, inflammation activation, and the formation of toxic compounds—
particularly peroxynitrite—also play a significant role. In patients with chronic heart failure,
elevated levels of reactive oxygen species are observed alongside reduced activity of
antioxidant enzymes, which exacerbates pathological changes. The antioxidant system,
comprising enzymes (superoxide dismutase, catalase, glutathione peroxidase) and non-
enzymatic components, plays a key role in maintaining the pro-oxidant-antioxidant
balance. Despite the promise of antioxidant therapy, its clinical efficacy remains
inconclusive, necessitating further research. Thus, oxidative stress is an important link in
the pathogenesis of chronic heart failure and a potential therapeutic target, and an in-
depth study of its mechanisms opens up new opportunities for improving the treatment
and prevention of the disease.

Key words: chronic heart failure, oxidative stress, pro- and antioxidant system.
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BMMOI'M 1O O®OPMJIEHHA TEKCTY PYKOIMUCY

1. ®opmaT A4; opieHTaLis — KHWKKOBA, MaTepianu 36epexeHi Ta niaroToBneHi y
dopmarti Microsoft Word (*.doc abo *.docx). MNonsa 3 ycix ctopiH — 20 mm; wpudt — 14,
OCHOBHUI WpMdT — Times New Roman, Arial i Courier New 87155 mekcmosux ghpaemeHmis;
iHTepBan Mk psakamu — 1,5; BUPIBHIOBAHHSA TEKCTY — MO LUMPWHI; aBTOMaTU4YHa po3CTa-
HOBKa NepeHOCiB — BKIMtoueHa; ab3auHuii BincTyrn — 1,25 cM; Hymepallist CTOPIHOK — He BEAETLCS.

2. MantoHkn Ta Tabnuui HeobxigHO nogaeaTu B cTaTTi Ge3nocepenHbO Micns
TEKCTY, e BOHM 3ragytoTbCsi BnepLue, abo Ha HacTyMHin cTopiHui. Po3mip wpudTa Tabnuy-
HOro TEeKCTY 3a3Bu4Yall Ha 2 MyHKTM MEeHLle OCHOBHOro wWpudTy. KinbkicTe Tabnuup,
dopmyn Ta intocTpauin mae Byt MiHIManbHOK Ta AOPEeYHO. PucyHku i Tabnuui Ha
anbbOMHMX CTOpIHKaxX He NPUAMAaKOTLCA.

3. HepoapusHuti npobin (Ctri+Shift+rnpobirn) cmasumbcsi 0606's13K080. MiX iHiujiana-
mu ma npizsuwem (C. Pycosa); nicna reorpadivyHnx ckopoyeHb (M. KuiB); Mk 3Hakamm
HoMepa (Ne) Ta naparpacdba i yucnamu, SKi 4O HUX BiOHOCATLCS; Y MOCUMaHHAX Ha
nitepatypy [14, c. 60]; BcepeauHi Takmx CKOPOYeHb: i T. 4., i T. M. TOLWO; MK 8HYMPIUWHbLO-
meKcmosuMU ryHKmamu U iHgbopmaujiero, sika tde nicris HUX, MiXK qucriamu U oOUHUUSAMU
sumipy (20 ke), a makox 0am (XX cm., 2002 p.).

4. TlocunaHHA Ha niTepaTypy NoAaTLCSA Y TEKCTI TiNMbKW Y KBagpaTHUX AyKKaxX 40
npuknagy: [1, c. 2], 6ibniorpadidHnii cnncok y KiHi TekcTy. MocTOpiHKOBI BUHOCKM Ta
MOCUNAaHHA He JOMYCKatTbCS.

5. I. CnaBtiy npuginse yeary npo6rnemi hopmyBaHHsI MCUXOMOFMYHOI KynbTypu
HaBM4YOK LifoBOro CnifikyBaHHHA, oBrpyHTOBYE 3MICT Ta yMOBM ii chopmyBaHHsa [1, c. 2].
BueHa BM3Hauae Taki 0COGNMBOCTI PO3BUTKY MCUMXOSONYHOI KyNbTypU LiflOBOrO ChiNky-
BaHHA K «SKiCHa XapakrepucTuka noTpebu y ChinkyBaHHi, piBeHb ii PO3BUTKY, MOTUBM
CNifIKyBaHHS, onepaifnHin KOMMOHEHT CrifiKyBaHHS, piBeHb 3HaHb Npo npodecii 6izHecy,
TexHiKa cninkyeaHHs» [1; 6, c. 9-10].

6. bibniorpaciyHniA OMMC CNUCKY BUKOPUCTaHUX [pKeperi OOpMIETLCH 3
ypaxyBaHHsaM po3pobneHoro B 2015 poui HauioHansHoro crtaHgapty YkpaiHn OCTY
8302:2015 «lHcpopmaliss Ta aokymeHTauis. BiobniorpadiuHe nocunaHHA. 3aranbHi
NOnoXeHHA Ta npaBuna cknapgaHHa» (ACTY 8302:2015 p.).

7. References. OdopmnioeTbes BignosigHo go crtaHgapty APA (APA Style
Reference Citations). ABTOp (TpaHcniT), Ha3Ba CTaTTi (TPAHCHIT), Ha3Ba CTaTTi (B KBaapart-
HUX OyXXKax nepeknaz aHrnicbko MOBOK), HasBa mkepena (TPaHCNIT), BUXiAHI AaHi
(MicTO 3 NO3HAYEHHAM aHMMINCHLKOK MOBOIO), BUAABHWULTBO (TPAHCAIT).

[na cknageHHs cnucky 3a ctaHgapToMm APA nponoHyemMo cKopucTatucsa OOHUM i3
reHepaTopis nocunate: https://openscience.in.ua/references.html,
https:/Avww.sciencehunter.net/Services/Bibliography.

Hanpwuknaga:

1. Danchuk, O.V. (2018). Peroksydne okysnennia lipidiv ta aktyvnist systemy
antyoksydantnoho zakhystu v orhanizmi svynei z riznymy typamy vyshchoi nervovoi
diialnosti [Peroxide oxidation of lipids and activation of the antioxidant defense system in the
body of pigs with different types of higher nervous activity]. Candidate’s thesis. Kyiv [in
Ukrainian].

2. Klevets, M.Yu., Manko, V.V. & Halkiv, M.O. (2011). Fiziolohiia liudyny i tvaryn
(fiziolohiia nervovoi, miazovoi i sensornykh system) [Human and animal physiology
(physiology of nervous, muscular and sensory systems)]. Lviv: LNU imeni lvana Franka [in
Ukrainian].

3. TpaHcnimepauisi iMeH ma rnpisgull 3 yKpaiHCbKOI Mogu 30iliCHIOEMBCS 8i0N08IOHO
0o sumoe MNoctaHoBu KabiHeTy MiHicTpiB YkpaiHn «[1po BnopsakyBaHHS TpaHcnitepauii
yKpaiHCbKoro andpasiTy natuHuLeto» Big 27 civHs 2010 p. Ne 55. hitp://ukrlit.org/transliteratsiia.

4. Pedhepat aHrniicbkoto MoBo Mae 6yTn odhopMeHNA 3rigHO MbKHapPOAHUX BUMOT
[0 HaykoBux BuAaHb i maTtu: obcar 1800-2000 3HakiB; iHOpMaTUBHICTL (HE MICTUTK
3aranbHuX ChiB); OpUriHanbHICTL (He BYTY Kanbko aHOTaLi yKpaiHCbKoK abo POCICHKOD
MOBOI0); 3MICTOBHICTb (BigOOpaXkaTh ronoBHUIA 3MICT CTaTTi Ta pe3ynbTatn 00C/TiOKeEHb),
CTPYKTYPOBaHICTb (HasigHicmb 0008'13Ko8UX erleMeHmig: MeTa, MeToauka, pesynbrary,
HayKoBa HOBMW3Ha, MpaKTU4Ha 3HAYYLLICTb, KIHOYOBI CNOBA).

5. O6car craTtTi — 10-25 cTopiHOK.
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3a docmosipHicmb ¢hakmis, yumam, eracHUX iMeH, 2eozpagiyHUX Ha3e ma iHWuUX
gidomocmeli gidriogidarome asmopu rybrikauji.

BignoBiganbHiCTb 3a OOTPUMaAHHA akageMidHOi [oOGpo4ecHOCTI nig 4ac
30iNCHEHHA1 OCBITHLO-HAYKOBOI AiANILHOCTI HeCyTb aBTOPU MOJAHUX HayKOBUX
ctatei. BignosigHo 0o ctatTi 42 3akoHy YkpaiHu «f1po oceimy» (05.09.2017 Ne 2145-
VIII) akagemivyHO [O0OPOYECHICTIO BU3HAYAETBCA CYKYMHICTb €TUYHMX MPUHUMNIB Ta
BM3HAYEHNX 3aKOHOM NpaBwuIl, SIKMMU MaloTb KEPYBaTUCS Y4aCHUKM OCBITHBOMO MpOoLIecy nif
Yac HaBYaHHS, BUKITAJaHHSA Ta NPOBaMKEHHSI HAyKOBOI (TBOPYOI) OiSANIBHOCTI 3 METOH
3abesneyeHHs JoBipn A0 pe3ynbTaTiB HaBYaHHS Ta / abo HayKoBUX (TBOPYUMX) AOCATHEHD.

[oTpymaHHs akagemidyHoi 4OBPOYECHOCTI NeaaroriYyHnMMm, HaykoBo-negaroriyHumm
Ta HayKOBMMU NpaviBHUKamMun nepeadavae:

- MOCUNaHHs Ha [mxepena iHcdopmalii y pasi BMKOPUCTaHHS igen, po3pobok,
TBEPYKEHD, BiJOMOCTEW;

- AOTPMMaHHS1 HOPM 3aKOHOAAaBCTBA NPO aBTOPCbLKE NMpaBo i CyMiXHI NpaBa;

- HafaHHs [OCTOBIpHOI iHopMaLil Npo MEeToauKM | pes3ynbTaTh OOCTiMKEHb,
[pKepera BMKOPUCTaHoI iHdhopmaLii Ta BriacHy negaroriyHy (HaykoBo-MneaaroridHy, TBop4y)
OiSANbHICTb TOLLO.

MNMopyLweHHsAM akageMiyHOi JOOPOYECHOCTi BBAXKAETHLCA:

- akadeMiyHUU riaziam — ONPUIIOOHEHHS (YAacTKOBO abo MOBHICTIO) HayKOBWX
(TBOpPYUMX) pes3ynbTaTiB, OTPMMaHUX iHWKMMKW ocobamu, SK pesynbTaTiB BAacHoOro Oocii-
pkeHHs (TBopyocTi) Ta / abo BigTBOPEHHS onybnikoBaHMX TEKCTIB (ONpUMtogHEHMX TBOPIB
MUCTELTBA) iHWKX aBTopiB 6e3 3a3HayYeHHs aBTOPCTBa;

- camoriaziam — ONpPUNOOHEHHS (4acTkoBO abo MOBHICTIO) BMNAacCHMX paHille
ony6GriKOBaHMX HayKOBUX Pe3yrnbTaTiB AK HOBUX HAYKOBWX pe3yrbTaTis;

- ghabpukayisi — BUragyBaHHs JaHUX Yu (pakTiB, L0 BUKOPUCTOBYHOTLCS B OCBITHBOMY
npoLieci abo HayKoBUX JOCHIIKEHHSIX;

- @hanbcupikauis — ceigoMa 3MiHa 4M Moamdikauia BXe HasBHUX OaHWX, LWO
CTOCYIOTbCH OCBITHBOIO MPOLLECY YN HAYKOBUX OOCHIIKEHD;

- 0bMaH — HagaHHA 3aBigOMO HenpaBaMBOiI iHOpMaLii Woao BMAcHOI OCBITHLOI
(HaykoBOI, TBOPYOI) AiSNbHOCTI YM OpraHi3aLii OCBITHBOro MpoLecy; opmamm obmaHy €,
30KpeMa, akageMidHuI nnariat, camonnariat, dabpvkauis, anbcmdikauis Ta CnMcyBaHHS
TOLLO.

Pykonucu, Wwo He BignoBigatoTe BUMOram, pefakuis He peecTpye 1 He po3rnagae 3
MeTOo ny6rikadlii.

YMOBUW OIMNATH

PepakuiviHuin 36ip ctaHoBUTL 70 rpMBeHb 3a OOHY CTOPIHKY. [1o ApyKy npuimMa-
IoTbCcA cTatTi 0b6carom Big 10 oo 25 crtopiHok. PepakuiiHnii 306ip moKpuBae BUTpaTy,
MOB’'sI3aHi 3 pefaryBaHHAM CTaTel, MakeTyBaHHAM Ta ApPYKOM XypHany. [NowToBa nepe-
curka XypHarny aBTopaM 3[IMCHIOETbCA Ha BKasaHe HMM MoluToBe BigdineHHs Hosoi
MowTh 3a paxyHOK aBTOpAa.

PepakuiiHa koneris HaykoBOro BiCHMKA 30iNCHIOE BHYTPILLHE aHOHIMHE peLeH3y-
BaHHSA Ta nepesipsie X Ha nnariat. Y pasi Boanoro npoxompKeHHs NepesipkM aBTopam
HaACUNalTLCA PEKBI3UTU NS onnaTty nybnikauiiHoro BHecKy. B iHWOMyY Bunaaky ctaTTs
NMOBEPTAETLCA HA A0OMPALIOBAHHS.
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AHOTaLis1 aHrMiNCbLKOK MOBOIO.
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Key words: 5-10 cniB 41 crnoBOCMNosyYeHsb.

PO30ITN CTATTI

BcTyn. AKTyanbHiCTb JOCNIOKEHHS, KPUTUYHWI aHani3 nitepaTypHUX JyKeper 3a TEMOI0 CTaTTi.
dopMyrntoBaHHS METU CTaTTI.

MeToau Ta opraHisauisi AocnimkeHHsi. Onnc cxemm SOCNiIpKeHHS, MeToAIB AOCHIIKEHHS, AOTPUMaH-
HS HOpM GioeTukw.

PesynbTtaTty gocnimxkeHb Ta ix 06roBopeHHsi.

BuicHoBKM 3 gocnigXeHHs Ta NepcnekTMBM NoAanbLIOro AOCHIAKEHHS 3rigHO MaTepiany, nogaHoMy B
cTarTi.

NitepaTtypa
1. Monbexko O. O., Caray B. ®., TkauyeHko M. M. dyHgameHTanbHi MexaHiamu gii okengy
a30Ty Ha CepueBO-CYaMHHY CUCTEMY SIK OCHOBW MATOrEHETWYHOrO TiKyBaHHsI ii 3aXBOPHOBaHb.
@izionoeaiyHutl xypHas. 2004. T. 50. Ne 1. C. 11-30.
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