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PO3A1JI 1. TEHETHUKA, ®I310JI0I'TSA POCJIMH
TA IIPUKIAIHA BOTAHIKA

YIAK 633.15:577.151 : 577.212

®IJIOTEHETUYHUU AHAJII3 yl 'EHA KYKYPY/I3U
XKykos b.C., Cnimyk I'.I., Bonkosa H.E.

Cenexyitino-eenemuynuil incmumym — Hayionanonuti yenmp HacinHe3sHagcmea
ma copmosueuenus HAAH Ykpainu
65036, Ykpaina, Ooeca, Osidiononvcoka dopoea, 3

vanbjorn@gmail.com

3a 1OMOMOro0 METOIB (iIOreHETHYHOTO aHaNi3y HYKJICOTHIHHUX MOCIiZOBHOCTEH HOoCiiKeHo reH Yyl
3JIaKOBHX Ta BCTAHOBJICHO, IO PO3IMOJLI KJIACTEPiB 30Iira€ThCsl 3 CUCTEMATHYHUM PO3IOJLJIOM TaKCOHIB.
Bcranosnenuii D koedinient Tanzumu n1eMoHCTpyEe HEUTPATbHUN AUBEPCUPIKYIOUNH XapaKTep eBOIIOLIT
y1 reHa. 3a pe3ynbTaTaMM aHali3y CHJIM BiJOOPY OKpEMHX aMIHOKHMCIOTHHX 3aJIMIIKIB BCTAHOBJICHO 19
BXKJIMBUX TO3UIiH, y SIKAX KUTBKICTh CHHOHIMIYHHX 3aMiH HEPEBUINY€E KiBKICTh HECHHOHIMIYHUX, IIIO
CBIYUTH IPO IX CYTTEBY POIb Wi QpyHKIIOHYBaHHS (epMEeHTY (iTOTHCHHTA3H.

Krouosi crosa: gpinocenemuxa, kykypyosa, een Y1, ex3oHn, inmpon, nonimopizm, cenexyis.

®WIOTEHETUYECKHI AHAJIN3 y1 TEHA KYKYPY3bI
Kyxkos b.C., Caumyk I'.1., Bonkosa H.O.

Cenexyuonno-eenemuueckuii uncmumym — Hayuonanvhviil yenmp cemenosoocmea u copmousyuenusi HAAH Yrpaunot
65036, Ykpauna, Odecca, Osuouononvckas oopoza, 3

vanbjorn@gmail.com

C nomMomp0 MeTOAOB (HIOTEHETHYECKOTO aHAIM3a HYKJICOTHUIHBIX MOCIEJOBAaTEIbHOCTEH HCCIeJOBaH
reH yl 3/1aKOBBIX M YCTaHOBIIEHO, YTO pacIpelielieHHe KJIacTepOB COBIAJaeT C CHCTEMAaTHYECKUM
pacrpezieJIeHHeM TaKCOHOB. YcCTaHOBIEHHBIH D ko3 duunent Tan3uMbl ZEMOHCTPUPYET HEUTpPATbHBIN
IauBepcuUIMpYOMui xapakTep sBorounu Y1 rena. 1o pedynpraTtaMm aHann3a CHIIbl OTOOpa OTACIBHBIX
AMHHOKHCIIOTHBIX OCTaTKOB YCTAHOBIICHBI 19 Ba)KHBIX MO3MLHUI, B KOTOPBIX KOJIHYESCTBO CHHOHUMHUYHBIX
3aMeH NPEBbIMAET KOJNYSCTBO HECHHOHUMHYHBIX, YTO CBUACTEIBCTBYET 00 MX CYIICCTBEHHOW POJIH IS
(GYHKIHOHUPOBAHUS (epMeHTa PUTOMHCHHTAZHI.
Knouegvie crosa: gunocenemuxa, Kykypysa, 2en Y1, ax3om, unmpou, nonumopusm, cerexyusi.

PHYLOGENETIC ANALYSIS OF MAIZE y1 GENE

Zhukov B.S., Slishuk G.1., Volkova N.E.
Plant Breeding and Genetics Institute — National Center of Seed and Cultivar investigation
65036, Ukraine, Odessa, Ovidiopolskaya doroga Str., 3
vanbjorn@gmail.com

First important step in carotene biosynthesis pathway is geranilgeranil pyrophosphate to phytoene
conversion via phytoene synthase enzyme. Phytoene synthase-coding gene in maize genome was
designated as yl. Phylogenetic dendrogram was reconstructed as a result of 92 y1 gene nucleotide
sequences global alignment. The bootstrap consensus tree inferred from 500 replicates. Branches
corresponding to partitions reproduced in less than 50% bootstrap replicates are collapsed. Samples were
divided into two clusters. Panicoideae, Pooideae, and Bombusodae clades representatives have formed
cluster I, while as Oryzodae subfamily have formed cluster Il. Maize formed | cluster with other
Panicoideae clade representatives, such as tripsacum (Tripsacum spp.), Job’s Tears (Coix lacryma),
sorghum (Sorghum bicolor), and foxtail millet (Setaria italica). Pooideae subfamily, as well as
Bombusodae formed separate branches within cluster I. Cluster allocation generally corresponds to
systematic one. Maize y1 gene neutrality of evolution evaluation was conducted using Tajima D criteria.
Tajima D negative value, which equals -0,036137, indicates this gene neutral evolution pattern, and
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consequently its diversifying pattern. Due to the fact that maize is domesticated plant, this indicates that
artificial selection was not centered on one or another allele of this gene.
For maize yl intraspecific polymorphism investigation 53 pre-mRNA, 53 mature mRNA yl gene
samples, obtained via in silico splicing nucleotide alignment was conducted.
Maize yl1 pre-mRNA phylogenetic dendrogram contains large amount of separate subclasters, their
allocation indicates that vast majority of polymorphic sites in y1 gene belong to intronic regions and
doesn’t interfere with enzyme function. Large amount of subclusters within maize y1 gene mature mRNA
phylogenetic dendrogram, which indicates that there is large amount of lesser polymorphisms within
exons. Samples FJ971190 and FJ971191 formed separate cluster, which indicates polymorphism within
exons.
Maximum Likelihood analysis of natural selection codon-by-codon was performed. So, within 412
investigated codons only 26 were nonzero selection rate. For these aminoacid residues, which dN — dS
evaluated to be negative (codons 33, 38, 54, 56, 59, 61, 104, 161, 184, 241, 250, 265, 270, 272, 291, 308,
339, 341, 376), it can be argued that number of synonymous substitutions exceeds the number
nonsynonymous ones by these sites, which indicates that these sites are critical for phytoene synthase
enzyme.
For these sites, were dN — dS was positive (codons: 47, 52, 53, 199, 201, 256, 343), it can be assumed
that there was diversifying selection by these sites.
Thereby, as a result of phylogenetic analysis it was concluded that cereals distribution by y1 gene
generally corresponds to their common systematic taxon distribution and to «An update of the
Angiosperm Phylogeny Group classification for the orders and families of flowering plants: APG III». As
a result of maize pre-mRNA and mature mRNA nucleotide alignment it was shown that majority of y1
gene polymorphism is within intronic regions and doesn’t influence enzyme function. Large amount of
lesser substitutions were detected within y1 gene exons.
Maximum Likelihood analysis of natural selection codon-by-codon is concluded that 26 codons were
under non-neutral selection. Within only 19 among them amount of synonymous substitutions exceeds
non-synonymous ones, which indicates their importance for phytoene synthase functioning.
Obtained results could became strong scientific basis for yl gene molecular-genetic analysis, which
could led to Marker assisted selection technique. Molecular genetics approaches combination with
traditional breeding ones may enhance maize lines creation efficiency.
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BCTYII

Kykypynza (Zea mays L.) € ogHi€o 3 HalBaXIMBILINX 31aKOBUX KYJIbTYpP AJIs OLIBLIOCTI KpaiH
CBITY, B TOMY YHCII JUJIsl HAPOJAHOIO TOCHOoJapcTBa YKpaiHu. 3epHO KYKYPYA3U MICTUTh BEJIHMKY
KUTBKICTh HYTPIEHTIB, BOHO € HAJIIMHUM JIKEpeNIoM 0JIii, O0poIIHa, KPYIH, KPOXMATI0, €THJIOBOTO
CIUPTY, NEKCTPUHY, INIIOKO3HU, BiTaMuHy A Ta iHmux pe4doBuH [1]. Okpim 1poro, Kykypynasza
XapaKTepU3yeThCsl 3HAYHUM MPUPOIHUM DPI3ZHOMAHITTAM CKIJIAJy KapOTHHOIJIB, y TOMY 4HMCII
nornepeaHUKa BITaMUHY A — [-KapoTHHY, ajlé MICTUTh iX Yy JAyXKe HU3bKill KOHIeHTparil
(y cepenabomy 0,13-2,70 amMonw/r) [2]. TomMy akTyaJlbHUM € BUBYEHHSI T€HIB, IO KOAYIOTh
(bepMeHTH KapOTUHOTEHE3Y B 3€pHI KyKYpy/I3H.

I'en y1 kykypynsu, 1mo koaye ¢itoincuHTasy (phytoene synthase), — neprmii pepMeHT y UK
KapOTHHOTEHE3y — JIOKaJIi30BaHO Y AOBroMy Iuiedi xpomocomu 6. Jlo HOro cTpyKTypH BXOAUTH 6
€K30HIB Ta 5 IHTPOHIB.

diToiHCHMHTa3a KaTalli3ye JBOCTYNEHEBY peaklilo, IMiJ 4ac sIKOI KOHJEHCYIOThCS JBI MOJIEKYITH
repaniia-repanin  mipodocdara (geranylgeranyl pyrophosphate) s yrBOpeHHS (BiTOIHY
(phytoene) uepes mpediroinmipodocdar (prephytoene pyrophophate). Ane cam ¢iToiH pinko
HaKOMHUYYEThCSI B POCIMHAX, Yy MOJANBIIUX eTamax O10CHHTE3y KapOTHHOiNIB BiH IOBHICTIO
MEPETBOPIOETHCS B JIIKOIIIH [4].

Agneni reHa y1 nmoB’si3aHi 3 KOHIIEHTpAII€l0 KapOTHMHA B €HJOCHEpMi HACiHHS, I0 (DEHOTUIIOBO
BHUPAXAEThCS B KOJIbOPi, AKi cTae MEHII HacuYeHUM abo 30BCiM Oinmum. s KyKypya3u 1ie
MPOSIBIIAETHCS O171MM a00 0J1110-)KOBTHM eHjocniepmoM [3].

Pi3ui "quki Tunu" aneniB reHa Y1 BiAPI3HSAIOTHCS 1HCEPLIsIMH MOOUIBHHUX €IEMEHTIB Y TPOMOTOP,
MOJTiaJICHIHOBUMHU JTOJATKOBHUMH PETIOHAMU Ta JOBIMMH TaHJIEMHHMH MOBTOPAaMU HYKJICOTH]IIB
CCA, 6e3 nomitHOro BIUIMBY Ha (yHKuito reHa. [lominantHuit "mukuii tun" Y1 anens
MPOSIBIIIETHCS Y BUCOKOMY PiBHI eKcmpecii B eMOpioHi Ta engocnepmi [5].
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Meta Hamoi po6oTH monsrana y (iJOreHEeTHYHOMY JOCHiJKeHHI mnoniMopdizmy Yyl reHa
y 3JIaKOBHUX Ta KYKypYyII3H 30KpeMa.

MATEPIAJIM TA METOIHU JOCILIKEHHSA

JocmimkyBasim 92 HYKJICOTHAHI TOCTIAOBHOCTI TeHa Yl 37makoBUX, 13 HUX 53 HYKICOTHIIHI
MOCJIIIOBHOCTI KYKYpyA3u, OTpuMaHi 3 0a3u naHux HarioHaJbHOTO MHEHTPY O10TEXHOIOTIYHOL
inpopmartii  (National Center for Biotechnology Information). Ilomyk HYKJI€OTHIHHX
MOCTIIOBHOCTEH TeHa Y1 MpOBOMWMIM JIOKAJIBHUM BHPIBHIOBaHHSIM 3a anroputmMom Cwirta-
Borepmana 3a momomororo oH-iaiiH mporpamu “blastn” [6]. ['moOanpHE MOHYKICOTHIHE Ta
MIOKOJIOHHE BHPIBHIOBAHHS MOCIIAOBHOCTEW MPOBOIMIM 3a anroputMoM Himnmmana-Bynma [7] 3
Bukopuctanusam nporpam MEGAS.2 ta UGENE 3a anroputmom ClustalW ta Clustalw (Codons)
[8].

dinoreHeTHYHHUI aHaji3 MPOBOAMINM 3 BuUKOopucTaHHsAM makera MEGASL.2 [9]. Hocnimkenus
HelTpanpHOCTI eBomtonii mpoBomwmm 3a D-xpurepiem Tamumu [10]. KoHcTpyroBaHHS
¢bioreHeTHYHUX JeHaporpaM mpoBoauian 3a MerogoM UPGMA [11], eBomromiiiHi aucTaHIii
po3paxoBani 3 BukopuctaHHsiM Maximum Composite Likelihood (MCL) metony, kputepiem
JOCTOBIpHOCTI cayryBaB bootstrep test [12]. Maciirab neHaporpaMu Takuid, 110 JOBKHHA TiIOK
IPONOpIiHA EBOJNIOUIMHUM TUCTaHIIsM, 3TiIHO 31 IIKauow mix  jaeHaporpamoro  [13].
CrniBBiIHOIIEHHS! CHHOHIMIYHMX Ta HECHHOHIMIYHUX 3aMiH aHaJi3yBalld 3a JOMOMOTror (yHKII{
TECTYBaHHS B1IOOpY 32 OKpeMUMH KoJoHaMu riporpamu MEGAS.2.

PE3YJBbTATH TA iX OBTOBOPEHHSI

Y pe3ynbraTi TIOOAJIBHOTO BHPIBHIOBAaHHS 92 HYKICOTHIHUX TOCHIAOBHOCTEH TeHa Yl
PEKOHCTPYHOBaHO (PLIOTeHETUYHY AeHaporpamy (puc. 1).

4 Zea mays
| =i ripsacum spp.
——enl] Coix lacryma Panicoideae
—{ Sorghum bicolor
1 Setaria italica -
I :
— ——{@ Hordeum chilense
Pooideae
-« Hordeum vulgare
o Brachypodium distachyon .
Phylostachys edulis ] Bambusodae
« Oryza sativa ] Orizodae
II
—_—
0.02

Puc. 1. ®inoreHeTnvna aeHApOrpaMa 3JaKiB, IO OTPUMaHAa 3a PE3yJbTaTaMH TJIOOATHHOTO
BUPIBHIOBaHHS HYKJICOTUIHMUX TMOCHiAoBHOCTEH reHa Yl. TpukKyTHMKamMHu BigMmiueHa KiIbKICTb
MPOaHAII30BaHUX 3pPa3KiB
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BbyrcTpen-koncencycue nepeBo copmonano 3 500 moBTopiB. ['i1KH, 1110 BIATBOPIOBATIKCS MEHIII
HiX Y 50 % moBTOpHOCTEH, BHAAIICHO. 3pa3sKu pO3MOIUIUINCS y ABa Kiactepu. Jo kimactepy |
BBililuIK npeacTaBHUKY Kiagu Pooideae, Panicoideae ta Bombusodae, no kmacrepy 11 BBiiinum
npeacraBHuku Jsmmie onHiei kmagu Oryzodae. Kykypynmza ysiifiia B oauH cyOKiactep 3
IHIIMMU TIpeAcTaBHMKamu kiaau Panicoideae, takumu sik Tpumncakym (Tripsacum spp.),
O0ycennuk 3Buuaiinuii (Coix lacrima), copro (Sorghum bicolor) ta morap (Setaria italica).
IIpencraBuuku Pooideae ta Bombusodae yrBopwin okpemumii cyOkmacrep y kiaactepi I
Po3monin kmactepiB 30ira€Tbcs 3 CHUCTEMaTHYHHUM pO3MOALIOM TakcoHiB An update of the
Angiosperm Phylogeny Group classification for the orders and families of flowering plants:
APG IlI [14].

[TpoBoamaM BH3HAYEHHS HEHUTpadbHOCTI eBodIONii Y1 reHa B KyKypyA3u 3 BUKOPHCTAaHHSM
kputepito Tamumu. HeratuBHe 3HauenHs, mo nopiBHoe -0,036137, cBiguuTh 1po
HEHTpaNbHUI XapakTep eBOJIONIi I[bOTO TIeHa Ta, K HACHiJoK, Npo auBepcHpiKyrounii
XxapakTep. Y 3B’S3Ky 3 THM, 110 KYKYpYZA3a € OKYJbTYPEHOIO POCIMHOO, 11€ CBIAYUTH PO T€, 110
ITYy4YHHUH Bi10ip HEe OyB CKOHIIEHTPOBAaHMUM Ha TOMY a00 1HIIOMY BapiaHTi I[bOTO I'eHa.

JUis BHUBYEHHS BHYTPIIIHHOBHJIOBOTO NOJMIMOP}IZMYy KYKypyA3u 3a TeHoM Y1 mpoBeaeHo
BUpPiBHIOBaHHA Ta aHanmi3 53 3paskiB npo-MPHK Ta 53 3paskiB 3pinoi MPHK, orpumanoi npu
npoBezeHHi in Silico crutaiicinry ta BupiBHIOBaHHs 3pa3kiB npo-MPHK (puc. 2).

dinorenernuna neHaporpama 3paskiB npo-MPHK y1 rena kykypyns3u (puc. 2a) MiCTUTh BEIIUKY
KUIBKICTB KJIACTEPiB, PO3MO/LI IKHX CBIAYUTH MPO TE, IO OiIbIIa YaCTHHA MOJTIMOP(I3My B reHi
y1 mpuxoguThCS HA PETiOHM IHTPOHIB Ta He BIUMBae Ha (yHkmito ¢gepmenty. IlpucyrHicTh
BEJIMKOI KIJIBKOCTI cyOkiiactepiB y aenaporpami 3pinoi MPHK y1 rena kykypyasu (puc. 20) Ta
pi3HMI MK JqucTaHuisMu y aengporpamax npo-mPHK ta MPHK nemoncTpye HasBHICTBH
noyiiMmop¢i3My B €K30HHIM cTpykTypi reHa yl. OkpemMuM KiactepoM B 000X IeHIporpamax
Buainunucs 3pa3ku FJ971190 ta FJ971191, st skux BCTAaHOBJICHO 3CYB PaMKH 3YUTYBAaHHS.

TakoX MPOBOIWIW BHWBYCHHS CHJIM BiIOOPY IIOAO0 OKPEMHUX TPHIUIETIB, IO KOIYIOThH
amiHokuciotu (tabiu. 1). Tak, cepen 412 gocuigKyBaHUX TPUIUIECTIB JuIIe sl 26 3HAYCHHS
cunu BimOopy BiaMiHHE Bif Hyms. JlJisi TUX aMiHOKUCIOTHHUX 3alUIIKIB, JJIS SAKUX 3HAYCHHS
CUJIM BiOOpY Mayo HeraTWBHI Moka3HUKU (komoHu: 33, 38, 54, 56, 59, 61, 104, 161, 184, 241,
250, 265, 270, 272, 291, 308, 339, 341, 376), MoxKHa CTBEPAKYBaTH, 110 32 UMM MO3ULISIMU
KUIBKICTh CHHOHIMIYHHX 3aMiH MEePEBUIIY€ KiTbKICTh HECHHOHIMIYHUX, 1110 MOXKE CBITYUTH IPO
Te, 10 caMe LI MO3UIIT € KpUTUYHUMHU [ GQYHKLIOHYBaHHS (pepMeHTy (iTOIHCHHTA3H.

Jlnst mo3umii, Ui SKUX XapakTepHE MO3WTHUBHE 3HaueHHs (komoHu: 47, 52, 53, 199, 201, 256,
343), MoXHA IPUIYCTUTH, 110 BiAO1p OyB cIpsIMOBAaHMM HA MiJBUILEHHS PI3HOMAHITTS.

Fu Z. 3i cniBaBropamu [15] mpoBeneHo ¢inorenernynuii aHaniz poauau redis PSyl (y1) mpwu
JOCHIJPKeHH] 1X pI3HOMAHITTS Ta €BoJOILii. BcTaHOBIEHO BIAMOBIAHICTH HAIIMX PE3yJbTaTiB
1010 PO3IOALTY KJIACTepiB HA ACHAPOTpaMi Ta HEraTUBHOTO 3HaYeHHs D-koeodinienta Tagzumu.
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Tabmuus 1— Cuna Bigbopy 3a aMiHOKUCIOTaMH, 110 CKJIaal0Th epMeHT (iTOTHCHHTAa3U

Kononu Tpurnetn Cuna Bigbopy
33 ACG -108,92
38 GCG -54,46
47 CTT 25,92
52 TGG 12,67
53 GAG 11,47
54 GCT -27,23
56 CGT -54,46
59 CCC -27,23
61 GTC -54,46
104 AGG -36,91
161 CTT -27,23
184 CTG -21,42
199 GAT 10,01
201 ATC 11,39
241 GCT -27,23
250 CCT -54,46
256 ACC 54,46
265 GTA -81,69
270 TTG -78,12
272 CTG -65,45
291 AGA -36,47
308 GAT -100,49
339 GAG -71,52
341 GGG -27,23
343 AAT 13,56
376 ACG -27,23

Otpumani pe3ynbTaTH OyAyTh BHMKOPHCTaHI JUIsI MPOBEACHHS MOJIEKYJIIPHO-TEHETUYHOIO
AocipKeHHs noiaiMopdismy Y1 rexa 3a momomororo ITJIP in vitro, mo 103BOJHTE y MEPCIEKTUBI
CTBOPUTU CHUCTEMY MOJEKYJSIPHUX MapkepiB anenbHoro crany Yl rena. Iloennanus mobopy 3a
MmoJsiekynsipaumu Mapkepamu (Marker assisted selection) 3 mpuitomamu TpaauIiiHOT CceneKii
HiABUIIUTG €(PEeKTUBHICTh CTBOPEHHS BHXIJIHOTO MaTepialy KyKypyd3W 3 II€BHUM BMICTOM
KapOTHUHOIAIB Y 3€pHI.

BUCHOBKH

dinoreHeTnyHa AeHaAporpaMa reHa y1 KyKkypya3u Ta 1HIIHUX 3JIaKOBUX POCIUH JIEMOHCTPYE Te, 1110
pO3MoAin KiacTepiB 3a Y1 reHoM y 371aKOBUX 30ira€Tbcs 3 3arajJbHONPUHHATHM CHCTEMATHUYHUM
po3nojiioM TakcoHiB 3a «An update of the Angiosperm Phylogeny Group classification for the
orders and families of flowering plants: APG III».

Hennporpamu npo-MPHK Ta 3pimoi MPHK Yyl rena kykypya3u cBiiyaThb IpO HasBHICTh
noJiMopdi3My SIK y IHTPOHHIH, Tak 1 B €K30HHIA CTPYKTYpi, aje OuIbIlIa YacTHHA MoniMopdizMy y
reHi Y1 BusiBieHa came B IHTpOHAX Ta HE BITUBAE Ha (QYHKIIIO (DEPMEHTY.

3nayenHs D xoedinienta Tam3umu AeMOHCTpYe HEHTpalbHUN AMBEpPCUDIKYIOUMH XapakTep
€BOJIIOLII] TeHa, 1110 TOBOPUTH PO Te, 110 ITYYHHUH B1AOIp He OyB HaNpaBiIeHHUI Ha IEBHI BapiaHTH.

AHani3 cuid BiZ0Opy OKpeMHX aMiHOKMCIIOTHHX 3aJIMILIKIB BUSBUB, 10 3 412 TpumieTis auime 26
mignaBanucs Binoopy. Cepen Hux numie y 19 mo3umiil KiTbKICTh CHHOHIMIYHUX 3aMiH TIEPEBHUIILYE
KUTBKICTh HECMHOHIMIYHMX, IIO CBIAYUTH MPO IX BaXJIMBICTh U1 (PYHKI[IOHYBaHHS (EpMEHTY
(biToiHCUHTA3MH.
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JTUHAMIKA JJEKTUHOBOI AKTUBHOCTI XJIOPOILJIACTIB

XJIOPODIJIBHUX MYTAHTIB LINUM HUMILE MILL. MTPOTATOM

OHTOI'EHE3Y
JleBuyk I'.M.

3anopizbkuti HayioHANLHULL YHIgepcumem,
69600, Vkpaina, 3anopisxcocs, syn. Kykoscvkozo, 66

anna.levchuck@yandex.ua

Ha 490TMpbOX MYTaHTHHX JiHISIX JIbOHY OJIHHOIO 3 pi3HUM MOPQOJIOTIYHMM TMPOSBOM XJIOPOQiNbHOT
HEJOCTaTHOCTI OyB MNpOaHaNi30BaHWN pIiBEHb JIEKTUHOBOI AKTUBHOCTI JIBOX THIIB XJIOPOILJIACTiB
MPOTSrOM OHTOreHe3y. BCTaHOBIEHO, IO B MyTaHTHOTO 3pa3ka 3 PIBHOMIPHUM IPOSIBOM XJI0po(diibHOT
HepocTatHOCTi (M-28) piBeHb JIEKTHHOBOT aKTMBHOCTI 000X THIIB XJIOPOIUIACTIB € BUIUM y HOPIBHSIHHI
3 KOHTPOJIEM IMPOTATOM YCHOTO OHTOTeHe3y. Y XJIOpPO(ITBHUX MYTaHTIB 3 YaCTKOBHM IPOSBOM
xyopodineHoi HenocratHocTi (M-80, M-81 Ta M-84) Ha NMOYaTKOBHMX eTamax OHTOTEHE3y JIEKTHHOBA
aKTUBHICTh 3HAYHO HW)KYa 32 KOHTPOJBbHUI BapiaHT, a Ha CTafil LBITIHHSI — JOCTOBIPHO 301MBIIYETHCS B
JpiOHHUX XJIOPOIUIACTaX, @ Y BEJIMKHX JIOCTOBIPHO BiZl KOHTPOJIIIO HE BiJIPI3HAETHCS.

Kmiouosi cnosa: Linum humile Mill, xzopogirena nedocmamuicms, nexmunosa axmugnicmv, X10PONIACHIU,
AeKMUH-Ni2MeHMHUN KOMNIEKC.

JAHAMMKA JIEKTUHOBOM AKTUBHOCTH XJIOPOILIACTOB XJIOPO®ULJIBHBIX MYTAHTOB

LINUM HUMILE MILL. HA ITPOTA’KEHUN OHTOI'EHE3A
JleBuyk A.H.

3anopoorcckuii HAYUOHATLHBIU YHUGEPCUMEM
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Ha YETBIPEX MYTAHTHBIX JIMHUAX JIbHA MaCJIAYHOI'0 C pPa3IMYHBIM MOp(bOJ'[OFI/I‘IeCKI/IM IIPOABJICHUEM
XJTOpOGUIUTHHON HENOCTATOYHOCTH OBLI TMPOAHATU3UPOBAH YPOBEHb JIEKTHHOBOW AaKTUBHOCTH JBYX

THMOB XJIOPOIUTACTOB B TEYCHHE OHTOTCHE3a. Y CTAHOBJICHO, YTO Y MYTAHTHOTO 00pa3iia ¢ paBHOM €pHBIM
MPOSIBIICHUEM XJIOPODMILTLHON HemocTaTOUHOCTH (M-28) ypoBEeHb JIEKTHHOBOM aKTHBHOCTH 000MX THIIOB
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XJIOPOILIACTOB BBINIC MO CPABHEHHIO C KOHTPOJEM B TEUCHHE BCETO OHTOreHe3a. Y XJIOPO(PHILIBHBIX
MYTaHTOB C YaCTUYHBIM MPOSBICHHEM XJopodminspHONH HemoctatouHoctd (M-80, M-81 u M-84) nHa
HayYaJbHBIX ITAlaX OHTOrCHE3a JEKTHHOBAs aKTUBHOCTH 3HAYUTENHLHO HUXE KOHTPOJLHOTO BapHaHTa, a
Ha CTaJUH LBETEHHsS — AOCTOBEPHO YBEIHUYMBACTCS B MEJIKUX XJIOPOILIACTAX, & Y KPYMHBIX JOCTOBEPHO
OT KOHTPOJISl HE OTJINYAETCSI.
Kuiouesvie cnosa: Linum humile Mill, xaopoguinvnas Hedocmamounocms, J1eKMUHOBAS AKMUBHOCHDb,
XJIOPONAACMbL, IeKMUH-NUSMEHMHBIU KOMIIEKC.

DINAMIKS OF CHLOROPLASTS LECTIN ACTIVITY IN CHLOROPHYLL MUTANTS
OF LINUM HUMILE MILL. DURING ONTOGENESIS

Levchuk H.M.

Zaporizhzhya National University
69600, Ukraine, Zaporizhzhya, Zhukovsky Street, 66

anna.levchuck@yandex.ua

The study of photosynthesis and attempts to manage the photosynthetic activity of green plants is more
than two centuries, and still is one of the most important questions of modern plant physiology. For many
years, for such special studies to use mutant plants with chlorophyll deficient. Significant changes in the
composition and the ratio of these pigments in plants lead to physiological first, and then to
morphological changes, because the intensity of photosynthesis in most chlorophyll-deficient mutants
significantly lower than in green plants. However, at present identified and mutants with well-developed
structure of chloroplasts and high performance, which concluded with a possible impact on improving
plant productivity by affecting the chloroplasts.

Significant changes in the ratio of pigments and lead to physiological ones, and then to morphological
changes. These changes are associated with the color of plants and can be seen in the mutants with
chlorophyll deficient. Therefore chlorophyll-deficient mutants of higher plants for many years have used
for the study of photosynthesis. Interesting object for such studies is linseed mutants received as a result
experimental mutagenesis: M-80, M-84, M-28 and M-81.

From the literature it is known that lectins are involved in photosynthesis. They form pigment-lectin
complex with pigments in which the pigments catching light energy and lectins by taking it, change its
conformation, which leads to a change in carbohydrate specificity. Modified lectins are able to bind
dissolved in the stroma thylakoids Calvin cycle enzymes. This hypothesis was proposed Aleksidze. For it
the lectins is the link between light and dark phases of photosynthesis.

Linseed (Linum humile Mill.) is the extremely plastic crop. It is widely cultivated in Europe, Asia, North
and South America, Australia and even North Africa. And everywhere he has a high potential
productivity. Obviously this is due to the efficient work of the photosynthetic apparatus. However,
especially his performances in this culture have been insufficiently studied.

When using induced mutagenesis in a number of genotypes of linseed we had been allocated a series of
mutations with different types of negative chlorophyll deficient. However, some of chlorophyll mutants
were highly and even varieties such as Golden variety.

The aim of this study was to determine the lectin activity dynamics of leaves chloroplasts during
ontogeny in linseed Cyan, Antares and K-7487 varieties, and their chlorophyll-deficient mutant lines: M-
80, M-84, M-81 and M-28. The objects of study were 4 lines of chlorophyll-deficient (M-80, M-81, M-84
and M-28) and 2 genotypes outgoing — Cyan and K-7487.

Linseed plants were grown in the field conditions. Chloroplasts were isolated from leaves at different
stages of development by fractional centrifugation. In chlorophyll-deficient mutants of group 1 (M-80,
M-81 and M-84) in the early stages of development ("herring bone" and budding stage) analyzed leaves
of different colors: upper leaves for the M-80 and the middle leaves for M-81 and M-84.

Lectins from tylakoyid membranes by standard methods with some modifications were extracted.
Activities of lectins were determined by hemagglutination assay with 2% suspension of rabbit
erythrocytes, given protein concentration. Protein concentration was determined spectrophotometrically
by the method of Warburg-Christian. In the analysis of lectin activity was expressed as the reciprocal of -
carbon lectin activity and expressed as (mg / ml) . Statistical analysis was performed by standard
methods.

We have chosen chlorophyll mutants were obtained from different initial genotypes and consists of the
following groups: group of Cyan - mutant line M-80, M-81 and M-84 and K-7487 - mutant line M-28.
These mutants for evenness of chlorophyll deficient can be classified into 2 groups. The first group
included plants, which chlorophyll deficient is part of the leaves, and the transition to the generative
stages of ontogeny plants gradually flourish — a line of M-80, M-81 and M-84. The second group is
separated by a line of M-28, chlorophyll deficient which is evenly distributed throughout the plant and
changed color persists throughout ontogeny. An interesting feature of these designs is the fact that the
mutant lines with varying degrees of depression plants. Thus, according to this index chlorophyll-
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deficient studied mutants can be arranged in the following series of the most oppressed in the least: M-81
— M-84 — M-80 — M-28.

In earlier study was shown that mesophillous of leaves in linseed contains two types of cells: chloroplasts
with small and large, are likely to perform different functions in the process of photosynthesis. Studies
Aleksidze, it was shown that lectins membranes of chloroplasts involved in the process. In this regard,
we have assumed that lectins can optimize the performance of chloroplast pigment apparatus defective
chlorophyll mutants.

We analyzed changes in lectin activity of both types of chloroplasts during ontogeny in chlorophyll
mutants and output varieties. The study included consecutive stages of development, for which there is a
change in color of plants: stairs, "herring bone", budding and flowering stages.

From the results table shows that in most cases chlorophyll mutants of cyan the lectin activity in both
types of chloroplasts was significantly reduced compared to the initial variety Cyan. Exceptions are only
small chloroplasts at the stage of flowering, when these mutants flourish and chlorophyll deficient almost
disappears. In chlorophyll mutant M-28 on the contrary the lectin activity throughout ontogeny in both
types of chloroplasts was significantly increased.

Due to these results and the fact that this mutant line M-28 was more productive than the original sample,
despite the obvious chlorophyll deficient, we believe that lectins of tylakoyid membrane to contribute to
this. Others chlorophyll mutants during ontogeny is depressed and productivity are significantly lower
than the original genotype.

An analysis revealed that levels of lectin activity in tylakoyid membranes during ontogeny changes:
highest lectin activity with chloroplasts at an early stage of development — the stage stairs, the value of
which is almost 10 times the value at other stages of ontogeny.

However, these changes are different in various types of chloroplasts. Thus, the lectin activity of small
chloroplasts of Cyan (M-80, M-81, M-84 and Cyan) decreases rapidly at the stage of "tree", and in the
later stages (budding and flowering) gradually increases, but does not reach the initial level stage stairs.
In plants of K-7487 (M-28 and K-7487) lectin activity of small chloroplasts in the transition to the stage
of "herring bone" is greatly reduced in the budding stage — increases, and the transition to flowering stage
— returns to the level of "herring bone"

Evolution of lectin activity in large chloroplasts also primarily depends on the genotype and its most
important are at an early stage of ontogeny — the stage stairs. Thus, lectin activity in samples of Cyan on
stage "herring bone" does not change, and in the future (for budding and flowering stages) is significantly
reduced. Exceptions are only large chloroplasts mutant line M-84, which has lectin activity on the stage
of "tree" significantly reduced, compared to the stage stairs. In samples of K-7487 — during the transition
to the stage of "tree" lectin activity of large chloroplasts significantly reduced, and in the later stages —
does not change.

The distribution of activity between the two types of chloroplasts during development took place as
follows: at the initial stage of ontogeny (step ladder) greater lectin activity with small chloroplasts, in the
later stages — the stage of "herring bone" and budding — most lectin activity with large chloroplasts, and
the various stages of bloom chloroplast types have approximately the same level of lectin activity.
Moreover, this distribution lectin activity showed no dependence on the genotype: it is observed in
chlorophyll mutants and in the original genotypes.

As can be seen from the data in step ladder much higher lectin activity characterized by small
chloroplasts compared to large. On stage, the "tree" in all studied genotypes significantly higher lectin
activity is characterized by the large fraction of chloroplasts. Vividly can be demonstrated genotypes of
Cyan, where the contribution of small chloroplasts is less than 10% of the total lectin activity of
tylakoyid membranes.

At the stage of budding lectin activity also dominated by large chloroplasts, but contribute to the overall
small chloroplasts is much larger than ascending early stage "tree." Thus, the contribution of small
chloroplasts in most studed genotypes increased to 30-40%, but still lectin activity of large chloroplasts
stay at a higher level.

In the transition to the stage of flax plants flowering lectin activity of small chloroplasts in chlorophyll
mutants in contrast to earlier stages of development mainly increased compared with baseline genotypes.
This trend can be observed in all studied lines.

So, summing up, we can say that lectins are involved in photosynthesis of chlorophyll mutants linseed,
especially chlorophyll mutants, which lack a chlorophyll in whole plant and its intensity does not
decrease during ontogeny — the line M-28. The special role of lectins in photosynthesis should be given,
in our opinion, the lectin in line M-28, due to the fact that the level of lectin activity in its chloroplasts
(both types) increases greatly compared with the original K-7487 throughout ontogeny. In addition, the
mutant line M-28 with a single research was granted the status of a variety ("Gold"), due to the fact that it
has better productivity and oil content compared with the original model, and with a sort of standard in
Ukraine — "Pivdenna nich."

In mutants of cyan in the early stages of ontogeny lectin activity significantly decreased in both types of
chloroplasts, and the flowering stage, when these mutants almost disappears morphological manifestation
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chlorophyll deficient significantly increases the activity of chloroplast small in comparison with the
original model. We believe that because of that suppressed the early stages of plant development lines M -
80, M-81 and M-84 still survive and knotted seeds, but have thus far lower productivity. At the same
time, as we have previously found mesophillous chlorophyll leaves of these mutants have altered plastid
apparatus relative initial variety Cyan and respect each other and we believe that these plant genotypes
more (especially before flowering) can exist and it is for photosynthetic the score of chloroplasts, and
starting from the stage of flowering, in the process also involved lectins.

Thus, we have found that lectins are involved in photosynthesis chlorophyll mutants, but their
contribution depends on the type chlorophyll deficient. He expressed most clearly in line M-28, where we
believe it lectin causes not only the existence of the genotype, but also improve important traits such as
productive oil content with baseline genotype and grade standards.

Key words: Linum humile Mill, chlorophyll deficient, lectin activity, chloroplast, lectin-pigment complex.

BCTYII

HaiiBaxuBilIMM NPOILIECOM Y KUTTI POCIMHU € (POTOCHHTE3, 3aBISKU SIKOMY BOHA HAKOIMUYYE
OpraHiyHy Macy 3 BOAM Ta BYIJIEKHCIOrO ra3y Iija Ai€l0 COHSYHOTO CBITJIA. 31aTHICTh POCIUHH 10
(dboToCHHTE3y Ta MOr0 IHTEHCUBHICTh, HACAMIIEPE/T, 3AJIEKUTH BiJ] HIr'MEHTHOTO CKJIaay: XJIopodiiiB
«a», «by», a Takox kapoTuHOiAiB. BMiCT X510podiNiB y JHcTKaX cTaHOBUTH 3a3Buyaii 0,6 — 1,2 % Bin
iXHBOI CyXxOoi MacH 1 3aJIeXUTh K BiJ] BUJY POCIMH, TaK 1 BiJl YMOB iX BUpOIIYBaHHA (piBEHb
OCBITJICHHSI, TEMITEpaTypa, 3a0e3MeUeHICTh eIEMEHTAMH MiHEPAIBHOTO KUBIICHH) [1].

BuBuenHs mporeciB GOTOCHHTE3y Ta HaMaraHHs KepyBaTH (POTOCHHTETUYHOIO TISUTHHICTIO 3€JIEHUX
POCIIUH TpHWBA€E TIOHAJ JBA CTOPIYYS, alle i JOCI € OJHUM 3 HAWBAKIWBINIUX TMHUTAHb CYYacHOI
¢iziosorii pociuH. IIpoTsarom Garatbox pPOKiIB JJII MPOBEACHHS TAaKMX CHEIiaIbHUX JOCIIKEHb
BUKOPUCTOBYIOTh POCIMHH MYTaHTHOI HPUPOAM 3 XJopodimbHOIO HemocraTHicTiO [2]. 3HauHI
3MIHM B CKJaJi Ta CIIBBIJIHOIICHHI MIrMEHTIB y TaKUX POCIUH MPU3BOJATH CIOYATKY 0
¢izionoriyaux, a 3rogoM i g0 MOP(OJOTIYHMX 3MiH, TOMY IHTEHCHUBHICTh (POTOCHHTE3Y B
O1IbIIOCTI XJIOPOUIBHUX MYTAHTIB 3HAYHO HUXKYa, HDK y 3eneHux pocnuH [3, 4]. OmHak Ha
TENepilHId yac BUAUIEHI 1 MyTaHTH 3 J0Ope PO3BUHYTOI CTPYKTYPOIO XJIOPOIUIACTIB 1 BUCOKOIO
MPOAYKTUBHICTIO, IO JIa€ MiACTaBH 3pOOWUTH BHCHOBOK MPO MOKJIMBHUI BITUB Ha ITiABHUILIECHHS
MPOJYKTUBHOCTI POCJIMH HUIIXOM BIUIMBY Ha XJIOPOIUIACTH [5]

Pi3Huil cTyniHb CTUMYIIOBaHHS a00 1HTiIOyBaHHS OKpEMHX IpyIl MIrMEHTIB MPU3BOIUTH 10 3MiHU
CHIBBIJIHOILIEHHS iX B POCIIHHI 1, BHACIIIOK 1IbOTO, — 0 3MIHHM KOJIbOPY L1€i POCIUHU. 3aJ€KHO BiJ
Toro, sika hopma xnopodiny («a» un «b») 3MIHIOETHCS, TOCUIIIOETHCSI CHHBO-3€JIEHE, KOBTE 200
3eneHe 3abappieHHs. [lpyu 3HaYHOMY 4M TOBHOMY IHTIOYBaHHI 3€JIEHUX IMITMEHTIB 3a0apBlIEHHS
TKaHWHU OyJie BU3HAYATHUCS BMICTOM JKOBTHUX MIrMEeHTIB a00 aHToIiaHiB [1].

3HayHi 3MIHM B CKJaJll Ta CIIBBIAHOIIEHH] MIrMEHTIB MPU3BOAATH CHOYATKY A0 (Di310J]0TIUHUX, a
3rogoM 1 g0 Mopdosoriuaux 3miH. [li 3MiHM TOB’s3aHi 13 3a0apBJICHHSAM POCIHH 1 1X MOXXHA
CIIOCTEpIraTé Ha MPHUKJIaAl MYTaHTIB 3 XJOpOoQiIbHOK HegocTaTHiCTIO. CaMme ToMy XJIOpoQiibHi
MYTaHTH BUIIMX POCIHH MPOTITOM 0araTboX POKiB BUKOPUCTOBYIOTHCS IJIsSi BUBUCHHS IPOLECIB
¢dorocunTezy. LlikaBuM 00’ €KTOM I MPOBEJICHHS TAKHX JOCITIJKEHb € MyTaHTH JIbOHY, OTPUMaHi
B pe3yJIbTaTi eKCIIepUMEHTAIbHOTO MyTareHe3y: M-80, M-81, M-84 ta M-28 [6, 7].

Binomo, 1m0 nextuHM 6epyTh Oe3nocepeHIo yyacTh y mnpoieci poTtocuHTe3y. BoHn yTBOPIOIOTH 3
MIrMEHTaMH MITMEHT-JIEKTUHOBUA KOMIUIEKC, Y SIKOMY MITMEHTH YJOBIIOIOTH CBITJIOBY €HEpPTiI0, a
JIEKTHHHU, CIIPUAHSABIIN 11, 3MIHIOIOTH CBOIO KOH(OpMAILito, 0 NMPU3BOAUTH IO 3MiHH BYTJIEBOAHOT
crenu(piqHOCTl. 3MIHEH1 JIEKTUHH 3aTHI 3B’S3aTH PO3YMHEHI B CTPOMI TIIAKOIAYy (EepMEHTH LIUKITY
Kanpgina. Taka rimore3a Oyna 3anpononoBana Anekcuaze ['.5. [8]. 3a Heto nekTuHM — eHANBEHA
JIaHKa MK CBITJIOBOIO Ta TEMHOBOIO CTaIIIMH (POTOCHHTE3Y.

JIbon omiitamii (Linum humile Mill.) € BHKIIOYHO TACTHYHOIO KYIBTYPOI. Oro IMIMPOKO
KyJIbTUBYIOTh y €Bpomi, A3ii, [TiBuiuniit 1 IliBgenniit Amepuni, ABctpanii i HaBiTh B IliBHIUHIN
Adpuui [9, 10]. I ckpi3b BiH BIAPI3HAETHCS BUCOKUM MOTEHLI1AJIOM MPOIYKTUBHOCTI. O4EBHUIHO, 1€
noB'si3aHe 3 edekTuBHOIO poOoTO (oTocuHTEeTHUHOTO amapaty. OmHaK OCOOIUBOCTI HMOro
(yHKIIIOHYBaHHS B IIi€] KyJbTYPH BUBUEHI HEJIOCTATHBO.
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[Ipu BHUKOpHUCTaHHI IHAYKOBAaHOTO MyTareHe3y B psily T€HOTHUIIB JIbOHY OJIMHOTO HamMu Oyna
BHJIUICHA Cepisl MyTaIliil 3 pI3HUMH THITAMH MiHYC-XJ0poduTbHUX 3MiH [6, 7]. Ilpu npboMy meski 3
XJIOPO(ITPHUX MYTAHTIB BUCOKOMPOAYKTHBHI 1 HAaBiTh CTaJld COPTaMH, HANPHUKIAJ, COPT
3onotuctuit [11].

Merta 1i€i poOOTH — BCTAaHOBHUTH JAWHAMIKY JIEKTHHOBOI aKTHBHOCTI XJIOPOIUIACTIB JIUCTS JIbOHY
oniitHOTO copro3paskiB Llman, Antapec Ta K-7487, a Takox iXHiX MyTaHTHHX JiHiiA: M-80, M-84,
M-81 ta M-28 npoTsrom OHTOr€HE3Y.

MATEPIAJIM TA METOAU JOCJIKEHHSA

O06’extamu mociipkeHHs Oynu 4 miHil 3 xaopodiieHOIO HenocraTHicTio (M-80, M-81, M-84 ta M-
28) Ta 2 Buxiani renotunu — [{uan ta K-7487.

MytanTtHa niHis M-80 oTrpumana mnpu omnpomiHeHHI HaciHHsA copty Ilman nmozoro 400 I'p.
CiM’si10TTbHE JIMCTS CBITIIO-XKOBTE, Y MIPOILIECI PO3BUTKY POCIIMHA 3€JIeHI€, OJJHAK HOTro 3a0apBIICHHS
BiJIPI3HAETHCS BiJl HOpMajibHOro 3eneHoro. Jlo cranii OyToHi3allil BEpXHS YacTHHA POCIMHHU Mae
011i10->k0BTE 3a0apBIICHHS, a HIKHS — CBiTJIIO-3eneHe. Ha mi3HimuX cramisx po3BUTKY (UBITIHHA Ta
CTHUTJIICTh) yCsl pOCIIMHA Ma€ CBITJIO-3eleHe 3a0apBieHHs. PociuHN 1OKUBAIOTh 10 KiHIISA Bereraitii,
30epiraroun O3HAaKHM NpHUrHideHocTi. HaciHHeBa MpPOMYKTHBHICTH HHU3bKA. MyTalis BilHECEHA 0
tumy Viridis.

MyranTtHa niHis M-81 orpumana 3 copty Llman npu onpominenHi mo30t0 400 I'p. Pocmuau miei
JiHIT MalOTh XapakTepHe Oije->koBTe 3abapBieHHsS. [IpoTAroM pocTy siCKpaBO->KOBTa MIrMEHTALlis
CTae THMSHOIO Ta POCIMHU JOKMBAaIOTh IO KIHIM BereTamii, 30epiraroud O3HAKH CHIIBHOI
npurnideHocti. Ha crazii OyToHi3aiii BepXHs YacTUHA POCIMHU Ma€ SCKpaBe-KOBTe 3a0apBICHHS
JUCTS, Y CePEeNHIM YaCTHHI JIUCTS CTAIOTh OLIBII THMSHUMH Ta 3€JCHIIOTh B 00JIACTI TPOBITHUX
My4YKiB, a B HIDKHIA — MalTh CBITJIO-3eJeHe 3a0apBieHHs. HaciHHEBa MPOIYKTUBHICTH POCIHH
HU3bKa. MyTallis BiHeceHa o Tuiy xantha.

Pocnunu mytanTtHoi niHii M-84 orpumani npu onpoMineHHi go3ot0 700 I'p., HaciHHs copty Llnan.
MaroTh xapakTepHe OpyaHO-KOBTe 3abapBiieHHs JucTsa. Ha ctamii OyToHi3alii BEpXHs Ta HIKHS
YaCTUHHM POCIMH MAalOTh CBITJIO-3€JIeHEe 3a0apBiIeHHS, a cepedHs — Xjopo¢iabHe. Ha mi3Himmx
CTaAisIX PO3BUTKY (IBITIHHS Ta CTUIJIICTh) YCSl pOCIIMHA Ma€ CBITJIO0-3eeHe 3a0apBiieHHs. Pocinan
J0XKHMBAIOTh J0 KiHIA BereTamii, 30epiratoun o3HaKu NpuUrHideHocti. HaciHHeBa MpPOYKTUBHICTh
HU3bKa. MyTallis BiHeceHa 10 tumy xanthoviridis.

MyrtanTHa niHis M-28 oTpumaHa npu onpomiHeHH1 HaciHHsS copTo3paska K-7487 moszoro 700 I'p.
PocnuHM MaroTh XapakTepHe KOBTO-CBITJIO-3€JIeHe 3a0apBIIEHHS JIUCTS, Maii’ke pIBHOMIpPHE IO BCIi
pociuHi. Taka xynopodinbHa HEAOCTATHICTD 30€piraeThcs Maike HE 3MIHEHOI MPOTATOM YChOTO
oHToreHesy. Lleil MyTaHTHUI 3pa30K 3aBISKM MIJBUILEHIH NPOAYKTHMBHOCTI Ta ONIMHOCTI B
MOPIBHSIHHI 3 KOHTPOJIEM Ta COPTOM-CTaHAapTOM, HE3BaXKaro4M Ha XJIOpPO(UIbHY HEOCTATHICTh, Y
MOJJAJIBIIIOMY CTaB COPTOM «30JOTUCTHUI».

PocnuHM 1HOHY BHPOIIYBAJKMCS B MOJBOBUX YMOBAax. XJIOPOIUIACTH 3 JIMCTS BHUIUISIM IUISIXOM
¢bpakuiiiHoro eHTpudyryBaHHs Ha pi3HUX CTaIisAX PO3BUTKY. Y XJIOpOQUIBHUX MYTaHTiB 1 rpynu
(M-80, M-81 ta M-84) Ha paHHIX CTaJisiX PO3BUTKY («UIMHKa» Ta OyTOHI3allisl) aHaII3yBaJIOCs
JIMCTS 31 3MIHEHUM 3a0apBiIeHHAM: BepxHe Juid jiHid M-80 Ta M-81t1a cepenne st minii M-84.

JleKTHHM 3 TWJIAKOITHUX MEMOpaH eKCTparyBaJid CTaHIApPTHUMH MeTomamu [12] 3 geskumu
MoaudikarisMu. AKTHBHICTh JIEKTUHIB BH3HAYAIN 32 JOMOMOTOI0 peakilii remMarmoTuHaiii 3 2%
CyCIIeH31€10 epuTporuTiB Kposts [13, 14] 3 ypaxyBaHHsIM KOHIIeHTparllii Oinka. KonteHntpariito 0ika
BU3HaYaiIM crnekrpodoromerpuunuM metroaoM BapOypra-Kpicriana [15]. IIpu ananmisi JeKTHHOBY
aKTUBHICTh BUPaKaJH SIK OOEPHEHY BEIMYMHY — KOE(IIIEHT JEKTUHOBOI aKTUBHOCTI Ta BUPAXaJU Y
(mxr/mm) ™ Cratuctuuny oOpoOKy MPOBOJIMIIN 33 CTAHAAPTHUMHU MeToAuKaMu [16].
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PE3YJIbTATH TA IX OGTOBOPEHHSI

OO6pani Hamu XJI0pO(dIIBHI MYTAaHTH OTPUMAaHI 3 PI3HUX BUXITHUX TCHOTHITIB 1 CKJIaJIal0Th TaKl TPYITH:
rpyna Lupany — myranTHi ninii M-80, M-81 ta M-84 ta rpyna K-7487 — myranTtHa ninis M-28.

L{i MmyTaHTH 32 PIBHOMIPHICTIO XJIOPO(DITLHOI HETOCTATHOCTI MOYKHA PO3AUIMTH Ha 2 rpynu. Jlo nepiroi
IPYIH BITHECEHO POCIHMHHY, Y SKUX XJIOpO(DLIbHY HEIOCTATHICTh Ma€ YaCTHHA JIMCTS, a IPU TEPEXO0ii 10
TeHEPATUBHUX CTaJlil OHTOT€HE3y POCIIMHU ITOCTYIIOBO 3€JIeHIF0Th — 11 JiHii M-80, M-81 ta M-84. ¥V
ApYry TpyIy BilokpemyeHo JiHiro M-28, xyopodiibHa HEAOCTAaTHICTh SIKOT PIBHOMIPHO PO3MOLIEHA
10 BCI pPOCIMHI Ta 3MiHEHE 3a0apBJCHHS 30€piracTbcsi IMPOTATOM yChOro OHTOreHesy. LlikaBoro
OCOOJMBICTIO IMX 3pas3KiB € TOW (pakT, 10 MyTaHTHI JIiHIi MarOTh Pi3HUH CTYIiHb NMPUTHIYEHOCTI
pociuH. Tak, 3a ITMM MOKa3HUKOM JOCITIPKYBaH1 XJI0podiIbHI MyTaHTH MOYKHA PO3TAITyBaTH B PSI BiJl
HaAWOUTBII 10 HaiiMeHtT npurHiveHnx: M-81 — M-84 — M-80 — M-28.

VY monepenHix podoTax HaMu OyJ0 MOKa3aHO, 10 Me30(I JUCTS JHOHY OJIHHOTO MICTHUTH JBa
TUNHM KIITUH: 13 JApIOHUMH XJIOPOIUIaCTaMH Ta 3 BEIUKUMH, sKi, HMOBIpHO, BUKOHYIOTH pi3HI
¢byukiii B mporeci Gorocuntesy [17, 18]. ¥V nocmimkennsax I'.51. Anekcunse [8], Oyno mokasamo,
0 1 JICKTHHH MEeMOpaH XJIOPOIUIACTIB OepyTh y4acTh y IbOMY Iporieci. Y 3B’s3Ky 3 UM, HAMU
Oyno 3poOjeHe MPUIYIIEHHs, M0 JEKTUHH XJOPOIUIACTIB MOXYTh OINTHUMI3yBaTH pPOOOTY
HETIOBHOIIIHHOTO MIrMEHTHOTO arapary XJopoQIbHUX MyTaHTIB.

Hamu Oynu mpoanamizoBaHi 3MiHU JIEKTHHOBOi aKTHBHOCTI 000X THIIB XJIOPOILIACTIB MPOTSATOM
OHTOTCHE3Y B XJIOPOPUIBHMX MyTaHTaX Ta BUXITHUX cOpTax. Y JOCHIDKCHHsS Oyld BKIIIOYCHI
MOCIIJIOBHI CTaJii PO3BUTKY, IPOTATOM SIKMX CIOCTEPIraeThCsl 3MiHa 3a0apBJICHHS POCIHMH: CTais
CXOJIIB, «IJTMHKMWY», OyTOHI3allii Ta 1BiTiHHS (TabI. 1).

Tabmums 1 — JluHamika JEKTUHOBOI aKTUBHOCTI B PI3HUX THIMAX XJIOPOIUIACTIB JIUCTS JIbOHY
o -1
OJIITHOTO MPOTSATOM OHTOI'CHE3Y, (MKI/MII)

Cramis . I'enotun npony
Tun xmoponacris
OHTOICHE3Y [lnan M-80 M-81 M-84 | K-7487 M-28
6mi 2,21+ 1,00+ 0,61+ 1,03+ 2,20+ 2,68+
H
P 0,218 0,024## | 0,036## | 0,036## | 0,086 0,087**
cX0Iu
BT 1,43+ 0,82+ 0,51+ 0,95+ 1,77+ 2,22+
0,054 0,059## |0,039### | 0,076## | 0,084 0,075*
6 0,14+ 0,09+ 0,06+ 0,09+ 0,22+ 0,39+
P 0,013 0,005# | 0,002# | 0,002# 0,018 0,020**
CATTMHKA)»
BT 1,39+ 0,27+ 0,53+ 0,22+ 0,47+ 0,52+
0,047 0,043### | 0,170# |0,006### | 0,026 0,023**
6mi 0,34+ 0,23+ 0,12+ 0,26+ 0,28+ 1,01+
L /pIoH 0,011 0,005## |0,002### | 0,035# 0,002 0,041%**
OyToHizaris
, 0,61+ 0,34+ 0,42+ 0,37+ 0,43+ 5,21+
BEJIUKI
© 0,039 0,028## | 0,033# |0,015## | 0,016 0,034***
6mi 0,21+ 0,37+ 0,28+ 0,33+ 0,39+ 0,49+
H
. P 0,016 0,029** | 0,022* |0,013** | 0,018 0,029*
LBITIHHA
S 0,52+ 0,27+ 0,17+ 0,25+ 0,29+ 0,55+
0,041 0,009## | 0,0104# |0,013## | 0,011 0,046**

[Mpumitka: *, ** *** (# # H#HH#) — BigMIHHOCTI BiJ BUXiHOTO reHoTHIy cyTTeBi pu P < 0,05; 0,01; 0,001BiamnoBigHo;
# — IOCTOBIpHE 3HIDKEHHS ; * — TOCTOBIpHE ITiABHUIICHHS.

I3 pe3ynprariB TabMUI BUIHO, IO B OUIBIIOCTI BUNIAAKIB Yy XJIOPO(UIBHUX MyTaHTiB rpynu Lnany
JICKTHHOBA aKTHUBHICTh B 000X THIAX XJIOPOIUIACTIB JOCTOBIPHO 3MEHIIYETHCS B TOPIBHSIHHI 3
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BUX1IHUM copToM Lluan. BuHsATOK cKilagaioTh Jume ApiOHI XJIOPOIIIACTH Ha CTaii LBITIHHSA, KOJIU
Il MyTaHTH 3€JICHIIOTh, 1 XJIOpO(iIbHA HETOCTATHICTh Maike 3HUKAE. Y XJIOPO(UIBHOTO MyTaHTa
M-28, HaBIaku, JEKTHHOBA aKTUBHICTH MPOTATOM YChOT'O OHTOTEHE3Y B 000X THIIaX XJIOPOILIACTIB
JIOCTOBIPHO 30inbIIyeThes (Tadu. 1).

BpaxoByroun oTpuMaHi pe3ylibTaT Ta TOH (akT, 0 came MyTaHTHa JiiHis M-28 BusBHIIACS OLIbII
MPOAYKTUBHOKO, HIK BUXIJHUH 3pa30K, HE3BAKAIOUM Ha SIBHY XJIOPOQUILHY HEJOCTATHICTh, MU
BBAXAEMO, II0 CaMe JICKTHMHM THJIAKOIMHUX MEMOpaH LbOMY CHPHSIOTH. [HII X XJIOpoQiIbHI
MYTaHTH TPOTATOM OHTOTEHE3y € NMPUTHIYCHHWMHU Ta MAIOTh MPOAYKTHBHICTH 3HAYHO HIKYY 32
BUXI1IHAI F€HOTHIL.

VY pesynbTaTi aHamizy OyJ0 BUSBJICHO, IIIO PIBEHb JEKTMHOBOI aKTUBHOCTI THJIAKOITHUX MEMOpaH
MPOTSATOM OHTOTEHE3Yy 3MIHIOETHCS: HAWBHUINY JIEKTUHOBY AaKTHUBHICTh MAIOTh XJIOPOIUIACTH Ha
MOYaTKOBOMY €Talli PO3BUTKY — CTaiil CXOJiB, 3HaueHHs sKoi Maibke B 10 pa3iB mepeBuILye
3HAYEHHS Ha IHIIUX eTanax OHToreHesy (puc. 1).

Opnak 1i 3MIHH PO3PI3HSIOTHCS B PI3HUX THIAX XJIOpOIacTiB. Tak, JIGKTUHOBAa aKTHUBHICTh
ApiOHUX xyoporiactiB pociud rpynu Luany (M-80, M-81, M-84 ta Llunan) pi3Ko 3HM)KY€ETHCS Ha
CTalii «UTMHKWY, a Ha Mi3HIMUX cTaaisx (OyToHi3awii Ta UBITIHHS) MOCTYNOBO MiBUILIYETHCS, ajle
HE J0CsTa€e BUXiMHOTO piBHSA cTanii cxoniB. Y pocnud rpynu K-7487 (M-28 ta K-7487) nektuHoBa
aKTUBHICTh JPIOHUX XJIOPOIUIACTIB MPU MEPEXOJli Ha CTAIl0 SUIMHKM» 3HAYHO 3HIKYETHCA, Ha
cramito OyToOHi3amii — MiABHUIIYETHCSA, a MPH MEPEXOAl Ha CTAIil0 HBITIHHSA — IOBEPTAETHCSA HA
PiBEHB «SITUHKWY (pHcC. 1, a).

Q el [{yag == M-80 ; Human M-80

\
\\

\\
\

Puc.l Jlunamika JEKTMHOBOI AaKTMBHOCTI PI3HUX THIIIB XJIOPOIUIACTIB XJOPO(UIBHUX MYTAHTIB
JBOHY OJIMHOTO Ta IX BHMXIAHMX TEHOTHUIIIB IPOTATOM OHTOreHe3y: a) ApiOHI XJIOPOIUIACTH;
0) BEJIMKI XJIOPOILIACTU

JluHamika 3MiH JIEKTHHOBOI aKTUBHOCTI Y BEJIMKUX XJOPOIUIACTIB TAKOX B MEPII Yepry 3aJeKUTh
BiJl TEHOTHUITY 1 HalOUIblIe CBOE 3HAUYEHHS MAalOTh HA MOYATKOBOMY €Talll OHTOIeHe3y — CTajli
cxoniB. Tak, JIGKTUHOBAa aKTUBHICTh Yy 3pa3kiB rpynu Lluany Ha cragii <«GUIMHKH» Maibke He
3MIHIOETHCS, @ Y IOJANbIIOMY (Ha CTaigx OyTOHI3allii Ta I[BITIHHS) CYTTEBO 3HIKYEThCS. BUHATOK
CKJIaJJal0Th JIMIIE BEJIHMKI XJIOPOIIAaCcTH MyTaHTHOI JiHii M-84, y siKoi JeKTHMHOBa aKTHUBHICTh Ha
CTajil «UTMHKW» CYTTEBO 3HWKYETHCS MOPIBHSHO 31 CTaic€l0 cxofiB. Y 3paskiB rpynu K-7487 —
IpU TMEepexoJi Ha CTadil0 <«SUIMHKM» JIGKTUHOBA AKTUBHICTh BEJIMKUX XJOPOIUIACTIB CYTTEBO
3HIKYETHCS, a Ha MI3HIMIUX CTaJisAX — Maibke He 3MIHIOEThes (puc 1, 6).

Po3noainn akTMBHOCTI MK JBOMa THUIIAMH XJIOPOIUIACTIB MPOTSATOM PO3BUTKY BiJOyBaBCs Tak
(puc. 2): Ha TOYAaTKOBOMY €Talll OHTOreHe3y (CTajisl CXOAiB) OUIbIIY JEKTUHOBY aKTUBHICTh MAlOTh
ApiOHI XJIOPOIUIACTH, HA MI3HIMUX CTAIIsAX — CTajli «SUIMHKU» Ta OyTOHI3awil — OUIBIIY JEKTHHOBY
AKTUBHICTh MAalOTh BEJMKI XJIOPOIUTACTH, a HA CTajli MBITIHHA PI3HI THUIHU XJIOPOILJIACTIB MAlOTh
NpUOJIM3HO OJHAKOBUI PiBEHb JEKTHMHOBOI akTUBHOCTI. [IpuyoMy Takuii po3mOIil JIEKTHHOBOT
aKTUBHOCTI HE BHSBHUB 3aJICKHOCTI BiJI TEHOTHIY: BIH CIIOCTEPIraeThcs 1 B XJIOPODUIBHHX
MYTaHTAaX, 1 y BUX1JIHUX T€HOTHIIAX.
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Sk BUAHO 3 TpPENCTaBICHUX MaHWX (pHUC. 2, a), HA CTadil CXOJIB 3HAYHO BHIIOK JEKTHHOBOIO
AKTUBHICTIO XapaKTEepU3YIOThCs ApiOHI XJIOPOIIACTH B TMOpPIBHSAHHI 3 Benukumu. Ha cramii x
(GUTMHKW» Y BCIX JOCHIIPKEHWX TEHOTHUIIIB 3HAYHO BHINOK JIEKTUHOBOK AKTHBHICTIO
XapakTepu3yerbcs  (pakmis  BelMMKHX — xJoporuiacTiB.  OcoOnuMBO  SICKpaBO 1€ MOXKHA
IPOJAEMOHCTPYBAaTH Ha MpHUKIaAl reHotumiB rpynu llumany (puc. 2 0), ne Bkiag ApiOHHX
XJIopoIuiacTiB ckiagae menuie 10 % Bij 3arajibHOT JIGKTHHOBOT aKTUBHOCTI THJIAKOiTHUX MEMOpaH.

Ha cranii OyTtoHizamii TakoX NepeBaka€ JEKTHHOBA aKTUBHICTh Yy BEJIMKHX XJIOPOIUIACTaX, aye
BHECOK B 3araJIbHU# piBeHb APIOHUX XJIOPOIUIACTIB € 3HAYHO CYTTEBIIIUM Y MOPIBHSAHHI 3 OLIBII
PAHHBOIO CTATIEI0 «SUIMHKW». Tak, BHECOK APIOHUX XJIOPOIIACTIB y OLIBIIOCTI JOCIIKYBAHHX
reHoTumiB miaBuinyeTbess 10 30-40 % (puc. 2 B), OJHAK JIEKTMHOBA AaKTHUBHICTh BEIIMKHX
XJIOPOIIJIACTIB 3JIMIIAETCS HA OUIBII BUCOKOMY PiBHI.

[Ipu mepexosi pocivH JHOHY 10 CTaiil IBITIHHS JEKTUHOBA aKTUBHICTh JIPIOHUX XJIOPOIUIACTIB Y
XJIOpO(UTPHUX MYTaHTIB Ha BiIMiHY Bij OLJbII paHHIX CTalill PO3BUTKY MEPEBAKHO 301TBIIYETHCS
(puc. 2 r) y HOpIBHSHHI 3 BUXIJHUMH F€HOTUNaMU. TaKy TEHACHIIII0 MU MOXEMO CIOCTepiratu y
BCIX JIOCIJDKYBAHHX JTIHIH.

[lincymMoByrouM oOTpuUMaHi JaHi, MOXXHa CKa3aTH, LI0 JIGKTUHU OepyTh ydacThb Yy IMpolieci
doTocuHTE3y XJIOPOPUIPHIX MYTAHTIB JHOHY OJIIMHOTO, OCOOJIMBO II€ CTOCYETHCS XJIOPO(IITEHUX
MYTaHTIB, y SIKUX XJOPO(MUIbHY HEJOCTAaTHICTh Ma€ ycsi pOclIMHA Ta il IHTEHCHUBHICTH HE
3MEHIIYEThCS MPOTATOM OHTOTeHe3y — JiiHis M-28. OcoOnuBYy poib JIEKTHHAM Yy IpoIeci
(dboTOCUHTE3Y CIIiJ BiIBECTH, HA HAIIly AYMKY, JIEKTUHAM Y JiHil M-28, y 3B 43Ky 3 THM, 110 PiBEHb
JIEKTUHOBOI aKTHBHOCTI B HMOTo XJjoporuiactax (000X THIax) 30UIbIIYETHCS 3HAYHOI MIPOIO Y
nopiBHsHHI 3 BuxigHuM K-7487 mpotsaroMm ycboro ontoreHesy. Kpim Toro, myranTtHii ninii M-28,
€MHIN 3 TOCIIPKEHNX, OyB HaJlaHUH cTaTyC cCOpTy («30JI0TUCTHI»), Y 3B’ SI3KY 3 THM, 10 BOHA Ma€
BUIIy MPOAYKTUBHICTh Ta OJIHHICTh y TOPIBHSHHI 3 BUXIIHUM 3pPa3KOM, a TaKOX 3 COPTOM
CTaHJIapTOM Ha TepuTopii Ykpainu — IliBgenna Hiv.

B (Bemiki) W (senuki) O (npiGwi)
a) 6)
W (Bemuki) O (mpiGai) W (Bemiki) O (mpiGHi)

B) r)

Puc. 2 JlexkTuHOBa aKTHBHICTH PI3HMX THUIIIB XJIOPOIUIACTIB B Me30(isli XJIOpO(PUILHUX MYTaHTIB
JLOHY OJIIWHOTO Ta iX BUXITHUX TEHOTHUIIIB MPOTATOM OHTOTCHE3Y: a) Ha CTajis Cxo/aiB; 0) Ha cTaxil
«GLTUHKWY; B) Ha CTajii OyToHi3a1lii; T) Ha cTajdii IBITIHHS.
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Y wmyraHTiB rpynu lluaHy Ha MOYATKOBUX CTaisiX OHTOTCHE3Yy JIGKTMHOBA AKTHUBHICTh 3HAYHO
3HIKYBaJlacs y 000X THUMaxX XJOPOIUIACTIB, a Ha CTaiil I[BITIHHI, KOJIM B IIUX MYyTaHTax Maike
3HHKAE MOPQOJIOTIYHUN MPOSB XJIOPOPUIHHOI HEJOCTATHOCTI, 3HAYHO 301TBIIYETHCS AKTUBHICTh
JIpiOHUX XJIOPOIUIACTIB Yy MOPIBHSHHI 3 BUX1THUM 3pa3KoM. MU BBa)KaeMo,III0 came 3aBASKH ITbOMY
NPUTHIYEH] HAa TOYATKOBUX €Tamax pPO3BUTKY pociuHH JiHiii M-80, M-81 ta M-84 Bce x Taku
BIKMBAIOTh Ta 3aB’SI3yIOTh HACIHHS, ajié MAlOTh MPH I[bOMY 3HAYHO HIDKYY MPOAYKTHUBHICTB. Sk
Hamu OyJi0 pasimie BCTaHOBIEHO [ 17], Me30odin xi0podiIbHOTO JTUCTA UX MYTAaHTIB Ma€ 3MiHEHUH
TUTACTUIHUI amapar BiJIHOCHO BHXIHOTO copTy lluaH, a Tako)X BiJIHOCHO OJMH OJHOTO 1 MH
BBKAEMO, 1110 POCIUHU [UX T€HOTHUIIIB OUIBIIOI Mipor (0COOIMBO 0 IBITIHHS) 3aTHI ICHYBaTH
Ta GOTOCHHTE3yBAaTH CaMe 3a PaXyHOK 3MIHEHUX XJIOPOILIACTIB, a TOYMHAKOYH 31 CTa il I[BITIHHS, Y
[[OMY TIpoIieci OepyTh y4acTh TAKOXK 1 JICKTHHH.

Orxe, Hamu Oyn0 BCTAHOBJIEHO, IO JIEKTUHH OepyTh Oe3MocepenHI0 ydacTh y Mpomeci
¢dorocuHTe3y XJIOPOUIBHUX MYTaHTIB, OJHAK IXHIA BKJIAJ 3aJICKUTh BiJ] THIY XJIOPOQiIBHOT
HegocTaTHoOCTI. Haiisickpasimie BiH BUpaxeHHH y miHii M-28, 1e, Ha Hally AyMKY, caMe JIGKTHH
3YMOBJIIOE HE TUIbKH ICHYBaHHS I[bOTO T'€HOTHITY, a ¥ IiJIBHUIICHHS TAaKUX BAXIJIMBUX O3HAK, SIK
NPOYKTUBHICTB Ta OJIHHICTh MOPIBHSHO 3 BUXIAHUM I'€HOTUIIOM, a TAKOK COPTOM-CTaH/IapTOM.

Hanani mnanyetbes JOCTIIUTH piBEHB JIGKTUHOBOT aKTUBHOCTI B 1HIHMX XJIOPO(MIIPHUX MyTaHTaX, a
TaKOX JOCIHIIUTH TUHAMIKY JIEKTUHOBOI aKTUBHOCTI HE TLJIBKU B XJIOPOPLI-ACPIIUTHUX YaCTHHAX
MYTaHTHHUX POCJIMH JIbOHY, a i1 y 3€JeHil yacTuHi muxX pociuH. Kpim Toro, miuaHyeTbest TOCTIAUTH
JIUHAMIKy aKTUBHOCTI rojioBHOro (epmenty nukiny KanbBina — pubdynozobudocdarkapbokcuiazu
y JUCTI MyTaHTHHUX POCJIMH y TIOPIBHSHHI 3 3€JICHUMH POCIIMHAMH JILOHY.

BUCHOBKH

1. Tloka3aHo, IO aKTUBHICTH JICKTHHIB XJIOPOIUIACTIB XJIOPO(IILHUX MYTAaHTIB 3MIHIOETHCS
B MTOPIBHSIHHI 3 KOHTPOJIEM, a PIBEHb IIMX 3MiH 3aJIS)KUTh BiJl TUILY XJIOPO(LIbHOI HEOCTATHOCTI.

2. BcraHoBneHo, moO B MYTaHTHOTO 3pa3ka 3 PIBHOMIPHUM TIPOSIBOM XJIOPO]iTBHOT
HezocTtaTHOCTI (M-28) piBeHb JEKTMHOBOI AaKTHBHOCTI 000X THUIIB XJIOPOILJIACTIB € BUIIMM Y
MOPIBHSIHHI 3 KOHTPOJIEM MPOTSITOM YChOTO OHTOTEHE3Y.

3. BusBneHo, mo B XJI0opo(iIbHMX MYTaHTaXx 3 YacTKOBUM IPOSIBOM XJIOpO(DIIBHOI
HenoctatHocti (M-80, M-81 ta M-84) Ha mOYaTKOBUX €Tarmax OHTOTEHE3Y JIEKTUHOBA aKTHUBHICTH
3HaYHO HMXKYa 3a KOHTPOJIbHUI BapiaHT, a Ha CTajii IBITIHHA — JOCTOBIPHO 30UIBIIYETHCS B
Ipi1OHUX XJIOPOIUIACTAaX, a Y BEITUKUX JIOCTOBIPHO BiJl KOHTPOJIIO HE B1JIPI3HAETHCS.
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HACJIEAOBAHHUE ITPU3HAKOB IIBETKA MEXBHU/JIOBbBIMHA
I'MbPUJIAMM F; JIBHA

ITomsxoB B.A., Jax B.A.

HUncmumym macauunvix kynomyp HAAH
70417, Yxpauna, 3anopoosicckuti pation, 3anoposicckas 0o1acmeo,
noc. Conneunviii,yn. Hncmumymckas, 1
13an0p09fca<m7 HAYUOHATILHBIU YHUBEPCUMEM
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eradan_90@mail.ru

B cratbe mpencTaBICHBI PE3yAbTATHl HM3YYCHHS HACICAOBAHUS TNPHU3HAKOB I[BETKA MEXBHIOBBIMU
ruOpUIaMu JIbHA, TOJYYCHHBIMU OT CKPEIIMBAHUS OEIOIMBETKOBOTO COPTa 30JIOTHUCTHIH C OJHOJCTHUMH
aukumu Bumamu ¢ n=15 L. angustifolium, L. bienne, L. hispanicum u L. crepitans. Ycranosieno, 910
rory6asi OKpacka BeHYHKa TOMHHHpPYyeT Han Genoi y rubpuaa ¢ yuactuem L. angustifolium, u seusiercs
GoJlee HACBHINEHHOW MpU BOBIeueHHWH B ckpemuBanus L. bienne, L. hispanicum u L. crepitans. V Bcex
MEXBHUIOBBIX THOPHIOB IOMHHHPOBAIN roiy0as OKpacka IBbUIBHUKOB, HAIWYHE OKPAaCKH y IKUIOK
OCHOBaHUsI JICTIECTKa BEHYMKAa M OTKpbITas (opma BeHuuka. Y rubpuaa c¢ ydactuem L. hispanicum
MOJIHAs CTEMEeHb PACKPBITHs LIBETKA JOMHHHPYET HAaJ IIOJyCBEPHYTOH, Torma kKak y rubpuma Fi
KOMOMHAIMH CKpeLIMBaHUs 30JOTHCTBIH X L. Crepitans monycBepHyTOCTh LBETKa JOMHHUPYET HAl €ro
OTKPBITOCTBI0. BO BCex KOMOMHALMSIX CKpPEIIMBAHUS LBETOK THOPUAHBIX PACTCHUH MO AMAMETPY OBLI
CYLIECTBEHHO MEHBIIIE KyJIbTYPHOTO POIUTENS U OJIMXKE K AUKOH POAUTENbCKOM dopme.

Kmiouesvie cnosa: L. humile, L.angustifolium, L. bienne, L.hispanicum, L.crepitans, meowcsudosvie 2ubpuoul,
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Hacnedosanue, OKPACKA Y8emKa, opma yeemxd, ouamemp yeemxd
YCHHAAKYBAHHS O3HAK KBITKH MIZKBUJIOBUMMU I'IBPUJIAMMI F, JIBOHY
ITomsaxos B.O., Ulax B.O.

Incmumym onilinux Kyniomyp
70417, Ykpaina, 3anopizekuil pation, 3anopizvrka ooracms, cen. Cousiune, eya. Incmumymcoka,
13an0pi3bi<uﬁ HayioHaNbHULL yHigepcument
69600, Vkpaina, 3anopiscorcs, 8yn. Kykoscvroeo, 66
eradan_90@mail.ru
VY crarrti mpencTaBieHi pe3yJbTaTH BHBYEHHS YCHAJKyBaHHS O3HAaK KBITKM MIKBUIOBUMH TiOpHuaamu
JbOHY, OTPUMAaHHMHU BiJl CXpEIlyBaHHS OLIOKBITKOBOTO COPTY 3OJOTHCTHH 3 OJHOPIYHUMH JUKUMHU
Bugamu 3 N = 15 L. angustifolium, L. bienne, L. hispanicum i L. crepitans. BcraHoBieHo, o 0gakuTHE
3abapBiicHHS BiHOYKA JOMiHye Han OiauMm y ribpuma 3a yuyactio L. angustifolium, i e 6inpm HacudeHUM
npu 3ajydeHHi B cxpeuryBauus L. bienne, L. hispanicum i L. crepitans. V Bcix MiXBUAOBHX TiOpuiis
JOMiHyBanu ONakuTHE 3a0apBIIEHHS NHJISKIB, HasBHICTh 3a0apBiCHHS Yy JXHIOK OCHOBH IEITIOCTKH
BiHOUYKa 1 Bigkpura gopma BiHouka. Y ribpuzaa 3a yuactio L. hispanicum moBHHU# CTymiHb PO3KPUTTS
KBITKH JOMiHY€ HaJl HaliB3TOPHYTOIO, TOAI AK y TiOpuma F1 xoMOiHamii cxpenryBanHs 300THCTHIA X L.
crepitans HamiB3ropHYTICTh KBITKM MOMiHYE Haja 11 BIAKpUTICTIO. Y BCIX KOMOIHAIISX CXpEIlyBaHHS
KBiTKa T1OpUIHAX POCIHH 32 IiaMeTpoM Oylia icTOTHO MEHIIO 3a KyIbTypHY (opMy 1 OIIKYe IO TUKOi
0aThKiBCHKOT (pOpMHU.
Kmiouosi cnosa: L. humile, L.angustifolium, L. bienne, L.hispanicum, L.crepitans, wmixcsuoosi zibopuou,
VCRAOKYBAHHS, 3a0ap6IeHHs KGIMKU, (hopma KeimKu, diamemp KeimKu.

INHERITANCE OF FLOWER TRAITS BY INTERSPECIFIC F; FLAX HYBRIDS
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Intraspecific hybridization for a long time remained the main method of creating original material for
flax breeding. However reserves of intraspecific recombinant variability have been gradually exhausting.
According to Zhuchenko, there are six types of genetic resources, the key of which is wild relatives of
cultured crops. Adding them to hybridization is one of the ways to increase genetic diversity.

According to many researchers, fundamentally new genotypes can be gained with interspecific
hybridization through introgression of the novel gene complexes. It is important to note that as a result of
interspecific crosses a wide range of variability could be formed, that can be distilled into new species, or
donors of economically viable traits. This may increase the adaptive potential of cultivated flax, and its
ability to survive and reproduce. However, the number of papers on the subject of interspecific
hybridization of flax is extremely small.

A. Jhala et al in a review article noted the success of the interspecific hybridization of flax by a number
of researchers. In particular, nine combinations were described, giving fertile offspring in n = 15 species.
E. g., crosses between L. angustifolium, L. corymbiferum, L. africanum, L. decumbens and L.
usitatissimum have been successful, at least in one direction with seed germination of F; hybrid plants at
80-90% level. Also successful crosses were observed between n = 9 flax species, such as L. alpinum, L.
altaicum, L. austriacum, L. julicum, L. narbonense and L.perenne. A. Seetharam previously described
successful crosses for cultivated flax Linum usitatissimum with a number of wild species.

We have started an in-depth study of the four annual n = 15 wild species among the closest relatives of
cultivated flax, which, according to Yuzepchuk, belong to same section Protolinum [4]. The aim of this
work was to study the inheritance of a series of qualitative and quantitative traits of the flower in the first
generation of interspecific hybrids.

We used accessions of n = 15 wild annual species of flax Linum angustifolium Huds, L. bienne Mill., L.
hispanicum Mill. and L. crepitans Dum. as well as L. humile Mill. (Zolotystyi variety) from the
collection of the Laboratory for flax breeding at the Institute of Oilseed Crops NAAS.

Following traits were studied: petal coloration, petal veins and anther coloration; flower opening, shape
and diameter.

Calculations of the degree of dominance of the ‘flower diameter’ trait in the first hybrid generation were
carried out according to the formula by G.M Beil i R.E. Atkins.

Only flower has a fairly wide range of variation in color and shape that allows using these traits as
markers. Creating varieties possessing clear marker traits greatly helps to get rid of unwanted impurities.
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As pointed out by many authors, the vast majority of commercial varieties of flax have blue flower petals
that complicates breeding process, as well as it reduces the efficiency of seed farming. Therefore, we
gave priority to studying of color characteristics of the petals and other parts of the flower.
According to our results, the most saturated coloration of corolla goes to species L. crepitans and L.
angustifolium (blue), while the L. bienne corolla is slightly lighter (light blue), and L. hispanicum has the
lightest (pale blue) color. When wild annual species were crossed with white flower cultivated flax we
found that the majority of hybrids had had color intensification in corolla. In combination Zolotystyi x L.
angustifolium blue color of corolla dominated over white color of the parent form. Hybrid combinations
Zolotystyi x L. bienne, Zolotystyi x L. hispanicum and Zolotystyi x L. crepitans have corolla coloration
that is more intense than the parent forms.
Blue color of anthers and the presence of coloration in the petal veins were dominant traits. Despite the
absence of colored veins in Zolotystyi var., all F; hybrids possessed coloration in veins at the base of the
petal. Previously, other researchers found that cream coloration of anthers was inherited as a monogenic
recessive trait. This was consistent with our findings. In all F, hybrids anthers had blue coloration.
Another trait that we studied, was ‘the degree of opening of the flower’. In accordance with the VIR
classifier, this trait has three manifestations: open, partially folded and folded. Among the studied wild
species L. angustifolium and L.Bienne, as well as the cultured form, were assigned to the open type, and
species L. hispanicum and L. crepitans to partially folded.
Only in L. hispanicum the shape of the flower was described as a bell-shaped, in contrast to the
remaining open-flower wild species and Zolotysyi variety. In Zolotysyi x L. hispanicum hybrid open
shape of the flower completely dominated the bell-shaped.
Studying the size of the flower, it was found that among all the studied annual wild flower largest
diameter belongs to L. crepitans (17,2 mm), followed by L. angustifolium (15,8 mm) and L. bienne (14,2
mm), and the smallest flower to L. hispanicum (12,0 mm). Flower diameter of cultured parent Zolotystyi
variety was 21,0 mm, which is significantly larger than the wild flowers.
Analysis of inheritance of this trait suggests that the F, generation of interspecific hybrids showed
negative or intermediate dominance or complete negative dominance (degree of dominance ranged from -
0,16 to -1). In all combinations diameter of the flower was significantly smaller than Zolotystyi parent
form and closer to the wild parent. And in combination with L. crepitans flower size was almost equal to
that of the wild species.
During the field studies, we have observed that petals of wild annual species fall off earlier than those of
cultural genotypes and interspecific hybrids. Of all the studied wild species flowers of L. hispanicum and
its hybrids crumbled before the others. Also it was noted that in cloudy weather wild species flowers
bloom faster and give more pollen compared to the cultivated flax.
We established that blue color of the corolla dominates over white color for the F; hybrid Zolotystyi x
L.angustifolium and coloration is richer in F; hybrids for combinations Zolotystyi x L. bienne, Zolotystyi
x L. hispanicum and Zolotystyi x L. crepitans. In all of the obtained interspecific hybrids blue color of
anthers, presence of coloration in the petal veins and open form of corolla were dominant traits. Study
revealed that in interspecific F, hybrid with L. hispanicum full degree of flower opening dominates over
being partially folded, whereas in the F; hybrid Zolotystyi x L. crepitans partial foldedness of the flower
dominates over its openness. When studying inheritance of flower size we found that hybrid plants of all
cross combinations had flower diameter that was significantly smaller than cultured flax and closer to the
wild parent form. In F; combinations Zolotystyi x L. bienne, Zolotystyi x L. hispanicum and Zolotystyi x
L. angustifolium we observed negative intermediate dominance. F; hybrid Zolotystyi x L. crepitans the
size of the wild species flower was completely dominant.

Key words: L. humile, L.angustifolium, L. bienne, L.hispanicum, L.crepitans, interspecific hybrids, inheritance,

flower coloration, flower shape, flower diameter.

BBEJIEHUE

BuyTpuBHuioBas ruOpuauzanus Ha OIPOTSHKEHUM J0JITOr0 BPEMEHHU OCTaBallach INIABHBIM METO0M
CO3JIaHMsI UCXO/IHOTO MaTepHaja B CEJIEKIUH JbHA U Oyarofaps el co3gaHo OOJIbIIOE KOJINYECTBO
coproB. OpHako pe3epBbl BHYTPUBUIOBOW PEKOMOMHAHTHOM WM3MEHYMBOCTH ITOCTENEHHO
ucuepneiBatoTcs. [lo MHeHno A.A. JKydeHKo, CylIecTByeT EeCTh Pa3HOBUIAHOCTEH MeHETHUECKUX
PECYPCOB, KIIIOUEBOM M3 KOTOPBIX SIBIISIFOTCS AMKHE POAMYU CENbCKOXO3AMCTBEHHBIX KyJIbTyp [1].
OpHuM U3 myTed pacHIMpeHUs] TeHEeTHYECKOro pa3HooOpaszusi MOXKET CTaTh MX NpUBJIEYEHUE B
rUOpUIN3AIHIO.

[lo MHEHWIO MHOTHX HCCieaoBaTeNied, UMEHHO TPH MEXBUOBON THOpUIM3aIu Onaromaps
MHTPOTPECCUU HOBBIX KOMILUIEKCOB T'€HOB MOXHO MOJYYUTh NMPUHLUUIHAIBHO HOBBIE T'€HOTHUIIBI.
BaxxHo OTMETHTB, YTO B pe3yibTaTe MEXBHUIOBBIX CKpEIIMBaHUN oOpasyeTcsi Oojiee IIMPOKHI
CHEKTP H3MEHUYUBOCTH, CpPEAN KOTOPOH MOXXHO BBIJCIUTH HOBBIC BHUAOBBIE (DOPMBI, a TaKke
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JIOHOPBI XO3SIICTBEHHO-IICHHBIX MPU3HAKOB. OJTO MOXET MOBBICUTH aJaNTHUBHBIN MOTEHIMAI
KYJIBTYPHOTO JIbHA, TO €CTh €r0 CIIOCOOHOCTh K BBDKMBAHHMIO M BocmpousBeaeHuto [1]. OmnHako
paboT Mo MPOBECHUIO MEKBHIOBOM THOPUIM3AINY JIbHA KpaifHe MaJlo.

A.Jhala ¢ coaBropamMu B O0030pHOH CTaThe OTMEUAJIM YCICIIHOE IPOBEICHUE MEXBHIOBOU
ruOpuaM3aniy  JIbHA PsSIOM uccienoBaTtenedd [2]. B wacTtHOocTH, OBUIM OMHCaHBI JEBSTH
KOMOWHAIMIA CKpEIIMBaHUs, NAIONIMX IUIOJOBUTOE IOTOMCTBO cpemu BuaoB ¢ h=15. Tak,
ckpemuBanus mexay Bugamu L. africanum, L. angustifolium, L. corymbiferum, L. decumbens u L.
usitatissimum ObUTH yCTICIIHBIMH, KaK MHHHMYM, B OJHOM HAIPaBICHUH CO BCXOXKECTHIO CEMSH
ruOpugHbix pactenuit F1 Ha ypoBHe 80-90%. Taxke ychemHble CKpEIIMBAaHUS OTMEYAIHNCh B
rpymme BuaoB JbHa ¢ N=9. Cpemum Hux ObuL1u 3axeiictBoBanbl L. alpinum, L. altaicum, L.
austriacum, L. julicum, L. narbonense u L. perenne. Panee A. Sectharam omuchiBayi ycrHemiHbie
CKpeIIMBaHus KyJIbTYPHOTO JibHa Linum usitatissimum c psgom qukux Buaos [3].

Hamu HauaTto yriryOiieHHOE HM3y4€HHE YEThIpEX OJNHOJETHHX JMKUX BHJOB ¢ N=15 u3 uucna
OMKalIINX POJCTBEHHUKOB KYJBTYPHOTO JIbHA, KOTOPBIC, COTJIACHO HM3BECTHOMY CHCTEMATHKY
C. IO3emuyky, otHOCsTCs K oHOM cekuuu Protolinum [4]. Lenbto naHHO#M pabOTh OBUIO H3YyUCHHE
HACJICIOBAHMS Psijla KaYeCTBEHHBIX W KOJMYCCTBCHHBIX IMPHU3HAKOB IBETKA Y MOJIYYCHHBIX B
MPOILIECCe UCCIICIOBAHUI MEKBHIOBBIX THOPHIOB TIEPBOTO MOKOJICHUS.

MATEPHAJIBI U METObI HCCJIEJOBAHUA

B kauecTBe Marepuana HCIOJB30BAIM O0Opa3ibl JMKHX OJHOJCTHHX BHAOB JbHa Linum
angustifolium Huds, L. bienne Mill., L. hispanicum Mill. u L. crepitans Dum. (n=15), a Taxxe
nuneinblid Matepuan L. humile Mill. (copt 30m0THCTBIN) U3 KOJUIEKIMU J1a00PATOPHH CEICKIIUH
npHa MHcTuTyTa Macnuunbix KynsTyp HAAH.

I'uGpuaHble pacTeHust OBUIA TOTYYEHBI IPU MCIIOIB30BaHUH METOIWKU PYyYHON KacTpauuu B (azy
OKpAIIEHHOT0 KOHyca OyTOHa ¢ MOCIEAYIOIINUM OIbUIEHUEM CBEXEeCOOPaHHOM MbUIBLIONW B TOT XKe
nenb. Pactenus Fi BelpaliyBagu B OTKPBITOM ITPYHTE B MOJIEBBIX YCIOBHSIX.

N3yuenne o6pa3ioB NMPOBOAMIMN MO MPU3HAKAM I[BETKA: OKpAcKa JIENIECTKOB, )KMJIOK JIEECTKOB U
MBUIBHUKOB; CTENIEHb PACKPBITUS, (OpMa U IUaMeTp LBETKA.

Pacuer creneHM NOMUHHUPOBAHMS MpPU3HAKA «IMAMETP LIBETKa» B MEPBOM IOKOJIEHUH THOPHUIOB
nposoawiu o popmyne G. M. Beil 1 R. E. Atkins:

_F-MP
P P-MP’

rne Fi1—cpennee apupmernueckoe npu3HaKa st TMHOPUAOB IEPBOTO MOKOJIECHUS,
MP — cpennee apupmMeTndeckoe MpU3HAKOB 000MX POAUTENBCKUX (OPM,
P — cpennee apudmernyeckoe poauTeNbCKOM GopMbl ¢ OOIBIIMM YPOBHEM MPU3HAKA.

[TonydyeHHble NaHHbIE MHTEPIPETUPOBAIIN CIEAYIOUIMM 00pa3oMm: O<hp<| 1 | — MPOMEKYTOUHOE
JOMUHHPOBaHUE (MIOTYyJOMUHUPOBAHHE), hp>| 1 | — CBEpXJIOMMHHUPOBaHHUE MPU3HAKA, hp=| 1 | —
MOJTHOE TOMHHUPOBAHHE, TO €CTh IMPOSBICHHWE NPU3HAKA Yy IOTOMCTBA COOTBETCTBYET YPOBHIO
MpU3HAKA OJTHOW U3 POAUTENBCKUX (popM [5].

MareMatnueckyto 00pabOTKy TPOBOJIWIM IO OOMICTIPUHATBIM METOJUKAM CTaTHCTHYECKOU
00pabOTKM IKCIIEPUMEHTAIIBHBIX TaHHBIX [6].

PE3YJIBTATBI U UX OBCYXAEHHUE

[To GonbIIMHCTBY MOP(OIOTHYECKUX MPU3HAKOB KYJIbTYPHBIC T€HOTHUIIBI JIbHA MAJIO Pa3InYyaroTCs.
M TONBKO LIBETOK MMEET AOCTATOYHO IIUPOKUI IMana3oH W3MEHYUBOCTH IO OKpacke U Gpopme, 4To
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MO3BOJISICT UCIOJIb30BATh JaHHBIC MPU3HAKU Kak MapkepHbie [7]. Co3maHue copToB, 00Ja1alonmx
YETKUMH MapKEePHBIMH TMPU3HAKAMH, 3HAYUTEIBHO O0JIETYaeT BEJEHHWE CEMEHOBOJICTBA, TaK Kak
MO3BOJISIET B 3HAYUTEIILHOM CTEIIEHU U30aBIISIThCS OT HEXKENATEIbHBIX MpuMecei [§].

Kak ykaswiBator MHOrme aBTopbl [9,10,11], mogamistomee OOJBIIMHCTBO KOMMEPUYECKHX COPTOB
JbHa MMEET TOoJIyOble JIENECTKH I[BETKA, YTO OCJOXKHSIET OT/ACJbHbIE 3Talbl CEJIEKIMOHHOTO
mpolecca, B YaCTHOCTH, NMPU THOpUAM3AINKN U 0TOOpE LEHHBIX PEeKOMOMHAHTHBIX (OpM, a Takxke
CHIKaeT A(P(HEeKTUBHOCTh CEMEHOBOJICTBA. [109TOMY M3YyYEeHUIO MPU3HAKOB OKPACKH JICTIECTKOB U
JPYTUX 3JIEMEHTOB 1[BETKA HaMU YJIEJIICHO IepBooUYepeIHOe BHUMaHue (Ta0m.1).

Tabmuua 1 — I[posiBieHne Ka4yecTBEHHBIX MPU3HAKOB I[BETKA Y MEKBUIOBBIX THOPHIIOB JIbHA U UX
POIUTENBCKUX (HOPM

Okpacka CreneHb ®dopma
I'enotun SKHJIOK PacKpBITUS IIBETKA
JIETIECTKOB MBUIBHUKOB
JICTIECTKOB HUBCTKA
30J10TUCTBIN benas — Kpemosas OTkpbITas OTkpbITas
L. angustifolium I"onybas +* IonyOas OTkpbITast OTKpbITas
F1 3onoructerit X
- l'ony6as + lony6as OTtkpbITas OTtkpbITas
L. angustifolium y y p p
L. hispanicum brenno-
P 8 + INony6as ITonyceepuyras | Kosnokonpyaras
romyOas
F1.30n0THCTRIH X TI'ony0Oas + T'ony0Oas OTKpBITast OTKpbBITas
L.hispanicum y y p p
L. bienne Csetiio-
+ INony6as OtkpbiTas OTtkpbiTas
romyOas
F1 3onoructerit x
. lNonyGas + lNonmyGas OTtkpbITas OTtkpbITas
L. bienne Y Y P P
L. crepitans I"onybas + I'onybas ITosycBepHyTas OTkpbITas
F1 3onotucterit X
. Cunsis + lNony6as [TonycBepHyTas OTtkpbITas
L. crepitans y YCBCPHYT p

[Mpumeuanus: *+ — HaJIMYUE OKPAcKU

CoryiacHO HalllMM pe3yJbTaTaM, HanOoJiee HACBIIICHHYI0 OKPAacKy BEeHYMKAa MMEHOT I[BETKH BUIOB
L. crepitans u L. angustifolium, Torma xak nenectku Benunka L. bienne memuoro csetiee (CBETIO-
ronyosie), a L. hispanicum wumeer camyio  cBernyio  (OnemHO-TONyOyr0) OKpacky. [lpu
CKPCUIMBAHUU JWKHX OJHOJETHUX BHJOB C OCJOLBETKOBOW JIMHUEH KYyJIbTYPHOTO JIbHA
YCTaHOBJIEHO, 4YTO y OOJBINIMHCTBA THOPHIIOB HAOJIONACTCS YCWICHHE OKPAacKH BEeHYHMKA. B
komOuHaiu 3omotucthiid X L. angustifolium romybas oxpacka BeHYMKa JbHA JOMHHHPYET Haj
0eyoll OKpacKoW KyJIbTYpHOW pPOIUTENHCKOW (PopMBI. Y THOPHIOB KOMOWHAIMI CKpENIMBAHUS
3onotucteiii x L. bienne, Somoructeiit X L. hispanicum u 3onotucteiit x L. crepitans okpacka
BEHYHKa SIBJISICTCS 00JIee HACBIIICHHOM, YeM OKpPacKa POJUTENbCKUX (HOPM.

l'ony6oii 1BET MBUTLHUKOB M HAMYHE OKPACKU Yy KHIIOK JIETIECTKOB OKa3aluCh JOMUHAHTHBIMU
npuszHakamMu. Kak BUIHO U3 Tabmuibl 1, HECMOTPS Ha OTCYTCTBHE OKPAIICHHBIX JKUJIOK y COpTa
3070TUCTRINA, Yy BceX TUOpHIOB F; OTMEueHO HanMMYuMe OKPACKU JKUJIOK OCHOBAaHHUS JIETIeCTKa
BeHUHMKa. PaHee apyrumu wmccienoBaTesiMU  OBUIO  yCTAaHOBJIEHO, YTO KpEMOBas OKpacka
MBUIbHUKOB HACIEAyeTCsl MOHOI€HHO M peueccuBHO [9, 12]. DTO coriacyercss ¢ HalluMu
rccaenoBaHusIMU. Bo Bcex mosydeHHBIX HaMu THOpuIax Fi MBITEHUKH UMENH TOTyOyI0 OKpPacKy.

Eme ogHuM mnpu3HaKoM, MO KOTOPOMY MPOBOJIMIIOCH HM3y4YEHHE, Oblla «CTENEHb PACKPBITUS
uBetka». B coorBercTBuM c Kkiaccudpukaropom BUP, 3ToT mpusHak nMeeT TpH NpPOSBICHUS:
OTKpbITasi, mojycBepHyras u cBepHyrtas [13]. Cpemu uccienoBaHHBIX HAMH TUKUAX BUAOB L.
angustifolium u L. Bienne, kak u KyJbTypHBIH BU, OB OTHECEHBI K OTKPBITOMY THITY, a BUIBI L.
hispanicum u L. crepitans k moaycBepHyromMy. Bmecte ¢ Tem, JBa MOCIEIHUX BUA B 3TOM ILJIaHE
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He opHOTUNHEL 1o HammM HaGmoaeHusM, L. hispanicum umeer Gosee pacKphITHIN IIBETOK HEXKETH
L. crepitans. ¥ wmexBugoBoro rubpumga Fi ¢ yuactmem L. hispanicum moMuHupoBan mpH3HAK
KyJbTYPHOTO BHJa, Torja Kak B F1 3omotucTerii X L. crepitans ormeuena mosrycBepHyTasi CTEIICHb
PACKpBITHA I[BETKA, IPUCYIIAsk AUKOMY BHIY.

Yro kacaercss ¢opmbl LBeTKa, TO jumib y L. hispanicum ona Oblia oxapakTepu3oBaHa Kak
KOJIOKOJIbYATasi B OTJIMYME OT OTKPHITOH Yy OCTAIbHBIX JUKUX BUAOB M COPTa 30JOTHUCTBIH. Y
rubpuia 3omotucThiii X L. hispanicum otkpeiTas opMa IBETKA MMOJHOCTHIO JOMHUHUPOBAIA HaJ
KOJIOKOJIbYaTOM.

Tabmuna 2 — CreneHb JOMUHUPOBAHUS NMPU3HAKA «IHAMETpP I[BETKA» y MEXKBUIOBBIX THOPUIOB
JIbHA

FeHoTHI Huamerp, Crenenb
MM JIOMUHUPOBAHUS
3010THUCTBIN 21,0+0,36
L. angustifolium 15,8 £0,44***
F1 3omoTuctsrii x L. angustifolium 17,1 £0,57*** -0,18
L. hispanicum 12,0 £0,20***
F1 3omoTuctsriii X L.hispanicum 15,5 £0,37*** ### -0,5
L. bienne 14,3 £0,40***
F1 3onoructsrii X L. bienne 17,1 £0,59%** ## -0,16
L. crepitans 17,2 £0,48***
F1 3omotuctsiii X L. crepitans 17,2 £0,75%** -1

[pumewanue: **, *** — ormmaus ot copta 3om0THCTHIN cymiecTBeHHBI Ipu P < 0,01 1 0,001 cooTBeTcTBeHHO; ##, ### —
OTIIMYUS OT JUKOTO poauTens cyuiectBeHHBI pu P < 0,01 1 0,001 cooTBeTCTBEHHO

[Tpu m3yyeHnn pasMepa IBETKa OBLIO YCTAHOBJIEHO, YTO CPEIAM BCEX HMCCIETYEMBIX OIHOJIETHHX
JIMKHX BUJIOB HAWOOJNBIIMM JTHaMETPOM IBeTKa ominuaercs L. crepitans (17,2 mm), 3a HUM
cnenytor L. angustifolium (15,8 mm) u L. bienne (14,2 mm), a camblii Menkuii nBetok — y L.
hispanicum (12,0 mm). TnameTp 1nBeTKka KyJIbTYPHOTO POAMUTENS copTa 30JI0TUCTHIH cocTaBisut 21,0
MM, YTO CYIIECTBEHHO O0JIblIIe pa3Mepa IBETKOB AUKHX BHJIOB.

AHanmu3 HaclleJIOBaHMs JAaHHOTO TNPH3HAKa CBHIECTEIHCTBYET, YTO B IMOKOJIEHHH F1 MEXBHIIOBBIX
ruOpuoB  Habmomaercss MO0  OTpULATENbHOE IMPOMEXYTOYHOE JOMUHUpPOBaHHE JIMOO
OTpHUIIATETFHOE TIOJIHOE JOMUHUPOBAHUE (CTENEHb TOMUHUPOBaHUs cocTaBisuia oT -0,16 10 -1). Bo
BCEX KOMOMHAIMAX IBETOK IO JUAMETpy ObUI CYIIECTBEHHO MEHbIE KYJIbTYPHOTO POJIUTENS U
OmmKe K JUKOH pomuTenbckoit ¢opme. A B komOuHanmu ¢ L. crepitans pa3mep 1BeTrka ObUI
MPAKTUYECKH PaBeH JUKOMY BUTY.

[Ipu mpoBeneHUH MOJIEBBIX MCCIIEOBAHUN HAMH OBLIO 3aMEYEHO, YTO Y TUKHX OJHOJETHHUX BHUJIOB
JIETIECTKU OMAJal0T paHblle, YeM y KYJIbTYpPHOTO I'€HOTHIIa W MEXBUJOBBIX rMOpumoB. M3 Bcex
U3y4aeMbIX JUKUX BUOB, IBETKH L. hispanicum u ero ruOpuaa OCHIMAINUCh PaHbIIE OCTATbHBIX.
OTMeYeHO TakKe, YTO B TACMYPHYIO MOT0J1y IBETKU AUKHUX BHJIOB OBICTpEE PACIyCKAIOTCS M MBUISAT
B CPaBHEHMH C KYJIBTYPHBIM 00pa3IoM.

B nanpHeiiniem HaMu IUIAaHUPYCTCA U3YUYCHHC FI/I6pI/IIIH01"O ITOKOJICHUA Fz C IECJIbIO BBIACICHUA
HOBBIX W HYXHBIX MApPKCPHBIX IPU3HAKOB [JIA CCICKOMOHHOI0 IIponecca W BCACHHA
CCMCHOBO/JACTBA.

BbIBO/IbI

1. YcTaHoBiEHO, YTO TONy0asi OKpacka BeHUYMKa JIbHA JTOMHHUpPYET HaJ Oenoi y rubpuna Fq
Bomotucteiii X L. angustifolium u sBastercst Gosee HachIieHHOW y THOpHmoB Fi KoMOWHAarmii
ckpetuBanus 300THCThIN X L. bienne, 3omotuctsriii X L. hispanicum u 3omotuctsiii x L. crepitans.
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2. VY BceX MOJy4eHHBIX MEXBHIOBBIX THOPUI0B JOMUHHPOBAIH T0OJIy0asi OKpacka MbIIIbHUKOB,
HaJINYKME OKPACKHU Yy )KUJIOK B OCHOBaHMH JIETIECTKA BEHYMKA U OTKpbITas (hopMa BEHUHKA.

3. BeisiBnieHo, 4uto y MexBuaoBoro rudpuaa Fi ¢ ysactuem L. hispanicum monnas creneHs
PACKpBITHs LBETKAa JOMHHHPYET HaJll IOJYyCBEpHYTOH, Toria Kak y rubpuga Fi xomOuHammm
CKpeluBaHus 30JO0TUCTBIA X L. Crepitans moiycBepHYTOCTh LIBETKa JIOMHHUPYET HaJ[ €ro
OTKPBITOCTBIO.

4. [Tpyr m3yyeHHH HaAclieOBAaHHS pa3Mepa IBETKa YCTAHOBJIEHO, YTO BO BCEX KOMOWHAIMAX
CKpCIMBAHUSA I[BETOK THOPUAHBIX pPACTEHUH 1O JuaMeTpy ObLI CYIIECTBEHHO MEHbIIE
KYJIBTYpHOTO POJUTENST M ONMKEe K JUKOW pOaUTEeNnbcKor ¢opme. B pactenusx F; reHorumnos
Bomotucteiii X L. bienne, Bomoructeiii X L. hispanicum u 3omotucteiii X L. angustifolium
HaO0II0IaeTCs OTPHUIATEIILHOE MPOMEXKYTOUHOE JOMUHUpPOBaHue. Y rubpuma F; 3omoructseiii x L.
crepitans moJHOCThIO JOMUHUPYET pa3Mep LBETKA JHUKOTO BHIA
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BJIMSTHUE MUKPOTAMETO®UTHOI'O OTEOPA Y THUBPHJIOB F,
MOJCOJTHEYHUKA HA YCTOMYUBOCTDb CIOPO®UTHBIX
MONYJISINUMN F, K PA3JINYHBIM ABUOTUUYECKHAM ®AKTOPAM
BHEIITHEH CPEJIbI

Tonkuii 1.B., Burkosckas }0.C., JIax B.A.

3anopoorcckull HaYUOHANbHBIU YHUBEpCUmMemn,
69600, Vxpauna, 3anopooicwe, yn. JKykosckoeo, 66

igor.totsky@gmail.com

B nanno# paboTe OBIIO M3Y4EHO BIHMSHHUE BBIACPKUBAHUA HBUIBIE THOpHAOB Fi moaconmHeuHWKa mpH
MOHM)KEHHOW TeMmepaType U €€ TMpOrpeBaHUss Ha XOJOJOYCTOMYUBOCTh, IKApPOCTOWKOCTh U
3aCyX0yCTOWYHMBOCTh CHOPOMHUTHOW mMOmynsiuu F, cOOTBETCTBEHHO. XO0JIOJOYCTOWYHNBOCTh OLICHUBAIH
NyTéM MpOpallUBaHUs CEMSH IPHU IOHMXKEHHOM Temieparype. JKapocTOMKOCTb yCTaHaBJIMBAIM IIO
ITOJICBOH BCXOKECTH MPOTPETHIX CEeMSAH. 3aCyXOyCTOWYMBOCTH OMPEAEISUIH IO MPOIEHTY MPOpacTaHUs
CEeMsH Ha pacTBOpe caxapo3bl. IIpoBeneHne raMeTOpUTHOr0 OTOOpa YBEIHYUIIO XOJOJOYCTOWYUB OCTH,
KapOCTOMKOCTh M 3aCYyX0yCTOMYMUBOCTh CHOPO(MUTHBIX nomysinuii F;.

Kuouesvie  cnosa: noocorneunuk, eubpuo Fi,  cnopopumnas  nonymayus F,  neliwyesoui  ombop,

XO0000YCMOUHUBOCb, HCAPOCIMOUKOCHb, 3ACYX0YCIMOUYUBOCTD.
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BILJINB MIKPOTAMETO®ITHOI'O IOBOPY ¥ I'IbPU/IIB F; COHSIIIHUKA
HA CTIMKICTB CITOPO®ITHHUX IOITYJIAIIN F, 1O PI3BHUX ABIOTHYHUX ®PAKTOPIB
3O0BHIIIHBOI'O CEPEJOBHUIIIA

Toupkwii I.B., Bitkosceka 10.C., JIax B.O.

3anopizvruil HayioHanbHUll yHigepcumem
69600, Vkpaina, 3anopiococs, syn. Kykoscvkoeo, 66

igor.totsky@gmail.com

VY nmiii poboti Oymo BHBYCHO BIUIMB BHTPUMYBAaHHS NWIKY riOpunaiB F; COHAmHWKAa TpW 3HIDKCHIH
TeMIIepaTypi Ta HOTO MPOTPiBaHHSA HA XOJOJOCTIHKICTh, KAPOCTIHKICTh Ta MOCYXOCTIHKICT crTOpodiTHOT
monynswii F, BiamoBigHO. X0IOZOCTIHKICTS OI[iHIOBAIN NIISXOM IIPOPOINYBAaHHS HaCiHHS MPH 3HIDKCHIN
temrepaTypi. JKapoCTifiKicTh BCTaHOBIIOBANM 3a IIOJIBOBOIO CXOXICTIO TPOTPITOrO  HACIHHA.
IMocyxocTiiKicTe BH3HAYaNW 32 MPOIEHTOM IPOPOCTaHHS HACIHHSA Ha pPO3YMHI IyKposu. [IpoBemeHH:S
raMeToiTHOTO JO0OOpY 30LNBLIMIO XOJIOJOCTIHKICTD, )KapOCTIHKICTh Ta MOCYXOCTIMKICTh CHOPO(ITHUX
nonyJsin Fp.

Kmouosi  cnoea: couswnuk, eiopuo Fi, cnopogimua nonynsyis F, nuikoeuit 000ip, xonodocmitikicme,

24CAPOCMIUKICINb, NOCYXOCMIUKICb.

INFLUENCE OF MICROGAMETOPHYTIC SELECTION IN F; SUNFLOWER HYBRIDS
FOR RESISTANCE OF SPOROPHYTIC F, POPULATIONS TO DIFFERENT
ABIOTIC ENVIRONMENTAL FACTORS

Totsky I.V., Vitkovska Yu.S., Lyakh V.A.

Zaporizhzhya national university
69600, Ukraine, Zaporizhzhya, Zhukovsky Street, 66

igor.totsky@gmail.com

In the southern regions of Ukraine sunflower is exposed to heat and dry growing conditions, which
significantly reduce its productivity and make it impossible to realize the full potential of productivity.
Sunflower growing in the northern regions of Ukraine and in more high latitudes of other countries is
unprofitable due to low temperatures, which also significantly reduce yields. Thus, breeding for
resistance to environmental factors is an important task in the development of sunflower.

Sunflower is a thermophilic plant. The optimum temperature for growth and development is 25-27°C, the
seeds start to germinate at 5-10°C, the seedlings can withstand short freezing about minus 5-6°C.
Requirements for heat during periods of rapid growth and flowering until maturity (July-September) are
particularly high. The optimum temperature for photosynthesis is 25°C. Sunflower is mesophyte.
However, it should be noted that the plant is very sensitive to moisture. Well developed crops consume
from 500 to 600 mm of water during the growing season, and the minimum water requirement is the 350-
400 mm of rainfall. The plants are especially sensitive to moisture during the formation of buds before
blooming. However, sunflower has the relatively drought resistance due to well developed root system
that effectively uses the water resources of soil, including the water resources that were accumulated
during the winter.

The breeding for increase of the heat resistance and drought tolerance in sunflower is known, but the
similar studies for increase of the cold resistance are not almost realized. Basically, sunflower breeding is
performed by traditional methods and the object of selection is the sporophytic generation of the life
cycle plant. However, selection for resistance to environmental factors is possible in the gametophytic
stage of the life cycle.

Researches on the application of gametophytic selection in sunflower breeding are not almost conducted.
However, in other crops, this method has been successfully used. The effective pollen selection for cold
and heat resistance was carried out in tomato, maize and plants of the Phaleonopsis genus. Also
gametophytic selection was successfully performed for drought tolerance in such crops as flax, castor and
sorghum.

The aim of this study was to determine the effectiveness of gametophytic selection in F; hybrids of
sunflower to increase the resistance of sporophytic F, populations to various abiotic environmental
factors.

Material of research was the F; sunflower hybrid of “dichotomous venation” X “xantha” cross
combination. The parental lines of this hybrid were contrasting in the heat, drought and cold tolerance.
“Xantha” and “dichotomous venation” lines were obtained by experimental mutagenesis. “Dichotomous
venation” mutant has the changed venation of the leaf. The plant is characterized by a dense network of
fanshaped veins, while the original line has the reticulate venation that is normal for sunflower. Mutant
trait is easily identified at the second pair of true leaves stage.

The hybrid of the first generation was obtained by forced pollination. Maternal plants were previously
emasculated.
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The pollen mixture of several inflorescences of F; hybrid was stored in parchment packages in a
refrigerator at 3+1°C during 7 days to perform the gametophytic selection for cold resistance. Evaluation
of pollen viability after storing at low temperature showed the significant decrease in this parameter
compared to the control. Then the previously emasculated hybrid plants were pollinated with the stored at
low temperature pollen. The plants pollinated with the fresh pollen were used as the control.

Evaluation of F, sporophytic populations for cold resistance was performed by seed germination at low
temperature. Seeds were treated with the 1% KMnO, solution during 10 minutes for preventing the mold
development. The seeds were placed in Petri dishes on the filter paper. 25 seeds were placed in each Petri
dish. The Petri dishes heated at 150°C during 1 hour for sterilization. 10 ml previously boiled during 5
minutes distilled water were poured in each Petri dish. 250 thousand units of nystatin and 2 ml of
Previkur per 1 liter were added in the distilled water. Closed Petri dishes were placed in a refrigerator at
5+1°C temperature. The percentage of germinated seeds was counted after 7 days of germination.
Gametophytic selection for heat- and drought resistance was carried out by heating of pollen. Part of the
fresh pollen in a layer of 1-3 mm height in the open parchment packages placed in the air bath oven and
heated at the temperature of 60+2°C during 1 and 3 hours. The pollen significantly reduced the viability
after heating. Fresh pollen was used for pollination in the control.

Seeds were heated at the temperature of 60+2°C during 15 minutes in a water bath to estimate the effect
of pollen heating on the heat resistance of F, populations. Then seeds were sown in the field. Survived
plants were counted during the flowering.

Drought resistance of F, populations after gametophytic selection was determined by seed germination
on sucrose solution. Seeds were treated for a period of 10 minutes with the 1% KMnO, solution for
preventing the mold growth. The seeds were placed in Petri dishes on the filter paper. 25 seeds were
placed in each Petri dish. The Petri dishes heated at 150°C during 1 hour for sterilization. 10 ml of 15%
sucrose solution were poured in each Petri dish. Nystatin (250 thousand units per 1 liter) and Previkur (2
ml per 1 liter) were added in the sucrose solution. The percentage of seed germination was counted in 4
days.

The significance of difference was evaluated using Student's t test.

The percentage of germinated seeds, obtained with the using the stored at low temperature pollen, was
compared with the percentage of germinated seeds, obtained after the pollination with the fresh pollen, at
the low temperature conditions in a refrigerator to determine the influence of the gametophytic selection
on the cold resistance of segregation F, populations.

Storage of the F; hybrid pollen at low temperature increased germination of F, seeds during their
germination at low temperature to 87,7% compared with the control where this parameter was 73,7%.
This indicates that the gametophytic selection was effective and increased the cold resistance of the
experimental sporophytic F, population compared with the control.

The effectiveness of the gametophytic selection for heat resistance was determined by comparison of the
number of survived plants after heating of F, seeds, obtained by using the gametophytic selection, and
the number of survived plants after heating of F, seeds, obtained after pollination with the fresh pollen.
As the result of the heating of F; hybrid pollen during 1 hour, the number of survived plants of F,
population after seeds storage in a water bath at the high temperature was increased 22,9% compared
with the control where F; hybrids were pollinated with the fresh pollen. Similar results were obtained
after pollination of F; hybrids with the pollen heated during 3 hours. In this case, the number of survived
plants in experimental F, population after heating of the seeds was more than 3,5 times higher than in
control. It should also be noted that the number of survived plants after seed heating was significantly
higher when the pollen heated during 1 hour instead 3 hours was used for pollinateion. But this difference
was 5,8%. All results show the increase of the number of the heat resistant genotypes in the F,
population, obtained with the use of gametophytic selection.

Influence of pollen selection on drought tolerance of sporophytic F, populations was studied by
comparison the germination of F, seeds, obtained after pollination with the heated pollen, and F, seeds,
obtained after pollination with the fresh pollen, during the germination on sucrose solution.

Heating of F; hybrids pollen influenced not only on the heat resistance, but also on the drought resistance
of F, sporophytes. This is indicated by the significant increase of germination of F, seeds, obtained after
pollination of F; hybrid with the using of heated during 1 hour pollen, when the germination took place
on sucrose solution compared to the control where F; hybrid was pollinated with the fresh pollen. In the
experimental population this index was 56,3%, while it was only 9% in the control. These data indicate
the significant increase of the drought resistance of F, population after gametophytic selection.

As follows from the obtained data, pollen heating increased not only the heat resistance, but also the
drought tolerance. There is also another method of gametophytic selection for drought tolerance, which
was effective. In this case the polyethylene glycol 6000 (PEG 6000) solution, which is an osmotically
active substance, is putting on the stigma of the parent plant. Therefore, this solution is the selective
barrier for pollen. Using of such selection technique was successful in sorghum.

Perspective of this study is the obtaining of the lines and varieties of sunflower, which are resistant to the
various environmental factors. The results of the investigation showed that the gametophytic selection
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techniques for cold and heat resistance are the effective methods and can be applied in breeding programs

to accelerate the creation of the valuable sunflower genotypes.
Key words: sunflower, F; hybrid, F, sporophytic populations, pollen selection, cold resistance, heat resistance,
drought tolerance.

BBEJEHHUE

B 10xkHBIX pernoHax YKpauHbI MOACOJHEYHUK MOCTOSHHO IMOABEPraeTcs BO3JACHCTBHUIO Kapbl U
3aCyXH, YTO 3HAUUTEJIBHO CHMKAET €ro NPOAYKTUBHOCTb U HE JAET BO3MOXKHOCTH IOJIHOCTBIO
peanu3oBaTh MOTEHIMAN YpoKkalHOCTH [1]. BeIpamrBanue moICOIHEUHUKA B CEBEPHBIX PETHMOHAX
VYKpauHbl U JpYrux IroCyJapCTB HEBBITOAHO HM3-32 BO3JCHCTBUS HMU3KUX TEMIEPATYp, KOTOPbIE
TaKKe 3HAYUTEIBHO CHIDKAIOT ypokaiiHocTh [2]. Takum o0pa3om, mpoBeneHue oTOOpa Ha
YCTOMUMBOCTh K aOMOTHYECKUM (pakTopaM Cpebl SBISETCS BAaXKHOW 3agadell B  CEJEKLIUU
MTOJICOJTHEYHUKA.

[ToaconmueyHuk sIBIsIETCA TEIUIONIOOMBBIM pacTeHueM. OnTuUManbHas TeMIieparypa JJis pocTa U
pazButusi cocraBisier 25-27°C, ceMeHa HauuHarT npopactaTe npu 5-10°C, BCXOapl MOTYT
MEPEHOCUTHh KPATKOBPEMEHHBIC 3aMOPO3KU 10 MUHYC 5-6° C. OcoOeHHO BBICOKHM TpeOOBaHUS K
TEIUTy B NEpUoAbl OypHOTO pOCTa W IBETEHHUS BIUIOTH 1O CO3peBaHUs (UIOJIb-CEHTSOPH).
OnTtumaneHas temmeparypa st ¢porocuaTe3a — 25°C. [lo OTHONICHHIO K Biare IMOJICOTHECYHHK
apnsgercs mezoputoMm. BMmecte ¢ TeM pacteHue oueHb TpeOOBATENBHO K Biare. XOopollo pa3BUTHIE
MOCEBBI 3a BereTalMoOHHBbIN mnepuoia mnoTpednstor or 500 mo 600 MM BoabI, a MUHHUMAJbHAS
noTpeOHOCTh B BojJe ymomierBopsierca mpu 350-400 mm ocaakoB. OcoOeHHO TpeOoBaTENbHBI K
BJIare PacTEHUs BO BpeMs 0Opa3oBaHus OyTOHOB /10 mBeTeHUs. OHAKO TOJCOTHEYHUK MPOSIBIIICT
OTHOCHUTENIbHYIO 3aCyXOyCTOHYMBOCTH Ojaroaapsi MOIIHONW KOpPHEBOM cHCTeMe, Naroleil emy
BO3MOXXHOCTh 3()(DEKTHUBHO MCTOIB30BATh BOAHBIC PECYPCHI MIOYBBI, B TOM YHCIIC ¥ HAKOTIMBIIHECS
B 3UMHUH niepuof [3].

Ecin  cenekuuoHHblE DPAa0OTBI 110 YBEIMYEHHMIO JKaPOCTOMKOCTH U 3aCyXOyCTOMYMBOCTH
MIOJICOJIHEYHUKA BEHYTCS, TO AHAJIOTMYHBIE HCCIECJOBAHMS 110 YBEIMYEHHUIO XOJIOAOCTOMKOCTH
MpaKTU4YEeCKH He peanu3yiorcss [4]. B ocHOBHOM, cenekuus MOJCOJHEYHHKA BeAETCA
TPaIULIMOHHBIMU METO/IaMU U OOBEKTOM OTOOpA SABJISETCS CIOPO(PUTHOE MOKOJIEHHE B ) KU3HEHHOM
LUKJIE pacTeHus. Bmecte ¢ TeM, CyIIECTBYeT BO3MOXHOCTb IIPOBEJACHHUS CEJNEeKIMU Ha
YCTOMYMBOCTh K a0MOTHYECKUM (haKTOpaM Cpebl U Ha TaMeTO()UTHOM FTarle )KU3HEHHOTO IIHKIIA.

HccnenoBanuss 1Mo NPUMEHEHHMIO T'aMETOPUTHOrO OTOOpa y TMOJCOJHEYHHMKA IPAKTHUYECKU He
nposogaTcs. OpHako y APYTHX KyJIbTyp O3TOT METOJ YXKE YCIEIWHO ucnoiab3yercs. Tak,
¢ dexTrBHAS THUIbIIEBAsS CEJICKIUS W Ha XOJOJOCTOMKOCTh, W Ha >KapOCTOMKOCTH Oblia
ocyImiecTBiieHa y Tomara [5], kykypy3sl [6] u pactenuit poma Phaleonopsis [7]. Taxxke ycnemrHo
MPOBEIEH TaMEeTOPUTHBIA OTOOP Ha 3aCyXOYCTOWYMBOCTH Y TaKUX KYJNbTYp, Kak JEH, KJIELIEBUHA
[8], copro [9].

Llenbto JaHHOTO MCCNEN0BaHUs ObUIO onpezeneHre Y3PPEeKTUBHOCTH NIPUMEHEHUsI TaMeTO(QUTHOTO
otOopa y rubpuaoB Fi mojpconHeyHNKa JJIs1 YBEIMUEHUS! YCTOMYMBOCTU CIIOPOMUTHBIX MOMYIISIUN
F2 K pa3nuuHbIM aOHMOTHYECKUM (haKTOpaM BHEUIHEW Cpebl.

MATEPHAJIBI U METOJbI UCCJIIEJOBAHUSA

MarepuanoM wuccrnenoBanust Obl TuOpua Fi1 KOMOMHAIMM CKpEIIMBAaHUS <«AMXOTOMHYECKOE
KWIKOBaHHE» X «Xantha», poauTenbCcKkue JUHUM KOTOPOTO OBUIM KOHTPACTHBIMU IO
KapPOCTOMKOCTH, 3aCyX0- U XOJIOJI0yCTONYUBOCTH.

Jluann «xantha» W «IUXOTOMHUYECKOE >KUIKOBAHUE» TMOJYYCHBI MYTEM SKCIEPUMEHTAIBHOTO
MyTareHe3a. MyTaHT «IMXOTOMHYECKOE KHIIKOBAaHHE» HMEET H3MEHEHHOE >KHIIKOBAHUE JIMCTA.
Pactenne xapakTepu3yeTcsi TyCTOl CEThI0O BEepOOOPaA3HO PACIIONOKEHHBIX KUJIOK, B TO BPEMsI Kak
UCXOJHAsi JIMHUS HMMeeT OOBbIUHOE [UIsl MOJACOJHEYHUKA CETYaTO€ KIJIKOBaHHWE. MyTaHTHBIH
MIPU3HAK XOPOIIIO WACHTH(PHUIIUPYETCS YKE Ha CTaJIMM BTOPOU Mapbl HACTOSIINX JIUCThEB [10].
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I'uOpua mepBOro MOKOJIEHHS MOJy4yald C TOMOIIbIO MPUHYAUTEIBHOTO MEepeonblUieHUs. Y
MaTEPUHCKHUX PACTEHUH 3apaHee IPOBOAMIIACH KACTpaLUs.

Jlnsi mpoBeieHUsT raMeTO(PHUTHOTO OTOOpa Ha XOJOJOCTOMKOCTh HBUIBLEBYI0 CMECh HECKOIBKHX
couBeTuid rubpuaa Fi B INepraMeHTHBIX NAKETUKAaX BBIJEPKUBAIU B XOJOJWIBHUKE IpU
temneparype 3+1°C B teduenue 7 cyrok. OmpeneneHHe XKM3HECIIOCOOHOCTH MBUIBLBI TOCIE €€
XpaHEHUs NIPU MOHMKEHHON TeMIIepaType N0Ka3aao 3HAaYUTEIbHOE CHUKEHUE JAHHOTO ITOKa3aTels
II0 CPAaBHEHUIO C KOHTPOJIEM. XpaHUBILIEHCS NPU NOHWKCHHOW TEMIIEpaType NbLIbLON ONbUIIIN
paHee KacTpHpPOBAHHBIE THOPUAHBIE pPAacTEHHS. B KauecTBe KOHTPOJS MCHOJIB30BATIH PACTCHHS,
OTIBUIEHHBIE CBEKECOOPAHHON TBLIBIION.

OneHky crnopoUTHBIX MOMyNsAnuil F2 Ha XO0JIOIOCTOMKOCTh MPOBOAWIM MYTEM MpPOpAIIUBAHUS
CeMsH MpHU MOHWXKEHHOW Temmeparype. Cemena oOpaOarpiBasii B TeueHue 10 munyT 1%-M
pactBopom KMnO, amnst mpenoTBpalieHus pa3BUTUs MIECEHU. 3aTeM CeMeHa pacKiaJbIBalIu Mo 25
mMTYK Ha GUIbTpoBalbHYI0 Oymary B damku [leTpu, mnpeaBapuTeNnbHO NPOrpeThie s
crepwinzamuu npu 150°C B Teuenne 1 yaca. B kaxnyto wamky llerpu namuBanmu mo 10 mn
MIPE/IBAPUTENILHO MPOKUIITYEHHON B TE€YCHHE 5 MUHYT JUCTHJUTMPOBAHHON BOJIbI, B KOTOPYIO OBLITU
no6asiensl HUCTaTUH (250 ThIc. en. Ha 1 nutp) u [IpeBukyp (2 ma Ha 1 nuTp). 3aKpHITHIE YALIKU
MOMEIIATH B XOJOAWIBHUK C Temneparypoil 5+1°C. Uepe3 7 CyTOK MOACUUTHIBAIU TMPOLECHT
npopocmux cemsH [11].

I"ameroduTHBINA 0TOOP HA XKapO- U 3aCYXOYCTOWYMBOCTH MPOBOJMIN MyTEM MPOTPEBAHUS MbLUIBIIBL.
Yactp cBexkecoOpaHHOMN MBUIBLIBI CJI0EM 1-3 MM B OTKPBITHIX NEPTaMEHTHBIX MAKETUKAX MOMEIAIH
B TEPMOCTAT U INPOrPEBaIIM B ABYX pexxkumax npu temieparype 60+2°C B reuenue 1-ro u 3-X 4acos.
[Tocne mporpeBaHusi MbLIbIa 3HAYUTEIHHO CHIDKAIA CBOKO YKU3HECIOCOOHOCTh. B KoHTpone amns
OTIBIJICHUS UCIIOJIH30BAJIM CBEKECOOPAHHYIO MBUIBILY.

JInst OeHKY BIMSIHUA MPOTPEBAHMS MBUIBIBI HA )KAPOCTOMKOCTh mony i Fy ceMena noaepraiu
nporpeBanuto mpu Temneparype 60+2°C B teuenue 15 mMuHyT B BoasHOM Oane [11]. 3arem ux
BBICEBAJIM B M0JI€. B nmeproa nBeTeHns IPOBOAMIIA YYET BBKUBIINX PACTCHUM.

3acyx0yCTOHYMBOCTh TomyJsiiuii Fp mociie mpoBefeHUs: ramMeTo(puTHOTO OTOOpa Ompeaessin
MyTEM MPOpAIIMBAHUS CEMSIH Ha pacTBope caxaposbl. CemeHna oOpabarbiBanu B TeueHne 10 MUHYT
1%-m pactBopom KMnO, it mpenoTBpamieHus: pa3BUTHs IJIECEHU. 3aTeM pPacKIaabIBaIN 1O 25
IMTYK Ha OQWiIbTpoBalbHYI0 OyMary B damku [lerpu, mpenBapuTeNbHO MNPOTpeThie s
crepunuzanuu npu 150°C B teuenue 1 yaca. B xaxnyto wamky Iletpu nanusanu mo 10 ma 15%-
HOTO pacTBOpa caxapo3bl, B KOTOPBIA ObutM n00aBieHbl HUCTATHH (250 ThIC. en. Ha 1 JuTp) U
ITpeBukyp (2 Mt Ha 1 nuTp). YUepes 4 cyTOK MOJCUUTHIBAIM MTPOLEHT Mpopociux cemsH [11].

Cyl11ecTBEHHOCTh OTJINYMI OLIEHUBAIM C UCIIOJIb30BaHUEM KpUTEepHUs CThIOJEHTA.
PE3YJIBTATBI U UX OBCYXAEHHUE

Jlnst onpeneneHust BIUSHUS raMeTo(pUTHOro oTOOpa Ha XOJOJOYCTOMUMBOCTH PACIIEIUISIONIUXCS
nonymsinuit F, cpaBHMBaJIM TPOLEHT MNPOpPACTaHMsI CEMSH, IOJYyYEHHBIX C HCIOJIb30BAHUEM
BBIJICP’)KAHHOM I[P IOHM)KCHHOW TEMIIEpaType IMbUIbLLI, M IPOLEHT IIPOpacTaHUs CEMsH,
MOJIYUEHHBIX I10CJI€ ONBUICHUS PACTEHUN CBEKECOOpPAHHOM MbUIBLION, B YCIOBUSX MOHMKEHHON
TeMIepaTypbl B XOJOAMIbHUKE (TabIuIIa).

Tabmuma — Bnusaue rameroduTHOro OTOOpa y THOpHMIa mMojcoiHeYHHWKA Fi KomMOWHAIm
CKPCIUIMBAHUS «IMXOTOMHYECKOE JKHIIKOBaHHE» X «Xantha» Ha ycTOWYMBOCTH CIOPO(PUTHOU
nonyisiuu F, k abnotryeckuM pakTopaM BHEIIHEH cpeibl
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Cemena F TporienT

BCEr0 | IPOPOCIO | mpopacTaHus, %

O0paboTKa MBUTBIIBI Ouenka nomynsuu F;

["ameTouTHBIN 0TOOP Ha X0JI0I0YCTOHIMBOCTh

CaexxecoOpaHHasl MBUTBIIA TIpopanuBane cemsi 365 269 73,7+2.30
0 npu Temneparype 3°C B
Xpanenue nbuiblbl Tpu 3°C restere 7 CyroK 415 364 87.7+1.61*

B TEUEHHUE 7 CYTOK

["ameTouTHBIN 0TOOP HA )KAPOCTOUKOCTH

CexxecoOpaHHas bUIbIIA 864 56 6,5+0,84
IToneBas BcXoXeCThb
[IporpeBanue MBLUTBIBI IPU MOCIIe IPOTPEeBaHUs 827 243 29 441.58%
60°C B Teuenue 1 gaca CEMSH B BOISIHOU OaHe ’ ’
npu 60°C B Teuenue 15

[IporpeBanue NbUIbLBI IPU

MUH o
60°C B Teuenue 3 4acoB . 543 128 23,6+1,82

["ameTouTHBIN 0TOOP HA 3aCYXOYCTOHYNBOCTD

CaexecoOpannas nbutblia | [IpopamiuBanue ceMsiH Ha 480 43 9,0+1,31
15%-m pacTtBOpE
IIporpeBanue NbLIBLEI TP caxapo3bl B TeueHue 4 806 454 56.3+1.75%
60°C B Teuenue 1 yaca CYTOK T

[Mpumeuanue: * — oTMumst OT KOHTpouist cymectBeHHbl npu P < 0,001; # — oTinuyms MeX1y ONBITHHIMA BapHaHTaMHU
cymectBeHHs! ipu p < 0,05.

BeinepxuBanue mbuiblbl TMOpUIOB F1 MpHM MOHMKEHHOM TeMmmepaType YBEIWYMIIO BCXOXECThb
cemsiH F» Bo BpeMs UX IpoOpalMBaHus B YCIOBUSAX HU3KHUX Temmepatyp A0 87,7%, 1o cpaBHEHHIO C
KOHTPOJIEM, TJl€ JaHHBIM IOKa3aTenb cocTaBisil 73,7%. OTO CBHIETENBCTBYET O TOM, 4YTO
IpoBeJeHNEe TramMeTopUTHOro otbopa ObUIO 3(PGEKTUBHBIM U YBEIMUUIO XOJIOJAOYCTONYHMBOCTH
OIBITHOM cropo(UTHOMN monyssiuuu F7 o cpaBHEHUIO ¢ KOHTPOJIEM.

O¢ddexTuBHOCTH raMeTOPUTHOIO OTOOpa Ha KAPOCTOMKOCTH OIpEenesuld NpU CpPaBHEHUH
BBDKMBAEMOCTH PACTEHUU TMOCJIE TPOTrpeBaHusi ceMsH Fp, TOTYy4eHHBIX C HCIOJIb30BAHUEM
raMeToUTHOTO 0TOOpa, M BBDKUBAEMOCTH PACTCHHI ITOCIIe MPOTPEBAHUS CeMSH Fp, TOTYyICHHBIX
OT OTBUJICHHSI CBEKEeCOOpPaHHOU MBLIBION (TabmuIa).

Pesynbrarom mnporpeBaHus mbuiblibl rHOpuaa Fi B Teyenwe 1 wyaca ObUIO yBEIUYEHHE
BBDKMBAEMOCTH pPAcTeHUH momynsauuu Fy mocne BblIep)KUBaHHMS CeMsSH B BOJSHOW OaHe mpu
MOBBIIEHHON TeMIiieparype Ha 22,9% 1o cpaBHEHHIO C KOHTpoOJIeM, e rudpuisl Fi ombuisim
CBe)KeCOOpaHHOW MbUIbIONH. CXOIHBIA pe3ynbTaT HAOMIOJNANCAs W NPU ONbUICHHH TUOpUAoB Fiq
MBUIBIIOW, TIPOIPETOM B TeueHHe 3 4acoB. B 1aHHOM ciiydae BBDKHMBAEMOCTbh PACTEHHUM OIBITHOU
nonynsuuu F, mocne nporpeBaHust ceMsiH Oblia Oojiee yeM B 3,5 pasa BhIE, YeM B KOHTpOJIE.
Takxe cieayeT OTMETUTh, YTO BBDKUBAEMOCTb PACTEHMI 1OCIIe MPOrpeBaHUs CeMsiH Oblia 3HAaYUMO
BBIIIIE, €CJIM 711 ONBUICHUS MCIOJb30BAJIM MbUIbILY, IPOTPETYIO B T€YeHHE | Yaca, a HE 3 4acoB,
XOTh 3Ta pa3HHIa U cocTaBisiia 5,8%. Bce momydueHHble pe3yabTaThl YKa3bIBAalOT Ha yBEIMUYEHUE
KOJINYECTBA JKApPOCTOMKMX TEHOTUIOB B MOMyMsAIUM Fp, MOTy4eHHOM NpU HCMOIB30BaHUU
ramMeTo(uTHOro 0TOOpA.

Brnusinue mpuiblieBoro ordopa Ha 3aCyXO0yCTOMYMBOCTH MOMYJIAIMI criopoduTtoB F, ObLIO H3yueHO
myTéM CpaBHEHHS BCXOXKECTH CEMsH Fp, MOydeHHBIX MOCIE OMBUICHUS MPOTPETON MBUIBIION, U
ceMsH Fp, MolyueHHBIX IMOCIE OMBUICHUS CBEXECOOPAHHOM MBUIBIION, NMPU NPOpAIIMBAHUHM HA
pacTBope caxapo3bl (TadiauIa).
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[IporpeBanue mnbuTbIBI THOpUAOB Fi1 BIMSAIO HE TONBKO Ha IKAPOCTOWKOCTb, HO U Ha
3aCyX0yCTOMYMBOCTh criopoduToB Fp. Ha 3T0 yka3piBaeT 3HAUMTEIIPHOE YBEIMYCHHUE MTPOPACTAHUS
ceMsH F,, momyuyeHHBIX B pe3yinbrare omnbuleHuss rubpuzna Fi mporperoii B TeueHue 1 yaca
MBUIBIIOW, IPU IPOPALIMBAHUN HA PACTBOPE Caxapo3bl 10 CPABHEHUIO C KOHTPOJIbHBIM BapUaHTOM,
rre ombUieHHe rudpuaa Fi mpousBogwiaM cBexecoOpaHHOM MbUIBIONH. B ombITHOM BapuaHnTe
JAHHBIA ToOKa3zaTenb gocturan 56,3%, B TO BpeMsi Kak B KOHTPOJI€ OH COCTaBJIsI JuIlb 9%.
[IpuBeneHHbIE JaHHBIE YKa3blBAlOT Ha 3HAUUTEIbHOE YBEIMYEHHE 3aCyXO0YCTONYHMBOCTH
nonyisituu F, mocine nposeaeHust raMeTo(UTHOTo 0TOOpa.

Kak cienyer U3 mojydeHHBIX JAaHHBIX, IPOTPEBAHKE MBUIBIBI IPUBEIO HE TOJIBKO K YBEITMUYCHHIO
KApPOCTOUKOCTH, HO M 3aCyXOyCTOHYMBOCTU. CyIIECTBYET TakKe Apyras METOAMKA MPOBEICHUS
ramMeTopuTHOr0 O0TOOpa Ha 3aCyXOyCTOMUMBOCTH, KOTOpas mMmokazayia cBoio 3¢ddexkruBHoCTh. EE
0COOCHHOCTBIO SIBJIICTCSI TO, YTO Ha PBUIbIE MAaTEPUHCKOTO PACTEHUSI HAHOCHUTCS PACTBOP
nonaTuieHrmkost 6000 (IT3I 6000), KOTopbIi SBASETCS OCMOTHYECKH aKTUBHBIM BEIIECTBOM W,
CIICZIOBATEIILHO, SIBISICTCS CEICKTUBHBIM 0apbepoM IUIsi MbUIIBL. MCIONb30BaHNEe TaKOH TEXHUKH
orbopa ObLI0 yermemHbM y copro [9]. B manbHeiiieM miaHupyeTcs: poBeAeHHEe TaMeTOQUTHOTO
0TOOpa Ha 3aCYyXO0YCTOWYHBOCTH Y MOJICOJTHEUHUKA C UCIIOJIB30BAHUEM TPEICTABICHHON METOIUKH.

[lepcnekTHBOM MaNbHEHUIIEro HCCIEHOBAHUS SIBJIACTCS IOJYYEHHE YCTOMYMBBIX K Pa3IMYHBIM
(bakTopaM BHEIIHEHN cpe/ibl IMHUIA U COPTOB MO/ICOJHEUHUKA. Pe3ynbTaThl Uccae10BaHUs [TOKa3ally,
9TO MeTOoAMKa TaMeToduTHOro otbopa sBisercs 3(PPEKTHBHONM U MOKET NPUMEHSATHCS B
CEJICKLIMOHHBIX IIporpammax i yCKOPEHHs CO31aHMs LIEHHBIX TCHOTUIIOB ITOACOIHEYHUKA.

BbIBO/IbI

1.  OnbuieHue BblACpXKAHHOW B TeueHHEe 7 cyTok mnpu mnoHmwxkeHHod (3+1°C) temmepatype
NbUIBLON TuOpuA0B F1 110 cpaBHEHMIO C ONBLIEHUEM CBEKECOOpPaHHON NBLILION YBEINYMBACT
X0JI0A0YCTOWYMBOCTb CIIOPOGUTHBIX NONMYJALUM F, Ha UTO yKa3bIBaeT Jiydlllee IpopacTaHue
CeMsH MPU NOHWKEHHOU TemIepaType.

2.  IlporpeBanue mbuiblibl ruOpuoB F1 npu temnepatrype 60+2°C B Teyenue 1-ro u 3-X yacoB
nepeJl ONbUIEHUEM 3HAYUTEIbHO YBEINYUBAET XKApPOCTOMKOCTh CIOPOMUTHBIX momynsauui F
10 CPABHEHUIO C MOMYJSLUSAMHU, OJTYYEHHBIMU M1OCIIE ONBIJICHUS CBEXKECOOPaHHOM MBUIBLIOM.
O06 STOM CBUIETENLCTBYET OoJjiee BBICOKAs BCXOXKECTh IPOTPETHIX CEMSH B IOJEBBIX
YCIIOBUSIX.

3. Omburenue nporperoii npu temmeparype 60+2°C B TeueHnue 1-ro yaca meUibIoi ruOpuaos Fq
3HAYUTENbHO YBEIUYMBAET 3aCyXOYCTOHMUMBOCTH CHOPOGUTHBIX momymauuit F, 1o
CPaBHEHHIO C  KOHTPOJIbHBIMH  TMONYJSALUSAMH, IOJIYYEHHBIMH TIOCJIE€  ONbUICHUS
cBexkecoOpaHHON MbLIbION. [loATBEp)KIEHNEM 3TOTO SIBIISETCS JIydlllee MPOpPacTaHue CeMSH
Ha pacTBOPE Caxapo3bl.
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XAPAKTEPUCTHUKA IIVIACTUIHOTI'O AIIITAPATA
XJTOPOOPUJIVIBHBIX MYTAHTOB JIBHA MACJINYHOI'O
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N3yyena mopdosiorus MIACTHIHOTO ammapara MyTaHTOB JjbHa macimguoro (Linum humile Mill) ¢
pasHbIM THUIOM XJOpOQHIUIBHON Hemoctarounoctu — Viridis, xantha u xantho-viridis B cpaBHeHuu ¢
UCXOOHBIM copToM Lluan. BoisiBieHO, 4YTO XIOPOMUIIbHBIE MYTAHTHI JIbHA HMCIOT H3MEHEHHBIN
IJIACTUIHBIN ammapaT. V3MeHeHHWe IJMHEWHBIX pa3MepoB M TPOM3BOJHBIX IOKa3aTelel (IIIolianu
CeyeHUs U 00beMa) XJIOPOILIACTOB 3aBUCHT OT THIA MyTauuu. MyraHT Tuma Xantha umeeT MUIHHAPO-
00pazHy0 (HopMy XIOPOILIACTOB.

Knioueswvie cnosa: Linum humile Mill., xzopogunneneisi mymanm, viridis, xantha, xanthoviridis, xzoponaacm,

Mopghonoaus.

XAPAKTEPUCTHUKA IUVIACTHIHOI'O AITAPATY XJIOPO®LIBHUX MYTAHTIB JIbOHY OJIMHOI'O
Spannesa B.B., JIsx B.A.

3anopizbkuti HayionantLHull YHigepcumem
69600, Yxpaina, 3anopiscoics, eyn. Kykoecvrkozo, 66

VIKA.yaran@mail.ru

BuBueHa MopdoIOrisi MIACTHAHOTO amapaty MyTaHTIB JboHY omiitHoro (Linum humile Mill.)) 3 pizaum
oM xiopodinbHUX HegocTaTHOCTI — Viridis, xantha i xantho-viridis y mopiBHsHHI 3 BUXiZHUM COPTOM
{nan. BusBneHo, mo XiopoginbHi MyTaHTH JBOHY MalOTh 3MIHEHUH IMJIACTHIHHMK amnapaT. 3MiHa
JMHIAHUX PO3MIpIB Ta MOXIAHHUX MOKAa3HHKIB (IJIOMII Hepepidy Ta 00’e€My) XJIOPOIUIACTIB 3aJIe)KHUTh Bij
TUmy MyTarii. Myrtant Tamy Xantha mae numiaaponoaibHy GopMy XJIOPOILIACTIB.
Kniouosi cnosa: Linum humile Mill., xnopoginenuit mymanm, viridis, xantha, xanthoviridis, xzoponaacm,
Mopgonoeis.

CHARACTERISTIC PLASTID APPARATUS CHLOROPHYLL MUTANTS OF OIL FLAX

Yarantseva V.V., Lyakh V.A.

Zaporizhzhya national university
69600, Ukraine, Zaporizhzhya, Zhukovsky Street 6

VIKA.yaran@mail.ru

Flax is important of technical and oilcrop in the world. Linseed oil is used in food, medicine,
manufacturing oil-based paints, varnishes, linoleum, etc. The variety of areas of cultivation and uses of
this crop required of the creation of various flax varieties with high photosynthetic activity for great yield
formation.

Photosynthesis is an important process which ensures the growth and development of plants. The ability
of plants to photosynthesize and its intensity depends primarily on the pigment composition, structural
features of the photosynthetic apparatus, environmental factors, mineral nutrition, and others. The main
organ of photosynthesis in higher plants is the leaf, and the features of its structure provide autotrophic
type of food which is characteristic for the plant body. Chloroplasts with the contained pigments are the
basic structural and functional unit of the photosynthetic apparatus.

For many years, the chlorophyll mutants that have significant morphological changes in color of plants
are a convenient model for studying the processes of photosynthesis and structures that take a direct part
in it. The intensity of photosynthesis in chlorophyll mutants is about 10 times lower than the rate of
photosynthesis in green plants. Mutants flax produced in the course of research on experimental
mutagenesis are very interesting subject for the study of physiological and biochemical aspects of
photosynthesis.

The aim of this study was to investigate the differences in the structure of the plastid apparatus in
mutants with different types of chlorophyll deficiency.

As a material, the varietn Tsian and received at its base through induced mutagenesis mutant lines M -80,
M-81 and M-84, characterized by different types of chlorophyll deficiency were used.

Tsian is a varietn of linseed. The plant is green, medium-leaved, leaves are broadly lanceolate.
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Mutant line M-80 was obtained by irradiating the seeds of variety Tsian using the dose of 400 Gy.
Cotyledon leaves are light yellow, with the growth of the plant it is green, but its color is different from
the normal green. This chlorophyll change applies to viridis type.
Mutant line M-81 was isolated from a variety Tsian by irradiation dose of 400 Gy. Plants of this line have
a characteristic white-yellow color. With the growth bright yellow pigmentation fades and the plants
before the end of the growing season, have the traits of severe depression. Mutation is related to the type
of xantha.
Plants of the mutant line M-84, obtained by irradiation dose of 700 Gy, have a distinctive dirty-yellow
color of the leaves. Mutation is related to the type of xantho-viridis.
To study the plastid morphology, the selected leaves were fixed in a Temper mixture containing 0.2% of
copper chloride, 0.2% of copper nitrate, and 1% of phenol, which allows to keep the coloring of the
chloroplasts. Then the leaves were waxed, cross-sections were prepared using MPS-2 rotary microtome
and dewaxing was conducted. For this, glass tvilh glued cross sections were washed in three changes of
xylol, two changes of 100% alcohol, a change of 75% alcohol, a 50% alcohol and three changes of
distilled water. The time of each treatment was about 2 — 3 minutes. Then the sections were put into
glycerol and covered with cover glasses. The resultant preparations were photographed using XS-3330
microscope trinocular and MAB88-500 eyepiece cameras at magnification of X640 and x1600 times. The
dimensions of chloroplasts were measured by standard methods using the ocular micrometer. To
characterize the plastid apparatus cross-sectional area and volume of chloroplasts was calculated using
the procedure of A.T. Mokronosov.
The results were processed using standard methods of mathematical statistics.
Mutant lines M-80, M-81 and M-84 are characterized by different expression of negative chlorophyll
changes — viridis, xantha and xantho-viridis, respectively. By the time of the study (at the stage of
«Horring boney) the plants both had chlorophyll part and green part. In this case, the localization of
chlorophyll area (upper, middle or lower part) on the plant depended on the type of mutation. As control
the variety Tsian with normal green color of leaves was used.
As seen from Table 1, the chloroplasts of mutant lines in both length and width, in the most cases were
significahely different from varietiy Tsian. There was a decrease in their linear dimensions.
Chlorophyll mutants of linseed were also characterized changes by the in the shape of chloroplasts.
Thus, chloroplasts of mutant M-81 (xantha) were much narrower than the control. On the basis of the
ratio of length and width chloroplast in the mutant M-81 it was found that its chloroplasts have the shape
of the cylinder. The chloroplasts in mutant M-84 (xantho-viridis) size were not significantly different
from the control, but had a spindle-like shape (Figure 2). The chloroplasts of the mutant M-80 (viridis)
by the shape does not differ from the control, but have a smaller size.
The cross-sectional area and volume of chloroplasts was also calenlated. As seen in Figure 3, cross-
sectional area of chloroplasts most reduced in the mutant M-80 (1.7 times). Mutant M-81 is characterized
by the maximum decreasing in volume of the chloroplasts amory the mutants (2.4-fold). It should be
noted that the mutant M-84 is characterized by the smallest reduction of cross-sectional area and volume
of chloroplasts — 1.3 and 1.5 times, respectively.
It was revealed that the chlorophyll mutants of linseed have a modified plastid apparatus. Change in
linear dimensions of chloroplasts depends on the type of mutation. The mutants xantha and xantho-viridis
types change the shape of the chloroplasts. The mutant of xantha type has chloroplasts of cylinder-like
shape. The mutant of xantho-viridis type is characterized by the lowest changes of indirect parameters of
chloroplasts.

Key words: Linum humile Mill., chlorophyll mutant, viridis, xantha, xanthoviridis, chloroplast, morphology.

BBEJIEHHUE

Jlen — BaxHasi B MHpe TEXHUYECKass U MaciHuyHas KyJabTypa. JIbHSIHOE Macjo HCIONb3yeTcs B
MUTAHUHU, MEIHUILIMHE, TPOU3BOJICTBE MACIISHBIX KPAacoK, on(bl, JIUHOIEYMa U T.1. MHOrooopasue
30H BBbIpAlIMBaHUS U HaNpaBle€HUI HCHOJIb30BAaHUS KYJIbTYpbl OOYyCIaBIMBAaET HEOOXOAMMOCTh
CO3JIaHMsI PA3JIMYHBIX COPTOB JIbHA C BBICOKMMHM MOKa3aTeNsIMU (POTOCHHTETUYECKON aKTUBHOCTH
i popmupoBaHus OosbIoro ypoxas [ 1, 2].

@®oToCHHTE3 SBISETCS BAXKHEWIIMM IMPOLIECCOM B OOECIIEYEHHMH pOCTa U Pa3BUTHUS PACTCHUH.
CriocoOHOCTh pacTeHHH K (OTOCHMHTE3y W €ro HHTEHCHUBHOCTh 3aBHUCAT TNPEXKAE BCEro OT
MUTMEHTHOTO COCTaBa, OCOOCHHOCTEH CTpOeHHs (POTOCHHTETHUECKOro ammapara, 3KOJOIMYECKHX
(bakTopoB, MUHEpaIbHOrOo NMUTaHUS U Jp. Bo Bpems sBomonuu y pacteHuil chopMUPOBAIUCH
cnienu(pudyeckue CTpyKTyphbl, oOecrieurBaroIue mporecchl GOToCHHTE3a, IPUBOAAIINE B KOHEUHOM
WUTOT€ K CBSI3bIBAHUIO YTJIEKHCIIOTHI, BBIACICHUIO KHUCIOpPOJA M CHHTE3y caxapoB. [J1aBHBIM
opraHoM (OTOCHHTE3a Yy BBICIIUX PACTCHUN SBISETCA JIUCT, a OCOOCHHOCTH €ro CTPOEHUS
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o0ecreynBalOT aBTOTPOGHBIA TUN TNUTAHWUSA, XapPaKTEPHBIM Ui PAaCTHTEIBHOTO OpraHH3Ma.
XJIOpOIUTaCThl C COMACPKAIIMMHUCS B HUX MHUTMEHTAaMH SIBJISIIOTCS OCHOBHOW CTPYKTYPHO-
(bYHKIIMOHATIBHOM eMHKIeH (oTOoCHHTETHYECKOoro anmnapara [3-5].

B Teuenue MHOruX JeT yIOOHON MOJENbBIO JUIsl U3YYEHHs MPOLECCOB (POTOCHHTE3A U CTPYKTYP,
KOTOpbIC MPUHUMAIOT B HEM HEMOCPEACTBEHHOE y4acTHe, SBISIOTCS XJIOPO(MUIUIBHBIE MYTaHTHI,
KOTOpbI€ UMEIOT 3HAUYUTEIbHbIE MOP(OIOrHUECKUe U3MEHEHHsI OKPACKU PACTEHUU. Y CTaHOBIIEHO,
YTO MHTEHCUBHOCTH ()OTOCHHTE3a Y XJIOPOPUILILHBIX MYTAaHTOB MPUOIU3UTENbHO B 10 pa3 Hike
MHTEHCUBHOCTU (OTOCHHTE3a 3€JIEHbIX pacTeHuil. VHTepecHbIM OOBEKTOM Uil HW3YYECHHUS
(U3HOIOr0-OMOXMMHYECKUX aCTIEKTOB (JOTOCHHTE3A SIBJISTFOTCSI MYTaHTHI JIbHA, MOTYYCHHBIE B X0OJI€
KCCIICIOBAHUH 110 DKCIIEPUMEHTAIbBHOMY MyTareHesy [6].

ITpu WCIOIB30BAHMK MHIYIIMPOBAHHOIO MyTareHes3a y psijia TeHOTHITOB JbHA Maciuanoro (Linum
humile Mill.) wamu Obuta BbIIENEeHA CepUsi MyTallMid C Pa3IUYHBIMA THIIAMH MHHYC-
XJIOPOGHILUIbHBIX H3MEHEHHUH. JlaHHbIC MyTaIllMd UMEIOT Pa3IMYHOE MOP(POTOTHIECKOE MPOSIBICHHUE
Ha OJTHUX U TE€X K€ CTaausaX pa3Butus [7, 8].

Llenbto Hacrosimieil pabOTbl ObUIO BBISIBUTH Pa3iduMsl B CTPOEHUHU IUIACTUIHOrO ammapara y
MYTaHTOB C pa3HbIM THIIOM XJIOPOPULIbHON HEAOCTATOUHOCTH.

MATEPUAJIBI U METO/bI UCCJIIENOBAHUA

B kauecTBe MaTepuaa MCIOJIb30BAIN JIMHEHHBIN cOpPT JIbHA MaciauuHoro lluaH u nomyyeHHsle Ha
€ro OCHOBE C MOMOIIBI0 MHIYIIUPOBAHHOTO MyTareHe3a MyTaHTHble nmuHuu M-80, M-81 u M-84,
XapaKTepU3YIOIHUECs pa3HbIM TUIIOM XJIOPO(PUIUIBHOM HEOCTATOUHOCTH.

[Muan — copT JpHAa MacIMYHOrO, MEXEyMOK. PacTeHue 3eneHoe, cpelHe-00JIMCTBEHHOE, JIHCTbS
HIUPOKO-TIAHIIETHBIE, JICTIECTKH BEHUWKA, MBUIBHUKU M KWJIKH TOJyOble, TOBEPXHOCTH JICTIECTKOB
TJ1aJIKasi, IIBETOK OTKPBITHIN. MimMeeT BbicOokoe conepkanue macia. CopT MHUPOKO U BECbMa YCIEITHO
KYIbTUBHPYIOT B pa3HbIX KJIMMAaTUYECKUX 30HAX, YTO YKa3bIBaeT HA HCKIIOYUTEIbHYIO
MJIACTUYHOCTD KYJIbTYPHI.

MyrantHas nuHMS M-80 momydeHa mnpu oOinyueHuM ceMsiH copTta Lluan nosoit 400 I'p.
CeMs10/IbHBIE JIUCTBSI CBETJIO-KENTHIE, TI0 MEPE POCTa PAaCTEHUE 3€JICHEET, OJHAKO €ro OKpacka
OTIMYAETCA OT HOPMaJIbHOW 3eneHOM. Ha cragum «emodku» BEpXHAS 4YacThb PACTEHHSI HUMEET
CBETJIO-XKENTYI0 OKpAacKy, a HIKHSS — CBEMIO-3elIeHYy0. JlaHHOe XJIOpOQHIUIBHOE H3MEHEHHE
OTHOCHUTCs K Tty Viridis (puc.1 06).

MyrtantHas nuHuss M-81 Beinenena u3 copra Lluan nmpu obmyuenun noszoit 400 I'p. Pacrenus
JAaHHOM JIMHUM MMEIOT  XapaKTepHylo Oeno-xkenTyro okpacky. Ilo mepe pocra sipko-kenrtas
MUTMEHTANUs TYCKHEET U PACTEHHSI JIOKUBAIOT JI0 KOHI[A BETETAIlMH, COXPaHssl MPU3HAKU CHIIBHOU
YTHETEHHOCTH U OTCTaBaHUsA B pocTe. Ha cTaguu «eao4yku» BEepXHssl 4YacTh pACTEHUS UMEET SpKO-
KENTYI0 OKPACKY JIMCTHEB, B CPEIHEH YaCTH JIMNCThSI CTAHOBATCS OOJiee TYCKIBIMU W 3€JICHEIOT B
00JIaCTH MPOBOSIIUX MTyYKOB, a B HUKHEH — UMEIOT CBETIIO-3€JEHYI0 OKpacKy. MyTaHT coxpaHseT
TaKyl0 XapaKTepUCTHKY IPH JIFOOBIX MOTOIHBIX yCIOBHsAX. CeMeHHasi MPOXYKTHBHOCTh PacTCHUN
HU3Kas. Myranus oTHeceHa K Tumy Xantha (puc.1 B).

Pactenuss myrantHOM nuHuUM M-84, mnomydyeHHble mpu oOmydeHun no3oif 700 I'p, umeror
XapaKTepHYIO T'PSI3HO-KEITYI0 OKPacKy JIMCTheB. Ha cTrainu «emouku» BEpXHSAS U HUXKHSAS 4acTH
pacTeHl UMEIOT CBETIIO-3€JIEHYIO0 OKPACKY, a CPEIHSIS — XJI0pOMWIIbHYI0. PacTeHus 1oKUBarOT 10
KOHIIa BEreTalliM, COXpaHsAs IPU3HAKM YrHETEHHOCTH. CeMeHHass MpOAyKTHMBHOCTb HH3Kasl.
MyrTanus oTHeceHa k Tumy xantho-viridis (puc.1 r) [8].
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B)
Puc. 1. MyTaHTHBIC JIMHUY JIbHA MACJIHYHOTO C PA3HBIM THUIIOM XJIOPOPHIUTBHON HEJJOCTATOYHOCTH:
a) copt I{nan (kouTpOIH), 6) M-80, B) M-81, 1) M-84.

st uccnenoBanusi MOpQOJIOTUU TIACTH]T OTOOpPaHHBIE JTUCThsI (PUKCUPOBAIM B cMecH Temmepa,
conepxameit 0,2 % xmopuga memu, 0,2 % wutpara menu u 1% denona [10, 12], xoropas
MO3BOJISIET COXPAHUTh OKPACKY XJIOPOIUIACTOB. 3aTeM JIMCThs apauHUPOBAIN, U3 HUX TOTOBWIU
MOTIEPEYHbIE Cpe3bl Ha poTannoHHOM Mukporome MIIC-2 u nmpoBoamm ux aenapaduHUPOBAHUE.
s 3TOTO CTEKa ¢ HAaKJIEeHHBIMHM CPE3aMHU NMPOMBIBAIM B TPEX CMEHAX KCUIIONA, JIBYX CMEHaX
100 % crmpta, ogHOM cMeHe 75 % crupta, ogHOM 50 % crupTa u TpEX CMEeHaX MUCTHILTUPOBAHHOMN
BOJIbl. Bpemst HaxoxkieHHsl B KaKI0# cpenie — 2...3 MuHyThI. Jlanee cpe3bl 3aKiIouaiy B TIUIEPUH U
HaKpbIBAIM TMOKPOBHBIMU cTekimamu [11]. Tlomyduennsie mpemapaTsl (oTtorpapupoBaid npu
IIOMOLIM TPUHOKYJISIpHOTO MuKpockona XS-3330 u  okymsapHoil kamepel MAS88-500 npu
yBenudeHuu X640 u x1600 pa3. Pazmepsl XJI0pormiacToB U3MEPSUTA CTaHAAPTHBIMUA METOJIaMH TIPH
MOMOIIHN OKYJsip-Mukpometpa [13]. g xapakTepuCTHUKU TUIACTUIHOTO ammapaTa pacCYUTHIBAIH
IUIOIIAZh CCUYEHUS W O0bEM XJIOPOIUIACTOB, HCIONB3ys MeToauky A.T. Mokponocosa [14].
Pe3ynbraThl 00pabaThiBaiy, UCIIOIb3Ysl METO/IbI CTAHIAPTHON MaTeMaTHYECKOM CTaTUCTUKY [15].
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PE3YJBbBTATBI 1 UX OBCYKAEHUSA

MytanTtHele nuHun M-80, M-81 u M-84 xapakTepus3yroTCsi pa3jau4HbIM IPOSBICHUEM MUHYC-
xnmopoduuibHbix u3MeHenuit — Viridis, xantha u xantho-viridis, coorBerctBenno. K MomeHTy
UCCleIoBaHMs (Ha CTalUU «EJOYKH») OHU MMEJH KaK XJIOpOMWUIbHYIO 4acTh, TaK U OJHM3KYIO K
HopManibHOU. [lpu 3TOM Nokanu3anus XJI0poQUILTFHOTO yyacTKa (BEPXHSA, CPEIHSS WIN HYDKHSSA
4yacTb) Ha pacTeHHM 3aBHcena OoT Tumna myrauuu. Kontponem ciyxun copt Lluan ¢ HopmanbHOI
3esIEHOM OKpacKou JIHUCTheB (puc.l a).

XnopoduiambHbIE MYTaHTBl C HM3MEHEHHBIMH  MOP(OJOTHMYECKUMH U (DU3HOJIOTMYECKUMHU
NPU3HAKAMU XapaKTePU3yIOTCS HM3MEHEHUSMH B CTPOCHMM HUX IUIACTHIHOTO anmaparta. llpum
U3y4CHUU CTPOCHUS Me30(WIIa JIMCTbEB, HAMH BBISBICHBI HM3MEHEHHS MOPQOJIOTUU TaKUX
(OTOCHMHTETHYECKUX CTPYKTYP KIETKH KaK XJIOPOIUIACTHI (puc.2).

Kak BuaHO 13 Tabnuusl 1, XJ10poriactTel MyTaHTHON TUHUK M-80 Kak 1o JUIMHE, TaK U MO0 IIHUPHHE,
CYHIECTBEHHO OTIHMYaIHCh OT copra [lwan. Ilpm 3ToM HaAOIIOMANOCh YMCHBIICHUE JTUHEHHBIX
pa3mepoB xjoporuiactoB. Y myranta M-81 (xantha) xjopormiactel ObUTH HAMHOTO yXe€, YeM y
KOHTPOJIS, 1O TIOKA3aTeNI0 JJIUHBI XJIOPOIUIACTOB, CYNICCTBCHHBIX OTIUYHA HE OOHAPYKEHO.
XnopomnacTel MYTaHTHOTO oOpasna M-84 1o JMHEHHBIM [OKa3aTensiM XJIOPOIIACTOB HE
OTJIMYAINCH OT copra [{naH.

Xn0popubHbIe MYTaHTHI JIbHA MAaclIUYHOTO XapaKTepPU30BAJIUCh TAKKE H3MEHEHHEM (HOpMBI
xJioporiactoB. Ha OCHOBE COOTHONICHHUSI UIMHBI M IMUPUHBI XJIOPOIUIACTOB MyTaHTa M-81 Obii0
BBISIBJIEHO, YTO €ro XJIOpPOIJIAcThl MMEIT LMIMHIpooOpasHyto ¢opmy [14]. V myranta M-84
(xantho-viridis) xyoporuiacTsl UMeln BepeTeHoo0paszHyto dhopmy (puc.2). Y myranra M-80 (viridis)
XJIOPOILIACTHI IO (hOpME HE OTIMYAIUCH OT KOHTPOJIA.
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Puc. 2. Mopdonorus miactug XJI0podWLIbHBIX YacTeld MYTaHTHBIX JIMHHHA JIbHA MAaCIHMYHOIO:
a) Iuan (Bepxusist yacte); 0) Iluan (cpeauss yacts); 8) M-80; r) M-81; 1) M-84.

Tabnuna 1 — JluneitHble pa3Mepsl XJIOPOILIACTOB XJIOPO(MUIUIBHBIX YAaCTeH MYTAHTHBIX JIMHUM JIbHA
MacCJIMYHOTO

JlnmHa [ITupuna
®opma
I'eHotHm XJIOPOILTACTOB, XJIOPOIUIACTOB,
XJIOPOILTACTOB
MKM MKM
XJIOPOTUTACTHI
[uan (Bepx) 4,3+0,21 2,5+0,24 3JIUTICO-TIOJOOHOM
(bopMbI
XJIOPOTUTACTHI
[{uan (cpenHsis 4acThb) 4,9+0,26 2,8+0,19 DJIMIICO-TIOI00HOM
bopmbI
XJIOPOTLIACThI
M-80 3,2+0,13%** 1,9+0,11%* SIIAIICO-TIONO00HOM
bopmbl
XJIOPOTUTACTHI
M-81 4,3+0,39 1,3+0,15%** UUAITUHIPO-
110106HON (OpPMBI
XJIOPOTLIACTHI
M-84 4,1+0,31 2,4+0,18 BEpPETEHO-TIOI00HOM
bopmbl

[pumeuanue: *, ** *** _ ornuums ot KOHTpos cymiectBeHHsI pu P < 0,05; 0,01; 0,001.

B cBs13u ¢ TeM, 4TO OBLIO BBISIBIEHO HE TOJBKO U3MEHEHUE Pa3MEPOB XJIOPOILIACTOB, HO UX (POPMBI,
HaMu OBLIM pacCUMTaHbl MOKa3aTeay IUIONaau cedeHHs U oObema xiyioporutactoB. Kak BuaHO u3
pHUCYHKa 3, TUIOIIAAb CEYSHUS XJIOPOIIaCTOB B HAaOOJIbIIEH CTeneHn u3MeHseTca y myranta M-80
(8 1,7 pa3). Myraut M-81 xapakTepu3yercsi MaKCUMaJbHbIM CHIDKEHHE 00beMa XJIOpOIJIacTOB
cpean MmytaHToB (B 2,4 pasza). Ciemyer OTMETHTh, 4YTO MyTaHT M-84 XxapakTepuzyercs
HAaUMEHBIIMM CHIDKCHHEM IUJIOMAJAN CeueHus W o0bema xioporutactoB — B 1,3 u 1,5 pas
COOTBETCTBEHHO.
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E MNnhowaab cevyeHma EOb6bem

Puc. 3. IInomanb ceueHus u 00BeM XJIOpOILIIaCTOB XJ'IOpO(l)I/IJ'IJ'IBHLIX yacTen MYTAaHTHBIX JIMHAM
JIbHa MAaCJIMYHOTO.

[lepcnieKTHBOW NaNbHEHIIEr0 HMCCIICOBAHUS SIBJISICTCS YIIIYOJICHHE TPEACTABICHUH O aHaTOMO-
MOP(}OITOTHYECKHX OCOOCHHOCTSAX CTPOCHHS (HOTOCHHTETHYECKOTO arapara MYTaHTOB JIbHA
MaCIIMYHOTO Pa3HbIM THUIIOM XJIOPOPWUIBHOH HEJOCTATOYHOCTH, YCTAHOBJICHHUE CBSI3M OSTHX
MapaMeTpoB C MPOAYKTUBHOCTBIO PACTEHHH, YTO MO3BOJHMT OOJiee AETAIBHO HM3YYUTh MPOIIECC
(dhoTocuHTE3A.

BbIBO/IbI

BhisiBIIEHO, YTO XJIOPO(QUILIbHBIE MYTaHTHI JIbHA MACIMYHOTO MMEIOT M3MEHEHHBIN IUIACTHIHBIN
armmapar. V3MeHeHHe JTHHEHHBIX Pa3MEpOB XJIOPOIUIACTOB 3aBHCHUT OT THIA MYyTaludd. MyTaHTBI
tuna Xantha wu xantho-viridis usmensiror dopmy xiopomactoB. Myrant Ttuma Xantha wumeer
XJIOPOIUIACThl LIMIUHAPOOOpa3HOH (HOPMBI, B OTIIMUKE OT AJIUICONOJO0OHOM Yy MCXOAHOIO COpTa.
Myrtantr Ttuna Xxantho-viridis xapakrepu3yercss HAMMEHBIIMMH HXMEHEHHSIMH HPOU3BO/IHBIX
apaMeTPOB XJIOPOILIACTOB.
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PO3AL II. 300JI0I'TA TA EKOJIOI'TA TBAPUH

VIIK 597.6/.9-14,9-15

HEKOTOPBIE JAHHBIE 110 BUO9KOJIOI'MHN
U PACIIPOCTPAHEHHWIO BOCTOYHOM KBAKIIN
(HYLA ORIENTALIS BEDRIAGA, 1890) B ASBEPBAUI’KAHE

T"aceimoBa I'.X.

HUncmumym 300n0euu HAH Azepbaiiosxcana
AZ 1073, Azepbaiioxcan, baxy, yn. A.Abbaczade, npoeso 1128, keapman 504

ggasimova@mail.ru

B pesynprate uccienoBanuii 6bio BeisscHeHo, uto Hyla orientalis(Bedriaga, 1890) mpeamouuntaet

oburath B Ouoromax ¢ npeobnamanuem sicers (Alnus barbata), exxesuxu (Rubus sp.), u mamopoTrHuKa

(Dryopteris Adans). B xapakTepHbIX OHOTONAaX YHCICHHOCTh KBaKIIM HAcYHThIBaeT 25—60 ocobeil Ha

onuH Tektap. PasMHOXKEHHE HPOXOIUT B BOJOEMax C JKecTKOCThio Boibel PH=6,48-7,60. Bo Bpems

HaOJr0IeHn MeTaMop(}03a ObLITH BRISIBICHBI CHICIU(PUICCKHE 0COOCHHOCTH OMOJIOTHHU TOJIOBACTUKOB.
Knouesvie cnosa: socmounas keaxuia, buoskonoeus, pacnpocmpanenue, Azepbatiodican.

JESKI BITIOMOCTI 3 BIOEKOJIOT' Ml TA TIOIMIMPEHHS CXIZTHOI KBAKIIII
(HYLA ORIENTALIS BEDRIAGA, 1890) B ABEPBAWIKAHI

T'acumona I'.X.

Inemumym 3oonoeii HAH Azepbaiioscany
AZ 1073, Azepbaiioscan, baxy, eyr. A.Abbaczade, npoizo 1128, keapman 504

ggasimova@mail.ru

VY pesynbraTi jgocnimpkeHs Oyno 3'scoBano, mo Hyla orientalis (Bedriaga, 1890) Bomie memikatu B
6uoTonax i3 nepeBaxanusm sicera (Alnus barbata), osxxunu (Rubus sp.) Tta namopoti (Dryopteris Adans).
VY xapakTepHHX 0i0TOHaX YHCENBHICTH KBaKMI Haligye 25-60 ocoOMH Ha OnWH TekTap. Po3MHOXEHHS
MIPOXOJIUTE Y BOJONMAX i3 skopcTKicTio Boau PH = 6,48-7,60. Ilix gac croctepexeHs Metamopho3a Oyiu
BHSIBJICHI crienU(idHI 0COOIMBOCTI 010JIOTIT TyTOIOBKIB.

Kmouoegi cnosa: cxiona keaxwa, bioexonocus, nowupenns, Azepoaudican.

SOME DATA ON THE BIOECOLOGY AND DISTRIBUTION
OF HYLA ORIENTALIS BEDRIAGA, 1890 IN AZERBAIJAN

Gasimova G.H.

Institute of Zoology, NAS of Azerbaijan
AZ 1073, Azerbaijan, Baku, Pass. 1128, block 504

ggasimova@mail.ru

Common tree frog Hyla arborea (Linnaeus,1758), common in Europefrom the southof Sweden, south of
Lithuania through Belarus and southern Russia to the Mediterranean and from the Atlantic coast to the
Middle East. However, according to the latest researches conducted on the species genome, populations
of H.arborea from different regions of Europe divided into several types.Whilein theeast of the area is
likely to inhabit Hyla orientalis (Bedriaga,1890). Based on these data we can say that the species
distributed in Azerbaijan is H.orientalis. And in the southeastern partof Azerbaijan spread new
subspecies H.orientalis gumilevskii Litvinchuk et al.,2006.

We can note that the taxonomic status of this species in the territory of Azerbaijan need to be studied.
Main pupose of this research is to study biology, ecology, distribution of H.orientalis and state of the
population in the northeastern territories of Azerbaijan.

The material for this work were collections of common tree frog held during 2007-2014 in the territory of
Balakan, Zagatala, Gakh, Oguz and Guba regions of Azerbaijan.

Census was held visually during the breeding season (April-May) in permanent and temporary forest
ponds. The acidity of the water was determined by means of the microprocessor 211 (pH)-meters, and
coordinates of different populations using the device GPS Garmin eTrex.
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The species was registered in the north-western and north-eastern regions of Azerbaijan: Balakan,
Zagatala, Oghuz, Gakh and Guba districts.
According to literary data the species is found out in the western regions of the republic, too. Results of
studying the habitats of the common tree frog in the Sheki-Zagatala region showed that the species is
widely distributed in the broad-leaved and mixed forests. Our studies show that in the Sheki-Zagatala
zone of Azerbaijan the common tree frog lives in deciduous and mixed forests. On the territory of
Zagatala and Balakan regions in dense forests with a predominance of alder (Alnus barbata), blackberry
(Rubus sp.) and fern (Dryopteris Adans.) population density of the species reaches 40-60 individuals per
hectare, whereas in more sparse forests of Oguz district it is lower - 25-30, and in the forests of Gakh and
Guba districts 20-25 individuals per hectare. This census of population conducted in the habitats typical
for common frog in the period of its greatest activity.Reproduction of common tree frog and intensity of
its development depending on environmental factors was studied in 3 spots of registration areas.
The least tailless amphibians in Azerbaijan belong to genus Hyla. Common tree froq is also from this
genus. On computer program of STATISTICA StatSoft 10 the morphometric measurements of 24
individuals were carried out according to 8 features and 4 indices. According to results of measurement:
L=32,0-46,2 mm (in literature L=26,4-53mm), D.p.= 3,2-4,9mm, C.int.= 1,2-2,9mm, NL=1,6-3,4mm.
As a result of researches it was revealed that Hyla orientalis (Bedriaga, 1890) prefers biotops rich in
alder (Alnus barbata), blackberry (Rubus sp.) and fern (Dryopteris Adans.). The number of individuals
per hectare is changed between 25 and 60 in typical biotops. Breeding occurs in permanent and
temporary forest ponds when the air temperature is 19-35°C, the water tempertaure is 12-22°C and pH=
6,48-7,60. After mating, the females lay eggs lumps on a distance of 3-5 cm apart at a depth of 20-70 cm
in the river dams and in other stagnant waters.
In the studiedreservoirs the vegetation is represented mainly by species Fontinalis sp. The development
of tadpoles of sympatric species Pseudepidalea variabilis and Pelophylax ridibundus is also observed
inthe samereservoir.
The tadpoles collected in nature and metamorphose was studied in captivity. Metamorphosis lasts 55-75
days depending on temperature and food factor. It was studied the change of length of the body and the
tail per days and the results are presented in graphic. Specific features were revealed in tadpoles during
study of their developmentin the laboratory.Unlike common tree frog tadpoles there is found a light green
pear-shaped spot on their backs. According to this spot the species can be determined in the early stage of
metamorphosis.

Key words:oriental tree frog, bioecology, distribution, Azerbaijan.

BBEJIEHHUE

B pesynbpraTte MOJEKYJISIPHO-TCHETHYECKOTO aHaiun3a W (uioreorpaguueckux HCCIeIOBaHHIA
npezcraButeneit pogaa Hyla 6puto BeissicHeHo, uto apean Hyla arborea we Bkimrouaer teppurtopuio
Asep0aitkana. Jleso B ToM, yTO 0co0HM, OTMEUEHHBIE paHee B A3epOaiimkane kak Hyla arborea,
OTHOCSTCS K TeHeTHuecku onmskomy Buay Hyla orientalis [1].

Teppuroputo pacnpoctpanenuss Hyla orientalis moxuo pas3outs Ha 2 rpymnmel: KaBka3zo-
Kacnmiickyro (oburaronnyro Ha Kaskaze n FOxxaom nobepexbe Kacrmst) u 3amagao-Typenkyro [2,3].
B menom Bua pacmpocTpaHeH B 10ro-BocTouHOW EBpome, 3amaaHoit AHaronuu, ceBepHoM Mpane
(npuxacnimiickoit vactu) u Ha KaBkaze, Bkmouass AsepOaitmkan [4]. B AsepOaiimkane oH
BCTPEUACTCS B CEBEPO-BOCTOUYHBIX, FOTO-BOCTOUHBIX U 3aMajHbIX paioHax (Tadu.l).

Otmeuennass B JlekopaHckoi oOnactu AsepOaiikana momynsiius Buga Hyla savignyi odyens
omuska k Hyla orientalis, B HacTosiiiine BpeMst B CBS3M ¢ TCHETHYECKUMHU OTIHYUSAMH 00OUX BHJIOB
BbIJIeJICHA B HOBBIN mozBuj — kBakmia ['ymuieBckoro (Hyla orientalis gumilevskii Litvinchuk et
al.,2006) [5]. Craenyer OTMETHTh, 4YTO TaKCOHOMHYECKHH CTaTyc 3TOro MOJBHIA TpeOyeT
JOTIOJHUTEIBHBIX UCCIIEI0BAHMIA.

lens HacTOsmel paboThl — W3y4YEHWE PACIPOCTPAHEHHUs, OMOJOTHH, HSKOJOTHMM M OOIIero
COCTOSIHHSI TIOTYJISIITAM BOCTOYHOM KBAKIITH B CEBEPO-BOCTOYHOM yacTh A3epOaipkaHa.

MATEPHAJIBI U METO/IbI UHCCJIIEJOBAHUSA

MarepuanoM ajisi HacTosAIEeH padOThl MOCTYKUIU COOpbl U HAOIIOIEHUS 32 0COOSIMH BOCTOYHOM
KBakIH, rposeneHHble B nepuog 2007 — 2014 rr. Ha tepputopun benokanckoro, 3akaTajlbCKoro,
INaxckoro, Ory3ckoro u ['yOmHCcKoro pailoHOB A3zepOaiipkaHa. YYeT YHCICHHOCTH TMPOBOIMIICS
BU3yaJIbHBIM METOJIOM B MEPUOJI Pa3MHOXKEHHUS (anpeib-Maii) B IOCTOSIHHBIX M BPEMEHHBIX JIECHBIX
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BOJZIOEMaX, JIBUTASICh BIOJbL TPAHCCEKTHI. B cyxmx Omoromax (aBrycT-CEHTSIOpPh) Y4EeT MPOBOIUICS
0 TNPUOIU3UTEIBLHOMY TMOJCYETy TrojiocoB. IIpu mMOArOTOBKE cTaThU TaKXKe HCIOJIb30BAJICS
MaTepual, XpaHsmuiics B xKoutekuun Mucruryra 3o0o0iorun HAH AsepGaiimkana, coOpaHHBI B
Armkabenuackom u ['yOuHckoM pairioHax AszepOaiimpkana. beum nmpoBeneHsl MopdomMerpruyeckue
u3Mepenust 26 ocobeii. 3mepsimich crnemyronme napamerpsl: L — amuna Tena, F — anuna Genpa,
T — mmmna rojgenn, D.p. — 1iMHa BHYTpeHHEro manbla 3aaHeil koneunoct, C.int. — naubosnbas
JUIMHA TSATOYHOro Oyrpa BHYTPEHHEro mnaiiblia 3aHedl koHeuHocTH, EAD — paccrosiHue mexnay
nepeaHumu yriaamu a3, EPD — paccrosaue mexnay 3agaumu yriaamu ria3, NL— paccrosiHue ot
HOCOBOT'O OTBEPCTHS JI0 BEPXHEH Ir'y0Obl, a TAKKe HEKOTOPHIE HHICKCHI.

Jlist cOopa rojoBacTHKOB UCIOJIb30BaIachk MEJIKOsS4YenucTas ceTb. Mopdomerpuueckue u3MepeHus,
B COOTBETCTBUE C OOIICNIPUHATON METOJIMKON MPOBOJAMUIMCH C IOMOIIBIO HITAHTEHIUPKYISI CO
mkanoi nenenust 0,1 mm. IlomyueHHble faHHbIE 00padaThIBAIMCh C UCIIOJIB30BAHUEM ITPOrPaMMBbI
STATISTICA StatSoft 10.

Bo Bpems ucciieoBanus u3Mepsiiach IyOMHa M ONPEACIISUICS PACTUTEIBHBIA COCTaB M3y4aeMbIX
BosIoeMOB. Kpome 3TOro0, m3mepsiiack TeMreparypa BOJbl M BO3/lyXa, a TAK)Ke KUCIOTHOCTH BOIBI
(pH). KucnotHOCTh BOBI ompesessiach ¢ momoribio 211 mukporpoieccopuoro (pH) —merpa, a
KOOPJMHATHI JIOKAJTU3AIMK Pa3IHYHBIX HOMYJISIHE — ¢ moMoinbto nmpudopa GPS Garmin eTrex.
Metamopho3 cOOpaHHBIX TOJIOBACTUKOB M3y4alicsi B 1a0OPaTOPHBIX aKkBaTeppapuyMax B YCIOBUSX,
MaKCHMaJIbHO MPUOJIMKCHHBIX K €CTECTBEHHBIM.

PE3YJIBTATBI 1 UX OBCYKJIEHHUE

B crateax mo reprerodayne AszepOaiipkaHa CBEACHUS IO OMOJIOTUH, MOP(HOJIOTHH U MECTaM
oburanus Hyla orientalis ckyaubI u pparMeHTapHBI.

KBakmm SIBJISIFOTCSI CaMBIMU MaJIeHBKHMH OecxBocThiMu aM(pubusmMu B (ayHe A3sepOaiimkaHna.
Pa3mepsl W3ydeHHONW MNONyJIsAUMM BOCTOYHOW KBakIIM BapbUpyrOT B mpenenax 32,0-46,2 mm
(Tabm. 2), a corylacHO JIMTEPATyPHBIM JaHHBIM — OT 26,4 10 53 MM. Okpacka BepxXHEH 9acTh Tena B
3aBHCHUMOCTH OT CyOCTpaTa MOXET MEHAThCS OT 3€JICHOW J0 CBETIIO-CEpOM U TEMHO-KOPUYHEBOM.
bpromHas yacTh jxenroBaTas. Y CaMIOB BCIEACTBUE HAJIMYUSA PE30HATOPHOTO MEIIKa ropiioBas
o0jacTb CpaBHUTENbHO TeMHas. HaunHas OT HOCOBBIX OTBEPCTHM IO TOBEPXHOCTH TIja3a M
OapabaHHBIX NEPETIOHOK, IPOXOAUT YepHas MoJioca ¢ OebIM oKaiiMiIeHneM. JTa nosioca, no 6okam
MPOTSITUBASICH J0 KOHIIA TeJja, JACIUT €ro Ha CIUHHYI0 M OpIOIIHYI0 YacTh. B maxoBoil oOmactu
UMeeTCs JIMHUA B BUJIE TIETIIH, YTO ABISETCSA OTIMYUTENbHBIM NPU3HaKoM Bua (puc.l). Y nmoasuna
Hyla orientalis gumilevskii Takoit meTneBuIHBIN PHCYHOK OTCYTCTBYeT. Kak M y BceX ApPEBECHBIX
JATYIIEK, Ha KOHYMKaX MalbLEeB HAXOIATCS TUCKOBUIHBIE IIPUCOCKHU.

Puc. 1. TlomoBospemass ocobs Hyla orientalis Taxckuit paiton, cemo Jlakug (Doto:
T.M.Uckenaeposn).
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Tabmuma 1 — Touku nHaxomok Hyla orientalis ma teppuropun A3zepOaiimkana (OTMEYCHHBIC

HaMH)

Ne | Paiion (10kaaureT) [uporta Honrora Bricora | Jlata

1 | benokanckoro p-H, [Tom6uHa N41°46'53" | E46°19'59" | 338 30.07.2013
2 | Benokanckoro p-H, Katex N41°41'58" | E46°35'00" | 536 14.06.2012
3 | 3akaranbckoro p-H, Marex N41°40'43" | E46°34'39" | 255 16.06.2012
4 | 3akaranbckoro p-H, «bem Oymnary N41°40'62" | E46°27'94" | 256 25.06.2013
5 | Orysckutii p-H, JlaliMmanapa N40°56'14" | E47°34'16" | 398 03.05.2012
6 | Taxckorop-H, JIskung N41°41'31" | E46°27'50" | 600 15.06.2007
7 | I'ybunckoro p-H, Pazanap N41°1329" | E48°41'35" | 453 09.05.2014

BocTouyHas kBakilia mpeIrnodnuTaeT rycTole Jieca, U3peKka BCTPEUaeTCcsl Ha OMYIIKax Jieca U Mopoi
3ax0JUT B cybanmpnuiickuii mosic. Camasi BBICOKAsi TOYKA paclpoCTpaHeHus: B AzepOaiipkane Obuia
orMeueHa B Kenabexckom paitone Ha Boicote 2200 M Haj ypoBHeM Mops [6]. Hamu uccnenoBanus
nmokaspiBaroT, 4to B llleku-3akaranbckoil 30He A3sepOaiiikaHa BOCTOYHAs KBAaKIIa OOUTAcT B
IIMPOKOJIUCTBEHHBIX W CMEIIaHHBIX JiecaX. Ha Tepputopun 3akaranbckoro u bemokanckoro
palilOHOB B TYCTBIX Jiecax ¢ mpeoOiamanuem osbxu (Alnus barbata), exesuxu (Rubus sp.) u
naropotuuka (Dryopteris Adans.). IlnotHocTs momyisituu gocturaet 40-60 ocobeii Ha rektap,
TorAa Kak B Oosiee pa3pekeHHbIX jecax Ory3ckoro paiiona oHa Hmxe — 25-30 ocobeif, a B jecax
INaxckoro u I'yOunckoro paiiona 20-25 ocobeitHa rekrap. JlaHHBIN yueT YUCIEHHOCTH MOMYIISALUN
BOCTOYHOM KBAKIIW TPOBOAWICS B TUIUYHBIX OWOTONax ee OOMTaHHWS B TEPUOJ HAMOOJbIIEH
akTUBHOCTH. COIJIACHO HAIIMM HaOJIONCHUSM, a TaKXKe JIMTEPATypHbIM JaHHBIM JaHHBIA BUJ
aKTHBEH C Hayaja MapTa 1o Hos0pb. B nmuTepaType oTMeuaeTcs MX OCHOBHAsI CyTOYHAsl aKTHBHOCTh
B CyMEpeuHOe U HOYHOE BpeMsi, OJHAKO MO HAIIUM HAOMIOACHUSIM aKTUBHbBIE KPUKU KBaKIIH ObLIH
OTMEYEHBl U B JHEBHOE BpeMsl CyTOK [/]. bpauHble Tpenau perucTpupoBauCh BILUIOTH A0 BTOPOM
JieKaJbl CEHTSIOps IpU GJIaronpusiTHONW MOroe.

Tabmuma 2 — MopdomeTprudeckue mapaMmeTpbl (MHIEKCHI) BOCTOYHON KBAaKIIIH

33+ Q%

[Tapametpsl .
n M Min Max SE SD
L 26 39,64 32,00 46,20 3,33 0,65
F 26 20,17 16,50 23,60 1,56 0,30
T 26 19,04 16,30 21,20 1,22 0,24
D.p. 26 4,08 3,20 4,90 0,43 0,09
C.int. 26 1,80 1,20 2,90 0,56 0,11
EAD 26 7,15 5,70 7,90 0,57 0,11
EPD 26 11,31 8,40 12,90 1,03 0,20
NL 26 2,57 1,60 3,40 0,50 0,10
L/T 26 2,06 1,80 2,30 0,13 0,03
FIT 26 1,21 0,90 4,80 0,74 0,15
T/C.int. 26 11,48 5,80 15,70 3,01 0,59
D.p./C.int. 26 2,48 1,30 3,60 0,65 0,13

IMpuMeyaHus: HEKOTOpPbIE BHeIIHKE Mopdosornueckuii mapamerpsl Hyla orientalis: (n—xonmyecTBo mcciie0BaHHBIX
ocobeit, M—cpenusisi apudmerndeckas, Min—muaumyMm, Max—makcumym™m, SE—cranmaptHas omuOka cpemueit,SD—
CTaHIapTHOE OTKIIOHCHHE).

Pa3zMHOXeHHE HAYMHACTCS C HepBOfI ACKAAbI anpcClid. CaMI_H:I MOSABJIAIOTCA B BOAOCMAX PAHBIIC
CaMOK. CHapI/IBaHI/IC B OCHOBHOM IIPOUCXOAUT HA CYLIC, XOTA B HECKOTOPLIX CIIydasaX MOXKCT OBITE U
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B BOJOCMax. CaMKku 1ocie OTKJIAAKH HKPBI Cpa3dy HNOKHUAAOT BOJAOCMBI, a CaMIlbl B TCYUCHUC
HCKOTOPOIro BpEMEHU OCTAIOTCSA TaM.

CornacHo nUTEpaTypHBIM JaHHBIM, TOTOBSIIMECS K CIAPUBAHUIO CaMIbl JIEJIATCS Ha 3 TpPYIIIbL.
K nepBoii oTHOCSTCS caMIibl, KOTOpbIE U3/1al0T OpayHble KPUKH, HaX0A4ch B Bojoeme. Ko BTopoii —
camibl, KOTOpbIE TIOIOT, 3aj€3asi Ha JIUCThs JIEPEBHEB M KyCTapHUKOB. HakoHel, B TpeThIO IpymiLy
BXOJIAT CaMllbl, KOTOpble BOOOIEe HEe MOKT B OpauHblil mepuoa. Mx Has3biBaloT carteuiuramu [8].
Amrutekcyc ObIBaeT B BHJIE NOAMBIMIEYHOH ¢opmbl. Ilocne cnapuBaHUS CaMKH OTKJIAJbIBAIOT
KOMKH UKPHUHOK Ha paccTOsSHUU 3-5 ¢M Jpyr oT apyra Ha rinyoune 20-70 cMm B 3ampyaax pek u B
IPYTUX BOAOEMax co cTosiuel BoJoi (puc.2). Bo Bpems BbICBIXaHMsI BPEMEHHBIX BOJOEMOB HMKpa
CHOCOOHA MPOTUBOCTOATH BBICHIXaHHUIO B TEUEHHUE TUTEILHOTO MEPHOIA.

B uccnenoBaHHBIX BOJOEMax pPAaCTUTENBHOCTh Oblla IPEACTABIEHA B OCHOBHOM BHJIOM
Fontinalis sp.Crienyer oTMeTHTh, 4YTO B BOJOEMAax HapsAAy CO CBEXEOTIOXKEHHOH HKPOii
BCTpPEUAIMCh TaK)X€ W TOJIOBACTUKM TOr0O K€ BUJa. B 3aBUCMMOCTH OT TeMIiepaTrypbl BOJbI
rOJIOBACTUKH BBUIYIUISUIUCH M3 UKPUHOK uepe3 8-14 nHelt mocie oTKIaAKu UKpbl. MKpuHKM nMeroT
rpyHmeBUIHYI0 GOPMY M TEMHO-3eJIeHBIA 1BeT. [lnaBarenpHas mepernoHka (XBOCTa) HAYMHAETCS B
BEpXHEH YacTH Teja, HeAAJEKO OT ria3. KoHunk XBocTa 3a0CTpeH.

B oTimume oT mManoa3waTtcKOM KBAaKIIM Yy TOJOBACTHKOB BOCTOYHOM KBAKIIM HWMEETCS YETKUN
TPYILIEBUIHBIA 3€NIeHbI y30p Ha CIUHHON 4YacTu Tena (puc.3). 3yOHas ¢opMylia COOTBETCTBYET
1:1+1/3 (puc.4). B OpromrHoii YacTu W3-110J] KOKHOTO MTOKPOBA YE€TKO MPOCMATPUBACTCS KHIIICUHUK.
Metamopdo3 mmmrcs 55-75 nHel. Bbuto Mpociie:keHo pa3BUTHE TOJIOBACTHKOB B BOJIOEMAaX OKOJIO
c. Marex 3akatanbckoro paiona (PH=6,48) ¢ HU3KUM ypOBHEM aHTPONOTEHHOI'O BO3JEHCTBUS, a
Takke B Bojoemax c. [lombuna benokanckoro paiiona (pH=7,30) ¢ BBICOKMM 3arps3HEHHEM
ObITOBEIMH OTXOnaMH (Tabn.3). Taxke HAOMIONANOCH PAa3BUTHE TOJOBACTHKOB CHMITATPUYECKHX
BuoB Pseudepidalea variabilis u Pelophylax ridibundus.

Ta6muma 3 — HekoTopble mokas3arenu ycioBWil cpeasl pasmuHokenuss Hyla orientalise pasubix
MECTHOCTSX

[Tokaszarens benokanckuii p-H 3akaTalbCKUM p-H Ory3sckuil p-H
(Katex) (Marex) (Maiimamapa)
Tewmeparypa 21°C 19°C 35°C
Boxjyxa, °C
TeMnepaIé/:pa BOJIBI, 14°C 129C e
pH 7,30 6,48 7,60

ITpocnexxeHo pa3BUTHE FOJOBACTHUKOB B JJAOOPAaTOPHBIX YCIOBUX (puc.5). Cieayer OTMETUTh, YTO
XapaKTepHBIM MMPU3HAKOM JAHHOTO BUJA SIBJSETCS MPEBOCXOACTBO JUIMHBI XBOCTa HaJl JUIMHOM Tela
y TOJIOBACTHKOB, BBUIYNHBIIUXCS M3 HUKpHUHOK. B Teuenme mnepsbix 18-20 auelt HaOmonancs
OBICTPBII TEMIT pa3BUTHS.

HecmoTpst Ha cTaOUIBHOCTH TEMIIEPATyphl, HO B CBSA3M C HEJOCTATOUYHBIM IHUTaHuEM K 30-36-my
JTHIO HaOJIOAAJIOCh JIMIIb HE3HAYMTEIbHOE YBEIWYeHUEe Tella W xBocta. Haumnas ¢ 36-ro nHd, y
rOJIOBACTUKOB HAYaJIOCh YMEHBIIEHUE pa3MepoB xBocTa. Ha 55-ii neHp Havamu MNOSIBISITHCS
NIPU3HAKK 33JHUX KOHewyHocTted. Ha 62-i1 neHp CcTaiyM MNpOSBIATHCA IPU3HAKKA IEPEIHUX
KOHEYHOCTEH M OJHOBPEMEHHO pe3Koe yMeHbIlIeHHe AIuHbl XBocTa. Ha 70-75-if neHs y
3aBepHIMBIINX MeTaMop(do3 ocobell B TedeHue 2-3 aHel B 00lacT COEAMHEHHUs Tella U OCTaTKa
XBOCTOBOI yacTu OpocaeTcs B Ilaza U30BITOK MUTMEHTOB, MPUIAIOIINX TEMHBIH 1IBET 3TOI yacTu

(puc.6).
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Puc. 2. HUkpa Hyla orientalis

Puc. 4. PoroBoii anmapat ronosactuka Hyla orientalis

[TonHOCTBIO 3aBEpIIMBIINE Pa3BUTHE JIMUMHKU BEAYT Helarnueckuid odpas xusHu. Ilomosoit
3pelOCTH OHU JOCTHTaloT Ha 3-4 rox ku3HU. MakcuManpHas NPOJOJDKUTENBHOCTh JKU3HU
orMedanack g0 12 metr. TomoBambie ocobu moemarorcst P. ridibundus, a momoBo3penbie —
Pa3NUYHBIMKM MTPECMBIKAIOIMMUCS W HEKOTOphIMU NTuiamMu. Halmronanoch noenaHue MKPHUHOK
TMauHKaMu (KaHHOanm3M). Takoke morndmme roroBacTUKY TOEIAI0TCS JKUBBIMUA COPOYAMH.
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15 =0 ]]1MHa Tea JIMIMHOK
\ == J[n1Ha XBOCTA JINYHHOK
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Bospacr, cyT.

Puc.5. Ismenenue qmHbl TeNa ¥ XBocTa y rojoBactukoB Hyla orientalis B mporiecce meramopdosa
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. WY
Puc.6. Oco6s Hyla orientalis, qocturias moaoBoii 3penocTu

[lepcrieKTHBBI NadbHEHIIEr0 HCCIACAOBAHUS — JIETAIBHOE W3YYCHHE OWOJOTHH U DKOJIOTUU
BOCTOYHOU KBakmu B AzepOaiimkane. MHpopmaius o ceBepo-BOCTOYHOM MOMYJISIMN B OyayIiem
MOET OBITh UCIIOJIb30BAHA JJISI CPABHUTEIIBHOTO U3YUYEHUS JPYTUX MOIMYIISIIUH.

BBIBO/IbI

B romgpl ¢ OmaronpusTHbIME TemrepaTypHbiMu ycioBusimu (2012) nenuwe cammorB Hyla
orientalismabmoganock BIUIOTH O Hadala CEHTSIOps, 4TO YKa3blBAa€T HA TO, YTO IMEPUOJ
Pa3MHOXKEHHUs y JAHHOTO BUJIAa MOXKET JUTUTHCS C alPeJist IO CEHTSIOPb.

Hapy»xHblii TpyIIeBUAHBIA y30p, MOSBIAIOMIKIACS Ha Tene rojosactukoB Hyla orientalis B
HAYaJIbHOW CTaIMH UX Pa3BUTHS, SBIISCTCS BUAOCICIIUDUIHBIM TIPU3HAKOM.

B naGopaTopHbIX YCIOBUSX YCTaHOBIEHA POJIb TEMIEPATYPHOTO U TPOPHUUECKOTro (aKkTOpoOB
Ha pa3BUTHE rOJIOBACTUKOB BOCTOYHOMN KBAKIIIH.
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XAPAKTEPUCTHUKA OPHITOJIOTTYHOI CUTY AT
HA OCTPOBI BIPIOYMIA Y CEPITHI 1995 TA 2012 POKIB

I'opnos ILI1, 'Kocrromuu B.A., Cioxin B.J[., Benamxos I.]1.

HJ[I Biopiznomanimms Ha3eMHUx ma 600HUX eKocucmem nigoHs Ykpainu
Menimononvckutl deparcasruti nedazo2iunuil ynigepcumem im. boedana Xmenvnuybkozo
72312, Vkpaina, 3anopizvka 0o.1., Menimononw, eya. Jlenina, 20

1Ihtcmzu’nym 3o00no0eii im. 1.1 [lImanveayzena HAH Ykpainu
01601, Ykpaina, Kuis, eyn.b. Xmenvnuywvxoeo, 15

petro-gorlov@mail.ru; kost@izan.kiev.ua

VY crarTi HaBe[eHI pe3yabTaTH OOJIKIB NTaXiB, MPOBEJCHI HAa HAWOIIBII IIHHUX IUITHKAX 0-Ba biprouuit
(A3oBcrke Mope) v cepmHi 1995 Ta 2012 pokax. Yceoro 3apeectpoBano 90 BUAIB NTaxXiB, sKi HAIEKATh
10 14 psnie. Y 1995 poui BuIoBe pi3HOMaHITTS ntaxiB O0yyo Hk4uM, HiX y 2012 poui — 57 Ta 77 BUaiB
BiAMOBiHO. 3arajgbHa YHCENbHICT NTaxiB y 1995 pomi ckmana 14461 oc., a y 2012 pormti — 19392 oc. V
1995 pomui Biamiueno 245 oc. 6 Buais, a y 2012 pomi — 69 oc. 12 BumiB, sikux 3aHeceHO a0 YepBoHOI
KHUT'H Y KpaiHH.

Kniouosi cnosa:. Azoscvie mope, 0-6 bipiouutl, oprimogpayna

XAPAKTEPUCTUKA OPHUTOJOTIMUYECKOM CUTYALIUA
HA OCTPOBE BUPIOYHI B ABI'YCTE 1995 M 2012 I'O/IOB

T'opnos I1.1., "Kocriomms B.A., Croxun B.J., benamkos N.J1.

HUU Buopasnoobpasusi HA3eMHBIX U 600HBIX IKOCUCHEM 102a YKpaubl
Menumononvcxuti 2ocydapcmeennvlil nedazoeudeckutl ynugepcumem um. bocoana Xmenvnuykozo
72312, Ykpauna, 3anoposcckas ooa., Mearumononw, ya. Jlenuna, 20

1HHcmumym 300n02uu um. U.U. Himanveaysena HAH Yxpaunot
01601, Ykpauna Kues, yn.b. Xuervnuykoeo, 15

petro-gorlov@mail.ru; kost@izan.kiev.ua

B crathe mpHBOASTCS pe3ysibTaThl yYETOB ITHII, MPOBEACHHbIE Ha HauboJiee LEHHBIX Y4acTKax 0-Ba
buprounit (AzoBckoe mope) B aBrycte 1995 m 2012 rr. Bceero 3apeructpupoBano 90 BHIOB NTHII,
npuHaiexkamux K 14 orpsmam. B aBrycre 1995 r. BmmoBoe pasHooOpaswe NTHIl ObUIO HIKE, YeM
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B 2012 r. — 57 u 77 BumoB, coorBeTcTBeHHO. OOIIasi YHUCICHHOCTh YITCHHBIX NTUIl B 1995 r. cocraBmia
14461 oc., a B 2012 — 19392 oc. B 1995 r. Obm0 ormMeueHno 245 oc. 6 Bujgos, a B 2012 1. — 69 oc. 12
BHIOB, KOTOpHIE BHECEHHEI B KpacHyro KHUTY YKpauHbl.

Knrouesvie cnosa: Azoeckoe mope, 0-8 Buprouuii, opuumogayua

CHARACTERISTIC OF ORNITHOLOGICAL SITUATION ON BIRYUCHII ISLAND
IN AUGUST 1995 AND 2012

Gorlov P.1., *Kostiushyn V.A., Siokhin V.D., Belashkov I.D.

Research Institute of Biodiversity of terrestrial and aquatic ecosystems of Ukraine
Melitopol State Pedagogical Univeristy the Bohdan Khmelnytsky
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YInstitute of zoology NAS Ukraine
10601,Ukraine, Kiev, B.Khmelnitskogo str.,15
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Bird counts on Biryuchii Island (Azov Sea) were conducted 9 - 10 August 1995 and 8 - 9 August 2012,
In both cases were used combination of car and pedestrian counts: in 1995 — 65 km and 7 km, and in
2012 — 75 km and 10 km, respectively. Car counts have included number of stops at observation points to
conduct bird counts using binoculars and telescopes. The area covered by counts in both years was about
70 % of the island total area.
The observations were made using binoculars 8-10x and telescope 20-60x. Mapping of the birds
locations, location of observation points and counting routs was done using a GPS navigator.
During two bird counts on Biryuchii Island in total were found 33853 birds of 90 species: in Aug 1995 —
14,461 individuals of 57 species, in Aug 2012 — 19,392 individuals of 77 species. Taxonomically these
birds belong to 14 orders. In 1995 the most numerous were Anseriformes (8524 individuals or 58,9% of
the total number of birds), in 2012 the most numerous was Charadriiformes (13550 individuals or
69,9%). Species diversity of these groups in both years was relatively stable: Anseriformes — 12 species
in 1995, 11 in 2012; Charadriiformes — 25 and 28 species, respectively.
The most numerous bird species in 1995 were Anas platyrhynchos — 3826 (26,46 %), Aythya ferina —
3002 (20,76 %), Tringa totanus — 1463 (10,12 %), Fulica atra — 1315 (9,09 %), Larus ridibundus — 996
(6,89%), Anser anser — 620 (4,29%), Tadorna ferruginea — 520 (3,60%), Podiceps cristatus — 481
(3,33%), Cygnus olor — 429 (2,97%), Aythya fuligula — 246 (1,70%), Sterna hirundo — 239 (1,65 %),
Anas querquedula — 219 (1,51%).
In 2012 a composition of the most numerous species was partly different: Larus ridibundus — 9058
(46,71%), Aythya ferina — 2446 (12,61%), Larus genei — 1482 (7,64%), Thalasseus sandvicensis — 1230
(6,34%), Anas platyrhynchos — 743 (3,83%), Podiceps cristatus — 657 (3,39%), Tringa totanus — 577
(2,98%), Chlidonias leucopterus — 450 (2,32%), Anas querquedula — 414 (2,13%), Fulica atra — 337
(1,74%), Cygnus olor — 323 (1,67%), Larus cachinnans — 261 (1,35%), Gelochelidon nilotica — 254
(1,31%), Phalacrocorax carbo — 253 (1,30%).
Comparison of species diversity recorded in 1995 and 2012 demonstrate that 44 species were the same
for both years, and composed 99.2% and 87.6% of the total bird numbers, respectively.
Differences in species composition and number of the birds are determined by different reasons. For
example, sharp decrease in number of Anas platyrhynchos possibly related to aridization of climate,
which leads to decreasing the area of the bitopes favorable for breeding of this species. Decreasing
abundance of this species is typical for the whole Azov-Black sea region of Ukraine. In total about 10
species of waterbirds in 2012 had very low numbers that related to very dry conditions of this season and,
due to this, extinction of many small wetlands on Biryuchii Island. It is also worth to mention strong
decreasing in number Anser anser during last decade or even bigger period. Reason of this is not clear,
but such tendency is typical for South Ukraine. High number of some gulls (Larus genei, Larus
ridibundus) and terns (Thalasseus sandvicensis, Gelochelidon nilotica) is not a result of changes in land
use or conservation regime of Biryuchii island, but related with post breeding local movements of birds
and beginning of migratory season for some species.
In general, number of 55 bird species (61% of all species recorded in 1995 and 2012) were stable, 23
species (25,6%) decreased their number, and 6 (6,7 %) — increased it. The rest 6 species were recorded
only in 2012.
In 1995 were recorded 245 individuals of 6 bird species included in Red Data Book of Ukraine. The most
common were Charadrius alexandrinus (131 birds) and Haematopus ostralegus (77 birds). In 2012, it
was counted 69 birds of 12 protected species. The most common among them was Haematopus
ostralegus (27 birds).
Based on obtained data, Vershinskii Liman, Olen’ Liman and Yamkivs’kiy Liman were recognized as
key areas for protected species on Biryuchii Island.

Key words: Azov-Sea, Biryuchii Island, avifauna
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BCTYII

Boano-60moTHI yrigas i B YkpaiHi, 1y CBIiTiI 3a3HalOTh 3HAYHOTO HETaTUBHOT'O aHTPOIIOI€HHOTO
BIUTUBY — 3a0y/0Ba, 3a0pynHeHHs, (aKTOp HECMOKOI, MHCIUBCTBO TOmo. /[0 IIbOoro B ocTaHHI
JECATUPIYYS TOAABCS BIUIMB 3MiH KiiMaTy. ToMy BHBYEHHS 3MiH YHMCEIBHOCTI BOAHO-OOJOTHHUX
NTaxiB € OJHUM 13 Cy4acHUX MPIOPUTETIB CBITOBOI OPHITONOTII Ta OXOpOoHH nTaxiB. Hein’eMHOIO
YaCTUHOKO OCTaHHBOI € TaKi NMPAaKTHYHI 3aXOJ/H, SIK CTBOPCHHS 3allOBIIHUX 00 €KTIB Ta BHECCHHS
BU/IIB, SIKI TIepeOyBalOTh MiJl 3arpO300, 0 MIXHAPOJHHUX «ICPBOHHX)» CIHCKIB 1 HAIIOHATHHHUX
«IEPBOHMX» KHUT. 3PO3YMIJIO TaKOX, IO OIIHKA Cy4acHOTO CTaHy BHUJIB TBapHHHOTO CBITY, a
TaKOXX €(EKTUBHOCTI TMPUPOJOOXOPOHHHUX 3aXOAIB HEMOXJIMBI 0€3 MpPOBEACHHS MOHITOPHHTY
6ioTH.

3BakarouM Ha HaBEJCHE BHIIE, 115 IMyOJiKaIlisl MPeICTaBIsie pe3yabTaTh IOCTiKEHb OpHiTO(hayHn
yacTUHU A30B0-CHBAChKOIO HaIllOHAJBLHOTO MapKy — 0. biprouuii, ssKuid, KpiM CyX0A0J1y, BKIIOYAE
HU3KY JIOKQIBHUX BOJHO-OOJIOTHUX YTigh Ta y30epexcks akBaTopii A30BCBKOTO MOpS, a TaKOX
Yrmonpkuii nuMaH. Xoya I TEPUTOPIsS Mae CTaTyC HalllOHAIBHOTO MapKy, MOHITOPUHT ii
010pi3HOMAHITTA e HE HAO0yB HAJICKHOTO DiBHA. ToMy I myOuiKamis € CYTTEBUM BHECKOM Y
BHUBUEHHS OpHITO(AayHH HaILIOHAIBHOTO MapKy 1 (OpMyBaHHS OCHOBH Ui KOMIUIEKCHOTO
OPHITOJIOTIYHOTO MOHITOPHHTY B HhOMY. Byay4n ogHuUM 3 00’ €KTIB MPUPOTHO-3AMOBITHOTO (POHTY
A30B0-HOpHOMOPCHKOTO PETioHy YKpaiHu, SKi BIAMOBITHO 10 3aKOHOJIABCTBA KPaiHU MalOTh BECTH
MOHITOPUHTOBI po00TH, A30B0-CHBAacChKHMU HAI[IOHAILHUN TPUPOJHUN TIApK MOXE CTaTh
BaYKJIMBOIO YaCTHHOIO 3arajibHOJEP>KaBHOT CUCTEMH MOHITOPHHTY 010pi3HOMAHITTS 1 Mi>KHAPOTHUX
nporpaM MOHITOPHHTY BOAHO-0OJOTHMX mnTaxiB. Ciix 3ayBaxkuTu, mo o. biprounii wmae
TPAaHCKOHTUHEHTAJIbHE 3HAYEHHS SIK BaXJIMBE Miclle nepeOyBaHHs MTaxiB MiJl 4ac CE30HHHUX
Mmirpariii. KpiM mporo, MOHITOpHHT cTaHy OpHiTOhayHu 0.Biprounii € ayxe BayKIMBUM JUIS OLIHKA
HOro eKOJOTiYHOro cTaHy Ta €(QEeKTUBHOCTI MPUPOAOOXOPOHHUX 3aXOiB, SKi BHKOHYIOTHCS B
HaI[IOHAJILHOMY TIapKYy.

B ocHoBI wi€l my6uikaii MaTepiaay HaiO1IbII MOBHUX CEPITHEBUX OPHITOJOTTUHUX CIIOCTEPEKEHbD,
npoBeaeHUX y 1995 ta y 2012 poxax. OOmiku, TpOBEAEHI O TMOYATKY CE30HY IOJIIOBAHHS,
BiJJOOpaXaroTh CTaH OPHITOKOMIUIEKCIB Ha LIl TepUTOpii B MICIATHI3IOBUNA MEpioJl Ta Ha MOYATKY
(dbopMyBaHHS OCIHHIX NEpeIMIrpallifHUX CKyM4eHb. Taki JaHl € HalOuIbll 1HOOPMATUBHUMHU IS
BHU3HA4YE€HHS BHMJOBOTO CKJaly, MOIIMPEHHS MNTaXiB Ta iX YHCEIbHOCTI, YCHIXy PO3MHOXEHHS B
MIOTOYHOMY pOLll, @ TAKOX JESKMX (EHOJOTIYHMX AacleKTiB piyHOro uukiy. Came NOpIBHSIHHS
pe3yJbTaTiB CepPIHEBUX OOJIIKIB, MIX IKUMH MUHYJIO 17 pOKIB, Ta MOIIYK CYTTEBUX BIIMIHHOCTEH 1
€ OJHICIO 3 BAYKJIMBUX IIIJIEH HAIINX HOCIIKEHD. IHIIIOI0 METOI HOCIIIHKEHHS € 3aKIaAeHHs OCHOB
JUIs TIOAAJIBIIOT0 MOHITOPUHTY CTaHy OpHiTo(gayHH o-Ba biproumii, sk ckj1aoBoi YacTUHU A30BO-
CuHBachbKOTro HalllOHAJILHOTO MPUPOJHOIO MapPKYy.

MATEPIAJI TA METOAU JOCJILIZKEHHSA

JlociakeHHsT OpHITONIOTIYHOT cuTyallii Ha o. biprounii 6ynu nposeaeni 9-10 ceprusa 1995 poky ta
8-9 cepnus 2012 poky. B 000x Bumankax BUKOPUCTOBYBAJIM IIIIOXIJHI Ta aBTOMOOUIbHI METOAU
001Ky nTaxiB. 3arajibHa JOBXXHHA aBTOMOOUILHOTO MAapHIPYTY BIAMOBIAHO cKkianaia 65 ta 75 kM, a
mimmoxigaoro — 7 ta 10 kM. Ilimoma, oxomieHa oOJiKaMH IITaxiB, CKjJajaja B OOMIBa CE30HH HE
Mmen1ie 70%, mpuuomMy BOAHO-00J10THI yriaas odcrexeni maitke Ha 100%, cyxoain — 50% (puc.1).

Y BOAHO-00JOTHUX YTiAAAX OOJIK MPOBOIUBCS B MEXaxX CIEIiaTbHO BHAUICHUX MIISHOK Ha MIIIMX
Ta aBTOMOOUIPHUX MapLIpyTax Y3J0BXK BOJOWM 13 3yNMHKAaMU B MICHSAX, 3 SKUX J00pe
MPOTJIAIATKMCS BIAKPUTI aKkBaTopii, 1 OorisaoM iX 3a JOMOMOTror Tejeckoma. (s MakcuMaibHO
MMOBHOTO OXOIUICHHS BOJIOWMH II0JIe€ OTJISAY YEpProBOl JIISHKHA aKBaTOpii TMepeKpuBaiocs 3
MOTIEPETHIM.

ToukoBi 00JiKH, TpUBaATICTIO TI0 5-10 xBruMH Yyepe3 koxHi 250 - 400 M (3a5eKHO Bij CKJIAJTHOCTI
6ioromy), 3IiHCHIOBAIM TMEPEBAaXXHO B JEPEBHO-UYAarapHUKOBUX O10TOMAax, IMITYYHUX Jicax, JAe
Bi3yaJbHHUI OOJIIK NTaxXiB HalyacTillle € YCKIaJHEHUM.
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VY wMmicusgx KOHIEHTpalii NTaxiB poOMJIMCH TpPUBAJi 3yNHUHKH, AOCTaTHI Uil JETaJbHOTO
BCTAaHOBJICHHS BHJIOBOTO CKJaAy Ta YHCEIBHOCTI CKym4eHb nTaxiB. CrocrepexeHHs
MpOBOUIHUCS 3a Jonomororo OiHOkIiB 8-10X Ta Teneckoma 20-60x. Jlyis BU3HAYEHHS BHIOBOI
IPUHANEKHOCTI, CTaTi, BIKYy @TaxiB, a TaK0X XapaKTepUCTHKU IEpPeXiTHUX HapsAIiB
BukopuctoByBanu Bu3HauHuK mnraxiB €Bpomu (Collins Bird guide/Second edition, 2009).
KapryBanHg Miclb CKynm4eHb NTaxiB Ta OOJIKOBHX MapIIpyTiB 3pobieni 3a momomoror GPS
HaBiraTopa.

Puc. 1. [dinauku o. biprounii, oxomieni obiaikamu nraxiB y 1995 ta 2012 pokax

pe3yJIbTaTH Ta iX 00roBOpeHHs
1.TAKCOHOMIYHA XAPAKTEPUCTUKA OPHITOKOMILJIEKCIB

Ha o. Biprouwnii y cepmHi 3a o0uaBa epioid CrocTepexeHb 3apeectpoBano 90 BUIIB MTaxiB, sSKi
Hanexkatb 10 14 psaiB (tadn. 1). V 1995 poui BuaoBe pisHOMaHITTS Oyno Hikue, Hixk y 2012
poui — 57 ta 77 BumiB BignmoBigHO (Tabn. 2 Ta 3). 3arambHa YHCENBHICTH NTaxiB y 1995 pori
cknana 14461 oc., a y 2012 poui — 19392 oc. [lepenik BUJIB, IX YMCETBHICTh TA PO3MIIIEHHS Ha
00JIIKOBUX JUISTHKAX BigoOpaxkaroTh AaHi TaOauIb 2 Ta 3, a CIBBIIHONICHHS TAKCOHIB MO0 POKaxX
HaBejleHe Ha puc. 2 Ta 3.

[TopiBHIOIOYM CITIBBIAHOIIEHHS TAaKCOHIB Yy pi3HI pPOKH, OauuMoO 4YHCEIbHE JOMIHYBaHHS
MpeCTaBHUKIB psAxy rycenomiOnnx y 1995 pomi (8524 oc., a6o 58,9% Bix 3aranbHOi YMCENBHOCTI
nraxiB). Hatomicts y 2012 pormi gominyBamu Buam cuBKomomiOHmx nraxiB (13550 oc., abo
69,9%). BunoBe pi3HOMaHITTS WX Tpyn B oOuaBa poku Oyno moBodi crabinmbHuM. ['ycemomiOHi
HapaxoByBaiau 12 (1995 pik) ta 11 (2012 pik) BuaiB, a CHBKOIIOAIOHI — 25 Ta 28 BUIIB BiAMOBITHO
(rabum. 1).

Cknan BHAIB MTaxiB 1HIIUX TaKCOHIB TaKOXX € CTAOUILHMM, a HE3HAUYHE KOJIMBAHHSA B KIJIBKOCTI
3apeeCcTPOBAHUX BHJIIB y Pi3HI CE30HH IMOSCHIOETHCS OIIBIN JETATBbHIUM OOCTSKCHHIM OKPEMHUX
OiotomiB. Taka cuTyallisi ckianacs 3 BHUSBICHHSM [ESKHX MPEJIICTABHHUKIB TopoOIenoaioHmx
nraxiB (18 BuaiB y 2012 porri) gyepe3 crieniaibHi CIIOCTEPSIKEHHS B MITYYHUX JTICOBUX MacHBax Ta
OUTBII JeTabHE OOCTSIKEHHS CyXOI0IYy.
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Tabmuus 1 — TakcoHOMiIUHA XapaKTEPUCTUKA OPHITOKOMILIEKCY 0. biproumii 3a pesynpraramu
crioctepexenb 1995 ta 2012 pp.

No Pan YucenpHICTH YucenpHICTH
y 1995 pomi y 2012 pori
VYkpaiHcbka Ha3Ba HaykoBa Ha3Ba BH/IIB NTaxiB BU/IIB NTaxiB
1 | Ilipauko3omomioHi Podicipediformes 2 482 3 688
2 IlenexanomnomioH1 Pelecaniformes 1 7 1 253
3 | Jlenexononi6Hi Ciconiiformes 5 251 3 118
4 | T'ycenoniGHi Anseriformes 12 8524 11 4130
5 CoxkoJomnomioHi Falconiformes 2 4 5 14
6 | KypomomiOHi Galliformes 1 12 2 27
7 XKypasnenoaioni Gruiformes 1 1315 1 337
8 | CuBkomnoaiOHi Charadriiformes 25 3852 28 13550
9 | l'omyGomoxioHi Columbiformes - - 2 4
10 | 3o3ynenonioHi Cuculiformes - - 1 1
11 | PakmenoniOHi Coraciiformes - - 1 1
12 | JdpimumroromnoaioHi Caprimulgiformes 1 3 - -
13 | OnynonoxioHi Upupiformes 1 1 1 4
14 | I'opoGuenoxioOHi Passeriformes 6 10 18 265
BChOI'O 57 14461 77 19392

AHai3 BUIOBOTO PI3HOMAHITTS BHUSBHUB, IO CHIJIBHUMHU 11 000X ce30HIB Oynu 44 BUIH, SKi B
1995 poui yBibpanu B cebe 99,2% Bin 3araibHOi YnceNbHOCTI NTaxiB, a y 2012 pomui — 87,6%.
Taki nmani cBigYaTh MpO MOBHOTY MpoBeaeHUX oO0mikiB. Y 1995 pomi He Oynmo BigmiueHo 33
BUM, sKi 3ycTpudakiucs y 2012 poui. ¥ 2012 poui 6ynu BiacyTHi 13 BUAIB NTaxiB 3 THUX, L0
Oyno 3HaigeHo B 1995 poui. I3 mporo mepeniky 23 BuaM € 3BUYAHHUMM (COpOKa, IIMAaK
3BUYaiHUI, BOpPOHA cipa, *KaWBOPOHKH Ta iH.), TOMY € MiJCTaBH BBaXaTu 67 BUIIB SIpOM
CEpPIHEBOr0 OPHITOJOTIYHOTO KOMILJIEKCY 0-Ba biprouuii.

[TopiBHSIHHA JaHUX 3a JBa POKM Jajo LiKaBy 1HQOpMaIlilo, MOB’A3aHy 3 3arajJbHUMHU
TEHJEHIIAMM TOIIMPEHHS Ta YMCENbHOCTI NTaxiB B perioHi. Tak, y 2012 poui Ha OCTpOBI
Biptounii cnoctepiranu 301TBIIEHHS YHMCEIBLHOCTI TaKWX BHUIB, K OakjaH BEIUKHUH, KPSUOK
YOPHO/A3b00UN Ta KPSUOK PsiOOA3b00MH, a KPAYOK CBITIIOKPUIIMI Ta MapTHH TOHKOA3BOO M 3
JIOBOJII BUCOKOIO YHCEIBHICTIO B3araji He Oynu 3apeecTpoBani B 1995 pori.
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Puc. 3 Bunose pi3HOMaHITTS TAKCOHOMIYHMX TPyl NITaxiB Ha 0. biprounit
y ceprHi 2012 poky

bmuseko 10 Buaie nraxiB y 2012 poui NOKa3add HU3BKY YHCENBHICTh 4Yepe3 3arajibHy
MOCYIIJIMBICTh CE30HY, sKa MPHU3BENa 10 3MEHIICHHS IUIONI O10TOMIB iX ICHYBaHHS. Y MESIKUX
BUIIJIKaX Taki O10TOMM B3araji 3HUKIIU, HAPUKIIA, CHCTEMa BOJIOTUX TIOHMXKEHb (caru) B 14-17 ta
25-28 kBapranax. J[o Takux BU/IIB HaJIeXkKATh Yarlli, KYJIUKH, JESKI BUAM KPSIOK Ta MAPTHHIB.
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Bukinkae 3aHENOKOEHHS CUTYAIIis, SIKa CKJIANacs 3 YHCENbHICTIO TYCKHU CIpoi Ta 3yiika MOPCHKOTO.
Ha i 3arasibHOro 3HM)KEHHS YMCEITBHOCTI ITUX BHJIIB y PETiOHI, Ha OoCTpoBi biprouwii y cepmHi
2012 poky 3apeecTpoBaHO BChOTro 4 TyckH cipi Ta 7 3yiikiB Mopcbkux (y 1995 p. — 620 oc. ta 131
oc. BiamoBigHO). OdYeBWAHO, MOTPIOHI CHEIliaNbHI 3aX0AM I MIATPUMAaHHS CTaOULIBHOCTI
MOMYJSAIN UX BUAIB (IUTY4YHI JOMIBKHM Ui Tyceil, OOMEXEHHsS peKpealifHOr0 HaBaHTAXKEHHS B

THI3JI0BUH TIepion).

Haii0inpm uymcenpHi BUOM NTaxiB 3a pesyiabratamu o0mikiB 1995 Tta 2012 mpencraBieHi Ha

pucyHkax 4 ta 5.
Anas platyrhynchos 3826
Aythya ferina
Tringa totanus
Fulica atra
Larus ridibundus

Anser anser 620
520
481
429
246
239
219

0 1000 2000 3000 4000 5000

Tadorna ferruginea
Podiceps cristatus
Cygnus olor
Aythya fuligula
Sterna hirundo
Anas querquedula

Puc. 4 Haii6inb1 yricenbH1 BUM NITaxiB 3a pe3ynbraTamMu ooumikiB 1995 poky

Larus ridibundus 9058
Aythya ferina

Larus genei

Thalasseus sandvicensis
Anas platyrhynchos
Podiceps cristatus
Tringa totanus
Chlidonias leucopterus
Anas querquedula
Fulica atra

Cygnus olor

Larus cachinnans
Gelochelidon nilotica

Phalacrocorax carbo

0 2000 4000 6000 8000 10000

Puc. 5 Haii6inb1 yncenbHi BUIM NITaXiB 3a pe3ynbraTamu o0mikiB 2012 poky
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Tabmuus 2 — Pesynpratu o0mikiB ntaxisB Ha o. biprounit 9-10 ceprus 1995 poky

ik *
Ne | Bun 1 2 3 4 5 6 | 7 8 3 9 |10 | 11 |12 13 |14 |15 | 16 [17]18 2
1 | Podiceps cristatus 20 65 | 5| 100 | 4 70 10 | 62 | 81 | 64 481
2 | Podiceps nigricollis 1 1
3 | Phalacrocorax carbo 1 |2 4 7
4 | Nycticorax nycticorax 2 1 3
5 | Egretta alba 1 |10 1 |3 2 18 6 6 2 49
6 | Egretta garzetta 13 | 3 2 1 1 | 46 6 6 4 6 1 89
7 | Ardea cinerea 6 2 3 5 3 23 | 14 |39 5 9 109
8 | Ardea purpurea 1 1
9 | Anser anser 86 333| 9 2 |67 19 | 104 620
10 | Cygnus olor 9 48 | 5 | 367 429
11 | Tadorna tadorna 82 15 | 1 98
12 | Anas platyrhynchos 8 |103 144130 {1918 | 30 | 73 1000 | 100 | 311 | 109 3826
13 | Anas acuta 1 1
14 | Anas clypeata 2 2
15 | Anas strepera 5 5
16 | Anas querquedula 88 | 17 51 20 4 19 20 219
17 | Anas crecca 12 56 68
18 | Aythya ferina 194 705 300 1800 3 3002
19 | Aythya nyroca 8 8
20 | Aythya fuligula 184 | 62 246
21 | Circus aeruginosus 1 1
22 | Falco tinnunculus 3 3
23 | Phasianus colchicus 12| 12
24 | Fulica atra 1 | 1000 54 250 10 1315
25 | Pluvialis squatarola 1 1 | 23 5 3 33
26 | Pluvialis apricaria 1 1
27 | Charadrius alexandrinus 92 4 3 26 6 131
28 | Calidris canutus 2 2
29 | Arenaria interpres 4 1 6 8 4 2 8 | 6 39
30 | Haematopus ostralegus 34 11 5 | 27 77
31 | Galinago galinago 1 1

19
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ik *

Ne | Bun 1 2 3 4 5 6 | 7 8 3 9 |10 | 11 |12 13 |14 |15 | 16 |17 |18 2
32 | Actitis hypoleucos 1 1 1 5 8
33 | Tringa glareola 1 15 2 7 9 34
35 | Tringa nebularia 1 1
36 | Tringa totanus 3 | 150 | 103|130 | 149 | 19 21 6 | 348 187 | 60 | 278 9 1463
37 | Philomachus pugnax 2 1 14 17
38 | Phalaropus lobatus 4 1 5
39 | Calidris ferruginea 52 1199 | 8 121 70 70 520
40 | Calidris alpina 8 33 25 18 | 3 87
41 | Numenius arquata 6 1 7
42 | Limosa limosa 4 4
43 | Larus minutus 20 20
44 | Larus ridibundus 55 90 | 64 658 | 24 | 85 | 20 996
45 | Larus cachinnans 36 7 9 10 | 38 | 10 110
46 | Chlidonias niger 3 9 12
47 | Gelochelidon nilotica 3 3
48 | Thalasseus sandvicensis 1 12 | 12 25
34 | Sterna hirundo 94 | 1 |90 | 12 3 5 32 2 239
49 | Sterna albifrons 1 16 17
50 | Upupa epops 1 1
51 | Caprimulgus europaeus 3 3
52 | Luscinia sp. 2 2
53 | Turdus philomelos 1 1
54 | Sylvia communis 1 1
55 | Lanius collurio 2 2
56 | Lanius minor 3 3
57 | Phylloscopus sp. 1 1
KinbkicTs BUaiB 5 9| 12| 9| 10| 23| 9 13 17| 15 8 6 11 6 23| 15| 4| 10, 57
3arajibHa YHCEIbHICTh 248| 179| 435| 213| 568| 1253 149 3758| 570| 788| 1960| 213 2198| 266| 1244 359| 31| 29| 14461

Mpumitkn: Jingaku™: 1 — o3epo y kB. 1; 2 — 3aTOKa Ha MiBHIYHOMY 3aXoAi KB.7; 3 — Oeper Ha MIBHIYHOMY €XO0/i KB.5; 4 — MOHM33s B IEHTPAIbHINA YacTHHI KB.5; 5 — meHTpaibpHa
yacThHA KB.9; 6 — muMaH SIMKiBCbKHH Ta o3epa y kB.24; 7 — numan Myxuumii; 8 — muman Onenb; 9 — koca 0. Kpyrmsk; 10 — moHu33s Ha Mexi kB.13, 24, 23; 11 — 3aToka tuMany
SAmxisewkuii (13 ra) y k8.21; 12 — o3epo (15 ra) y k8.40; 13 — 0. Kaunnwuii; 14 — npotoka y kB.49; 15 — numan Beprmaceknit; 16 — muman byxra; 17 — HeBenukuii mruMaH 6115 Maska;

18 — Canxu.
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Tabmuus 3 — Pesynbratn 00:1iKiB nTaxiB Ha 0. biprounii 8-9 ceprus 2012 poky

Ne Hassa Buny Hinsiakn * >
] 1 2 3 4 5 6 7 8 9 10 11 | 12 13

1 Podiceps griseigena 8 2 2 12
2 Podicep scristatus 34 171 223 | 101 81 3 140 | 4 657
3 Podiceps nigricollis 5 14 19
4 Phalacrocorax carbo 11 6 82 154 253
5 Egretta alba 7 3 1 3 2 16
6 Egretta garzetta 2 5 9 2 14 2 3 37
7 Ardea cinerea 17 12 15 2 2 11 4 2 65
8 Anser anser 4 4
9 Cygnu solor 106 145 | 72 323
10 Tadorna tadorna 6 1 7
11 Anas platyrhynchos 7 236 13 16 7 392 | 72 743
12 Anas clypeata 16 16
13 Anas strepera 1 2 3
14 Anas querquedula 146 | 150 112 6 414
15 Aythya ferina 1 1920 288 | 193 44 2446
16 Aythya nyroca 11 2 3 16
17 Aythya fuligula 1 1
18 Oxyura leucocephalus 2 2
19 Circus pygargus 1 1
20 Circus aeruginosus 1 1 3 5
21 Falco subbuteo 1 1
22 Falco vespertinus 1 1
23 Falco tinnunculus 1 1 2 2 6
24 Perdix perdix 22
25 Phasianus colchicus 2 3 5
26 Fulica atra 90 200 | 47 337
27 Pluvialis squatarola 1 4 1 6
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Ne HasBa Buny Hinsiakn * >
] 1 2 3 4 5 6 7 8 9 10 11 | 12 13
28 Charadrius alexandrinus 2 4 1 7
29 Vanellus vanellus 1 1
30 Arenaria interpres 15 2 12 3 15 6 53
31 Recurvirostra avosetta 2 2
32 Haematopus ostralegus 4 6 8 1 8 27
33 Galinago galinago 1 1
34 Actitis hypoleucos 1 1
35 Tringa ochropus 2 1 3
36 Tringa glareola 6 4 10
37 Tringa nebularia 26 1 6 2 1 36
38 Tringa totanus 1 280 55 5 15 17 | 120 | 76 8 577
39 Philomachus pugnax 1 1
40 Calidris ferruginea 2 2
41 Calidris alpina 30 30
42 Numenius arquata 1 4 3 7
43 Numenius phaeopus 1 1
44 Limosa limosa 4 1 10 15
45 Larus ichthyaetus 1 1
46 Larus minutus 1 2 3
47 Larus ridibundus 35 320 25 | 106 525 | 102 | 7400 | 25 | 520 9058
48 Larus genei 6 61 5 20 | 1300 90 1482
49 Larus cachinnans 34 20 14 8 22 125 2 36 261
50 Chlidonias leucopterus 150 21 97 | 117 20 | 45 450
51 Gelochelidon nilotica 254 254
52 Hydroprogne caspia 1 1
53 Thalasseus sandvicensis 1 3 2 900 324 1230
54 Sterna hirundo 13 1 16 30
55 Columba palumbus 2
56 Streptopelia turtur 2
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Ne HasBa Buny Hinsiakn * >
B 1 2 3 4 5 6 7 8 9 10 11 | 12 13
57 Cuculus canorus 1
58 Coracias garrulus 1
59 Upupa epops 4
60 Hirundo rustica 130 80 210
61 Galerida cristata 1
62 Melanocorypha calandra 1
63 Alauda arvensis 2
64 Motacilla flava 1 10 11
65 Motacilla alba 1
66 Lanius collurio 1 1
67 Lanius minor 4 4
68 Oriolus oriolus 1
69 Sturnus vulgaris 14
70 Pica pica 1 1 2 4
71 Corvus cornix 2 2
72 Corvus corax 3 2 5
73 Phylloscopus sp. 1
74 Muscicapa striata 3 3
75 Saxicola rubetra 1
76 Phoenicurus ochruros 1 1
77 Carduelis carduelis 2
78 Anatidae spp. 130 25 155
Kinekicrs BuaiB 12 27 10 22 16 7 6 33 20 13 7 9 7 77
3arajbHa YHCEJILHICTD 146 | 3369 | 272 | 12520 641| 46 | 186| 1827 452 | 9915| 209| 1029, 93 | 19392

IIpuMiTKH: — HOMEPH IUISIHOK BiAMOBIAa0Th MapipyTHii Touri GPS-tpeka (xuB. puc. 7).
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2. XAPAKTEPUCTHUKA OCHOBHHUX INPEJICTABHUKIB JTOMIHYIOUYUX TAKCOHIB

Micus 3ycTpiueil BUIB NTaxiB 3 OCHOBHUX TaKCOHOMIUHMX rpyn y 1995 pomni BimoOpaxae puc. 6,
ay 2012 poui — pucynku 8-10. ITynktu ciocrepeskens y 2012 pori mokasani Ha puc. 7.

O -Adplatyrhynchos A - A ferina [] -Ardeidae A -C.olor
@ - A fuligula /A -Ch.alexandrinus | -F.atra O - T.totanus

Puc. 6 Micist OCHOBHUX CKYITYEeHb JJOMIHYIOUUX MTPEICTABHUKIB OpHiTO(ayHH 0. biprounii
y ceprHi 1995 poky

Puc. 7 IlyHKTH criocTepeXeHb NTaxiB (MapmpyTHi Toukun GPS-tpeka)
i gyac o6mikiB §8-9.08.2012 poky

Psix Iipauko3onoaioni (Podicipediformes)

Hopeup Benukuit (Podiceps cristatus) e TuUmoBHM MpeACTaABHHKOM OPHITOKOMILIEKCIB BCHOTO
A30BCBKOTO y30epesks. Y MOpiBHAHHI MK pOKaMH, 0o 4ncenpHIicTh JoBoJi cTabinpHa (481 oc.
y 1995p., Ta 657 oc. — y 2012 p.). Benukux CKymueHb y CepIlHI HE YTBOPIOE, IUCTIEPCHO
nepeOyBalYr Ha MUJTKOBOJTHUX aKBaTOPIsSX HABKOJO 0. biprounid.

Bionociuni nayku
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Psan [enexanononioni (Pelecaniformes)

baknan Benukwmit (Phalacrocorax carbo) 3a ocradHi poku 30iNBIIMB YHCENBHICTH Y PETiOHI.
OCHOBHUMH KOJIOHIQJIBHUMH TIOCEJICHHSMH BHJy Ha HPWICTJIMX TEPUTOPiAx € koca OOiTouyHa
(ITpumopcekuit paiioH 3amopi3bkoi 00J1acTi), 16 HOro YMCEeNnbHICTh B OCTaHHI 5 POKIB 3pocia J0
70 000 oc. ImoBipHO, 4YacTHMHAa MNTaxiB MOXE MOTPAIUIATH Ha o. biprounii 3 moceneHp Ha
HentpansHomy Ta Cximnomy Cusamii. ko B 1995 porii Ha ocTpoBi 3ycTpidayMcsi BChOTO 7 OC.
(1, 2 Ta 4 nraxa), To y 2012 pomi 3aranbHa YMCENBHICTh BHIY CKjiana 253 oc., 3 fkux 2 3rpai
HapaxoByBain 154 Ta 82 oc. IIpoBeneHHs MOHITOPUHTOBUX MAOCTIDKCHb W Hamalll € BKpau
BOXJIMBUM [T TIOTIEPEDKEHHST MOXKIIMBOTO 3aKPIIVICHHsS] BUy HA THI3/yBaHHI 1 HA OCTPOBAaX, 1 Ha
JiepeBax, 10 MU CIIOCTEpPIraeMo B JESKUX MOCENIeHHAX. Hacnmikyu Takoro rHi3ayBaHHS HETaTUBHI,
4yepe3 3HHUIICHHS JIepeB, TPaB’SIHOIO IOKPUBY Ta 30iJHEHHS BUIOBOTO PI3HOMAHITTS NTaxiB
HABKOJIO KOJIOHIH.

Psin Jlenexonoaioni (Ciconiiformes)

VY 2012 pomi B mopiBHSHHI 3 pe3yibTaTaMu 00IiKiB y 1995 porii cioctepiraeTbcs 3HMKEHHS OLTbII
K y JIBa pa3u TPhOX OCHOBHMX BHIIIB 4ariesib — varuii Oinoi Benukoi (Egretta alba) 3 49 oc. B 1995
porii 10 16 oc. y 2012 pori, garti 6inoi masoi (Egretta garzetta) 3 89 oc. 1o 37 oc., Ta 4aruti cipoi
(Ardea cinerea)- 3 109 oc. 10 65 oc., BiANOBIIHO.

Psin I'ycenonioni (Anseriformes)

JleGimp-mumyn (Cygnus olor) BusiBisie AMHAMIYHY TOBEAIHKY ITiJ] 4ac CE30HY PO3MHOXKCHHS,
3aliMarouM BCl NMpHUJATHI O10TOIM, HABITh MMOOJIM3Y HaceleHUX NYyHKTIB. Came TOMY YHMCEIbHICTb
BUIY B perioHi crabinpHa, 1 cepmHeBi OONIKM B 0OMIBAa POKM BHSIBIJIM Maibke OJHAKOBY
qyrcenbHICTh J1ebeaiB (429 oc. B 1995 pomi ta 323 oc. y 2012 porii).

B octanHi poku 3 miABUIIIEHHSM apiTHOCTI KJIIMaTy 3MEHIIUIIACH TUIONIA 010TOMIB, MPUAATHUX IS
rHi3nyBanHs kpwkHsa (Anas platyrhynchos), i sk Hacaimok — 3HWKEHHS YHCEIbHOCTI BHIY B
perioni. ¥ 1995 pomi O6yio 3apeectpoBano 3826 oc., 3 AKHX y 2 CKym4eHHAX Tpumaiuch 1918 oc.
(muman Omnenp) Ta 1000 oc. (o. Kaumnmit). ¥ 2012 poui na numani OneHb 3apeecTpoBaHo 392
kpwkHI 13 743. Cxoxa KapTHHA CIOCTEPIra€ThCsi IO BChOMY A30BCHKOMY Y30EPEXIKIO
(Y1mokebkuit  Ta Monounuit numanu, kocu OO6iTouna Ta bepasHceka). s craGimizarii
YHCEIbHOCTI KPUXKHS HEOOX1JHE BIIPOBAKEHHsI OIOTEXHIYHMX 3aXOMIB JUIsl CTBOPEHHS YMOB Yy
nepioJ] THi3AyBaHHS.

Yupok-Tpickyreis (Anas querquedula) y ceprmHi € 3BHYallHMM BHJIOM YChOTO PETIOHY i Ma€
cTabunbHy uncenbHicTh. Ha o.biptounii BUJI KOHIIEHTPY€ETHCS HEBETMKUMH IpynaMu (BiJ] IECSATKIB
710 COTE€Hb) Ha BCIX KPYMHUX JuMaHax. Y 1995 poui cioctepiranu 219 oc. (Big 4 no 88 oc. B 3rpai),
ay 2012 pomi — 414 oc. (Bix 6 mo 150 oc.).

[MTomesrox (Aythya ferina) Takox mae cTabiabHY YnceNbHICTh. [{ikaBo, 1110 B 00¥M1Ba POKH MOIETIOX
OyB 3apeecTpoBaHuii Ha 3 OCHOBHUX JuMaHax — OneHb, SAAMkiBchbkull, BepmuHcbkuii. OCHOBHUM
MicIleM KOHIIeHTpalii nrtaxiB 0y numan Onens. Y 1995 pomi Tyt tpumanucek 2100 oc. (ab6o 70%
BiJ] 3arajlbHOT YUCENBHOCTI BULY), a ¥ 2012 pomi — 2208 oc. (90,3%).

I'ycka cipa (Anser anser) B perioHi CKOPOTHIIA YHUCENbHICTh B OCHOBHHX MICIISIX THI3IyBaHHS, a B
OUBIIOCTI IPYTOPSIIHUX THI3JOBHX IMOCENEHHSIX — 3HUKJIA. Taka TeHJEHIlis XapaKTepHa HE JIMIe
Ui BChOTO  A30BO-UOPHOMOpPCHKOTO perioHy, a ¥ 1 BIJOMHX TIOCEJIEHb  BHIY
B JlninponerpoBcbkiil (piku Camapa, Openb) Ta XapkiBebkiil (p. CiBepcbkuii JloHenb) obmactsx.
VY 1995 pomui 6yno 3adikcoBano 620 cipux rycei, 3 SKuX CKym4eHHs B 333 oc. TpuMalioch MoOIu3y
o. Kaunnuii pemra — Ha numanax SIMkiBcbkuii Ta BepmumHchkuit. ¥V 2012 poui nume 4 nraxa
nepeOyBaiiv B MiBJEHHIM yacTuHI JInMany OmneHb. s IboT0 BUIY TaKOX PO3POOJICHI Ta 3 YCIIXOM
BIIPOBA/KYIOTHCSI OIOTEXHIYHI TEXHOJOTIi MIATPUMAHHS WOTO YHCETBHOCTI, SIKI MOMKIJIHBO
3acTocyBaTu 70 biproyaHCHKOTO THI3I0BOTO YTPYITyBaHHS.
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Psin Kypasaenonioni (Gruiformes)

Jlucka (Fulica atra) e THIOBHM MPEACTaABHUKOM OLIBIIOCTI BOJHO-OOJIOTHHX YTigb PETiOHY.
O6mnixu 1995 poky Bussuiu 1315 oc., 3 sxkux 1250 oc. (a6o 95%) nepeGyBanu B Mexkax JIMMaHy
Omnenb ta 0.Kaunnwuii. ¥ 2012 poui Bcboro 3apeectpoBano 337 nraxis, 3 akux 290 oc.(86%) Takox
Oynu Ha numani OneHs, a e 47 oc. crocTepiraiy Ha CyciTHbOMY JTuMaHi SIMKiBChbKiil. BincyTHICTh
NTaxiB B OOMJBAa CE30HM Ha IHIIMX BOJOWMAax MEHIIOTO PO3MIPY CBIAYHTH PO YTBOPCHHS
nepeaMIrpaliiHuX CKyM4eHb, IiJ Yac BUHUKHEHHS SIKUX MTaXW KOHLEHTPYIOTbCS HA TPAJAULIIAHUX
JUIg HUX Micugx. ['OBOpUTH MPO CYTTEBE 3HM)KEHHS YHCEIBHOCTI BUIY BaXKKO 4Yepe3 CKIIATHICTh
BUSIBJICHHS ITaXiB, YaCTKa SIKUX XOBA€THCS B ouepeTi. TMM He MEHI, YOTHPUPA30BE 3MEHIICHHS
YHCENbHOCTI MOPiBHAHO 3 1995 pokoM nae mifcTaBu OLIBII I€TaIbHO BUBYATH CTaH LLOTO BUIY Ha
o. biprouwnii.

Psin CuBkonoaioni (Charadriiformes)
Poxnna Bapanuesi (Scolopacidae)

Tpasuuk (Tringa totanus) € iHAMKATOPOM CTYIEHS 3BOJIOKEHOCTI 0i0TOMIB. AHA3 Pe3yJbTaTiB
CTIOCTEpEKEeHb IOTr0 Buay B 1995 poui nmokazas nepedyBanns 1463 oc. B 13 Toukax o0miky 3 17. ¥
MeXax KpYIMHUX JuMaHiB o6iikoBaHo 520 oc. (a6o 35.5% Bix 3araibHOI YMCENBHOCTI MTaxXiB), a y
BHYTpIIIHIX BoOJoWMax (MIJIKOBOJHUX carax, HMOHWXKEHHsX) — 943 oc. (64.5%). LlikaBoio B
OPHITOJIOTIYHOMY IUIaHI € CHCTEeMa IMOJIB Ta MOHIKEHb y Mekax kBapTaniB 23 Ta 24, ne B 1995
porri 3apeectpoBano 348 TpaBHHKIB, a00 40% BiJ 3arajgpbHOi YUCEIHHOCTI MTaXIiB, SKi 3yCTpidaIHCs
Ha BHYTpIIIHIX BojoiiMax. CrocTepeskeHHs 3a 010JI0Ti€0 BUAY B IHIIUX BOJAHO-OOJOTHUX YTiIISX
MiBIHS YKpaiHU CBIIYUTH MPO TE, IO CTAIlil, BIITANICHI BiJl BIAKPUTHX aKBATOPiH, € yIItOOICHUMHU
g TpaBHHKa Oiotomamu. Y 2012 pomi jneBoBa yacTKa TaKUX car, MOJIB Ta MOHWKEHb Oynu
CyXHMH, TOMY pPE€3yJbTaTH OOJIKIB BUSBIJIMCS JOBOJII MPOTHO30BAHMMH, & YHUCEIBHICTh MTaxXiB
CKOpOTHJIacs BTpPHUYI. YCI MTaXW TPUMAIUCh MIJIKOBOJHUX OeperiB 3 HaJABOJHUM TpaB’ SHUM
MTOKPUBOM Y MEXKaX TPhOX OCHOBHUX JIMMAHIB.

[To6epexuuk yepBonorpyauii (Calidris ferruginea) ta mobepesxuuk gopHorpyauii (Calidris alpina)
€ JNaIbHIMHM MIrpaHTaMH, THI30B1 apeajii SKUX 3HaXOJAThCs B cyOapkTHuHOMY mosici Pocii, Tomy
YHUCENbHICTh NMTaXiB 3 POKY B PIK KOJMBAETHCS B JOCUTHh BEIMKUX MOKa3HHKax. IToB’s3aHo e 3
MOTOIHUMH YMOBAaMHU CE€30HY, CTAHOM KOPMOBOi 0a3u Ta (p13MYHOI0 KOHAMLIEIO NTaXiB (TOTOBHICTIO
70 Mmirpanii). 3a JOBrOCTPOKOBHMH CIIOCTEPEKEHHSIMH 3a MIrpaii€ero 1mooepexHUuKiB B A30BO-
YopHOMOPCHKOMY DETiOHI BHSIBJICHI JESIKI 3aKOHOMIPHOCTI B 3MiHI MITpalliiHUX NUIAXIB, SIKI
BIUIMBAIOTh HA YHCEJIbHICTh KYJIHMKIB y perioHi. 3rilHO 3 IMMHU CHOCTEPEKEHHSMH, A30BCHKE
y30epexcKs BTpadyae MplOpUTETHE 3HAUEHHS JJIs KYJIMKIB 1 OCHOBHUM MOTIK MITPAHTIB PEECTPYETHCS
B HWXKHIN Tedii p. Bonra ta Ha miBHoui Ka3zaxcrany. Haciikom 11bOro € 3HM)KEHHS YHCEJIBbHOCTI
NTaxiB Ta 3MiHa TepMiHIB TpoiboTy. Y 1995 porti 3apeectpoBano 520 yepBoHOrpyaux ta 87
YOPHOTPYAMX MOOepexHUKIB, a 'y 2012 Bcroro 2 ta 30 oc. BiAIOBITHO.

Kpem’simauk (Arenaria interpres) mae ctabiibHY YMCEIbHICTh HE JIMIIEC B MEXaX OCTPOBA, a i 10
BCbOMY perioHy. Hampukmnana, cmoctepexxeHHs 3a UM BUAOM Ha kKoci OOiTouHa Ta ApabarchKiid
CTPUILI BKa3ylOTh Ha HE3HAuUHI MIOPIYHI KOJMBAaHHS 4HcenbHOCTL. Y 1995 pomi dikcyBanmu 39
ntaxiB, a y 2012 — 53 oc. YmobneHumMu MiclsiMU HepeOyBaHHsS KpeM’ SIIHUKIB Oynu MillaHo-
YyepenamikoBi KOCH Ta IUISK1 3 00Ky BIIKPUTOI YaCTUHU A30BCHKOI'O MOPAI.

Poxnna Maprunosi (Laridae)

€1Ha TaKCOHOMIYHA Ipyla NTaxiB, KOJKEH 3 MPEJICTaBHUKIB SKOi M0Ka3aB 3pOCTAHHS YHCEIbHOCTI.
VY BumaaKy 3 MapTHHOM TOHKOA3b00MM (Larus genei), sikoro He Oyio 3apeectpoBano y 1995 pori,
KOHCTaTyeMO Horo MacoBy mosiBy y 2012 pori. I3 1482 oc. Tonkoazpo60oro maptuna 1300 oc. (abo
88 %) 3apeecTpoBaHO B CKYIMUEHHI MiBJICHHO-3aXiJTHOT'O KyTa OCTPOBa.

[lixaBuMm € ¢akT epedyBanHs Ha 0. biprouuit y 2012 pori 611b11 sSIK 9 THCSY MapTHHA 3BUYAHOTO
(Larus ridibundus), sixoro y 1995 p. 6ymno Bceoro 996 oc. Jlume Ha y30epexiki A30BCHKOTO MOpH,
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Maibke Ha camiil BepxiBui octpoBa Tpumanuck 7400 oc. (abo 82 % Bix 3arajabHOI YHCENBHOCTI
nraxiB). 3a iHGOPMAIIIEIO KOJIET, TAKOi YMCEIbHOCTI MApTHHIB Y CEPITHEBHI IEpioa y PErioHi He
BUSIBJICHO, TOMY BB@)KAaEMO, IO B MeXaxX ocTpoBa biproumii ckmamucs koM(poOpTHI yMOBH, SKi
npuBa0IIOOTh Croau mraxiB. Maprtun »xoBroHoruii (Larus cachinnans) mepeOyBaB y Mexkax 8
OOJIIKOBHX JIJISTHOK 1 HE YTBOPIOBAB BEJIMKHX CKYIUEHb, TPUMAIOUMCh Tpynamu Big 2 mo 125 oc.
UucenpHICTh ITLOTO BUY B pETioHi CTablIbHA.

Pomnna Kpsiukosi (Sternidae)

Cutyaris, sika CKJIanacs 3 Kps4kaMu, HeoqHo3HauHa. Ha (oHI 3pocTaHHs YUCETBHOCTI KpsuKa
ps6om3p000ro (Thalasseus sandvicensis) Ta kpsiuka goproa3p000ro (Gelochelidon nilotica), HaBiTh
MOSIBH BUY, IKOTO HE criocrepirand B 1995 porti, — kpstuka ciTiokpuiaoro (Chlidonias leucoptera),
KOHCTaTyeMO 3HMKCHHS YHCEIbHOCTI Kpsiuka piukoBoro (Sterna hirundo).

[onoBHUMHE MicIsIME TIepeOyBaHHS KPSUKiB OyiM juMaH byxTa Ta HEBEJIMKHUH 3a IJIOMICIO JTMMaH
Ha BepxiBii ocTpoBa. Came TYT 3apeecTPOBAHO BCIX KPSYKIB YOPHOA3LOOUX B OJHOMY CKYITYCHHI
(254 oc.), 900 oc. (abo 73 % Bix 3arajdbHOi YMCENBHOCTI BUAY) Kpsuka psidoazpoboro, Ta 214 oc.
(48 %) KpsUKa CBITIIOKPHIIOTO.

Kpstaok piukouii (Sterna hirundo), sixoro B 1995 poii 3adikcoBano 239 oc., y 2012 porii TpuMagcst
VYTIIOKCBKOTO y30epexokst B paiioni aumany OJieHb Y TPhOX MYHKTaX CIOCTEPEXeHb; BCboro 30
nTaxiB. UncenpHICTh BUIY B PErioHI TaKOX Ma€ TEHICHIIIO 0 3HMKEHHA. bioTexHiuH1 3axonu 3i
crabimizamii YMCeNbHOCTI Ta CTBOPEHHSI YMOB /ISl THI3AyBaHHS BUAY (IITY4YHI OCTPOBH), HA HaII
MIOTJISI/T MTOKPAIIUIIN O CUTYaIIo.

[TopiBHsUIBHA XapaKTepUCTHKA YUCENBHOCTI NTaxiB y cepmHi 1995 Ta 2012 pokiB Ta TeHaeHMIl
ICHyBaHHS BHJIIB HaBeleHa B Ta0n. 4. AHami3 fgaHuX i€l TaOnuIi 103BOJISIE 3pOOUTH JAEsKi
MornepeH1 BUCHOBKH 110J10 TEHJEHI[I 3MIH YHCEIbHOCTI OKPEMUX BUIB MTAXIB.

Tak, 55 BuziB nraxis (a6o 61 % BijJ Beix 3apeecTpoBaHuX BUAIB B 1995 Ta 2012 pokax) npoTtsirom
nepioay J0CHIPKEHb MalOTh CTa0UIbHY YMCENbHICTh; 23 BUIM nTaxiB (25,6 %) — MatoTh TEHAEHLIIO
710 3HWXKEeHHS, a 6 BuaiB (6,7 %) — 10 3pOCTaHHS YUCEIbHOCTI. YTOUHEHHS CTaTyCy BUMAararoTh I11e
6 BUJIIB, SIK1 € 3aJITHUMHU, a0 BIIEpILIE peecTpyBaiucs Ha 0.biprounii.

IToxa30Bo, 1110 BUAM, YUCENBHICTh IKUX 3pOCTa€, CKIamu 65.6 % Bij 3araibHOi YUCENBHOCTI MTaxXiB
y 2012 pomui (12727 oc.), a BUAIB 3 TEHAEHLIEI0 3MEHIIEHHS YMCEIbHOCTI 3arajloM 3apeeCTPOBAHO
Bchoro 1894 oc. Otrxe, BUsBIIEHA 3aKOHOMIPHICTh, SIKa B IMEPLUIOMY HaOJMKEHHI CBIAYUTH PO
MacoBICTh 3BUYaHUX BUIB Ta CKOPOUEHHS YHCEIbHOCTI P1JIKICHUX.

Tabnuus 4 — IopiBHsIBHA XapaKTEPUCTUKA YUCENBHOCTI NTaxiB y ceprnHi 1995 ta 2012 pokax ta
TEHJICHIII1 ICHYBaHHS BU/IIB

Ne Bux > > Tennenuis
n/n 1995 2012 YU CeJBLHOCTI
1 Podiceps griseigena 12 cTabinbHa
2 Podiceps cristatus 481 657 cTabinbHa
3 Podiceps nigricollis 1 19 cTabinbHa
4 Phalacrocorax carbo 7 253 301IBITYETHCS
5 Nycticorax nycticorax 3 - cTabiabHa
6 Egretta alba 49 16 3MEHITYETHCS
7 Egretta garzetta 89 37 3MEHIIYETHCS
8 Ardea cinerea 109 65 3MEHIIYETHCS
9 Ardea purpurea 1 - 3MEHIIIYETHCS

10 Cygnus olor 429 323 cTabiibHa

11 Anser anser 620 4 3MEHITYETHCS
12 Tadorna tadorna 98 7 3MEHITYEThCS
13 Anas platyrhynchos 3826 743 3MEHITYEThCS
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Ne B > > Tennenuis
n/n 1995 2012 YHCEeJbHOCTI
14 Anas acuta 1 - 3MEHIITYEThCS
15 | Anas clypeata 2 16 crabinbpHa
16 Anas strepera 5 3 cTabimpHa
17 | Anas querquedula 219 414 cTabinbHa
18 Anas crecca 68 - ?

19 | Aythya ferina 3002 2446 cTabiabHa
20 Aythya nyroca 8 16 cTabigbHa
21 | Aythya fuligula 246 1 3MEHIIYETHCS
22 Oxyura leucocephalus - 2 ?

23 Circus pygargus - 1 cTabiibHa
24 Circus aeruginosus 1 5 cTabiibHa
25 | Falco subbuteo - 1 crabinpHa
26 Falcovespertinus - 1 cTabiabHa
27 Falco tinnunculus 3 6 cTabiibpHa
28 Perdix perdix - 22 cTabiibHa
29 Phasianus colchicus 12 5 cTabiibHa
30 | Fulica atra 1315 337 3MEHIIYETHCSI
31 | Pluvialis squatarola 33 6 3MEHIIYETHCSI
32 Pluvialis apricaria 1 - 3MEHITYETHCS
33 Charadrius alexandrinus 131 7 3MEHIIIY€EThCS
35 | Vanellus vanellus - 1 ?

36 | Arenaria interpres 39 53 crabinbpHa
37 | Recurvirostra avosetta - 2 ?

38 Haematopus ostralegus 77 27 3MEHITYETHCS
39 Galinago galinago 1 1 cTabinbHa
40 | Actitis hypoleucos 8 1 cTabinbHa
41 Tringa ochropus - 3 ctabinbHa
42 Tringa glareola 34 10 cTablibHa
43 Tringa nebularia 1 36 cTabigbHa
44 | Tringa totanus 1463 577 3MEHIIYEThCS
45 Philomachus pugnax 17 1 cTabinbHa
46 Phalaropus lobatus 5 - ?

47 | Calidris ferruginea 520 2 3MEHITYETHCS
48 | Calidris alpina 87 30 3MEHITYETHCS
34 Calidris canutus 2 - ?

49 Numenius arquata 7 7 cTabinbHa
50 Numenius phaeopus - 1 cTabinbHa
51 Limosa limosa 4 15 cTabinbHa
52 Larus ichthyaetus - 1 3MEHITYETHCS
53 Larus minutus 20 3 3MEHITYETHCS
54 | Larus ridibundus 996 9058 30UIBIIY€ETHCS
55 Larus genei - 1482 301IBIITYETHCS
56 Larus cachinnans 110 261 cTabinbHa
57 | Chlidonias niger 12 - 3MEHITYETHCS
58 | Chlidonias leucoptera - 450 30UIBIIY€EThCS
59 Gelochelidon nilotica 3 254 301IBIITYETHCS
60 Hydroprogne caspia - 1 3MEHIIYEThCS
61 | Thalasseus sandvicensis 25 1230 30UIBIIYETHCS
62 Sterna hirundo 239 30 3MEHIIYETHCS
63 Sterna albifrons 17 - 3MEHIIIYEThCS
64 Columba palumbus - 2 cTabiibHa
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Ne Bu > > Tennpenuis
n/n 1995 2012 YHCEeJbHOCTI
65 | Streptopelia turtur - 2 crTabinbpHa
66 Cuculus canorus - 1 crabinpbHa
67 | Coracias garrulus - 1 cTabipbHa
68 Upupa epops 1 4 ctallnbpHa
69 | Caprimulgus europaeus 3 - cTablIpbHa
70 Luscinia sp. 2 - cTaliipbHa
71 | Turdus philomelos 1 - cTablibpHa
72 Sylvia communis 1 - ctabliinbpHa
73 Hirundo rustica - 210 crabinpHa
74 Galerida cristata - 1 crabinpHa
75 Melanocorypha calandra - 1 cTabiIpbHa
76 Alauda arvensis - 2 crabinpbHa
77 Motacilla flava - 11 crabinpHa
78 Motacilla alba - 1 crabiibHa
79 Lanius collurio 2 1 crabiibHa
80 Lanius minor 3 4 crabiibHa
81 Oriolus oriolus - 1 crabinpHa
82 Sturnus vulgaris - 14 crabinbpHa
83 Pica pica - 4 crabinbpHa
84 Corvus cornix - 2 crabiibHa
85 Corvus corax - 5 crabiibHa
86 Phylloscopus sp. 1 1 crabinbpHa
87 Muscicapa striata - 3 cTabiibHa
88 Saxicola rubetra - 1 crabinbHa
89 Phoenicurus ochruros - 1 crabinpbHa
90 Carduelis carduelis - 2 crabinpbHa
91 | Anatidae spp. - 155
KinbkicTh BUaiB 57 77
3arajnbHa YnceJbHICTD 14461 19392

(O - P.cristatus

@ -Ph.carbo

A - Ardeidae

Puc. 8 Micus 3ycrpiueit Podiceps cristatus, Phalacrocorax carbo ta Ardeidae

Ha 0. biprouwnii y ceprni 2012 poky
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Il -C.olor /\ - A querquedula
(O - A. platyrhynchos A -Aferina @ -F.atra

Puc. 9 Micus 3ycrpiueit Fulica atra Ta mpeacTaBHUKIB Py Tyceno ioOHux
Ha 0. biprounii y cepnni 2012 poky

/\ - L. genei A - L. cachinnans

N - T. totanus O - L. ridibundus . - Sternidae

Puc. 10 Micusg 3yctpiueit npeacTaBHUKIB PsTy CUBKOIOJIOHUX
Ha 0. biprouwnii y ceprai 2012 poky

3. BUJIA IITAXIB I3 YEPBOHOI KHUTH YKPATHU

Amnani3 3ycTpiueil nraxis, siki 3aHeceHi 10 YepBoHOT KHUTH YKpainu [1], IpyHTYETbCS Ha HEperiKy
BUJIB 3 ocTaHHbOro BUAaHHg 2009 poxy. Ha MOMeHT npoBeieHHs JoCiKeHb Y 1995 porli ynHHIM
Oymo BumanHas 1994 poky, 3riHO 3 SKUM JEsKi BHIM HE OXOpOHsUIHCs (Hepo3eHb Anas strepera,
kpsiuok mManmit Sterna albifrons).

Bionociuni nayku
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Otxe, y 1995 pomi 3apeecTpoBaHo 4 BUIU NTaXiB, SKi HA TOW MOMEHT OXOPOHSUIHCS, a00 6 BUIB 3
Cy4aCHOTO OXOpPOHHOIO CHHCKY. IX uucenpHicTh ckiama 245 oc., abo 1,7% Big 3aranbHOl
YHCEeNBHOCTI 00JIIKOBaHMX mTaxiB. JloMmiHyBanm micouHuk Mopchbkuid (131 oc.) Ta KyIuK-copoka

(77 oc.).

OcHoBHUMH MicIsIMH TiepeOyBaHHS PpiAKICHUX BHIIB Oynu naumanu byxrta, BepmumHchkuii Ta
SMKIBCBKHH, a TakoX YTIIOKCbKE y30epexxksi ocTpoBa biprouwmii. Benmkux ckymdeHb NTaxu HE
yrBOproBanu. Jlumie 92 3yiiku MOPCHKI TPUMAIKHCh Ha MIIIAHOMY TUISDKI B3IOBXK OeperoBoi JiHil
KB. 5. TakoX y CKym4eHHsX 3apeecTpoBaHi 34 oc. (kB. 9, neHTpasibHa YacTUHA) Ta 27 oc. (JIUMaH
byxTa) Kynuka-copoku.

Y 2012 pomi 3apeectpoBano 12 BumiB, 4HcenbHICTIO 69 oc., abo 0,4% Bix 3arayibHOI. SIBHHX
JIOMIHAHTIB He BUsBIIEHO (Tabm. 5). HaliOinbry ynucenbHicTh MaB KyJIHK-copoka (27 oc.).

Sx 1 B 1995 pomi, pesynbratu o0xikiB y 2012 poui BUSBWIM TSKIHHSA NTaxiB YepBOHOI KHUTH
Vkpainn no numaniB Bepmmacbkmii (21 oc.), Omens (20 oc.) ta fAwmkiBeekmii (10 oc.), nme
3apeecTpoBaHo 74 % BiJ 3arajibHOI YUMCEIBHOCTI BCIX PIAKICHUX MTaXiB.

Xonen 3 BUiB HE YTBOPIOBAB BEJIMKUX CKYITYECHb 1 OyJH 3yCTpPiHYTI MOOJUHOKO, a00 IpyrmaMu J10
10 oc. Jlume uyepHb Oimooka yucenpHicTIO 11 ocobun Tpumanack Ha nuMmaHi OneHb, ane HE B
CKYITYCHHI, a TUCIIEPCHO T10 BCii aKBaTOpii JIUMaHy.

Tabmums 5 — Xapakrtepuctuka 3ycTpiued nraxiB UepBoHOT KHUTHM YKpaiHHM MiJ 4ac CEpIIHEBUX
o6mikiB y 1995 ta 2012 pokax

Ne Hasea siy 199§pik 201§pi1c
Anas strepera 5* 3
Aythya nyroca 8 16
3 Oxyura leucocephalus 2
4 Circus pygargus 1
5 Charadrius alexandrinus 131 7
6 Recurvirostra avosetta 2
7 Haematopus ostralegus 77 27
8 Numenius arquata 7 7
9 Numenius phaeopus 1
10 Larus ichthyaetus 1

11 Sterna albifrons 17*

12 Hydroprogne caspia 1
13 Coracias garrulus 1
KisnbkicTs Buais 4 (6) 12
3arajbHa YHCeJIbHICTH 245 69

[Mpumitkn:* — Buny, siki yBidm B YepBony kuury Ykpainu 3 2009 poky.
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PosramryBanHs Micllb 3yCTpidi MNTaxiB, SKUX BKIOUYEHO 10 YepBOHOI KHHMTH YKpaiHH, Ha
0. biprounii y 1995 poui 3006paxenHi Ha puc. 11, a B 2012 — Ha puc. 12.

1 — A.strepera; 2 — A. nyroca; 3 — H. ostralegus; 4 — Ch. alexandrines;
5—N. arquata; 6 — S. albifrons;
@ 3(5): 3 - Ne Buay nraxa, (5) — KiIbKIiCTb 0COOHH

Puc. 11 Micus 3yctpiueii BuiB ntaxiB YepBoHOT KHUTH YKpaiHu Ha o. biptouuit y ceprni 1995
POKy

1 - A. nyroca 4 -Ch. alexandrinus 7 - N.arquata 10 - H. caspia
2 -0.leucocephalus 5 -R.avosetta 8 - N.phaeopus 11 - A. strepera
3 - C. pygargus 6 - H. ostralegus 9 -L.ichtyaetus 12 - C. garrulus

@ 7 (4): 7 — Ne Buny nraxa, (4) — KigbKicTh 0COOHH

Puc. 12 Micus 3ycrpiveil BumiB nraxiB UepBoHOi KHUTM YKpaiHum Ha o. biprounii B cepmHi
2012 poky

Bionociuni nayku
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4. XAPAKTEPUCTUKA HAVBLIbII IIHHUX YI'IJIb ¥ 2012 POIII

JIst XapakTepUCTUKA HAWOUIBII IIHHUX NUISTHOK akBaTopii Ta cyXxomoiry o. biprouuii Oymm B3sTI
II’SITh MICIIb CTIOCTEPEKEHb, JIe 3apeecTpoBaHo 84 % Bcix 00JiKOBaHUX NTaxiB. Jlo po3paxyHKy HE
MOTPANIINA TPU CKYIMUEHHS MapTHUHIB 3BU4aitHoro (7400 oc.), Torkoa3ro060ro (1300 oc.) Ta kpsuka
ps6oa36000r0 (900 oc.) 3aranpHOIO uncenbHICTIO 9600 oc. Taki KOHIEHTpaIlii NTaxiB HE MAaOTh
MOCTIHHOTO MiCIls TepeOyBaHHS, a BUMAJAKOBICTh 3yCTpiueld y TOMY YH IHIIOMY Oi0TOI CYTTEBO
BIUIMBAa€ HAa OIIHKY OpHITOJOrIYHOI mpuBabmuBocTi Teputopii. KpiM TOro, yci mi CKym4eHHs
BHSIBJICHI HA A30BCBKOMY y30€pesxki KB. 72.

OTxe, HaMHM MPOAHATI30BaHI JaHI MO TAaKUX MOHITOPUHTOBHX JiNsSHKaxX, sSK JuMmaHu OJeHsb,
SAmkiBcbkuil, Bepmmachkuii, ByxTa Ta tuMan y kB. 72. [[1s OIIHKKA OPHITOJIOTIYHOTO 3HAYCHHS IIUX
JMMaHIB BHKOPHCTaHI TakKi IMOKa3HUKHU, SK IUIOMIA YTiAJs, KUIBKICTh 3apeecTpOBaHHMX BUIB,
3arajbHa YMCEIBHICTh NTaXiB Ta CepeaHIA TMOKa3HMK 4uciaa ocoOuH Ha 1 ra yrigna. Koxen i3
KpUTEpIiB paH)KyBaBcs B iHTepBaii 1-5 6aiiB, a M0 KOXKHOMY YTiJUTI0 pO3paxOBaHO HOTO IIHHICTH
SIK CEPEJIHIM MOKa3HUK OTPUMaHUX OaJliB.

Haii0inpmr npuBa®auBHM B OPHITOJOTIYHOMY IUTaHi, Oe3ymoBHO, € smMaH OIeHb, SKHA Mae
HalOuIbIy monry. Y OioTomax IpOro JIuMMaHy 3apeecTpoBaHo 40 BHIIB MNTaxiB 3arajibHOIO
yrcenbHIiCTh 4893 oc. BHCOKMil MOKa3HUK BHIOBOTO Pi3HOMAHITTS NMTaxiB TaKOX BHUSBUB JIMMaH
byxTa, sxuii xo4a it 3aiiMae TpeTe Micle 3a IUIOLIEI0, alle IIIbHICTh HACEIEHHS NTaxXiB TYT JyXke
Bucoka — 31 oc./ra. CBO€EpITHUM BIIKPUTTAM CTaB JMMaH y KB. 72, TUIOIIEI0 Bchoro 15 ra, nme
nepeOyBaiu 24 BUAM MTaxiB, 3arajibHOIO 4yHcenbHICTIO Maibke 500 oc., M0 CTaBUTH 1€ YTiAls Ha
nepIie MicIe 3a MUIBHICTIO HaceJeHHs nTaxiB — 32.3 oc./ra. Jluman BepmmHChKuiA, SKUi CKOPOTHUB
IUIOUY Yepe3 HU3bKUUM piBeHb BOAM, OyB MpUBAOIMBHUM JuIle uig 12 BUIIB MTaxiB, 3arajibHOIO
qUCENbHICTIO 146 oc., mo mIst 53 ra oIl CTAaHOBUTH HAWMEHINHWH ITOKA3HUK IIUILHOCTI ITaxiB
Ha | ra.

[IpoananmizyBaBimin ~ OTpUMaHi  pe3yJbTaTH, KOHCTATyeEMO, [0 HaWOUIbII  [IHHUMH B
OpHiTOJIOTiYHOMY TTaHi € mumanu Onenb (4,5 6ana) ta byxrta (3,75). Jluman SIMKiBCbKHit Ta 03€po
y kB. 72 Habpanu 1o 2,75 Gana, 10 rOBOPUTH MPO CEPeIHE 3HAYEHHS WX YTiAb, a TAKOXK MPO TE,
mo numaH BepmumHcbkuit y cepmui 2012 poky Maiike BTpaTUB NPUBAOIUBICTH AN BOJHO-
0070THUX NITaxiB (Ta0J1.6).

Tabnuus 6 — XapakreprcTuka HaHOUIbII IHHUX YTiab 0. biprounii ans nraxis y 2012 pori

Micue S,ra | BuagiB | Ocooun | oc./ra Ban’ I_Iim{ich2
JIuman OneHb 325 40 4893 15,1 55,5, 3 45
JInman SIMKIBCHKHIT 88 23 873 9,9 4,2,3,2 2,75
Jluman byxTa 59 33 1827 31,0 3,4,4,4 3,75
Jluman BepuimHcbkuit 53 12 146 6,3 2,111 1,25
JIumaHumk* 15 24 485 32,3 1,3,2,5 2,75

Ipumitka: * — o3epo (muman) B kB. 72. Bamm' — pamkyBaHHS OKPEMOro MOKa3HHKA (IUIOIA, KiIbKICTb BHIIB,

YHCENBHICT OCOBUH, CepeHs KiTbKiCTh MTaxiB Ha 1 ra) cepes m’sTH OCHOBHHX Micupb crocTepexens. LlimmicTs” —
cepenHil NOKa3HUK OTPUMaHMX OaiB.

[TepcnexkTrBa MojanbIIMX MOCTIKEHb OpHITO(ayHH 0-Ba biprouwmii, mepmr 3a Bce, MOB’s3aHa 3
HIIIT «A30Bo-CuBacekuii» SKUil BIIMOBIAHO 10 3aKOHOJABCTBA KpaiHM Ma€ BECTH MOHITOPUHT
cTany 010TH, 30KpeMa NTaxiB, Ha CBOIH TepUTOPii. 31HCHEHHS HAYKOBHX JOCIIIKEHb Ta BEICHHS
MOHITOpUHTY B 00’ektax [I3d BuMaraerbcsi HU3KOIO 3aKOHOAABUMX AakKTiB YKpaiHH, 30Kpema
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3akoHaMH Tpo  «IIpo 0XOpOHY HABKOJIMIIHHOIO MPUPOAHOTO cepenoBuiia», «lIpo mpupoaHO-
3anoBimHud (oun Ykpainw», «[Ipo 3arampHojep)kaBHY mnporpamy (opMyBaHHS HalliOHAJIBHOI
exonoriunoi Mepexi Ykpainm Ha 2000-2015 poxm», a Takox Konmenmiero 306epexeHHs
010JIOT1YHOTO PI3HOMAHITTSI, 3aTBEP/KEHOI0 mocTaHoBo0 KabineTy MiHicTpiB YKpaiHu.

Po3BuTOK CHiBpOOITHUITBA MK METITONOIBCHKUM JAEP)KaBHUM IEAAaroriyHUM YHIBEPCHTETOM
imeni bornana XmenbHUIIBKOTO Ta A30B0-CHBAChKUM HalliOHAJIBHUM ITPUPOJIHUM MTAPKOM CTBOPIOE
HE TUTBKH MOXIIMBOCTI JUIS TPOBEIEHHS MOJbOBUX MPAKTUK CTYACHTIB-€KOJOTiB, a il € OCHOBOIO
JUIS. TIEPCTIEKTUBHOTO PO3BUTKY MOHITOPHHTY aBidayHu wmiei Tepuropii. L{poMy Takox crpuse Te,
IO PEryJsipHi OPHITOJIOTIYHI JOCHIUKEHHSI PETiOHY MPOBOIATHCS BxkKe 3 80-X POKIB MHHYJIOTO
CTOpIvYs, MPOBIJIHY POJIb y HUX Bizirpae A30Bo-HopHOMOpPChKa OPHITOIOTIYHA CTAHIIIS.

BUCHOBKH

AHami3 mpoBeAeHHUX IOCHiKeHb y ceprHi 2012 poky Ta MOpIBHSHHS 3 pe3yjibTaTaMu OOJIKiB
y ceprHi 1995 poky 103BOJISIFOTE 3pOOUTH TaKi BACHOBKH:

1.  JlocmimkeHHs npoBeneHi B CMHXpOHHI cTpokH (9-10.08.1995 ta 8-9.08.2012) i m103BOJAIOTH
KOPEKTHO MOPIBHIOBATH X MiX COOOIO.

2. Ha o. biprounii y cepmnHi 3a BCi mepiojid CIOCTepeXeHb 3apeecTpoBaHo 90 BUAIB MTaXiB:
y 1995 p. — 57 BuniB 3aranpHOI0 uuncenbHicTIO 14461 oc., a y 2012p. — 77 Bunuis,
yrcenpHicTIO 19493 oc.

3. TakcoHOMIYHUH PO3MOJIT NTaXiB CBIAYUTH MPO HAICKHICTH iX 10 14 psamiB. Y 1995 pori
BUJIOBE PI3HOMAHITTA Oyio HWk4uM, HiX y 2012 pomi — 57 Buai 11 psaiB ta 77 Buais 13
psaiB, BianoBigHo. [lopiBHIOIOUM CHIBBITHOIIEHHS TaKCOHIB y Pi3HI POKH, 0AYMMO YHCENIbHE
JOMIHYBaHHSI TPEACTABHUKIB psny rycemomionux B 1995 pomi (8524 oc., abo 58,9% Bin
3arajipHOI yncenbHOCTI nTaxiB). Hatomicts y 2012 pomi gomiHyBanu BUAM CHBKOIOJIIOHUX
nraxiB (13550 oc., a6o 69,9%). BunoBe pi3HOMaHITTS LUX TPyl B 00KIBa pOKU OyJI0 JOBOJII
ctabinpHuM. ['ycemomibni HapaxoByBamu 12 (1995 pik) ta 11 (2012 pik) Buzais, a
CUBKOMOIOHI — 25 Ta 28 BHUIB BiaNOBiAHO (Ta0I. 1).

4. YV 1995 poui 3apeectpoBaHo 4 BHJIM NTaxiB, YuceNbHICTIO 245 oc., abo 1,7% Bin 3araiabHOI
YHCENbHOCTI OOJIKOBAaHMX NTaxiB, SKI OXOPOHSIOThCS UYUepBOHOIO KHHUIOH YKpaiHu.
JominyBanu micouHuk Mopcekuit (131 oc.) Ta kymuk-copoka (77 oc.). Y 2012 poui
3apeecTpoBaHo 12 BuIIB, uncenbHICTIO 69 oc., a60 0,4% Bix 3aranbHOI. SIBHUX IOMIHAHTIB HE
BUsiBJIeHO. Haltb1b1y yMCenbHICTh MaB KyJIMK-COpoKa (27 oc.).

5. KirouoBuMH OpHITONOTITYHUMH TEPUTOPIIMU Ha ocTpoBi biptounii y 2012 poui Oynu n1uManu
Onensp Ta byxrta. JIluman SIMKIiBCbKHIA Ta 03€po y KB. 72 MalOTh CepeiHE 3HAUCHHS, a JTMMaH
Bepmmncbkuit y ceprini 2012 poky mailke BTpaTHB NPUBAOIUBICTD JIsl CKYITYEHb MTaxiB.

6.  Jlnst meskux BHUIIB OpHITOKOMILIEKCY 0. Biproumii (Tycka cipa, KpUKeHb, KPSYOK PIYKOBHIA) €
nmoTpeda BIPOBAIUTH OIOTEXHIYHI 3aXOIW M MiATPUMAHHS iXHBOI YMCETBHOCTI Ha JaHid
TEPUTOPII.

7. lloTpibeH moAadbIIMil PO3BUTOK  MOHITOPUHIOBHMX JOCHIDKEHb, SIKHH JacTb 3MOTY
ONEpaTHUBHO OLIHIOBAaTH OPHITOJOIIYHY CHUTYallllo, pPe3yJbTaTUBHICTH OXOPOHHHUX Ta
010TeXHIYHUX 3aX0/IiB, CBOEUYACHO pearyBaTH Ha MOXKJIMBI HETaTUBHI BIUTUBH HA €KOCUCTEMY.

IMoasiku

[Tlix yac BUKOHaHHS pOOIT MOBCSKYACHE PO3YMIHHS HEOOXIAHOCTI MPOBENEHHS HAyKOBHX
JOCIIKEHb aBTOPH 3HAXOIMIN 3 00Ky AMpeKTopa A30B0-CHBAaCHKOTO MPUPOJHOTO HAIIOHAIEHOTO
napky €.C.IlomoBuyka, a BCl mUTaHHS MOOYTOBOTO XapakTepy MHUTTEBO BupimryBa M.I1.Txop.
dinaHcOBY IOMOMOry B IpOBEISHHI JOCTiKeHb HamaB mpencraBHuk \Wetlands International
B.A. KocTrommuH.
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VY 1995 poui excienuiiifHuii BUiza Oyio 37iiiCHEHO 3a y4acTi 3aBiay0uoro A30Bo-HYopHOMOPCHKOL
opHitosoriunoi crannii M.I.Yepriuko Ta HaykoBoro cripoGiTHuka P.M.Uephiuko, a y 2012 pouwi
yuacHuk excneaumii [.JI. BemamkoB 3milicHuB ¢oro- Ta Bimeo3iomky. YacTkoBy 0OpoOKy
MarepianiB cepmHeBux o0mikiB 2012 poky 3miiicHmwia criBpoOiTHuk HJII 6iopizHOMaHITTS
I.b. CanpaukoBa-byneHko. Y ciM 3rajanuM BHILE KOJIETaM aBTOPU BHCIOBIIOIOTh MUY MOASKY.
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CPABHUTEJIbHBIN AHAJIN3 CE30HHBIX N3MEHEHUI
3APAXKEHHOCTH O3EPHOM JATYIIKH PELOPHYLAX
RIDIBUNDUS (PALLAS) AEBEYHMHCKOI'O IUMAHA
KPOBEITIAPABUTAMM B 1993 U 2002 I'OJAX

I'yceitnoB M. A.

Hnemumym 30on0euu HAH Azepbaiioscana
AZ 1073, Azepbaiioxncan, bBaky, yn. A.A6baczade, npoes3o 1128, keapman 504
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[IpuBOIUTCS CpaBHUTCIBHBIA aHANH3 CE30HHOW ITUHAMHUKA 3apaXCHHOCTH O03€PHOU JIATYIIKH
JeBeunHckoro nuMaHa napasutamu kpoBu B 1993 u 2002 ronax. Pe3ynbTraTsl CpaBHUTENBHOTO aHAIN3a
CE30HHBIX W3MEHEHMH 3apa’kKeHHOCTH O3E€pHOM JATYIIKM IOKa3alH, YTO KaK IKCTEHCHBHOCTh, TaK U
CpenHsAs yIelnbHas MHTEHCHBHOCTh MHBA3HWM JIATYIIKM KpoBemapasutamu B 1993 roxy Oblia 3aMeTHO
BoImIe, yeMm B 2002 roxny.

Kniouesvie cnosa. osepnas nazywika, nusagka, napasum, ce3oH, 3KCMeHCUBHOCMb U UHMEHCUBHOCTb UHBA3UU.

MOPIBHAJIbHUM AHAJII3 CE30HHUX 3MIH 3APAKEHOCTI O3EPHOI JKABHU PELOPHYLAX
RIDIBUNDUS (PALLAS) AEBEYIHCBKOI'O JINMAHY KPOBEIIAPABUTAMMH VY 1993 12002 POKAX
I'yceiinoB M. A.

Incmumym 300n02ii HAH A3epbaiioscany
AZ 1073, Azepbatioxcan, baxy, eyn. A.A6baczade, npoizo 1128, keapman 504
gus_mair@mail.ru
HaBoauthcsi MOpiBHSUIBHUN aHalli3 CE30HHOI JAWMHAMIKK 3apakeHOCTi o3epHOi kabu JleBeuiHChKOTO
JUMaHy mapasuTaMu kpoBi B 1993 i1 2002 pokax. Pe3ynbraTé MOpiBHAJIBHOTO aHAJi3y CE30HHHX 3MiH
3apa)X€HOCTI 03EPHOI jkaOW MOKAa3alH, IO i eKCTeHCHBHICTH, I CepeJHS MUTOMAa IHTCHCHBHICThH 1HBa3il
xabu kpoBenapasuti y 1993 poui 6yna nmomitHo BuIIot0, HiX Y 2002 poui.
Kurouosi crosa: ozepna sicaba, n'sexa, napasum, ce30H, eKCMeHCUGHICb MA [HMEHCUGHICb IHBASII.

COMPARATIVE ANALYSES OF SEASONAL FLUCTUATION OF DEVECHI FIRTH FROG PELOPHYLAX
RIDIBUNDUS (PALLAS) INFECTION WITH BLOOD PARASITES IN 1993 AND 2002 AGES
Guseinov M.A.

Institute of Zoology, NAS of Azerbaijan
AZ 1073, Azerbaijan, Baku, A.Abbaszade str., pass. 1128, block 504
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In this work given comparative analyses of seasonal dynamics of frog infection with blood parasites in
1993 and 2002 ages. In 1993 in the reach of the Khanlar Devechi Firth was conducted the seasonal
researches of the frog infection with blood parasites, in this purpose there were subjected to the

Bichuk 3anopizbko2o HauioHatbHO20 YHIGEpCUmMEny Ne2, 2014


mailto:gus_mair@mail.ru

78

dissection the 77 frogs from March till October: 28 in March, 20 in April and in May, 18 in June, July
and August, 11 in September and in October. For researching of the animals of the same age there were
dissected frogs in size from 30 mm to 50 mm.This size group included the fingerlings and the yearlings.
In 2002 were examined 169 frogs. The dissections were conducted from January till December. Were
dissected frogs in size from 30 mm to 60 mm, which included the fingerlings and the yearlings. In the
frogs blood, we registered by us seven species of parasites — Trypanosoma ibragimovi, T. loricatum,
T. mega, T. mikailovi, T. neveulemairei, T. pipientis and Hepatozoon sp. Infection of frogs by species
T. ibragimovi, T. mega, T. mikailovi were very low during our seasonal researches and so we couldn’t
reveal its seasonal dynamics. That is why we conducted the analyses of seasonal fluctuation with three
species — T. loricatum, T. neveulemairei and T. pipientis. It makes pointless to conduct analyzes of
seasonal fluctuation of total frog infection with blood parasites. That is why the analyses were conducted
with with three species of blood parasites said above. Were given infection rates indicators — extent of
invasion (El) and average unit intensity of invasion (UlI). Specific intensity of invasion is the amount of
parasites in the blood smear.

As noted above, the seasonal fluctuations of frog infection with three species of parasitic
flagellates of blood differing significantly. So the seasonal dynamics of infection with flagellate
T. loricatum can be characterized as noted below.

It is known that this type of parasite infect the frog not very strongly in spring, even less in summer
and disappear in autumn. Such seasonal fluctuation of infection by the blood parasite of frog would
be difficult to explain, if not to take into account other types of infection and blood parasites.
Naturally, taking into account the presence of other parasites in the blood of the frog above all it is
interesting to find out whether antagonism between different types of parasites. As it turned out, all the
frogs infected with flagellate T. loricatum were free from other parasitic flagel-lates. Such a distribution
of parasites is difficult to consider a coincidence. It can be assumed that in ¢ onditions of the
Azerbaijan reservoirs, particularly in condition of Devechi Firth, T. loricatum able to be present in the
blood of only those frogs that were not infected with other species of blood parasites.

Falling of the infection of the lake frog with flagellate T. loricatum, during the entire period of our
researches conducted in spring, summer and autumn, give indirect evidence about that the main role in
infection of these frogs with this parasite play the leeches that are most active during the cold season.
Infection by blood-sucking insects, which are plentiful just in summer and in early autumn, in conditions
of Devechi Firth, does not take place or slightly. In seasonal dynamics indicators of infection the
flagellate T. neveulemairei is markedly differ from the preceding species. The results of researches of
1993rd year showed that since March frog infection with this parasite markedly increased and peaked in
June — August, and decreases in autumn (September — October). Presented data on seasonal intensity of
infectation of the lake frog with flagellates T. neveulemairei suggest that apparently a multiplication of
the parasite in infected frogs has been at least in the late spring and all summer. However, considering
that the EI of frogs with this parasite increases in summer when the activity of the blood-sucking leeches
decreases strongly suggests that as carriers of this type the parasite uses not only leeches but also blood —
sucking insects.

Seasonal dynamics of infection of frogs with flagellate T. pipientis is similar with that one of previous
species. Should be noted right away that the material collected by us in 1993 can not be considered
sufficient to allow meaningful analysis because these researches were conducted not on a monthly basis
but seasonally, it is not possible to detect changes of blood parasites infection of amphibians because
may appear within one season. Besides, the winter season is not presented in general in the collected
material. Tems together, considering the absence of any data on the seasonal dynamics of infection of
blood parasites of amphibians in Azerbaijan, the research carried out by us in 2002 can be considered the
first positive step in this direction.

On repeating of researches of the blood of the lake frog of the Devechi Firth, we noted the same rods
flagellate species which were noted in 1993. About the nature of the fluctuation of the lake frog with
flagellate infection T. loricatum in 2002 can be said following. The infection of frogs with this parasite
occurs winter and early summer, in spring and in early summer, they multiply in the body of frogs, and
by the end of summer the infectation is greatly decrease. Single specimens of parasites in the blood of
frogs begin to appear in the autumn. As for the flagellate T. neveulemairei the flagellate that infects
during the year the lake frog of the Devechi Firth stronger than other blood parasites, then in 2002 as El
and Il make crease two ascents and two lowering forming bimodal curves. The first vertex of each of
these curves is comes to June, and the second vertex comes to September. For lagellate T. pipientis can
be said that EI and Il for lake frog this parasite slowly increase from March to August, in September
become a little lower, a little increase in October, and decrease in these values in the end of the year.
Comparison of seasonal fluctuation of infection of frogs in Devechi Firth with three species of
trypanosomes shows the following. In January the UlI of the lake frog of Trypanosoma loricatum and T.
pipientis species was low and EI accordingly compiled 20,0 % and 10,0 %. The T. neveulemairei was
not registered in January. In February El and Il of the T. loricatum species is increasing a little, appear
specie T. neveulemairei, and species T. pipientis disappears. In March registered only T. loricatum and
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T. neveulemairei. El is increasing a little but Il is increasing significantly and reaches peak. In April EIl
and Il continue to increase by species T. neveulemairei. This indicators for species T. loricatum become
lower. Appears species T.pipientis but infection by it not very high.
In May EI and Il of species T. neveulemairei noticeably increase and the same indicators of the invasion
of species T. loricatum become lower. Infection with species T. pipientis is almost not changing,
remaining low. T. neveulemairei reaches maximum, infection with species T. loricatum become lower
and infection with species T. pipientis is not changing, remaining low as in May. In July El and Il of
species T. neveulemairei decreases sharply, at the same time there is a sharp increasing of the same
indicators of T. pipientis. In August El and Il of species T. neveulemairei fall lower but 1l not changing
significantly. In this month El and Il of species T. pipientis increases reaches its maximum. T. loricatum
disappears and not appears until november.
In September El and 11 of species T. neveulemairei sharply increases again and forms the second peak. At
the same time EI and Il of species T. pipientis become lower. In September EI and Il of species T.
neveulemairei decreases, at the same time sharply increases both that indicators of the species T.
pipientis. It seems that there is an antagonism between theese two species, not allowing the simultaneous
increase of the infection of the frog with both of them. In November the infection with species T.
neveulemairei and T. pipientis decreases and the lowering of water temperature could be the reason of
this. In this time in frog blood appears the species T. loricatum. However the infection with this species
is not very high. In December infection with species T.neveulemairei and T. pipientis continue to
decrease and infection with species T. loricatum increasing a bit. From the joint analysis of the
fluctuation of infection of the lake frog of Devechi Firth with all three types of flagellates it’s found
that infection with T. loricatum remains low during all the year. So researches of the seasonal fluctuation
of infection of lake frog conducted with us in 1993 and 2002 years showed that the main factor
determining both directly and indirectly infection of amphibians with blood parasites is the temperature
of water. The direct influence of water temperature is to promote the breeding of flagellates, which is
activated when the water temperature is 15 - 20 degrees. A sharp increase of the intensity of infection of
parasites blood causes an increase of resistance of frog organism in response to the hyperinvasion and in
a result of this the infection is decreases. After this the resistance of frog organism decreases a bit, under
favorable temperature conditions there are re-increasing of the extensity and intensity of invasion.
Indirect influence of the temperature factor is expressed in the fact of that the strong leeches attack on
frogs and also the multiplying of flagellates in leeches is mainly occurs the cold season.

Key words: frog, leech, parasite, season, extensiveness and intensiveness of the invasion.

BBEJIEHHUE

I/I3y‘I€HI/I€ 3aBUCUMOCTH HapaSI/ITO(i)aYHI)I JKHUBOTHBIX OT CE30HHEIX SIBJICHUH SBIICTCS OOAHUM U3
BaXHBIX BOIMPOCOB JKOJIOTUYECKOW TAapa3HTONOTHH M HUMEEeT Kak TEOpPEeTUYEeCKoe, TaK U
MpaKTUYeCKoe 3HaueHWe. lcciaemoBaHue CE30HHOW TEPHOAWYHOCTH WHBA3UHM  JKUBOTHBIX
napasuTamu, C OJHON CTOpPOHBI, JaeT MaTepuan Ui BBIICHEHHS OCOOCHHOCTEH OHOIOTHMU U
OKOJIOI'WH Mapa3uToB, UX B3alMOOTHOIIICHUH C X034€BaMi, C )IperfI CTOPOHBI ITO3BOJISICT BBISIBUTDH
Mepuobpl HauOOJbIIeH 3apakKeHHOCTH JKMBOTHBIX M HanOoJiee OMacHble B AMU300TOJIOTMYECKOM
OTHOIIIEHWH, a TaK)K€ MOMEHTBI, KOTJla HauboJjiee Ieiecoo00pa3HO OpraHU30BBIBaTH OOPHOY C
MAaTOTEHHBIMU BUIAMHU.

Ce30HHbIE U3MEHEHUS (PAaKTOPOB CPebl OKA3bIBAIOT HA Mapa3UTO(ayHy *KUBOTHBIX U HA CTENEHb
3apakKeHHOCTH UX Mapa3utamu Oombloe BausHue. [Ipu 3ToM uX BO3aeiicTBHE HA Mapa3uTOB HOCUT
nBosikui xapaktep. C OJHOM CTOPOHBI, MPOMCXOAUT HEMOCPEICTBEHHOE BIMSHHE W3MEHEHUs
TeMIIepaTypbl Ha MapasuTa, ¢ JPYroil CTOPOHBI, CE30HHBIE U3MEHEHMS YCIOBHM OOMTaHHUS MOTYT
OKa3aTh Ha IAapa3UTOB M OIOCPEJOBAHHOE BO3ICHCTBUE uYepe3 M3MEHEHUS B (PU3MOJIOTHYECKOM
COCTOSIHUM U NTOBEACHUU UX XO35€EB.

OCHOBHBIM (PAaKTOPOM CE30HHOH MEPUOJUYHOCTH, OKA3bIBAIOIIMM Ha JXHBBIE OpPTaHU3MBI KaK
HEMOCPEJCTBEHHOE, TaK M ONOCPEJOBAHHOE BO3JCHCTBUE, SBISETCS TEMIEpaTypa OKpY>KarolleH
cpensl. Temmneparypa Tena MOWKHIOTEPMHBIX HBOTHBIX (pblO, amMpuOuili U 1p.) MNPUMEPHO
COOTBETCTBYET TEMIIEpaType Cpelibl, B KOTOPO OHU OOHMTaIOT. B Tex e TeMnepaTypHbIX YCIOBUAX
OKa3bIBAIOTCSI U OPTaHU3MBI, MAPA3UTHPYIOLINE HA HUX, IPUYEM HE TOJBKO 3KTONApPa3UThl, HO U
SHJIOMAPA3UTHI, B TOM YHUCIIE U Mapa3uTsl KpoBU. [lo3TOMYy M3MeHEHHs TemmepaTypbl Cpeibl, B
KOTOPOM OOMTalOT 3TU >KMBOTHBIE, OKa3blBAIOT HAa KPOBENApa3UTOB HE TOJIBKO ONOCPEAOBAHHOE
(uepe3 M3MeHEHHs (U3UOJIOTMYECKOTO COCTOSIHUS U MOBEACHHS MX XO035i€B — pbl0 W am¢puoui,
KPOBOCOCYIIMX IMHUSABOK U, BO3MOXKHO, HACEKOMBIX ), HO U HEITOCPEICTBEHHOE BO3/IEIICTBHE.
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Hecmotpst Ha TO, 4TO pabOTHI, MOCBSIICHHBIC H3YYEHUIO CE30HHBIX N3MEHEHUH 3apasKEHHOCTH PBIO
KpoBenapasuTaMy, HPOBOAWINCH JO HCCIENOBaHUM, MpoBeneHHbIX  M.A. ['yceiHOBBIM, HX
CpaBHUTEIBHO HeMHOro [1-8]. AHanu3 ke JIMTEepaTypHbIX JaHHBIX I[10Ka3aj, YTO HCCIIEJOBaHMS,
MIPOBOIMMBIC B 3TOM HAIPABIICHUH I10 Tapa3uTaM KpoBU aM(duOuUii, 3a UCKIOUEHHUEM JIBYX padboT
M.A.I'yceiinosa [9, 10], oTCyTCTBYIOT.

Ilenp HacTosmeil paboOThl — MPOBENEHHWE CPABHUTEIBHOIO aHAlM3a CE30HHBIX HW3MEHEHUN
3apakeHHOCTH o3epHou Jsrymku Pelophylax ridibundus (Pallas) JleBeunnckoro smmana
kposenapazutamu B 1993 u 2002 ronax.

MATEPHUAJI U METO/IbI UCCJIEJOBAHUSA

ITpu BbIOOpE OOBEKTA CE30HHBIX HCCIIECAOBAHUI 3apakeHHOCTH aM(UOMH KpoBermapa3uTaMH MbI
UCXOAWIM M3 CJIEIYIOUUX COOOpaXeHHid: BBIOpaHHBIH HaMU BHJ aM(pUOUN HE JOJDKEH ObUI
COBEpILIATh 3HAYUTEIbHBIX MUIPALMi; OBITH JOCTATOYHO MHOTOYHMCICHHBIM M JIETKOAOCTYIHBIM;
HE TPEJCTABIATh BBHICOKOH KOMMEPYECKOH HEHHOCTH; OBITh 3apaKEHHBIM HE OJHUM, a XOTs OBl
IBYMS. WM  TpeMs BHJAMU  KpPOBEMAapa3uUTOB; HMMETh [JOCTAaTOYHO BBICOKME MOKa3aTelH
OKCTEHCUBHOCTM M HWHTEHCHUBHOCTH 3apaXE€HHUs TMapa3suTaMd KpoBH. Bcem  yKazaHHBIM
TpeOOBaHUAM OTBEYasla O3€pHas JIATyIIKa, oOuTaromas B J[eBeUnHCKOM JInMaHe. YUYHUThIBast 3TO, B
1993 rony Ha muece Xaunap JIeBEYMHCKOTO JIMMaHa MbI MPOBOAMWIIA CE30HHBIC HCCIICIOBAHUS
3apaK€HHOCTH O3€pHOM JIATYIIKM KpOBEeMapazuTaMy, s 4ero ¢ MapTa IO OKTAOpb MOABEPIIIH
BCKpBITUSAM 77 jsrymiek: 28 — B mapre, 20 — ampene u mae, 18 — urone, utone u asrycre, 11 — B
ceHTs0pe U OKTA0pe. UTOOB!I CE30HHBIE HCCIIEAOBAHUS OXBATUJIM >KUBOTHBIX MPUMEPHO OJHOTO
BO3pacTa, Mbl BCKPBIBAJIU TOJIBKO JIIrymIeK pasmepoMm oT 30 MM 10 50 MM. DT1a pa3mepHas rpymma
BKJIFOYAET CEr0JIeTOK U F'0JIOBUKOB.

KpoBs y nsrymiex Opanu u3 cep/ia, IpUroTaBIuBall Ma3ku, (PUKCUPOBAIM METHJIOBBIM CIIUPTOM
U OKpaluBalld a3zyp-303uHOM 1o PomanoBckomy-I'umsa (pH 7,2). [IpuBoasarcs Takue mokasarenu
3apaXEHHOCTH O3€pHOM JIATYIIKHM KpOBEMapasuTaMH, KaK O3KCTEHCHBHOCTb HHBa3uu (OU) u
CpeAHss ynenbHas HMHTeHCHMBHOCTh MHBazuum (YWU cp.). YnaenbHas MHTEHCHMBHOCTb WHBa3UM
(YUH) — 3710 KOIMYECTBO NMapa3UTOB, MPUXOIAIIEECS Ha Ma30K KPOBH.

PE3VJIBTATBI U UX OBCYXKXKAEHHUE

B kpoBH o03epHOH JArymiku, OOMTarolled B JIMMaHe, HaMH 3aperUCTPUPOBAHO CEMb BHUIOB
napasutoB — Trypanosoma ibragimovi, T.loricatum, T.mega, T.mikailovi, T.neveulemairei,
T. pipientis u Hepatozoon sp. 3apakeHHOCTh 03epHOU JsArymikk Bugamu 1. ibragimovi T. mega u
T. mikailovi, Bo Bpemst HalIuX CE30HHBIX HMCCIICAOBAaHHUI OblIa OYCHb HU3KOMW, YTO HE MO3BOJIHIIO
PacKphITh €€ CE30HHYI0 JWHAaMHMKy. Mbl He cTalu NPOBOAMTH aHAINU3 CE30HHBIX W3MEHEHUH
3apa)KEHHOCTH O3€pHOM JIATYIIKH CIIOPOBHMKOM Hepatozoon sSp., Tak Kak 3TOT BHJ HE ObLI
uaeHTuGUIMpoBaH. HeBO3MOXKHO Naxke yTBEp)KJaTh, COOTBETCTBYET JIM 3TO Ha3BaHHE OJHOMY
BUJy WM YKa3aHHBbII HaMM CIIOPOBUK SIBISETCS “COOpHBIM”, T.€. COCTOMT U3 JIByX WU OoJjee
BunoB. [Ilokasarenn 3apakeHHOCTH O3€pHON JIATYHIKM OCTIbHBIMU TpeMs BHIAMU —
T. neveulemairei, T. pippientis u T. loricatum 3a kax/plii H3 yKa3aHHBIX OTPE3KOB BPEMEHH
NpUBEJCHBI B Tabmume 1.

W3 Tabmunel 1 BUAHO, YTO CE30HHBIE MU3MEHEHMS 3apaKEHHOCTH JISATYIIKU Pa3jIMYHbIMH BUIAMU
KPOBEIApa3UTOB PA3IUYAIOTCS JOBOJBHO CYIIECTBEHHO. DTO JielaeT OECCMBICIEHHBIM aHAJIN3
CE30HHBIX M3MEHEHUH OOLIero 3apakeHHs O3€pHOM JATYHIKKM KpoBemapasuTamu. [losTomy Ha
pUCYHKax 1 u 2 MBI IPUBOJAMM JIaHHBIE O CE30HHBIX M3MeHeHusXx O u YU nuib oTAaenbsHbIMU
BHJIaMH KPOBEMApa3uTOB, & HE BCEMH BMECTE.

[To-BuauMoMy, ce30HHBIE H3MeHEHHss OV 03epHOW JATyHIKM MOTYT OBITH pe3yJbTaToM Kak
MIOJTHOTO MCYE3HOBEHMsI KI'YTMKOHOCLIEB U3 KPOBH YacTH 0COOEH M HOBOI'O 3apakKEHUs JISATYLIEK,
TaK U YMEHBIICHUS KOJIWYECTBA APA3UTOB JI0 TAKOH CTENEHH, YTO MBI Y>K€ HE MOTJIM OOHAPYKUTh
ux. Benen 3a 9TUM IIPOMCXOOUT HOBOE YBEIMYEHUE KOJIMYECTBA MAPA3UTOB, YTO IO3BOJIIET HAM
BHOBb 3apErUCTPUpPOBaTh HMX B KPOBHU JIATYHIEK. JlOMyCTHMO M Takoe€ IIPEAIIOIOKEHHE, YTO
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B ONPE/EIICHHbIE TEPUO/Abl KPOBEMapa3UThl MOTYT CKaIlJIMBaTbCi BO BHYTPEHHHMX OpraHax u
10 3TOM MpHUYMHE HE OOHApYXUBAThCS B MEPUPEPUUECKON KPOBU JISTYIIEK.

Kak yxe oTmeuanoch BbILIE, CE30HHBIE H3MEHEHUS 3apaKEHHOCTH O3E€PHOM JIATYLIKU TPEMs
BUJAMHU TApa3UTHUYECKUX >KTYTUKOHOCLIEB KPOBHM CYIIECTBEHHO OTIUYAIOTCS JAPYr OT Jpyra.
Tak, ce30HHYIO IMHAMHKY 3apakeHHs >KIyTHKOHOcieM T.loricatum mokHO oxapakTepu3oBaTh
CJIETYIOIIUM 00pa3oM.

Panneii BecHol (B Mapre) u3 28 00CIEIOBaHHBIX JIATYIIEK STHM Mapa3suTOM OBUIM 3apa’KeHbBI
tonbko aBe (7,1%), y omHoil ynenbHas uHTeHcuBHOCTh uHBa3uu (YHWU) cocraBuna 13k3., a 'y
apyroi — 25 »9k3. (cpemHsis ynenbHas HHTeHCHMBHOCTH 13,0 sk3.). B ampene-mae uz 20-tu
o0ciieIoBaHHBIX JISTYIIEK 3TUM Iapa3uToM ObUIM 3apakeHbl Takke nBe jsarymku (10,0%), YU
ObLIa COOTBETCTBEHHO 4 3K3. U 7 9K3.

Jlerom (uroHb-aBrycT) U3 18 00CIIEIOBaHHBIX JIATYIIEK STHM Iapa3uTOM ObLIa 3apa’k€Ha TOJBKO
onHa, YUU coctaBunmu 1 3kx3. OceHblo (CEeHTSOpb-OKTAOph) Mbl obciemoBanu 11 ndarymek,
HO TIapa3uTa He OOHAPYKUIIH.

Tabmuma 1 — Tlokasarenu 3apa)kKEHHOCTh O3€PHOM JISTYHIKM >KTYTHKOHOCIIAaMHU |rypanosoma
loricatum, T. neveulemairei u T. pipientis ¢ mapra mo okTs0ps 1993 roxa

Bun nmapasura Mecsusl I oxk a3aTenmu
3 apaX € HHOT CTH

DU (%) YU YUMU (cp.) YO

i 7,1 1-25 13,0 1,0

Trypanosoma V-V 10,0 4-7 5,5 0,55
loricatum VI-VII 5,6 1 1 0,06
IX - X 0 0 0 0

i 3,6 2 2 0,07

T. neveulemairei V-V 20,0 1-12 6,8 0,8
VI- VIl 61,1 1-25 10,9 3,9

IX - X 27,3 1-4 2,3 0,6

i 0 0 0 0

T. pipientis V-V 5,0 1 1 0,05
VI- VIl 11,1 2-4 2,7 0,33

IX - X 27,2 1-5 2,6 0,5

i 10,7 1-25 12,3 1,1

Buecte V-V 25,0 1-12 7,1 1,4
VI- VIl 61,1 1-27 11,2 4,1

IX - X 36,4 1-6 2,1 1,3

W3 npuBeneHHBIX AAHHBIX BUJIHO, YTO 3TOT BUJ Mapa3uTa 3apa)kacT 03€pHYIO JIATYIIKY HE OYEHb
CHJIBHO BECHOI, ellle MEHbIIIe — JIETOM, a OCEHbIO OH BOOOIIEe ncye3aeT. Takoi XxapakTep Ce30HHBIX
M3MEHEHMH 3apa)XCHHOCTU JISATYIIKM JAaHHBIM IapasuToM ObLIO ObI TPYAHO OOBSCHUTH, €CIIH
HC YYUTBIBATh 3apaXCHHOCTb W APYTMMH BHUAAMHU KpPOBCIIAPa3UTOB. ECTeCTBeHHO, npu YydceTe
MPUCYTCTBUS M JPYTHX IApa3UTOB B KPOBU JIATYUIKH, NPEXKAE BCEr0, MHTEPECHO BBIICHUTD,
AMEETCS JIH KaKOH-IM0O aHTaroOHU3M MCXKAY pa3jMYHBIMU BHUAaAMHU I1apasUTOB. Kax OKa3aJIoCh,
BCC JIATYIIKH, 3apaKeHHBbIE >XKI'yTHKOHocieM 1. loricatum, oka3zanmuch CBOOOIHBIMH OT JAPYTHX
nmapasuTUICCKUX XI'YTHUKOHOCIICB. Takoe pacnpeaciIiCHUC nmapasuToB TPyAHO CUHUTATHh CHy‘IafIHBIM
coBnajgeHneM. MOXXHO NpeanonoxkuTh, 4ro T.loricatum B ycrmoBusix BojoeMoB A3zepOaiimkaHa,
B YaCTHOCTH, B YCJIOBUSX [IeBEUMHCKOro JMMaHa COcOoOHAa MPUCYTCTBOBATh B KPOBHU TOJIBKO TEX
JIATYLIEK, KOTOPBIE HE 3apa)K€HBI APYTUMU BUAAMHU KPOBEAPA3UTOB.

[Tamenne 3apakeHHOCTH O3€PHOM JIATYIIKH JKryTHKoHociiem T.loricatum B TedeHue Bcero
MEepUO/ia HAIMX UCCIECIOBAHUM, TMPUXOIAIIMXCS HA BECHY, JIETO U OCEHb, KOCBEHHO
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CBUACTCIILCTBYCT U O TOM, YTO B 3apa’KCHHUMU JEATYIICK 3THUM MMapa3uTOM OCHOBHYIO POJIb UT'PArOT
IMHUABKH, KOTOPBIC HauOojee aKTUBHEI B XOJIOAHOC BpEM:A TroJa. 3apa>1<eHHe KE IOCpEACTBOM
KpPOBOCOCYIIHNX HACCKOMBIX, KOTOPBIC MHOI'OYMCIICHHBI KaK pa3 JICTOM H B Ha4dYaJIC OCCHHU,
B YCJIOBHX HeBe‘lI/IHCKOFO JJUMaHa UJIN HE UMECT MECTO, UJIN )K€ HC3HAUUTCIIbHO.

[To ce3oHHO# OMHAMHMKE TOKa3zaTelel 3apaXeHHOCTH JKTyTHKOHocel 1. neveulemairei 3amerHo
OTJIMYAETCs OT Mpeabiaylero Buupa. PesynbraThl uccieaoBaHuit 1993 ronma, mpuBeneHHbIE
B Tabimue 1, a Takke Ha pucyHkax | W 2, MOKa3bIBalOT, YTO B MapTe 3TUM IApa3uTOM ObLIa
3apaykeHa TOJIbKO OJHa 0co0b Jysrymkd, YUU mpu stom cocraBmia 2 3k3. B ampene-mae DU
noBeicwiiack a0 20,0%, a YUU cp. no 6,8 3x3., npu MakcumanbHot YUU — 12 sk3. Jletom
(uroHb-aBryCT), Kak DU, Tak u YHWU Oputm emre Boie — coorBeTcTBeHHO 61,1% 1 10,9 3K3., npu
MakcumanbHo YUMU 25 3k3. Ocenbto (ceHTs10pb-okTs10ps) DU ymana no 27,3%, a YUU cp. — no
2,3 3k3. AOcomoTHbIi okazarens YUUW paBusics 4 9k3.

70
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40 —— Trypanosoma loricatum

3 (%)

30 .
- T. neveulemairei

20
10 T. pipientis

0 4 e

i V-V VI-VII IX-X

Mecaubi

Puc. 1. Ce3oHHblE W3MEHEHHS DJKCTEHCUBHOCTHM HWHBa3MHM (%) O03€pHON JATYIIKU
JleBeUMHCKOTO JIMMaHa XryTukoHoctamu Trypanosoma loricatum, T. neveulemairei u
T. pipientis B 1993 rony.

[IpuBencHHBIC JaHHBIE 110 CE30HHOH WMHTCHCUBHOCTH 3apaXKCHHOCTH O3CPHOM JIATYIIKH
KTyTHKOHOCIIeM T. neveulemairei mo3BOJISIFOT MPEANOI0XKHUTh, YTO, MO-BUIUMOMY, UMEIO MECTO
pPa3sMHOXCHUE 3TOTO IMapa3uTa B OpPraHU3ME 3apa)KCHHBIX JIATYIICK, 10 KpaiHed Mepe, B KOHIIe
BeCHBI U Bce jieTo. OHAKO, YIUTHIBAs TO, yTO DU JSrymieK 3TUM Mapa3uTOM MOBBIMIACTCS JIETOM,
KOTJIa aKTUBHOCTh KPOBOCOCYIIHMX MUSBOK CHUJIBHO TAJIAET, MOYKHO TPEANOIOKHUTh, YTO B KAUECTBE
MEPEHOCYMKOB O3TOT BHJ IAPAa3UTOB HCIOIB3YyeT HE TOJBKO MHUSIBOK, HO W KPOBOCOCYIIUX
HAaCEKOMBIX.

Ce3oHHasi TWMHAMHUKA 3apaKeHHOCTH JIATYIIEK JKTYTHKOHOCIEM 1. pipientis cxoxa ¢ TakOBBIM
npenpiayiero Bujaa. B mapTe Mbl 3TOro mapasurta B KpOBHU JISATYIIEK He Haxoauiau. B ampene-mae
OoH ObuT oT™MeueH y oaHou nsarymku (5,0%), YUUM cocraBuna 1 k3. Jletom (HMIOHB-aBTyCT)
3apaxeHHbIMU Obutk aBe ocobm msarymek (11,1%), YUU cp. cocraBunma 3,0 sk3. OceHbiO
(ceHTSAOpB-OKTAOpPh) 3apaKEHHOCTh ATUM  MapasUTOM Malo HW3MEHWIACh, Cpeau  BcCeX
00cCJIeIOBaHHBIX JISATYIIEK ATHM >KTYTHUKOHOCIIEM OBUIM 3apakeHbl ABe ocodbu (27,2%), YUU
paBHs1ach 2,6 3K3.

XKryrukonocery T. pipientis, 3a 0JHAM HCKIIOYEHHEM, OTMEYAJCS HAMH B KPOBH TOJBKO TEX
JSATYIICK, KOTOpPbIE HE OBLIM 3apaKeHbl IPYrHMH BHIAMHU KPOBEMapa3uToB. JIUIIb B KPOBH y
OJTHOM JIATYIIKH, OOCIeOBAaHHOW OCEHBIO, KpoMe 3Toro >kryrukoHocma (YU 1 3k3.), Obuia
ormeueHna u T.neveulemairei (YUU — 1 5k3.). Bo3aMokHO, 4TO claOyro 3apak€HHOCTh JISTYIIEK
KTYTHKOHOCIEM T. pipientis MOKHO OOBSCHUTH aHTATOHU3MOM MEKIY BUIaMHU.
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Crnenyer cpa3y *e OTMETUTb, YTO MaTepUal MO 3aPaXKCHHOCTU 03E€PHOM JISTYIIKU B J{eBEUHMHCKOM
nuMaHe, coOpaHHbIi Hamu B 1993 romy, HeIb3sl CUMTATh JIOCTATOYHBIM IS TIPOBEICHUS
IIOJIHOLICHHOT'O aHaJIN3a, TaK KaK ATU HCCIICAOBAHUS BEIMCh HE €KEMECIUHO, a IOCE30HHO, YTO HE
ITO3BOJISIJIO BBISIBUTH U3MEHEHHS 3apaXEHHOCTH aMpuOuii KpoBerapa3suTaMu, BO3MOXKHO, HMEIOIIEe
MECTO BHYTPHU OJHOTO ce30Ha. Kpome Toro, B coOOpaHHBIX MaTepualiax 3MMHHIA CE30H BOOOIIEC HE
npeAcTaBieH. BMecTe ¢ TeM, y4uThIBasgs OTCYTCTBHE KaKHUX-THOO JAHHBIX O CE30HHOM JMHAMHUKE
3apaXCHHOCTH aM(puOUii mapasuTaMu KpoBU B A3epOaiikaHe, HCCIeI0BaHus, IPOBEICHHBIC HAMU
B 2002 roy, MOKHO CUHUTATh MEPBBIM MOJOKHUTEILHBIM IIIaroM, CJIEJaHHBIM B 3TOM HaIPaBJICHHUH.

HoBsle ucciienoBanusi Ce30HHOM TUHAMMKHU 3apa)KEHHOCTH O3EPHOM JIATYIIKM KpOBelapazuTaMu
Ha Tuiece Xannap J[eBeunHCKOro JMMaHa OXBAaTWUJIM MEpUOJ ¢ SHBaps Mo Jekadpb. B tabnuie 2
MOKa3aHO KOJIMYECTBO JIATYIIEK, OOCIEIOBAaHHBIX HAaMH B pa3jIMYHbIC MECSIBl, U CPEAHssA
TeMIIepaTypa BOAbI 32 KaXKIbIH MECHII.
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Puc. 2. Ce30HHBIC W3MEHEHUS CPEJHEr0 3HAUCHHS Y/IEIbHOW MHTCHCHUBHOCTH WHBa3MH (B 9K3.)
O3epHOM  JATYmIKM  JIeBEYMHCKOrO JIMMaHa O KTyTHKOHOCIIaMH  Trypanosoma loricatum,
T. neveulemairei u T. pipientis 8 1993 roxy.

B Teuenue 3TOro roja Ha HauMuMe KpOBEMapasuUTOB ObLIO oOciemoBaHo 169 ocobeil o3epHOM
JITYIIKH. Yr1o0OBl CE30HHBIE HCCICO0OBAHNA OXBATHUIIN KMUBOTHBIX MPUMEPHO OAHOI'O BO3pacTa, MbI
BCKpBIBAIM JIArymek pasmepoM or 30mMm g0 60 MM, KOTOpBIE COCTOSUIM U3 CETrOJIETOK U
T'OJOBHKOB.

IIpy MOBTOPHOM HCCIIEZIOBAaHUM KPOBU O3€pHOM JATymKH JIeBeUMHCKOrO JIUMaHa HaMu  ObLTH
OTMEYEeHBl T€ € TPHU BHUAA XTYTUKOHOCLEB, yTo U B 1993 romy. B Ttabmuue 3 npusoasTcs
SKCTeHCUBHOCTh MHBa3uu (OW), ynenbHas mHTeHcMBHOCTh MHBazuu (YUMU), cpenuss ynenbHas
uHTeHCUBHOCTh MHBa3UM (YUM cp.) u ynenbHsiit ungexc odunus (YMO — cymma mapasuTos,
OOHApYXEHHBIX B OJJHOM Ma3Ke Ka)KIOTro 3apa)KCHHOTO XO3sMHA, pa3/ejeHHas Ha KOJINYECTBO
MCCIIEIOBAHHBIX X0351€B) Ka)XJ0TO Mapa3uTa 3a KaKIbIi MeCsI] Toja.

[To nanHbIM HammMx uccienoBaHuid, B camoMm Hadane siHBaps 2002 roma DU KTyTHKOHOCUEM
Trypanosoma loricatum cocrasuia 20,0%; YU Gbina HeBbicoKoM — 1-2 3k3., YUU cp. — 1,5 5x3. B
¢deBpane DU wu3MeHseTCS HE3HAUUTENTBHO, OHa mogHuMaercs a0 25,0%, B To ke BpeMms
Habmonaercs mamenenne YUU (1-7 ak3.), oHa moBwImaeTcs Oonee, yeM B 1Ba pasa (3,6 ok3.). B
maptre YUU npopomxkaer pactu (2-23 3k3.; YU cp. — 12,5 3k3.), HecMoTps Ha To, uTto DU naxe
HECKOJIbKO ToHmxkaercs (1o 18,2%). OTo cBUAETENBCTBYET O TOM, YTO B OpPraHU3ME JIATYIIEK
IPOXOAMJIO pa3MHOKeHue T. loricatum.

B ampene HauMHaeTCs NMOHIDKEHHE 3apaKEHHOCTH JIATYILICK KryTukoHocuem 1. loricatum (DU —
12,5%; YU — 3-19 5k3.; YUU cp. — 10,5 3x3.), koTopas npoaomkaercs B mae (DU — 11,8%; YUU
— 2-8 9k3.; YUU cp. — 5,0 3k3.), utone (DU — 6,7%; YUU — 2 5x3.; YUU cp. — 2,0 3k3.) u wutone
(OU - 6,3%; YUU — 2 5k3.; YUU cp. — 1,0 2k3.).

Bichuk 3anopizbko2o HauioHatbHO20 YHIGEpCUmMEny Ne2, 2014
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B aBrycre, ceHTsI0pe 1 OKTs0pe KryTrKoHOCHa T. loricatum y o3epHO# JISATYIIKH Mbl HH pa3y HE
oTMeTHIIA. B HOSOpe 3TOT mapa3uT OTMEUYEH B KPOBH OJHOM 0COOM JATYIIKH, ipu 3ToM YU cp.
cocraBmia 1 3k3., a B 1ekabpe — B kpoBu 1ByXx Jsirymek (OU —18,2%; YUU — 1-2 sk3.; YUU cp.
— 1,5 2x3.).

B nenom, o xapakrepe n3MEHEHUI 3apaKEHHOCTH 03EPHOM JISATYIIKH KI'yTHKOHOcHeM T. loricatum
MOKHO CKa3aTh cielayrolee. 3UMOH M B Hayajle JieTa MPOUCXOIUT 3apakeHUe JIATYLIEK 3TUM
[1apa3suTOM, BECHOM M B Hauaje JIeTa OHU Pa3MHOXKAIOTCS B OPraHM3Me JIATYLIEK, a K KOHIy JieTa
3apaK€HHOCTh CHJIBHO TNajaeT. EnuHUuYHBIE 0COOM Napa3uTa HAUYMHAKOT HOSBIATHCS B KPOBU
JATYLIEK OCEHBIO.

Tabmuua 2 — KonudecTBo 00CiI€I0BaHHBIX HAMHU JISTYIIEK M CPEAHSS TeMIepaTypa BOAbI (I10
nanHbIM ['mapomereocoyxObl) Ha miece Xannap JleBeunnckoro numana B tedeHue 2002 roxa

Mecsiibi Yucno asrymiek (9K3.) Temmneparypa BOJbI
SuBapp 10 29
DeBpaib 12 3,4
Mapt 11 5,9
Arnpenb 16 14,7
Mait 17 19,9
Hrosb 15 23,9
Hromns 16 26,8
ABrycr 15 27,4
CeHTts0pb 17 25,3
OxkT1s0pB 15 19,6
Hos6pn 14 12,1
JexaOpb 11 6,6

B sHBape xryrukoHocer T.neveulemairei kpoBu Jsrymiek He OTME4YeH. B ¢eBpasie U B MapTe OH
HaiiJileH 1o ogHoMy pasy (DU, cooTBercTBeHHO, coctaBisiia 8,3% u 9,1%; YUU — 1 3k3. u 2 3k3.;
YUU cp. — 1,0 5x3. u 2,0 9K3.).

B ampene c moBblIeHHEM TeMIlepaTypbl BOJbI HAYMHAETCS 3aMETHOE YBEIUYCHHE TOKa3aTeseu
3apaxkeHHocTH, DU coctasnser 25,0%, YUU — 3-6 3x3., YUU cp. — 3,9 k3. B mae noBsineHue
3apakeHHOCTH Tpogoipkaercs, DU mocturaer 29,4%, YUU — 1-15 sk3., YUU cp. — 7,4 3x3.

B utone 3apaxxeHHOCTh nocTuraer makcumyma, U poxomutr no 66,7%, YUU — no 2-26 sk3.,
YUUA cp.— no 13,8 k3.

B wuione, mo-BUAMMOMY, TMOBBIIIAETCS PE3UCTEHTHOCTh OpraHu3Ma JIATYIIEK B OTBET Ha
TUTICPUHBA3HIO ATHM TIApa3WTOM W IMPOHMCXOJUT TaJCHHE 3apakeHHOCTH. DV TOHMXKaeTcs J10
37,5%, YUU — no 2-8 5x3., a YUU cp. — no 3,3 5x3. B aBrycre noHuwkeHue 3apaK€HHOCTH
nponowkaercs, DU cocrasmser 20,0%, YUU — 1-7 sx3., YUU cp. — 4,3 ok3.

Ilocne moHmMXECHUS 3apaXCHHOCTHU, IMO-BUAMMOMY, CHHIKACTCA MW PE3UCTCHTHOCTH OpraHu3Ma
JATYIICK, KOTOpast MHOBBICHUIIACh B OTBCT HA T'MIICPUHBA3UIO.

B ceHTs0pe, korma Temmeparypa BOABI €II€ JIOCTaTOYHO BBICOKAs JJISI  Pa3MHOXKCHHS
kposemnapazutoB DU pasusnach 52,9%, YUN — 2-16 skx3., YUU cp. — 9,1 aks.

B nanLHeﬁmeM, B CBA3U C ITAACHUEM TeMHepaTprI BOJIbI Sapa}KeHHOCTB J'IS[FYI_HGK 3TUM HapaSI/ITOM
MoHMKaeTcs: B okTsi0pe DU ymenbimaercs 10 33,3%, YUU — no 1-4 sk3., a YUU cp.- 1o 2,6 3k3.; B
Hosi6pe DU mamaer eme no 14,3%, YUU — no 1-2 sk3., a YUU cp.- no 1,5 3x3.; B aexabpe DU
nagaet 10 9,1%, YUU — no 1 3x3., a YUU cp. — 10 1 3x3.

[To mnpuBeneHHsiM Bbiie naHHbiM, B 2002 toxy DU u wuHTeHcuBHOCTh uHBa3mu (UN)
KTYTHKOHOCIIEM 1. neveulemairei, KOTOpBI 3apakacT B TEUCHHE Troja O3EPHYIO JATYIIKY
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JIeBEUMHCKOIO JIMMaHa CWIbHEE APYIMX KpOBENapa3uTOB, COBEPUIAIOT JABAa BOCXOXKJIEHHUSA U JBa
OllycKaHusi, o0pa3ys [ByXBepLIMHHbIE KpuBble. IlepBas BepmMHAa Kaxa0H M3 ITHUX KPHUBBIX
MPUXOJATCS HA UIOHB, a BTOpAs BEpIIMHA — HA CEHTSIOPb.

Tperuii U3 KpoBemapa3uTOB O3EPHOI JATYIIKHA 1. Pipientis, Ce30HHYIO TUHAMHKY 3apakKeHHOCTH
KOTOPOW MBI HMCCIEAOBANIM, HalJIeH B KpoBU oaHOM u3 aecatu (10,0%) uccneqoBaHHBIX JSATYIIEK.
YUU npu stom coctaBmia 1 3k3., YUU cp. — 1,0 3k3.

B ¢eBpane u mapre cpeau OOCICIOBaHHBIX JISTYIICK HE OBUIM 3aperdCTPUPOBAHBI OCOOH,
3apaKeHHBIC KT'yTHKOHOCIEM T. pipientis.

B xaxnapiii u3 MecsieB (amnpeninb, Mail ¥ WIOHB) OBUIN 3apETUCTPUPOBAHBI 110 JIBE OCOOU JIATYIIKH,
3apakeHHble 3TUM mapazutoB (DU Owuia, coorBercTtBeHHO, 12,5%, 11,8% um 13,3%). VYHUU
coctaBimsia 1-2 9k3., 1-2 3x3. u 1-3 3x3.,, a YUU cp. — 1,3 k3., 1,5 3x3. u 2,0 3x3. B wurone
HAYMHACTCS TOBBIIICHUE 3apPAKECHHOCTH O3CPHOM JIATYIIKH XT'yTHKOHOCcIeM T. pipientis. Dto
MOBBIIICHUE TIPOJIOJDKAETCS JBa Mecsana, B urone DU cocraBmser 25,0%, YU — 1-3 k3., a
YUU cp. — 2,3 7k3.

B aBrycre DU nocturaet 40,0%, YU — 1-5 3x3., a YUMU cp. — 2,8 k3. B centsa6pe DU nagaer 1o
17,6%, YUU — no 1-2 7x3., a YUU cp. — g0 1,3 3k3.

B okTsa06pe mpoucxoaut HeOONbIIOE MOBBINICHUE 3apaxeHHOCcTH, DU moxomut mo 33,3%, YUU
ocraercs 1-2 sk3., a YUU cp. HeMHOr0 noBbImaercst — 10 2,4 3K3.

B Hos0pe m nmexkaOpe NMpOMCXOMUT IMOHMKEHHE 3apakeHus. DU cocraBiser, COOTBETCTBEHHO,
21,4% n 18,2%, YUU —1-2 5k3. u 1 k3., YUU cp. — 1,7 3k3. u 1 3K3.

MoskHO cka3ath, uTo Kak DU, Tak 1 1M 03epHO# JSryIiky )KXryTuKoHOcHeM 1. pipientis MeaieHHO
HOBBIIIACTCS C MapTa 110 aBr'YCT, B CEHTA0pPEe HEMHOI'O MOHMKACTCS, B OKTSOpE YyTh MMOBBILIACTCS U
naiee 0 KOHIIA FO/1a HJET Ha MIOHIKCHHE.

CpaBHEHHE CE30HHBIX U3MEHEHHUH 3apaKEHHOCTH O3€PHOM JATYIIKHM JIeBEUMHCKOIO JINMaHa TPEMs
BHUJIaMU TPUIIAHOCOM, KOTOPOE MPUBOAMUTCA B pUC. 3 U 4, IOKA3bIBAET CIEAYIOLIEE.

B suBape YUU cp. o3epHoii nsarymiku Bugamu Trypanosoma loricatum (1,5 sk3.) u T. pipientis (1,0
9K3.) ObUTa HU3KO#, a DU cocTaBisiia, coorBeTcTBeHHO, 20,0% 1 10,0%. T. neveulemairei B sHBape
He OblTa OTMEYCHA.

B depare DU u WUW Bumom T.loricatum HeCKOJbKO TMOBBIIIAETCS, TOSBISETCS BHJI
T.neveulemairei, a Bug T.pipientis wucuezaer. B wmapte orTmedeHsl Toabko T.loricatum wu
T. neveulemairei. D1 nepBbIM MOBBIIIAETCS HEMHOTO, @ UM MOBBIIAETCA OYEHb CYIIECTBEHHO U
nocTuraet nuka. B anpene npogomkaercs noseimenue DU u MW unBazum Bugom T. neveulemairei.
Y Bunma T.loricatum 5T mokasaTenu HeMHOro moHrkarorcs. [loseisercs Bun T. pipientis, Ho
3apaKEHHOCTh UM HEBBICOKASI.

B mae DU u UM Bumom T. neveulemairei. 3aMeTHO MOBBIIIAIOTCS, a OTH K€ IT0KA3aTelId MHBA3UH
BuzoM T.loricatum moHwkarTcs. 3apaKeHHOCTh BUAOM 1. pipientiS moytu He H3MEHseTcs,
OCTaBasICh HEBBICOKOIA.

B wumrone DU um WU Bugom T.neveulemairei mocturaer Makcumyma, 3apaK€HHOCTb BHIOM
T. loricatum monmxaercsi, a BugoMm T. pipientiS modytu He H3MEHSETCS, OCTaBasCh, Kak U B Mae,
HEBBICOKOM.

B wrone DU u MU Bumom T. neveulemairei pe3sko mamarOT, B 3TO BpeMs MPOUCXOAUT PE3KOE
MOBBIIICHUE TEX XKe MoKa3aTeneit mo T. pipientis.

B aBrycre DU Bumom T.neveulemairei magaer eme Huwke, a U u3MeHseTcss HE3HAYUTEIBHO.
B ator ke mecany DU u MU Bumom T. pipientiS moBbImaeTcs, TOCTUTHYB CBOEr0 MaKCHMYyMa.
T. loricatum ucue3aet u He MOSIBJIIETCS 10 HOSIOPSI.

Bichuk 3anopizbko2o HauioHatbHO20 YHIGEpCUmMEny Ne2, 2014
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Tabmuua 3 — Ilokasarenu 3apakK€HHOCTH O3CPHOM JIATYIIKH JKI'yTHKOHOcHamu Trypanosoma loricatum, T.neveulemairei u  T. pipientis
B Teuenue 2002 rona
[Tokazarenu Mecstiipt
[Tapazutel
3apaKEHHOCTH

I I i v \Y/ VI VII VIl IX X XI XI
DU 20,0 25,0 18,2 | 125 | 11,8 6,7 6,3 0 0 0 7,1 18,2

YU 1-2 1-7 2-23 | 3-19 | 2-8 2 1 1 1-2

Trypanosoma

loricatum YUU (cp.) 1,5 3,6 12,5 | 10,5 5,0 2,0 1,0 1,0 1,5

YUO 0,3 0,9 2,3 1,3 0,6 0,1 0,06 0 0 0 0 0

DU 0 8,3 91 250 | 294 | 66,7 | 375 | 20,0 | 52,9 | 33,3 | 14,3 91

. YU 1 2-6 1-15 | 2-26 2-8 1-7 2-16 | 1-4 1-2 1

T. neveulemairei

YUU (cp.) 1 3,9 7,4 13,8 3,3 4,3 9,1 2,6 1,5 1

YO 0,1 0,2 1,0 2,2 9,2 1,2 0,9 4,8 0,9 0,2 0,1
DU 10,0 0 0 125 | 11,8 | 133 | 250 | 40,0 | 17,6 | 33,3 | 21,4 | 18,2

YU 1 1-2 1-2 1-3 1-3 1-5 1-2 1-2 1-2 1

T. pipientis YUU (cp.) 1,0 1,3 | 15 | 20 | 23 28 | 13 | 24 | 1,7 1,0

YHUO 0,1 0 0 0,2 0,2 0,3 0,6 1,1 0,2 0,8 0,4 0,2

98
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B cenrs6ope DU u UM Bumom T. neveulemairei cHoBa pe3ko MOBBIMIAETCs, 00pa3ysi BTOPOHl MHK.
OnnoBpemenno magaer DU u MU Bumom T. pipientis.

B oxtsa6pe DU u UM Bugom T. neveulemairei mamarot, B TO ke BpeMsi pe3KO MOBBIIIAIOTCS 00a 3TH
nokasaresns o Bumy T. pipientis. Co3maercst BrieyatieHUe, 4TO MEXIY STUMHU BUAaMH CYIIIECTBYET
AQHTArOHU3M, YTO TMPEMSATCTBYET OJHOBPEMEHHOMY TIOBBIIICHHIO 3apaKEHHs JIATYIIKH O0OMMHU
napasuTamMu.
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Puc. 3. Ce30HHBIE M3MEHEHUS] PKCTEHCUBHOCTU HMHBa3uM (%) o3epHOM Jsrymku JleBeunHCKOro
JMMaHa )KryTHKoHociamu Trypanosoma loricatum, T. neveulemairei u T. pipientis B 2002 roxy.
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Puc. 4. Ce3oHHble W3MEHEHHUS CpPEIHEr0 3HAUEHUS YAEIbHOM WHTEHCHUBHOCTHM HMHBa3UHM (IK3.)
O3epHOH  JArymku JIeBEYMHCKOrO JIMMaHa  KTYTHKOHOCIaMu Trypanosoma loricatum,
T. neveulemairei u T. pipientis 8 2002 roxy.
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B Hos10pe 3apakeHHOCTh Buaamu 1. neveulemairei u T. pipientis magaer, NpUYMHON YEro MOXET
OBbITh MOHMW)KEHHE TEMIIEPATYpbl BOJbl. B 3TO e BpeMs B KPOBH JIATYIICK MOSBISETCS BH
T. Loricatum, oxHako 3apaKCHHOCTh MM OBIBACT HEBBICOKOH. B nmexabpe 3apakeHHOCTh BUIAAMHU
T. neveulemairei u T. pipientis mpoao/kaeT MOHMKATHCS, a 3apakeHHOCTh BHaoMm 1. loricatum
HECKOJIBKO MOBBIIIACTCS.

W3 coBMeCTHOro aHanu3a W3MEHEHUH 3apaX€HHOCTH O3€pHOM JAryIIKM JleBeuMHCKOro JMMaHa
BCEMH TpeMsi BUJIAMH JKT'YTHKOHOCLIEB BHJIHO, YTO 3apakeHHOCTh BHIOM T.loricatum B TeueHue
BCEr0 roJla OCTAeTCsl HEBBICOKOM.

[Tockons mMarepuan, coOpanHbiii Hamu B 1993 romy, He OXBaThIBa€T BCE MECSIIBI TOJa U HE JacT
MOJIHOIICHHBIX JIAHHBIX, IOCTATOYHBIX aJeKkBaTHbIM cOopam 2002 roga, MbI HAMEPEHHO HE JaeM
CpPaBHUTEJILHBIN aHAIM3 3aPAXKEHHOCTH 03€pHOM JISITymku [leBeunHckoro numana B 1993 u 2002
rojax.

[lepcnexkTBaMM  JalbHEHIIMX HUCCIEIOBAaHMH  SBISAETCS M3y4EHHE CE30HHOW TUHAMUKHU
3apaXCHHOCTH OOJIOTHOW 4epenaxu JleBeumHCKOro nMMana remorperapuHoi (Haemogregarina
sp.). Kpome Toro, npenycMOTpeHO U3yueHue KU3HEHHOTO LIUKJIA 3TOrO CIIOPOBUKA.

BbIBO/IbI

1. MHccnenoBaHus CE30HHBIX M3MEHEHUW 3apaKE€HHOCTU O3EPHOM JISATYIIKH, MPOBEJACHHBIC
Hamu B 1993 m 2002 rogax, mokasaiad, YTO OCHOBHBIM (PaKTOpPOM, OMPEACIAIONIUM H
NpsiMO, MU KOCBEHHO WHBAa3UPOBAHHOCTh aM(puOWN KpoBemapasuTamH, SIBISCTCS
TeMIlepaTypa BOIHI.

2.  llpsamoe BO3a€WCTBHE TEMIIEPATYPHI BOABI 3aKII0YACTCS B CTUMYJIHPOBAHUN PA3MHOKCHHS
KTYTUKOHOCLEB, KOTOPOE€ AKTUBU3UPYETCA IPU TEMIIEpaType BOJbI 15-20°C. Peskoe
MOBBIIIEHUE HWHTEHCUBHOCTH HHBA3MM KpOBENApPAa3sUTAMU  BBI3bIBAET  IOBBILIECHUE
PE3UCTEHTHOCTH OPTraHM3Ma JIATYIIEK B OTBET HA TUIIEPUHBA3MIO, B PE3YJIbTATE 3TOrO
3apakeHHOCTh cHUXkaeTcd. [lociae 3Toro pe3ucTeHTHOCTh OpraHu3Ma JSAryleK HECKOJIbKO
najaeT W MpU HAIMYUU OJarompHsATHBIX TEMIIEpaTypHBIX YCIOBUH MPOMCXOAUT
IIOBTOPHOE MOBBIIIEHUE YKCTEHCUBHOCTH U MHTEHCUBHOCTH MHBA3UHU.

3. OmocpenoBaHHOE e BO3ACHCTBUE TeMIEpaTypHOro (akTopa BbIpakaeTcs B TOM, 4TO
aKTHUBHOE HallaJICHUE MUSIBOK Ha JATYLIEK, a TaKKe pa3MHOKEHHE >KT'YTUKOHOCIIEB B
MUSIBKaxX MPUXOAUTCS, B OCHOBHOM, Ha XOJIOJHOE BpeMs roja.
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SUMEPUU (EIMERIIDA, COCCIDEA, APICOMPLEXA)
JTIOMAIITHUX )KBAUYHBIX )KUBOTHbIX
B ABEPBAMJI’KAHE
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B crarbe mpejcTaBiieHbl pe3yabTATEl MHOTOJIETHHX MCCIIEAOBaHNN KOKIMAWH poxa Eimeria y momarmaux
JKBAYHBIX JXKUBOTHBHIX A3epOaiimkana. B AsepOaiimkaHe KOTHYIECTBO OOHAPYXEHHBIX BHJIOB JMepuit
YMEHBIIMIOCH, Y KPYITHOTO pOraToro ckora 0suto ormedeHo 10, HeiHE §, y OyHBOJIOB, COOTBETCTBCHHO 9
u 6. CaMpIMH pPacmpoOCTpaHEHHBIMH MATOTCHHBIMU BHIaMH diiMepuii sBisitotrcss E.zuernii, E.bovis,
KOTOpBIE HAHOCAT CYIIECTBEHHBIN ymepO xo3giicTBy. B AzepbaiimkaHe ceroqHss BaJMUIHBIMU BHUAAMHU Y
MEJIKUX KBAYHBIX )KMBOTHBIX cuuTaeM 18, w3 Hux 10 BUAOB oOIIMe A KO3 U OBEIl. Y BepOJIIOMIOB,
pasBoauMbIX B A3sepOaiikaHe, BUIAOBOM COCTaB KOKIUAMN poraa Eimeria oTmeueH omHUM BHIOM —
E.dromedari.
Kniouesvie cnosa: xoxyuouu, stumepus, 6uobl, KPYRHbLL PO2AMbIL CKOM, MEIKUll poeamuvlil CKOM,
3apadCceHHoCmb.
ENMEPII (EIMERIIDA, COCCIDEA, APICOMPLEXA)
CBIMCBKHUX KYUHUX TBAPUH
B ASEPBAMIKAHI

Ickenneposa H.T'.

Inemumym 300n0eii HAH Asepbaiiocany
AZ 1073, Azepbatioacan, baky, eyn. A.A6baczade, npoizd 1128, xeapman 504

nargiz308@gmail.com

VY crarTi mpeacTaBiieHi pe3ynbTaTH 0araTOPiYHUX JOCIHIPKEHb KOKIMIiA pony Eimeria y cilicbkux
KYWHHX TBapwH A3zepOaiimkany. B AzepOaiiikaHi KiTbKICTh BUSBICHUX BHIIB eWMepill 3MEHIIWIACS, Y
BENUKOI poraToi Xynoou Oymno Big3HaueHo 10, HuHI 8, y OyitBouiB, BignoBigHo 9 i 6. HalimommpeHinumu
NMaTOreHHUMH BHJAMU elimepiii € taki: E.zuernii, E.bovis, siki 3aBnarTh iCTOTHOI IKOAHM TOCIOAAPCTBY.
B A3sep0aiimkaHi cbOTOIHI BadiTHUMH BUJAaMH B APiOHUX KYHHUX TBapuH BBaxkaeMo 18, i3 Hux 10 BuIiB
CIIJIBHI JIS Ki3 1 OBellb. Y BEepOIIOIiB, 10 PO3BOASITHCS B A3epOaiikaHi, BUIOBHHA CKIIa]] KOKIIUIINA POy
Eimeria Big3nauenuii oqaum BugoM — E.dromedari.
Kniowosi cnosa: xoxyudii, eimepis, euodu, eeiuxa pozsama Xxyooba, Opibna poeama xyooba,
3apadxdceHicms.
EIMERIA (EIMERIIDA, COCCIDEA, APICOMPLEXA)
OF FARM RUMINANTS
IN AZERBAIJAN

Iskenderova N.Q.
Institute of Zoology, NAS of Azerbaijan
AZ 10073, Azerbaijan, Baku, A.Abbaszade str., Pass.1128, block 504
nargiz308@gmail.com

Eimeria (Eimeria, Coccidia, Sporozoa, Apicomplexa) are the intracellular parasite protozoa that parasite
on all species of vertebrates inhabiting all natural and urbanized ecosystems of all geographic belts. This
group of protozoan pathogens has complex homoxenous life cycle which most often passes in the host’s
intestine.

Coccidia of the genus Eimeria are narrowly specific parasites localized in the intestine different hosts.
Many of them are morphologically similar. Specificity of coccidia of the genus Eimeria is manifested not
only in relation to the host, but also localization in the organizm of the animal.

By reason of eimeriosis suffer almost all farm animals, but mostly cattle. Some representatives eimerian
coccidia causes serious diseases of farm animals and cause enormous damage to the national economy. In
some livestock farms of Azerbaijan disease caused by coccidia are spread widely. At present, despite the
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application of many drugs and various preventive measures, eimerian are still pose a threat to livestock
development.

In farms when violating the sanitary and veterinary rules for animal keeping, small stables being
congested with animals, not using pastures properly outbursts of eimerioses often occur. The eimeriosis
of cattle is a protozoan disease of the 1-7 months animals characterized with extremely acute course and
accompanied with enteritis and anemia.

The study of the farm ruminant animals (cattle, buffaloes, sheep and goats) infection with eimeria has
been conducted in Azerbaijan since 60-s of the last century. The eimerian species composition was
ascertained. In many areas: Eastern Azerbaijan, the Greater Caucasus, Lankaran natural area, Absheron
peninsula dependence of the animals’ infection with eimeria on the host’s age and sex, season, landscape
and vertical belt was studied.

It is known from literature that currently 20 species of Eimeria parasiting on cattle and buffaloes are
regarded valid ones. Our study of Eimeria parasiting on the cattle and and buffaloes in the lowland-,
foothill- and highland natural and climatic zone revealed 8 of those. Thus in the farms of the lowland
zone 7 species of the coccidian genus Eimeria (E. bovis, E. braziliensis E. canadensis, E. cylindrica
E. ellipsoidalis, E. ellipsoidalis, E. zuernii) were found in the cattle. In Devechi region 1 species was
found in buffaloes — E. zuernii. In the cattle of the foothill zone 6 species (E. bovis, E.zuernii,
E. ellipsoidalis, E. cylindrica, E.bukidnonensis, E.subspherica) were found, in buffaloes — 4 (E.bovis,
E. cylindrica, E. ellipsoidalis E.zuernii), in zebus — 3 (E.bovis, E.subspherica, E. zuernii). The study of
the infection dynamics with eimeria in the cattle and buffaloes for many years showed that currently the
amount of the eimerian species found by us reduced. In the cattle 10 species were found before and now
— ones, in buffaloes — 9 and 4, respectively. E. bovis, E. cylindrica, E. ellipsoidalis, E. zuernii were
found both in the cattle and buffaloes.

The most widespread and pathogenic eimerian species are E.zuernii, E.bovis, they bring significant loss
to farms.

Currently of the eimerian species parasiting on sheep and goats (Ovis aries and Capra hircus) 32 are
recognized as valid ones. Of them 18 species parasite on sheep, 17 ones on goats, 3 species: E.gilruthi,
E.pallida and E.punctata are commom for the both hosts.

Currently in Azerbaijan of the eimerian species parasiting on small ruminant animals 18 are regarded
valid ones of which 10 species are common for both goats and sheep:
E. ninaekohlyakimovae = ovinoidalis, E. faurei, E.intricata, E.parva, E.ahsata, E. arloingi,
E.jolchijevi, E.alijevi, E. tunisiensis, E. absheronica.

In Azerbaijan camels are scarce. Currently the camels Camelus bactrianus only are bred there, the total
number of livestock not being more than 2010 animals in a special farm in Salyan region. One species,
E. dromedari was found there and also eimerian oocysts which were not defined till species. It is known
from literature that 5 eimerian species parasite on C. dromedarius and C. bactrianus.

Key words: Coccidia, Eimeria, ones, cattle, small rumin, infestation

BBEJIEHUE

OTpenbHblE TPENCTABUTENN HUMEPUMIHBIX KOKIUIWI BBI3BIBAIOT TsDKENble 3a0oeBaHUs
CEJIbCKOXO03SIIICTBEHHBIX JKUBOTHBIX W HAHOCSIT OTPOMHBIM MaTepHalbHBIA yHIepOd HapOJHOMY
X035UCTBY. B  HEKOTOpBIX JKMBOTHOBOJYECKHMX Xo3slcTBax AsepOailikaHa OOJE3HH,
BBI3BIBAEMBIE KOKIMAUSMH, PACIpPOCTPAHEHbI TOBOJBHO IMIMPOKO. OT 3MMEpHO30B CTPANAIOT
MPaKTUYECKH BCE CEJIbCKOXO3IMCTBEHHBbIE >XMBOTHBIE, HO B OOJIbIIEH CTENEHW KPYIHBIN
poraTelii CkOT. B HacTtosimee Bpems, HECMOTps HAa IPHUMEHEHHE MHOTHMX JIEKapCTBEHHBIX
IpenapaToB M pa3judHble MPOPUIAKTUYECKHUE MEphl, dMMEpUH MO-TPEKHEMY MPEACTABISAIOT
yrpo3y pa3BUTHIO )KMBOTHOBO/ICTBA.

B AsepOaiixkane Ha4ano MCCIeA0BaHUAM SUMEpUN JKUBOTHBIX ObLTO moJjioskeHo B 1931 r. [1].
C 60-x TrOAOB MHPOLUIOrO CTOJETHS BO BCE CE30HBI HMCCIENOBAIM  3apa)kKeHHOCThb
CENIbCKOXO3SIICTBEHHBIX ~ KHBOTHBIX  KOKIUAMSIMH, OcoOeHHOo, »diimepusmu (Eimeria).
VYcTaHOBIIEHBI BUJOBOM COCTaB 3WMEPHI [OMAaIlHUX JKBAa4HBIX >KMBOTHBIX, 3aBHCHUMOCTH
pacnpocTpaHEHHUsl Iapa3uTOB OT BO3pacTa M IOja XO35AMHA, BPEMEHM Troja, jJaHamadra H
BEPTUKAJIBHON TMOSCHOCTH TPAKTHYECKH BO BceX paiioHax  AszepOaiimkana. M3BectHa u
MHOT'OJICTHSISI IMHAMUKA 3apaKCHHOCTH IIMEpPHSIMHU KPYITHOTO poraToro ckora [2].
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HCJIBIO Halei paGOTLI ABUJIOCH UCCIICAOBAHHC NOMAIIHUX XBAaYHBIX JXUBOTHBIX, 3apa’KCHHBIX
SUMEpHUSIMH.

MATEPHAJI U METO/bI UCCJEJOBAHUSA

MarepuanomM HCCIEAOBAHUN CIYXIJIM H30JATHI PeKaInii, COOpaHHBIC OT KPYITHOTO POraToro
CKOTa, MEJIKOTO pOraroro ckora, OyiBoloB, 3e0y u BepOmonoB. CoOpaHHBIH MaTepuan
obpabareiBanu B naboparopuu npotucronoruu Muctutyra 300morun HAH AszepOaibimkana mo
obmenpunsToit Meronuke PronnedopHa-lapiaunra.

B kpymnHBIX KMBOTHOBOJUYECKHUX XO3siicTBax B JISHKApPAHCKOW MPHUPOJHOW 00JIACTH Yy KOPOB
obu1o ormeueno 10 Bugor siimepmit (E. zuerni, E. smithi, E. ellipsoidalis, E. cylindrica,
E. bovis, E. zurnabadensis, E. auburnensis, E. brasiliensis, E. subspherica, E. bukidnonensis).
VY 3eby u OyiiBonoB — 8. B I'yba-Xauma3ckoii 30He y KPYNHOI'O pPOraToro CKOTa OBLIO
obounapyxxeno 8 BumoB (E. zuernii, E. smithi, E. ellipsoidalis, E. subspherica, E. cylindrica,
E. bovis, E. auburnensis u E. canadensis ).

Ha AGmieponckoM mosyocTpoBe oOHapyxkeHo 9 BumoB kokumuauii: E. zuernii, E. ellipsoidalis,
E. cylindrica, E. subspherica, E. bovis, E. auburnensis, E. bovis, E. canadensis,
E. alabamensis. B xo3siictBax BocToyHOoro AsepOaiimkaHna (B JAByX Ha ceBepe: XauMa3CKHIA,
Kybunckuii um Ttpex Ha tore: benacyBapckuii, CanbsHckuii, Hedreuanunckuii paiioHax)
y KPYITHOI'O poraTroro ckora ObUI0 Haiimeno 9 BumoB siimepuit  (E. auburnensis, E. bovis,
E. brasiliensis, E. bukidnonensis, E. canadensis, E. ellipsoidalis, E. subspherica, E. zuernii,
E. smithi). B xo3stiictBax [llekuHCKOTO pailOHa y KPYITHOT'O pOraToro CKOoTa — 3 BHIa KOKIIU M
(E. bovis, E. braziliensis, E. zuernii) [3 — 5] (Tabmu.1).

B MMOCJICAHUEC TOJAbl H3YyYaIu KOKIII/IIII/IO(l)ayHy CEIIbCKOXO3SIMCTBEHHBIX JKUBOTHBIX B TEX
paiionax A3sepOaiipkaHa, B KOTOPHIX paHee IMOJOOHBIC HCCIEJIOBAHUS HE IPOBOJIMIHUCH.
HaanMep, B XO3$II>10TB&X, PACIIONOKCHHBIX B OKPECTHOCTAX T. FSIHI[)KI/I U IpHJICraromux
NpPEArOpHBIX M TOpHBIX pailoHax [lamkecana u I'ekrenb, y KopoB, 3e0y, OyilBOJIOB OTMEYEHO
9 BunoB siimepuii  E. bovis, E. brasiliensis E. auburnensis, E.bukidnonensis, E.canadensis,
E. cylindrica, E. ellipsoidalis, E. subspherica, E. zuerni.

HccnenoBanus Takke MpoBOauId B ¢pepmepckux xo3siicTBax Illeku-3arataabCKoro peruoHa,
BKJItOUYas paionbl bamaksHckuil, ['axckuil, [IeknHCKHI. YCTaHOBHIIM BBICOKYIO 3apaXKECHHOCTh
JOMAaIIHUX >XKBAYHBIX JKUBOTHBIX JUMEpUsIMU. BuaoBoil cocTtaB sMMEpPUNM NPENCTaBIEH Yy
KOpoB M3BecTHbIMU Bugamu — E.bovis, E. zuernii, E.auburnensis, y OyiiBosoB — 5 Bumamu:
E.bovis, E.zuernii, E. alabamensis, E.ellipsoidalis, E.canadensis [6] (Ta6:. 1).

[To nuTepaTypHBIM JaHHBIM B HACTOSIIEe BpeMs Yy KPYIMHOTO poraToro ckorta Bovinae
BaIMIHBIME cuuTaroTcs Oonee 20 BumoB Eimeria. Haubonee pacmpocTpaHEHHBIMH BHIAMH
sitmepuit sBistroTes: E. zuernii, E. bovis, E. auburnensis, E. ellipsoidalis, E. cylindrica [7].

B xonne npomwtoro cronerus (70-80- rombr) muccienoBanue 3WMepuil BBISBIIIO CPABHUTEIHHO
HU3KYI0 3KCTEHCHUBHOCTh HMHBazuu (DOW) KpymHOro poraToro CKoTa B pPa3HBIX MNPUPOJIHBIX
obnactsax AzepOaiiykaHa, U KOJUYECTBO BUJIOB diiMepuil He mpesbimano 10. Mel o6Hapyxumy,
YTO B  COBPEMEHHBIX YCJIOBHUAX XO3SMCTBOBAHUS Yy KOPOB YBEINWYMIIACh 3KCTEHCHUBHOCTH
unBaszuu (OW) mo cpaBHEHHIO C MPONLIBIMU I'0JIaMH TIOYTH B 2 pasa [2].

Takum oOpa3zom, B A3sepOaifjpkaHe KOJMYECTBO OOHAPY)XCHHBIX HAMU BHJIOB SHUMEpHi
YMEHBIIWIIOCh, Y KPYIHOTO pOraToro ckora paHee Obuio otmMeueHo 10, HbiHe 8§, y OyiiBOJIOB,
cootBeTcTBeHHO: 9 m 4. W3 Hux Heckombko BumpoB siimepuit (E. bovis, E. cylindrica,
E.ellipsoidalis, E.zuernii) BcTpevanuch 1 y KpyImHOTO pOTaToro cKoTa M OyiBOJIOB.
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Tabnuua 1 — Kokiuauu posna Eimeria 'y kpymHoro poratoro ckora v OyiHBoJIOB B A3epOaiikaHe

JlenkopaHckast | AOIIEpOHCKUI Boctounsblii Xo3siicTBa 3anaaHbIi [Mlexu-
Hassanue Buna Xo3sa1H MpUPOHAS MOJIYyOCTPOB AzepOaiimxkan | Illekunckoro | AsepOaiimkan 3araTtanbCKui
0071aCTh (1983 r.) (1986 r.)* paiioHa (2005 .) peruoH
(1978 .) (1983 r.) (2013 r.)
E. zuernii Kpc, OYiBOJIBI, + + + + + +
3e0y.
E. smithi=E.bovis Kpc + + + - - -
E. ellipsoidalis Kpc, OyHBOJIBI, + + - + n
E. zurnabadensis= Kpc + - - - - -
E. canadensis
E. subspherica KpC, OYIMBOJIBL, + + + - + -
3e0y
E. brasiliensis Kpc - + + -
E. cylindrica Kpc, OYHBOIIH, + + - - -
3e0y
E. bovis Kpc, OyHBOJIBL, + + + + + +
3e0y
E. auburnensis KpC + -
E. canadensis Kpc - -
E. alabamensis Kpc - - - -
E. bukidnonensis KpC - - + - + -
Hcrounnk [3] [4] [5] [3-5] [9] [12]
uH(popMaIuu

IIpumeganne: *Bocrounsiit AsepOaiimkan — ceBep — [ yomHcknii, Xaumasckui, tor — bemacyBapckuii, CanpsHckuit, Hedruammackuii palioHBIL.
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PE3VJIBTATBI 1 UX OBCYXKAEHUE

Kak wm3BecTHO, KOKmmmuu poxa Eimeria otHocsaTcs Kk y3kocmenuduuHbiM mapasutam. Crporast
crieiin(pUUHOCTh KOKIMAMKA poma Eimeria mposiBisieTcss He TOJBKO B OTHOIICHHM XO3SMHA, HO U
JIOKQJTM3allUK B OpraHU3Me )KUBOTHOTO. OCHOBHBIMH BO30YIUTEIISIMH SHMEPHUO30B KPYITHOTO POTraToro
ckota sBisitorcst Eimeria zuernii, E. bovis, E. ellipsoidalis, E. bukidnonensis. Boz0ymurenu 3toro
MPOTO30MHOTO 3a00JIEBAHUS JIOKATU3YIOTCS B KHIICYHUKE (Yalle B TOJCTOM OTAENE) KPYITHOTO
poraroro ckoTa, a Takxe OyiBOJIOB U 3€0Yy.

Boneer B OCHOBHOM MOJIOZIHSIK 10 rofia. DUMEPUO3 TEJISAT KPYIIHOTO POraroro CKOTa XapaKkTepU3yeTcst
HCKITFOUUTENIBHO OCTPbIM TEYEHHEM, CONPOBOXKIAIOIIMMCA SHTEPUTOM M aHeMHel.  bolie3Hb
MIPOSIBIISICTCS. TIPU HETIOIHOLIEHHOM KOPMJICHHH, CKYYEHHOM COAEP)KaHUU U OCOOCHHO MpH MEpexoe
KMBOTHBIX OT CTOMJIOBOTO COJIEPKaHUS K TACTOMIIHOMY, W, HaoOopoT. IHBa3us yalre BCTpeuaeTcs B
rO/Ibl C TEIJIbIM M BIJIQXKHBIM JIETOM U TEIUION OCEHbI0, C OOJBIIUM KOJIMYECTBOM OCAIKOB. Bhicokas
CMEPTHOCTh TPOUCXOUT y TEJAT, MHPHUIMPOBAHHBIX HaMOOJIee MaTOreHHbIMU Bumamu E. zuernii u
E. bovis. Bei3opoBeBiiie KHBOTHBIC MPUOOPETAIOT MMMYHHUTET. B3pociibie JKUBOTHBIC SIBISIOTCS
Mapa3uTOHOCUTEISIMHU.

Pe3epByap0M B036y,Z[I/ITCHeI71 KOKIUMANO03a SBJLAIOTCA 3arpsA3HCHHBIC OOHUCTAMH KOKI_II/I,Z[I/Iﬁ KOpMa,
BOJda, KOPMYIIKH, IMOACTHUIIKA. HpI/I HCCO6J’IIOI[CHI/II/I CaHUTAPHO-BCTCPUHAPHBIX HOPM, OTCYTCTBHUU
LHCHTPAIM30BAHHOI'O0 BETCPUHAPHOI'O KOHTPOJIA KOJIMYCCTBO 3apPa’KCHHBIX JKUBOTHBIX BO3PACTACT.

3apa)KeHHOCTI> BﬁMepH}IMH MCJIKOT'O POraroro CKOTa TakX€ H3y4Yalid B PA3HBIX PEruOHaAX Halei
cTpanbl. B pe3ynbraTe uccienoBanus B xo3siictBax [ yba-Xaumacckoii 30HbI y OBell ObLTI0 0OHAPYKEHO
7 BunoB siimepwid: E. arloingi, E. ahsata, E. granulosa, E. crandalis, E. ninaekohlyakimovae, E. parva,
E. faurei. Ha A6mepoHckoM moiyocTpoBe y oBell obHapyxeno 8 BumoB E. ahsata, E. bakuensis,
E. crandalis, E. granulosa, E. intricata, E. ovis, E. parva, E. faurei, 7 BunoB y ko3: E. absheronae,
E. arloingi, E. aliyevi, E. africiensis, E. jolchijevi, E. ninaekohlyakimovae, E. tunisiensis [8,9]. B
[IIekHCKOM MEXKKOIX03HOM OBIIEBOJYECKOM O6’B€I[PIH€HPIPI Y KapakKyJbCKUX W MCCTHBIX OBCI]
3aperucTpupoBaHo mo 7 BumoB kokuuauii — E. ahsata, E. bakuensis, E. crandalis, E. faurei, E. intricata,
E. ovis, E. parva. ¥ nomammHux oBell B BOCTOYHOM A3epOaiikaHe 0OHapy:KEeHO 7 BHUIOB DSHMEpHii:
E. absheronae, E. africiensis, E. aliyevi, E. arloingi, E. ninaekohlyakimovae, E. tunisiensis, E. jolchijevi
[8]. V ko3 Toxe 7 Bumor E. ninaekohlyakimovae, E. arloingi, E. crandalis, E. ahsata, E. absheronica,
E. aliyevi, E. christenseni. B 3amamrom Azep6aiimkane (Illamkupckuii, Kemabekckuii pailoHbI) OBIIBI
3apakeHbl 7-Bumamu diimepuii (E. ahsata, E. crandalis, E. bakuensis, E. granulosa, E. ovis, E. parva,
E. faurei). B HaxuueBanckoit ABToHOMHOI PecryOmmke y ko3 6 BumoB ditmepmii (E. absheronae,
E. africiensis, E. arloingi, E. jolchijevi, E. ninaekohlyakimovae, E. tunisiensis) [9]. B xo3siicTBax,
PacCcloJIOKCHHBIX B OKPECHOCTAX T. FHH,Z[)KI/I Yy OBCIl U KO3 JUATHOCTHPOBAHHBbI 11 BHUJIOB 3171Mep1/1171:
E. intricata, E. faurei, E. ninaekohlyakimovae, E.ahsata, E. arloingi, E.parva, E. tunisiensis,
E. abcheronae, E. punctata, E. jolchijevi, E. alijevi [10]. 3a mocnemsue roast (2011-2013rr.) B Illeku-
3araTaJbCKOM pPErHOHE Yy MENIKOTO poraroro ckora Haimenol 5 BumoB — E. arloingi, E. ahsata,
E. parva, E. faurei, E. ovinoidalis [11] (ta6um. 2.).

VY wuccheayeMbIX OBEIl M KO3 Ha HaJMYMe OOIMCT KOKIMAWi poma Eimeria nambonmee wacto
BCTpevarommucs BuaamMu Obutn  cieayromue: E. Ninaekohlyakimovae = ovinoidalis, E. faurel,
E. intricata, E. parva, E. ahsata, E. arloingi. B Hactosiiee Bpemsi BaymaHbIMU BuaamMu Eimeria s
MEJIKOTO POTaToro CKOoTa, oBell u ko3 (Ovis aries u Capra hircus) nmpuzHansl 32 Buna. 13 aux 18 BumoB
napasuTHpyIT y oBell, 17 — y ko3, 3 Buaa E. gilruthi, E. pallida u E. punctata sinstrorcst oOummu iist
obomx xo3sieB [7].

B Azep0baiimkane ceronHsi BATMAHBIMUA BHIAMU Eimeria, MapasUTUPYIOLIMMH Y MEJIKUX KBaYHBIX
JKUBOTHBIX, CYHUTaEM 18, n3 HUX 10 BUIOB o0rmme I KO3 " OBEIl:
E. Ninaekohlyakimovae = ovinoidalis, E. faurei, E. intricata, E. parva, E.ahsata, E. arloingi,
E. jolchijevi, E. alijevi, E. tunisiensis, E. abcheronica (ta6m. 2).

bionoziuni nayxu
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Tabmuua 2 — Kokumauu pona Eimeria menkoro poraroro ckora B A3epOaiikane

= S = & = =
HasBanue Buaa z . § E) g_ § % é % = % é § % = 5 3 E =
B S = S
~ 5 5 g 282 |5 225 S & 958
< = 9529 ® 2 5 < ™ o )
1978r 1981r. 1983r. 1994r. 2001r. 2007T 2013r
E. arloingi OBIIBI, KO3bI + - + - + + +
E. ahsata OBIIBI, KO3bI + + + + - + +
E. granulosa OBIIbI, KO3bI + + - + - - -
E. crandalis OBIIbI, KO3bI + + + + - - -
E. ninaekohlyakimovae | oBiipbI, k0361 + + + - + + +
= E. ovinoidalis
E. parva OBIIBI + + + + - + +
E. faurei OBIIbI + + + + - + +
E. absheronae OBIIBI, KO3BbI + + + - - + -
E. africiensis OBIIbI, KO3BI - + - - + - -
E. aliyevi OBIIBI, KO3bI - + + - - + -
E. arloingi KO3BI - + - - - - -
E. tunisiensis OBIIBI, KO3BI + + - - + + -
E. jolchijevi OBIIBI, KO3EI + + - - + + -
E. bakuensis OBIIBI - + + + - - -
E. intricata OBIIBI - - + + - + -
E. ovis OBIIBI - - + - - - -
E. christenseni KO3BI - - + - - - -
E. punctata KO3BI - - - - - + -
Merounux § 7] g 7l 6] ] 2]
uHpopmanuu

G6
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HccnenoBanus BepOMIOOB Ha 3apaKEHHOCTh KHUIICYHBIMU IMAPa3UTUYECKUMH TMPOCTCUITUMH B
AzepOaiimxane BriepBbie Obuth TipoBeneHsl B 2010 1. 13 nmurepaTypbl M3BECTHO, YTO y BEpOIIIOI0B
OJHOTOPOBIX ¥ JBYropObix (coorBerctBenHo Camelus dromedarius u C. bactrianus)
napasuTupyrot 5 BuaoB Eimeria. B uccienoBaHHOM HaMu MaTepualie y IBYropObIx BepOIIOI0B CO
cnenuanu3upoBaHHol  pepmbl . Xbiabipibl CambsHCKOTO paliloHa OBUIM HAWIEHBI OOIUCTHI
sliMepuii nByX THMNOB. [lo HammM gaHHBIM i BepOtOI0B B A3epOaipkaHe MOXHO CUHTATh
YCTaHOBJICHHBIM HAJIMUME TOJIBKO oaHOoro Buaa — E. dromedari [12].

Jlyig mpeoTBpallieHus: 3TUX SMMEPHO30B HEOOXOAUMO COOII0AaTh Mepbl O0PHOBI U MPODUITAKTUKH,
MPeAYyCMOTPEHHBIE BETEPUHAPHBIM 3aKOHOJATEIILCTBOM HAIlICH CTPAHBI.

[TepcrieKTUBBl JalbHEHIIErO HCCICIOBAHUS —  ONPENENICHHE BHUJIOBOTO COCTaBa JUMepHid
(Eimeriida, Coccidea, Apicomplexa) HeKOTOPBIX JIOMAIIHUX M JUKHX KUBOTHBIX A3epOaii/pKaHa.
BbIBO/IbI

1. B AszepOaiimkane Ha CEroAHSNIHNUM IeHh BaJUAHBIMU Buaamu Eimeria, mapasutupyronmx y
KPYIIHOT'O POraToro CKOTa, SIBJIAIOTCS §, a y MEJIKHUX KBayHbIX >KMBOTHBIX — 18. M3 Hux 10
BUJIOB 00IIME IS KO3 U OBELL.

2. Jlns BepOmonoB B AsepOaiijpkaHe BIEpPBbIC HAMH  BBISBICH OJWUH BHJ JUMEPUH —
E.dromedari.
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CE30HHI 3MIHHM Y BUIOBOMY KOMIIJIEKCI
I'OJINX AMEB Y p. KAM’AAHKA (M. )KUTOMMP)

TTamrox M K.

JKumomupcoxutl depoicasruti ynisepcumem imeni leana @panxa
10004, Ykpaina, ’Kumomup, eyn. b. bepouuiscvka, 40

kostivna@ukr.net

BcraHOBNIEHO, IO OCHOBHMMHM UYWHHHMKAaMH, SIKi BIUIMBAIOTH HAa BHJOBE PI3HOMAHITTA TONHX amed, €
TeMIepaTypa, BMICT PO3YMHEHOIO Yy BOJI KHCHIO Ta OpPraHi4HUX peqyoBUH. [Ipu NOCIIKEHHI CE30HHHUX
3MiH Y BUZIOBOMY KOMIUIEKCI rojiuX ame0 3a(hikcoBaHO BECHSHHH Ta JITHIH MiKK BUIOBOTO PO3BUTKY LIUX
OpraHi3MiB, IO CATa€ MAKCUMYMY Pi3HOMAaHITTS y KBiTHI Ta CepIIHi.

Kniouosi crosa: zoni amebu, ce3onni sminu, p. Kam’aunka.

CE30OHHBIE UBMEHEHHWA B BUJTOBOM KOMIIJIEKCE
I'OJIbIX AMEB B p. KAMEHKA (r. XUTOMMUIP)

[Mamrox M.K.
Kumomupcruii 2ocyoapcmeaenuwiii yHugepcumem umenu Meana @panxo
10004, Yxpauna, Kumomup, yn. b. bepouuesckas, 40
kostivna@ukr.net

VYCTaHOBNEHO, YTO OCHOBHBIMH (haKTOpamH, BIMSIOIIMMH Ha BHAOBOE pa3HOOOpasue TroJibix amel,
SIBIISIFOTCSL TEMIIepaTypa, CofepkKaHHe PaCTBOPEHHOTO B BOJE KHCIOPOAA U OpTaHUYECKUX BemlecTs. Ilpu
HCCIICZIOBAHUH CE30HHBIX M3MEHEHUH B BUIOBOM KOMIUIEKCE TOJIBIX aMe0 3aMKCUpOBaH BECEHHUH U
JIETHUH MUK BUJOBOTO Pa3BUTH STHX OPTAHU3MOB, KOTOPBIH MPUXOIUTCS Ha alpelb U aBryCT.

Knrouesvie cnosa: convie amedul, cezonnvie usmenenus, p. Kavenxa.

SEASONAL CHANGES IN NAKED AMOEBAE SPECIES COMPLEX
IN THE RIVER KAMYANKA (ZHYTOMYR CITY)

Patsyuk M.K.
Zhytomyr lvan Franko State University
10004, Ukraine, Zhytomyr Velyka Berdychivska str., 40
kostivna@ukr.net

Seasonal changes in naked amoebae species complex in the river Kamyanka (Zhytomyr city) in 2009-
2010 are analyzed.

The most important abiotic factors influencing naked amoebae development are the temperature, the
content of oxygen and organic substances dissolved in the water. 17 naked amoebae species were
identified in the researched period. They are D. mycophaga, S.stagnicola, Saccamoeba sp.(1),
Saccamoeba sp.(3), K. stella, M. cantabrigiensis, M. vespertilioides, Mayorella sp.(1), Vexillifera sp., V.
lata, T. striata, P. valamo, P. levis, Cochliopodium sp.(1), Flamella sp., Vahlkampfia sp.(1), Vahlkampfia

sp.(2).

The richest species diversity was in spring-summer period and in the beginning of autumn — in April
(12 species), in May (10 species), in June (8 species), in July (10 species), in August (12 species) and in
September (10 species). The poorest species diversity was observed in December (4 species).

During the all researched seasons M. cantabrigiensis, T. striata, Cochliopodium sp.(1), Vahlkampfia
sp.(1); in February — Saccamoeba sp.(3); in April and August — M. vespertilioides; in September —
Mayorella sp.(1) were registered.

The temperature diapason in the researched water reservoir was from +3 °C to +26 °C, the content of
dissolved oxygen — from 3.05 mg/L to 17.31 mg/L, the content of dissolved organic substances (on
permanganate oxidation) — from 2.17 mg O,/L to 50.01 mg O,/L. In relation to temperature eurythermal
species (6 species), stenothermal heat-loving species (8 species), stenothermal cold-loving species
(3 species) were distinguished.

During the year pH index changed from 6.53 (February, 2010) to 7.50 (November, 2010). It is optimal for
reactions taking place in the development of the majority of organisms in river reservoirs (pH=6.5-8.5).
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Seasonal changes in naked amoeba diversity were evaluated using biodiversity indices, particularly
Shannon-Weaver diversity information measure index.

During the whole period of naked amoeba diversity research, two peaks were registered: spring (April)
and summer (August) — 12 species in each. The poorest naked amoebae species diversity was observed in
autumn — winter period and in the beginning of the spring and in summer when researched objects
reproduction was limited by temperature and oxygen. In June (8 amoeba species) significant water
temperature increase is observed, it causes significant decrease of dissolved oxygen concentration and
increase of dissolved organic substances concentration. It causes the decrease in protista population in the
river Kamyanka and the decrease of registered species number. As for the May, July and September of
2010, naked amoeba species diversity is relatively similar in species number (10 species).

For statistic check of relations between species diversity and hydrophysical and hydrochemical indices,
the correlation analysis, particularly.

Spirmer non-parameter method of rank correlation was used. The analysis showed reliable positive
correlation in Shannon-Weaver diversity index and temperature, and dissolved oxygen concentration as
the trend line proves it.

The correlation in naked amoebae diversity and dissolved organic substances concentration turned out to
be doubtful. The influence of this factor on naked amoebae species complex in the reservoir was
intermediary and the dependence — non-linear. During the year diversity positive trend under organic
substances concentration increase is observed.

Data on seasonal changes in naked amoebae species structure in the river Kamyanka prove that in naked
amoebae complex in this reservoir stenothermal heat-loving and oxyphilous species prevail.
Key words: naked amoebas, seasonal changes, the river Kamyanka.

BCTYII

lomi ameOu — OJHOKIITHHHI amMeOOimHI OpraHi3MH, IO HACENSIOTH Pi3HI MpHpomHi OioTomm 3
IIUPOKUM Jiara30HOM a0ioTHYHHMX (akTopiB. OgHAK CIA0KO BUBUYCHUMH 3aJIMINAOTHCS MUTAHHS
eKoJIoTii rojaux amed, 30KpeMa mpolieMa Ce30HHHMX SIBHUIL Y JKUTTI muX opradizmiB [1]. Tomy
METOI0 HaIloi poOOTH € aHalli3 CE30HHUX 3MiH y BUOBOMY KOMILIEKCI roiux amed y p. Kam’sHka.

MATEPIAJIM TA METOIU JOCIILIKEHHSA

[Tpobu anst moCHiIKEeHHsI Ce30HHOT TMHAMIKHM Toiux ame0 BiOupanu 3 pa3u Ha MICALb MPOTATOM
2009-2010 pp. y p. Kam’ssaka B oxommmsix M. Kutomupa. [Ipobu (Bomy Ta B3MyueHi JOHHI
BIKJIaa1) BIAOMpany BpPY4YHY B CKISHI MOCYAMHH eMKicTio a0 500 Mi 1 JOCTaBIsiiM A0
naboparopii. AMeO BUAUISAIM 3 MpoO, B SKI BXOAWIM BEPXHIM HIap JOHHOTO I'PYHTY 1 HEBEIHMKa
KUIBKICTh TPUAOHHOI BOoAM. CIIOCTEpPEeKEHHsS 3a HAWMPOCTIIIMMHU MPOBOJMIM 32 JOMOMOIOI0
cBiTioBOro Mikpockorny AXio Imager M1 (LleHTp KOJEKTHBHOTO KOPHUCTYBaHHS HAyKOBHMH
npunagamu  «Animalia»  Iacturyty 3o0omorii im. LI, I[Imaneraysena) i3 3acTOCyBaHHSM
IugepeHLIHHOro 1HTep(EepeHLIIMHOTO KOHTPACTY.

SIk mOKa3HMK Pi3HOMaHITHOCTI MU BUKOPUCTOBYBaJIM iH(popMalliiHy Mipy pizHomaHiTTs llleHHOHA-
Vieepa (Hsn) [2].

ITpu 300pi1 Marepiany BU3HAYaIM TeMIepaTypy BoaH (t°), BMICT PO3UMHEHOTO y BOJII KUCHIO (MI/JI)
Ta IEpMaHTaHATHY OKHCITIOBANBHICTE (Mr O2/m) [3].

Jlani HakomuuyBanu B 0a3zax JaHUX Yy BUIIISAI eleKTpoHHuX Tabmuup Microsoft Excel 2003 Tta
tabmuip cratuctuuHoro nakery STATISTICA 6.0.

PE3YJIBTATHU TA IX OBTOBOPEHHSI

JloCcTiKeHHSI Ce30HHMX 3MiH y BHJIOBOMY KOMIUIEKCI TONMX amed MpoBOAMIOCH y p. Kam’siHka
(M. XKurommp) y 2009-2010 pp.

Sk OyIo MoKa3aHo y MonepenHix nochipkeHnsx [1, 4-11], BaxnuBumu GpakTopamu, 10 BILTUBAIOTh
Ha PO3BUTOK TONMX aMme0, € TeMIepaTypa, aKTHBHA peakilisi BOJHOTO CEPEIOBUINA, BMICT
PO3UMHEHUX Yy BOJI KHCHIO Ta OpPTaHIYHUX PEUYOBHH, TOMY IpU BHUBYCHHI CE30HHHUX 3MiH HaMHU
PEECTPYBATUCH 3HAYCHHS [IUX TiAPOXiMIYHUX MOKa3HUKIB (Tab. 1).
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Hes3Baxkarouu Ha MOCTiIHHY MPUCYTHICTH TOJIMX amMe0 y BOAOIMI, BUJJOBUN CKJIAJ X 3HAYHO Bapiloe
BITPOIOBXK YCHOT'O CE30HY JAOCIIKEHHs (TadI. 2).

Yeporo 3a mei nepioz Oyio inentudikoano 17 BuaiB ronux amed — Deuteramoeba mycophaga
Pussard, Alabouvette et Pons, 1980, Saccamoeba stagnicola Page, 1974, Saccamoeba sp.(1),
Saccamoeba sp.(3), Korotnevella stella Schaeffer, 1926, Mayorella cantabrigiensis Page, 1983,
Mayorella vespertilioides Page, 1983, Mayorella sp.(1), Vexillifera sp., Vannella lata Page, 1988,
Thecamoeba striata Penard, 1890, Paradermamoeba valamo Smirnov et Goodkov, 1993,
Paradermamoeba levis Smirnov et Goodkov, 1994, Cochliopodium sp.(1), Flamella sp.,
Vahlkampfia sp.(1), Vahlkampfia sp.(2).

Cepen romumx ameb ympomoBK ycCix ce30HiB 3ycrpivanmucs M. cantabrigiensis, T. striata,
Cochliopodium sp.(1), Vahlkampfia sp.(1) (ta6:x. 2), Toai sk Saccamoeba sp.(3) 3HaiiaeHa nuiie B
mrotomy micsii, M. vespertilioides Page, 1983 — y kBitHi Ta ceprni, Mayorella sp.(1) — y BepecHi.

Tabmuus 1 — 3HaveHHs rigpoximMiuHuX mokazHukiB p. Kam’suaka (M. XKutomup) mpotsrom 2009-
2010 pp.

MiCSIITb Temmneparypa, t °C pH BMICT BMICT PO3UYMHEHUX Y BOA1
PO3YHHEHOTO Y OpTraHiYHUX PEYOBHH,
BOJ1 KHCHIO, MI/JI mr O,/n

ciueHb +4 6,84 8,35 30,84

JIFOTHH +3 6,53 3,48 10,54
Oepe3eHb +6 7,01 3,81 36,21

KBITEHb +16 7,11 12,45 38,03

TpaBEHb +20 6,92 17,31 13,28

YepBEHb +26 7,12 3,05 50,01

JIATIEHD +24 7,25 10,54 28,98

CepreHb +24 7,30 12,69 28,26
BepeceHb +14 7,32 17,21 13,29
JKOBTCHB +10 7,48 9,45 9,54
JINCTOMA +3 7,50 11,85 9,03

rpyaeHb +4 7,08 9,56 2,17

Tabnuns 2 — Ce30HHI 3MIHU BUAOBOTO cKiany royiux amed y p. Kam’suka (M. XKutomup)
Ne i/t BUIH MicHIl
112|134 |56 |7 |89 |10]|11]12

1 D. mycophaga + |+ |+ |+ | +

2 S. stagnicola + |+ |+

3 Saccamoeba sp.(1) + | + | + + | +
4 Saccamoeba sp.(3) +

5 K. stella + + + + + + + +

6 M.cantabrigiensis + |+ |+ |+ |+ |+ |+ +
7 M. vespertilioides + +

8 Mayorella sp.(1) +

9 Vexillifera sp. + |+ |+ |+ |+ |+
10 V. lata + + + + |+ + + + +
11 T. striata + + + + + + + + +
12 | P.valamo + |+ |+
13 | P. levis + ]+ |+
14 | Cochliopodium sp.(1) + |+ |+ |+ |+ |+ |+ |+ ]+ ]+t

bionoziuni nayku
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Ne i/t BUIU Micsmi

112 |3 |4 |56 |7 ]8]|9]10]11]12
15 | Flamella sp. + + | +
16 | Vahlkampfia sp.(1) + |+ |+ |+ |+ |+ |+ |+ + | +
17 | Vahlkampfia sp.(2) + + |+
Beboro 5|56 |12|10| 8 |10|12|10| 6 |5 | 4

B ocinHp0-3uMOBHIi TIEpio HaMH OyI10 3HAMIEHO Taki BUIM roymx ame0: y skoBTHI — S. stagnicola,
K. stella, M. cantabrigiensis, V. lata, T. striata, Cochliopodium sp. (1); y nuctonami — S. stagnicola,
K. stella, T. striata, Cochliopodium sp. (1), Vahlkampfia sp. (1); y rpyaui — M. cantabrigiensis,
T. striata, Cochliopodium sp. (1), Vahlkampfia sp. (1); y ciuni — V. lata, P. valamo, P. levis,
Cochliopodium sp. (1), Vahlkampfia sp. (1); y moromy — Saccamoeba sp. (3), P. valamo, P. levis,
Cochliopodium sp. (1), Vahlkampfia sp. (1); yoepesni — Saccamoeba sp. (1), V. lata, P. valamo,
P. levis, Cochliopodium sp. (1), Vahlkampfia sp. (1).

VY kBiTHI Ta ceprHi Oynu BimMmideni Taki Buau: D. mycophaga, Saccamoeba sp.(1), K. stella,
M. cantabrigiensis, M. vespertilioides, Vexillifera sp., V. lata, T. striata, Cochliopodium sp.(1),
Flamella sp., Vahlkampfia sp.(1), Vahlkampfia sp.(2).

V uepBHI Hamu peecTpyBaiuch Taki Buau: D. mycophaga, K. stella, M. cantabrigiensis, Vexillifera
sp., V. lata, T. striata, Cochliopodium sp.(1), Vahlkampfia sp.(1).

TemnepaTypHuil niana3oH y BOJOTOI 3a MEpioJ JOCHIKEHHS CTaHOBUB BiJ + 3°C o + 26 C.
Ilictes Buai BusiBwiucs esputepmuumu (K. stella, M. cantabrigiensis, V. lata, T. striata,
Cochliopodium sp.(1), Vahlkampfia sp.(1)), ockiiibku peecTpyBaluch B yChOMY Jiana3oHi 3MiHH
Temmeparypu. IHIII BHIM JOCTI/KYBaHOI BOJOTOKY BIAMIYAIHMCh TPH TaKUX Jliala3oHax
temmeparypu — D. mycophaga — 16-26'C; S. stagnicola — 3-14°C; Saccamoeba sp.(1) — 6-24 C;
Saccamoeba sp.(3) — 3 'C; M. vespertilioides, Flamella sp., Vahlkampfia sp.(2) — 16-24°C;
Mayorella sp.(1) — 14°C; Vexillifera sp. — 14-26 C; P. valamo Ta P. levis — 4-6 C.

Omxe, TtemnomoOHUMHU cTeHoTepMHUME € D. mycophaga, S. stagnicola, Saccamoeba sp.(1),
M. vespertilioides, Flamella sp., Vahlkampfia sp.(2), Mayorella sp.(1), Vexillifera sp.;
XOJIOZ0IIOOHUMH CTEHOTEpMHMMHK — Saccamoeba sp.(3), P. valamo ta P. levis.

HaiiGinpme yucino BUAIB ronux amMed y JOCHITKEHIM BOJOTOIN MPUMAAANo Ha BECHSHO-JTITHIH
nepioj Ta no4yatok oceHi — y kBiTHi (12 Bunis), TpaBHi (10 BuuiB), yepsHi (8 BuaiB), aumnHi (10
BuiB), ceprHi (12 Buais) Ta BepecHi (10 Buai) (Tabim. 2).

[IpoTte ciia BiAMITUTH, IO IIi 3MIHU CKOpIIIIE 32 BCE MOB’s3aH1 31 3HUKEHHSIM YHUCEITLHOCTI MIEBHUX
BUJIB IPU HECTIPUATIUBHUX U1 HUX YMOBax, ado 3 Mepexo/oM iX Ha cTajito IucTu. Bigomo, mo
TaKUHA MOKAXKYHUK, SIK YUCIO BUIIB, JOCUTH CHJIIBLHO 3aJIEKUTh BiJl YACEIHHOCTI MEBHUX BHUIIB 1 BiX
00’emy BuOipku [2]. ¥V 3B’SI3Ky 3 UM CE30HHI 3MIHM PI3HOMAHITHOCTI TOJNMX ame0 Kpaiie
OILIIHIOBATH 3 BUKOPHUCTAHHSAM 1HJAEKCIB OI1Opi3HOMAaHITTS, 30KpeMa  i1H(popMaliiHOT Mipu
pizHomaniTTs llleHHOHa-YiBepa, sika BUKOPUCTOBYETHCS B OUIBIIOCTI CYYaCHUX €KOJOTTUHHX
TOCITIHKEHB [2].

3navyeHHs pH ynpoaoBx poKy 3MiHIOBAJIOCH Yy Mexax BiJ 6,53 (imortuit 2010 p.) no 7,50 (;ucronan
2010 p.). IIpu upoMy 3anekKHOCTI PI3HOMAHITTS TOJMX ame0d B aKTHBHOI peakiii cepeaoBHINa
HaMH He CIOCTepiraiaocs, MOKJIMBO, Yepe3 HEBEIUKHUI Jiana3oH 3MiH IbOTO YMHHUKA. Y 3B’S3KY 3
IIUM BILUTHB IIHOTO ITapaMeTpa HaMH HE aHaTi3yBaBCs.

CTOCOBHO 1HIIMX YMHHHUKIB, HAa puC. 1-3 BUAHO, IO ICHY€ MEBHUI 3B’SI30K MK PI3HOMaHITTAM
rojux ame0 1 TaKUMH YMHHUKAMH, SIK TeMIIepaTypa BOJ, KOHIIEHTpPAIlisl pO3YMHEHUX Y BOJA1 KUCHIO
Ta OpPraHiuHUX PEUOBHH.

Tax, 3a mepiof JOCIIHKEHHS CIIOCTEPIranocs JBa MKW PI3HOMAHITHOCTI aMe0: BECHSHUM (KBITCHB)
Ta JITHIA (CeprieHb). 3HAYeHHs IOTO MOKAXYHWKA CTAaHOBUTH 2,485 y KOXKHOMY 3 IIUX MICSIIiB.
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Jleske 3HIDKeHHS mnokaxunka llleHHoHa-YiBepa y IOCHiKyBaHIH BOAOTOLI Yy MOPIBHSAHHI 3
THITUMU MICSIISIMU BECHSIHO-JTITHROTO TIEP10ly criocTepiraiocs B uepBHi Micst (2,079).
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Puc. 1. Ce30HHI 3MiHM pi3HOMaHITTA roaux amed (mokaxuuk lllenHoHa-YiBepa) Ta Temmneparypu y
p. Kam’sHka (M. XKutomup) npotsirom 2009-2010 pp.
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Puc. 2. Ce30HHI 3MiHU Pi3HOMaHITTA ronux amed (mokaxxuuk lllenHona-YiBepa) Ta KOHIEHTpaii
PO3YMHEHOTO y BOJII KMCHIO B p. Kam’siHka (M. Kutomup) nmpotsirom 2009-2010 pp.
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Puc. 3. Ce3onHi 3MiHM pi3HOMaHITTS Tonux ame0 (mokaxuuk I[lleHHoHa-YiBepa) Ta
KOHIIEHTpaLlii pO3YMHEHUX Y BOJI1 OPTaHIYHUX PEYOBHH (32 MEPMAHTaHATHOIO OKHCIIIOBAHICTIO) Y
p. Kam’staka (M. JKuromup) npotsarom 2009-2010 pp.

3a HamMMHM JaHUMHU, 11 3MiHH OOyMOBJeHI abioTHYHUMHU (akTopamu cepefoBumia. Tak,
MOKa3HUKH TEMIEpaTypyu PO3UYMHEHOTO Yy BOJ1 KMCHIO Ta OPraHIYHUX PEYOBHH Yy KBITHI Ta CEpIHI
2010 p. cranoBuiu BignosigHo +16 °C, 12,45 mr/n, 38,03 mr Oy/n 1 +24 °C, 12,69 mr/n, 28,26
mr Oy/n (puc. 1-3; Tabm. 1).

VY uepBHi 2010 poky, HaBmaku, CIOCTEpPIraJoch 3Ha4HE MiABUINEHHS TEeMIEpaTypu BOJH, IO
MPU3BENO 0 3HAYHOTO 3MEHIIEHHS PO3YMHEHOIr0 Yy BOJI KHUCHIO 1 MiJBHUIIEHHS KOHIEHTpAIlii
pPO3YMHEHUX y BOAl opraHiunux peuyoBuH (+26 °C, 3,05 wmr/m, 50,06 mr Oy/n BiAMOBiAHO)
(puc. 3). I3 um 30iraeThest MEBHE 3HUKCHHS pPi3HOMaHITT ame0 B p. Kam’sHka.

JIist cTaTUCTUYHOI MEepeBIPKM HAasBHOCT1 3B 43Ky MK BHUJIOBUM pPI3HOMAHITTSAM 1 BKa3aHUMHU
riapodi3uYHUM 1 T1IPpOXIMIYHUMHU MOKa3HUKAaMH MU BUKOPHUCTOBYBAJIM KOPEJSAIIHHUNA aHami3. Y
3B’SI3KYy 3 THUM, IO MEpeBipka HOPMaIbHOCTI PO3MOJIIY OTPUMAHHMX JaHUX 3a KpPUTEpIEM
Konmoropoa-CmipHOBa moOKa3zana, IO PO3MOJIT HE BIAMOBIZAE HOPMAIbHOMY, MU
BUKOPUCTOBYBAJIM HEMapaMeTPUIHUN METO 1 paHroBoi kopessiii Crnipmena (puc. 4-6).
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Inpexc Hlennona-Yisepa

2 4 6 8 10 12 14 16 18 20 22 24 26 28

Temmeparypa (B rpan.)

Puc. 4. 3anexxHicTh pi3HOMaHITHOCTI ToJUX ame0 BiJ TeMrepaTrypu

Iunexc [lennona-YiBepa

1,2
2,2 4.4 6,6 8,8 11,0 13,2 15,4 17,6 19,8
KonnenTpartist KucHro (B Mr/im)

Puc. 5. 3anexxHicTh pi3HOMaHITHOCTI TOJIUX ame0 BiJl KOHIIEHTpalii pO3YMHEHOT'0 Y BOA1 KHCHIO
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Iunexc llennona-Yisepa

0,0 9,2 18,4 27,6 36,8 46,0 55,2

[TepmanranarHa okucimoBaHicTs (B Mr O ,/1)

Puc. 6. 3anexHicTh pi3HOMaHITHOCTI roJMX ame0 BiJ] KOHIEHTPAIil pO3YMHEHHX Y BOJII OpraHIYHUX
PEYOBUH

[IpoBenenuii aHani3 MoKa3aB HAasBHICTh JOCTOBIPHOI MO3UTHBHOI KOpelsUii MK 1HJIEKCOM
pizHoManitTs lllennona-VYisepa i Temneparyporo (r=0,8; p=0,001) (puc. 4). IIpo ue cBiauuTSH i
JiHig TPEHY.

Takox BiAMideHa JOCTOBIpHA MO3WUTHUBHA KOPENSAIis MK MOKAXYHUKOM PI3HOMAHITTS TOJHX
ame0 Ta KOHIIEHTpaIli€lo po3urnHeHoro y BoAi kucHio (r=0,63; p=0,03) (puc. 5).

Kopesnsuis Mixk pi3HOMaHITTAM TOJIMX amMed Ta KOHLIEHTPALI€l0 PO3UMHEHUX Y BOJII OpraHidYHHUX
pedoBHH BUsiBHIacs HemoctoBipHoto (r=0,52; p=0,09), MOXJIHBO TOMY, IO BIUIHB I[HOTO
¢dakropa Ha BHAOBHH KOMIUIEKC ToOJUX amMe0d Yy BOJOIIMI € OmOCepelKOBaHUM 4Yepes
KOHIICHTPAI[II0 PO3YMHEHOTO KHUCHIO, a caMa 3aJIeKHICTh, BIAMOBIIHO, HEMiHIMHA. [[o Toro x
CE30HHI 3MIHHU I[bOTO MOKaXXYMKa Oyl AOCUTH HeperynspHumu (puc. 3). [Ipu uboMy npotsirom
POKY CHOCTEpIra€TbCsd MO3UTHUBHUM TPEHJ PI3HOMAHITTA NOpPU MiJABUIIEHHI KOHLEHTpalii
PO3YMHEHHX Y BOJII OPTaHIYHUX pPEeUyoBHH (puc. 6).

OTxe, KOpelsuiMHMI aHami3 MATBEPIKYE HAABHICTh 3B’SI3Ky OTPUMAHOi HaMHM KapTHHU
CE30HHHMX 3MiH y PI3HOMaHITTI TolUX ame0 y MOCHiIKEHI BOJOWMI 3 OCHOBHUMHU YHHHUKAMU
cepenoBuiia. PisHoMaHITTS ame0 301IbLIYyETHCS 3 MIJABUIIEHHSAM TeMIEpaTypH, KOHILEHTpalii
PO3YMHEHOTr0 KHUCHIO, Ta, IEBHOIO MIpOIO, PO3YNHEHOI OpraHiKH.

[IpoTe BIIMB PO3YMHEHUX OPraHIYHMX PEUOBUH € OIIbII CKIAJHUM. Tak, MOXHa 3 BHCOKOIO
BIPOTIHICTIO MPUITYCTUTH, IO JOKAJIbHUN CHaj PI3HOMAHITTA, IO CIOCTEpiraBcs B YEpBHI,
NOB’SI3aHUM 31 3HMKEHHSIM KOHIICHTpallii pO3YMHEHOr0 Yy BOJI KHMCHIO, K€ OyJlOo CIpHYMHEHE
MiJBUIIEHHSAM KOHLEHTpALii y BOJI OPTaHIYHUX PEUYOBHUH.

Takuii xapakTep Ce30HHUX 3MiH CBIJYHTH MPO T€, IO Yy BUIOBOMY KOMILIEKCI TOIUX amed y
p. KaMm’stHka mepeBaxaroTh CTEHOTEPMHI TETUIONIO0HI 1 OKCU(IbHI BUAU. Lle miaTBEepKYIOTH 1
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HaIlll JIaHi PO CEe30HHI 3MiHU BUJOBOTO CKJIAly TOIUX aMe0 y I[bOMY BOJOTOIIl, a TaKOX JaHi
Ipo Jiana3oHu TosepaHTHOCTI ronux amed XKXutomupcerkoro i Bonunceskoro Ilomices [6, 7].

[TepCrIeKTUBHUM y MOAAIBIIOMY 3aJIMINAETHCS BUBYCHHS CE30HHMX SIBHII Y XKHUTTI ame0 y pi3HUX
THUIAX BOJOWM, a TAKOXK 1X MOIIMPEHHS 1111 BILTMBOM a010TUYHUX YMHHHUKIB BOJHOTO CEPEIOBHIIA.

BUCHOBKH

1. Jlnsa ce30HHOT TMHAMIKHM PI3HOMAHITTS TOJMX ame0 y JOCHiPKyBaHii BOZOHMI XapakTepHi J1Ba
MKU: BECHSIHUH (KBITEHb MICSIIIb) Ta JITHIN (CEPIICHB MICSIIb).

2.  MiHiManpHUI pO3BUTOK royiux ame0 OyB 3apikcoBaHMA y TpY/IHI Ta YEPBHI.

3. TlokaszaHa HasBHICTbH IOCTOBIPHOTO MO3UTUBHOTO 3B’SI3KY M1 PI3HOMAHITTSAM ToJMX ame0d Ta
TEMIIEPATyPOIO 1 KOHIICHTPALI€I0 PO3YHMHEHOTO Y BO/I1 KHCHIO.

4.,  3apeecTpoBaHMN Yy YEpPBHI JIOKAJIBHHWHM CIaJ pPI3HOMAHITTS TOB'A3aHUN 31 3HUKCHHSAM
KOHIIEHTpAIlli PO3YMHEHOTO Yy BOJI KHCHIO, sIKe Oyl0 CHpPUYMHEHE ITiBUIICHHIM
KOHIICHTPAIlIi PO3YMHEHUX y BOJII OPTaHIYHUX PEUOBHH.

5. Ulicte BuaiB ronux ame0 34aTHI MEIIKATH B IIMPOKOMY Jiara3oHi 3MiHH TEMIIEpaTypH.
JITEPATYPA

1. TMamox M.K. [unamika BumoBoro OararctBa romux ame0d (Protista, Gymnamoebia) B
p. Kam’ssuka (M. Xutomup) / M.K. Ilamtox // Tesm  pomoBimerr  Kond. momoaumx
IociiaHuKiB-30000r1B — 2012, — Kwuis, 2012. — C. 25-26.

2. ITecenko FO.A. IlpuHIMOBI U METOIBI KOJMYECTBEHHOTO aHaimu3a B (HayHHUCTUUYECKUX
uccnenoanusx / FO.A. Ilecenko. — M. : Hayka, 1982. — 285 c.

3. Crporanos H.C. IIpaktuyeckoe pykoBoactBo 1o ruapoxumun / H.C. CtporaHos,
H.C. by3unosa. — M.: U3n-Bo Mock. yH-Ta, 1980. — 196 c.

4. Patsyuk M.K. New Gymnamoebae species (Gymnamoebia) in the fauna of Ukraine /
M.K. Patsyuk // Vestnik zoologii. — 2012. — 46 (2). — P. 105-111.

5.  Patcyuk M.K. Biotopic distribution of naked amoebas (Protista) in Ukrainian Polissya area /
M.K. Patcyuk, 1.V. Dovgal // Vestnik zoologii. — 2012. — 46 (4). — P. 355-360.

6. Patsyuk M.K. Tolerance of Naked Amoebas to the Abiotic Factors of Water Environment /
M.K. Patsyuk // V International Symposium of Ecologists of the Republic of Montenegro —
The Book of Abstracts and Programme. — Tivat, 2013. — P.137.

7. Patsyuk M.K. Tolerance of Naked Amoebas (Protista) to the Abiotic Factors / M.K. Patsyuk
/I Nature Montenegrina. — Podgorica, 2013. — Ne 12 (2). — P. 319-323.

8. IMamrok M.K. T'om 10603Hi amebu (Lobosea, Gymnamoebia) aesikux BOJOMM OKOJIHUIIH
M. Pagomunie / ML.K. Tlamox // Haykosi 3amucku Tepromimscbkoro HarioHanmpHOTO
nejarorivHoro yHisepcureTy imMeHi Bomoammupa I'natioka. Cepis: bionoris. CrneuiaabHul
Bunyck: ['inpoekomnoris. — 2010. — Ne 2 (43). — C. 390-395.

9. [Mamroxk M.K. Businennst ronux ame6 B o3epi CiTsa3p / M.K. Ilamtok // HaykoBi 3amucku
Teproninbcbkoro  HarioHanpbHOTO —TEAarorigyHoOro  yHiBepcuTeTy 1imeHi Bomoammupa
I'natioka. Cepis: biomoris. — 2011. — Ne 3 (48). — C. 27-30.

10. TIMamrox M.K. buorommdeckoe pacmpeenieHHE ToibIX amMe0 B BOAOEMax YKPaWHCKOTO
[Tonecws / ML.K. Ilamtok // Dxonorus cBOOOTHONKHUBYIIMX MPOCTEHIINX HA3€MHBIX M BOJHBIX
skocucteM: IV MexnyHnap. Cummnosuym: te3uchl nokinanos, 17-21 okr. 2011 r., TonssarTy,
Poccus. — TonwsstTu: Kaccanapa, 2011. — C. 53.

bionoziuni nayku



107

11. Tamox M.K. Takconomiunawmii cknan ronmux ame0 [lanmpkux ozep / M.K. IMamtok // Tlpupona
3axigaoro Ilomiccs Ta mpunernux TepuTopid : 30. Hayk. mp. — Jlynpk: BommH. Ham. yH-T
iM. Jleci Ykpainku, 2012. — Ne 9. — C. 177-180.

REFERENCES

1. Patsyuk M.K. Dynamika vydovogo bagatstva golykh ameb (Protista, Gymnamoebia) v r. Kamyanka
(m.Zhytomyr) / M.K. Patsyuk // Tezy dopovidey Konf. molodykh doslidnykiv-zoologiv — 2012. — Kyiv, 2012. —
S. 25-26.

2. Pesenko Yu.A. Printsypy i metody kolichestvennogo analiza v faunisticheskikh issledovaniyakh / Yu.A.
Pesenko. — M. : Nauka, 1982. — 285 s.

3. Stroganov N.S. Prakticheskoe rukovodstvo po gidrokhimii / N.S. Stroganov, N.S. Buzinova. — M.: 1zd-vo Mosk.
un-ta, 1980. — 196 s.

4, Patsyuk M.K. New Gymnamoebae species (Gymnamoebia) in the fauna of Ukraine / M.K. Patsyuk // Vestnik
zoologii. — 2012. — 46 (2). — P. 105-111.

5. Patcyuk M.K. Biotopic distribution of naked amoebas (Protista) in Ukrainian Polissya area / M.K. Patcyuk, 1.V.
Dovgal // Vestnik zoologii. — 2012. — 46 (4). — P. 355-360.

6. Patsyuk M.K. Tolerance of Naked Amoebas to the Abiotic Factors of Water Environment / M.K. Patsyuk // V
International Symposium of Ecologists of the Republic of Montenegro — The Book of Abstracts and Programme.
— Tivat, 2013. — P.137.

7. Patsyuk M.K. Tolerance of Naked Amoebas (Protista) to the Abiotic Factors / M.K. Patsyuk // Nature
Montenegrina. — Podgorica, 2013. — Ne 12 (2). — P. 319-323.

8. Patsyuk M.K. Goli lobozni ameby (Lobosea, Gymnamoebia) deyakykh vodoym m.Radomyshl / M.K. Patsyuk //
Naukovi zapysky Ternopilskogo Natsionalnogo universytetu imeni Volodymyra Gnatyuka. Seriya: Biologiya.
Spetsialnyj vypusk: Gidroekologiya. — 2010. — Ne 2 (43). — S. 390-395.

9. Patsyuk M.K. Vyjavlennya golykh ameb v ozeri Svityaz / M.K. Patsyuk // Naukovi zapysky Ternopilskogo
Natsionalnogo universytetu imeni Volodymyra Gnatyuka. Seriya: Biologiya. — 2011. — Ne 3 (48). — S. 27-30.

10. Patsyuk M.K. Biotopicheskoe raspredelenie golykh ameb v vodoemakh Ukrainskogo Polesya / M.K. Patsyuk //
Ekologiya svobodnozhyvuschikh prosteyshykh i vodnykh ekosistem: IV Mezhdunar. Simpozium: tezisy
dokladov, 17-21 okt. 2011 g., Tolyatti, Rossiya. — Tolyatti: Kassandra, 2011. — S. 53.

11.  Patsyuk M.K. Taksonomichnyj sklad golykh ameb Schatskykh ozer / M.K. Patsyuk // Pryroda Zakhidnogo
Polissya ta pryleglykh terytoriy : zb. nauk. pr. — Lutsk: Volyn. nats. un-t im. Lesi Ukrayinky, 2012. — Ne 9. — S,
177-180.

UDC 576.895.19: 598.2

LEUCOCYTOZOONOSIS IN TURKEYS
(MELEAGRIS GALLOPAVO)

Samedova S.O., Hasanova Zh.V.

Institute of Zoology, NAS of Azerbaijan
Az 10073, Azerbaijan, Baku, A.Abbaszade str.,Pass.1128, block 504

sevda.samadova@mail.ru

This study is the first report one species of parasites of the genus Leucocytozoon was found in the blood
from domestic turkeys in Republic of Azerbaijan, collected in the period July 2013 till February 2014.
Leucocytozoon smithi was found, described and figured in turkeys during the microscopic examinations
of blood samples. Data on the morphology, size and prevalence of the observed parasite are given. The
total presence of the Leucocytozoon in birds was 27,3% (n-32 ). The adult birds (aged > 8 months) had a
higher prevalence of 29,3% (19/58) compared to chicks (aged < 8 months) 22,4% (13/59).

Key words: domestic birds, Leucocytozoon, blood parasite.
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VY crarTi HaBOOWUTHCSA TOBIMOMIIGHHSA INOAO TIapasuta poxay Leucocytozoon, BHABIEHOMY B KpOBi
cBificbkuX iHAKMYOK (ymepiue 1t Asepbaiimkany). 36ip MaTepiany npoBoguscs 3 jumsst 2013 mo moTuit
2014 poky. [Ipu MIKPOCKOMIYHUX JOCIHIPKEHHSX y 3pa3kax KpOBi CBIHCHKUX 1HAMYOK OYyB BHSBICHUH,
onucanuii i chotorpadosanuii Bua Leucocytozoon smithi. HaBeaeno mani mpo mopdoiorito, po3mip i
YacTOTY HapoOKCHHsS MapasuTa. 3apakeHicTh mTaxiB mapasutoMm Leucocytozoon cranosuna 27,3% (n-
32). VY ceilicbkux nTaxiB (crapuie 8 Mmic.) 3apaxeHicTb Oyna gemo Bumorn (29,3% (19/58)), Hix y
MooaHsKa (Hmk4ae 8 mic.) — 22,4% (13/59).
Kniouosi crosa: ceiticoki nmaxu, Leucocytozoon, kposenapasumu.
JEAKOIATO300HBI MHAEEK (MELEAGRIS GALLOPAVO)
Camenona C.O., I'acanosa XK.B.

Hucmumym 30010euu HAH A3zepbaiiosxcana
Az 1073, Azepbaiioocan, Baxy, yn. A.Abbacsade, npoe3o 1128, keapman 504

sevda.samadova@mail.ru

B nanHOU cTaThe MPUBOAMTCA COOOIIEHHWE O Mapa3uTe ponxa Leucocytozoon, oOHapy>KEeHHOM B KpOBH
JOMAIIHUX wuHAeek (BmepBble i Asepbaiimkana). C6op MmaTepuana npoBogwics ¢ urons 2013 mo
¢despanb 2014 roga. [Ipu MUKPOCKOMMMYECKHUX UCCICIOBAHUIX B 00pa3iax KPOBH JOMANIHUX UHICCK OBLI
obHapykeH, omucaH u cdororpadpupoBan Bux Leucocytozoon smithi. IlpuBenensl maHHBIE O
MOp(OJIOTHH, pa3Mepe M 4YacTOTe BCTPEYAEMOCTH MapasurTa. 3apakeHHOCTh NTHI[ Mapa3uToM
Leucocytozoon cocraBusno 27,3% (n-32 ). ¥V B3pocnelx ntun (cTapiie 8 Mec.) 3apa’keHHOCTh Oblia
HeckolbKo Bhitre (29,3% (19/58)), uem y mononuska (amxe 8 mec.) — 22,4% (13/59).
Kniouesvie cnosa: domawnue nmuyst, Leucocytozoon, xposenapasumut.

INTRODUCTION

Bird blood parasites are a biological group of parasitic protista from Hepatozoon, Atoxoplasma,
Haemoproteus, Plasmodium, Fallisia, Leucocytozoon, Babesia, Trypanosoma genera and the
microfilaria of some helminthes.

Leucocytozoonosis is a disease of birds caused by obligate intracellular protozoa of the genus
Leucocytozoon. The disease is transmitted by bite of Simuliidae (black flies) and clinical signs
vary with the age and condition of the host [1].

Leucocytozoon is the largest haemoparasite encountered in birds. Leucocytozoonosis is a
parasitic disease of anseriformes, turkeys, raptors, wild birds and columbiformes. L.simondi is
found in anseriformes, L. smithi in turkeys, L. marchouxi in columbiformes, L.toddi in
falconiformes, and L.ziemanni in owls, L.bonasae (grouse and ptarmigan) and L. marchouxi
(pigeons and doves) [2,3]. L. smithi (Laveran et Lucet, 1905) infects both wild and domestic
turkeys and is responsible for economic losses to the poultry industry.

Young birds manifest inappetence, weakness, listlessness, dyspnoea, and sometimes death within
24 h. Signs in adults appear less abruptly and consist of listlessness and a low mortality rate [4,
5]. Some other pathologic manifestations of the disease are anaemia, leukocytosis, splenomegaly,
and liver degeneration and hypertrophy [6].

The genus Leucocytozoon is divided into two subgenera: Akiba and Leucocytozoon — based on the
vector species [7]. Leucocytozoon affects circulating leucocytes and erythrocytes as well as tissue
macrophages and endothelial cells, where in the latter it creates large tissue schizonts up to 700
pum in diameter.

The of the agricultural poultry have not been studied and blood parasites in wild birds have had
only limited study in Azerbaijan [8].
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Study of pigeons in Azerbaijan for 1980- years showed that 26,8 % of the birds were infected of
Haemoproteus, 14,1%-Leucocytozoon, 2,7% -Plasmodium and it is estimated some new species
blood parasites of birds [9].

This study had the aims to reveal haemoparasites in the turkeys (Meleagridis gallopavo L.)
populations in the Absheron district of Azerbaijan.

MATERIALS AND METHODS

Collection of material on the fauna of blood  parasites of domestic turkeys (Meleagridis
gallopavo L.) carried out from September 2013 to December 2013. 117 young turkeys were
examined from private farms of Absheron region of Azerbaijan. The birds were categorized into
two age groups as follows: (aged < 8 months), and adult (aged > 8 months). Birds were released
after taking a small amount of blood via bronchial venipuncture. Blood smear were made on site,
and air dried, fixed with 100% methanol, and stained using a modified Romanovsky staining
technique [10 ]. Presence and intensite of parasites was recorded.

Examination of blood smears were performed using the microscope with video camera (Carl
Zeiss Axio Scope.Al) with oil immersion (400x and 1000x) for haemoparasites, which were
identified to genus based on morphology at the laboratory of biochemical foundations of
parasite-host of the relations of Institute of Zoology National Academy of sciences of Azerbaijan.
The number of Leucocytozoon observed in 100 optic fields was recorded. We describe
Leucocytozoon smithi (Haemosporida, Leucocytozoidae), which is the first Leucocytozoon
parasite identified to species level in turkeys of Azerbaijan. This parasite is described based on
the morphology of its blood development stages.

Data from the study were entered in Ms-Excel, for statistical processing the results used the
tatistical program IBM SPSS Statistics 20.

RESULTS AND DISCUSSION

A total of 1species of Leucocytozoon was found in the blood of the birds studied. Leucocytozoon
occurred in 32 of 117 birds (27,3%). This parasite showed an increase in prevalence rate with
increase in age of the birds. The adult birds had a slightly higher prevalence of 29,3% (19/58)
compared to chicks(aged < 8 months), 22,4% (13/59). The difference in rate of occurrence of
Leucocytozoon among age groups was statistically significant (p < 0.05). Macrogametes stained
dark blue with Giemsa, and the nucleus was ellipsoid and had several vacuoles occurring in
darkly stained cytoplasm, according to all characteristics, the parasite was morphologically
identified as Leucocytozoon smithi (27,3%) (Laveran et Lucet, 1905) in turkeys.

Description

Leucocytozoon smithi (Laveran et Lucet, 1905) (Fig.)

Morphology: only elliptical gametocytes were seen.

The nucleus of the parasite is ellipsoid. The nucleolus could be seen in some cases.
Measurements of Leucocytozoon smithi (n=18).

Length of gametocytes 11.0-7.0 um

Width of gametocytes 9.0-14.0 um

Length of erythrocyte nucleus 22.0-40.0 um

Length of gametocyte nucleus 4.0-6.0 4 um

Width of gametocyte nucleus 1.8-3.09 um
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Host: Meleagris gallopavo L. (Galliformes)

Intensity of infection: found in 34 birds. An intensity of 8.0 parasites per 100 microscope fields
was found.

Localities: Absheron

Fig. Turkey blood smear; gametocytes of Leucocytozoon smithi (Laveran et Lucet, 1905) in the
peripheral blood of domestic turkey (Giemsa stain; Magnification 1000x%).
DISCUSSION

Avian hematozoa parasites (Protista) are a heterogeneous group of organisms widely distributed
worldwide [4,10]. Haemoparasites — Leucocytozoon spp, Plasmodium spp., Haemoproteus spp,
Aegyptinella spp, and Trypanosoma spp are found in poultry in the tropical and temperate areas
[11]. The lifecycles of haemoparasites require some arthropod vectors. These vectors include the
mosquitoes, poultry soft tick (Argas persicus) and other flies. Haemoparasites cause anaemia and
death by invading erythrocytes, which consequently are destroyed by the bird’s immune system
[12]. Leucocytozoon does not threaten human populations in terms of potential infection; infected
poultry is not pathogenic in humans.

Similar observations of reports on Leucocytozoon have been reported in many birds in Iran [13],
Africa [14], Israel [15], Spain [16], New Zealand [17], and USA [18] and near areas like as Turkey
[19]. However, this is the first study the investigation of Leucocytozoon among domestic turkeys in
Azerbaijan.

Infected adult turkeys showed no clinical signs. As usually in turkeys, Leucocytozoon smithi causes
droopiness, incoordination, and occasionally convulsions that end in death. Clinical signs in older
chicks included loss appetite, anorexia, move about with difficulty and a have tendency to lie down.
These data are similar to ours.

CONCLUSION

Domestic avian species are susceptible to infection with Leucocytozoon sp. Our findings
of Leucocytozoon smithi is the first report on and Leucocytozoon in turkeys in private farms
of Absheron, in Azerbaijan. Further investigation is necessary to determining more accurately of
haematozoan parasites among domestic birds and to understand the epidemiology of those parasites.
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The literary data concerning the history of creation, manufacture and characteristics of polio vaccines are

summarized in the review of the literature. The prerequisites of their creation are examined. The resume

about advantages and disadvantages of existing vaccines are made. Optimal immunization scheme is

described. The perspective of creation of a new vaccine using the recombinant technologies is examined.
Key words: poliomyelitis, live, inactivated, recombinant polio vaccine, combined immunization scheme.

CYYACHMM NIIXIJ TA HEPCIIEKTUBU PO3POBKHU 1 OTPUMAHHS NOJIOMIEJITHUX BAKIIUH
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VY JmiteparypHOMY OTJISAlI y3aradbHEHI JTEpaTypHi AaHi MO0 icTOpii CTBOpPEHHs, BHPOOHUIITBA Ta

XapaKTCPUCTUK MOJIIOMIETITHUX BaKIMH, PO3TJISHYTI MEPEAYMOBH iX CTBOpPEHHS. 3poOJICHI BHCHOBKHU

OO0 TepeBar Ta HEAONIKIB BaKIWH, SKi BUKOPUCTOBYIOThCS Ha MJaHWA MOMEHT. Po3risHyTa

MEPCTICKTHBA CTBOPECHHS HOBOT BAKIIMHH 3 BUKOPHCTAHHAM PEKOMOIHAHTHUX TEXHOJOTIH.
Kurouosi cnosa: noniomienim, scusa, iHakmueos8ana, peKOMOIHAHMHA NONIOMIENIMHA 8AKYUHA, KOMOIHOBAHA cXema
imMyHizayii.

COBPEMEHHBIN IMOXO0/] U IEPCOEKTUBBI PASPABOTKH U MIOJYUYEHMUSI
MNOJUOMMUEJUTHBIX BAKIHIUH
lankun A.1O., Meransaukosa H.II., T'opro O.I1.

Hayuonanenviii mexnuueckutl ynugepcumem Yxpaunvl « Kueeckuil noiumexnuieckuti UHCmumymy
03056, Vkpauna, Kues, np. Ilobeovl, 37

alexfbt@mail.ua

B o0030pe mutepaTypbl 0000IIEHBI JIMTEpAaTypHBbIE TaHHBIE 00 WCTOPHM CO3JaHMs, IPOWU3BOJCTBE M
XapaKTepUCTHKaX TMOJHMOMHEIUTHBIX BaKIWH, PAacCMOTPEHbI MPEINOCBUIKA HX co3faHusd. CuenaHbl
BBIBOJIBI O NMPEUMYIIECTBAX W HEJOCTATKAX BaKIMH, KOTOPBIE MCIIOJIB3YIOTCS B JAHHBIH MOMEHT. OnncaHa
ONTHMaNbHAs cXeMa HWMMYyHHU3aluu. PaccMoTpeHa TmepcneKkTHBa cO3[JaHWs HOBOH  BaKIMHBI
C MCTIOJIB30BaHUEM PEKOMOMHAHTHBIX TEXHOJIOTHH.
Kntouesvie crosa: noauomuenum, dHcugas, UHAKMUSUPOBAHHAS, DEKOMOUHAHMHAS NOIUOMUETUMHAS BAKYUNA,
KOMOUHUPOBAHNAS CXeMA UMMYHUZAYUU.

INTRODUCTION

Poliomyelitis is a widespread disease, which has been studied for a long time. Since effective
methods for treatment hadn’t been found, the investigations for making a vaccine were started.
Developments were conducted in several lines and aren’t finished until now. Different vaccines and
vaccination schemes exist and each of them has their own advantages and disadvantages. That’s
why it is necessary to summarize existing information about vaccines and their manufacture, side
effects, latest elaborations, etc. The purposes of this article are: to analyse literature sources about
modern elaborations in making poliomyelitic vaccines, examine the history of creation of vaccines,
summarize data about biotechnological bases of manufacture of vaccines, and make a resume about
optimal, for the present time, vaccination scheme.
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The aim of our work was to analyze the contemporary literature data schodopidhodiv to the
development and production of polio vaccine and identifying promising directions in this area.

CREATION OF POLIO VACCINES: HISTORY AND PRECONDITIONS

Poliomyelitis is a disease of great antiquity. By the mid-19th century, the Industrial Revolution had
brought increased urbanization to Europe and North America and, with it, significant changes and
improvements in living conditions. Coincident with these massive changes was the advent of larger
and more frequent outbreaks of poliomyelitis. From the late 1800s, outbreaks were occurring in
several European countries and in the United States, and they remained a dominant public health
problem in the developed world for the first half of the 20th century. There is no treatment for polio,
outside of easing of symptoms, that’s why necessity of creation a polio vaccine was evident. A
major landmark in the study of poliomyelitis was the successful passage of the virus to nonhuman
primates by Landsteiner and Popper in 1909. This advance, and the recognition of three distinct
serotypes, opened the way for all subsequent work on vaccines and study of the biochemical and
biophysical properties of the polioviruses [1-3].

By the 1950s, two different approaches to the prevention of poliomyelitis by vaccination were
developed. In 1954 Salk and Younger produced the first successful polio vaccine — inactivated polio
vaccine (IPV). This vaccine is produced in the following way: viruses are grown in suspension cell
culture for certain time, then cell biomass is destroyed by freezing and thawing method. After that
suspension viruses are separated and chemically inactivated using formaldehyde. Suspension is
purified and concentrated by ultrafiltration and after quality control it is used as a vaccine. For
propagating viruses the transferred cell lines, such as HelLa, Hep-2, Girardi Heart, HT-1080, are
used.

CHARACTERISTICS OF INACTIVATED POLIO VACCINE

IPV is completely non-infectious, yet, following injection, it elicits an immune response that is
protective against paralytic disease. IPV cannot cause poliomyelitis and thus is safe for use in
immunocompromised persons and their contacts [4, 5, 6]. IPV produces protective antibodies in the
blood (serum immunity). This serum immunity prevents the spread of the virus to the central
nervous system and provides protection against polio paralysis. The suggested immunity is
prolonged and perhaps lifelong: circulating antibodies have persisted for at least 10 years. However,
IPV induces only low levels of immunity (via secretary 1gA) to poliovirus in the gut. The Salk
vaccine is given in two intramuscular injections spaced one month apart and requires boosters every
5years[1, 5, 7].

In 1988 enhanced-potency IPV (elPV) formulation became available; elPV contains higher
D-antigenic units per dose for types 2 and 3 than standard IPV. After 2 doses of enhanced-potency
IPV, high levels of serum-neutralizing antibodies to all 3 types of poliovirus appears in 94-100% of
individuals, and after 3 doses, seroconversion appears in 99-100% of individuals. Enhanced-
potency IPV induces mucosal immunity by inhibiting pharyngeal acquisition of poliovirus and, to
a lesser extent, intestinal acquisition, yet the extent of mucosal immunity induced by IPV is far less
than oral polio vaccine [8].

Advantages of the IPV are: the virus is not live, thus it is easier to manage than oral polio vaccine;
there is no risk of vaccine-associated paralytic poliomyelitis (VAPP); immunization triggers an
excellent immune response and long-lasting immunity to all 3 poliovirus types; no serious adverse
effects to date exist.

Disadvantages of the IPV are: 1) IPV induces only little immunity in intestinal tract: if an individual
is infected with the wild-type poliovirus, the virus can multiply in the intestines and be shed in
stools, ultimately heightening the risk of viral circulation within the community; 2) The price of
IPV is over 5 times that of oral polio vaccine (OPV); 3) Administering of IPV requires trained
health workers; 4) IPV requires additional injections in infants until new combination products are
available [2, 4, 5, 9].
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Widespread immunization with IPV has virtually eliminated poliomyelitis in most developed
countries. In 1988, the World Health Organization set a goal of eradication of poliomyelitis from
the entire world by the year 2000. In the context of the WHO Global Initiative, the number of cases
of poliomyelitis has decreased by 99% [10].

CHARACTERISTICS OF ORAL POLIO VACCINE

During the same period, many laboratories sought to produce live, attenuated polio vaccines. The
oral polio vaccine was developed in 1958 by Albert Sabin. Sabin attenuated the wild type poliovirus
by passaging the virus in monkey kidney epithelial cells [2]. Now OPV is produced in the same
way with IPV only without chemical inactivation, because virus strains are non-infectious. The
commonly used form of the oral polio vaccine is trivalent, which means that it contains live
attenuated strains of the three serotypes of poliovirus. Trivalent OPV is characterized in vivo by
efficient growth properties in the intestinal tract, unaltered immunogenic properties with respect to
wild type progenitors, and attenuated neurovirulence after experimental intraspinal injection into
primates. This means that an individual immunized with trivalent OPV induces long-lasting
(frequently life-long) protective immunity of the gastrointestinal tract to all known forms of
poliovirus [3, 9].

The Sabin oral vaccine is given in 3 doses in the first two years of life, and a booster is given when
the child starts school [7, 11]. Since the three attenuated strains of poliovirus present in the OPV
interfere with each other's replication in the intestine, boosters of OPV are required to induce
protective immunity to all three polio serotypes. In the first immunization, one strain will grow
most effectively, and immunity to this strain will be induced. With the second immunization, the
immune response generated to the first strain will inhibit the growth of that same strain, such that a
second strain will replicate most successfully, inducing immunity to the second strain. Similarly,
immunity is induced to the third strain with the third booster [6, 9]. Further boosters are not given
unless the patient is exposed to polio or will be travelling to an endemic region [1].

In the opinion of many, the OPV is nearly ideal for use in polio eradication [12-14]. Since
attenuated vaccines are capable of transient growth, the OPV allows prolonged exposure of the
immune system to the epitopes on the attenuated organisms, resulting in increased
immunogenicity and memory-cell development. It is easily administered by mouth, facilitating its
widespread use; it induces intestinal immunity, making recent OPV recipients resistant to
infection by wild polioviruses and effectively blocking wild poliovirus transmission when used in
mass campaigns; and it provides long-term protection against polio through durable humoral
immunity. OPV virus can spread to and immunize unvaccinated contacts of vaccine recipients,
increasing the impact of OPV beyond those actually immunized. Through effective use of this
excellent vaccine, the WHO Global Polio Eradication Initiative has nearly achieved its goal of
eradicating wild polioviruses [15, 16].

OPV cannot be used for patients with compromised immune systems because it is a live virus and
can cause disease in these patients. It also cannot be used by those in close contact with
immunocompromised patients because the live virus in the vaccine can be shed in the faces of those
who ingest it, and can possibly be transmitted to the immunocompromised patient [1, 12]. Another
disadvantage of the Sabin oral vaccine is that those who have an enterovirus infection of the
gastrointestinal tract when taking the oral vaccine may not develop the immune response [2].

The monovalent oral polio vaccine 1 or mOPV1, is currently used in Egypt as a critical part of a
new WHO strategy to end polio type 1 transmission (types 2 and 3 polioviruses have already been
eliminated from Egypt). The production of mOPV was based on existing trivalent OPV but with
appropriate “change control” procedures to assure the quality of the product, and to distinguish
mOPYV from trivalent OPV [17, 18].
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VACCINE-ASSOCIATED PARALYTIC POLIOMYELITIS AND PROBLEM
OF CIRCULATION OF VACCINE-DERIVED POLIOVIRUSES

The main disadvantage of OPV is the possibility of VAPP, which can occur when oral polioviruses
revert to a more virulent form. In fact, in any attenuated vaccine, there exists a danger that the
attenuated form will revert to the virulent form. The much higher incidence of polio from wild
poliovirus infections at the time, however, mitigated concern over the rare occurrence of VAPP, and
it has only been in recent years that VAPP has become an increasingly significant proportion of the
global polio burden [12, 19]. Occasionally, immunodeficient persons exposed to OPV become
chronically infected [20-22], excreting derivatives of the OPV strains for many months or years [12,
23-25]. Chronic OPV excerptors, however, seem to be very rare, and have so far been found only in
upper- and middle-income countries where appropriate clinical management of immunodeficiency
is available [26].

In retrospect, it is remarkable that OPV has attained such an outstanding record of safety and
efficacy over the four decades of worldwide use [14, 19]. It is now known that most RNA viruses
have highly mutable genomes that are potentially capable of very rapid evolution, many orders of
magnitude faster than the genomes of DNA viruses or cellular organisms [27, 28], and polioviruses
are among the most rapidly evolving of all RNA viruses [12, 23-25, 29, 30]. Moreover, the
attenuating mutations of the OPV strains are strongly selected against when the vaccine replicates in
the intestinal tract of OPV recipients [31-33]. To counter the daunting challenges of delivering a
live, attenuated RNA virus vaccine via its natural route of infection, immunization strategies were
developed to minimize adverse events [12, 34]. In developed countries, OPV was first delivered in
mass campaigns to achieve high rates of coverage, and this was followed by a strategy of
comprehensive routine immunization. Similar strategies were adopted in developing countries, with
mass OPV campaigns often playing a more prominent role than routine immunization. In most
instances, OPV was delivered in the context of pre-existing high population immunity to poliovirus,
because of recent exposure to circulating wild polioviruses or, as with developed countries in the
early 1960s, from the combination of immunity acquired from natural infection and immunity
acquired from several years of immunization with the inactivated poliovirus vaccine (IPV). These
strategies probably minimized the epidemiological consequences of the frequent phenotypic
reversion of the OPV strains [11, 35].

While reversion to nearly wild-type phenotype regularly occurs soon after the onset of OPV
reproduction in the gastro-intestinal tract of vaccine recipients or their contacts, this is usually not a
big problem, provided the vaccine is used either for mass vaccination or in populations with a
relatively high level of anti-polio immunity. However, if these conditions are not met, the vaccine
viruses are likely to be converted into highly transmissible agents with a nearly wild-type level of
neurovirulence [36]. Moreover, OPV viruses may persist and evolve even in adequately immunized
populations. The current strategy for the "endgame™ of poliovirus eradication envisions cessation of
OPV usage shortly after the last isolation of a wild poliovirus [16, 17, 35]. If implemented, this
strategy would result in rapid growth of non-immune human populations at the time when OPV
derivatives would very likely be persisting. Safe discontinuation of OPV vaccination will be
possible only after an efficient new vaccine or an anti-poliovirus drug is available. To achieve this
goal, stimulation of poliovirus research and elimination of organizational and financial obstacles
preventing it are needed [11, 16, 37].

VAPP occurs more frequently after administration of the first dose of OPV in the all-OPV series
than after subsequent doses; the risk of VAPP is one case per 750,000 doses distributed for the first
dose of oral poliovirus vaccine (OPV) and one case per 2.4 million doses of OPV distributed
overall. Because of this risk, vaccine schedule that starts with IPV is preferred, even though extra
injections are required [38].
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THE COMBINED SCHEME OF IMMUNIZATION

The American Academy of Family Physicians (AAFP) and the Advisory Committee on
Immunization Practices (ACIP) now recommend that the first two doses of poliovirus vaccine
should be IPV. OPV is no longer recommended for the first two doses and is acceptable only in
special circumstances. The combined IPV/OPV schedule for routine immunization against
poliomyelitis includes two doses of IPV administered at two and four months of age followed by
two doses of OPV administered at 6 to 18 or 12 to 18 months of age and at four to six years of age
[10, 39].

Most studies have shown that two doses of IPV induce protective levels of antibodies in 90 percent
or more of recipients [40]. Thus, when OPV is administered as part of the sequential schedule, most
recipients already have humoral seroprotection due to IPV, which should greatly reduce the
incidence of VAPP occurring after the first dose of OPV.

The sequential immunization schedule provides better intestinal immunity than the all-IPV schedule
[41]. The percentage of children who shed poliovirus in their stools after being given a challenge
dose of OPV is 85 % after the administration of three doses of IPV; 66 % after the administration of
two doses of IPV and one previous dose of OPV; 25 % after the administration of two doses of IPV
and two previous doses of OPV; and 24 % after the administration of two doses of IPV and three
previous doses of OPV. Based on this data, the ACIP concluded that two doses of OPV were
necessary in the sequential schedule [40]. Priming with IPV in the sequential schedule does not
reduce reversion of attenuated OPV viruses to virulent forms; thus, unvaccinated persons in contact
with persons being immunized on the IPV/OPV sequential schedule still have a very small risk for
VAPP; however, shedding of serotype 3 poliovirus may be reduced in vaccine recipients [10].

A NEW TREND: THE RECOMBINANT VACCINE

In the exciting research field of recombinant biotechnology, scientists are also attempting genetic
alteration of the poliovirus. Researchers are using Escherichia coli as a host for bacterial gene
cloning. Work is being done to take the genes of poliovirus, which code for the synthesis of the
viral capsid (the protein coat of a virus particle) and to combine it with E.coli’s genes. The E. coli
can then synthesize viral capsid proteins to be used in making a vaccine. This latter approach
eliminates any possibility of the virus infecting the vaccinated patient because the vaccine contains
only a part of the virus, excluding potentially dangerous content.

DNA vaccines successfully elicit an immune response, although the mechanism of this response is
as yet undetermined. A potential risk of using DNA vaccines in humans is that injecting naked
DNA might not be safe; this foreign DNA could insert itself into and damage human chromosomes
and potentially increase the risk of cancers or autoimmune disorders [42].

There are no effective methods for treatment of poliomyelitis. Vaccination is only effective way to
control poliomyelitis and there is no doubt of its necessity. Existing vaccines — OPV and IPV — are
nearly answered the demands and are used in combined immunization schedule. However, in
connection with risk of VAPP and discomfort of multiple doses of vaccine investigations in the
field of recombinant biotechnology are carried out. DNA vaccine, which only contains a part of
virus and cannot cause the disease, has been developed.

Further research may focus on the analysis of modern technological approaches to obtaining polio
vaccines (live, inactivated, and recombinant).

LITERATURE

1.  Mensi C. Poliomyelitis: Present epidemiological situation and vaccination problems /
C. Mensi, F. Pregliasco // Clin. Diagnostic Lab. Immunol. — 1998. — Vol. 5, Ne 3. — P. 278-
280.

Bicnuk 3anopizbko2o nayionanvnozo ynieepcumemy Ne2, 2014



118

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Poliomyelitis. In: Epidemiology and prevention of vaccine-preventable diseases. — Atlanta:
National Immunization Program, 1998. — P. 249-262. — (Forth Edition).

Modlin J. Poliomyelitis and poliovirus immunization / In: Human Enterovirus Infections,
Editor H.A. Rotbart. — Washington: ASM Press, 1995. — P. 195-220. — (First Edition).

Salk J. Are booster doses of poliovirus vaccine necessary? Jonas Salk proposes a scientific
evaluation / J. Salk // Vaccine. — Vol. 8, Ne 5. — P. 419-420.

Murdin A.D. Inactivated poliovirus vaccine: past and present experience / A. D. Murdin,
L. Barreto, S. Plotkin // Vaccine. — 1996. — Vol. 14. — P. 735-746.

Plotkin S. Current issues in the efficacy of oral poliovirus vaccine and inactivated poliovirus
vaccine immunization / S. Plotkin // Pediatr. Infect. Dis. J. — 1997. — Vol. 10, Ne 12. — P. 979-
981.

Faden H. Poliovirus vaccination / H. Faden // J. Infect. Dis. — 1993. — Vol. 28, Ne 8. — P. 25-
28.

Duchene M. Production, testing and perspectives of IPV and IPV combination vaccines: GSK
biologicals' view / M. Duchene // Biologicals. — 2006. — Vol. 34, Ne 2. — P. 163-166.

Beal A.J. Efficacy and safety of oral poliovirus vaccine and inactivated poliovirus vaccine /
A.J. Beal // Pediatr. Infect. Dis. J. — 1991. — Vol. 10, Ne 12. — P. 970-972.

Mateen F.J. Oral and inactivated poliovirus vaccines in the newborn: A review / F.J. Mateen,
R.T. Shinohara, R.W. Sutter // Vaccine. — 2013. — Vol. 31, Ne 21. — P. 2517-2524.

Oita I. Poliovirus separation from cell extracts using capillary electrophoresis: Potential use in
vaccine production and control? / 1. Oita, H. Halewyck, S. Pieters // J. Virol. Meth. — 2012. —
Vol. 185, Ne 1. — P. 7-17.

Bonnet M.C. World wide experience with inactivated poliovirus vaccine / M.C. Bonnet,
A. Dutta // Vaccine. — 2008. — Vol. 26, Ne 39. — P. 4978-4983.

Nathanson N. Poliomyelitis eradication — a dangerous endgame / N. Nathanson, P. Fine //
Science. — 2002. — Vol. 296, Ne 5566. — P. 269-70.

Polio eradication: the OPV paradox / [Dowdle W.R., De Gourville E., Kew O.M. et al. ] //
Rev. Med. Virol. — 2003. — Vol. 13, Ne 5. — P. 277-291.

World Health Organization. Progress towards the global eradication of poliomyelitis //
Weekly Epidemiological Record. — 2003. — Vol. 78. — P. 138-144.

Heymann D.L. Polio eradication: finishing the job and protecting the investment /
D.L. Heymann // Bulletin of the World Health Organization. — 2004. — Vol. 82, Nel. — P. 32-38.
Heymann D.L. A vision of a world without polio: The OPV cessation strategy /
D.L. Heymann, Sutter R.W., Aylward R.B. // Biologicals. — 2006. — VVol. 34, Ne 2. — P. 75-79.
Graf H. Manufacturing and supply of monovalent oral polio vaccines / H. Graf // Biologicals.
—2006. — Vol. 34, Ne 2. — P. 141-144.

Fine P. Transmissibility and persistence of oral polio vaccine viruses: implications for the
global poliomyelitis eradication initiative / P. Fine, I. Carneiro // American J. Epidemiol. —
1999. — Vol. 150, Ne 10. — P. 1001-1021.

Vaccine-associated poliomyelitis in a child with sex-linked agammaglobulinemia / [Wright
P.F., Hatch M.H., Kasselberg A.G. et al.]// J. Pediatrics. — 1977. — VVol. 91, Ne3. — P. 408-412.
Sutter R.W. Vaccine-associated paralytic poliomyelitis among immunodeficient persons /
R.W. Sutter, R. Prevots // Infections in Medicine. — 1994. — Vol. 11. — P. 426-438.

Persistence of vaccine-derived polioviruses among immunodeficient persons with vaccine-
associated paralytic poliomyelitis / [Khetsuriani N., Prevots D.R., Quick L.et al. ] // J. Infect.
Diseases. — 2003. — Vol. 188, Ne 12. — P. 1845-1852.

bionoziuni nayku



23.

24,

25.

26.

217,

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

119

Prolonged replication of a type 1 vaccine-derived poliovirus in an immunodeficient patient /
[Kew O.M., Sutter R.W., Nottay B.K.et al.] // J. Clin. Microbiol. — 1998. — Vol. 36, Ne 10. —
P. 2893-2899.

Evolution of poliovirus type | during 5.5 years of prolonged enteral replication in an
immunodeficient patient / [Bellmunt A., May G., Zell R. et al. ] // Virol. — 1999. — Vol. 265,
Ne 2. —P. 178-184.

Evolution of the Sabin strain of type 3 poliovirus in an immunodeficient patient during the
entire 637-day period of virus excretion / [Martin J., Dunn G., Hull R. et al.] // J. Virol. —
2000. — Vol. 74, Ne 7. — P. 3001-3010.

Search for poliovirus carriers among people with primary immune deficiency diseases in the
United States, Mexico, Brazil, and the United Kingdom / [Halsey N.A., Pinto J., Espinosa-
Rosales F.et al.] // Bulletin of the World Health Organization. — 2004. — Vol. 82, Ne 3. —
P. 37-39.

Domingo E. RNA virus mutations and fitness for survival / E. Domingo, J. Holland // Ann.
Rev. Microbiol. — 1997. — Vol. 51. - P. 151-178.

Drake J.W. Mutation rates among RNA viruses / J.W. Drake, J.J. Holland // Proceedings of
the National Academy of Sciences of the United States of America. — 1999. — Vol. 96, Ne 24.
—P. 13910-13913.

Evolution of circulating wild poliovirus and of vaccine-derived poliovirus in an
immunodeficient patient: a unifying model / [Gavrilin G.V., Cherkasova E.A., Lipskaya G.Y.
etal.] //J. Virol. — 2000. — Vol. 74, Ne 16. — P. 7381-7390.

Liu H.-M. Molecular evolution of a type 1 wild-vaccine poliovirus recombinant during
widespread circulation in China / H.-M. Liu, D.P. Zheng, L.B. // J. Virol. — 2000. — Vol. 74,
Ne 23. —P. 11153-11161.

Minor P.D. The effect of sequences in the 5’ non-coding region on the replication of
polioviruses in the human gut / P.D. Minor, G. Dunn // J. General Virol. — 1988. — Vol. 69, Ne
5. —P. 1091-1096.

Prevalence of vaccine-derived polioviruses in the environment /[Yoshida H., Horie H.,
Matsuura K.et al.] // J. General Virol. — 2002. — Vol. 83, Ne 5. — P. 1107-1111.

Minor P.D. Poliovirus vaccines: molecular biology and immune response. In: Molecular
biology of picornaviruses / Minor P.D. [Editors B.L. Semler, E. Wimmer]. — Washington:
ASM Press, 2002. — P. 381-390. — (First Edition).

Sabin A.B. Live, orally given poliovirus vaccine. Effects of rapid mass immunization on
population under conditions of massive enteric infection with other viruses / A.B. Sabin,
M. Ramos-Alvarez, J. Alvarez-Amezquita // J. American Med. Association. — 1960. —
Vol. 173, Ne 14. — P. 1521-1526.

Smith J. Certification of polio eradication: process and lessons learned / J. Smith, R. Leke,
A. Adams // Bulletin of the World Health Organization. — 2004. — Vol. 82, Ne 1. — P. 1-33.
Agol V.I. Vaccine-derived polioviruses / V.l. Agol // Biologicals. — 2006. — VVol. 34, Ne 2. —
P. 103-108.

Nathanson N. From emergence to eradication: the epidemiology of poliomyelitis
deconstructed / N. Nathanson, O.M. Kew // Am. J. Epidemiol. — 2010. — Vol. 172, Ne 11. —
P. 1213-1229.

Ohka S. Recent insights into poliovirus pathogenesis / S. Ohka, A. Nomoto // Trends
Microbiol. — 2001. — Vol. 9, Ne 10. — P. 501-506.

Bicnuk 3anopizbko2o nayionanvnozo ynieepcumemy Ne2, 2014



120
39.

40.

41.

42.

Mueller S. Poliovirus and poliomyelitis: A tale of guts, brains, and an accidental event /
S. Mueller, E. Wimmer, J. Cello // Virus Research. — 2005. — Vol. 111, Ne 2. — P. 175-193.
Centers for Disease Control and Prevention. Poliomyelitis prevention in the United States:
introduction of a sequential vaccination schedule of inactivated poliovirus vaccine followed
by oral poliovirus vaccine; recommendations of the advisory committee on immunization
practices (ACIP) // Morbid. Mortal. Weekly Rep. — 1997. — Vol. 46. — P. 1-25.

Antibody response and viral excretion after live polio vaccine or a combined schedule of live
and inactivated polio vaccines / [Ramsay M.E., Begg N.T., Gandhi J. et al.] // Pediatr. Infect.
Dis. J. —1994. — Vol. 13, Ne 12. — P. 1117-1121.

Caldwell M. The Dream Vaccine / M. Caldwell // Discover. — 1997. — Vol. 9. — P. 3-5.

UDC 577.27:57.083.33

OBTAINING OF MONOCLONAL ANTIBODIES TO HUMAN IgG
SUITABLE FOR USAGE IN HIGHLY SENSITIVE AND SPECIFIC
IMMUNOASSAYS
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The original set from 12 clones of hybridomas, producers of monoclonal antibodies (McAbs) against
human IgG has been obtained. Criteria for selecting McAbs with satisfactory properties has been
justified. Monoclonal antibodies with such properties have to provide high informativeness indexes
(sensitivity and specificity) of immunoassay methods based on obtained McAbs. The study of following
biological properties of McAbs has been conducted: specificity, constant of affinity and titer in a cultural
medium. Obtained McAbs are directed to the two epitop regions on IgG molecule. The first group of
McADbs relates to epitop region, represented by two epitopes; the second epitop region is represented by
only one epitop.

Keywords: monoclonal antibodies, hybridomas, human IgG, affinity, epitop mapping.

OTPUMAHHSA MOHOKJIOHAJIBHUX AHTUTLI 10 IgG JIIOAUHU, TPUAATHUX AJIA
BUKOPUCTAHHA Y BUCOKOUYYTJUBUX I CHEHNU®ITYHUX METOJAX IMYHOAHAJII3Y

Y2lankin 0O.10,, *ConosiioBa B.®., "Meranbhixosa H.IL., 1Z[yraH o.M, 1l“opro I0.I1.
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Hayionanvuuti mexniunuii ynigepcumem Yxpainu « Kuiscoxuil noaimexuiynuil iHCmumymy
03056, Vkpaina,Kuis, np. Ilepemozu, 37

’TOB «Xeman,
03022, Vkpaina, Kuis, eyn. Bacuivkiscoka, 98

3 . . . .. .
Vrpaincokutl Hayko80-00CHiOHULl iHCMUmym xapuyeamtsi, 6iomexnonozii ma gapmayii
01042, Vkpaina,Kuis, éyn. Yueopina, 18

alexfbt@mail.ua

OpnepxaHo opuriHaNbHUNA Habip 3 12 KJIOHIB TiOpHUIOM, IPOIYLEHTIB MOHOKIIOHANBHUX aHTHUTIN (MKAT)
no 1gG mropmuu. TlpoBeneHO OOTpYHTYBaHHsS KpUTepiiB BigOopy MKAT i3 BIACTHBOCTSMH, LIO
3a0e3meuyyBaTUMYTh  BHCOKI  TOKa3HHUKH iHGOpPMAaTHBHOCTI  (4yTIMBOCTI Ta  CHEIH(IYHOCTI)
po3poOIIOBaHNX Ha I1X OCHOBI METOMIB iMyHOaHami3dy. I[IpoBemeHO TOTAMOIeHe BHWBYSHHS TaKHUX
610JIOT1YHUX BJIACTUBOCTEH aHTHUTIJ: BCTAHOBJICHO IXHIO crlelU(iYHICTh, KOHCTAHTY aiHHOCTI Ta TUTP Y
KyJNbTypaibHii pinuHi. OTpUMaHi aHTUTLIA CHOPSMOBAHI O JBOX EMITONMHUX perioHiB Ha mMojekyii 1gG.
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Ilepma rpyma aHTHTII BIJHOCUTHCA IO EIITOMHOTO PETrioHy, IO MPEACTaBICHWHA IBOMa EMiTOTaMU;
JIPYTHUH CMTOMHWHI PEeTioH MPECTABICHHN JIUIIE OJTHUM €IiTOTIOM.
Knrouosi crosa: monoxionaneni anmumina, ciopudomu, 19G mroounu, aginnicms, enimonue KapmyeanHs.

MNOJYYEHHUE MOHOKJIOHAJIBHBIX AHTUTEJI K 1gG UEJIOBEKA, TIPUTOJAHBIX AJIsA
HNCITOJIB30BAHUA B BBICOKOUYYBCTBUTEJIBbHbBIX U CIENU®UYHBIX METOJAX
NMMYHOAHAJIN3A
L2l ankun A.10., *Conosbesa B.®., "Meranbuukosa H.IT., 1L[yraH AM., 1Fopro I0.I1.

1 . . . .
Hayuonanwnwiti mexnuyeckuil ynugepcumem Yxpaunvl « Kuesckuil nonumexnuseckutl uHCmumymy
03056, Vkpauna,Kues, np. [lobeow:, 37

2000 «Xemay
03022, Vkpauna, Kues, yi. Bacunvkosckas, 98

SVipaunckuii nayuno-uccnedoeamenbekuti uHCMUMYm numanus, GUOMexHoI02ul U apmayuu
01042, Vkpauna, Kues, yn. Yueopuna, 18
alexfbt@mail.ua
[TonydeH opuruHambHBIA Habop M3 12 KIOHOB THOPUIOM, IPOIYLEHTOB MOHOKIOHAJIBHBIX aHTHTEI
(MkAT) x 1gG genoseka. [IpoBeneHo obocHOBaHUE KpUTeprueB 0TOOpa MKAT CO CBOWCTBaMH, KOTOpPEIE
OynyT obecrieyuBaTh BBHICOKHE MOKa3aTeNd MH(POPMATHBHOCTU (IYBCTBUTECIBHOCTH M CHELU(PHUIHOCTH)
pa3pabaThIBacMbIX Ha MX OCHOBE METOJOB UMMyHOaHanu3a. [IpoBeleHO yriyOlieHHOE M3yYeHHE TAaKUX
OMOJIOTUYECKUX CBOWMCTB aHTHUTEN: YCTAHOBJCHA MX CHEUH(DUIHOCTb, KOHCTaHTa apPHUHHOCTH W THUTP B
KyJNbTypalbHOH XHUIKOCTH. [lonydeHHBbIe aHTUTENa HampaBleHbl K JBYM OSIHTONHBIM pErHoHaM Ha
mouiekyne 1gG. TlepBast rpynma aHTHUTEN OTHOCHTCS K DIIMTOIIHOMY PETMOHY, NPEICTABICHHOMY JBYMSI
SMUTONAMHU; BTOPOH SMUTOIHBIN PETHOH MPEJICTABICH TOJIBKO OJHUM SMUTOIOM.
Kniouegvie crosa: monokaonanvhvlie awmumena, eubpudomvl, |QE uenosexa, aggunnocmv, snumonnoe
Kapmupoganue.

INTRODUCTION

As known immunoglobulins (Igs) are a group of glycoproteins which are contained in the blood
plasma (antibodies) and on the surface of certain cells of immune system (immunoglobulin
receptors). There are five classes of human immunoglobulins: 1gG, IgA, IgM, IgE, and IgD, which
are different in their structure, properties and functions. IgG is the major class of antibody in
humans, it constitutes 70-75 % of all immunoglobulins. 1gG always play an important role both at
the primary and the secondary immune response [1]. Immunoglobulin G is a bifunctional molecule,
which is responsible for binding to the antigen and provides some more effector functions (e.g., to
activate complement, bind to cells and others). Structural regions of the 1IgG molecules, which are
responsible for effector activity, outlying from the antigen binding sites and are located in the Fc-
region. The isotype of Igs are also due to antigenic determinants of Fc-fragment [2].

By the presence of specific IgG in human plasma it’s possible to conclude about the presence of the
pathogen in the body or about infection in anamnesis. Therefore, diagnosis of many infections are
based on the detection of specific IgG in human serum.

Enzyme-linked immunosorbent assay (ELISA) is one of the methods which is widely used in the
diagnosis of infectious diseases. This method can be applied to determine the pathogen antigens
and detection of antibodies against it. Development and production of ELISA test kits for the
diagnosis of these infections are not possible without anti-species antibodies (e.g., mouse Abs
against human Igs) specific to a particular class of immunoglobulins [3]. Polyclonal Abs to
human Igs have a number of deficiencies (non-specific binding, cross-reactivity, low level of
studies results reproducibility, etc.), which significantly limits their usage [4]. More successful
reagents in this case are anti-Igs monoclonal antibodies (McAbs). The advantages of McAbs are
the exclusive specificity, homogeneity and the possibility of obtaining virtually unlimited
quantities. Having armed by panel of McAbs to human immunoglobulines it is possible to select
high affinity and specific clones, which will be suitable for usage in highly sensitive and specific
immunoassays. It is known that the development of any ELISA test kit needs a wide range (set) of
relevant McAbs, because usually only one or several clones from whole McAbs panel provide
satisfactory results [3-4].
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The aim of our study was: obtaining of monoclonal antibodies to human IgG, study their properties
and selection of McAbs which are most promising for use in highly sensitive and specific
immunoassay methods.

MATERIALS AND METHODS OF THE STUDY

Immunization of animas. An immunization schema for Balb/c mice was chosen according to
available literature data and own experience [5-11]. The most effective immune response is usually
developed following immunization by antigen mixed with Freund’s complete antigen (FCA) into
hind leg pads [12]. The antigen — human 1gG used for immunization — was purified in our
laboratory. In the course of immunization (during 7-8 days) each animal recieved 50-60 mg of the
human IgG preparation. Two first injection were carried out using the FCA, and the last one —
without any adjuvant. On the third day following the last antigen injection, lymphocytes were taken
from regional lymphatic nodes and fused with myeloma Sp 2/0 cultured cells.

Obtaining of hybridomas. The fusion was made using polyethylene glycol 3500-3700 (Sigma,
USA) according to Kohler’s & Milstein’s approach [13] modified by Lane & Koprowski [14]. The
hybridomal clones obtained were multiplied on peritoneal macrophage feeder cells in a complete
growth medium H-Y (Sigma, USA) supplemented with calf embryo serum (Sigma, USA) and HAT
medium (Sigma, USA). The cells were cultivated in 96-welled plates for tissue cultures (Costar,
USA).

The presence of anti-human MADbs in hybridomal growth media was controlled by an indirect
ELISA approach on the 10th-12th day of cultivation. Following experiment, the optical density
values of supernatant fluids of McAbs-positive cultures were by 2-3 times higher comparing to the
conjugate. Cells from appropriate wells were taken into 24-welled plates with peritoneal
macrophage feeder cells in the complete growth medium supplemented with the HT medium
(Sigma, USA). The cells obtained were frozen in a medium containing newborn calf serum (50 %,
Sigma, USA), DMEM medium (43 %, Sigma, USA), and dimethylsulfoxide (7%, Sigma, USA).
The aliquots of culture fluids were used to determine the McAbs specificity, their titers and affinity
constants as well as their isotypes. The McAbs specificity was evaluated by an indirect ELISA
approach with human different class antibodies — IgA, IgM, and IgG as well as with IgG Fc-
fragments. The hybridomas secreting the most active McAbs of the highest affinity having
demonstrated positive results with human IgG and their Fc-fragments and showing no cross
reactions with any Igs classes were taken for the next work. The chosen hybridomal clones were
then thawed and cloned several times to reach stabile levels of antibody synthesis. The cloning was
carried out using the end-point dilution method; the hybridomal cells were grown on peritoneal
macrophage feeder cells in the complete growth medium. The screening of hybridomal cells was
realized by the indirect ELISA approach evaluating the interactions of McAbs secreted by these
cells with a human IgG preparation.

Hybridomal cells with stabile antibody production were multiplied and injected to mice in order to
obtain ascite fluids, the mice having been previously primed by pristane (Sigma, USA). The MAb
purification from ascite fluids was carried out by a double precipitation protocol using 18 % and
16 % Na,SO,4 (w/v) [10]. The McAb preparations obtained in such way were taken for synthesis of
horse-radish peroxidase (HRP) containing conjugates.

Indirect ELISA. The sorption of human IgG and their Fc-fragments was made overnight in 0,05 M
carbonate-bicarbonate buffer (pH 9,6) at 4 °C, their concentrations being 5 and 2,5 mg/ml,
respectively. For plate washing, a phosphate salt buffer supplemented with the Tween 20 (0,05 %)
(PBS-T, pH 7,2-7,4) was used. The plates were incubated during 1 h (37 °C) and then washed. To
detect the bound antibodies, goat HRP-conjugated anti-mouse immunoglobulins were taken. They
were added to the wells, incubated during 1 h at the ambient temperature and washed away (three
times by the PBS-T and once by water). In all experiments 0,003 % hydrogen peroxide in 0,15 M
citrate buffer (pH 5,0) was used as substrate, and 3,3°,5,5’-tetramethylbenzidine was a chromogen.
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The reaction was stopped by 2 M sulfuric acid. The optical density values were read at wave lengths
450/620 nm by spectrophotometer.

Evaluation of McAbs affinity. The McAb affinity constants were evaluated according to the
inhibition method proposed by B. Friguet [15] and modified by B. Kim [16]. Affinity constants
were calculated by S. Bobrovnik recommendation [17]. Immunoglobulin solutions with different
IgG concentrations (10°-10° mole per liter) were mixed with McAbs-containing culture fluid
samples. Following incubation (1 h at 37 °C) the mixtures were put into 96-welled plate wells
sensitized previously by a human IgG preparation and the ELISA performance was carried out.
Control plate wells contained culture fluid samples non-incubated with the 1gG preparation.

Determination of the McAbs isotype. The isotype determination of the McAbs obtained was made
using a standard kit for this procedure — ISO-2 (Sigma, USA). The isotyping was carried out by
antigen-mediated ELISA. Hybridomal culture fluids were put into the plate wells sensitized by
human IgG, each sample was put into six wells. The McAbs isotype was determined by a goat
monospecific serum. The typing antibodies were detected by an anti-goat HRP-containing
conjugate (Sigma, USA). The results were read according to the manufacturer’s recommendations.

Synthesis of HRP-containing conjugates. The McAb conjugation with the horse-radish peroxidase
was carried out according to periodate oxidation approach [18] with some modifications, the
IgG/enzyme mass ratio being 2:1. The HRP (15 mg/ml, Sigma, USA) was diluted in the 0.1 M
bicarbonate buffer (pH 8.3) and mixed with an equal volume of the sodium periodate solution (14
MM). For the HPR oxidation, the mixture was incubated during 2 h at the ambient temperature. The
solution of the oxidized HRP was mixed with an antibody solution which had been previously
dialyzed against the 0.1 bicarbonate buffer (pH 9.2). This mixture was then put into a
chromatographic column; dry Sephadex G-25 (Fluka, Switzerland) was added (1:3, v/v), and the
mixture was incubated 3 h at the room temperature. The conjugate solution was eluted from the
column; 1/20 volume of the aqueous NaBH, solution (5 mg/ml) was then added. To stop the
reaction, the mixture was kept 30 min at room temperature; then additional portion of the NaBH,
solution (3:20, v/v) was added, and the mixture was incubated 60 min. The obtained solution of a
McADbs-HPR conjugate was dialyzed against the 0.02 M phosphate buffer containing 0.15 M NaCl.

Studies on animals were carried out in compliance with bioethical norms [19].
RESULTS AND ITS DISCUSSION

More than 900 different hybridomal clones were obtained following hybridization. To choice
primary effective clones, culture fluids of hybridomas were tested to determine their interaction
with human IgG; the McAbs specificity was assayed with 1gG Fc-fragments (Fyc); the McAbs
cross-reactivity was assessed testing their interactions with human IgA and IgM to reject cross-
reacting hybridomal clones. During the first testing following hybridization, specific antibodies
against human 1gG were detected in all wells of seven plates. To find the most active hybridomas,
culture fluids were diluted for the next screening, the background levels having become
significantly lower. In such a way 37 clones were chosen with the highest signals according to the
ELISA results. All hybridomes chosen were cryoconserved, their culture fluids having been taken
for further investigations. As a result of a repeated testing, high MAbs activities were confirmed
for 21 hybridomal clones (table 1).

The next analysis step was to check hybridomal culture fluids and to determine if they possessed
the cross-reactivity with human IgM and IgA; we had also to determine our McAbs specificity to
human 1gG Fc- or Fab-fragment. For such purpose, the titers of all these hybridomal culture fluids
were evaluated using human IgG and its Fc-fragments as antigens; results obtained were compared.

The analysis of our results demonstrated the following:
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9 clones gave high signals (signal in ELISA > 2.8) while their testing with human IgG and human
IgG Fc-fragments showing no cross-reactivity with IgM and IgA molecules (clones 201C8, 202B7,
202D10, 204H7, 206B2, 206C8, 206E3, 207F3, 207G8);

9 clones gave somewhat lower signals (signal in ELISA < 2.8) both with human IgG and its
Fc-fragments showing no cross-reactivity with IgM and IgA (clones 201C9, 201F10, 202B11,
203D10, 203G4, 206C12, 206H11, 207B10, 207G4);

3 clones showed higher signals with human 1gG comparing to their Fc-fragments or demonstrated
their cross-reactivity with human IgM and IgA (clones 201A2, 206H10, 208D5).

Table 1 — Characterization of monoclonal antibodies to human IgG

o H}/I\?Ircl g\%r:a Optical density in ELISAY sotme ;;rlﬁfl:rlanl . (ﬁ\]‘;ft';r']:yl) Epi_tfqp_e
IgG | Fyc | IgA | IgM liquid » 10° ML | SPecificity
1| 201A2 |2,742|2,777[1,035|0902| -2 - - -
2 201C8 | 3,001 | 2,985 | 0,039 | 0,019 | 1gG; 1:800 20.0 A2
3 201C9 | 2,077 | 2,139 | 0,066 | 0,052 | 119G, 1:500 4.0 -
4 | 201F10 |2,889 2,661 |0,072|0,070| IgG; 1:800 10.0 B
5 202B7 | 3,094 | 3,002 | 0,048 | 0,101 | 1gGz | 1:1000 20.0 Al
6 | 202B11 |2,4402 2,201 0,025 0,020 | IgG; 1:400 4.0 -
7 | 202D10 |3,112 (3,066 | 0,076 | 0,010 | 19Gz. | 1:1000 28.0 Al
8 | 203D10 |2,145 2,321 0,025 0,066 | lgG; 1:800 20.0 A2
9 203G4 | 2,333 | 2,451 | 0,045 | 0,081 | 19Gap 1:800 16.0 B
10 | 204H7 |2,988| 2,904 | 0,081 | 0,090 | IgM - - -
11 | 206B2 |3,008 | 2,988 | 0,031 | 0,035 | IgG; 1:800 20.0 Al
12 | 206C8 |[3,015]3,025| 0,029 | 0,019 | 1gGz | 1:1000 28.0 A2
13 | 206C12 |2,455 2,399 | 0,055 | 0,084 | IgG; 1:500 8.0 B
14 | 206E3 |3,071 3,001 | 0,036 | 0,020 | 1gGza 1:500 8.0 A2
15 | 206H10 |[2,214|0,525|0,095|0,082| - - - -
16 | 206H11 |2,544 | 2,651 (0,024 | 0,074 | IgG; 1:800 8.0 B
17 | 207B10 |2,731|2,801 | 0,018 | 0,045 | IgM - - -
18 | 207F3 |2,918 2,899 | 0,042 | 0,052 | 19Ga 1:800 20.0 A2
19 | 207G4 |2541|2,282|0,028 (0,072 - - - -
20 | 207G8 | 2,839 |2,892| 0,048 | 0,070 | IgM - - -
21 | 208D5 |2,246 | 0,066 | 0,036 | 0,099 | - - - -

Remarks. ¥ The average values of the results of hybridoma supernatants testing in 4 replications (p<0.05). ? The
parameter is not defined.
Among 21 hybridomas selected during the second screening to further properties were only 16
clones that were characterized by relatively high signal to human IgG and Fc-fragments of IgG and
showed no cross-reactivity with other classes of immunoglobulins. At the next phase of work it
should be defined criteria for assessing antibodies for further characterization of selected clones of
hybridomas. Based on published data and our own experience [1, 4-12] analysis of hybridomas was
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carried out for following criteria: McAbs titer in the culture fluid, McAbs affinity and isotyp.
Selection of McAbs for the first two criteria (titer and affinity) had to provide high levels of
specificity and sensitivity of ELISA using such antibodies.

Studying isotypes of 17 McAbs we obtained the following results: 8 antibodies were 1gG; isotype, 3
— 1gG2, isotype, 3 — 1gGyy, isotype, 3 — IgM isotype (Fig. 1). The set of obtained data (activity in
ELISA, isotype, titer and McAbs affinity constant) used for final selection of hybrid clones for
subsequent thawing, cloning, building and accumulation of antibodies. For further studies did not
use the hybridomas that produce antibodies of IgM isotype. In addition, the advantage provided
clones with high titer (> 1:500) and affinity constant (> 8,0 x 10° M™) and intense signal in the
indirect ELISA.

Focusing on the established selection criteria, we formed 4 groups of McAbs which are not
promising for developing of highly informative (sensitive and specific) immunoassay methods:
1) McADs, that are specific to the Fab-fragment of 1IgG molecule (clones 206H10, 207G4, 208D5);
2) McAbs, which have relatively high signal in the indirect ELISA, but belonged to the IgM-
antibodies, that means further non effective approach of isolation and purification of McAbs from
ascitic or culture fluid (clones 204H7, 207B10, 207G8); 3) McAbs, which have relatively high
signal in the indirect ELISA, but had relatively low titer in culture fluid and/or affinity constant
(clones 201C9, 202B11); 4) McAbs, which are showed cross-activity to human IgA and/or IgM by
the result of indirect ELISA testing (clone 201A2). Thus, the analysis of data on 19 hybrid clones
has led to further studies that were selected 12 hybrids (Table 1): 201C8, 201F10, 202B7, 202D10,
203D10, 203G4, 206B2, 206C8, 206C12, 206E3, 206H11, 207F3.

IgM
18%

19G1
46%

1gG2b
18%

1gG2a
18%

Fig. 1. The distribution of isotypes among obtained monoclonal antibodies

Cloning of hybridomas was carried out by the most simple and effective way (limiting dilution
method). All hybridomas were cloned 2-3 times up to complete stability in the level of McAbs
synthesis. At the first cloning of hybridomas only 40-60 % of clones gave positive results. The
second and third cloning procedure provided high level of positive response (90-100 %). Such
developments are likely explained by the gradual stabilization of the total genome of hybrid cells
after cryopreservation, including unlocking the genes responsible for the synthesis of
immunoglobulins. Isolated positive clones from 96-well plates were transplanted into bigger 24-
well plates; hybridomas has been grown, and injected into mice Balb/c for ascites formation. After
7-10 days accumulated ascites were taken out from animals. One mouse gave an average of 10 ml
of ascitic fluid. After McAbs isolation of ascites it was used for the synthesis of peroxidase
conjugates.

Comparative epitop characteristic of McAbs were performed using a competitive ELISA. Results of
competing effects were calculated as the percentage of decrease in activity of McAbs conjugate in
the presence of competing antibody. In this embodiment, setting competitive ELISA full or partial
decrease in activity is a measure of the total or partial similarity epitop specificity of investigated
McADbs. Instead, compared activity with the control McAbs conjugate indicated different competing
epitop specificity. Thus, as a result of such testing epitop comparative profile for each monoclonal
antibody was obtained (including 11 variants of competition with other McADbs). Correlation
analysis was used to facilitate the analysis of such large data of compare profiles. The degree of
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similarity was the correlation coefficient profiles provided its statistical significance (p < 0,05).
High values of positive correlation coefficients between profiles (0,75 <r <1,00) were interpreted
as evidence of equal epitop specificity, lower values (0,44 <r<0,75) were considered as an
indicator of cross-epitopes and statistically significant coefficients (r <0,44) were regarded as
evidence of independent, wholly distinct epitopes.

Table 2 — Comparative epitop characteristic of monoclonal antibodies to human IgG

Epitop regions and epitops
B A
é McAbs B Al A2

i 2312131215188 8|8 2|8
S8 |8|8|R|R|8|8|R |8 |R |8
201F10 | 1,00 | + + + — — — — — - - -
206C12 | 0,96 | 1,00 | + + - - - - - — — —
° 206H11 {091 (094|100 | + — — — — — — - -
203G4 10920971098 |100| - — — — — — — -
206B2 | 0,07 |012|0,11 | 0,16 | 1,00 | + + + - + + +
Al | 202B7 | 0,09 [ 0,11 [ 0,09 | 0,19 |0.90 | 1,00 | + + + + + -
202D10 [ 0.05 | 0.08 | 0.04 [ 0.05]|0.94 | 098 1,00]| + — — — +
203D10 [ 0.27 | 0.40 | 0.14 | 0.09 | 1,00 | 0.83 | 092|100 | + + + +
206E3 | 0,12 | 0,30 | 0,16 | 0,05] 0,40 | 0,90 | 0,40 | 0,94 | 1,00 | =+ + +
A2 | 201C8 |0,17|0,24|0,16 |0,19]10,87 | 052 |037]091]092|100]| + +
207F3 (0,19 |0,18 |0,13|0,13|0,53|0,45|0,35|0,82|0,95|0,8111,00] +
206C8 | 0,25 0,09 | 0,18 | 0,30 0,76 | 0,42 | 0,61 ]0,95| 0,97 | 0,98 | 1,00 | 1,00

Remarks. McAbs has been related to epitop regions and epitopes by its correlation coefficients (r). Statistically
significant r (p <0,05) are in bold. The symbol “+” means common epitopes (0,75 <r < 1,00), “+£” — cross epitopes
(0,44 <r<0,75), “—” — independent epitopes (r <0,44).

Comparative epitop characterization of monoclonal antibodies showed that the studied McAbs
directed against two epitop regions (ER) of human IgG molecule (conditionally designated by us as
A and B epitop regions) (Table 2). 8 monoclonal antibodies referred to epitopnoho region A (ER-
A). It should be noted that the reactivity of this group of McAbs is characterized by an average
homogeneity, however, EP-A contains 2 McAbs epitopes with high homogeneity: 3 antibodies
(206B2, 202B7, 202D10) refers to the epitope Al (average coefficient is 0,94), and 5 antibodies
(203D10, 206E3, 201C8, 207F3, 206C8) refers to the A2 epitope (average coefficient is 0,93). It
should be noted that there is a pronounced cross-reactivity between the monoclonal antibodies of
epitopes Al and A2 (average coefficient is 0,62). These data indicate the spatial proximity of
epitopes Al and A2. Another 4 McAbs (201F10, 206C12, 206H11, 203G4), directed to epitope B
(average coefficient is 0,95). It should be noted that it is not observed cross-reactivity between the
monoclonal antibodies of EP-B and EP-A epitops (correlation coefficients is 0,15). This indicates a
quite different spatial localization of epitopes of these two regions.
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CONCLUSIONS

1. Set of 12 new monoclonal antibodies to human IgG has been obtained. Following biological
properties of obtained McAbs has been studied: activity in the indirect ELISA, specificity within
IgG molecule (Fab- or Fc- fragment), cross-reactivity with other classes of serum immunoglobulins
(human IgA and IgM), titer in the culture fluid, affinity constant, and relative epitop specificity.

2. Criteria for selecting of monoclonal antibodies for its further usage for the development of highly
sensitive and specific immunoassay methods have been founded. McAbs with following
characteristics are the most promising for this kind of goals: it has to be directed to the Fc-fragment
of 19G, has a high signal in the indirect ELISA, has no cross-reactivity with other classes of
immunoglobulins, has titer in the culture fluid not less then 1:500, and affinity constant not less
then 8.0 x 10° M ™. McAbs of IgM isotype also are not suitable for effective biotechnological
approaches.

3. Further research may focus on the establishment of the serological diagnostic sets (with obtained
monoclonal antibodies), based on the determination (detection) of specific IgG- antibodies.
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YK 796.071:612
BO3MOKHBIE IYTU KOPPEKIIUU AHTUOKCUJAHTHOMU CUCTEMBI

OPTAHU3MA CIIOPTCMEHOK BBICOKON KBAJIMOUKALINHU
['oybenko A.B.

3anopooicckuii HAYUOHATLHBIU YHUBEPCUME
69600, Yxkpauna, 3anopooicwe, yn. ’Kykosckozco, 66

020190@ukr.net

CraTbst TOCBSIIIEHA IOMCKY BO3MOXHBIX IyTeH KOPPEKIMH AHTHOKCHJIAHTHOM CHUCTEMBI OpraHHM3Ma
CHOPTCMEHOK BBICOKOHW KBanu(UKanuu. AKTYaJIbHOCTh HCCJIEIOBAHMSA AHTHOKCHIAHTHOW CHCTEMBI
3alIUTHl OPTaHU3Ma CHOPTCMEHa, KOTOPBIH PeryiIsspHO MOAJaeTCs Harpy3Ke BHICOKOH MHTEHCHUBHOCTH, HE
BBI3BIBAET COMHEHHH W 00yClIOBJIeHa HEOOXOAMMOCTHIO KOHTPOJS MAHHBIX ITOKa3aTelled, BEJIMYMHBI
KOTOPBIX B 3HAa4YMTEJIbHON CTEIIEHHW BIUSIIOT Ha PabOTOCIOCOOHOCTH CIIOPTCMEHA BBICOKOTO Kilacca.
B Hamewm uccnenoBaHMM NpUHANU ydactue 15 neBymex 18-20 met c6opHO# komaHIs! aspobuxu 3HY,
MMEIOIMX CHOPTHBHBIN pa3ps] He HIKe KaHJIuaaTa B Mactepa cropTa. [IpeaBapurensHoe onpeesieHue
OMOXMMHUYECKHX II0Ka3zaTelel, XapakTepu3ymluxX (yHKIHOHHPOBAHHE AHTHOKCHUAAHTHOW CHCTEMBI
CHOPTCMEHOK, Ha HA4aJlbHOM »JTalle HCCIEJOBaHUs MO0Ka3aJlo OTCYTCTBHE JIOCTOBEPHBIX Ppa3IHuUid.
B skcnepuMeHTanbHOM — Ipymme, CHOPTCMEHKM  KOTOpPOM  NPHUHMMANU  3KIUCTEPOH,  yNalloCh
3auKcHpOBaTH JOCTOBEpHOE MHrMOMpPOBaHWE CHMHTE3a OKcuja azoTa mHIynunoOensHoi NOS, cHikeHue
norpeOiIeHns apruHuHa apruia3oi, noseimenne cuure3a NO koncturyruBHoit NOS, nmonmxenne ypoBHs
MOYEBOM KHCIIOTHI, U KaK CJIEJICTBHE, MHTMOMPOBAHNE KCAHTHOKCHAA3HOM peakIiy, KOTopas SBISAETCS
MIPUYMHON BOSHUKHOBEHHS CYIIEPOKCHIAHHOH pajuKaa.

Krouesvie cnosa: anmuokcudanmuas cucmema, 3K0UCmepoH, okcuo azoma, cnopmcemenxu 18-20 nem.

MOKJIUBI HIJIAXUA KOPEKIII AHTUOKCHUJIAHTHOI CHCTEMHA
OPT'AHI3MY CHOPTCMEHOK BHUCOKOI KBAJI®IKAIII

Tomybenko A.B.

3anopizvruil HayionanbHull yHigepcumem
69600, Yxpaina, 3anopiscoics, 8yn. Kykogcvkoeo, 66

020190@ukr.net

CraTTs NpUCBSYCHA IMOIIYKY MOXIWUBUX MUIAXIB KOPEKIl AaHTHOKCHUIAAHTHOI CHCTEMH OpPTaHi3My
CITOPTCMEHOK BHCOKOI KBami(ikaiii. AKTyallbHICTh JOCIHIIPKCHHS AHTHOKCHUIAHTHOI CHCTEMHU 3aXHCTY
OpraHi3My CIIOPTCMEHA, SIKUH pErylspHO MiAJAEThCS HABAHTAXKCHHIO BHCOKOI IHTGHCHUBHOCTI, HE
BHKJIMKA€ CYMHIBIB i 00yMOBJICHa HEOOXITHICTIO KOHTPOJIIO JAHUX MOKA3HHKIB, BEIIMYUH U SKAX 3HAYHOIO
MipOI0 BIUIMBAIOTh Ha MNPAIE3JaTHICTh CHOPTCMEHA BUCOKOTO KIACy. Y HAIIOMY JOCIIJKCHHI B3sUTU
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y4gacth 15 miBuat 18-20 pokiB 30ipHOi KOoMaHmu aepobikm 3HY, ski MamTh CIOPTUBHHUN pO3psI HE
HIDKYe KaHaWmara B MaicTpu crnopry. llomepenHe Bu3HaYeHHS OiOXiIMIYHHUX TIOKa3HUKIB, IO
XapaKTepHU3yIoTh (YHKLIIOHYBaHHS aHTHOKCHIAHTHOI CHUCTEMH CIHOPTCMEHOK, Ha II0YaTKOBOMY eTaIi
JNOCHIDKCHHST II0Ka3al0 BiICYTHICTh JOCTOBIpHHX BigMiHHOCTeH. B excmepuMeHTampHIA Tpymi,
CITOPTCMEHKH SKOI BXKMBall EKIUCTEPOH, BHANOCsA 3adiKCyBaTH TOCTOBIpHE NPHUTHIYEHHS CHUHTE3Y
okcunay azoty ingynubensHor0 NOS, 3HIDKEHHS CIIOKWBAaHHA apTiHiHY apriHa30i0, HiABUIICHHS CHHTE3Y
NO konctutytuBHO0O NOS, 3HMXKEHHS pIBHS CEYOBOi KHCIOTH 1, SIK HACIHIJOK, IHTiOyBaHHSI
KCaHTHOKCHJa3HOI peakxiii, sika € JPKepesIoM BUHUKHEHHS CYyNepOKCUAaHIOH pajuKaia.
Kniouosi crosa: anmuoxcudanmna cucmema, ekOUCmepoH, okcuo azomy, cnopmemenku 18-20 poxis.

POSSIBLE WAYS TO CORRECT THE ANTIOXIDANT SYSTEM
IN ORGANISM OF HIGH QUALIFICATION SPORTSWOMEN

Golubenko A.V.
Zaporizhzhya National University,
69600, Ukraine, Zaporizhzhya, Zhukovsky str., 66
020190@ukr.net

The article is dedicated to the research of the ways to correct antioxidant system of high qualification
sportswomen.

The actuality of the research of antioxidant protect system of the sportsmen’ organism that regularly
deals with high intensity loads does not cause doubts and is conditioned by the necessity of information
indexes’ control, the sizes of which greatly influence on high qualification sportsmen’ capacity.

It is known from literature, that the oxide of nitrogen is closely related to antioksidant-prooksidant status
of organism, because this molecule possesses high affinity to cooperating with a superoxide-anion, as a
result of that peroksinitrit appears, which has expressed citotoxical — prooxidant characteristics. In case
of oxidative stress occuring in the conditions of the enhanceable physical loading in an organism there
are all pre-conditions for the products of peroxinitrit in an amount, sufficient for an origin and
development of pathological processes.

Also we've investigated the intensity of flowing of xantioxidaze reaction which is the reason of origin of
superoxide-anion,as starting link of radical reactions cascade and predecessor of most active forms of
oxygen. It is able to induct the processes of free-radical oxidization with organic hydroperoxides
formation. Cytotoxicness of peroxigen is expressed through its lasability hydroxylic radicals through
reactions which catalyze the ions of metals (Phenton and Geber-Weiss reaction).

In our research took part 15 girls from ZNU aerobics collapsible team 18-20 years old, having a degree
not less than candidate in masters of sport. To the participants of experimental group (n=8) it was
suggested to accept ekdisteron. The girls of control group (n=7) continued trainings in the ordinary mode.

Taking into account the information of researches received before, confirming considerable efficiency of
the ekdisteron use at the end of competition period, the real research was conducted in an indicated
period among girls 18-20 years old from ZNU aerobics collapsible team.

To estimate the state of different ways of oxide synthesis of nitrogen at all inspected respondents on the
indicated stage of competition period biochemical indexes were determined in the blood plasma that
characterizes intensity of arginine exchange on two alternative ways of metabolism (no oxidizing
arginazing and oxidizing No-synthesis). Intensity of no oxidizing metabolism was estimated, determining
activity of arginase and maintenance of urea, appearing during work of this enzyme. Intensity of
oxidizing degradation of arginine (at which the oxide of nitrogen appears by the way of de novo
synthesis) was estimated on activity of different isoferments of No-synthesis — of calcium dependent
constituent (total activity was determined eNos+ nNos = cNos) and calcium independent (iNos) synthesis
of nitrogen oxide. Estimated was the intensity of no oxidizing reutilizations of nitrate-anions for
resynthesis of nitrogen oxide, determining NADF-dependent nitrate reducing activity. Intensity of
xantinoxidaze reaction flowing was determined on a change by maintenances of urinary acid and
peroxide in blood plasma.

Preliminary determination of biochemical indexes, characterizing functioning of the antioxidant system
of sportswomen, on the initial stage of research rotined the absence of reliable distinctions.

At the end of experiment we succeeded to fix information, testifying to the favorable affecting of
ekdisteron indexes of blood biochemistry of sportswomen from experimental group in a difference from
control group.

The meaningful, statistically reliable increase of intensity of constitutive way of nitrogen oxide
formation(+29,53%), nitrate reductive ways of NO formation (tendency to the increase of activity of
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nitrate reductive on +18,18%), and, vice versa, reliable decline of inducible intensity and arginaze ways
of l-arginine metabolism (decline of ions activity on 32,34%, and arginases on 24,53%), was marked
diminishing of amount of well-educated urinary acid and peroxide (accordingly on 49,37% and 28,
49 %).

Thus, we've exposed, that the antioxidant action of ekdisteron consists in inhibition of nitrogen oxide
synthesis of inducible NOS, in the decline of consumption of arginine an arginase, increase of NO
synthesis by constitutive NOS, lowering of urinary acid level and as a result inhibition of xantioxidaze
reaction which is the reason of radical superoxidanation origin. Achievement of decline of amount of
well-received peroxinite is achieved through diminishing of producting toxic amounts of NO.

Determination of biochemical indexes of blood plasma, responsible for antioxidant status of organism,
fellows, subject to the systematic physical loadings, and also determination of degree of the expressed
ekdisteron influence on the system of nitrogen synthesis can become a long-range research.

Key words: antioxidant system, ekdisteron, nitrogen oxide, 18-20 years old sportswomen.

BBEJEHHUE

B OpraHu3Me 4YCJIOBCKa CYHICCTBYCT CJIOKHAA MHOI'OYPOBHCBAsA AHTUOKCHIAAHTHAA CHCTEMaA
3alIUTEI, KOTOPasd KOHTPOIHUPYET U TOPMO3UT BCC OTAIIbI CBO6OI[HOpaIII/IKaJII)HI)IX pCaKHI/If/'I, Ha4yuyHasiz
OT UX MHHUIIMallMK1 U 3aKaH4YHMBasdi 06p830BaHI/ICM TUAPOIICPOKCHUIOB U MAJIOHOBOT'O JUAJIBACTHAA [1]

CocrossHue opraHm3Ma, Korjga B pe3ylbTaTe JCHCTBHS KaKuxX-Iu00 (aKkToOpoB TeHEparus
CBOOOTHOPAIUKAIBHBIX (DOPM KHCIIOPOJa BO3pacTaeT OOJbIIIE, YeM MOIIHOCTh aHTHOKCHJIAHTHBIX
CHCTEM, Ha3bIBAIOT OKCUJIATHUBHBIM CTpeccoM [2].

[TockonbKy mro0asi CropTHBHas padOTa MPOTEKaeT B YCIOBHUSX MOBBIIICHHOTO MOTPEOICHUS
KHCJIOPO/a, & MHTCHCUBHOCTh MBIIICYHON JESITEIBHOCTH MPH 3TOM MOXKET 4acTO M MHOTOKPAaTHO
MEHATBCSI, BOSMOYKHO BO3HHKHOBCHHUE OTHOCUTEIBHOW TUIIEPOKCUH B MBIIIEYHOH TKaHHU, YTO TOXKE
MIPUBOJUT K aKTUBALlMU CBOOOIHOPAIUKAIBLHOTO OKUCIeHUs [3].

AKTYallbHOCTh HCCJICJIOBAaHUS AHTHOKCHIAHTHOH CHCTEMBI 3alllMThl OPraHu3Ma CIOPTCMEHA,
KOTOpI)II\/JI PEryJIsIpHO MOAAACTCA Harpyske BBICOKOH HUHTCHCHUBHOCTH, HC BBbI3BIBACT COMHEHHUH U
o0ycloBJIeHa HEOOXOJUMOCTBIO KOHTPOJS JaHHBIX TIOKa3aTeled, BEIWYMHBI KOTOPBHIX B
3HAYUTENILHON CTENEHU BIUSAIOT Ha pab0TOCIIOCOOHOCTH CHOPTCMEHA BBICOKOTO Kitacca [4].

B cBsA3M ¢ BBIIEU3II0KEHHBIM, LIEIBIO HAIIETO HCCICAOBAHMS CTal IOMCK BO3MOXHBIX IIyTEH
KOPPEKIIMY AaHTUOKCHUJAHTHOM CHUCTEMBbl OpraHM3Ma CIIOPTCMEHOK BBICOKOW KBalM(pUKALUU C
IIOMOILBIO DKIUCTEPOHA.

MATEPHAJIBI U METO/JbI UCCJIEJOBAHUSA

B skcnepuMeHTe NpHHSIM ydacTue 15 neBymiek — 4iIeHOB COOpPHOM KOMaHJIbl 1O a’poOuke
3anopoCKOro HallMOHAIBHOI'O YHUBEPCUTETA, UMEIOIINX CIIOPTUBHBIN pa3ps]l HE HIKE KaHIuaaTa
B MacTepa CIopTa.

B cooTBeTcTBUM C 11€BI0 MCCIIEOBAHUS HAMH OBLJIO TPOBEICHO OMpeeicHuE OMOXUMHYECKUX
MoKa3areneil CIOPTCMEHOK, KOTOphbIe OBLIM YCIOBHO Da3/eleHHBIX Ha 2 TPYIIbI, KOHTPOIbHYIO
(n=7) u skcnepuMeHTaIbHYIO0 (N=8). Y4acTHUKaM 3KCIIEPUMEHTAILHOM TPYIIIbI OBLIO MPEIOKEHO
MIPUHUMATDH YKIUCTepOH (U3 pacyera | kamnsg Ha 10 kumorpammoB Beca) 1 pa3 B cytku Ha 100 mu
coka B TeueHne 20 gHEH.

[IpuHumass BO BHUMaHHME TIOJIYYEHHBIE paHee JaHHbIC MCCIIEOBAaHUM, IOATBEPKAAIOLINX
3HAYUTENBHYIO A(PQPEKTUBHOCTh WCIIOJB30BAaHMS DJKAWCTEPOHA B KOHIIE COPEBHOBATEIHHOTO
Nepro/ia, HACTOsIEEe UCCIIe0BaHNE ObUIO MPOBEAICHO B YKa3aHHBIN mepuo cpenu JaeBymek 18-20
neT cOopHOM KoMaH bl adpoduku 3HY.

Jliss OIIEHKH COCTOSIHHSI pPa3MUYHBIX MyTed CHHTE3a OKCHAa a30Ta y BCeX OOCIeIyeMbIX Ha
YKa3aHHOM JTale COPEBHOBATEIbHOTO MEpuo/a B IUIa3ME€ KPOBM OIpPENesUId OMOXUMHUYECKHE
MOKAa3aTelny, KOTOpPhIE XapakTepHU3ylOT WHTEHCUBHOCTH OOMEHAa apruHHHAa 10  JIBYM
aIbTePHATUBHBIM (HEOKHCIUTEIBHOMY aprMHAa3HOMY M OKUCIUTEIbHOMY NO-CHHTa3HOMY) MYTSIM
MeTabonm3ma. VIHTEHCMBHOCTH HEOKHCIUTEILHOTO METa0OJIM3Ma  OIEHUBAIH, OIMpEAesis
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aKTUBHOCTH apTHHA3bl U COJEPKAHHE MOYEBHHBI, OOpa3yrolelcs mpu padore 3Toro QepmeHTa.
NHTEHCHUBHOCTh OKWCIUTENBHOW AeTpajaiii apruHuHa (IpH KOTOpOH 00pasyercs OKCHI a30Ta
nyreM de Novo CHHTE3a) OICHHBAIM 10 aKTUBHOCTH Pa3MMuYHBIX m3odepmeHToB NO-CHHTA3 —
KaJIBIIMI3aBUCUMOM KOHCTUTYTHBHOHM (ompeaernsiiack cymmapHas akTUBHOCTh eNOS + nNOs =
cNOS) u xanpruitHe3aBucumoit uHAyIMOensHO (INOS) cuHTa3zbl okcuma aszora. OneHWBaIN
MHTEHCUBHOCTh HEOKUCIUTEIBHOW pEeyTHIM3allMi HUTPAT-aHUOHOB NIl PECHHTE3a OKCHJa a30Ta,
onpenensiss HAJI®D-3aBucuMyl0 HUTpPATPEAYKTa3HYIO AKTHUBHOCTh. VHTEHCHMBHOCTH MPOTEKAHUS
KCAaHTMHOKCUJA3HOM DPEAKUNU ONpPENEesid IO HM3MEHEHUIO COJEPKAHMS MOYEBOW KHUCIOTHI H
IIEPEKUCH BOJOPO/Ia B IIa3ME KPOBH.

AKTUBHOCTh cHHTa3bl okcuja aszora (NO-cuHTa3pl) B IUIa3M€ OMNPEAETSUIM € TOMOIIBIO
KJIACCHUYECKOro Meroja [5], mpucrmocoOaeHHOTo it (HOTOMETPHUYECKUX W3MEPEHUH OJHOTO M3
MPOJYKTOB peakiuu Jerpaganuu L-aprununa. bazanpHyio apruHasHyl0 aKTHUBHOCTH OIpEeisuiv
mo wmeromy M. M. Bradford [6].  AxtuBHOCTh  wHaynuOensHOM ~ NOS  omnpeaensuiu
BBICOKOYYBCTBUTEJIBHBIM KOJIOPUMETPUUECKUM METOJOM [6]. AKTUBHOCTh KOHCTUTYTUBHON NOS B
I1a3Me KpPOBHU pacCUMThIBAM, OTHUMass oOT cyMmmapHoi aktuBHocTH NOS (eNOS+nNOS)
aKTUBHOCTH UHAyLHOenbHON NOS.

CopepxaHue MOUYEBOM KHUCIOTHI M MOYEBHMHBI OIpPENEISUIM IO KOJIOPUMETPUUECKON peakluu B
JIMKBOTAaX IUIa3Mbl KPOBU C IOMOIIBIO Habopa peakTuBoB ¢upMmbl "®ummct-/uarHoctuxa',
r. /IHenponeTpoBck, YKpauHa.

OO11yr0 HUTPATPEAYKTA3HYI0 aKTUBHOCTb OIPENENISIM B IUIa3ME KPOBHM B IPUCYTCTBUM M3JIMIIKA
NADH («Reanal», Benrpusi) u HuTpar-aHHOHA.

Bce mnomydeHHble B XOJ€ MCCICAOBAaHHS OKCICPHUMEHTAJIbHBbIC JaHHbIC ObUIM 00pabOTaHbI
CTaHIAAPTHBIMA METOJIaMH MaTEMaTHYECKON CTATUCTUKH C HMCIOJIb30BAHHEM CTAaTUCTHYCCKOIO
nakera Microsoft Excel.

PE3VJIBTATBI U UX OBCYKJIEHUE

B perynsauuu nedaTeIbHOCTH aHTHUOKCHUIAHTHON CHCTEMBbI OpraHM3Ma BayKHAs POJIb MPHHAJICKUT
okcuay asora (NO). Kak yreepxxmaror M. Whitemanl, J. S. Armstrongl, S. H. Chul u ap. [7],
ooMeH NO TecHO CBsi3aH C AHTHOKCHAAHTHO-TIPOOKCHJIAHTHBIM CTaTyCOM OpraHu3Ma, TaK Kak
JaHHAs MOJIEKyJia 00J1alaeT BHICOKMM CPOJICTBOM K B3aUMOJICHCTBHUIO C CYIEPOKCHI-aHHOHOM, B
pesynbrate yero obOpasyercs mnepokcuHUTpUT (ONOQ’), KOTOphIi HMeEeT BBIpaKEHHBIE
IUTOTOKCUYIECKUE MPOOKCHIAHTHBIC CBOMCTBA.

OOblyHO 00pa3oBaHUE TNEPOKCHHUTPUTA HE3HAYUTENBHOE, IMOCKOJIBKY H30BITOK CyMEepOKCHAa
yAanseTcsl CynepoKCHAIUCMYTa30M, HO TP BOSHUKHOBEHHH OKCHAATUBHOIO CTPECCAa B YCIOBHUSAX
MOBBIIEHHONW (DU3MUECKON HArpy3Kd B OpraHH3Me CKJIQJIbIBAIOTCS BCE TMPEANOCHUIKH IS
NpoaAYKIHMKU TIICPOKCHMHUTPHUTA B KOJIHMYECTBC, AOCTATOYHOM [JI1 BO3HUKHOBCHUA MW PA3BUTHA
MaTOJIOTMYECKUX MPOLECcCOoB [8].

[IepokCMHUTPUT HMEET Tropa3fo OONBIIYI0 PEAKIMOHHYK CIOCOOHOCTh IO CPAaBHEHUIO C
cynepokcuHbIM pagukaaoM U NO. OH y4acTByeT BO MHOTMX XHUMHUYECKUX PEAKLUX, B TOM YHCIE
B HHUTPOBaHUM OCTAaTKOB THPO3MHA B OelKaxX, MHUIIHMALUU IEPEKUCHOTO OKHUCIIEHHUS JUIUAOB,
VHAKTUBAllUM AKOHWUTA3, YTHETEHUM TPAHCIIOPTA DJIEKTPOHOB B MUTOXOHAPUAX MU OKHUCICHUU
OMOJIOTMYECKUX THOJIOB, MPUBOAUT K HapymeHuto ctpykrtypel JHK, urto, B pesynbrare,
MIPOSIBJISICTCS. LIUTOTOKCUYHOCTBIO, allONTO30M M MOXET INPUBECTH K BO3HUKHOBEHMIO MYTAlLlUM.
Kpome Toro, oH akTUBUPYET LIMKIOOKCUTEHA3y, KOTOpas SBJIIETCS KJIIOUEBbIM (DEPMEHTOM CHUHTE3a
IIPOCTarjJaHANHOB, KOTOPBIE SIBJISIFOTCS MOLUIHBIMU MEAMATOPAaMHU BocnaneHus [9].

Baxxno ormetuth, uro NO-cHHTAa3a IpUHAUIEKUT K TPYIIE OKCHAA3, KOTOpasi, PU OMPeesIEHHbIX
YCIOBUSAX, HalpUMep MNpH HenocraTke cyoctpara (L-apruHumHa) uiam KoakTopoB, crocoOHa
CHUHTE3MPOBaTh MEPEKUCh BOAOPOJAa BMECTO OKCHJAA a30Ta, WM NapajljeIbHO CUHTE3UPOBAaTh 3TH
7IBa MPOAYKTA, YTO CYIIECTBEHHO BIMAET Ha 00pa3oBaHUE MEPOKCUHUTPHTA [9].
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JToka3aHo, YTO CYNEPOKCHIAHHOH SIBJSIETCS MTYCKOBBIM 3BEHOM KacKaja paJuKalbHBIX PEaKIHil 1
NPEIIIECTBCHHUKOM OOJBIIMHCTBA aKTHBHBIX (hopM Kuciopoga. OH crmocoOeH WHIYIHPOBAThH
IPOILECCHI CBOOOJHOPATUKATIBHOTO OKHUCIICHUSI c obpa3oBaHueM OpPraHMYECKUX
rugponepekuceii [10].

[ToBbIllICHNE KOJMYECTBA AKTUBHBIX (OpPM KHUCIOpOAa HE TONBKO HHAYIHPYET IPOIECCHI
CcBOOOHOPAIMKAIILHOTO MEPEKUCHOTO OKUCIICHHUS JIMIKUJI0B, HO U BbI3bIBaeT noBpexaeHus JJHK,
YTO COIPOBOKIAETCS BOSHUKHOBEHUEM TOYKOBBIX MyTaruii [11].

N3BectHo, utro L-apruauH (yCIOBHO-HE3aMEHHMMAas aMHUHOKHCIOTA) SBJSETCS  Ba)KHBIM
MeTaboIMTOM OpraHW3Ma YeJIOBEKa, Y4acTBYs B MpoIeccax a30THCTOro oOMeHa. Tak, Ha cerojHs
W3BECTHHI TakWe IIyTH B3auMoONpeBpalieHus L-apruHuHa: HEOKUCIUTEIbHBIA AaprUHAa3HbIA U
OKUCIUTENLHBIM NO-CHHTa3HBIN.

VHTEeHCUBHOCTh ~ NPOTEKaHWsI  HEOKUCIUTEIBHOTO  IYTH  MOXET ObITh  KOJMYECTBEHHO
OXapaKkTepru30BaHa HM3MEHEHHWEM AaKTHBHOCTH  apruHa3bl, (epMeHTa, KaTaIH3HPYIOILIETO
o0pa3oBaHME MOYEBHHBI W3 AMMHOKHUCIOTHIL. KOHILIEHTpanusi MOYEBHHBI TaKXKE MOXKET OBbITh
MHMKAaTOPOM HaIlpaBJIEHHOCTH MeTabonu3Ma L-aprunusa.

MoueBuHa ABIISIETCSl MOKA3aTelIeM, XapaKTEPU3YIOIIUM HWHTEHCUBHOCTh NMPOTEKAHMS aprUHA3HOU
peakiuu. ITOT MEeTabOJIUT BBICTYIIAET B KAYECTBE XeJIaTopa CBOOOIHOTO JKeye3a, TAKUM 00pa3oM B
HU3KUX KOHLEHTpAUUsAX NpPOSABISII AHTUOKCHUJAHTHBIE CBOMCTBA 3a CUET B3aMMOJICHCTBUA C
THJIPOKCHIIBHBIM pajuKaioM, oOpasyrmomumMcs B peaknun DeHToHa. B BBICOKMX KOHIICHTPAIHSIX
MOUYEBHMHA TPEJCTABIAECT COOOM TOKCHMYECKHH TpoAyKT oOmeHa. [loaToMy [uis oOIeHKH
(YHKITMOHUPOBAHMSI AHTHUOKCHIAHTHOH CHCTEMBI MBI YYHUTHIBAIM YPOBEHb MOYCBHHEI,
KOHTPOJIUPYSI APTUHA3HYIO PEAKIIUIO.

VYcranoBneno, uto NO-CHHTa3HBIN MyTh MPUBOJUT K 00OpPa30BaHUIO OKCHAA a30Ta MOJ JEHCTBUEM
NO-cuntaz. O0 HMHTEHCHMBHOCTH IaHHOTO MpoIlecca MOXHO CYAWUTh IO JQHHBIM aKTHBHOCTHU
KOHCTUTYTHUBHOM KanbluizaBucumoi cNOS u nnaynn6ensHol kanbiuitHesaBucumoit iNOS.

I'oBOopst 0 MPOAYKIMM OKCHAA a30Ta, BaKHO BBIACNATh HUTPAT/HUTPUTPEIYKTA3HbIM MyTh €ro
CHUHTE3a. JTO OECKHMCIOpPOJHbIN MEeXaHHW3M, 00 MHTEHCUBHOCTH KOTOPOTO CYAST MO HU3MEHEHHIO
ypoBHs HAJ[®D-3aBUCHMOI HUTPATPEYKTa3HOW aKTUBHOCTH.

I/I3B€CT€H q)aKT, qTO MOYECBAsA KHCIIOTA SBIISICTCS HpOI[}IKTOM KC&HTHHOKCHI{&SHOﬁ peaKHI/II/I.
HccnenoBanue 3T0ro mokasaresis €O CTOPOHBI aHajdv3a aHTUOKCUIAAHTHOM CHCTEMBI ITPOBOIAUTCS
HaMU BCJIE/ICTBHE CTIEUM(DUKH BbIIIEYKA3aHHON pPeaKIMH, MPOTYKTaMH KOTOPOH SIBJISIFOTCS TOMHMO
MOYEBOM  KHUCJIOTBI, TOKCHYECKHME  NPOOKCHIAHTHbIe  coenuHeHus.  KcaHTuHOKcHaaza
KaTaboNMM3UPyeT MyPUHBI JO MOYEBOM KHUCIOTHI M B COMPSDKEHHOW pEaKIIMH BOCCTAHABIMBAET
KHCIIOPOJI 10 CyNepoKcuaa (CIIOHTaHHO TUCMYTUPYIONIUHN B TEPOKCH BoAopoa). Takum oOpazom,
B TIpOIECCe peaKIMu o0pa3yroTcs peakTUBHBIE (OPMBI KHUCIOPOJAA, CIOCOOHBIE BBI3BATH
OKCHJIATUBHBIN CTpECC.

[TpenBaputensHOE orpe/ieNIcHNe OMOXHUMHYECKUX nokasareJsei, XapaKTEPU3YIOIINX
(GYHKIIMOHMPOBAHUE AHTUOKCHJAHTHOM CHUCTEMbI CIIOPTCMEHOK, TPHUHSBIIAX YYacTHE B
MCCIICIOBAaHNH, Ha HAYaJIbHOM JTare SKCIIEPUMEHTa ITOKa3aja0 OTCYTCTBHE JOCTOBEPHBIX Pa3IdIHi
B mipo0ax (tab:. 1).

Tabmuma 1 — 3HaueHuss OMOXMMHUUYECKUX IIOKA3aTeIe€d COCTOSHHS aHTHOKCHUIAHTHON CHUCTEMBI
opranu3ma nieByiiek 18-20 net (KOHTpoIbHAS U SKCIIEPUMEHTaIbHas Tpymibl) (M+m)

DKCrepUMeHTaIbHAS
ITokazarenu KonTponbHas rpynna t
rpynna
Urnymabenpras NO-cuntasa, 26,15+0,66 26,23+0,70 0,08
IIMOJIbL*MHH *MTI" ~ OeJIKa
KOHCTI/ITyTIiIlBHaS_IlNO-CI/IHTa3a, 15,69+1.24 15734136 0,02
MIMOJIL"MHH *MI'~ OellKa
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DKcnepuMeHTaNbHas
[Toxazarenu KonTponeHas rpymnmna t
rpyImma
Hurpatpenyirasa, 3,70£0,31 3,78+0,23 0,21
HMOJIb MUH *MI ~ O€JIKa
Aprumasa, 1,34+0,06 1,320,08 0,20
HMOJIb MUH *MI ~ O€JIKa
Movepas kuciora, 2,3240,23 2,360,29 0,11
HMOJIb ~ MI" O€JIKa
Movuespa, 77,69+5,03 77,60+5,17 0,01
HMOJIb ~ MI" OeJIKa
1
ITepekuch BOAOPOIA, TMOJEL ™~ MT 4,4940,29 4,5140,19 0,06
Oenka

OTO MO3BOJWIIO HAM IOJYYUTh OJHOPOJIHBIE TPYIIIBI UCIBITYEMbBIX U MEPEUTH KO BTOPOMY 3TaIly
UCCIICOBAHMS, 3aKIIOYAIOUIEMYCsi B AHAIW3C BIMSAHMA OKIUCTEPOHA HA  IIOKA3aTeNn
AQHTHOKCHJIAHTHOM 3aIllUTHl CIIOPTCMEHOK 3KCIEPUMEHTATbHOW Tpynnbsl. [Ipum sToM Hamu ObLIO
OCYIIECTBIICHO MOBTOPHOE OMOXMMHYECKOE HCCIEIOBAaHHE CPEO JEBYIIEK, HE NPHHUMAIOIINX
SKJIUCTEPOH.

B KOHTpONBHOI Tpymme MO0 OKOHYaHHHM JKCHEPUMEHTAIBHOTO HCCIIENOBaHUS HaM HE YyJIaloCh
3aUKCUPOBATh CTATHCTUYECKM 3HAYUMBIX W3MEHEHHUH MoKa3aTesneld OMOXUMHUH IUIa3Mbl KPOBU
(tabm. 2). Bpun 3aMeveHbI JHIIb HE3HAYMTENIbHBIC TCHACHIIMHM B yMEHbIIeHHH TokasaTeneir INOS,
cNOS, aKkTHBHOCTH apryuHa3bl, KOJIMYECTBA MOYEBON KHCIOTHI MU MOYEBHUHBI (YyMEHbBILIEHUE Ha
0,46%, 0,38%, 3,08%, 0,43%, 1,03 COOTBETCTBEHHO) M B YBEJIMYCHHUHU MOKa3aTejel aKTUBHOCTHU
HUTpATpEeNyKTa3bl W COACp)KaHUS TepeKucu Bojaopona (yBenumdyenue Ha 3,65% u 2,18%
COOTBETCTBEHHO)

Tabnuma 2 — 3HaueHUs OMOXMMHYECKUX ITOKa3aTeIe€d COCTOSHHS aHTHOKCHUIAHTHOM CHUCTEMBI
opraHusma JIEBYILICK 18-20 Jer (KOHTpOJIbHAs rpyImna) 10 u IOCJIE
NpoBe/ieHus dKcrepuMenTa (M+m)

ITokazarenu Hauano sxcnepumenTa Oxoraime t A%
IKCIIEPUMEHTA
I/IH,Z[yHI/I6eJI_IZHaH_lI\IO-CI/IHTa3a, 26.,1520,66 26,03+0,68 0,13 -0,46
[IMOJIb'MHH *MI'~ OeJlKa
KOHCTHTyTP_IlBHaf_{lNO—CHHTasa, 15,6941,24 15,63+1,02 0,04 -0,38
MMOJIb MUH *MTI'~ OeJKa
Hmpanen}_/fTaa_a, 3,70+0,31 3,8440,34 0,30 3,65
HMOJIb"MHH ~*MT ~ OeJlKa
Aprunasa, L 1,34+0,06 1,30+0,04 0,55 -3,08
HMOJIb MUH "M OeNKa
Moqu_'im KHCJIOTA, 2324023 2.3140,17 0,03 -0,43
HMOJIh - MT OeJKa
Movesnia, 77,69+5,03 76,9+4,87 0,11 -1,03
HMOJIb ™~ MT OelTKa
1

Heperrct B0A0poa, MMOID 4,49+0,29 4,59+0,24 0,27 218
Mr Oenka

[Tony4yeHHble MaHHBIE MOTYT CBHJIETEIHLCTBOBATH O HEKOTOPOM CHIDKEHHHM PabOTOCTIOCOOHOCTH,
BBI3BAHHOM YXY/ILICHUEM MOKa3aTeNel CUCTEMbl aHTUOKCHUIAHTHOM 3aIlIMThl OPraHu3Ma, MPUCYILEe
KOHITy COPEBHOBATEIBHOTO NIEPUOAa CHOPTCMEHOB [12].
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Tabmuma 3 — 3HaueHUd OMOXMMHUUYECKHX ITOKA3areled COCTOSHUS aHTUOKCUIAHTHON CUCTEMBI
opranusma  ngeBymiek  18-20  ymer  (dKCIepUMEHTaldbHAs  Tpynma) 70 W TIOCHe
IIpOBeeHUS 3KcnepuMenTa (M+m)

TToxazarenu Hauano skcnepumenTa Ororranme t A%
IKCIIEPUMEHTA
I/IHI[yHI/I6CJ'I_IIHa$I_lI\IO-CI/IHTa3a, 26,23+0,70 19,82+1,40% 4,10 -32,34
MIMOJTB*MHH *MT ~ OeJka
KOHCTI/ITyTIiIlBHaS_[lNO-CI/IHTa3a, 15.73+1.36 22.32+1,66% 3,07 +29,53
IIMOJIb'MUH "MI'~ OeJKa
Hutpatpenykrasa, 3,78+0,23 4,62+0,25% 2,47 +18,18
HMOJIb'MHH "MT ~ OeJka
Aprunasa, 1,32+0,08 1,06+0,06* 2,60 -24,53
HMOJIb'MUH "MI'~ OeJlKa
Movuesas kucrora, 2,36+0,29 1,58+0,26 * 2,00 -49,37
HMOJTb ~ MT OeJKa
MorcspHa, 77,60+5,17 77,66+5,17 0,01 +0,08
HMOJIb ~ MT 0eJlKa
I
[Tepekuck Bomopoa, MMOJIb 4514019 3,51+0,31% 2,75 -28.49
Mr Oenka

[locnme mnpuMeHeHUS OSKAUCTEPOHA HAaMHU OBUIO MPOBEACHO IOBTOPHOE  OMpe/elieHue
OMOXMMHMYECKHX IIOKa3aTelell B JKCIepUMEHTaNbHON rpymme (Tada. 3). OTMEYeHO 3HAaYHUMOE,
CTaTUCTUYECKU JOCTOBEPHOE YBEIMUYEHUE WHTEHCHBHOCTU KOHCTUTYTMBHOIO MYTH OOpa3oBaHUs
okcuaa azora (1+29,53%), Hurparpeaykra3Horo nmytu oopa3zoBanus NO (TCHACHIMS K YBEIHMUYCHHIO
aKTUBHOCTH HUTpaTpeaykTassl Ha +18,18%), 1, HA00OPOT, TOCTOBEPHOE CHUYKEHHE HHTEHCUBHOCTHU
WHAYIHOCIBHOTO W apTUHA3HOTO MyTed MeTtabonu3Mma L-aprununHa (cHmkeHue akTuBHOCTH iINOS
Ha — 32,34%, a aprunaszel Ha — 24,53%) yMeHblIeHHE KOJIMYECTBa OOpa30BaHHON MOYEBOM
KHCJIOTHI M IEPEKMCH BOIOPO/Ia (COOTBETCTBEHHO Ha -49,37% u —28,49%).

Tabmuua 4 — CpaBHeHMe 3HAaUeHUH OMOXMMMUYECKHX IOKa3aTejeid COCTOSHUS aHTHOKCHIAHTHOMN
CUCTEMBl  OpraHM3Ma  JIEBYIIEK 18-20  mer M0  OKOHYAaHMU  DKCIEPUMEHTa
(KOHTpOJIbHAS M SKCHIepUMEHTaNbHas rpynmsl) (M+m)

[TokazaTenu KontponbHas rpymnmna JKcnepumen- t A%
TaJbHasA rpyr[na
Hunymubenbhas ~ NO-cuntasa, 26,03+0,68 19,82+1,40% 3,99 31,33
IIMOJIbMHUH *MI "~ OeJIKa
KOHCTI/ITyTIiIlBHas_Il NO-cunTa3sa, 15,63+1,02 22.32:+1,66* 3.43 +29.97
IIMOJIb*MHH -MTI' 66.]'[1(3
Hutparpenykrasa, 3,84+0,34 4,62+£0,25% 1,85 +16,88
HMOJIb"MHUH -MTI" ~ O€eJIKa
Aprunasa, L 1,30+0,04 1,06+0,06* 3,33 -22,64
HMOJIb*MHUH “MTI' 6em<a
Movuesas Kucnota, 2.3140,17 1,58+0,26* 2,35 -46,20
HMOJIb ~ MT O€eJiKa
Mouesuna, 76.9+4 .87 77.66+5.17 011 +0.98
HMOJIb ~ MT Oelka
I

g:fgm’ BOAOPOAA, TIMOIE M 4,99+0,41 3,59:0,24* 2,95 -39,00

B Ttabmume 4 mnpencraBieHbl JaHHBIC, CBUACTEIBCTBYIOIHME O OJAromnpusTHOM BO3JEHCTBUU
SKIUCTEpOHA HA TMOKazaTelnn OWOXMMHUU KPOBH CIIOPTCMEHOK AKCIEPUMEHTAIbHOW TPYIIbBI B
OTJIIMYHUEC OT KOHT‘pOJ’IBHOﬁ. Hamn BBIAABJICHO, YTO AHTHOKCHUIAHTHOC I{GﬁCTBHe SKAUCTEPOHA
3aKJII0YAaeTCsl B WHTMOMPOBAHWMM CHHTE3a OKCHAa a30Ta MHAynuoOensHoit NOS, B CHMXeHHH
noTpeOeHus aprTMHUHA apTUHA30#, MoBeIeHHH cuHTe3a NO koHcTUTyTHBHON NOS, MOHMXEHUN
YpOBHA MOYEBOU KHCIIOTHI U, KaK CJI€ACTBUC, I/IHFI/I6I/IpOBaHI/II/I KcaHTI/IOKCI/II[a.SHOI‘& pcaKknuy,
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KOTOpasi SBJSIETCS MPUYMHON BO3HUKHOBEHHUS CYIEPOKCHJIAHWOH paaukana (HeoOXomuM s
oOpa3oBaHHs  TEPOKCHHUTpUTA). JlOCTHMXKEHHWE  CHWXKEHHUS  KOJMYecTBa  0Opa3oBaHHOTO
MEPOKCHHUTPUTA JOCTUTACTCS TAK)KE 3a CUET YMEHBIICHHUS MPOIYIHPOBAHUS TOKCHYECKUX
konmyecTB NO.

aKﬂHCTepOH BBI3BAJI HU3MCHCHHC AKTUBHOCTH HCKOTOPLIX KIHYCBBIX MCTaGOHI/ITOB CHUCTEMBbI
CHHTEe3a OKcua a3ora. JlocroBepHoe cHmkeHne akTuBHOCTH INOS M apruHasbl y TpPEHHPOBAHHBIX
JCBYIICK B pe3yJbTare MPUMEHEHHs OKIMCTEPOHA CIOCOOCTBYET CHIDKECHHIO 0Opa3oBaHUs
TOKCHYECKUX KoiuuecTB NO, CHHKas TeM CaMbIM BEPOSTHOCTh O00Pa30BaHHUS MEPOKCHHUTPHTA
ONOQO'. IIpenapar 3HaUUTENHHO CHUXKAJI 00pa30BaHUE CYNIEPOKCUIAHNOHA B TUIa3Me KPOBH, O YeM
CBHJIETCIILCTBYET TOCTOBEPHOE CHIKEHHE KOJTMYECTBA MOUYCBOM KHUCIIOTHI.

HepCHeKTI/IBHHM HUCCIICAOBAHUEM MOXKCET CTaTb OIPCACIICHUC OHMOXMMHUYECKUX IIOKa3aTele
I1a3Mbl KPpOBH, OTBCYHAIOIIUX 3a aHTI/IOKCI/II[aHTHHﬁ CTaTyC OpraHui3ma, napHeﬁ, IMOABEPKCHHBIX
CUCTEMATHNYCCKUM @H?;H‘IGCKPIM HarpyskaM, a TaKKC OIIpCACICHUC CTCIICHU BBIPA)KCHHOCTHU
BJIMAHUA SKAUCTCPOHA HAa CUCTEMY CHHTC3a a30Ta.

BbIBO/IbI

1. B xopae uccienoBanus ObUI MPOBEICH OMOXMMUYECKUN aHATN3 TUIa3Mbl KPOBU CIIOPTCMEHOK
18-20 ner, uneHoB c6opHoi komanasl 3HY mo a’spobuke; yCTaHOBIIEHO, YTO 3KIUCTEPOH,
BbI3BJI JIOCTOBEPHO 3HAUYMMble MW3MEHEHHUs IOKa3aTejled aHTUOKCHJAHTHOM CHCTEMbI
JIEBYIIEK 3KCIEPUMEHTAIBbHON TPYIIIBL.

2.  DKIOUCTEpOH BBbI3BAI YIy4llleHHWE MOKa3aTeled aHTHOKCHJAHTHOM CHCTEMbl CIHOPTCMEHOK
SKCHEPUMEHTATBHON TPYNIBl BCICACTBHE WHTHOMPOBAaHHMS CHHTE3a OKCHJIA a30Ta
unnynuoensHoir NOS (camxkenue aktuBHocTH iINOS Ha 32,34%), B CHIDKEHHU MTOTPEOJICHHS
apruHUHA apruHa30i (CHMKCHUE aKTHBHOCTH apruHasbl Ha 24,53%), MOBBINICHUU CHUHTE3a
NO konctutytuBHoit NOS (yBenuuenue aktuBHOCTH ¢ NOS Ha 29,53), mOHMKEHUH YpOBHSI
MOYEBOM KHCIIOTHI (CHIDKCHUE KOHIICHTPALMK MOYEBOM KHCIIOTHI B IJIa3Me KpoBu Ha 49,37%)
U, Kak CJeJICTBHE, WHTMOMPOBAHWM KCAaHTHOKCHAA3HOM peakluu, CHU)KEHUU YPOBHSA
TOKCHYECKOI'0 POYKTa Mepekucu Bogopoa (Ha 28,49%).

JIUTEPATYPA

1.  AHTHOKCHJAHTHA cUCTeMa 3axHcTy oprasizmy (orisn) / [beneniues 1. ®., JleBuupkuii €. JI.,
I'yocekuii FO. 1. Ta in.] // CoBpeMenHbIe TIpoOIeMbl Tokcukonoruu. — 2002, — Ne 3. — C. 24-
30.

2.  OkcumaTMBHHMH CTpec y TaroreHesi Ba3oTokcwyHOi nii cBuHIO / [Amnumxrina O. JL.,
Komtopy6a A. B., Kopkau FO.Il.ta iH.] // 3m00yTku KIiHIYHOI 1 €KCIEpUMEHTAIbHOT
memuiuan. — 2011, — Ne 2. — C. 19-21.

3. Bemmuko T.W. Owusmueckas pabOTOCIIOCOOHOCTh M CHCTEMAa «IIEPEKUCHOE OKHCIICHHE
JUMHUJIOB — AHTHOKCHUIAHTBI» y CIIOPTCMEHOB Ha PA3MUYHBIX 3Tamax TOJWYHOTO LUKJIa /
T. U. Benmuuko, E.W. I'pumuna [moa. pea. mpod. M. M. [NoneBmmkoBa] // duszuyeckas
KyJIbTypa, CIOpT, 310poBbe, Buptyans — 19: marepuanst Beepoc. Hayd.-npakT. koH). 1-20
arpenst 2012 . — Mommkap-Omna: M3x-o Mapl'V, 2012.— C. 43-46.

4. daktop D.A. IlepekucHoe OKHUCICHHE JHUNHIOB TpU (HU3MYECKHX HArpy3kax U €ro
KOppEKIUn OK30I'CHHBIMHU cpeacrsaMu C I CJIBIO TTIOBBIIIICHUA (1)I/I3I/I‘I6CKOI\/'I
paboTocrnocoOHOCTH CIOPTCMEHa: aBToped. auc. ... A-pa Omon.Hayk : 03.00.04, 13.00.04 /
3. A. ®akrop. — CII6., 1995. — 24 c.

5. Chin S.Y. Increased activity and expression of Ca**-dependent NOS in renal cortex of ANG
I1-infused hypertensive rats / [Chin S.Y., Pandey K..N., Shi S.J. et al] / American Journal of
Physiology. —1999. — 277, Ne 5. — P. 797-804.

bionoziuni nayku



10.

11.

12.

10.

11.

12.

137

Bradford M. M. A rapid and sensitive method for the quantitation of microgram quantities of
protein utilizing the principle of protein-dye binding / M. M. Bradford // Analytical
Biochemistry. — 1976. —Vol. 72. — P. 248-254.

The novel neuromodulator hydrogen sulfide: an endogenous peroxynitrite ‘scavenger’?/
[Matthew Whitemanl, Jeffrey S. Armstrongl, Siew Hwa Chul et al.] // Journal of
Neurochemistry. — 2004. — Ne 90. — P. 765-768.

Ponp oxcuaa azota M KUCIOPOJIHBIX CBOOOJHBIX PaJUKajIOB B IATOIEHE3E apTepUaIbHOU
runeprensun / [Manyxuna E. b., Jlasmuna H. I1., {onotoBckas I1.B. u ap.] // Kapauonorus. —
2002. — Ne 11. — C. 73-84.

Cunsiuenko O.B. Oxcun azora B TepameBTuueckod mnpaktuke / O. B. CunsdeHko,
T. B. 3Baruna. — [{onenk, 2001. — 250 c.

CymbaeB B. B. Kcantnokcunaza Kak KOMIOHEHT CHCTEMbI T€HEpUPOBAaHUS aKTHBHBIX (hopMm
kucnopona / B. B. CymbaeB, A. . PozanoB // CoBpemeHHbIE MPOOIEMbl TOKCUKOJIOTHH. —

2001. — Ne 1. - C. 37-43.

Maena X. Okcuji a30Ta ¥ KHUCJIOPOJIHBIC pajHKalibl NMPU HH(EKIUH, BOCHAJICHHH H pake /
X. Maena, T. Akauke // buoxumus. — 1998. — Ne 63. — C. 1007-1020.

bornanoscrka H. B. BB exaucTepoHy Ha CHCTEMY CHHTE3y OKCHIY a30Ty MAiBYaT
cropTcMeHOK BHcokoi kBamidikamii / H. B. bornanosceka // IlutanHs Oloinamkamii Ta
exoJjorii. — 2010. — Bum. 15, Ne 2. — C. 172-180.

REFERENCES

Antioksidantna sistema zahistu organizmu (ogljad) / [Belenichev 1. F., Levic'kij €. L., Gubs'kij Ju. I. ta in.] //
Sovremennye problemy toksikologii. — 2002. — Ne 3. — S. 24-30.

Oksidativnij stres u patogenezi vazotoksichnoi dii svincju / [Apihtina O. L., Kocjuruba A. V., Korkach Ju. P. ta
in.] // Zdobutki klinichnoi i eksperimental’noi medicini. —2011. — Ne 2. — S, 19-21.

Velichko T. I. Fizicheskaja rabotosposobnost' i sistema «perekisnoe okislenie lipidov — antioksidanty» u
sportsmenov na razlichnyh jetapah godichnogo cikla / T. I. Velichko, E. I. Grishina [pod. red. prof. M. M.
Polevshhikova] // Fizicheskaja kul'tura, sport, zdorov'e, Virtual' — 19: materialy Vseros. nauch.-prakt. konf. 1-20
aprelja 2012 g.— Joshkar-Ola: 1zd-vo MarGU, 2012.—- S. 43-46.

Faktor Je. A. Perekisnoe okislenie lipidov pri fizicheskih nagruzkah i ego korrekcii jekzogennymi sredstvami s
cel'ju povyshenija fizicheskoj rabotosposobnosti sportsmena: avtoreferat dis. ... d-ra biol.nauk : 03.00.04,
13.00.04 / Je. A. Faktor. — SPb., 1995. — 24 s.

Chin S.Y. Increased activity and expression of Ca”’-dependent NOS in renal cortex of ANG Il-infused
hypertensive rats / [Chin S. Y., Pandey K. N., Shi S. J. et al] // American Journal of Physiology. —1999. — 277,
Ne 5. — P. 797-804.

Bradford M. M. A rapid and sensitive method for the quantitation of microgram quantities of protein utilizing the
principle of protein-dye binding / M. M. Bradford // Analytical Biochemistry. — 1976. —Vol. 72. — P. 248-254.

The novel neuromodulator hydrogen sulfide: an endogenous peroxynitrite ‘scavenger’?/ Matthew Whitemanl,
Jeffrey S. Armstrongl, Siew Hwa Chul [et al.] // Journal of Neurochemistry. — 2004, — Ne 90. — P. 765-768

Rol' oksida azota i kislorodnyh svobodnyh radikalov v patogeneze arterial’'noj gipertenzii / [Manuhina E. B.,
Ljamina N. P.,Dolotovskaja P. V. i dr.] // Kardiologija. — 2002. — Ne 11. — S. 73-84.

Sinjachenko O. V. Oksid azota v terapevticheskoj praktike / O. V. Sinjachenko, T. V. Zvjagina. —Doneck, 2001.
—250s.

Sumbaev V. V. Ksantioksidaza kak komponent sistemy generirovanija aktivnyh form Kkisloroda /
V. V. Sumbaev, A. Ja. Rozanov // Sovremennye problemy toksikologii. — 2001. — Ne 1. — S. 37-43.

Maeda H. Oksid azota i kislorodnye radikaly pri infekcii, vospalenii i rake / H. Maeda, T. Akaike // Biohimija. —
1998. — Ne 63. — S. 1007-1020.

Bogdanovs'ka N. V. Vpliv ekdisteronu na sistemu sintezu oksidu azotu divchat sportsmenok visokoi kvalifikacii
/' N. V. Bogdanovs'ka // Pitannja bioindikacii ta ekologii. — 2010. — Vip. 15, Ne 2. — S. 172-180.

Bicnuk 3anopizbko2o nayionanvnozo ynieepcumemy Ne2, 2014



138
UDC 5D4.75.D5:612.11:612.616.2-D55.1

THE CHANGE OF BIOMETALS CONTENT (Cu, Mg, Zn) IN BLOOD
AND SEMEN AND THEIR RELATIONSHIP TO THE FERTILITY OF MEN,
WHO WERE CONTAMINATED BY ANTHROPOGENIC AIR POLLUTION
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This work is devoted to the research of the influence of the change of biometals content (Cu, Mg, Zn) in
blood and seminal plasma and their relationship to the fertility of men, who were contaminated by
anthropogenic air pollution. Such methods were used: cytochemical, biochemical and ecohygienic. The
content of Zn, Mg, Cu in the blood and sperm of 190 men, 134 of them were metallurgical workers, was
researched. We separated them according to the groups with such signs: fertility, contamination by air
pollution and smoking.

The results of the research are the following: 1) air pollution influences on the content of chelatable
metals in plasma of blood and semen and in the spermatozoons; 2) chronic influence of this factor
decreases Zn and Mg content in blood and seminal plasma and in the spermatozoons, but this process is
accompanied with increase of Cu content in fluids and cells; 3) the decrease of Zn and Mg content in
fluids and cells leads to the result of an infertile status of the men who were contaminated by
anthropogenic air pollution. In future we will study the methods of correction of this effect.

Key words: content of biometals in blood and seminal plasma, fertility of men, anthropogenic air pollution.

3MIHU BMICTY BIOMETAJIIB (Cu, Mg, Zn) Y IIJIA3MI KPOBI I CHEPMI
TA iX BILIUB HA ®EPTHJILHICThH YOJIOBIKIB, IO MIJTABAJIUCS JIi
AHTPOIIOTEHHO 3ABPY/IHEHOI'O MTOBITPSI

€menxo 10.B., boet B./l., Omenssnauuk B.M., I'pomenko O.0O., [llatocrkuii FO.0.

3anopizbkuii HayioHanbHull yHigepcumem
69600, Ykpaina, 3anopixcoics, eyn. ['ozons, 62

vd.bovt@gmail.com

Exonmoro-TirieHiYHIMH Ta NATOXIMIYHUMH METOJAMH MIPOBOIMIIKCS JOCIHIIKEHHS BILUTUBY 3MiH MOKAa3HHKIB
MeTaloJliranHoro romeocrasy (Bmicty Zn, Mg, Cu B mia3Mi KpoBi Ta cnepmi i B crepMaTo3oigax) Ta
(epTHIBHICTD YOJIOBIKIB, 110 KOHTAKTYIOTh 3 aHTPOIIOI'€HHO 3a0PY/IHEHHSM MOBITPSM (TIHJI BXKKUX METAIIB,
TIOTIOHOBHH auM). O6ctexxkeHo 190 poOITHUKIB MeTanyprilHUX MHiANPUEMCTB, NOAUICHUX Ha TIPYyNU 3a
03HaKaMu: (epTHIIBHICTD, KOHTAKT 3 BAXXKKMMHU METaJlaMU Ta ITaliHHSL.

Y pesyabTari IOCHiZKEHHs OyJlO BCTaHOBJEHO, IO BIUIMB aHTPOINOTEHHO 3a0pyAHEHOro TOBITPS
nigBuigye BMict CU B ruta3Mi KpoBi i criepMi, a TAaKOX y CIepMaTo30inax, 30KpeM, 3a BCiMa MOKa3HUKaMH
3HIDKYETBCS BMICT ZN Ta MQ, mo y CBOIO Uepry BUKIWKAe MOPYIICHHS YOJOBIYOi (pepTHIBHOCTI, sKe
MPOSABIAETHECA 3HIKCHHSAM (EepTIIBHOCTI B Tpymmi, IMo mepedyBala IMmia di€l0 aHTPOMOTESHHO
3a0pyIHEHOTO TOBITPS Ta OO MMOBHOTO 3HUKHEHHS (EPTHIBLHOCTI B TPYHi KypIiB, MO0 KOHTAKTYBAaIH 3
MTUJIOM Ba)KKHX METaJiB.
IMomanemri qocnigkeHHss HEOOXITHO CIPSIMYBAaTH HAa 3HAXOJUKCHHS CITOCOOIB MOIEpePKEHHS BHHUKHCHHS
[HUX SIBUIN, a TMPU iX BUHUKHEHHI — 3aco0iB ix kopekmii. Takox Oa)kaHO Tepen UM JOCHIIUTH BIUIMB
AHTPOINOTEHHHUX (PaKTOPIB HA EKCIIEPUMEHTAIBHUX TBApHHAX.
Kniouosi cnosa: emicm Oiomemanié 6 niasmi Kposi ma cnepmi, QepmuibHiCmb Y0108iKi8, AHMPONOSEHHO
3a0pyonene nogimpsl.

MU3MEHEHMUS COAEPKAHUSI BUOMETAJIJIOB (Cu, Mg, Zn) B IIJIABME KPOBHU U CIIEPME
1 WX BJIUSHUE HA ®EPTUJIbHOCTb MYKYHH, ITIOJABEPTABIIINXCSI BO3JEHCTBHUIO
AHTPOIIOTEHHO 3ATPS3HEHHOI'O BO3JIYXA

Emenko 10.B., bost B. /1., Omenbsaunk B.H., 'pomenko E.A., [llatoBckwmii F0.A.
3anopoorcckuii HAYUOHATLHBLI YHUGEpCUMEN
69600, Vkpauna, 3anopooicwe, ya. I'ocons, 62
vd.bovt@gmail.com

DKOJOTO-TUTHCHUYECCKUMU | OUTOXUMHUYCCKNUMHU METOJaMH, NPOBOIUIOCH HMCCICIAOBAHUC BIIMAHUA
H3MCHEHMI MoKa3aTele METAJJIOJIMTaHAHOT'O IroMe€ocCTa3a (cozxepn(a}me Zn, Mg, Cu B mmasme KpOBHU U
CriepMe, a TaKKe cnepMaTos*on,uax) Ha (bepTI/IJ'II)HOCTL MYKYWH, KOHTAaKTUPOBABIINX C AHTPOIIOTCHHO
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3arpsA3HEHHBIM BO3IYXOM (TIBUIb TSDKEINBIX METAJUIOB, TabadHbIM abiM). OOciemoBanbl 190 paboumx
METAJUTYPTUUeCKUX MPEIIPUSATHI, pa3faenEHHbIX Ha TPYIIbI M0 MpU3HaKaMm: (pepTHILHOCTh, KOHTAKT C
TsOKENBIMU METAJIIAMHU U KypEHUE.
B pesyibrare ucciIenOBaHHS YCTAHOBIEHO, YTO BO3ACUCTBUE aHTPOIOICHHO 3arps3HEHHOTO BO3JyXa
noBbImaeT coaepkanne CU B Iuta3Me KpOBH, CIepMe, a Takke B chepmarto3ouaax. Kpome Toro,
MPOUCXOUT CHWXKEHHUE cojepkaHusi MQ u Zn mo BceM MOKa3zaTessM, 4TO B CBOIO OYEpE[b BHI3bIBACT
HapyIICHUE MYKCKOW (DepTHUIBHOCTH MY)KUUH, COYCTABIIUX KYPEHHE C BO3ICHCTBUEM 3arpsi3HEHHOTO
BO3yXa.
JanpHeWmue wuccleoBaHUs HEOOXOAMMO HANPABUTh HAa HAXO0XKICHHE CIOCOOOB MPEAYIpPEeKICHUS
BO3HHMKHOBCHHS STHUX HETaTHBHBIX MPOSBICHUN, a NpPH BO3HUKHOBEHHH — METOJOB WX KOPPEKIIHH,
KENAaTeIbHO MPEABAPUTEIHLHO OTPAaOOTAHHBIX HAa SKCIIEPUMCHTAIBHBIX JKUBOTHBIX.
Kniouegvie cnoea: cooepocanue Ouomemannog 6 niasme KpoGu U CHepMbl, (QepMmUIbHOCMb  MYICUUH,
AHMPONO2EHHASL 3A2PAZHEHHOCTb 8030VXA.

INTRODUCTION

On the biological trace elements Zn, Mg and Cu are important in reproduction. Zinc has been
extensively studied. Its deficiency leads to gonadal dysfunction [1-3] decreases testicular weight
and causes shrinkage of seminiferous tubules [4-7]. Some of the zinc deficiency states such sickle
cell anemia, chronic alcogolism, idiopathic male sterility, or toxic effects of di-(2-ethyl hexyl)-
phthalate (DEHP) or other phthalic acid esters (PAES), cause atrophy of the testis and the atropty is
attributed to low availability or increased urinary excretion of zinc [1-7]. Zinc deficiency is also
linked to malignant growth in the testis. Zinc content is high in the adult testis compared to
immature animals or those in which the efferent duct is ligated. Zinc concentration of the men
increases at puberty and reaches a maximum at the age of 34-40 years of age when functional
activity of the organ is at its peak. Similarly the rats with a maldescended testicle, the ectopic testis
has a decreased zinc content, whereas that of the other testicle is normal. Zinc deficiency impairs
the action of the Mullerian inhibitory factor which is essential for testicular differentiation [1-4].

Angiotensin converting enzyme (ACE) is closely associated with testicular development and sperm
development [1-7]. ACE is primarily localized in the germinal cells and has very little activity in
Leydig and Sertoli cells. The precise role of ACE is not clear yet but reduced ACE activity in the
testis of zinc-deficient rats has been analyzed [1, 3, 4]. It is believed that zinc deficiency first
impairs ACE activity, and that in turn leads to depletion of testosterone and finally impairs
spermatogenesis. Although the probable site of action is considered to be primary spermatocytes, it
has also sperm heads [1, 8, 9].

Zinc appears to be an indispensable element in reproduction for another reason too. The gonads are
the most rapidly growing tissues in body and vital enzymes involved in nucleic acid and protein
synthesis are zinc metalloenzymes [1-4].

The three zinc cations, cuprum and magnesium stimulated or inhibit progressive motility depending
on the concentration of each. At high concentration, these elements, individual or jointly, impair
fertility in the patients with normal sperm density. Although a positive correlation between seminal
fluid, zinc and sperm motility and sperm density of asthenozoospermic men is studied excessively
in asthenozoospermia. Some of the important enzymes of spermatozoa are zinc metalloenzymes and
can thus become dysfunctional when zinc is deficient [1-7].

Spermatozooon zinc is suggested to protect an inherent capacity of decondensation, thereby assist to
extend the functional life-span of the ejaculated sperm. The spermatozoon head accumulates a
fourfold higher zinc concentration than seminal plasma, and the high-affinity zinc bilding sites are
present within the nuclear matrix. Zinc is related to the structural integrity of DNA, and prevents
destruction of DNA by inhibit degrading enzymes [1-6].

Further, an insufficient zinc level in the nucleus may destabilize the quaternary structure of
chromatin, reduce the DNA content of spermatozoa and thereby reduce their fertilizing
capability [1-3].

Bicnuk 3anopizbko2o nayionanvnozo ynieepcumemy Ne2, 2014



140

The concentration of zinc (Zn) in human seminal plasma is higher than in other tissues. Zinc is the
metalloprotein cofactor for DNA-binding proteins with Zn fingers. It is part of cooper (Cu)/zinc
superoxide dismutase and several proteins are involved in the repair of damaged DNA (which are
mutated in half of human tumors) and in the transcription processes of DNA [1, 3, 8]. Zinc has an
important role in testes development, sperm physiologic functions and decreasing of its levels
causing hypogonadism, decrease in testes volume, inadequate development of secondary sexual
characteristics and atropy of seminiferous tubules (and hence spermatogenesis failure). Recent
studies hypothesized that insufficient intake of Zn can impair and make the sperm cell hidhly
susceptible to oxidative damage [1-7].

Infertile and smoker men are very susceptible to oxidative damage induced by free radicals. High
levels of free radicals may overwhelm the antioxidant strategies (especially the effective
concentrations of seminal Zn), which is associated with low quality of sperm. In the present study,
we hypothesized that major changes in the level of seminal trace elements, especially Zn levels, are
related to low quality of sperm and poor fertilizing capacity. Therefore this study is focused
primarily on Zn levels in the seminal plasma of fertile and infertile subjects (smokers and
nonsmokers). The connection of Zn and a certain degree of Mg in the seminal plasma of all groups
was evaluated [1-4].

Zinc is also localized in the Golgi complex or secretory vesicles of interstitiotrophs (IT),
folliculotrophs (FT) and lactotrophs (LT) of the pituitary gland. Thus it seems that the element plays
an important role in the production and secretion of LH, FSH and prolactin, and these in turn
regulate testosterone production. It is now well-known that zinc deficiency depresses
steroidogenesis [1, 3, 4]. Besides its effect on androgen metabolism, it interacts with steroid
receptors and androgen binding protein. The earliest citochemical changes occur in Leydig and
Sertoli cells in mice after two weeks of zinc deficiency. Cholesterol and neutral lipids are precursors
of sex steroids. Under the zinc deficiency they are uptaken by the germinal and non-germinal cells
of the testis that does not seem to be affected, but probably the cells are incapable of converting
them into sex steroids. This is thought to be the reason that there is a low level of serum
testosterone, in spite of high serum LH and FSH levels, after LHRH injection to zinc-deficient rats.
Sertoli cell products hormone (SCH) forms the metabolism of testosterone, triggers the formation of
new cell lines in the testis, its insufficiency, because of defective metabolism of cholesterol, appears
to be responsible for the arrest of spermatogenesis [1-7].

The main aim of this work is the study of the influence of air pollution containing hydrogen sulfide
of toxic metals to the content of trace elements (Zn, Mg, Cu) in blood and seminal plasma and their
relationship to fertility of the men who were contaminated by anthropogenic air pollution.

MATERIALS AND METHODS

Biochemical methods were used to estimate Zn, Mg, Cu content in blood and sperm for mass
investigations of industrial workers. The methods are relatively complicated and require great
quantities of blood sperm samples. The citochemical methods used here are simple and need
relatively small amounts, only a few drops are required for each analysis.

The cells of 190 subjects were investigated in total, with 56 people as controls, unexposed to the air
pollution. Exposure of 134 workers to hydrogen sulfide and toxic metals (in metallurgical facilities)
was studied. Significant exceeding of hydrogen sulfide concentration of air to 1,4 maximum
allowable concentration (MAC) was noted. Average annual indicator of hydrogen sulfide in
working zone air formed 0,8 MAC. Toxic metals concentration in working zone air of metallurgic
industry fluctuated within the range from 0,7 to 1,0 MAC.

All participants were within the age range of 24-35 years. Almost none of them had acute infections
at the time of testing. The period of exposure was one year. The exposures were similar in each
investigated department.
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Procedures. All the subjects were interviewed by an experienced investigator using a questionnaire
to obtain information on occupation exposure at work to metals, general health, living habits,
including cigarette smoking and alcohol drinking, and medical history. In addition, a medical
examination was conducted by an andrologist.

The subjects were asked to collect semen at home in the morning by masturbation into a sterile
wide-mouth plastic container after at least three days abstinence. The samples were brought to the
hospital within an hour of collection. Time of ejaculation, abstinence period, and spillage (if any)
were recorded by the subjects; 10 ml of venous blood was also drawn from the subjects into a
heparinized plastic tube on the day when they handed in the semen samples. Semen screening was
performed as soon as possible after the specimen was delivered at the Seminology laboratory of the
reproductive clinic. The semen screening included semen volume, sperm density, motility,
morphology, and viability. These were performed according to the World Health Organization
guidelines for examination of human semen. The blood and semen samples were stored in metal
free containers and kept at -40°C and 4°C respectively before analysis.

Semen samples were obtained by masturbation into a sterile container after sexual abstinence for 2
to 3 days. Before semen analysis, a questionnaire was distributed to obtain information on smoking
habits; alcohol use, use or abuse of other substances and drugs and a history of orchitis, testicular
trauma, sexually transmitted disease, varicocele, surgery for inguinal hemia and cryptorebism.
Consent was obtained from the subjects. Fertile and infertile patients who smoked cigarettes
regularly or who were nonsmokers (previously never smoked) were included in the study [1, 5-9].

Semen parameters analysis. After collection, semen specimens were allowed to liquefy at room
temperature for 30 minutes and used for analysis. On microscopic examination, sperm and sperm
with normal morphology were objectively evaluated according to standards set by the World Health
Organization. Sperm morphology was evaluated according to the criteria by Kruger [1, 5-9].

Measurement of Cu, Mg, Zn in semen and blood plasma. Semen samples were centrifuged at
600 g for 10 minutes. After centrifugation, supernatants were diluted 10-fold by deionized water.
Levels of Cu, Mg, Zn were measured by atomic absorption spectrophotometre [10].

Measurement of Cu, Mg, Zn in spermatozoons

Seminal smears were fixed for 5 min in formalin vapors before dithizone staining. 0,2% water —
ammonia solution of this reagent was used. The dye was prepared in the following way.
Combination of 45 ml of distilled water, 600 mg of dithizone, and 0,9 ml of 25% solution of
ammonium hydroxide were placed into a flask and mixed in water bath at 70°C during 10 min.
Then the content was filtered and 1% water ammonia solution of dithizone was obtained because
the fourth part of reagent remained insoluble. Working solution of dithizone was prepared by
fivefold dilution of basic. (1%) solution with 0,2% solution of natrium diethyldithiocarbamat.
Reagent of Mg was lumomagneson, of Cu lumocuppheron metals content in spermatozoids was
evaluated with semi — quantitative and quantitative methods.

The first one was carried out using the following criteria: 1 = weak, 2 = moderate, 3 = pronounced
reaction intensity. The score for 100 cells was counted, using colored scales [6]. The quantitative
method was based on granule number score in the cells. The number of spermatozoids was

expressed as its number per 1 mul of the semen. The results are presented as X +SD; testing for
significance is performed using Students' t-test.

RESULTS AND DISCUSSIONS

Average values of sperm parameters in fertile and infertile groups can be observed in Table 1. No
significant differences between the groups in age and semen volumewere observed. Sperm quantity,
motility, and normal morphology in fertile group (smokers or nonsmokers) were significantly
higher than those in infertile group. A trend toward a higher quality of sperm was seen for
nonsmokers compared with smokers (Table 1).
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Average concentrations of Zn, Mg, Cu in the seminal plasma of all samples can be seen in Table 2.
The concentration of elements in seminal plasma was in the order Cu, Zn, Mg. No significant
differences were observed in average concentrations of Zn, Mg and Cu between groups. However, a
trend (P = 0,9) was observed for a lower average Mg levels in seminal plasma of infertile smokers
compared with infertile nonsmokers. Moreover, a trend (P = 0,7) toward higher Mg levels was
observed in seminal plasma of fertile nonsmokers compared with infertile nonsmokers (Table 2).

Fertile groups (smokers or nonsmokers) demonstrated significantly higher Zn levels in their seminal
plasma than any infertile groups (P< 0,001). A trend was observed for a lower average Zn levels in
seminal of smokers compared with nonsmokers was observed (Table 2). Fertile nonsmokers had
significantly higher levels of Zn in their seminal than infertile nonsmokers (P< 0,001), moreover
fertile smokers had significantly high levels of Zn in their seminal plasma compared with infertile
smokers (P< 0,001). A trend (P = 0,7) for a lower average Zn levels in seminal plasma of fertile
smokers compared with fertile nonsmokers was observed. Moreover, there was a trend (P = 0,6)
toward higher average Zn levels. Average content of metals in spermatozoons in 2 studied groups
can be observed in Table 3.

Table 1 — Age and semen parameters in 2 studied groups.

Variable Fertile group Infertile group
control nonsmoker, nonsmoker smoker, exposed
(n =56 exposed by the air | exposed by the by the air
nonsmoker, pollution air pollution pollution
unexposed by the (n=38) (n = 46) (n=52)
air pollution)
Age (y) 31,25 + 4,02 29,43 + 3,6 29,63 + 3,38 31,01 + 4,53
Volume (ml) 453 +1,15 421 +1,35* 4,11 +1,61 3,2+0,82
Sperm
content 87,58 £ 4,95 77,59 £16,35* 38,29 + 15,9$ 32,02 +18,97°
(x10°)
TOt(axllsO%;“rm 38425+ 1532 | 34553+ 137,6* | 157,3+13,58° | 9538+ 6,48
Motility (%) 65,29 + 8,69 63,94 £ 7,85* 41,93 + 5,14° 41,87+ 5,25
Normal
morphology 16,25 £4,01 12,31 +3,92* 5,7 +1,49°% 5,3 £0,5%**
(%)

Note: Values are presented as average + SD;

* P < 0,05 by using 1-way analysis of variance followed by post hoc Newman-Keuls test when values of fertile smokers
are compared with fertile nonsmokers;

*** P < 0,001 by using 1-way analysis of variance followed by post hoc Newman-Keuls test when values of fertile
smokers are compared with fertile nonsmokers;

$P < 0,001 by using 1-way analysis of variance followed by post hoc Newman-Keuls test when values of infertile
nonsmokers are compared with fertile nonsmokers.

TP < 0,01 by using 1-way analysis of variance followed by post hoc Newnan-Keuls test when values of infertile
smokers are compared with fertile smokers.

P < 0,01 by using 1-way analysis of variance followed by post hoc Newman-Keuls test when values of infertile
nonsmokers are compared with fertile smokers.

*P < 0,01 by using 1-way analysis of variance followed by post hoc Newman-Keuls test when values of infertile
nonsmokers are compared with fertile smokers.

Table 2 shows relevant data of 56 referenced subjects and 136 workers who were exposed by the air
pollution. The referenced group included 38 fertile nonsmoker exposed by the air pollution (I g), 46
infertile nonsmoker exposed by the air pollution (11 g) and 52 infertile, smokers exposed by the air
pollution (Il g). The incidence of the control group may explain higher content of Zn, Mg and
lower content of Cu in blood and seminal plasma.
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The incidence of the group (111 g) may explain lower content of Zn and Mg and higher content of
Cu in blood and seminal plasma.

Table 2 — The content of metals (Zn, Mg, Cu) in blood and seminal plasma in 2 studied groups

Variable Fertile group Infertile group
control nonsmoker nonsmoker smoker, exposed
(n=56 exposed by the exposed by the | by the air pollution
nonsmoker, air pollution air pollution (n=52)
unexposed by (n=238) (n=46)
the air pollution
Zn
(in blood 12,25 £2,68 10,21 & 0,84 *** 7,78 £ 0,99%* 6,57 £ 1,63%**
plasma, umol/l)
Zn 110,25 +
(in seminal 135,85 £ 2,54 12 2’5*** 101,95 £ 2,05%** 04,75 £ 2,5%**
plasma, pmol/l) ’
Mg
(in blood 1,21+ 0,07 1,05 + 0,14%%** 0,75 £ 0,08** 0,3 £0,06%**
plasma, mmol/l)
Mg
(in seminal 15,21 £2,67 12,75 £ 1,54 10,12 £ 2,65** 8,25+ 1,33
plasma, mmol/Il)
Cu
(in blood 15,45 £2,86 17,21 £ 2,14%** | 18,75 + 1,86%** 22,12+ 3,95%**
plasma, umol/l)
Cu
(in seminal 175+ 9,58 192,95 + 1,85%** | 240,52 £2,75%** | 270,75 + 14,85%**
plasma, pmol/l)

Note: ** P < 0,01;*** P < 0,001.

Table 3 — The content of metals (Zn, Mg, Cu) in spermatozoons in 2 studied groups

Intensity Fertile group Infertile group
of cyttc_)cherr]lcal control nonsmoker nonsmoker smoker,

reaction, sing (n =56) exposed by the | exposed by the | exposed by the

nonsmoker air pollution air pollution air pollution

unexposed by (n=38) (n = 46)
the air pollution
Zn o oo ok 0,85+ 0,08
(dithizone) 1,5+ 0,16 1,2+0,14 1,09 + 0,09 ke

Mg 1,01 £0,07 *** | 0,92 +0,02*** | 0,74 £0,04*** | 0,32 £0,05%*

(lumomagnesone)

Cu
(lumocuppherone)

Note: *P < 0,05; **P < 0,01,*** P < 0,001

0,50 £ 0,05*** | 0,72 +£0,06%* | 0,85+ 0,02%** | 1,01 £ 0,04%**

The content of Zn and Mg in spermatozoons decreased but the content of copper increased. This
fact proves that Zn and Mg are synergists but Cu is their antagonist. The influence of
contamination of atmospheric air had a negative effect on the characteristics of spermatozoons.
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Table 4 shows the correlations between each of the measured reproduction parameters with respect
to Szn, Smg, Scu, SMOKINg age and exposure by the air pollution Sz, and Swg the increase of quantity
of total sperm, motility of sperm and the decrease of percentage of pathologic sperm. Sc,, smoking
and exposure by the air pollution decreased these parameters.

Table 4 — The Spearmen rank correlation coefficient and the level of significance (r, p) for
relationships between the parameters of semen quality with respect to zinc (Sz,), magnium (Swmyg),
cuppers (Scu), Smoking habits, age and exposure by the air pollution.

Parameter Szn Smg Scu Smoking Age Exposure by the
air pollution
Semen volume 0,145 | 0,151 | -0,135 -0,004 0,035 -0,052
Sperm volume 0,291 | 0,318 | -0,164 -0,009 -0,044 -0,210
Motilite sperm, % 0,152 | 0,148 | -0,191 -0,028 0,076 0,001
Normal rr:)orphology, 0,139 | 0,142 | -0,079 -0,141 0,025 -0,018
%o

1. Air pollution influences on the content of chelatable metals (Zn, Mg, Cu) in plasma of blood and
semen in the spermatozoids.

2. Chronic influence of this factor decreases Zn and Mg content in the blood and seminal plasma
and in spermatozoons, but this progress is accompanied with the increasing of spermatozoons.

3. The decreasing of Zn and Mg content in blood and seminal plasma and spermatozoons leads to
an infertile status of the men, who were contaminated by anthropogenic air pollution. In future we
will study the method of correction of this effect.
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MODULATED ELECTRIC CURRENT INFLUENCE ON ORGANISM
FUNCTIONAL CONDITION AT TRAINED AND UNTRAINED
YOUNG MEN
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69063, Ukraine, Zaporizhzhya, Zhukovsky street, 64

kovaleva_aleksan@mail.ru

The short characteristic of organism functional condition changes of trained and untrained young men
during physical activity and processes of restoration is given in the paper following the analysis of repeated
modulated electric current influence on the specified processes. The aim of the study was to compare the
characteristics of a modulated electric current influence on cardiovascular system functional condition in
trained and untrained persons (17-24 years old) during the physical activity and restoration.

The study included 56 healthy young men (23 trained and 33 untrained), who were divided into the main
group (11 trained and 16 untrained persons) and control group (12 trained and 17 untrained persons). The
study included two stages: the first stage — the baseline functional condition was estimated in both groups;
the second stage — the functional condition state reaction to repeated modulated electric current during the
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physical activity was recorded. The modulated electric current influence was produced using the device
“LEIT”. The results suggest that the modulated electric current carries out regulating influence on
physiological systems of young men during the physical activity and has the character of cardiovascular
system activity optimization and vegetative functions optimization.
Key words: modulated electric current, functional condition, trained young men, untrained young men, physical
efficiency

BIIJINB MOAYJBbOBAHOI'O EJIEKTPUYHOI'O CTPYMY
HA ®YHKIIOHAJIbHUI CTAH OPI'AHI3MY
TPEHOBAHUX I HETPEHOBAHHUX IOHAKIB

KosansoBa O.B.

3anopizvruil HayioHanbHULl MexXHiYHULL yHieepcumem
69063, Yxpaina, 3anopiocoics, eyn. Kykoecvkoeo, 64

kovaleva_aleksan@mail.ru

Y pobori HamaHa CTHCIAa XapaKTEepHCTHKAa 3MiH (YHKIIOHAJFHOTO CTaHy OpPTaHi3My TPEHOBaHUX
1 HETpEHOBaHMX [OHAKIB TpH (I3MYHOMY HABAaHTa)XCHHI 1 BITHOBIIEHHI IIicAS HBOTO MpPH BIUIHUBI
MOJYJIOBAaHOTO EJICKTPHYHOTO CTPyMy. MeToro mociikeHHS OyJo MOpPIiBHATH OCOOJIHMBOCTI BIUIUBY
MOJYJIbOBAaHOTO €JIEKTPUYHOTO CTPyMY Ha (YHKLIOHAIBHHUN CTaH CEPLEBO-CYANHHOI CHCTEMH TPEHOBAHUX
i HeTpeHOBaHMX 0ci0 B yMOBax (pi3WYHOTO HABaHTAKECHHS 1 IPH BiTHOBJICHHI HIiCJISI HBOTO.

JocnipkeHHst BKIOYano 56 310poBux Monoaux oci® (23 tpenoBani i 33 HerpeHoBaHi), siki Oynau
nojineHi Ha ocHoBHY rpymny (11 TpeHoBanux i 16 HeTpeHOBaHMX 0cCi0) i KOHTpoJbHY Tpymy (12
TpeHOBaHUX 1 17 HeTpeHOBaHMX 0cCi0). JlOCHiKeHHS BKJIIOYAIO Bl €Talmd: Ha MEPIIOMY eTari
JIOCITIJDKYBaBCsSl BUXIMHUH (YHKIIOHAJBHUNA CTaH, HA JPYroMy — peakiis (yHKLIOHaJbHOTO CTaHy Ha
MOBTOPIOBAHUI MOJYJILOBAHUN EJNEKTPUYHUNA CTPyM B yMoBax (i3MYHOro HaBaHTa)XXeHHs. Brums
MOJYJBOBAHOTO €JIEKTPUYHOIO CTPyMYy IpPOBOJAUBCS 3 BUKOpUCTaHHAM npunany “LEIT”. Pesynbratu
mepen0ayvarThb, 0 MOAYJIbOBAHUH SIEKTPUIHAN CTPYM 3IIHCHIOE PETyIsSATOPHUH BIUTHB Ha (i3iosorivHi
CHCTeMH IOHAaKiB Npu (i3MIHOMY HAaBAHTAXXCHHI 1 Ma€ XapakTep ONTHUMIi3amii MisIIBHOCTI CEpIEBO-
CYyIMHHOI CHCTEMHU 1 BereTaTUBHUX (PYHKIIIH.

Kniouosi cnosa: mooynvoeanuii enekmpuunuii cmpym, QYHKYIOHANbHUL CMAH, MPEHOBAHi IOHAKU, HempPeHOBAHI

IOHAKY, DI3UiHe HABAHMAICEHHS]

BJIMSTHUE MOAYJIMPOBAHHOI'O JIEKTPHYECKOI'O TOKA
HA ®YHKIIOHAJIBHOE COCTOSHUE OPI'AHU3MA
TPEHUPOBAHHbBIX U HETPEHUPOBAHHBIX IOHOIIENR

KoBanena A.B.

3anopooicckuil HayuoOHANLHBII MEXHUYECKULL YHUSepcumem
69063, Ykpauna, 3anopooicve, ya. Kyrxoeckoeo, 64

kovaleva_aleksan@mail.ru

B p060Te JlaHa KpaTKas XapaKTCpUCTHKa H3MCHCHHMI (I)yHKI_[I/IOHaJ'ILHOFO COCTOSAHHUA TPCHUPOBAHHBIX U
HETPCHUPOBAHHBIX FOHOIICH npu (i)HSquCKOfI Harpys3ke¢ MW BOCCTAHOBJICHUM IIOCJIE HEC MPHU BIIUAHUN
MOAYJUPOBAHHOTO DJJICKTPHUUICCKOI'O TOKA. HGJ'ILIO HUCCIIEA0BAHUA ObLIIO CpaBHUTH OCOOEHHOCTH BIIUSHHS
MOAYJUPOBAHHOTIO 3JICKTPUYCCKOI'O0 TOKAa Ha q)yHKL[I/IOHaJ'IBHOG COCTOSAHHEC Cepl[e‘iHO-COCY,I[HCTOﬁ CHCTEMBI
TPEHUPOBAHHBIX W HCTPCHHUPOBAHHLIX JIMI] B YCJIOBHAX (bHSquCKOﬁ HArpy3km M IIpyu BOCCTAHOBJICHHUHU
IIOCJIE HETO.

HccrnenoBanue BKIIIOYaIo 56 310poBBIX AL (23 TPEHUPOBAHHBIX M 33 HETPEHHPOBAHHBIX), KOTOPHIE OBIIH
IIOJIeJIEHB! HAa OCHOBHYIO Tpymiry (11 TpeHMpoBaHHBIX U 16 HETPEHUPOBAHHBIX JIMI) U KOHTPOJIBHYIO TPYIIIY
(12 tperupoBaHHBIX U 17 HETpEeHHPOBAHHBIX JHI). MccaenoBaHne BKIIOYAIO J[BA 3Tala: HAa IEPBOM dTare
HCCIEJOBAIIOCh HCXOAHOE (DYHKIMOHAJIBHOE COCTOSHHE, HAa BTOPOM — peaknus (PyHKIHOHAIIBHOTO
COCTOSIHHSI Ha TIOBTOPSIEMBIH MOJYJIMPOBAHHBINH AJIEKTPUUECKUH TOK B YCJIOBUSIX (DU3NYECKOH HArpy3KH.
BnusiHre MOIyNIHMPOBaHHOTO 3JIEKTPHYECKOTO TOKAa MPOBOAMIOCH C HCIOJb30BaHWeM Inpubopa “LEIT”.
Pe3syneraTtel mpenmnonararoT, 4TO MOAYJIUPOBAHHBIM SIEKTPUYECKUN TOK OCYILECTBIISIET PErYISITOPHOE
BIMSHHE HA (U3UOJIOTHUECKHE CHUCTEMBl IOHOMIEH Npu (HU3MYECKOl Harpy3ke M HMMeEeT XapakTep
ONITUMU3AIMH JICSTEIEHOCTH CEPIeYHO-COCYAUCTON CHCTEMBI U BET€TaTUBHBIX (DYHKIIMH.

Kniouegvie cnosa: mooynuposannwiil dneKkmpuyeckuti mox, (QYHKYyuoHaibHoe coOCmosaHue, mpenuposanHsie 10HOWU,

HempeHUposantvle I0HOWU, PU3ULECKas Haepy3Ka

INTRODUCTION

The need for studying physiological mechanisms which underlie changes of human functional
condition under the modulated electric current (MEC) influence, estimation of an optimality of such
changes and their specific orientation have been considered in a considerable number
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of studies [1-3]. Some studies attempted to study physiological mechanisms which define
positive reactions of cardiovascular system, locomotor apparatus, external respiration system and
other physiological characteristics of an organism to this exposure [4, 5]. The cumulated data
enable their application in clinical practice and achieving positive medical effect [6-11].

However, studies of changes of organism functional condition following exposure to MEC are
extremely insufficient. There are few data [4, 5], which were received in different conditions and
on different tool base and which are not systematized. Absence of the unified approach to
estimation of functional condition measurements in methodical and methodological maintenance
of such studies restricts possibilities of the analysis and practical use of the practically obtained
results. It particularly concerns the area of high level maintenance of general and special
physical efficiency, and also estimation and correction of restoration stages after intensive
physical activities in sportspeople at different stages of training process.

The aim of the study was to compare the characteristics of a modulated electric current influence
on cardiovascular system functional condition in trained and untrained persons (17-24 years old)
during the physical activity and restoration.

MATERIALS AND METHODS

56 healthy young men (17-24 years old) participated in research. The group of trained young
men was presented by qualified sportsmen (n=23). Examined people have been divided into the
main (n = 11 trained and 16 untrained persons) and control (n = 12 trained and 17 untrained
persons) groups.

The study included two stages: the first stage — the baseline functional condition was estimated
in both groups; the second — the functional condition state reaction to repeated modulated
electric current during the physical activity was recorded. Indices of central blood circulation
were defined by rheographic method. The following measurements were taken: systolic arterial
pressure (SAP, mm Hg), diastolic arterial pressure (DAP, mm Hg), heart rate (HR, bpm),
systolic blood volume (SBV, ml), minute blood volume (MBV, ml/min), cardiac index (CI,
1/m2), general peripheric vascular resistance (GPVR, din's-cm-1). Reaction to physical activity
was studied by PWC170 method through the use of bicycle ergometer. Also absolute (aPWC170,
kgm/min) and relative (rPWC170, kgm/min/kg) physical efficiency were assessed [12].
Diagnostics of heart rate variability included research of stress index (Sl, s.u.), vegetative
balance index (VBI, s.u.), index of centralization (IC, s.u.) [13]. The obtained results were
processed statistically. Exposure to MEC was carried out by means of LEIT device according to
a standard technique [14].

RESULTS AND DISCUSSION

The repeated graduated physical activity in untrained young men causes significant, comparing
to baseline values, reduction of SAP by 17,00+1,14 % (from 174,06+3,82 mm Hg under single
exercise to 144,06+2,42 mm Hg under repeated exercise). DAP level following repeated physical
activity significantly did not differ from values under a single graduated physical activity
(decrease by 0,64+1,28 %, from 70,00+2,04 mm Hg to 69,38+1,82 mm Hg). The index of
chronotropic heart function on HR size following a repeated graduated physical activity shows
significant decrease of heart function by 13,524+0,80 % in comparison with a single graduated
physical activity (from 167,44+4,71 bmp to 149,75+4,46 bmp). SBV amount following MBV
decrease by 4,07+0,86 % (from 15712,89+819,33 ml/min to 14495,71£798,13 ml/min), CI by
4,07+£0,86 % (from 8,17+£0,38 1/min-m2 to 7,54+0,37 1/min-m2) and GPVR by 5,78+1,48 %
(from 552,56+28,86 din's.cm-5 to 543,78+31,18 din's-cm-5) significantly increased by
10,94£0,19 % in comparison with a single graduated physical activity (from 93,37+3,13 ml to
103,58+3,48 ml) (fig. 1).
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Fig. 1. MEC influence on dynamics of functional condition of blood circulation system of young
men organism under a repeated graduated physical activity (% increase in comparison with
values under a single decreased physical activity)

SAP level in trained young men under a repeated graduated physical activity slightly not
significant decreases by 0,66+0,44 % (from 135,00+£1,78 mm Hg to 134,09+1,76 mm Hg), and
DAP — by 1,86+1,32 % (from 65,91+1,63 mm Hg to 64,55+1,25 mm Hg). At the same time HR
under a repeated graduated physical activity rises slightly, in comparison with indices under a
single graduated physical activity by 0,89+0,98 % (from 143,45+1,18 bmp to 145,36+1,40 bmp).
SBV, MBV and CI values in the trained young men of the main group against the baseline of
repeated exercise showed increase by 12,52+0,32 % (from 125,69+15,51 ml to 141,36+17,36 ml),
by 13,51£1,07 % (from 15395,47+1878,58 ml/min to 17588,64+2038,17 ml/min) and by
13,51+1,07 % (from 7,98+0,94 I/min-m? to 9,12+1,04 1/min-m?) respectively following GPVR
decrease by 12,98+1,01 % (from 534,70+63,74 din's-cm™ to 456,26+52,40 din-s-cm's) in
comparison with values under a single graduated physical activity (fig. 1).

Indices of vegetative nervous system in untrained young men under a graduated physical activity
under exposure to MEC decreased significantly: SI by 58,56+1,57 % (from 796,26+8,54 s.u. to
316,65+12,33 s.u.), VBI by 52,03+1,82 % (from 57,79+1,85 s.u. to 27,71+1,42 s.u.), IC increased
by 0,76£1,02 % (from 2,56+0,11 s.u. to 2,57+0,09 s.u.) in comparison with indices under a single
graduated physical activity.

There was a significant increase in trained young men’s SI of cardiovascular system under a
repeated graduated physical activity comparing to values under a single graduated physical
activity by 9,69+3,16 % (from 534,47+10,31 s.u. to 594,704+21,04 s.u.), which was accompanied
with significant VBI increase by 8,73+3,01 % (from 52,45£1,40 s.u. to 56,96+2,05 s.u.) and
significant IC decrease by 9,63+0,75 % (from 0,59+0,04 s.u. to 0,54+0,04 s.u.) (fig. 2).
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Fig. 2. MEC influence on dynamics of neurohumoral mechanisms condition of regulation of young
men organism under a repeated graduated physical activity (% increase in comparison with values
under a single graduated physical activity)

The index of general physical efficiency in untrained young men made 786,76+25,13 kgm/min,
relative working efficiency made 11,25+0,54 kgm/min/kg.

The index of general physical efficiency in trained young men made 988,944+24,77 kgm/min
(relative physical efficiency — 13,84+0,67 kgm/min/kg).

Processes of restoration after the graduated physical activity, monitored for 20 minutes, in control
group of untrained young men show that returning of the basic indices of cardiovascular system to
initial values occurred at different times and averaged on HR 2,06+0,18 min, on SAP — 4,35+0,26
min, on DAP — 4,18+0,23 min, on SBV — 8,41+0,23 min, on MBV, Cl and GPVR — 8,47+0,33 min.
Indices of vegetative nervous system also showed quite fast returning to norm. SlI, VBI and IC
reached initial values not later than in 5 minutes (SI on average for 5,35+0,32 min, VVBI on average
for 5,24+0,26 min and IC on average for 5,29+0,34 min). In trained young men HR indices were
restored in 1,08+0,08 min, SAP — in 1,92+0,19 min, DAP — in 1,75+0,22 min, SBV — in 5,08+0,23
min, and MBV, CI and GPVR - in 4,92+0,19 min. SI, VBI and IC reached initial values within 3
minutes (fig. 3).

Processes of restoration after a repeated graduated physical activity in the main group of untrained
young men, monitored for 20 minutes, show that returning of the main indices of cardiovascular
system to initial values occurred at different times and averaged on HR — 1,50+0,13 min, on SAP —
3,44+0,20 min, on DAP — 3,31+0,20 minute, on SBV — 7,13+0,27 min, on MBV, Cl and GPVR -
7,25+0,38 min. Indices of vegetative nervous system also showed quite fast returning to norm: SI —
for 4,56+0,33 min, VBI —4,38+0,26 min, IC — for 4,54+0,34 min (fig. 4).
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Fig. 3. Restoration time of main parameters of organism functional condition of trained and
untrained young men in control group

Processes of restoration after a repeated graduated physical activity in the main group of trained
young men, monitored for 20 minutes, show that returning of the main indices of cardiovascular
system to initial values averaged on HR — 0,79+0,14 min, on SAP — 1,18+0,12 min, on DAP —
1,09+0,09 min, on SBV — 3,82+0,23 min, on MBV, CIl, GPVR - 3,91+£0,25 min. Indices of
vegetative nervous system also showed quite fast returning to norm: SI — 2,64+0,28 min, VBI — for
2,55+0,21 min, IC — for 2,36+0,24 min (fig. 4).
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Fig. 4. Restoration time of main parameters of functional condition organism functional condition
of trained and untrained young men of main group

The obtained data indicate uniformity of all studied groups according to initial anthropometrical and
functional indices. Such uniformity, with high degree of a correctness, has allowed to estimate those
changes which have been received as a result of the experiment.
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The analysis of changes of all registered indices on control groups have shown quite small
difference in the investigated indices and do not allow to judge about optimizing influence of
physical activities on functional condition correction. At the same time synergic effect of physical
activities and MEC leads to increase in degree of studied indices changes.

Prolonged practice in a graduated physical activity by untrained young men, accompanied with
exposure to MEC, shows more pronounced changes on all components of regulation in comparison
with persons who were not submitted to such influence.

Dynamics of integrated indices of blood circulation in trained young men under a repeated
graduated physical activity shows that absence of significant changes in the level of arterial blood
pressure in comparison with indices under a single graduated physical activity. The HR rising in
comparison with indices under a single graduated physical activity can indicate certain stimulation
of mechanisms of system blood circulation regulation by exposure to MEC.

Significant decreasing of indices of vegetative nervous system in untrained young men under a
graduated physical activity under exposure to MEC in comparison with indices under a single
graduated physical activity can indicate certain sedative effect of MEC influence. At the same time,
taking into consideration the data received in control group of untrained young men, available
dynamics indicates synergic effect of physical activity and MEC influence on optimization of
vegetative regulation (fig. 2).

Significant increase of Sl testifies that exposure to MEC, partially stimulating vegetative, allows
realizing parasympathetic function (fig. 2).

The index of general physical efficiency in untrained young men corresponded to both low level of
organism energy supply conformity to the offered exercise and relative working efficiency Thus,
there is general decrease in organism power possibilities against the background of unusual constant
physical work that indicates certain exhaustion of power stores. Thereby, on the one hand, low SI
and VBI indices described above can be interpreted as additional confirmation of inadequate
physical exercise for the given group. On the other hand, comparison of vegetative indices with
cardiovascular system parameters can indicate optimization of actual cardiovascular regulation and
its optimization under MEC use.

The index of general physical efficiency in trained young men corresponded to an average level of
organism energy supply under the offered exercise.

Indices following restoration, registered after each influence in control group of trained young men,
indicate slight reduction of restoration time on a vegetative component and absence of changes in
time of restoration of the majority of the surveyed indices of cardiovascular system activity. Indices
of vegetative nervous system also showed relatively fast restoration to norm.

Indices following restoration, registered after each influence in the main group of untrained young
men, indicate definite optimization of restoration of all studied indices. Attention is attracted to the
pronounced effect of MEC influence on a vegetative component of organism physiological
functions regulation. Dynamics of all studied indices shows unequivocal and unidirectional
stabilization of restoration processes after each exposure to both physical activity and MEC.

Indices following restoration, registered after each influence in the main group of trained young
men, indicate considerable significant reduction of restoration time on a vegetative component and
indices of system blood circulation.

Thus, optimizing MEC effect on the trained organism in greater degrees covers the cardiac
component that is expressed in significant increase of contractile heart function and volume indices
of blood circulation. Following general optimization of system haemodynamics, young sportsmen
keep stable regulation of vegetative functions and stably high general physical efficiency usual for
people who do physical exercise regularly.
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In untrained young men optimization process in greater degree covered vegetative indices, which
can be regarded as additional positive influence of MEC on processes of organism adaptation to
such stress influence which physical activity is. It is quite clear, that it is obviously impossible to
improve indices of the general physical efficiency essentially during such a short time interval, but
improvement of restoration parametres allows considering the use of such influence as corrective
means which allows intensification of adaptation to physical exercise with people who lead
sedentary life.

Comparing the data obtained in control and main groups, it is possible to draw a conclusion that the
given influence promotes maintenance of high level of working capacity in people who do sports,
due to increase in cardiovascular system efficiency following restoration processes improvement
while in untrained people influence promotes leveling of hypodynamia functional displays
including psychoemotional pressure removal.

The perspectives of further researches are to study the MEC influence on persons of another age
and another degree of training and reaction of their heart activity and vegetative nervous system on
this influence. Also can be studied reaction of another systems and organs on MEC influence at
trained and untrained young persons.

CONCLUSIONS

1. It has been found that MEC influence carries out regulating influence on physiological
systems of young men organism following physical activities and has character of
cardiovascular system activity and vegetative functions optimization.

3. MEC influence on healthy young man who do not sports has positive influence of physical
activities, optimizing system blood circulation due to vegetative nervous system activity level.

4. MEC influence on trained young men organism is represented in significant increase in
cardiotropic function, optimization of system blood circulation indices, stabilization of
vegetative nervous system regulation. In trained healthy young men MEC influence is
synergic to effects from exercise amount that proves to be true by indices of system blood
circulation.

5.  MEC influence is displayed in optimization of cardiovascular and vegetative nervous systems
indices in the period of restoration against the background of significant reduction of
restoration time.

6.  MEC influence on general physical efficiency is shown in increase of index PWCj.
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IHTPABITAJIBHE JOCJ/IIKEHHSA 3MIH BMICTY HUHKY

B KJIITUHAX TTIHOKAMITY, HIJULJTYHKOBOI 3AJI03U TA TOHKOT'O

KHIIEYHUKA ITPU JIi CTPEC-®AKTOPIB PI3HOI IPUPOIU
KyukoBcbknuii O.M.

3anopizbkuti HaYIOHALHUL YHIgEpCUmem
69600, Ykpaina, 3anopidcocs, syn. Kykoscvkoeo, 66

olegk181@gmail.com

Crpec CympoBOKY€E OpPTaHi3M JIIOJWHH 1 TBAPHH MPOTITOM YChOI'O OHTOTEHE3Yy 1 € CTUMYIIOM JUIs HOTO
PO3BUTKY. Y TOH XK€ 4Yac HaJgMipHE CTPECyBaHHS OpraHi3My NPU3BOAMTH JIO IOPYIIEHHS pPeTryJsmii
roMeocTaszy, OCOOJMBO METAJIOJIIraHJIHOTO TOMEOCTa3zy, 10 TPU3BOAUTH JIO PO3BUTKY CTaHy
nepeaxsopodbu, abo HaBiTh XxBopoOu. Hamu panime Oynu mpoBeeHi JOCTIDKEHHS 3MiH BMICTY LIMHKY B
KJIITHHAX IIMHKMICTKMX OpraHiB in Vitro, a iHTpaBiTaJlbHHUX JOCII/KEHb 3MiH BMICTY I[BOIO METady B
PI3HUX OpraHax MpoBeJeHO He OYIo.

JlocmiKeHHsT 3MIH BMICTY HMHKY B KJIITHHAX [EHTPaJbHUX Ta MEPUPEPUIHUX MUHKMICTKAX OpraHiB in
Vitr0o mokaszamo, 10 BMICT NBOTO MeTaxy MpH iMMOGimizamii, TOJOAyBaHHI Ta BBENCHHI IHCYIiHY
T IBUIIYBaBCA, a TIPH il JIeMTuHy, nexcametrazony, AMK Ta KOHBYJIbCaHTY HOTO BMICT B KIIITHHAX ITHX
OpraHiB CyTTEBO 3HI)KYyBaBcs. [IpoTniesxHi 3MiHM BMICTY IUHKY CHOCTEpirajiy B KJIITHHAX TiloTajamyca,
IO CBIAYUTH INPO MOXJIMBUH (YHKLIOHAJBHUH 3B’SI30K MK IIMMH CTPYKTypaMHu. IHTpaBiTambHe
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JOCJTDKCHHS. HEHPOHIB TiMOKaMITy, KIiTHH MAMIITYHKOBOI 3271031 Ta KJIITHH [laHeTa 1moka3ano oHOTHITHI
3MiHH BMICTy X€JIaTOYTBOPIOIOYOr0 IWHKY B MHUX KimiTHHaX. Lli maHi MOXYTh CBITYUTH MPO MOXKIUBY
Yy9acTh TIlIOKaMITy, a00 KOMITJIEKCY «TITOKaMII-TiTOTAJIaMyC» B MEXaHi3MaX Peryisilii MeTaloMiraHaHOTO
rOMeocTasy.

Knouoei crosa: einokamn, cinomanamyc, kniimunu B, knimunu Ilanema, cexpemopnuii mamepian, yuHk.

HNHTPABUTAJIBHOE NCCJIEJOBAHHUE H3MEHEHHIZ COJEPXAHUSA IUHKA
B KJIETKAX I'HIIIIOKAMIIA, TIOAKEJIY JOYHOM KEJIE3bI 1 TOHKOI'O KNIIEYHUKA
MPU JTEVCTBUU CTPECC-®AKTOPOB PA3HOM IPUPO/IbI

Kyukosckuit O.H.
3anopooicckuil HayUOHANLHYIL YHUBEpCUMEN!,
69600, Ykpauna, 3anopooicee, yi. Kykoeckozo, 66
olegk181@gmail.com

Ctpecc CONpoOBOXKJIAeT OpPraHM3M ueJIOBEKa U JKUBOTHBIX B TEUEHUE BCETO OHTOIE€HE3a U ABIAETCA
CTUMYJIOM JUIsL €ro pa3BUTUSA. B To ke BpeMs upe3MepHOE CTPECCUPOBAHUE OPraHuM3Ma HPHUBOJIUT K
HapyIIEHUIO PEryJsIMM rOMeocTa3a, 0COOEHHO METaJIOIUIaHAHOTO TOMEOCTa3a, KOTOPBIH P UBOAUT K
Pa3BUTHIO COCTOSHHS Tpen0OJIe3HH, WM Jaxe Oose3Hu. PaHee ObUIM NpOBEIEHBI HCCIIEJOBAaHUS
U3MCHEHHUI COMEPKUMOTO NHUHKA B KICTKaX IMHKCOJCPIKAIIUX OPraHoB iN Vitro, a MHTPaBUTAJIBbHBIX
HCCJIeI0BaHUN U3MEHEHUH COAEePKUMOI0 ITOTO METallIa B pa3HBIX OpraHax IMpoBeJeHO He ObLIO.
HccnenoBanne H3MEHEHHH COJACPKMMOTO LMHKA B KIETKaX [EHTPAIbHBIX U TEPUPEPUIESCKUX
LUHKCOJIEPXKALIMX OPraHoB iN Vitro mokasaino, 4To coJep)kaHHe JaHHOTO MEeTajula MPH HMMOOHIH3aLu,
TOJIOJaHUN U BBEJCHUU HMHCYIHMHA IMOBBIIIAIOCH, & NP JEHCTBUM JIENTHHA, AekcameTasoHa, AMK u
KOHBYJIBCAHTA €r0 COAEPKHMOE B KIETKaX 3TUX OPraHOB CYIIECTBEHHO CHHXKanoch. [IpoTHBOMOIOKHEIE
HW3MEHECHHs COACPKMMOTr0 IIMHKAa HAONIONanM B KJIETKAaX THIIOTaJaMyca, KOTOPBI CBHIETEIBCTBYET O
BO3MOKHOW (DYHKI[MOHAJNBHOW CBSI3M MEXIY STUMH CTPYKTypamMu. HHTpaBUTalbHOE HCCIEI0BaHU
HEWPOHOB THIIOKAaMIIa, KJIETOK IOJKEIyJOYHOM >Keye3bl M KieTok IlaHera mokasano OQHOTHUIIHBIE
H3MEHEHMS COJCp)KaHUS XeJaToo0pa3ylollero NHMHKAa B JITHUX KIeTKaX. OTH JaHHBIE MOTYT
CBUJIETEJILCTBOBATh O BO3MOXHOM y4YacTHM TMIIOKaMIIa, MM KOMIUIEKCA «TUIIOKAMII-THIIOTalaMyCc» B
MEXaHHU3MaX PETyIALUHA METAJNIOIUTaHHOIO TOME0CTasa.
Knioueswvie cnosa: eunnoxkamn, eunomanamyc, kniemku B, knemxu I[lannema, cekpemopmviii Mamepuan, YuHK.

INTRAVITAL RESEARCH OF ZINC CONTENT CHANGE IN THE CELLS
OF HIPPOCAMP, PANCREAS AND SMALL INTESTINE UNDER THE INFLUENCE
OF DIFFERENT ORIGIN STRESS-FACTORS

Kuchkovsky O.M.
Zaporizhzhya national university
69600, Ukraine, Zaporizhzhya, Zhukovsky Str., 66
olegk181@gmail.com

Stress accompanies the organism of human beings and animals during the whole ontogeny and is the
incentive for its development. At the same time, extraordinary stressing of the organism leads to the
damage of homeostasis regulation, especially the metal-ligand homeostasis that leads to the pre-disease
condition development or even disease.

The principal result of adaptation is reinitiation of homeostasis and stabilization of the organism
functions at all the levels of its organization. An essential part of the homeostasis is the metal-ligand
homeostasis which provides regulation of the activity of metal-enzymes, proteins, hormones, etc., and it
also performs the functions of stabilization and sensitization of the cells of excitable tissues. Some
micronutrients, for instance, zinc simultaneously perform both the function of stabilization of a cell
membrane from the destroying influence of an activate neurotransmitter and sensitization of this
membrane. The latter effect increases expectation of the action potential origin, especially in the
postsynaptic membrane of glutamatergic neurons of cerebrum. So it is the metal that plays one of the
fundamental parts in the mechanisms of glutamatergic excittotoxicity development and the mechanisms
of memory, both a short-term one and a long-term one. On the one hand, zinc provides long-lasting
activation for storing information with the help of cascading changes in membrane structure and on the
other hand, zinc holds the integrity of neuron membrane.

Hippocampus contains the most amount of chelatable zinc among the cerebral structures. By taking into
account the afferent and efferent links of this structure, the peculiarities of functioning and also with an
allowance for the fact that it is the single structure of cerebrum which is able to create new neurons even
in decay (the majority of which is zincergic), hippocampus is the most potential structure that is capable
to provide zinc homeostasis (and probable other metals) at all the ontogeny levels.
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It is well-known that hippocampus is associated with the other structures of limbic system —
hypothalamus. Such a complex as "hippocampus-hypothalamus” can be relatively considered as the
creative center of hypotheses, systems and different combinations of memory traces and incentives. All
the given facts prove the significant role of hippocampus in regulatory activity of cerebrum. These
structures are united by the presence of chelatable zinc in neuron terminals except the anatomic links.
These data enable to put forward an assumption about potential participation of hippocampus and
hypothalamus as a regulator of zinc metabolism in peripheral organs. Taking into account that both the
structures are the first to react to stress factors through thalamic and non-thalamic ways, so that such a
complex could provide more quick adaptation changes of cellular metabolism.

The research of the changes of zinc content in the cells of zinc-bearing organs in vitro has previously
been conducted by us but the intravital research of the changes of this metal content in various organs has
not been conducted.

The aim of this article is to carry out intravital research of the changes of chelatable zinc content in zinc-
containing central and peripheral organs.

A number of experiments according to the estimation of zinc content in the cells of central (hippocampus,
hypothalamus) zinc-containing organs in the conditions of physiological quietness and under the action
of different nature stressors has been conducted and biologically active substances which can modify the
stress reaction as well. The following chemical agents were used: insulin, GABA, dexamethasone,
convulsant (8-BSQ), leptin. The estimation of zinc in zinc-containing organs in this number of
experiments has been conducted with the assistance of staining of tissue sections by chelator 8-TSQ and
by 8-BSQ intravitally.

The changes of metal content of cells by means of quantitative estimation using 8-TSQ have been
investigated to receive the data of the content changes of chelatable zinc in hippocampus and
hypothalamus under the stress impact of different origin. The research suggests that zinc content and
secretory material (neurotransmitter) in hippocampus in the cells have been increased under the stressing
of immobilization, starvation, insulin injection by over 34-46% and 33-67% correspondingly. Injection of
leptin, dexamethasone, GABA and convulsant (8-BSQ) impacted on the decrease of the metal content
and the secretory material content by over 22-44% 33-67% and this factor became the cause of temporary
state of zinc scarcity.

Hypothalamus reacted opposite changes of the researched metal content to the stress impact leading to
the increase of chelatable zinc content in hippocampus cells. The explanation of this fact is the release of
zinc and secretory material (hormone) into bloodstream.

Intravital research of hippocampus neurons, pancreas cells and Paneth cells has proved the single-type
changes of chelatable zinc content in these cells. These data confirm the potential participation of
hippocampus or the complex "hippocampus- hypothalamus" in the mechanisms of metal-ligand
homeostasis regulation.

Key words: hippocampus, hypothalamus, cell of Paneth, secretory material, zinc

BCTYII

Crpec-peaxiiist (CTpec) € OAHUM 13 3aXMCHO-NIPHUCTOCYBAIILHUX MEXaHI3MiB OpraHi3mMy JIOAWHH, 110
BUPOOWJIMCS B MPOIECI €BOJIONII AK 3aci0 30epeXEeHHs JKUTTS B IMOCTIMHO MIHJIMBHX YMOBax
npoxxuBaHHs. J[030BaHUIl (Qi3UyHUI cTpec — e Crocid AOCATHEHHS Pe3MCTEHTHOCTI (CTIMKOCTI)
OpraHi3My IpH il Ha HbOT'0 MOUIKOKYI0UMX (akTopis [1,2].

OCHOBHHMM pe3yJbTaTOM afamnTailii € BiJIHOBJICHHS TOMEOCTa3y, HACHIIJKOM 4YOro € cradimizarlis
GyHKIIN opraHi3My Ha BCIX pIBHSIX Horo oprasizamii. HeBij’eMHOIO 4acTHHOIO TOMeEocCTazy €
METaJIONIraHAHUNA TOMeocTa3, sIKUil 3a0e3neuye peryssio akTUBHOCTI MeTalo(epMeHTiB, OJIKIB,
TOPMOHIB Ta 1H., @ TaKOX BHUKOHYE (YyHKIII crabumizamii Ta ceHcuOumizauii KIITHH 30yAIUBUX
TkaHuH [3]. Jledki MIKpOEIEeMEHTH, HANpHKIaJ IUHK, BHUKOHYIOTh OJHOYACHO SK (YHKIIiO
ctalimizanii KITUHHOI MeMOpaHH BiJl pyWHIBHOTO BIUIMBY 30Yy/DKYIOUOTO HeHpomeJiaTopa, Tak 1
ceHcubOimizanii i€l >k MemOpanu. OcTanHil epeKT 30UIbIIYe BIpOriAHICTh BUHUKHEHHS MMOTEHIIATY
Iii, 0cOONMBO HAa MOCTCHHANTHYHIA MeMOpaHi B IiyTaMaTepriyHuX HEHpoHaX TOJIOBHOTO MO3KY.
Tomy came 11eii MeTas BiJirpae oiHy 3 OCHOBHHX POJIEH y ME€XaHi3Max PO3BUTKY TIyTamMaTepridyHol
€KCAaUTTOKCHYHOCTI, a TAKOX ME€XaHi3Max IaM’sTi, IPUIOMY K KOPOTKOYACHOI, TaK 1 TpuBajuoi. 3
OTHOTO OOKy, NIISIXOM KAacKaJHUX 3MiH CTPYKTYpU MeMOpaHM IIMHK 3a0e3leuye TpuBaje
30ymKeHHs 11 30epekeHHs iHopmMartii, a 3 iHmoro, — 30epirae MUTICHICTH MEMOpaHu HEWpoHa
[1,2,4].
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VY KJiTMHaX LWHK, 30eO0UIBIIOro, MPHUCYTHIA y CKIAAl CTIHKUX OIOKOMILIEKCIB, Y SIKMX BiH
KOOPJAMHAIIITHO MIITHO 3B’SI3aHUN 3 €HJOTCHHUMH OpraHiuHuMH Jiranaamu [4]. Lle 3ymoBiroeTses
BHCOKOIO 3JaTHICTIO MIKpOEJIeMEHTa YTBOPIOBATH XeJaTHi cTpykTypu. OcTaHHi, K BIIOMO,
YTBOPIOIOTHCSA B THX BHIAJKax, KOJW METaJl PO3TALIOBAaHUN MK aTOMaMH-IOHOPAMHU EJICKTPOHIB,
SKMMH HaW4acTilIe € aTOMU a30Ty, KHCHIO, CIpKH. Y TBOPEHHSIM TaKUX CIIOJIYK OIOCEPEIKOBYETHCS
POJb IMHKY Y (QYHKIIIOHYBaHHI Pi3HUX OioyoriyHUX cucteM [4,5].

Oco0mMBO BaXJIMBY poOJb I MIKpOCIEMEHT Bijirpae B CKIaii MoJsiekyn OunkiB. IluHK €
CTPYKTYpPHUM KOMIIOHEHTOM a0o0 HeoOXimHWi [uIg KaTamiTH4HOl akTuBHOCTI monazn 300
MeTagopepMeHTIB, 3adisHuX y pizHux Merabomivnux nupixax: JIHK- ta PHK-momimepasw,
JeTiAporeHasm, KapOOKCUTIENTHIAa3H, CYIEPOKCHIINCMYTAa3H1, alKOroJIbAeriiporenasu, pocdarasmu,
nmipyBaTkapOoKcuiazu Ta Oarato iHmmx. OTxe, 0iojoriyHa poiib MHKY B OPraHi3Mi 3HAYHOIO
MIpOI0 peali3yeTbCsi Yepe3 ydacTb y CHHTE31 Ta crabumizamii HyKI€THOBHX KHCIOT 1 OUIKiB,
mporecax €eHEepPreTMYHOro oOMiHy, mposideparii Ta audepeHIitoBaHHs KIIITHH, MiATPUMAaHHI
AHTUOKCUJIAHTHOTO cTaTycy [4,5].

VY TOM ke yac el MeTall y BUIJISII XeJIaTOyTBOPIOIOUOro IIMHKY 3yCTPIUA€EThCs HE Y BCIX KIIITHHAX
OpraHi3My, IO J03BOJIWIO O0’€IHATH TaKi KIITUHU y €IWHY XenaTo(pibHy KIITHHHY CHUCTEMY
(XKC) [6]. Ockinbku BkazaHuil MeTan MOCTIHHO mTepedyBae B MOOUIRHOMY CTaHi, BiJl SIKOTO
3aJISKUTh MIBHJIKICTh aJaNTalliiHUX 3MiH y OpraHi3Mi, TO JOPEYHO MPHUITYCTUTH HASBHICTh CHCTEM
perymsiii 3MiH BMICTY XeJIaTOyTBOPIOIOUOTO LIUHKY.

Cepen CTpYKTYp TOJIOBHOT'O MO3KY HAHOUIBIIIE XEIaTOYTBOPIOIOYOTO IIMHKY MICTHTBCS B TiITOKAMITI.
3 ypaxyBaHHSM adepeHTHuX 1 edepeHTHHX 3B’S3KIB 1€l CTPYKTypdU, OCOOIMUBOCTI
(GyHKIIOHYBaHHS, a TAKOXK 3 ypaxyBaHHSM TOTO, IO 1€ €IMHA CTPYKTypa rOJIOBHOTO MO3KY, 3/1aTHA
70 YTBOPEHHS HOBHX HEHpPOHIB HaBITh y INIMOOKIN CTapOCTi, OUIBIIICT 3 SKUX € [UHKEPTiYHUMU,
BiH € HAOLIBII BIPOTiIHOIO CTPYKTYPOIO, sIKa 37]aTHA 3a0€3MeUNTH TOMEOCTa3 IIMHKY (a, MOKIIHBO,
il IHIIMX METaJIiB) Ha BCIX CTaaisfaX oHToreHesy [7-10].

Bigomi 3B’s13kM rinokamIa 3 iHIIOK CTPYKTYpOO JiMOIYHOI cucTeMu — rinotanamycoM. Kommieke
«TIMOKaMII-TIOTaIaMyc» MOKHa YMOBHO BBaXKaTH LIEHTPOM BHCYHEHHS TiIIOTE3, CUCTEM 1 PI3HUX
KOMOIHaIii chifiB 1 cTUMy’diB. Yce Iie JO3BOJsiE TOBOPUTH MPO BAXIUBY pOJb TIMOKaMIly B
PEryJIATOpHIM MisIbHOCTI MO3Ky. KpiM aHaToMidHMX 3B’SI3KiB, Il CTPYKTYypU OO0 €IHYE TaKOX
HasBHICTh X€JIaTOYTBOPIOOYOro IMHKY. LI 1aHi 103BOJISAIOTE BHUCYHYTH TPHUIYIIEHHS MPO
MO>KJIMBY Y4acTb MOPSI 3 TIMOKaMIIOM TilOTallaMyCy B SIKOCTI PEryyaTopa MeTadoi3My IIUHKY B
nepudepuyHUX opraHax. 3Bakar04M Ha Te, 10 OOMJIBI CTPYKTYPH MEPIIUMHU PearyroTh Ha CTPECOBI
(dbakTopH K Yepe3 TalaMivHi, TaK 1 Mmo3aTajlaMiuHi IUISTXH, TO TAKUH KOMILUIEKC MIT Ou 3a0e3MeunuT
HaWOLIBII MBHU/KI afanTaIliifHi 3MiHU KIITUHHOTO MeTadomnizmy [11].

Metoro poboTH Oyi0 MpOBENEHHS IHTPABITAIBHOTO JIOCHIIXEHHS 3MIH BMICTY IIMHKY B
LEHTPAJIbHUX Ta Nepu(PEepUUHUX IIMHKMICTKUX OpraHax.

MATEPIAJIM TA METOAU JOCJIT)KEHb

Jlocnian BUKOHAaHO Ha Oummx mrypax JjiHii Bictap. Yci TBapuHU yTpUMyBaiuCs Ha CTaHIAPTHOMY
pallioHi XxapuyBaHHS BiBapito, MpU MPUPOAHINA 3MiH1 JHS 1 HOYl. YCl eKCIIepUMEHTaIbHI POLEAYPH
3nificHioBaM  BinnoBimHO 10 "[lonojkeHHS TpPO BUKOPUCTaHHA TBAapUH B OlOMEAMYHHMX
JOCIIJKeHHSX "

Byna BukoHaHa cepist JOCHIIIB 3 BU3HAYEHHSM BMICTY LIMHKY B KJIITUHAX LEHTPAIbHUX (TIIOKaMII,
rinorajamyc) IUHKMICTKUX OpPraHiB B CTaH1 (Pi310JIOTTYHOTO CIIOKOIO Ta MPH All CTPecopiB pi3HOI
IPUPOJIH Ta O10JIOTIYHO aKTUBHUX PEUOBHH, 110 MOXKYTh MOAN(DIKYBAaTH CTpec-peakiito. Sk XiMiuHi
areHTu BuUKopucToByBanu iHCyniH, [AMK, nekcamera3oH, koHBynbcaHT (8-BCX), nentun. Ilpu
[[bOMY BU3HAUEHHSI LIMHKY B IUHKMICTKUX OpraHax B Lii cepii JOCIiiB MPOBOAUIN 3a JOMOMOTOI0
3abapBiieHHs 3pi3iB TKaHUH Xenaropom §-TCX.
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VY BUMaJKy BBEICHHS KOHBYJIbCAHTY, TBapuH 3abuBanu yepe3 30 xBuiuH micns yBeaeHas 8-bCX. 3
TKQaHWH I[MHKMICTKHX OpraHiB TOTYBaJld 3aMOpOXKeHi 3pi3u ToBuwmHOK0 30-60 mkMm. 3pi3u
3aKJII0YaI B TIIEPUH 1 PO3TISAANN IMiJ JTIOMIHECHEHTHHM MiKpockormoMm. Jlins 30ymkeHHsS
JIOMIHECHEHITIT BUKOPUCTOBYBaIX CBITIIOMDUIETp DPC-1, a 3axucHU (OKYIApHUI) — CBITIOPIIBTD 13
ckia XKC-18.

Jlnst oTpuMaHHSA IHUTOXIMIYHOI peakiii Ha IMHK 3pi3u JOCHIKyBaHUX TKaHUH o0pobmsum 0,1%-
HUM aneTOHOBUM po3unHoM §-TCX, uepe3 1-5 XB iX NpOMUBAIM JIUCTHIHOBAHOI BOJIOIO,
3aKJII0Yad B TITLIEPHH 1 PO3IIISAJAIN MiJ JIOMIHECIEHTHUM MIKPOCKOIIOM, SIK OIMHMCaHO BHUILE. Y
KJIITHHAX IIMHKMICTKUX OPraHiB CIocTepirajiacs >KOBTO-3€JICHA JIFOMIHECICHIIsI pPiBEeHb sIKO1 OyB
MIPSIMO TPOTTOPIIIHUM BMICTY ITUHKY.

[HTEHCUBHICTH JTIOMIHECIIEHTHOT peaKIlii B KJIITHHAX OI[IHIOBAIM HAITIBKUIbKICHUM METOJIOM, SIKHMA
MOJISiTae y BU3HAUCHHI IHTEHCUBHOCTI peakiii 3a TpUOaJbHOIO CHCTEMOIO, 3alpornoHoBaHo0 B.B.
CoxkomnoBcekuM [12], @. Xetixoy 1 JI. Kearmino [13]. 3a ogun 6an npuitManu ciiabono3uTHBHY, J1Ba
0anu — moMipHy, Tpu Oanu — BHpaKEHy 3a IHTEHCUBHICTIO peakuito. Ha mixcraBi migpaxyHKy Ha
100 xmiTMHAX BUBOJMIM cepeHI0 BeanuuHy (X) iHTeHCHBHOCTI peakiii. IlifpaxoByBaiu MoXuoKy
(m) Ta MOKa3HMK BipOT1AHOCTI (D).

Brmme iMmoO6inmizamii Ha OpraHi3aM TBapHH OIIHIOBAJIM NUISXOM TPUB’SI3yBaHHS iX M SKHUMHU
IIOB’sI3KaMHM JI0 CTAHKa B MOJIOXKEHHI Ha CIMHI Ha 6 roj. Y aociijax 3 rojoAyBaHHIM MUIIeH Ha 12
roAuH 1mo30aBisuy TKi. [0 exuil incyminy pobunu miamkipao B 1031 0,2 min (20 O/kr). st mporo
1ypaM yBOJHJIA TOPMOH, po30aBiieHU y 2 pa3u.

[udposi 300pakeHHs MpemapariB OTPUMYBAIH 32 JOTIOMOTOI0 JIIOMIHECIIEHTHOTO MiKpPOCKOITY
Mikmen-2, BapianT 11 (Bupobuunrso JIOMO, Pocist). Otpumani 3a gonomororo 1uppoBoi kamepu
3HIMKH 30epiranu Ha xopctkomy aucky [IEOM y ¢opwmari tiff (Tagged Image File Format), skuit
MpU3HAUYCHUM JuIsi 30epiraHHs LU(poBUX 300pakeHb O3 BTpaT iX sAKOCTi. BumiproBaHHS
IHTEHCUBHOCTI (uIyopecueHIli Ha IU(PPOBUX 3HIMKaxX IPOBOJAWIN 3a JOMOMOTOK PacTpPOBOTO
rpagiunoro penakropa GIMP, Bepcis 2.6.10. VYV BikHi "licrorpama" oTpuMyBajgM OCHOBHI
CTaTUCTUYHI TapaMeTpu (KUIbKICTh IIKCENIB y 30HI BHUAUICHHS, MEJiaHy, CEpelHE 3HaYeHHS
SCKpaBOCTI MIKCEJB Y 30HI BUAUICHHS Ta CTaHJApTHE BIIXWJICHHS), 3a SKUMHU XapaKTepHU3yBald
CTYMiHb IHTEHCUBHOCTI JTIOMiHecHeHTHOT peakiii 8-TCX Ha IMHK.

PE3YJBbTATHU TA IX OB OBOPEHHSI

Jisa 3’scyBaHHS 3aKOHOMIPDHOCTEM 3MIH BMICTY X€JaTOYTBOPIOIOYOTO IIMHKY B KIITHHAX
LUHKMICTKMX OpraHiB MpH il cTpecopiB pi3HOI MPUPOAN HaMU OyJI0 MPOBEAEHO CEepio JAOCIHIIIB 3
BU3HAYCHHSM [IbOTO MiKpOeJIeMeHTa iN Vitro 3a gomoMororo kinbkicHoi peakiii 8-TCX.

I3 meTor0 BHBUEHHSA (YHKIIOHAJIBHUX B3a€MOBIAHOCUH TINOKaMIy 3 IHIIMMU OpraHaMmH, IO
MICTATh IUHK, OYyJI0 CHHXPOHHO JOCTI/PKEHO 3MIHM BMICTY XE€JIaTOYTBOPIOIOYOTO IIMHKY B
TKaHMHAX TIMOKaMIly, TiroTajamycy 1 nepuepuyHux MUHKMICTKUX KJIITHHAX: MaHKpEeaTHYHUX Ta
KJIITUHAX TOHKOTO KHUIIIEYHHKA OPTaHiB Y CCaBIIiB, — IPH [Iii CTPECOPIB PI3HOTO MOXOKEHHS.

Pe3ynbraty BH3HAUYE€HHS BMICTY LMHKY B KIITHHAX LEHTPAJIbHUX (TIIOKaMI, TiOTajliaMyc) Ta
nepupepuyHux  (MIIIUIYHKOBA 31032, KHUIIEYHHWK) IUHKMICTKMX OpraHiB IpH  Pi3HUX
MOJIETTbOBAHMX CTaHaX CTpPEeCc-peakilii CBIAYWIM MpPO CIOJyuyeHl HOro 3MiHH, LI0 BKa3ye Ha
(byHKIIOHATBHUM 3B'SI30K MPOIECIB, K BIIOYBAIOTHCS B JOCIIPKEHUX OpraHax, 1 peaii3allis sKhx
Mo>ke OyTH MOB’s13aHa 3 IUM XIMIYHUM €JIEMEHTOM.

Ha yBary, nepir 3a Bce, 3aCIyroByIOTh LEHTpaJIbHI OpraHu, 0COOJIMBO SIKIIO WIETHCS, SIK Y LbOMY
JOCTIKEHHI, TIPO MEXaHI3MH peaii3alii CTpecOBUX peakiii 1 3’sCyBaHHS pOJIl IUHKY B IUX
mporecax (puc. 1).
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Ipumitka: TyT i gami: * — p<0,05, ** — p< 0,01, *** — p< 0,001

Puc. 1. 3Minu BMicTy IIUHKY 1 cekpeTopHoro marepiany (%) B HelpoHaX TiMOKaMIly MHILIEH MpU
3HIKEHHI Ta MiABUINEHH] (QYHKI[IOHAIBHOTO CTaHy KITITHH.

BusHaueHHs B TiNOKamii BHSIBWIO PI3HOCHPSAMOBAaHI 3MIiHM BMICTY ILHUHKY 1 CEKPETOPHOTO
MaTepialy B HOro KJIITHHAX 3aJIe)KHO BiJl BHIY YMHHHKA, a TAaKOK TPUBAIOCTI cTpecyBaHHA. Tak,
iMMOO1imTi3allisl, TOJOAYBaHHS Ta BBEICHHS 1HCYJNIHY MiJBHUIIYBAJIA BMICT IIMHKY Ta CEKpETy B
rinokammi B cepenHboMy Ha 34-46 1 33-67% BiAmoBigHO. YBEACHHS TaKHUX CIIONYK, SK JICTITHH,
nexcameta3on, 'AMK, mo 3maTHi MOJeNIOBaTH CTpEC-peaKiliio, a TaKoX KOHBYIbcaHTy 8-BCX,
MIPU3BOIIIIN IO 3HW)KEHHS BMICTY IIMHKY B TIiIIOKaMIIi 1 CeKpeTopHOro marepiany Ha 22-44% i 33-
67% BianoBigHo. IIpu 1bOMy XapakTep 3MiH BMICTY LIMHKY B TIMOKaMIIl 3ajie)kaB BiJl TPUBAJIOCTI
CTpecyBaHHs: OaraTopa3oBa Jisl IMMOOLTI3aIlii Ta TOJIOAYBaHHS BUKJIMKAIH 3HUKEHHS BMICTY
IIUHKY 1 CEKPETOPHOI0 MaTepiajy B T1ITOKaMIIi.

MonentoBaHHs CTpeCy 1 COCTEPEKEHHS 3a 3MIHAMH BMICTY LIMHKY B TaKUX CTPYKTypax-edekTopax
CTpecy, sSIK TIMOTajJaMycC Ta TiMOKaMI, MpH Jii pi3HUX 3a MOXOPKEHHSIM CTPECOpiB Ta XIMIYHHUX
MOJYJIATOPIB CTPEC-PeaKilii, JO3BOJIMIO BCTAHOBUTH CIOJIYYEHI, ajleé MPOTUJIEKHI 3a XapaKTepPOM,
3MiHH, [0 Y3TO/PKYETHCS 3 HABEJCHHMH BHUIIE Ta iHITUMH BigoMocTsmu (Tadum. 1).

Ta6muns 1 — Bmict nunky (3a6apsienns 8-TCX) (X M) ta iioro B3aeMo3B’a30k (r) y Timokammi
Ta TinoTajsaMycli MUILIEH IpU Jii cTpecopiB Ta MoaudIKallii cTaHy MiJIUTYHKOBOT 3aJ1031

'pviia TBADII Bwmict niuHKy, MKT/T ]
pyn p T1IIOKaMII TirmoTasamyc
KonTpo:s . *
(1226 53,2+4.4 21,3£1,5 0,48
lNononyBanus * kK - *
(n=16) 72,4+6.4 12,2+0,8 0,43
BBC}IGHHSI_ [JIFOKO3U 41,543 2% 272416 -0,69%**
(n=16)
ImMmo6imizartis 73.246.3% 11.540 %% -0.52*
(n=18) o T ’
Brenenns incyniny 68.1-+5.3% 13.04] ] %% -051*
(n=15) T T ’

[pumitka: TyT i gani: * — p<0,05; ** — p< 0,01; *** — p< 0,001.
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Tak, BMICT IMHKY B KJIITWUHAaX TiNOKAaMIly MPHU TOJOAYBaHHI, IMMOOLTi3allii Ta BBEJCHHI 1HCYIIHY
nigBuiyBaBcs Ha 28-39%, y Toil e yac y KIITHHAX rimorajamyca 3HIKyBaBcs Ha 38-48%.
BBeneHHs r1r0K031 MPU3BOAMIIO J0 3HIKEHHS BMICTY I[OTO METaJIy B aMOHOBOMY po3i Ha 22% Ta
MIJBUIICHHS IIbOTO TMOKAa3HUKa B KIITHMHaX rinmoramamyca Ha 29%. Ilpu mpomy cmocrtepiranu
HEraTUBHY Kopelsilito cepeanboi cun (-0,46 <r < -0,72) mMix 3MiHAMK BMICTY IIMHKY B KJIITHHAaX
TiIOKaMITy Ta TirnoTajgamyca.

OCKiIbKHM METO/1 BU3HAUCHHS IIUHKY B JOCIHI/PKYBAaHUX TKAaHWHAX 3/aTHUNA (IKCYBaTH 3MiHU LIbOTO
MeTany Juire in Vitro, depes mo He JaBaB IMOBHOI KapTHHHU 3MiH, SIKi BiZOyBarOThCS B KIIITHHAX
IHTpaBITAIbHO, IHIIA B METOJUYHOMY AacCIeKTI cepis MJOCHIMIB JO3BOJMJIA MiATBEPIUTH
00’ €KTHBHICTB OJICpXKAHUX 1 HABEJACHUX BUIIIEC PE3Y/IbTATIB.

V wmiii cepii, OKpiM 3a3HaYCHUX BHIIE CHOJIYK, BAKOPUCTOBYBAJIHM BHYTPIIIHbOUEPEBHE BBEICHHS B
opraHi3M TBapuH xejnaropiB §-BCX mepen cTtpecyBaHHSM, IO JTO3BOJISUIO JOCSTTH TPUKUTTEBOTO
3a0apBJICHHS MUHKMICTKHX KIITHH (Tabi. 2). 3a0apBiIeHHS CEKPETOPHOTO MaTepially 3a JOIOMOT OO
anpleriipykcuHy B MaHKpeaTHUHUX KIiTMHAaX B Ta ¢rokcuHoM B kimithHax [lanera TOHKOTro
KUIICYHUKA TPOBOAWIM IN VItro Ha cymikHuX 3pizax. [Ipy 1pbOMy BMICT MeTally i CEKpETOPHOIO
MaTepiany B Lii cepii HOCHIIKEHb BU3HAYABCS MIBKUIBKICHUM METOAOM B YMOBHUX OJMHHIISIX

(ym.om.).
Tabmuis 2 — Bmict (X+m) uunky (3a0apsienns 8-bCX) 1 cekperopHoro Marepiany (3abapBieHHS

anpAeTiAPyKCHHOM 1 (pIOKCMHOM) y KJITHHAX TilOKaMmy, MaHKPEaTHYHUX OCTPIBIIB 1 KIIITHHAX
TOHKOT'O KUIIICYHHUKA B MUIIEH Ticias (I3MYHOTO HABAaHTAKEHHS, IMMOOLTI3allii Ta aJIKorosmi3arii

[HTeHCUBHICTD peakIlii, yM. Of1.
8-BCX
I'pyma TBapun A erindyKcHs Q)HQKCHH
. . B KJIITHHA (KJ'IiTI/IHI/I B) (KHITHHH
rinoKamIt KIIITHHU Iarera [Tanera)
K?:_ng;“’ 2,0240,10 | 1,91%0,14 | 1,11+0,08 1,30+0,11 0,81+0,07
disznune
HaBaHTAXEHHA | 2,49+0,17* | 2,44+0,16* 1,55+0,09* 1,59+0,11%* 1,12+0,09*
(n=19)
IMME):_IE)M’I 2,61£0,24% | 2,65:0,20% | 1,50+0,11% 1,70£0,13* 1,24+0,10%
AﬂKE’gffSaum 2.5040,17% | 2.53£021% | 1,64+0,14* 1,62+0,12* 1,1120,12*

IMpumitka: * — p<0,05 y nopiBHSHHI 3 KOHTPOJIEM.

[lepur 3a Bce ciia BIAMITHTH, 1O JOCHIKEHHS 3MIH BMICTY LIMHKY 1 CEKPETOPHOIO Marepiaiy B
KIIITHHAX MAaHKPEATUYHUX OCTPIBI[B 1 TOHKOIO KHUIIEYHUKY Ha (DOHI 3MiH BMICTY I[bOI'O MeETaly
B rinokammi mpu Aii ctpecopis 1 3a0apsiieHi 8-bCX mokazasno iX MiABUINEHHS B yCIX THMaX KIITHH
pisHux BuIiB TBapuH. Di3UyHEe HABAaHTXKEHHS, IMMOOLTI3AIis 1 aNKOroji3allis BUKIUKAIHA
301IbIIEHHS BMICTY IIMHKY B Tinokammi Ha 25%, 30% 1 25%, y kimitunax B — Ha 26%, 37% 1 32%,
[Taneta — Ha 36%, 27% 1 36% BignoBigHO. Takox croctepiranyu 301IbIIEHHS BMICTY CEKPETOPHOTO
Marepiany Ha 23%, 30%, 23% y kimiTHHaX MaHKpeaTHYHUX OCTPiBIB Ta Ha 38%, 50%, 38% y
KIIITHHAX TOHKOT'O KUIIEYHHUKA MPHU Aii TUX Ke CTPECOBUX (PAKTOPIB.

AHaJi3 OTpUMaHUX HAMH JaHUX JIO3BOJISE BIAMITUTH, IO 3MIHH BMICTY JOCIIIKYyBaHOTO METalTy
HE3aJISKHO BiJ crioco0y owiHku (in Vitro ado in Vivo) BinOyBatOTHCsI OTHOTUIIOBO, 1[0 CBIAYHUTH PO
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HasBHICTh 3arajbHUX MEXaHI3MIB pEryssilii XenaTOyTBOPIOIOYOrO IMHKY Y BCIX KIITHHAX
opranizmy. Ciif BIAMITUTH, [II0 BMICT IMHKY B KJIITHHAX TIMOTAIAMYCY 3HUXKYEThCA Ha (OHI HOTO
IIBUIIICHHS B HEWPOHAX TIITOKaMITy, III0 MOKHA TOSICHATH CEKPEIIEI0 IIbOTO MIKPOEJIEMEHTa pa3oM
13 CEKPETOPHUM MaTepiajioM y KpPOB.

Pi3Hi MoJeni cTpecoBHX CTaHIB, BBEACHHS XIMIYHUX PEYOBHH, 110 BIUTMBAIOTH HA Mepedir TUX 4u
IHITUX CTOPIH CTpEC-peakilii, pi3Hi X KoMOiHalii Ta BU3HAYECHHS MPHU I[bOMY BMICTY IIUHKY J1a€
MiJCTaBU CTBEP/UKYBATH, IO B YCIX CHTYyaIisiX, KOJU BiJIOYBA€ThCSA aKTHUBAIS TiMOKAMITY
(BBenmeHHs koHByJbcaHTy 8-BCX, nentuny, aexkcamerasony, I'’AMK), BMICT IIUHKY 3HM)KYBaBCs, a
Iist paxTopiB, 110 iHTiOyBaja MOro aKTHUBHICTB (CTPECOBI BIUIMBH, BBEJCHHS 1HCYIIIHY), IPU3BOIUIIA
710 301TBIIICHHS BMICTY IIMHKY.

IaTpaBiTanbHi AOCHIHKEHHS MIAKPIMAIA OTPUMaHI paHillle JaHi MpPO BIUIMB cTpec-(hakTopiB Ha
BMICT [IMHKY B IIGHTPAIBHUX Ta JEIKUX TNepU(EepUYHUX [UHKMICTKHX  OpraHax.
OnHOCTIPSMOBAHICTh 3MiH BMICTY I[bOI'O METally B KJIITHHAX SIK HEHTPAJIbHUX, TaK 1 nepudepruaHux
[UHKMICTKHX OpPTaHiB MOKE€ CBIUYUTH HA KOPUCTH T1IIOTE3U MPO Y4aCTh TMOKAMITy, 800 KOMILIEKCY
«TIMOKaMII-TIMOTATaMyC» y PETyJISIil MeTaboIi3My XeIaToyTBOPIOI0YOro HUHKY B nepudepiitaux
OpraHax.

[lepcriekTBaMH TONANBIIOTO JOCTI/DKEHHS € BHBYCHHS BIUIMBY KOMIUICKCY «TIIIOKAMII-
rinorajgamyc» Ha MeTabo0JIi3M 1HIIUX XeIaTOyTBOPIOIOYUX METATIB.

BUCHOBKH

1. Bu3HaueHHs BMICTy UMHKY B KIITHHaX IEHTpalIbHUX (TIOKaMIm, rimoTajamyc) Ta
nepudepuyHnx (MANUTYHKOBA 3aji03a, KHUINEYHWK) LHUHKMICTKUX OpraHiB MpH Pi3HUX
Mozensax 1 Moaudikalisgx cTpec-peakiii CBiA4aTh Mpo CHOMYyUEHICTh 3MiH 1 (PYHKIIOHATBEHUN
3B'SI30K TIPOIIECIB, SIKiI BIIOYBAIOTHCS B IUX OpraHax, i peami3amis SKHX MOB’s3aHa 3 LUM
XIMIYHUM €J€MEHTOM.

2.  HeraruBHa xopemsmis cepenuboi cwim (-0,46 <r<-0,72) Mk 3MiHaMH BMICTY IHHKY B
KIITHHAX TIIOKAaMIly Ta TiloTajaMmyca CBITYUTh Ha KOPHUCTh 3B 3Ky MK HEHpOHAMHU IHX
CTPYKTYD.

3. CrpecopHi BruBH ((i3MuHE HABAHTAXKEHHS, IMMOOLII3aIlis, aTKOTOMi3allis) Ta MoaudiKalis
CTaHy BBEJICHHSIM O10JIOT1YHO aKTHBHHMX PEUOBWH (IHCYINIH, JIENTHH, Aekcamera3oH, ' AMK,
rimoko3a, 8-bCX) cynpoBOKyBaIMCS CYTTEBUMH 3MiHAMHM BMICTYy LUHKY (22 — 46%) 1
cekperopHoro marepiany (33 — 67%) B KIITUHAX TiMOKaMIly 1 iepupepuIHUX ITMHKMICTKUX
OpraHiB, XapakTep SKHMX 3aJIe)KaB BiJl BUly 1 TPUBAJIOCTI Jii YMHHUKA.

4.  TuTpaBiTanmbHE AOCHIIKEHHS BMICTY IIUHKY II0Ka3aJo, 10 FOCTPE CTPECYBaHHS BUKIIUKAJIO SIK
MiBUILEHHS BMICTY LIMHKY B LIEHTPAJIbHUX 1 NepuepuyHmX, TaKk 1 CEKPETOPHOI0 MaTepiany
B NepUpepuyHNX HUHKMICTKUX OpraHax.
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KIJIBKICHUIM AHAJII3 EET-IIOKA3HUKIB JIJ151 OIIIHKH
OCOBJIMBOCTEH BIOEJEKTPUYHOI AKTUBHOCTI
I'OJIOBHOI'O MO3KY B CTAHI CIIOKOIO
B BJIM3HAT TA OAHOOCIBHO HAPOIXKEHUX

Muxanesuu O. M.

Cxionoesponeticbkutl HayionanvbHull yHieepcumem imeni Jleci Ykpainku
43021, Ykpaina, Boauncoka obnacme, Jhyyvk, eyn. [lomanosa,9

myhalevych@meta.ua

VY HaykoBiif mpani JOCHiKYIOThCs YyHiBepcadbHi EEI'-XapakTepucTHKH CHEKTpajbHOI LIILHOCTI
MOTYXKHOCTI Ta i1HTETpaJbHHUNA KiNbKicHUI aHani3 EEI -matepHy B OJM3HAT y CTaHi CIIOKOK MOPIBHSHO 3
OJIHOOCIOHO Hapo/KEeHMMHU oOcTexxyBaHMMHM. [li 4yac NMpoOBENEHHS EKCIEPUMEHTY TaKOX 3IiHCHEHO
MOPIBHSAHHS CIIEKTPY MOTYXKHOCTI ocHOBHEHX putMiB EEI Ta iX migmiana3oHiB Mi)k MOHO3WUTOTHHUMH Ta
JU3UTOTHUMHU OJIM3HATAMH. AHANI3YIOYM EKCIEpUMEHTaJIbHI JaHi MOPIBHAHHS 3HA4YE€Hb CHEKTPY
MOTYXKHOCTI MOHO3WTOTHHX OJH3HAT Y CTaHI CIOKOK MiX CO0O0I0, CTaTUCTHYHO JOCTOBIpHUX
BiIMIHHOCTeH He OyJI0 BHABICHO. Y HAayKOBii POOOTI TakoX BUKOPHCTAaHHHA METO] IHTErPajlbHOTO
kinpkicHoTo aHanizy EEI -natepny.

Kniouosi cnoea: Oauswama, enexmpoenye@anozpama, ChHeKmp HOMYICHOCHI, nidoianasoH, pumm, iHmezpaibHi

Koeghiyicumu.

KOJUYECTBEHHBIA AHAJIN3 D3T-TIOKA3ATEJIEN JJI OIIEHKH
OCOBEHHOCTEN BUORJEKTPUUYECKON AKTUBHOCTH I'OJIOBHOT'O MO3T'A
B COCTOSIHUHM NMOKOSA Y BJIM3HEIIOB 1 OAUHOYHOPOKJIEHHBIX
Muxanesna O.H.
Bocmounoesponeiickuti nayuonanvhulil yHusepcumem umenu Jlecu Yepaunxu
43021, Ykpauna, Bonvinckas obracmo, Jlyyk, ya. Illomanoea, 9
myhalevych@meta.ua
B mnayuyHo#f paboTe wncciemyloTcs yHUBepcalbHble DI -XapakTepHCTHKH CHEKTPAaTbHON IUIOTHOCTH
MOIITHOCTH, & TaK)XK€ MHTErpajbHbIM KOJIMYECTBEHHBIH aHann3 DI -naTrepHa y OIM3HELOB B COCTOSHUU
MIOKOSI 110 CPAaBHEHHIO C OJMHOYHOPOKAEHHBIMU oOcienyeMbiMu. Bo BpeMs IpoBeAeHHs SKCIIEPUMEHTa
TaK)Ke IPOBEJICHO CPaBHEHHUE CIIEKTPa MOIIMHOCTH OCHOBHBIX PUTMOB DOl M MX HOAANANa30HOB MEXKAY

MOHO3UI'OTHBIMU W JU3HUTI'OTHBIMH 6HI/13H€HE[MI/I. AHaJ’II/I?)I/Ipyﬂ OKCICPUMCHTAJIbHBIC JAaHHBIC CPABHCHUS
3HAYCHHI CHEKTpa MOIIHOCTU MOHO3UT'OTHBIX 6J'II/13H€HOB B COCTOSAHUHM TIIOKOd MCKIAY COGOﬁ,
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CTaTUCTUYECKU JOCTOBEPHBIX pa3in4uii He ObuI0 0OHapyxeHo. B HaydHOH paboTe Tarxke MCIIOIb30BaH
METOJl HHTETPAJILHOI'O KOJIMYECTBeHHOro aHanu3a D01 - marTepHa.
Knrwouesvie cnosa: bausneywi, snexmposnyedhanroepamma, cnekmp MOwHOCmu, ROOOUANA30H, DUMM, UHMeZPATbHbIE
K03 uyuenmul.

QUANTITATIVE ANALYSIS OF EEG INDICATORS FOR EVALUATION
OF CHARACTERISTICS OF THE BIO-ELECTRICAL BRAIN ACTIVITY
IN REST-STATE IN TWIN BIRTHS AND ALONE

Mikhalyevich O.M.
Lesya Ukrainka Eastern European National University
43021, Ukraine Volyn region, Lutsk, Potapova, 9
myhalevych@meta.ua

In a scientific paper investigates the universal characteristics of the EEG power spectral density and
integrated quantitative analysis of the EEG pattern in twins at rest compared with alone surveyed.

Opportunity to approach the analysis of brain activity in psychophysiology give existing noninvasive
tests. These primarily include registration of bioelectric activity of the brain (EEG, evoked potentials,
caused by magnetic fields). A range of empirical data indicates the presence of certain relations between
the parameters of the EEG and psychological characteristics of the person. As it turned out, the various
EEG parameters are associated with a wide range of behavioral and cognitive characteristics,
intelligence, dyslexia, learning disabilities, emotional, temperament, etc. EEG parameters associated with
a wide range of behavioral and cognitive characteristics. EEG - individual-specific and stable enough for
the life of the individual characteristic.

Psychogenetically twin study to determine genotype-environmental determination of physiological
characteristics are among the most interesting at the moment. Painting EEG adult formed from birth to
15-20 years. This process can be noted as a process of functional maturation of morphological and
functional relationships between the cortex and other brain structures. With the advent of automatic
frequency and spectral methods rows of EEG analysis, researchers were able to spend time withplacing
not only the parameters of the alpha rhythm, as a rule, pre-undermines the overall pattern of EEG, but
also on other frequency diapazone. Specific objective is to analyze the power spectra of different
frequency, which depends on the amplitudes of the sinusoidal components. The power spectrum is a set
of all values Power EEG rhythmic components, calculated with the definition lennym sampling interval
(at a rate of tenths of Hz). Spectra can characterize the absolute power of each rhythmic component or
relative, power intensity of each component (in%) relative to the total EEG power analyzed interval
recording. EEG recording is one of the experimental methods disabilities, who, unlike standardized
psychological tests allow variations in the surveys.

The aim of our study was to identify universal characteristics of EEG power spectral density of twins at
rest, compared to single-handedly born subjects. Also, similar data were compared between monozygotic
and dizygotic twins

The study involved nine pairs of twins (monozygotic pairs 6 and 3 pairs of dizygotic) and 18
individually-born subjects, which constituted the control group. Age was examined in the range of 15 to
24 years. Calculation of power biopotential EEG was performed by the program hardware-software
complex "Neyrokom™ (Center of Medical Electronics devices and technologies "hai Medica" National
Aerospace University "Kharkiv Aviation Institute", certificate of state registration Ne 6038/2007 of 26
January 2007). EEG was recorded from symmetrical frontal (F3, F4), parietal (P3, P4), occipital (01, 02)
and temporal (T3, T4) on the international system 10-20%. For the characteristics of the spectral
composition of the EEG was the method of fast Fourier transform. The result was obtained spectral
power in EEG frequency bands: theta 1 = 4.5 Hz, theta 2 = 6-7,5 Hz, alpha alpha 1 = 7,5-9,5 Hz, alpha 2
=9,5-11 Hz, alpha 3 = 11-13 Hz; Beta 1 = 13-20 Hz, beta 2 = 20-25 Hz.

When analyzing power values of alpha rhythm were detected areas of the cerebral cortex have
demonstrated statistically significant changes in twins compared to single-handedly born subjects. These
results indicate that the twins in the right hemisphere increased the power spectrum of slow components
beta band (beta-1) and fast component alpha range (alpha-3). and theta bands (alpha-1, beta-1, theta-1).
As for the left hemisphere, in this part of the brain in twins can be marked enhancement of fast subband
power spectrum beta rhythm (beta 2) and slow theta rhythm (theta-1), and reduced slow component alpha
range (alpha-1) compared to the control group. Comparing the value of the power spectrum of
monozygotic twins resting together, we can conclude that the analyzed data of one and the other group do
not differ.

The analysis of the experimental data we also used the method of integrated quantitative analysis of EEG
patterns. Were developed integrated factors that enable an assessment of the main spectral power of EEG
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frequency ranges and subranges and determine the importance of specific EEG frequency components to
form a coherent pattern of EEG. All data obtained were processed using the methods of mathematical
statistics.

The scientific article presents data showing that, in general, the twins are more active left hemisphere of
the cerebral cortex in the functional state of calm compared to those born alone. When comparing the
values of the power spectrum of monozygotic twins resting together, statistically significant differences
were found.

Key words: twins, EEG, power spectrum, sub-band, rhythm, integral coefficients.

BCTYII

Bynap-axa AisuibHICTE 0cOOM pO3BUBAETHCS HA (POHI MEBHOTO (PYHKIIOHAIBHOTO CTaHy il HEPBOBOI
CHCTEMH, JeTAJbHY OI[IHKY SKOMY MOJYKHAa HaJaTH 3a JOMOMOTOI0 XapaKTepUCTHKH Ta aHali3y
napametpiB EEI [1]. JloBeneHo, mo mociiioBHiCTh iHAuBIAyansHUX EEI -XapakTepucTuk Moxe
3a0e3neyyBaTy MPOrHO3 OCOOIMBOCTEH peakilii Ha MOCTiIHHI 3MiHH B OTOYYIOUOMY CEpPEIOBHIII.

[TcuxoreHeTHYHI AOCTIPKCHHS OJNM3HAT JJIs BU3HAYCHHS TCHOTHUII-CEPEIOBUIIHOI JeTepMiHaIlii
cuxo(di310J0TTYHUX XapaKTEPUCTUK € OAHUMHU 3 HAOUIBIN 1likaBUX Ha manui yac. Kaptuna EEI’
JOPOCIIOi JIFOAMHE (DOPMYETHCS BiJl MOMEHTY Hapo pKkeHHS 1 10 15-20 pokis. Llel mporiec MoxHa
BII3BHAYUTH SK Mpolec (YHKIIOHAIBHOTO M03piBaHHS MOP(HO(YHKIIOHATBHUX 3B'SI3KIB MiX
KOPTEKCOM Ta IHIIMMHU CTPYKTypamu Mo3Ky [2]. Benuke 3nadenns y ¢opmysanui EET mae
iHaUBiqyalbHa BapiabenbHicTh. OJIHAK ICHY€ MEBHHM «CTaHIAApT HOpMHU». Tak, OloeneKTphYHa
AKTHBHICTh MO3KY JOPOCIIOIl JIIOJUHU BBaXKAETHCS HOPMAIBHOIO, SKIIO B HiMl B CTaHI CIOKOIO
JOMIHY€ peryispHuil 3a yacToTor anbpa-put™ (8-13 ') 3 cepeaAHbOI0 aMILIITYyA0I0 OHM3BKO 50
MKB (MosxinuBo Big 20 1o 100 MxB i 6inbme) [1-3].

Crilikicte iHgUBIAYyanpbHUX ocobmuBocteld EEIT crmonykama OaraTbOX TOCHITHHKIB BXE Ha
IepIIuX eTanax PO3BUTKY eleKkTpoeHuedanorpadii mykaTH CHAAKOBI NMPUYUHU BUHUKHEHHS
1HAMBIyaIbHOTO O10€NIEKTPUYHOTO MaTepHy MO3KY B IijoMy. [ToTpiOHO Big3HAUMTH, IO JOBOII
HeuMcleHH1 reHeTnyHi gociimkeHHs EEIT sk ¢geHoMena mpoBoauiucs y JBOX HampsiMKax. B
OJIHOMY 3 HUX BHUBHYajocs ycnaakyBaHHs natepHy EEI' B uinomy, 1 Toni EEI" Buctynae sk sixkicHa
(B FTEHETUYHOMY CEHC1) 0O3HaKa, Mo/1i0Ha, HAIPUKIIA]], 10 TAKOI O3HAKH, SIK KOJIip ouel [2-3].

Panni renernuni gocnijpkeHHs EEIT sk 1ICHOT XapakTEpUCTHKU CTOCYIOTHCS B OCHOBHOMY
1HAMBIYaJIbHO-TUIIOBOT KapTUHU 010€JIEKTPUYHOT aKTUBHOCTI MO3KY B CTaHi crokoro. Benuka ix
yacTMHA Oyjla BUKOHAHa 13 3aCTOCYBAaHHSM OHM3HIOKOBOro MeTtonay. IIpu 1boMy 1 B paHHIX, 1 B
JesIKUX OUIbII Mi3HIX POoOOTax MOCHIIHUKHA KOPUCTYBAJIUCS METOJOM «CIIMOi» Kiacudikaiii
eJeKTpoeHIedasorpaM, 3apeeCTpOBaHNX y OMU3HAT ab0 IHIIUX POAUYIB, KOJIU KBai(hiKOBAHHI
¢axiBenp 13 3aranbHoi Macu Biioupas EEI" 3 mogiOHUM 1 HECX0XKHUM PUCYHKOM, a TIOTIM OLIIHIOBaB
iX 1IEHTUYHICTh y POJUYIB 3@ CTyIEHEM 301ry «ciinoi» kinacudikamii 3 GpakTUHUHUMU JaHUMH. 3a
JI0TIOMOT00 IIbOTO0 METOJy Oylla BCTaHOBJEHa Mailke MOBHa 1eHTH4HICTh pucyHka EEI" y M3
OJM3HIOKIB 1 HabaraTo MeHIa cxoxicts —y 13 [2].

3arajoM, JaHi MepeBa)KHOi OUIBIIOCTI JOCHIPKEHb Yy I[bOMY HAaNpsIMKY I10Ka3ylOTh, IO
HE3aJIeKHO B JUISHKHM BiABeAEHHs, criocoOy peectpamii Ta aHamizy EEI, Biky 1 KimbkocTi
00CTe)XKyBaHUX, HaWOUIbII 3HAYHI CHAJKOBI BIJIMBU MPOSBISIOTHCSA B Jiana3oHi ajlbpa-puTmy.
[IpakTiyHO B KOJHIA poOOTI HE TOBOPUTHCA NpPO HecxoxicTh M3 Onu3HAT 3a anbda-
napamerpamu  [2-3]. MMmoBipHO, 3HauHOI0 CHAKOBOIO OOYMOBNEHICTIO came ambga-
XapaKTEePUCTUK MOXHA MOSICHUTH 1 3HaYHy NOo10HICTh 3aranbHoro pucynka EET M3 Gnu3HIoKiB,
OCK1TbKH caMe anb(da-put™m € nominytouuM B EEI" criokoto.

Otxe, HaWOUIbIIa BU3HAYEHICTh ICHYE IO BiAHOWIEHHIO 10 anbpa-putmy. oo pemrtu
putMmiunux cknanoBux EEI To, mo-mepiie, € MeHIIe AaHUX, a IO-Apyre, — IIi JaHi (0coOIUBO Ti,
[0 CTOCYIOThCSI TMOBUIBHUX CKIJIQJIOBUX) € CYNEPEeWwIMBUMHU, 1 TOMY MOKH Ba)KKO 3pOOUTH
OCTaTOYHHI BUCHOBOK BIJTHOCHO OY/b-SKOTO 3 PUTMIB, OKpiM anbQa.

Bicnuk 3anopizbko2o nayionanvnozo ynieepcumemy Ne2, 2014



166

JlocmipkeHHST poJii TEHOTHIy B IHIUBIAyadbHUX ocoOnuBocTsax crnektpy EEIT mpoBoaumocs
J. JlikkenoMm 1 X. CtacceHOM. Y3ke B MEPIINX JOCIIDKCHHSAX OYyJI0 BHSBICHO pa3louy CXOXKICTh
criekTpiB BigHOCHOT oTy>kHOCTI EET" y M3 Onu3HsT.

VY J13 Onu3HAT, HABIAKH, CIEKTPU BUSBWINCSA CXOXI HE OUIbIIe, HIK CHEKTpU 0ci0, mo He Oynu
poanyamu. OTXxe, pe3ynbTaTH JalH IMiACTaBy BBAXATH, IO CIIEKTPU BigHOCHOI moTyxHocTi EE
3HAYHOIO MipOI0 00YMOBIICHI FeHOTHIIOM [2].

3arajmoMm, HaBelICHI JaHlI TOBOpITH Mpo Te, mo 1 crpykrypa cnekrpy EEIT cmokoro, i
CHIBBiIHOIIEHHS BUIAIKOBHUX 1 MEPIOAMYHHUX CKJIAJOBHX Y HbOMY BiTOOpaKarOTh 3HAUYHUI BIUIUB 3
Ooky reHoruy [3].

MerToro Hamoro AOCHIHKeHHs 0ys0 BUsBIEHHs yHiBepcaabHUX EEI-XapakTepucTUK CrieKTpaibHOi
IIITBHOCTI TOTY)KHOCTI OJM3HAT Yy CTaHI CIOKOIO, MOPIBHSHO 3 OJHOOCIOHO HapOKCHUMH
o0cTexkyBaHUMHU. Tak0oX MOPIBHIOBAINCS AHAJOTIYHI JaHI MK MOHO3UTOTHHMH Ta AU3UTOTHUMH
OJTM3HSTAMHU.

MATEPIAJIM TA METOJAU JOCJIIKEHD

VY npocuniJKeHH1 B3sU y4acTh 9 map Oau3HAT (6 map MOHO3UTOTHUX Ta 3 mapu AU3UTOTHUX) Ta 18
OJTHOOCIOHO HAPOJKEHUX OOCTEKYBAHMX, II0 CTAHOBWJIM KOHTPOJIbHY Tpyiry. Bik oOcTexyBaHux
OyB y Mexax Bin 15 mo 24 pokiB. Po3paxyHok mapamerpiB moTyxHocTi OiomorteHmiamis EEI
BUKOHYBAaBCS 3a MPOrpaMol0 amapaTHO-MPOTrpamMHOro Komiuiekcy «Helpokom»  (1ieHTp
pPamiOCIEKTPOHHUX ~MEIWYHUX MpwiaaiB 1 TexHouorii «XAl-Menuka» HarioHanpHOTO
aepoKOCMIYHOTO yHiBepcuTeTy «XAl»; cBimouTBo mpo aep:kaBHy peectpaniro Ne 6038/2007 Bin
26 ciunst 2007 poky). EET" peectpyBanu Bin cumerpuunux nobosux (F3, F4), tim’saux (P3, P4),
notwmunux (O1, O2) rta ckponeBux (T3, T4) 3a mixnapoaHotw cucrtemoro 10-20%. s
OTPUMAHHS XapaKTEPHUCTHKHU CIICKTpaIbHOTO ckiany EEI Oyio BHKOpHUCTAHO METOJ HIBHUIKOTO
neperBopeHHss Oyp’e. YV pesynbrari Oyiio oTpuMaHO 3HAYEHHS CreKTpaibHOl moTykHocTi EEIT y
YacTOTHHUX AlamazoHax: Tera-1=4-5 ', teta-2=6-7,5T'1, aneda ansda-1 = 7,5-9,5 I'n, ansda-2
=9,5-11 I'n, anpa-3 = 11-13 I'y; G6eta-1=13-20 I'u, 6eta-2 = 20-25 I'w.

AHaJli3 MOKa3HUKIB MOTYKHOCT1 31MCHIOBABCS B CTaHI CIOKOIO 13 3aIUTIOMIEHUMU ounMa ((oH).
®onosa EEI" xapakTepusye cTaH MO3KY, SIKUH CKJIaBCSl B pe3yJIbTaTi BCi€l CYKYNMHOCTI peakiiiii Ha
yucieHHi Ta TpuBadi ¢izionoriuni BB Ha LIHC. ®onosi EEI-iHaukaTopu 3HaYHOIO MipOrO
HecyTh 1H(OpMaLlito PO MEeBHI CTIKI pUCH OCOOUCTOCTI.

OTpuMani pe3ynbTaTd OynM ONpanbOBaHi 3 BHUKOPUCTAHHSIM CTaHAAPTHUX  METOIB
rapaMeTpUyYHOi Ta HemapaMeTpuyHoi ctatuctuku (t-kpurtepiit Ctelonenrta, U-kpurtepiit ManHa —
ViTHi), peanizoBanoro Hamu B maketi MS Excel 2003.

PE3YJIBTATHU TA IX OBI'OBOPEHHS

[lin yac aHamizy 3Ha4Y€Hb MOTY)KHOCTI ajb(pa-puT™My OyIu BUSABIECHI AUISHKHA KOPHU T'OJOBHOTO
MO3KY, IO BIJ3HAUMUJIIMCS CTATUCTUYHO JIOCTOBIPHHUMH 3MiHAMH B OJIU3HAT, MHOPIBHSHO 3
OJTHOOCIOHO HApOPKEHUMHU OOCTe)XyBaHUMH. Y anbda-1 mijgaiana3zoHi CrocTepiraeTbCs 3HMKEHHS
CIIEKTPY IMOTY)XHOCTI B NpeQpOHTANBHIA Ta MpeMOTOpHiN minsHkax niBoi miBkymi (p < 0,05).
Anbda-2 miamiamazoH BIA3HAYAETHCA JOCTOBIPHOIO PI3HMIICIO JIMIIE B 3aJHBOCKPOHEBOMY
BiJIBeJIeHHI mpaBoi miBKymi. IlpoananmizyBaBmin BiAMIHHOCTI anb¢a-3 mijggianazoHy, MOKHA
BIIMITHUTH MiJBUIIEHHS CIEKTPY MOTY)XHOCTI B IEHTPaJbHIM, 3aTHLOCKPOHEBIN, TiM’sHIN Ta
MOTWJIMYHIA 30HaX MpaBoi MIBKYJIl TOJOBHOTO MO3KYy B 0OCI0 €KCHepHUMEHTAJIbHO1 TIpyNH
MOPIiBHSHO 3 KOHTposbHOIO (p < 0,05).
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anb(da-miana3zon Oera-niana3zoH TeTa-Jiamna3oH

Puc. 1 3minu cnektpy notyxHocti (MkB?/[') mignianazoniB ocHoBHUX puTMiB EET" 6nu3HaT
MOPIBHSTHO 3 OJTHOOCIOHO HAPOHKEHUMHU O0CTEKYBAHUMH.
YMOBHI no3Ha4YeHHs: anbha-1- ", anba-2- =, anbha-3- ﬂ; Oera-1- + , bera-2- i ; Tera-1-m. TpukyTHUK i3
BEPIIMHOIO OBEPXY CBIAYUTH MPO 3POCTAHHS MOTYNKHOCTI PUTMY, AOHHM3Y — NPO 3HIDKCHHS, CTPINOYKA JIOBEPXYy —
Ii/IBUILEHHS MTOTYXHOCTI, IOHU3y — 3HIDKCHHS; KBaapaT 3adapOoBaHuil y BEepXHIH YacTHHI — MiIBUILEHHS PUTMY, Y
HIDKHIHA — 3HIDKSHHSL.

JluHamika MOTYXHOCTI B OeTa-aiama3oHi BiJ3HAYAETHCS IMIABUIICHHAM 3HAa4eHb Yy OIU3HAT
MOPIBHSTHO 3 OHOOCIOHO HAPOJHKEHUMHU OOCTEeKYyBaHUMH. Y OeTa-1 mimjiama3oHi COCTepiraroThes
JOCTOBIpHI 3MiHM B MpeppOHTAIbHIN, 3aJHBOIOOOBIH, MEPEAHHOCKPOHEBIM Ta 3aTHBLOCKPOHEBIN
OUISIHKaX TpaBoi MIBKYJl TOJOBHOrO MO3Ky Omu3HAT (p < 0,03). IliABUILIEHHAM 3Ha4YeHb
MOTY>KHOCTI BI/I3HAYalOThCS TIM’SIHA Ta TOTWIMYHA JAUISHKU JIiBOI MIBKYJII TOJOBHOTO MO3KY
OJM3HAT Y MOPIBHSIHHI 3 0JJHOOCIOHO HapopkeHumu (p < 0,01).

[Ilogo TeTa-puTMy JOCTOBIpHI BiJIMIHHOCTI CIOCTEpIralOThCA JHIIEe B TeTa-1 miAjaiamas3oHi i
BIJI3HAYAIOTHCS MMIJIBUILEHHSIM 3HAY€Hb MOTY)KHOCTI B LEHTPAJIbHIN 1 3aHbOJIO0OBIN AUIIHKAX Ta
3HWKEHHSAM TOTYXXHOCTI B OiuHOMY J1I000BOMY BijBeaeHHi JiBoi miBkym (p < 0,05). ¥ Tera-2
Ti/IT1ara30H1 TOCTOBIPHUX BIIMIHHOCTEH HE BHUSBJICHO.

ITin yac mpoBeneHHS EKCIepUMEHTY OyJlo TakKoXX 3/1MCHEHO MOPIBHSAHHSA CHEKTPY MOTYXKHOCTI
ocHoBHuX putMmiB EEI" Ta iX migaiama3oHiB MK MOHO3UTOTHMMM Ta AM3ZUTOTHUMH OJIU3HATAMU

(puc. 2).

I3 HaBeJeHHMX JAaHWX BHUJIHO, IO JOCTOBIPHI BIJIMIHHOCTI CIIOCTEpIrarOThCsA JiMmie B anbda-3
mijaianazoHi NpepOHTAIBHOT TUITHKY MPaBol MiBKYI Tu3urotHux ommsusatamu (p < 0,05).

VY rpymi IUM3UTOTHUX ONU3HAT TakKoX OyJio BHUSBIEHO IMiJBUIICHHS CIEKTPaIbHOI LILIBHOCTI
notyxHocti B 6era-1 (p<0,01) ta Oera-2 (p <0,05) mizmianasonax. Ilix yac mopiBHAHHS Ta
aHaJli3y JaHMX TeTa-PUTMY JOCTOBIPHUX BIAMIHHOCTEH HE OYyJI0 BUSBIIEHO.

AHami3yroun eKCrepUMEeHTa bHI JaHi MOPIBHSHHS 3HAUY€Hb CIEKTPY MOTYXHOCTI MOHO3UTOTHHUX
OJIM3HSAT y CTaHI CIIOKOI0 MK COOO0F0, CTATHCTHYHO JOCTOBIPHUX BIIMIHHOCTEH HE OYII0 BUSIBJICHO.

OTtpumaHni pe3yibTaTH BKa3ylOTh Ha Te€, IO B OJM3HAT y MpaBiil MiBKyJl MiJBUIIYETHCS CIIEKTP
MOTYKHOCTI MOBUIBHUX KOMIIOHEHTIB OeTa aiama3oHy (Oera-1) Ta MIBUIKMX KOMITIOHEHTIB aybda-
niana3ony (anbda-3) i Tera-mianazoHiB (ambda-1, O6era-1, Tera-1). lllogo niBoi miBKymi, B i
JISHIII TOJOBHOTO MO3KY B OJM3HAT MOXHA BIAMITATH TMIJIBUINEHHS CIEKTPY TMOTYKHOCTI
MIBUJIKUX TMijjiana3oHiB Oera-putMmy (Oera-2) Ta NOBUIBHHX TeTa-puTMy (Tera-1), a Takox
3HIDKCHHS TIOBUTBHUX KOMITOHEHTIB anb(da-miama3zony (anbga-1) MOpiBHIHO 3 KOHTPOJBHOIO
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rpymnoto. [TopiBHSABIIN 3HAYCHHS CHIEKTPY MOTYKHOCTI MOHO3UTOTHHUX OJIM3HAT y CTaHI CIIOKOIO MiXK
co00t0, MOKHa 3p0OUTH BUCHOBOK, 11O JIaH1 OJHI€T Ta 1HIIOI IPYIX MPAKTUYHO HE BiAPI3HAIOTHCS.

Oera-aiana3oH

anbda-aianazoH

Puc. 2. 3minu cnekrpy moryxuocti (MkB?T'1) migmiamasoniB anbda- Ta Oera-putmiB EEI
JM3UTOTHUX OJIM3HAT MOPIBHSIHO 3 MOHO3UTOTHUMH OOCTE)KYyBaHUMHU: (YMOBHI MMO3HAYEHHS, SIK Ha
puc. 1)

OueBuaHO, MO B OMM3HAT OUTBII AKTHBHOIO € JIiBa MIBKYJS KOpPH TOJIOBHOTO MO3KY B CTaHi
(GYHKI[IOHATBHOTO CIIOKOIO.

[1ig yac aHani3y eKCepuMEHTAIbHUX JIaHUX HAMH TaK0K OyB BUKOPHCTAHUN METO/]] IHTETpaJIbHOTO
kipkicHoro ananizy EEI-marepny. bymu po3po0neni iHTerpaibHi Koe(illi€eHTH, $KI Jal0Th
MO>KJIUBICTh NPOBECTU OLIHKY CIIEKTPAJIbHOI MOTYKHOCTI OCHOBHHMX 4acTOTHHUX Alana3oHiB EEI ta
iX migniana3oHiB 1 BHU3HAYMTU BAaXIJIMBICTD OKpPEMHUX 4YacTOTHUX KoMmmoHeHTiB EEL s
¢dopmyBanHs nuticHoro narrepny EEI. Yei orpumani naHi o6poOisuimcs 3a JOIMOMOIOI0 METOIB
MaTeMaTHYHOI CTATUCTUKHU.

Tabnuus 1 — 3HaueHHs MOKa3HUKIB a0COIIOTHOI crieKTp-noTykHocTi (MkB?/T'1y) B 1-i1 (omHOOCIOHO
Hapo/PKEH1 J100poBOJbIL), 2-i (MOHO3UroTHI OnM3HATA) Ta 3-H (AM3UTOTHI ONM3HATA) Ipymax
(M£m).

ITokazHuku ITpaBa IIpaBa ITpaBa JliBa JliBa JliBa
ACII 1-marpyna | 2-rarpymna 3-tarpyna | l-marpyna| 2-rarpyma | 3-Ts rpyma
(n=18) (n=12) (n=6) (n=18) (n=12) (n=6)
al 1,85+0,67 | 0,56+0,18 1,85+4,36* | 0,49+0,08 | 0,57+0,08 |1,47+0,54*
a2 2,14+1,19 | 4,04+2,83 6,49+5,37* | 2,03+0,74 | 3,35+1,62 |7,23+8,01*
a3 0,22+0,08* | 0,77+0,63 0,91+0,36 |0,26+0,10* | 0,71+0,45 | 0,86+0,27
B1 0,55+0,13 1,31+0,43 2,71+0,70 0,56+0,10 | 1,20+0,32 | 2,79+0,57
B2 0,60+0,08 1,05+0,23 3,18+0,45 0,56+0,08 | 1,09+0,17 | 3,05+0,55
01 0,94+0,36 | 1,01+0,23* 4,84+1,06 0,99+0,36 | 1,31+0,17* | 4,04+0,79
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[Toka3nuku [IpaBa [TpaBa [TpaBa JliBa JliBa JliBa
ACII l-marpyna | 2-rarpymna 3-tarpyna | l-marpyna| 2-rarpyma | 3-Ts rpyma
(n=18) (n=12) (n=6) (n=18) (n=12) (n=6)
02 0,82+0,56 | 0,68+0,15* 3,23+1,56 0,78+0,10 | 0,86+0,06* | 2,64+0,82
CyMapHO 7,1243,07 9,42+4,68 | 23,21+13,86 | 5,67£1,56 | 9,09+2,87 [22,08+11,55

IMpumiTKa: *-10CTOBIpHICTH BiAMiHHOCTEH cripaBa Ta 37iBa (p < 0,05); n-KimbKicTh 00CTEKYBAHUX.

Crhin 3a3HauUTH JOCTaTHRO HHU3BKUH piBeHb cymapHOi ACII (aGCoMIOTHOI CHEKTpaIbHOT
MOTY)KHOCTI) y 1-i rpym # cnpasa (7,12+£3,07 mxB?/I'n), 1 3miBa (5,67+1,56 mMxB*T'm). g 2-1
rpynu 00CTEKYBAaHUX XapaKTEpHE IMiIBUIICHHS 3HaY€Hb CyMapHOi aOCOJIIOTHOT CIIEKTP-TIOTYKHOCTI
nopiBHsHO 3 1-10. CnpaBa cymapna ACII migBumyerscs y 1,3 pasy, 3miBa — y 1,6 pa3y. Bapro
BIIMITHTH, IO Take IIJIBUIICHHS BinOyBaeTbcs 3a paxyHOK pocty ACII maibke y Bcix
nocnimkyBanux EEl-mignianazonax. Y 3-if rpymi BHUSBICHO 3HAYHE MiJBHUILEHHS CYMapHOi
a0COIIOTHOI CHIEKTPAIbHOT MOTYKHOCTI B IOPIBHSAHHI 3 MOKa3HUKamu 1-1 ta 2-1 rpym.

Sk BugHO 3 Tabn. 1, MakcHManbHI 3HaYeHHS abCONMIOTHOI criekTpasibHOT oTykHOCT1 (ACII) mns 1-1
TPyl peecTpyroThcs B anbga-2 migmianazoni EEDT cumerpumuno. Bonm B 3,5-3,6 pasy
nepesuiyioTh (p< 0,05) piserb ACII Gerta-2 migmiana3ony ta B 2,5 — 2,6 pa3y BHIII Bijl TOKa3HHUKIB
ACII Tera-2 XBUIHOBOTO Tiiana3ony. Jisi 00CTe:XKyBaHHX, 0 CTAHOBWIIM JIPYTY Ta TPETIO TPYIIH,
XapakTepHUMH € MakcuManbHi migsuiieHHs ACII anbda-2 niggianasony, ajge 10CTOBIPHO 3HAUYIIIUX
BiIMIHHOCTEH Bij OeTa-2 Ta TeTa-2 MijIiana3oHiB UX JKe TPYI BUSBICHO HE 0YII0.

VY obcrexyBanux 1-i rpynu cratuctuuno aoctoBipaumu (p < 0,05) e BigminHocTi B ganux ACII
anbda-3 miggiana3zoHy, sKi XapakrepusyrooTbes miaBuieHHsM 3HaueHb ACII na 15,4% 3miBa,
MOPIBHSHO 13 MPaBOIMIBKYJIEBUMH MOKa3HUKaMU. B oOcTexyBaHux 2-1 Tpynu BHUsIBJIEHA TEHICHLIIS
70 JTBOMIBKYJIEBOi acuMmeTpii B ambga-2 miggiana3zoni: 3HauenHs ACII 3miea Ha 10,3%
nepeBumtytoTh (p < 0,05) mnpaBomiBkyneBi mnoka3Huku. 3HaueHHs ACII anepa- T1a Oera-
MiJ/A1ana3o”iB 2-1 rpynu J10OpOBOJBIIB MIDKIIBKYJIEBUX JOCTOBIPHUX BIJIMIHHOCTEM HE MalOTh.
ITpote nns teta nianazony EEI 2-i rpynu oOcTe)xyBaHUX XapaKTEPHOIO € CTATUCTUYHO JAOCTOBIpHA
(p < 0,05) niBomiBKyJIeBa aCUMETPisl: 3HaUEHHs TeTa-1 mijiana3ony 37iBa Ha 23% MepeBUIYIOTh
MOKa3HUKH CIIpaBa, TeTa-2 miaaiana3ony Ha 21% BiamoBiIHO.

[Tokaznuku iHTerpanpHux koedinieHti (IK), mo npexacrasneni y tabi. 2, 703BOJSAIOTH YTOUYHUTH
ocobnmBocTi ae3opranizauii EEI-naTtepHy B 06cTe)yBaHUX yCiX TpyIl.

Tabmuus 2 — PiBeHb iHTerpanbHuX KoedimieHTiB y 1-H (0JHOOCIOHO HapojaXkeH1), 2-i
(MOHO3UTOTHI 65U3HATA) Ta 3-if (AU3UTOTHI OMM3HATa) rpynax (M£m).
IarerpanbHi [TpaBa [IpaBa [TpaBa JliBa JliBa JliBa
koedimienty | 1-ma rpyna | 2-rarpyna | 3-tsrpyna | l-marpyna | 2-rarpyna | 3-Ts rpymna
(n=18) (n=12) (n=6) (n=18) (n=12) (n=6)
all/-I;IQ 0,21+0,04* | 0,13+0,06* | 0,11+0,05* | 0,24+0,14 | 0,16+0,07* | 0,07+0,02*
oc22/-1(13 2,95+0,34 | 0,93+0,02 | 1,61+0,08 | 0,45+0,12 | 0,44+0,004 | 2,22+0,5
Bf/-lgcl 1,19+0,27* | 2,32+0,45* | 1,45+0,68* | 1,124+0,53* | 2,12+0,87* | 1,89+0,61*
[33/_22 1,25+0,19* | 1,47+0,23* | 2,16+0,5 | 1,53+0,74* | 1,44+0,22* | 0,84+0,09
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[aTerpanpHi [IpaBa [TpaBa [TpaBa JliBa JliBa JliBa
koedinienTu | 1-ma rpyma | 2-rarpyna | 3-ts rpyna | l-marpyna | 2-rarpyma | 3-Ts rpymna
(n=18) (n=12) (n=6) (n=18) (n=12) (n=6)
315/-17[;2 0,91+£0,61* | 1,23+£2,14 | 0,85+£2,01* | 1,005+£0,04* | 1,08+0,81 | 0,91+1,14*
ef/-a 2,04+0,08 | 1,79+£0,40* | 2,60+0,48* | 1,98+0,52 |2,31+£0,41* | 2,744+0,68*
927/-132 0,38+0,16 | 0,16+0,08* | 0,19+£0,06 | 0,38+0,05 | 0,25+0,08* | 0,3+0,05
9?/-22 1,13£0,01* | 1,48+0,22* | 1,49+0,12* | 1,2740,05* | 1,51+0,06* | 1,52+0,17*
919/_123 4,35¢1,41 | 1,31+0,32 | 5,31£2,14* | 3,81%0,5 1,85+0,2 | 4,6942,02*
911(3_;1 1,70+£0,89* | 0,77+0,43 | 1,78+0,54* | 1,76£1,02* | 1,08+0,23 | 1,45+0,15*
811:}-[13712 1,57£0,36 | 0,95+1,03 | 1,51+0,94* | 1,77+1,05 | 1,18+0,56 | 1,32+0,63*

IMpumitka: * — GOCTOBIPHICTh BiAMiHHOCTEH crpaBa Ta 3JiBa (p < 0,05); N — KiIBKiCTh 0OCTEKYBAHUX.

[lepeBaxkna OumbHIICTE KOEQIIIEHTIB MalOTh AOCTOBIPHI MiKMiBKYJIeBi BimMinHocTi (p < 0,05) B
1-i, 2-if Ta 3-if rpynax. Bunstkamu ans 1-i rpynu € nume 2-i, 6-if, 7-if Ta 11-i1 koedimieHTn.
[TpaBomiBKyneBi 3HaYeHHs 2-1 rpynu i 2-10 (02/03) xoedimieHTa € BUIUMHE BiJ JIIBOTIBKYJIEBUX
Ha 52,7%, mpore 1i BimMiHHOCTI He € noctoBipHUMHU (p > 0,05). CTaTUCTHYHO JOCTOBIPHOIO
PI3HUIICIO HE Bi3HAYAIOTHCS B 2-U rpymi ¥ 5-#, 9-i, 10-i ta 11-ii koedinientu. lllomo Tperpoi
IpyIu, TO Maike BCl KOe(ilIEHTH MaroTh JOCTOBIPHI MIKIIBKYJIEBI BIAIMIHHOCTI, OKpIM 2-T0, 4-TO
1 7-ro.

Y  mojganpmioMy — TUIAHYE€TbCA — JOCHDKEHHS ~ 3MIHM — CHEKTPAbHUX  XapaKTEPUCTHK
enektpoennedanorpamu (EEI') 1 mapameTpiB BUKIMKAHUX TOTEHIIATIB, TIOB’SI3aHUX 3 TOMIEI0, Y
ONMU3HSAT, 3aJIEKHO BiJ] PIBHS ICUXOMETPUYHOTO 1HTEJIEKTY Ta THUITY MUCIICHHS.

BUCHOBKH

1.  Amnami3ylouu eKCIepMMEHTaNbHI JaHl, HAaMH OYJIO BCTAHOBJIEHO, IO 3arajioM Yy OJM3HAT
OB aKTHBHOIO € JIiBa MiBKYJIsI KOPU TOJIOBHOT'O MO3KY B CTaHi (DyHKI[IOHAIBHOTO CHOKOIO,
MOPIBHSHO 3 OIHOOCIOHO HAPOKEHUMH.

2. Ilim yac TMOpPIBHSHHS 3HAYEHb CHEKTPY MOTYKHOCTI MOHO3UTOTHHUX OJIMZHAT y CTaHI CIIOKOIO
MIX 00010, CTAaTUCTUYHO JOCTOBIPHUX BIIMIHHOCTEH HE OYyJIO BUSBIICHO.
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IHAPAMETPBI CYTOUHBIX PUTMOB AKTUBHOCTH
AIHETHIXOJHUHICTEPA3BI U BYTUPUJIXOJIUHICTEPA3DBI
B IEYEHU ’KUBOTHBIX C PASHBIMU ®AZAMU AKTUBHOCTH

Owmenpsaaunk B.H., Hosocag H.B., Konecauk H.B.

3anopostcckuil HAYUOHAILHBIN YHUBEPCUMEM
69600, Yxkpauna, 3anopooicve, yn. ’Kykosckoeo, 66

kolesniknadvas@yandex.ru

B BecenHuit nepuoj (Mait), B yCIOBHIX €CTECTBEHHOI'O OCBELIEHUSA U CBOOOJHOTO JOCTYIAa >KMBOTHBIX K
KOpPMY aKTHBHOCTH aleTHIXonuHICcTepassl (AXD) u Oyrupmnxonuaacrepassl (bXD) B meueHn MeImiei u
KPOJIMKOB Ha MPOTSDKEHUH CYTOK M3MeHseTcs nepuojaudeckd. Ilepmon putmoB — 24-uaca, akpodasa
omoputma AX3 u XD B medyeHn MbImieil 3aHIMAaeT BTOPYIO IMOJOBHHY IHS M MEPBYIO MOJIOBUHY HOYH C
MakcUMyMoM B 23 dyaca, akpo¢aza OMOpUTMA B II€YEHH KPOJHMKOB 3aHMMAET BTOPYIO MOJIOBHHY HOYU H
yTpo ¢ MakcuMyMoM B 10 yacoB. Kak B medeHn MplIed, Tak U KPOJIMKOB CPEJAHECYTOYHAs! aKTHBHOCTD
BXD u amrumryna ee xosiebanus Oosiee yem B 1,5 pasa BbllIe COOTBETCTBYIONIMX ITapaMeTPOB PHUTMa
akTuBHOCTH AXD. CpennecyrouHas akTuBHOCTh AXD u bXD B meueHu Mblmeil B 2 pas3a BBINIE, YEM B
IeYeHH KPOJMKOB, aMIUINTyAa KoyieOaHUS aKTHMBHOCTH AXD B Ie4YeHH TeX U JPYIHX KUBOTHBIX
MpakTU4YEeCKH OAMHAKOBa, HO aMIumMTyaa O6moputMa bXD medeHH KpoJamKoB B 2 pas3a BHIIIE, YeM ¥y
MBILIEH.

Kniouegvie cnosa: Oenvie Kpoauxu, Oenvle Mbully, NEYeHb, CYMOUHbIL PUMM, aYemuaxoiuHICmepasa,

OymupunxoaundICmepasa.

IHHAPAMETPHU JOBOBUX PUTMIB AKTUBHOCTI AHIETUJIXOJIIHECTEPA3U
TA BYTUPUJIXOJIIHECTEPA3U B ITEYIHIII TBAPUH 3 PI3BHUMU ®AZAMU AKTUBHOCTI

Owmenbsaurk B.H., Hosocag H.B., Komicauk H.B.
3anopizcoruil HayionanrbHull yHigepcumem
69600, Vkpaina, 3anopiscorcs, syn. XKykoscvkozo, 66
kolesniknadvas@yandex.ru

VY BecHsHUI mepion (TpaBeHb), B yMOBaX HPHPOJHOTO OCBITIIEHHS Ta BIIBHOTO JOCTYIy TBAapUH [0
KOpMy akTuBHICTh amermixoiinectepasu (AXE) i Oyrupunxominectepasu (BXE) B mewinmi mumew i
KPOJIMKIB TPOTATOM J00HM 3MiHIO€ThCA nepiognuno. Ilepion putmiB — 24 rommHH, akpodaza Gioputmy
AXE i BXE B nmeuinnmi mureii 3aliMae qpyry MOJOBHHY JHS i MEPIIy MTOJOBUHY HOYl 3 MAKCHMyMOM y 23
roIuHU, akpodasza 6iopuTMY B IEUiHI KPOJiB 3aiiMae IpyTy MOJIOBHHY HOYi 1 paHOK 3 MaKCUMyMoM B 10
roJH. Y INEeYiHIi MHUIIeH 1 KPOJIHKiB cepeqHbon00oBa aktuBHICTh BXE 1 ammiityna ii konuBaHHS OibIn
HiX B 1,5 pasy Bume BinmoBigHumx napametpiB putMmy aktuBHOCTi AXE. CepenHbo1000Ba aKTHBHICTD
AXE 1 BXE B mneuinni mumed y 2 pa3u BUILE, HDX y HEUiHII KPOJHKIB, aMIUITyAa KOJUBAHHSI
aktuBHOCTI AXE B mediHmi TWX i iHIIMX TBapWH NPAKTUYHO OJIHAKOBa, ajie ammulityna Oioputmy BXE
NIEYiHKY KPOJIMKIB y 2 pa3y BUINA, HIX Y MHUIIEH.
Kniouosi crosa: kponuxi, 6ini muwi, neuinka, 00006uti pumm, ayemuaxoninecmepasd, Oymupuixoiinecmepasa.
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CHARACTERISTICS CIRCADIAN RHYTHM OF BUTYRYLCHOLINESTERASE
AND ACETYLCHOLINESTERASE ACTIVITY IN THE LIVER OF ANIMALS
WITH DIFFERENT PHASES ACTIVITY

Omelyanchik V.N., Novosad N.V., Kolesnik N.V.
Zaporizhzhya National University
69600, Ukraine, Zaporizhzhya, Zhukovsky str., 66
kolesniknadvas@yandex.ru

Objective: definition of the circadian organization of activity of soluble AChE and BChE in a liver of
night animals (mouse) and twilight (rabbits) whom supported in conditions of natural lighting of May and
a free access to water and food.

Studies conducted on albino male mice weighing 18-20 g, and California white male rabbits weighing
2.5-3.0 kg. Animals were kept under standard conditions of the vivarium on a standard diet, access to
food and water is not limited. Throughout the day, every 6 hours under light chloroform anesthesia bled
6-7 animals destroyed by opening the jugular vein. Liver is washed in situ with a cold solution of 0.15 M
KCI; excess wash solution was removed with filter paper. Weighed portion of tissue (200 mg) was
homogenized in a glass homogenizer with a teflon pestle 30 s at 1000 rev / min to a cooled solution of
0.15 M KCl in relation 1:9. After 60 minutes extraction at 4 © C homogenates was centrifuged for 20
minutes at 6000 g. Enzyme activity was determined in the supernatant by Hestrin, and expressed as mmol
of substrate per minute loss per 1 g of tissue. Macroanalysis streak pictures AChE and BChE activity
showed a marked effect on the time of day activity as AChE and BChE in the liver of mice and rabbits,
and the same direction changes in the activity of AChE and BChE.

Microanalysis (cosinor analysis) array experimental streak pictures revealed that AChE activity in the
liver of mice described biorhythm 24 hour period. Parameters average sinusoid 24 hour biorhythm AChE
liver of mice were: mezor — 11.6 mmol / min / g, amplitude — 1.57; acrophase position — 12.0 - 23.01
hours. Circadian rhythm with a 24 hour period was typical for BChE activity. Options biorhythm BChE
in mouse liver: mezor — 19.7 mmol / instant / g, amplitude — 2.8, acrophase position — 12.67 - 22.58
hours. Thus, fluctuations in the activity of AChE and BChE in mouse liver during the day were nearly
synchronous, high cholinesterase activity corresponded to 23 hours; average BChE activity and the
amplitude of its oscillations were more than 1.5 times higher than the corresponding parameters of AChE
activity biorhythm.

In a liver of rabbits activity of AChE and BChE for days changes periodically, period length — 24 hours.
Parameters of a biorhythm of AChE of a liver of rabbits: the mezor of-5,9 mmol/min., amplitude — 2,29,
a locating akpodassr corresponds to 2.66 — 10.04 hours. Parameters of a biorhythm of activity of BChE:
mezor of 11 mmol/min., amplitude — 6,3, a locating akpodassr 2,6 — 8,86 hours. Thus, activity of both
cholinesterases in a liver of rabbits for days changes almost synchronously; the maximum of activity of
enzymes corresponds to 9-10 o'clock in the morning; thus, average daily activity of BChE, as well as
amplitude of fluctuation is twice higher than activity of AChE.

When comparing parameters of biorhythms of activity of cholinesterases in a liver of mice and rabbits it
is obviously possible to note the following. Average daily activity of AChE and BChE in a liver of mice
is twice higher, than in a liver of rabbits. Thus amplitude of fluctuation of activity of AChE in a liver of
those and other animals are almost identical, but at BChE of rabbits it is twice higher, than at mice. The
provision of a minimum of activity of enzymes in a liver of mice corresponds to a maximum of activity
of enzymes in a liver of rabbits and vice versa.

Thus, for days as in a liver of mice, and rabbits of activity of AChE and BChE change in parallel and
unidirectionally. Fluctuations of activity of enzymes 24 sentries are described by a daily rhythm. The
maximum of activity of AChE and BChE in a liver of mice corresponds to 23 hours, and in a liver of
rabbits t0-10 hours. In a liver of mice average daily activity of BChE and amplitude of its fluctuation is
more than 1,5 times higher than the corresponding parameters of a biorhythm at activity of AChE. In a
liver of rabbits activity of BChE and amplitude of fluctuation is twice higher than the AChE
corresponding parameters.

The results of research of activity of cholinesterases received by us in a liver of rabbits and mice will be
compounded with ideas of a defining role of an active phase of animals in the circadian organization of
components of cholinergic system. Represents theoretical and practical interest comparative research of
activity of enzymes in other vital tissues of animals with different phases of activity.
Key words: white rabbits, white mice, liver, circadian rhythm, acetylcholinesterase activity and
butyrylcholinesterase.
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BBEJEHHUE

HccnenoBanust mocieqHuX JI€T OMNpEAeNniIN MPUCYTCTBUE aleTWiIXonuHscrepassl (AXD) u
OytupunxonuadcTepassl (bX3) B XOIMMHIPTUYECKUX M HEXOJIMHIPTUUCCKUX TKAHSAX W MPOSBICHHE
obenmu (epMeHTaMH KaK KJIACCHYECKHMX, TaK Hekinaccuueckux ¢yHkuuid [1,2]. Kmaccumueckas
dbyakus AXD — obecriedeHue Mepenadyd HEPBHOTO MMITYJIbCA MYTEM THUAPOJIM3A alETHUIIXOJIMHA
(AX) Ha TOCTCHHANTHYECKOW MeMOpaHe XOJIMHAIPruYecKux TkaHed; a bXD BbIMoOIHSET pPoJb
MOJIEKYJIIPHOTO 3KpaHa, 3amumiaiomero AXD ot aeiictBusi unrubutopon [1]. Heknaccuueckue
byaxkunn AXD u bXD — yckopenue auddepeHIIUPOBKA KJIETOK BCEX THUIIOB TKAHEH peryssius
MUTpAlMU KJIETOK, KOHTPOJb pOCTa OIMyXoJie M KOHTPOJdb amonTo3a [2]. MexaHu3Mbl peanu3anuu
HEKJIIACCHYECCKUX q)yHKIII/II\/'I (bepMCHTOB HEU3BCCTHBI.

AXD — 4YacTb XOJMHEPrHYECKOM CHUCTEMbl. MHOIOYMCICHHBIE JaHHBIE JIMTEPaTypPhl
CBUJCTEIBCTBYIOT O Pa3HOOOPA3UM CTPYKTYPHI MUPKATHBIX (CYTOUHBIX) KOJICOAaHUI KOMIIOHEHTOB
XOJIMHAPTUYECKOW CHCTEMBl B TKAHSIX PAa3JIMYHBIX BUJOB JXUBOTHBIX. TpPUITEPOM LUPKATHOU
OpraHM3alfy XOJMHEPTUICCKOW CHCTEMBI SBISICTCS akTHUBHAs (a3a kuBOTHBIX [3]. Bo Bpems
aKTUBHOH (ha3bl MOBBIIIEHA aKTUBHOCTH ()epMeHTa cuHTe3a AX — XOJIMHAUETWITpaHcdepasbl U
CHIDKEHa aKTUBHOCTb (pepMeHTa rujaposin3a meauatopa — AXD. Panee Mbl oxapakTepu3oBasiu
rapamMeTpbl CYTOYHOIO PUTMa XOJIMHACTEpa3 B MeueHu Kpoic [4]. JJaHHbIE TUTEpaTypbl O CYyTOYHOU
opraHu3anu akTUBHOCTH BXD B HEXOIMHIPIHUECKUX TKAHSAX >KHUBOTHBIX C Pa3sHOM aKTUBHOMU
(azoit Mbl HE BCTPETHUIIH.

Lenb uccnenoBanus — ONpeesieHne HUPKaJHON OpraHu3alMi aKTUBHOCTU pacTBOpUMBIX AXD u
bXD B me4yeHHW HOYHBIX JKUBOTHBIX (MBIIIM) U CYyMEPEUHBIX (KPOJIMKH), KOTOPBIX COJAEPKAIU B
YCIIOBUSIX €CTECTBEHHOTO OCBEIIECHHS Masi U CBOOOIHOTO JI0CTYIA K BOJIE U IHIIIE.

MATEPHAJI U METO/JbI UCCJIEAJOBAHUA

HccnenoBanus npoBeeHbl B Mae Ha OenblX 0€CIIOpOAHBIX MbllIax-camiax BecoM 18-20 r, u Oenbix
KaTU(POPHUHCKUX KPOIHMKax BecoM 2,5-3,0 Kr, cofepKaliuxcsi B OOBIYHBIX YCIOBHSIX BUBapHsi, 0e3
OTpaHMYEHUsS] JoCTyma K KOpMy U Boje. Uepe3 kaxiaple 6 4acoB MOJ JETKUM XJIOPO(GOPMHBIM
HApKo30M 6 -7 XKMBOTHBIX OOECKPOBIMBAJIM IMYyTEM BCKPBITHS SIpeMHOW BeHbI. Bce mpouenypsl
otbopa npoO, NPUTrOTOBJIEHNE TOMOI€HAaTa TKaHH, ONpeAEIEHUE U pacyeT aKTUBHOCTH ()EPMEHTOB,
CTaTUCTUYECKUI U XPOHOMETPUUECKUH aHAIN3 JaHHBIX IPOBOAMIIN, KaK ONUCAHO paHee [4].

PE3VYJIBTATHI U OBCYKJIEHUE

Ha puc. 1 oTpakeHsl pe3yiabTaThl MakpoaHan3a Mmokasarenae aktTuBHoCcTH AXO u bXDO B neuenn
MBIIIEN U KPOJIUKOB HA MPOTSHKEHUH CYTOK.

15+ 9—

175

M - POITHKH

% I AXD MMOJIB/MHH/T
>
|
I
I
L
I)
I ~
I
I
5% I AXD MMOIL/MHIH/T
N
|
L
Y
A Y
\
/
Fa
”~

95
-
|

[ [ [ [ I I I I
3.20 9.15 15.20 21.20 3,20 9,15 15.20 21,20

3

P9 -15,21<0.01 JlocToBepHBIC OTIHYHUS OTCYTCTBYIOT

Bicnuk 3anopizbko2o nayionanvnozo ynieepcumemy Ne2, 2014



174

) - 15— Kpprmixu

B =

2 3 20- =)

E : |

z g \

A o 15— \

o b

5 i - R e B L

= B 10 '

(=} (=1 \

=] =]

2 z

10- i
| | | | | | | |
30 915 1520 2120 3200 915 1520 2120
P 9-15<0.01 P 9-15, 21<0.01

Puc. 1 Cyrounsiii npoduib aktuBHocTH AXD u bBXD B pacuere Ha Ir Tkanu u 1 mr Oenka B
MEYEHU MBIIIEH U KPOJIHKOB.

IIpencraBineHHble Ha puc. | JaHHBIE OTpaXkarOT BBIPAXCHHOE BIIMSHUE BPEMEHM CYTOK Ha
aKTUBHOCTb 00EMX XOJIMHACTEpa3 B MEYEHHM KaK MbILIEH, Tak U KpoiaukoB. CpaBHeHHE IpOoduis
cyrouHoil aktTuBHOCTH AXDO u BXD B meueHu Mblliell U KPOJIMKOB MO3BOJISET 3aKIIOYUTh, YTO B
[IEYEHU O00EUX TIPYII SKCIEPUMEHTAIBHBIX XUBOTHBIX AXD m bXD Ha mnpoTsikeHuu CyTOK
U3MEHSIETCS MPaKTUUYECKH CUHXPOHHO. AKpoda3bl OMOpUTMa aKTUBHOCTU XOJIMHACTEPA3 B MEUEHU
MBIIIEH MTHBEPTUPOBAHBI K TAKOBBIM B IIEYEHH KPOJIUKOB.

Pe3y.]'IBTaTBI MHKpOaHalin3a JSKCICPUMCHTAJIBHBIX JaHHBIX (KOCI/IHOP'aHaJ'II/I3) OTPAXXCHBI B

Tabmuie 1.

Tabmuua 1 — Tlokazatenun KocuHOp-aHanmu3a akTMBHOCTM AXD um bXD B meueHu Mblell u

KpOJIUKOB.

Mepuon ‘ HNms ‘ X ‘ y ‘ H ‘ A ‘ Phi
Tapamempol cpeoneti cunycoudvt AXD mmonv/mun/2 8 neuenu mviuiel

244 | Cpeonue | 0,401 | -0,406 | 11,629 | 1,57 | 23.11

Iapamempul snaunca owubox AXD mmonv/mun/e 6 nevenu mvluetl

Amin Amax PhiMin PhiMax CkoH/n MinH MaxH

0.97 2.99 12.0 23.01 0.48 10.46 14.19
Hapamempul cpeoneti cunycoudvt bXO mmonv/mun/e 6 neuenu mvliet

244 | Cpeonue | -1,589 | -2,276 | 19,730 | 2,776 | 15,672

Ilapamemput snnunca owub6oxk bXO mmonv/mun/e 6 newenu mviuie
Amin Amax PhiMin PhiMax CkoH/n MinH MaxH
0.97 8.86 12.67 22.58 0.72 17.16 22.39
[lapameTps! cpenneil cuaycouabl AXD MMOJIB/MUH/T B II€4€HH KPOJIHMKOB
244 | Cpeonue | 0,257 | 2,277 | 5,868 | 2,291 | 5,571
Ilapamempul snnunca ouubox AXD mmons/mun/e 6nevenu KpOIUKOG
Amin Amax PhiMin PhiMax CkoH/n MinH MaxH
1,17 4.32 2.66 10.04 0.28 4.83 6.44
[TapameTpsl cpennei cunyconnbl X3 MMoiIbs/MUH/T B IEYEHU KPOJIMKOB
244 | Cpeonue | 0,561 | 6,234 | 10,968 | 6,259 | 5,657
Tlapamempoi sn1unca owubox bXO mmonv/mun/e 6 newenu KpoauKos
Amin Amax PhiMin PhiMax CkoH/n MinH MaxH
2.48 10.06 2.60 8.86 1.13 6.65 13.48
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B cooTBeTcCTBUHM ¢ pe3ynbTaTaMd KOCHHOP-aHAIM3a MAacCHBa JKCIEPUMEHTAIBHBIX XPOHOTPaMM
akTUBHOCTH AXD B MEUCHU MBIIICH €l mpucym] Ouoput™m ¢ 24-dyacoBeIM mepuoaoM. [lapamerpsr
cpenHeil cunycoupl 24-uyacoBoro omoputma AXD medeHu mblimei: me3op — 11,6 MMonb/MUH/T,
ammmutyna — 1,57; nomoxxenune akpodaser — 12,0 — 23,01 gaca. CyTouHbiii put™M ¢ 24-49acOBBIM
NEPUOJIOM XapakTepeH W s akTuBHOCTH BXD: mezop — 19,7 mmons/mur/r, ammiutyaa — 2,8,
nosoxxeHue akpodasbl — 12,67 — 22,58 yaca. CrnenoBaTenbHO, CyTOYHBIC KOJIEOAHHUs] aKTHBHOCTH
AXD u BXD B meueHW MbIIICH MPAKTUYECKH CUHXPOHHBI, MAKCUMYM AKMUBHOCMU (DepMEeHmOo8
Habarooaemcs okono 23 uacos eeuepa; cpednecymounas axmusHocmv bXO u amnaumyoa ee
Konebanus 6onee uem 6 1,5 paza eviuwe CcOOMBEMCMBYIOWUX NAPAMEMPO8 OUOPUMMA Y
akmusHocmu AXO.

B meyenn kposimkoB (tabum. 2) aktuBHOCTh AXD m BXD Ha NpPOTSHKEHHUM CYTOK H3MCHSETCS
MepUONYECKH, JUITMHA niepruoaa — 24-yaca. [TapameTpsl Ouoputma AXD medeHHu KpOJIUKOB: ME30p —
5,9 mMmons/MuUH/T, amumatyaa — 2,29, monoxenue akpodassl — 2,66 — 10,04 gaca. Tlapamerpsl
o6uopurma aktuBHOCTH bXD: Me30p 11 MMons/MUH/T, aMIuIUTYAa — 6,3, TIONOXKEeHUEe akpodassl 2,6
— 8,86 uaca. Takum o00pa3oMm, akTUBHOCTb O0EMX XOJMHAICTEpa3 B II€YEHU KPOJUKOB Ha
MPOTSHKEHUH CYTOK H3MEHSETCS MPAKTUYECKHM CHHXPOHHO; MAaKCHUMyM AaKTUBHOCTH (PEpPMEHTOB
TUIPOJU3a AaleTUIXONMHA M OyTupwixoiuHa BbIABIseTcss B 9-10 wacoB yrpa; mpu 3TOM
CpeqHecyTouHasi akTUBHOCTh bXD, kak u amrmuntyna koneOaHus B 2 pa3a BbIllle aKTUBHOCTH AXD.

[Ipu cpaBHEHHHU MapaMETPOB OMOPUTMOB aKTUBHOCTH XOJIMHACTEPA3 B [IEUEHU MBIIIEH U KPOJIUKOB
IIPENICTABIISIETCS. BOBMOXKHBIM OTMETUTH ciienyromee. Cpegnecyrounas akTuBHOCTb AXO u bX0O B
IIEYeHU MbIleH B 2 pa3a BbllE, YEM B IE€YEHM KPOJUKOB. IIpu 3TOM aMIuTyasl KoyieOaHUs
akTUBHOCTM AXD B I€YEHUM TE€X U JPYI'MX JKUBOTHBIX IIPAKTUYECKH OJMHAKOBBL, HO y bXO
KpOJIMKOB OHa B 2 pasa Bbllle, yeM y Mbliiel. [lonoxeHne MUHMMyMa aKTUBHOCTH ()EPMEHTOB B
ne4yeHu Mbliiel (puc.l) cooTBETCTBYET MAKCUMYyMY aKTHBHOCTU (DEPMEHTOB B [€YEHU KPOJIUKOB U
HA00OPOT, T.€. Ha MPOTSHKEHWH CYTOK PUTMBI AKTUBHOCTH XOJHHOICTEpPa3 B IMEUYCHU MBIIICH |
KPOJIMKOB UHBEPTUPOBAHBI.

[TapameTppl CYTOYHOTO pUTMA XOJMHACTEpa3 B T€YEHHW O€NbIX MbIIIEH MPaKTHYECKU
COOTBETCTBYIOT TaKUM B I€UeHHU OenbIX Kpbic [4]. OmnpeneneHue CyTOYHON akKTMBHOCTH 00eux
XOJIMHACTEpPa3 B MEUEHU KPbIC Mbl IPOBOAWIU B 3UMHHMH nepuoi. ToT (akT, 4yTo moJokeHue
akpo¢a3 (epMEHTOB B IMEYEHU MbIIIEH M KPbIC B 3UMHHUN M BECEHHHH CE30HBI COOTBETCTBYET
NepUoJy BpEeMEHU CYTOK ¢ 12 10 24-yacoB CBHJETENBCTBYET O TOM, YTO TPUITEPOM pPUTMA
XOJIMHACTEpa3 sIBJISAETCS aKTUBHAs (a3a )KUBOTHBIX.

[TonyyeHHble HAMU XapAKTEPUCTHKU IMAPAMETPOB CYTOYHBIX PUTMOB AKTUBHOCTH XOJUHAICTEPA3 B
MIEYEHHU MBILIEH U KPOIMKOB COIJIACyIOTCS C MPEACTABICHUAMHU 00 ONpeenstonield pojau akTUBHON
(da3bl KUBOTHBIX B LHPKAJHOW OpraHu3alllid KOMIIOHEHTOB XOJIMHAPTrUYecKod cucreMsl [3].
IIpencraBnsieT TEOPETUYECKUM M IPAKTUYECKUH HMHTEPEC CPABHUTEIBHOE HCCIIECIOBAHUE
LHUPKAJAHBIX PUTMOB AaKTUBHOCTU (DEPMEHTOB B IPYrHX Nepu(epudecKuX TKAHSIX KUBOTHBIX C
pasHbIMU (pa3aMH aKTUBHOCTH.

BbIBO/IbI

1. Ha mporskeHMM CYTOK Kak B IEYEHH MBbIIIEH, Tak U KposukoB akTMBHOCTH AXD u BXDO
WU3MEHSIOTCS MEPUOANYECKH, TAPAIIIENBHO U OJHOHAIIPABIICHO.

2. Ilepuox cyrouHoro putMma akTUBHOCTH AXD m BXD B medeHn Mblel U KpOJIUKOB
paBHsieTcs 24 yacam. Akpoda3za putma AXD u BXD B neueHu Mblieil 0XBaThIBAET BTOPYIO
MIOJIOBUHY JTHS M MIEPBYIO TIOJOBUHY HOYM ¢ MakCUMyMoM B 23 yaca. Akpogaza putma AXD
n bX3O B ne4eHu KpOJMKOB OXBATHIBAET BTOPYIO MOJIOBUHY HOYM M YTPO C MAaKCHMYMOM B
10 ygacos.

3. B meuenu wmprmeir me3op bXD m ammnutynma konebanus Oosiee yeM B 1,5 pasa Bbimie
COOTBETCTBYIOLIMX IMapaMeTpoB OuopuTrMa akTUBHOCTH AXD. B medyeHH KpOJIMKOB ME30p
bXD n ammutyna kosnebaHus B 2 pasa BBIIIE COOTBETCTBYIOIIMX MapaMeTpoB AXD.
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4.  Cpennecyrouynas aktuBHOCTh AXD u bXD B nedeHu Mbliieil B 2 pa3a BbIIIE, YEM B IIEUECHU
KkponukoB. IIpu sToM ammimuTyna koneOaHus aKTUBHOCTH AXD B MEUEHH TEX M JIPYTUX
KUBOTHBIX MTPAKTUYECKH OJMHAKOBBI, HO Yy bXD KpoimKkoB aMrnTyaa kojebanus B 2 pasa
BBIIIE, YEM Y MBIIIEH.
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KJIIETOYHBIE U TKAHEBBIE PEAKIIN HIRUDO VERBANA
(CARENA, 1820) B MIOCTTPO®UYECKOM ITPOLIECCE

®posnos A. K., JIutBunenko P. A.

3anopoorcckull HaYUOHAIbHBIU YHUBEpCUmen,
69600, Ykpauna, 3anopodicwe, yn. ’Kykosckozo, 66

a_frolov@ukr.net, r_litvinenko@ukr.net

AnanusupoBain MoppodyHKIHOHANIBHbIE 0coOeHHOCTH TkaHed Hirudo verbana mus BeIICHEHHS
BO3MOJKHBIX IPWYUH YaCTHYHOH MX THOEIM IMOCIEe TUPYAOTEPANIEBTHYECKOW npouexypsl. Jlis
HCCIIEZIOBAHUS B3SATHl JBE TPYIIbI MHUIBOK: CHITBIE (KOHTPOJB) M MOrubiive. B KuIIeYHOM smuTENHH
MOruOmIMX MUABOK HAOJIOMAIOTCA JECTPYKTHBHBIE IIPOLIECCHI, COMPOBOXKIAIOIIMECH YMEHBIIEHHEM
BBICOTHI OJIIHUTENHS, YaCTHYHOM €ro jgeckBaMaldeil. BoTpuougHas TKaHb CBITBIX IHSABOK pearupyer
(U3NOIOTHYECKUM YCUIIEHHEM BaCKYJSIpU3AIlMU, aKTHBAIMEHd 4YacTH OOTPUOMIHBIX TPAaHYJIOIUTOB Ha
MOCTYIJICHHE TMPOJYKTOB MHIEBAPEHUS. AKTHUBAIMS 4aCTH OOTPUOUIHBIX TPAHYJIOIMUTOB, Y MOTHOIINX
MUSIBOK, C YCWJICHHEM WHQOWIBTPAIMK TMpUIEKAmedl COCIUHUTEIbHON TKaHU JIUMGOLHUTO-,
Makpo(harono00HBIMU  KJIETKAMH, aMe0OIUTaAMU M CBOOOJHBIMU TPAaHYJONUTAMH CBUIETEIHCTBYET
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O pasBUTHNU MATOJOTHUYCCKHUX ITPOLECCOB, BEPOATHO, KaK CJICACTBUC HMMYHOJOTHYECKOTO KOH(‘I)J'II/IKTa
MECKIY CLCHCHHOﬁ KPOBBIO YCJIOBCKA U TKAHCBBIM MUKPOOKPYKCHUCM ITUABKH.
Kniouesvie cnosa. Me()uuuycmm nuseka, eupyaomepanuﬂ, Kuuiednole numeniuoyumaol, 60mpu0udyaﬂ MKAHb,
6ompu0u0Hble epanyioyumsl, 1aKyHApPHble KAHAIIbL.

KJITUHHI TA TKAHAHHI PEAKIIIT HIRUDO VERBANA (CARENA, 1820)
Y IMMOCTTPOPIYHOMY ITPOLECI

®pomnos O. K., JIutsurerko P. O.
3anopizvruii HayionanbHUll yHigepcumen,
69600, Yrpaina, 3anopixcoicsa, 8yia. XKykoscvkozo, 66
a_frolov@ukr.net, r_litvinenko@ukr.net

Awnamnizysamu MopdodyHKIioHampHI ocobmuBocTi TkammH Hirudo verbana mis 3’scyBaHHS MOXIHBHX
MPUYHUH YaCcTKOBOI X 3armberi mmicis TipygoTepameBTHYHOI mporeaypu. s mochimpkeHHS B3SITO IBi
IpynH I°SIBOK: CHUTI (KOHTpPOJIB) 1 3aru0ui. Y KHIIKOBOMY emiTenii 3aruOiux I’sSBOK CIIOCTEPIraroThCs
JECTPYKTUBHI MPOIECH, IO CYNPOBOJDKYIOTHCS 3MEHILICHHSM BHCOTH EIITENiI0, YacTKOBOIO HOTO
JeckBamalliero. boTpioigHa TKaHWHA CUTUX I1'SIBOK pearye (i3i0J0ri4HUM HOCHIIEHHSIM BacKyJsipH3amii,
aKTHBAII€I0 YaCTHHHM OOTPIOIAHMX TPAaHYJNOLWTIB HAa HAJXOKEHHS MPOAYKTIB TpaBJIeHHS. AKTHBAIlis
4acTUHU OOTPIOIAHMX TpPaHyJOLUMWTIB, y 3ardOiauX II’SBOK, i3 MOCHJIEHHsIM iH(QIIbTpanii npuiernoi
CHOJYYHOI TKaHWHU JiM(POUHUTO-, Makpo(aronoAiOHUMHU KIITUHAMH, aMeOOLUTaAMH Ta BIUIbHUMHU
TPAaHYJOMUTAMH CBIAYWUTH TIPO PO3BUTOK IATOJIOTIYHHX IMPOILECiB, IMOBIPHO, SK HACIIIOK
IMYHOJIOTIYHOTO KOH(IIIKTY MiX 3’iIeHOI0 KPOB’fO IFOJUHU Ta TKAHUHHUM MiKPOOTOUYCHHSM I’ SIBKH.
Kuouosi cnosa: meduuna n’sexa, cipyoomepanis, Kuwikosi enimenioyumu, 60mpioiOHa MKAHUHA, OGOMPIOiOHI
SPAHYIOYUMU, JAKYHAPHI KAHATU.

CELLULAR AND TISSUE REACTIONS OF HIRUDO VERBANA (CARENA, 1820)
IN THE POSTTROPHIC PROCESSES

Frolov A. K., Litvinenko R. A.
Zaporizhzhya National University,
69600, Ukraine, Zaporizhzhya, Zhukovsky str., 66
a_frolov@ukr.net, r_litvinenko@ukr.net

In the last decade, more attention is paid to alternative naturopathic treatments, in particular
hirudotherapy. Therefore, increasing the need for biotechnological medicinal leech and the development
of biotechnological methods that increase their economic efficiency. However, it is known that in the
conditions of the biotechnology some medicinal leeches die in the next few days after feeding with blood
mammals. Taking into account that the medicinal leech is an absolute hematophagous, then it is
necessary take into account the immunological aspects of the impact of eaten blood on the cell and tissue
reaction of the leech organism during posttrophic period.

Objective: to establish the basic morphofunctional features of tissue well-fed pharmacy medicinal leeches
H. verbana Carena (1820) in the case of their normal physiological and pathological response, which
concludes with the death in the immediate posttrophic period.

The study involved the medical leech (n=400), obtained after hirudotherapeutic procedures in humans.
The types of leeches response to feeding were the basis for the selection the experimental groups. For the
study were taking H. verbana age of 7 months divided into 2 groups: 1) control group (n=15) — intact fed
H. verbana, which had feeding on human blood at hirudotherapeutic procedure after 4 months of hunger,
and fixed 12 days following feeding; 2) experimental group (n=15) — fed H. verbana, who died on 11-14
day after feeding and before that had a constriction on the body and vomited blood and fixed on the day
of death.

The transverse histological sections were prepared from the middle part of the body H. verbana that
investigated, stained with hematoxylin-eosin. Analyzed the histological features of structure of the
leeches' body. Special attention was given to morphofunctional characteristics of intestinal epithelium
(height, um), connective (the number of lymphocyte-, macrophage-like cells, free granulocytes and
amebocytes per unit area of 0,1 mm? tissue) and botryoidal tissues (diameter of lacunar channels in pm,
size of botryoidal granulocytes in um, the percentage of activated and non-activated botryoidal
granulocytes per unit area of 0,1 mm? tissue) that directly participate in the metabolism of plastic
material from eaten blood. Botryoidal granulocytes with flattened, half-moon shaped which mainly
surround intermediate lacunar channels were considered as activated; unactivated were considered
botryoidal granulocytes with rounded forms that do not form lacunar channels.

Statistical analysis of experimental data was carried out using application package IBM SPSS Statistics
20,0. The test data for normality of distribution was carried out using Kolmogorov-Smirnov test. Normal
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distribution using parametric statistical methods — statistical significance of differences between the
study groups was assessed by the Student criterion (T-test for independent samples). Results are
presented as M + m, where M — average value of the characteristic, m — mean error of the arithmetic
mean. The differences of the results were considered valid if P > 95%, p < 0,05.

From the observed of 400 medical leeches pathophysiological features in the nearest posttrophic period
found in 9,5 + 0,57% leeches of whom died 4,5 + 0,48%. At histological research in fed live medicinal
leeches are revealed flattened epithelial cells, their average height in different parts of crop fluctuated
between 7,9-10,3 um. In the dead H. verbana, are marked a significant intravital destructive processes in
the intestinal epithelium: intestinal epithelial cells are low (3,5 - 9,2 um), vacuolated, with pyknotic
nuclei irregularly shaped located mainly in the apical part of the cell, there are non-nuclear fragments
cells and areas of desquamation of the epithelium.

Infiltration of the connective and adjacent tissues and organs by immunocompetent cells (lymphocyte-,
macrophage-like cells, amebocytes and free granulocytes) in the dead H. verbana increases by more than
2,5 times compared with the living fed (62,8 + 1,84 and 22,2 + 1,50 cells per unit area of 0,1 mm? tissue,
respectively, p < 0,01).

In well-fed live H. verbana botryoidal tissue is large cellular structure, has a hollow tubular architecture
typical of vascular structures, with the number of activated granulocytes 83,7 + 1,14% (average diameter
of 8,6 £ 0,11 um) and non-activated 16,3 + 1,14% (average diameter of 11,3 + 0,34 um). At the dead H.
verbana, compared to well-fed, the relative content the activated granulocytes of botryoidal tissue
slightly higher (85,3 +0,97%, p >0,05), and they have a small diameter (4,4 +0,14 um, p <0,01),
whereas the content of nonactivated granulocytes — slightly lower (14,7 = 0,97%, p > 0,05), their average
diameter — significantly smaller (5,5+ 0,15 um, p <0,01). Lacunae of botryoidal tissue in dead H.
verbana expanded (average diameter of 14,8 + 0,91 um), compared to the live well-fed (average diameter
of 15,8 + 0,98 um), haemolymph are practically absent, in some of them there are accumulations of their
own hemocytes.

Results of research in group of well-fed dead H. verbana, such as increased processes of destruction of
cells and increase the number of lymphocyte-, macrophage-like cells, free granulocytes and amebocytes
in the connective tissue, and the presence of multiple devastated expanded intermediate lacunae, with the
central placement of their own hemocytes in some of them, they may indicate intravital exhaustion of
functionality lymph-myeloid tissue, which resulted in the death of medicinal leeches in insolvency
immune defense mechanisms.

Conclusions. 1. Morphofunctional changes in the crop of well-fed dead H. verbana consist in the
development of destructive processes that are manifested in the form of pyknotic nuclei changes, their
fragmentation, violation of the integrity plasmolemma, the presence areas of desquamation. 2. Activation
of botryoidal tissue of healthy well-fed H. verbana is associated with physiological processes (absorption
and accumulation of plastic substances) occurring in normal and such activation in dead H. verbana,
probably due to the weakening of immunological defense mechanisms. 3. In well-fed dead medicinal
leech in connective and botryoidal tissue adjacent to the crop (gut) observed increased cell infiltration,
atonic extended hollow lacunar vessels without trophic content. 4. Destructive processes in the intestinal
epithelium and associated pathological changes of connective and botryoidal tissue well-fed dead leeches
are probably the result of the development of immunological conflict such as "graft versus host disease".
Key words: medicinal leech, hirudotherapy, intestinal epithelial cells, botryoidal tissue, granular botryoidal cells,
lacunar channels.

BBEJIEHHUE

B nocnennee necsatunerre Bce OObIIE BHUMAHUS YIEISETCS aJbTePHATUBHBIM HATYPOTATHICCKUM
METOJlaM  JIYCHHs, HW3YYCHHIO HUX dI(PPEKTUBHOCTH, MEXaHU3MOB JIEYEOHOTO JEUCTBUA,
BO3MOKHOCTH CaMOCTOSITEIBHOTO M KOMIUIEKCHOTO HCIIOB30BaHUS C TIEJIBI0 MPOQPMIAKTUKA H
JICYCHUs PA3IUYHOTO poOAa TATOJOTHM uenoBekKa U JKUBOTHBIX. K umcny 53¢QeKkTuBHBIX
HaTypOIMaTUYECKUX METOJIOB MPUHAJICKUT U TUPYAOTEpaIvsi, KOTOpas aKTUBHO HCIIOJB3YETCS B
nedeOHoM U mpodunakTudeckoil MeauiHe, BerepuHapuu [1-3]. [ToaToMy cTaHOBUTCS MOHSATHBIM
BO3pacTaHUE TMOTPEOHOCTH B OWOTEXHOJOTHYECKUX MEIUIMHCKUX THIBKaX W JajdbHEHIIeH
pa3paboTKu OMOTEXHOJIOTMUYECKUX MPUEMOB MOBBIMIAIONINX WX SKOHOMHYECKYIO d(PPEKTUBHOCTD.
Onnako UMeErOTCsl cBeieHus [4, 5], 9TO B YCIOBUSAX OMOTEXHOJIOTHH YacTh METUITMHCKHUX MHSIBOK
norubaer B OMWKalIlIMe THU TMOCIE KOPMIIEHUS KPOBBIO MIICKOMHUTAOIMUX. [IpHUMHBI TaKOBOM
rudenu He ycTaHOBJCHBI. Eciu mpuHUMaTh BO BHUMaHUE TO, YTO MEAMIIMHCKAS THSIBKA SBISCTCS
abCOMIOTHRIM TeMarodaroM, TOraa HEOOXOJUMO YUUTHIBATh M WMMYHOJOTHYECKHE AaCIIEKTHI
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BIIMSHUS CHEJICHHOW KPOBHM MIICKOMMTAIONIMX HA KJIETOYHBIE M TKAaHEBbIE PEAKIMH OpraHusMa
OUSIBKM B TIOCTTpodrueckoM mepuoje. [TumeBapureibHblii TPAaKT MeIUIMHCKON nuseku Hirudo
verbana Carena (1820) mnpucnocoOeH Ui MOTJIOMICHUS OOJBIIOrO KOJIWYECTBA KPOBU
MMO3BOHOYHBIX, MIPEBBIMIAIOINICH €€ COOCTBEHHBIN BeC B 3 - 7 pas. [Ipu 3TOM KpOBbh MIICKOTTUTAIOIINX
SIBJIICTCS. BBICOKOMMMYHHOUM TKaHBIO, KOTOpPasi COACPIKUT Psijl KIIETOUHBIX TYMOPAIBHBIX (haKTOPOB
uMMyHHuTeTa. Hampumep, cuctema KOMIUIEMEHTa OCTaeTCs AaKTUBHOM B JKEIyJOYHOM KHIIKE
MEIULIMHCKOW MUSBKUA 0 JBYX JIHEH mocie KopmieHus [6], a (OpMEHHBIE 3JIEMEHTHl KPOBU
omnpenenstores eme monbiie — 6onee 2 -4 wepens [1, 7, 8]. I[loaTomMy mpencTaBisio MHTEPEC
M3y4YeHUE MPHUPOJIbI B3aUMOJCUCTBUS CHEACHHOW KPOBH C OPraHM3MOM MEIUIIMHCKOW MHSBKH,
KOTOpOE€ MOKHO TPUPABHATH K CHUTYyallMd THIA «PEaKUWW TPAHCIUIAHTAT HPOTHB XO35SHHAY,
Ha0II0/1aeMOM y YeoBeKa 1 TabopaTOPHBIX KUBOTHBIX [9].

Llenbro Hammei pabOThI SIBUJIOCH YCTAHOBJICHUE OCHOBHBIX MOP(HODYHKIIMOHATBHBIX OCOOCHHOCTEH
TKaHEH CBITBIX aNTEeYHbIX MeAunMHCKUX musaBok H.verbana Carena (1820) B ciydae wux
HOPMAJIbHOIO (PU3MOJIOTMYCCKOr0 M IATOJOTHYECKOr0 pearMpoBaHUs, KOTOpPOE 3aBEpPIIACTCS
rubenpIo B OJIvKaiIieM ocTTpoGuIecKoM mepuo/ie.

MATEPHAJIBI U METO/bI UCCJIEJOBAHUSA

Oo0nekToM uccienoBanus Obutn 400 MeauMHCKUX MUABOK Buaa H. verbana sospacrom 7 mecsiies,
IOJIy4YEeHHbIE TOCJIE MPOBEJEHHS TMPYAOTEpaleBTUUECKON NpoLe ypbl Ha OOJBHBIX C pa3IMyHON
XPOHUYECKON MAaTOJIOrMEW M YCJIOBHO 3/I0pPOBBIX JOHOpax. ['0JOJHBIX TOBapHBIX MEIUIIMHCKUX
NUSBOK,  KOTOPBIX  HMCHOJB30BAJIM  JUIi  TUPYJNOTEpamuH,  BbIpAIMBAIM  COIJIACHO
TY V05.0-02125243-002:2009  «IIusiBka  MeaMUIMHCKas»  (CAHUTAPHO-3IHIEMHOJIOTHYECKOE
sakmoueHne MO3  VYkpaunsr Ne 05.03.02-06/49982, or 12.08.2009 r.) Ha 0a3e Hay4yHOM
nabopaTopuy KJIETOYHOH W OpPraHM3MEHHOW OMOTEXHOJOTHH 3armopoKCKOT0 HAIMOHAIBHOTO
yHuBepcuteTa (3amnopoxkbe, YKpauHa). MeQULIMHCKUHE NHUSABKU COJEPKAIUCh B 3-TUTPOBBIX
OyTBUISIX C IEXJIOPUPOBAHHOM OTCTOSHHOM BOJIONPOBOIHOM BO0# 00bemMoM 2 11 (o 10-15 ocobeit)
npu temnepatype +22 °C. HaOnroneHue 3a MEJUIMHCKUMH MUSBKaMH JUTMIIOCH 2 Mecslla Mocie
MOJTHOTO HACKHIIIEHHUsI HA TeJle 4YeJOBeKa C TEePUOJUYECKON CMEHOH BOABI Kaxaple 3-4 IHS.
AHanu3upoBaau MoOp(hosoruueckoe U (PU3MOJIIOTHUYECKOE COCTOSIHME MEIMLUMHCKUX NUsABokK. [Ipu
OTKJIOHEHHH OT HOPMAJbHOI'O COCTOSIHUS (MaJIONOJBUKHOCTh, OTCYTCTBHE COKPATHUTEIBHOTO M
IIPUCACBIBAIOLIETO Pe(IIEKCOB, OTPHITMBAHHE KPOBH, MOSIBIEHUE MEPETIKEK Ha TeJe) MEAULIUHCKUX
MUSBOK OTCA’KUBAJIH B OTAENbHBIE | J1 OYTHUIN C MOCIEAYIOMINM €XKeTHEBHBIM HaOII0JCHUEM.

JIJIsl THCTONIOTUYECKOT0 MCCIe0BaHusl BhlJeeHbl 2 Tpynmbl H. verbana mo 15 ocobeit B kaxmoii.
KoHnTposibHas rpymnmna npeacraBieHa MHTAKTHBIMU CHITBIMU NMHSBKaMH, (UKCHUPOBAaHHBIMU Yepe3
12 cyrok mocie rupynoTepaneBTHdYecKoi mpouenypsl. OmbITHas Tpylna MpeicTaBlieHa ChITHIMU
nusiBKamMH, KoTopsle nmoru0iau Ha 11 - 14 cyTku mocie KOpMIIEHHs Ha Tejle YeloBeKa U 10 3TOro
umenu Mopdopu3nosornuecKue Npu3HaKy natoaoruu. @UKCUpoBaHUE MPOBOANIM B IEHb THOENH.

T'oToBumu MOIICPECYHBIC THCTOJOTHYCCKHUE CPE3BI CO cpezIHefI YacTH TeJIa UCCICAYEMBIX H. verbana,
OKpallMBajId reMaToKcWiInH-303uHOM [10, 11]. AHanu3upoBalM THCTOJOTUYECKHE OCOOEHHOCTH
cTpoeHus Tena nusBok. Oco0oe BHUMaHME yIeIsuid MOP(PODYHKIMOHATBHBIM XapaKTepUCTHKaM
KUIIEYHOTO  AOHUTeNHs  (BBICOTA, MKM), COGIMHHUTEIBHOH  (KOJIMYECTBO  JIMM(OLHUTO-,
Makpo(}aronoI00HBIX KJIETOK, CBOOOJHBIX TPAHYJIOINWUTOB M aMEOOIIMTOB Ha E€IMHMILY TUIOMIATH
tkarn 0,1 MM?) u OOTpUMOUIHON TKaHEeH (JuaMeTp JIaKyHApHBIX KaHaJOB B MKM, pa3Mep
OOTPUOUIHBIX TPAHYJIOLUUTOB B MKM, I[POLEHT AaKTUBUPOBAHHBIX M HEAKTHUBHUPOBAHHBIX
OOTPUOMIHBIX TPAHYJIOLMUTOB Ha eAMHUIY Iutomaau TkaHu 0,1 Mm?), KOTOpbIE€ TMPUHUMAIOT
HEMOCPEACTBEHHOE ydacTHhe B MeTaboiM3Me IIaCTUYECKOTr0 MaTepuasa cO ChelIeHHOM KpoBH. 3a
aKTUBUPOBAHHbIE MPUHUMAINA OOTPHOMUIHBIE TPAHYJIOLUUTHl YIJIOUIEHHOM, MOIyMECSYHON (OpMBI,
KOTOpble,  TJaBHBIM  00pa3oM,  OKPYXalOT  IPOMEKYTOUHbIE  JIAKyHApHBIE  KaHAJbI;
HEaKTHUBHPOBAHHBIMUA CUYHUTAIM OOTPUOMIHBIC TPaHYJIOLUUTHl OKPYIJIOi (OpMBI, KOTOpbIE HE
dbopmupyroT JakyHapHble KaHaiubsl [12-14]. IluromMopdomMeTpruueckoe HCCIICAOBaHUE TPOBOIUIN
HENOCPEACTBEHHO Ha THMCTOJIOIMYECKHMX Ipenaparax C HCIOJb30BAHUEM OKYJISP-MUKPOMETpa
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(cerouka) u o0bekT-MuKpomerpa (PZO, Ilonbma) Ha cBeToBoM Mukpockorne (00bexTuB 40, 100x,
okysap K7%, cucrema buonap, [lonsima).

Cratuctudeckyro 00pabOTKYy SKCHEPUMEHTAIBHBIX JIaHHBIX MPOBOJAMIM C TIOMOINBIO TaKeTa
npukiaagaeix nporpamm IBM SPSS  Statistics 20,0. IlpoBepky AaHHBIX Ha HOPMaJIbHOCTH
pacripesieieHus] OCYIIECTBIILIN C MOMOIIBIO OJHOBbIOOpouHOrO TecTa Kommoroposa-CMupHOBa.
[Ipy HOpManbHOM pacHpeesieHUH HCIOJIb30BaIl MapaMEeTPUUEeCKHe METOAbl CTATUCTHUKU —
CTAaTHCTUYECKYI0 3HAYUMOCTh pa3IUYMid MEXKIY HCCICAYEeMBbIMA TPYIIaMU OICHUBAINA IO
kputeputo Cteronenta (T-tect st He3aBUCHMBIX BBIOOPOK). 3HaUEHUS B TaOIHMIAX MPEACTABICHBI
B Bujge M+m, rne M — cpeaHee 3HaueHHE NpPU3HAKA, M — CPEAHSS OIIMOKAa CpPEIHETro
apudmernyeckoro. JlocToBEpHBIMU CUMTANIN pa3inuus pe3yiabTartoB mpu P > 95 %, p < 0,05.

PE3VJIBTATBI U UX OBCYXKXKAEHUE

Cpeau HaOJIIOMACMbIX MEIUIIMHCKUX MHSIBOK Ha 1 —2 Hemele MOCHE THPYIOTEPAleBTHYECKON
IPOLIEAYPHI TIOSBIISUIACH MAJIOIIOIBHKHBIE OCOOM, ¥ KOTOPBIX OTCYTCTBOBAIIM MIJIA OBLIM YIHETEHBI
COKpATUTEIbHbIC U MpHCAChIBAONIME Pe(IICKChI, MOSBISIIMCH Pa3HOH (OPMBI MEPETSKKH, YTO B
OOJIBIIMHCTBE CIIy4aeB COIPOBOXKIAIOCH HEMPEPHIBHBIM OTPBHITMBAHHEM CHEIEHHONW KpPOBHU
(9,5+0,57 %, puc. 1). B nanbueiitnem (uepe3 3-5 ameii) yacTh Takux ocobeit (4,5 + 0,48 %)
norubana. OcraBmasicss 4acTh MEIUIIMHCKUX MMUABOK C MTATOJOIMYECKUMHE IIPU3HAKAMHU OCTaBaIach
’KU3HECIIOCOOHOW Ha MPOTSHKEHHH HaOMoIeHus (2 MecsIa), HO UMesia OCTAaTOYHbIC MPOSIBICHUS B
BUJIE TEPETSHKOK Ha TeJle Pa3sHOW IIMPHUHBI C YACTHYHBIM ODIIHU30JUYECKHM OTPBHITHBAHHEM
cheieHHOH KpoBH. ClielyeT OTMETHTh, YTO B TEYCHUE BCErO BPEMEHH HAOJIOACHUS KaHHUOAIM3Ma
B TPYIIIE CHITBIX MEAUIMHCKUAX IHSIBOK HE HAOII0MAI0Ch. BO3MOXHOCTh KaHHMOanW3Ma Oblia
HCKJIIOYEHA €Ille B Hayaje HCCICAOBAHMS 3a CYET MOJIHOTO HACHIIICHHS BCEX MHUABOK, B3STHIX B
AKCIIEPUMEHT, U TPOPUICCKONH HHEPTHOCTH Ha POTsHKeHUH 1,5-2 mecses [1].

C uenbio BBISICHEHUS! BO3MOXKHBIX IPUYMH MOP(PODU3NOIOrHUECKUX MAaTOJIOTHUYECKUX TPOSIBICHUI
B Onmxailmmii mepuoa mocie KOPMJIEHHMST HaMU BBINOJIHEHO BBIOOPOUYHOE T'HMCTOJIOTMYECKOe
UCCIIEI0OBAHME.

a 0 B

Puc. 1. ®opmupoBanue mneperspkek Ha Ttene H. verbana B moctTpoduueckuii mepuoa (BUA
C JIOP3aJIbHOM CTOPOHBI): a — chITas 310poBas H. verbana; 6 — cwitas H. verbana ¢ enuHuyHOM
MEePEeTsHKKON Ha Tenie; ¢ — chiTas nmorudmas H. verbana ¢ HeCKOIbKUMU TIEPETSKKAMHU Ha TeTe

IMussku Buma H.verbana wmerorT TunwuHoe IS mpeacraBuTencit poma Hirudo crpoenwme
MUIIEBApUTENbHOM cucTeMbl [1, 2] u kumewynoro smurenus [15]. M3BecTHO, YTO KHIIEUHBIN
SIUTEUN KETYyIOYHON KHUIIKU 3J0POBOM MEIUIMHCKOW MNHUSBKUA MPEACTABICH OJIHOCIONHBIM
IAHIPAYECKUM/KyOUIECKIM KaeM4YaThIM dMUTeNeM. HaMu yCTaHOBJICHO, YTO Y CHITBIX JKHUBBIX
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MEIUIUHCKUX MHABOK, 3a(MKCHPOBAHHBIX 4yepe3 12 CyToK Imocie MmpueMa MUIIH, SMUTEIUOUUTHI
KETy/I0YHON KHUIIKH YIUIOLICHHBIE, BEPOSTHO, M3-3a MOTPEOICHNS 3HAYNTEILHOTO 00BbeMa KPOBH,
UX CPEIHSsI BBICOTA B Pa3HBIX YaCTAX KeNyJOYHOU KHUIIKU Konebnercs B mpexaenax 7,9 - 10,3 Mmxm
(Tabm. 1, puc. 2, a).

Tabmuua 1 — Beicota  snutenus  KenyqoyHod — kumkd — H.verbana  mpu  pasnuyHbBIX
(U3MOJIOTMUECKUX COCTOSHUAX

[lenTpasibHBIN KaHA BoxoBbie kapMaHbI
I'pynna nusBok Jop3anbHbIiit BenTpanbubrit I'mankas Cknankwu,
SMIUTEIUN, MKM SIUTENHNM, MKM | TOBEPXHOCTh, MKM MKM
Kussie, n=15 9,5+0,90 7,9+ 0,53 9,5+ 0,57 10,3 £ 0,37
Toru6mmue, n=15 4,7+0,25 35+0,18 7,4+0,45 9,2+0,34"

IpuMeyaHue:  — pa3HHUIA MEKILY CHITHIMU M IOTHOIINME MHsSBKaMU gocTosepHas npu p < 0,01, mpu p < 0,05.

B wuccnegoBanubix moruOmmx Ha 11-14 cyTku mocne rupyaoTepaneBTHUECKON Mpoueayphl
H. verbana, ormedeHbl 3HAYHMTENBbHBIC NPHUKU3HEHHBIC ACCTPYKTHBHBIC MPOIECCHl B KHIICUHOM
snutenuu (puc. 2, 0). BONBIIMHCTBO KUIIEYHBIX SMUTEIHOIUTOB HU3KHUE, BCTPEUAIOTCS KIETKU
pa3HO#l BBICOTHI. Slpa SMUTETHOIUTOB NMUKHOTHYECKUE, HEMPABHILHON (OPMBI, pa3MelleHHBIC,
TNIaBHBIM 00pa3oM, B amnMKalbHOM YacTW KJIETOK. BOJBIIMHCTBO KHILIEYHBIX AMUTETUOLIUTOB
BaKyOJIM3MpOBaHHBIC. BcTpeyaroTcs 6e3bsepHbie PparMeHTHI KIETOK U YYacTKH ¢ JeCKBaMaIuei
SMUTENUs, B OCHOBHOM B IICHTPAJIbHOM KaHaje >KeITyJOYHOW KHIIKH. BbICOTa AMUTENTMOIUTOB
(tabm. 1), MO CpaBHEHHIO C CHITHIMH MUSABKAMH, CTATHCTHYECKH 3HAYUMO yMmeHbImaercs (p < 0,01),
TJIaBHBIM 00pa3oM, B IeHTpaibHOM KaHaie A0 4,7 + 0,25 MM (gop3anbHbli snuTenwii), 3,5 + 0,18
MKM (BEHTPAJIbHBIN STTUTEIHN ).

OtnenbHble MOp(odYHKIMOHATIBHBIE W3MEHEHUs HAOMIOJAlOTCS TakKe B COEJUHMTENBHOM H
oorpuonnHoi Tkausx (the botryoidal tissue), xoTtopsie OKpyXarOT OpraHbl MHIICBAPUTEIHLHON
cuctembl H.verbana. V 310poBoif MEIUIMHCKON MHUSBKH HPOCTPAHCTBO MEXKIY BHYTPCHHHMH
OpraHamMH 3allOJJHEHO TpyOOBOJOKHHUCTOH COCTUHHUTEIBHON TKaHBIO, ACCOIMHMPOBAHHOW C
OOTpPUOUAHON TKaHBIO, KaK M y Apyrux BuIoB musiBok [15-17]. ¥V ceitoit xwuBoii H. verbana,
3aukcupoBaHHON uepe3 12 CyTOK mmocie KOpPMIICHHs, COSAMHUTENIbHAs TKaHb IpPEACTaBICHA
YUIMHEHHBIMH ONOPHBIMU COEIUHUTEIbHOTKAHHBIMM KJIETKaMH, B HEH 4YacTo BCTPEUYaroTCs
TUMOLUTO-, MaKpog)arononofiHme KJIETKH, aMeOOIMTHI U CBOOOAHBIE rpaHyaouuTs! (22,2 + 1,50
kiaetok Ha 0,1 MM° TkaHu, Tabm. 2), TOorgja Kak Yy TOJOAHOM MHABKM MX KOJIUYECTBO
He3HauutenbHoe [17]. YV mormOmmx H. verbana wunbwibTpanys COSAWHUTENBHOW TKAaHU H
nOpujeralomux TkaHed (OoTpuougHas TKaHb) W OPraHoB (KENyJOYHAs KHIIKA) TaKUMHU
MMMYHOKOMITETEHTHBIMH KJIETKaMH Bo3pacTaeT Oosiee, yem B 2,5 paza (62,8 + 1,84 kieTox Ha
0,1 Mm? TKanm, p < 0,01), IpHYEM OHH MAKCHMATLHO NPHOIIHKEHBI K KHIICYHOMY SITHTEIHIO, UTO,
OYEBHIIHO, CBS3aHO C WHTEHCH(HKANWEH WX HWMMYHOJOTHYECKOW (YHKIMU Ha peraparuro
JECTPYKTUBHBIX MPOIIECCOB B KHUIICYHMKE M TMOJIep)KaHUe OapbepHOW (QYHKIUHU CIU3UCTOU
000JIOYKK  KemyqoyHOH Kumkd. CBOOOJHBIE TPaHYJIOUWTHL, KOTOPBIE BCTPEYAIOTCS B
COCIMHUTEIIFHOW TKaHM, BEPOATHO, SBISIOTCA TpaHymonutamu | Ttuma. M3BecTHO, 4TO OHH
CMOCOOHBI K MHUTpallMM, a TakKe MOTYT pearupoBaTh Ha aHTUTECHHBIE CTUMYJBI, BEIyIIHE K
JeTpaHyJIAKE aHTHOaKTepraabHbIX BernecTB [18]. JlumdpounTo- u MakpodaromnoJo0HbIe KIETKH
pPEeryaupyroT TUCTOT€HE3 TKaHed W 00eCHeuMBalOT IUTOTOKCHYECKHE (DYHKIMH KJIETOYHOTO
ummynutera [19, 20]. Cuwmraercs, YTO y MEAWIMHCKOW MHUSIBKH BBISBICHHBIC HaMH
MMMYHOKOMIIETEHTHBIE KJIETKU B COCMHUTEILHOW TKAaHU TaK)K€ MOTYT BBINOJIHATH PETYISTOPHbIE
U [IUTOTOKCHYecKue GpyHkmuu [21].
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Puc. 2. MopdodyHkimonanbabsle ocobeHHocTH H. verbana B moctTpodudeckuii mepuon (okpacka
TreMaTOKCUIMH-303UHOM): @ — KHIICYHBIN SMUTENHUNA CHITON 310poBoi H. verbana; 06.: 40%; 6 —
KHILIEYHBIN 3MHUTENuil chiToil morudmeit H. verbana; 06.: 100x; 6 — OOTpUONAHAA U MPHUIIEKAIIAS
COEIMHUTENIbHAS TKaHb CHITON 3710poBoit H. verbana; 00.: 40%; 2 — GoTpHonaHAS U TpUIIEKAIIAS
COEIMHUTENbHAS TKaHb CbITOM morubmeit H. verbana; 00.: 40%. YVcnoeuwvie obosnauenus. a —
AKTUBHPOBAHHBIC TPAHYJIOIUTH OOTPHOWIHOW TKAHW; HA — HEAKTUBUPOBAHHBIC TPAHYIIOIUTHI
OOTPUOMIHON TKaHU; 9 — JIHAOTENMOO0Opa3HbIE KIETKH OOTPHOMIHONW TKAHMU; K3 — KHUIICYHBIN
AMUTENNH; KX — KPOBb XO3SMHA-IIPOKOPMUTEIIS; 71 — MPOMEKYTOUHBIC JIAKYHBI B OOTPUOMIHOM
TKaHH; MM — MBIIIICYHAs TKaHb; C/M — COCAMHUTEIbHAS TKaHb

Tabmuma 2 — KonwuecTBO W (QYHKIMOHAIBHOE COCTOSIHHE OOTPHOHMIHBIX T'PAaHYJIOLUUTOB U
TUMQOIUTO-, MaKpo(HaronoJOOHBIX KJIETOK, aMeOOLUTOB, CBOOOIHBIX TPAHYJIOLUTOB HAa €AMHHUILY
momaau (0,1 MMZ) OOTPHOUIHONH W TpWICKAIICH COSTMHHUTEIbHOW TKaHu H. verbana npu
Pa3NUYHbIX (PU3HOIOTUYECKUX COCTOSIHUAX

r 5 . Jlumdonuto-,
TTuaverp PaHyYJIONUTHI OOTPHUOUTHON TKAHU Maxpotaro-
MIPOMEKY- MoJO0HBIE
Ipyrma TOYHBIX B Tom umce KJICTKH,
THSBOK JIaKyH AKTHUBHUPOBaHHBIC HeaxTuBupoBanHsie amebouuTBl,
6otpuony- | Beero, CBOGOTHBIE
HOH TKaHHU, IT. d d TPaHyJIOLUTHI B
MKM M. % MK'M M. % MK'M coE:/:[I/IHI/ITenb-
HOI TKaHW, IIT.
Kusble, 15,8+ 186,5+ | 156,1+ | 83,7+ | 8,6+ | 30,4+ | 16,3+ | 11,3+ 222+
n=15 0,98 756 | 652 | 1,14 | 011 | 244 | 1,14 | 034 1,50
Moru6mmue, 14,8+ 170,7+ | 1454+ | 853+ | 4,4+ | 254+ | 14,7+ | 5,5+ 62,8+
n=15 0,91 945 | 7,86 | 097 | 014" | 234 | 097 | 0,15 1,84"

*
HpI/IMe'{aHI/IeI d- AUaMETp; — pasHUla MCKAY ChITbIMU U MOrMOIIMMHY MUSBKAMH JAOCTOBCpHAs IpHU p < 0,01
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Kak wm3BectHO, OoTpHOMIOHAs TKaHb NHUSIBOK ponxa Hirudo mpencraiser coOoit OKCH(MIBHYIO
SYEUCTYI0O CTPYKTYPY U COCTOMT U3 OKPYIJIBIX KIETOK JABYX THIIOB — 3€PHHUCTBIX
(TpaHyJOLUTAPHBIX) OOTPHOUIHBIX M IUIOCKUX 3HIOTEIHONOA00HbIX [12, 14]. BonabHIMHCTBO
KJIETOK OOTPHMOMIHOM TKaHU TUIOTHO MpPUJIEraeT BOKPYT KaHAIOB KalUJUIIPHOW CETKHU JIaKyHapHOMN
(KpOBEHOCHOH) CHCTEMBI, KOTOpas COEAMHSET JOP3aJbHbIA, BEHTPAJbHBIA M 2 OOKOBBIX
JaKyHapHBIX KaHana. M3BecTHO, yTo OOTpHOWIHAs TKaHb MojABepraercs (yHKUHMOHAIBHBIM U
CTPYKTYpPHBIM HM3MEHEHHSM B OTBET Ha pasiHyYHble NOTPEOHOCTH, BO3HHMKAIOIIME B XOIEC
YKM3HCHHOTO IMKJIA KUBOTHBIX [12, 22, 23]. YCTaHOBICHO, YTO Y 3J0POBBIX MUSIBOK OOTPHOUIHBIE
KJIETKH OpPraHM30BaHbl B KJIACTEPbl, a MPH HKCIEPUMEHTAILHOM MOBPEKICHUU IPOUCXOAUT
nepexo OOTPUOMAHON TKaHU C MIHYPOOOpPa3HBIX, KIACTEPHBIX CTPYKTYp B IMONYIO, TPyOdaTyro
ApXUTEKTYpy, TUIHYHYIO Uil COCYyaUCTBIX CTpykTyp [12-14]. Kpome toro, OOTpuOUIHBIC
3ePHHCTBIE KIIETKH OOECHEeYHBAOT aJcopOlMI0 MHUTATeNbHBIX BemecTB [12, 15, 22], xoropsie
MOCTYMAIOT B COCAUHHUTEIBHYIO TKaHb C KHIIEYHUKA, a TAaKKEe METAa0O0IMTOB, OHU SBIAIOTCS
XJIOParoreHHbIMH KJIETKAMH, YYacTBYIOT B BbaenuTenbHON ¢GyHkiuu [15]. Tak, muroruiazma
IPaHyJIOUTOB OOTPHOMIHON TKaHU HAKAIUIMBACT PA3JIMYHBIC BKIIOYCHHUS, CPEIU KOTOPBIX KENTO-
KOPUYHEBBIC 3€pHA 3KCKPETOPHOM MPUPOIBI, COACPIKAIINE TPOIYKTHI paciaaa remma [22]. Bmecte
C SHAOTETUONONOOHBIMU KJIETKAMH OOTPHOWIHBIC TPAHYJIOUHUTH (HOPMUPYIOT IOMOJHUTEIHHBIC
MIPOMEXKYTOUHBIE JIAKYHBI ¥ Kanuuisipel. Kpome Toro, cymecTByeT MHEHHE, YTO 3€PHHUCThIE KIETKU
OOTPHOMIHON TKAHU TAK)KE BBIMOJHSIOT 3AIIUTHYI0O UMMYHHYIO QyHKIm0 [12]. Takxke n3zBecTHO,
yro OOoTpuoWIHAs TKaHb y4YyaCTBYeT B aHTHOIeHe3e, a €€ LEJOTeINYM BBINOJIHSET
MHEJI0/3pUuTpouinyto GyHkuio [12, 23].

VCTaHOBICHO, 4YTO Yy CHITBIX JKUBbIX H.verbana OorpuouaHas TKaHb KpPYHMHOSYCHCTas, B
OOJIBIITMHCTBE UMEET MOJYI0 TPYOUaTyI0 apXUTEKTYPYy TUIHUHYIO JUISI COCYIUCTBIX CTPYKTYD, PExKe
KJIACTEPHOI'0, IIHYpoOoOpa3HOro THIA. BBHIABIEHO 3HAYMTENBHOE KOJIMYECTBO AKTUBUPOBAHHBIX
rpanysonuToB OorpuouaHor TKaHW (83,7 +1,14 %, cpemnuii amamerp kietok 8,6 + 0,11 Mxm),
KOTOpBbIE 00Pa3yIOT CKOIUIEHUS] BOKPYT KapMaHOB, CKJIAZIOK M MEPEropoI0K KeyIOYHON KHUILKH, a
TaK)X€ BOKPYT JaKyHApHBIX COCYJIOB, B OCHOBHOM J0p3aJlbHOr0. B TO Bpems, Kak y TOJOIHBIX
H. verbana 6otpuounaHbie TpaHyIOUTEI, B OCHOBHOM HaXOJATCS B HCAKTHBUPOBAHHOM COCTOSTHUU
U MMEIOT He3Ha4yuTelbHble pasMepbl [17]. B coenuHuTenbHOM TKaHM KMBBIX CBHITHIX H. verbana
3HAYUTEIbHOE KOJMYECTBO KaMWUIAPOB U JIAKYH, UX CpeIHHUM auameTp cocrasiser 15,8+0,98 Mxm
(tabm. 2). OnHm, Kak W ceTyaras OOTPUOMIHAS TKaHb, XOPOIIO 3alOJHEHbI OKCU(DUILHON
KHUIKOCTbIO — Temonumdoit (puc. 2, B). Kpome TOro, ormeueHbl 3HAUMTENbHBIE pa3Mephl
aktuBUpoBaHHbIX (8,6 + 0,11 Mkm) wu HeaktuBupoBaHHBIX (11,3 £0,34 MkM) OGOTPHOMAHBIX

TPaHyJIOLUTOB, YTO, OUYEBHUIHO, SBISIETCS pEaKkiMeil Ha MOCTYIUICHHE METAa0OIUTOB MUTATEIBHBIX
Bemects [15, 22].

VY ceithix morubmmx H. verbana oTmedeHbl 3HaYMTENbHBIC JIETCHEPATHUBHBIC (JIECCTPYKTHBHBIC)
MIPOLIECChl B COEAMHUTEIBbHOM M OOTPHMOMJIHOM TKaHSIX, MO CPAaBHEHUIO CO 370POBOH CBHITOMN
nusBkoil. CoenuHHUTENbHAs TKaHb KPYIMHOSUYEHCTOM CTPYKTYpbl, B €€ s4elKax HaxOoIuTCcs
3HAYUTEIBHOE KOJMYECTBO aMe0000pa3HBIX KIETOK C TOMOTCHHOM WM MEJIKO3ePHHCTON
UTOIUIa3MOM. B coeaMHUTENbHOW TKaHM MPUCYTCTBYIOT JTUMQOLUTONOJO0HBIE KIETKH, a B
HEKOTOPBIX SYEHKaxX BCTpEYaroTcs MakpoharomogoOHBIE, WX OCOOCHHO MHOTO IO/ CKJIAJKaMH
KETyJOYHONH KHUIIKHU. JIakyHbI OOTpHMOMIHON TKAaHM PACIIMPEHbI (CPeTHUM JHaMeTp COCTaBiseT
14,8 + 0,91 mxmMm; Tabm. 2, puc. 2, r). OTHOCHTEIIEHOE CO/IepKaHNe aKTUBUPOBAHHBIX TPAHYJIOIUTOB
OOTPHOUIHON TKaHH, IO CPABHEHUIO C CHITHIMU MUSBKaMH, He3HaUUTeNbHO BhIIe (85,3 = 0,97 %,
p > 0,05), mpuuem oHm mMeroT Maibli quametp (4,4 + 0,14 mxwm, p < 0,01), Torna Kak cojpep:kaHue
HEaKTHUBHPOBAHHBIX TPAHYJIOLUTOB — HE3HAUNUTENbHO MeHbIe (mpH p > 0,05), kak B aOCOTIOTHBIX
(25,4 + 2,34 xierok Ha 0,1 mv° Tkanu), Tak W B oTHOcHTenbHBIX (14,7 +0,97 %) mokasaresx,
CpeAHUH TUaMeTp KJIETOK 3HauuTeslbHO MeHblie (5,5 £ 0,15 mxm, p < 0,01; tabn. 2). Ilpu sTom B
MIPOMEKYTOUHBIX JIAKYHaX OOTPUOMTHON TKaHH, MPAKTUIECKH OTCYTCTBYET reMomM(a, B OTIIHINE
OT CBITBIX JKMBBIX NMHUSABOK. Kpome TOro, B OTHENBHBIX MPOMEXKYTOUYHBIX JIAKyHaX OOTPHOMIHOM
TKaHU BCTPEYAIOTCS CKOIUIEHUS! COOCTBEHHBIX F€MOILIMTOB, YTO, BEPOSITHO, YKa3bIBAE€T HAa aKTUBHBIE
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MUT'PAIUOHHBIC TPOLHECCHI MMMYHOKOMIICTCHTHBIX KJIICTOK K MCCTY HOBPCKIACHUSA, TO C€CTb K
KHIICYHOMY SIUTCIIUIO.

BrisiBiIeHHBIE Pe3y/IbTaThl HCCIACIOBAHMS B TPYIIE CHITBIX moruOmux H.verbana, takue kak
YCHJICHHE TMPOIECCOB  JECTPYKIMH KJICTOK M  YBCIMYCHHE KOJIHMYECTBA  JTUMQOIIMTO-,
MakpodaronoJ00HbBIX KIETOK, aMeOOIIMTOB U CBOOOHBIX TPAHYJIOIUTOB B COSAMHUTEILHON TKAHU,
a TaK)Ke HAJIMYUE MHOXKECTBEHHBIX OIYCTOIICHHBIX PACIIMPEHHBIX MPOMEXKYTOUHBIX JIAKYH, C
[EHTPATbHBIM pa3MENICHHEM COOCTBEHHBIX TE€MOIMTOB B OTACIBHBIX M3 HHUX, MOTYT
CBUJCTCILCTBOBATh O  MNPMKU3HCHHOM  HWCTONICHMM  (DYHKIIMOHAIBHBIX  BO3MOXKHOCTEH
TUMQPOMUEIIONIHON TKAaHU, KOTOPOE MPUBEIO K THOETU METUIIMHCKOW THUSBKH B YCIOBHSX
HECOCTOSITCIIBHOCTH ~ HMMMYHHBIX  3aIIMTHBIX MEXaHHU3MOB. Tax, H3BECTHO, 4TO
MOp (O YHKITMOHATTLHOE COCTOSIHUE UMMYHHBIX CTPYKTYP B TUM(POUIHBIX OJIANIKAX TOHKON KUIITKA
y YeloBeKa W MIICKOIHUTAIONIMX >KMBOTHBIX OTPa)KaeT HAINPSHKCHHOCTh MMMYHHTETa HE TOJIBKO
MUIIEBAPUTEIHLHON CUCTEMBI, HO U B 1I€JIOM BCEro opranusma [24].

MenunuHckass MUsABKA, Kak aOCOMIOTHBIM remarodar, NpUCIOCOOIEHa K KPaTKOCPOUHBIM
KOHTAaKTaM € X03€BaMHU-IIPOKOPMUTENSIMU U K ObICTPOMY IOIJIOIIEHUIO O0JIBIIOr0 00beMa KpPOBH,
IIPEBBILIAIOIIEM €€ WM3HA4YaJIbHBIM BeC B 3 -7 pa3 M [UIMTEIBHOMY €€ XPAaHEHHUIO B KMJIKOM
cocrostHuM. [IpuueM coOCTBEHHO IepeBapUBaHME MUIIM (CHEIEHHOM KpOBM) IPOUCXOIUT B
KOPOTKOW CpeAHed W 3ajHell KHILIKe, TOrja Kak MepeiHss Kumka (KeIy[oK), MpeacTaBiIsromas
co00Ol HMIMHApPUYECKOoe paciupenue ¢ 11 mapHpIMM KapMaHaMy, 3aHUMAaeT IOYTH BCE TeEIo
NUABKU. B 3TOM oTnene MINTENbHO COXPAHSAIOT CBOKO aKTUBHOCTH KJIIETOYHBIE M T'yMOpPaJIbHbIE
(bakTOpBI CHEICHHON KPOBH, U MIEPBOI HA MTyTH 3aIIUTHI OT €€ HETaTUBHBIX BO3ICHCTBUI pearupyer
CUCTEMa NHILEBAPEHMUs, TJE€ ChEIECHHAs KPOBb IOABEPracTCs UMMYHHOMY KOHTPOJIO CO CTOPOHBI
MEAULIMHCKON MUSABKH.

NmmyHonoruueckass pyHKLIUS ChEAEHHOW KPOBU XO3SIMHA-IIPOKOPMUTENS KaK «TPAHCILIAHTaT» B
HOpME ITO/IaBIISIETCS MEAUIIMHCKOW MUSBKOH MHOTOKOMITOHEHTHBIMU MEXaHU3MaMu. Bo-TiepBrIX, 3a
CU€T M3MEHEHHs NCXOJHOTO COCTOSIHUS IIa3Mbl KPOBU MyTEM e€ ObICTpoil aeruaparanuu [25, 26]
(MUsBKa <«aI0TEET» YK€ MpH aKTe KOPMIJICHHWs), TOTepe aAre3WBHBIX CBOWCTB (DPOPMEHHBIX
3JIEMEHTOB (KpOBb, U3BJICUCHHAS U3 KETyJKa MEIUIMHCKON MUSABKM, HE pacciauBaeTcs Jaxke MpU
HEeHTPUPYTHUPOBaHNH). BO-BTOpBIX, CHIDKEHHAs TeMIlepaTypa OOWTaHHS METUIIMHCKON MHUSBKU
(orrriMyM 22 - 24°C) crocoGCTBYeT IpeobIafaHnio eé NMMYHHTETA 10 CPABHEHHIO C OMTHMYMOM
JUT IMMYHHBIX (JaKTOPOB KPOBH TEIUIOKPOBHBIX X03seB-IpokopmuTenei (38,5 C 1st KOBITHBIX 1
37°C s uenoBexa). Tperhs rpymma (AKTOPOB HHTHOMIME HMMYHHTETA KPOBH XO3SHHA-
MIPOKOPMUTENS IPOUCXOAUT HA MOJIEKYJISIPHO-KJIETOYHOM YPOBHE M 110 CBOEH CYIIHOCTHU OCTAETCs
Hen3ydyeHHOH. OJHMM M3 HUX MOXeT ObIThb HHAYKIMS amnolTo3a B JeHKOLMTaX YeloBeKa,
OOHapy)XeHHass HaMH B KYJIbType KJIETOK IOJ| BIIMSHUEM OHOJOTMYECKH AKTHBHBIX BEIIECTB
COJICBOTO JKCTpaKTa MeAMUMHCKON musiBku [27]. Hamu Takke BbisiBieHa [8] MakcumasnbHas
JUTATENTFHOCTh ~ CYIIECTBOBAHMS KIJIETOYHBIX TMOMYJSIUN KPOBH XO3SUHA-TIPOKOPMHUTENST B
MUIIEBAPUTEIBHOM CHCTEME MEIUIIMHCKOM MHSABKM, KOTOpas COCTaBIseT: sl HEKOTOPBIX
HeUTpopminoB — g0 15 Cyrok, uIsi MOHOIUTOB — 1O 18 CYTOK, OTIEIbHBIE Y03MHOMDHIEI,
JTUMQOIUTHI U SPUTPOLIUTHI ONPEAEIISIOTCS B CheJCHHON KpOBHU Jaxke yepe3 mecsi. OaHako oduiee
KOJMYECTBO KJIETOK KPOBHM 3HAUUTENILHO CHUXKAETCd y)K€ Ha MepBOM Hejene, a B JalbHEWUIIEM
MOJICUET KOJIMUECTBA JEUKOIIUTOB HEBO3MOXKEH M3-3a YBEIMUEHUS KOJMUECTBA JETPHUTA.

OnHako, BEpPOATHO, 3HaYMTeNbHAS YacTh H. verbana (9,5 + 0,57 %), HecMOTpsl Ha HaJIW4YUE Psjia
MPUCTIOCOOTICHU K MapasuTHYeCKOMYy 00pa3y KHU3HH, HE B COCTOSHHH TPEOJ0TETh NUMMYHHYIO
arpeccwio ChEJCHHOW KPOBH, BO3MOXKHO, JTO CBSI3aHO C HAJIWYUEM KOHCTHUTYIIHOHAIBHO
00yCNOBJIICHHBIX ~ MOP(GOPYHKIIMOHATBHBIX ~ JePEKTOB B CHUCTEME MUIIEBapeHUs, W/WIU
HEJ0CTATOYHOCTH OT/CIBHBIX KOMIIOHEHTOB €€ MMMYHHOH CHCTEMBI, a TaKXe C HapylIieHHUEM
HOpMaJIbHOW CHUMOHMOHTHOM MHUKPOQIOPHl KHUIIEUYHHWKA, KOTOpas B HOPME BBHIMIOTHSET PsT
TPpOPUUYECKUX U aHTHOMOTHYECKUX (DYHKIIMH, KOTOPBIE TPEOYIOT NaNbHEHIIINX UCCIEI0OBaHHH.
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[TosiBneHHE MOSACKOB, OTPHITMBAHKWE KPOBHU U IOCIEAYIOIIAs TMOETh YacTh 0Co0e MEeIUITMHCKUX
nusBok B Ommwkanmee (1,5-2 Hemenu) mnoctrpoduueckoe Bpems (puc. 1), ykaspiBaeT Ha
MMMYHOJIOTHUECKUH KOHQIMKT THIIa PEaKIUH «TPAHCIUIAHTAT MPOTHB XO3MHA». Tak, Bpems
BO3HUKHOBEHHUS IATOJOIMM Yy JAHHOM 4YacTU IHUSABOK COBMAJAeT C MaKCUMAaJbHBIM BpPEMEHEM
pPa3BHUTHUS KJIETOYHBIX MMMYHOJOTHYECKUX peakuuid [19, 28] u cpokamu BBISBICHUS HAUOOIbIIEH
YacTOThl OCJOXHEHUH, HAOMIOAAaeMbIX B KIMHUYECKOM MpakThke. BeposTHOo, B 3TOH Yactu
MEIUIUHCKUX MUSBOK UIMMYHHBIE (DaKTOPBI KPOBH XO3SHMHA-TIPOKOPMHUTES IIOBPEKAAIOT AUTEIUN
KeIyJKa — OCHOBHOI'O BMECTHJIMINA KpPOBM U YrHETAlOT CUMOMOHTHYIO MHUKpOQIOopy
MUIIEBAPUTEIBHOTO TPaKTa, KOTOpasi B OCHOBHOM O0ECIeYMBAaeT KOHCEPBAIMIO ITOH KPOBHU, €€
IepeBapuBaHue U UHIMOMPYET MaTOreHHyro MUKpodiaopy. Takum oOpa3oM, y 4acTH MEAULUHCKUX
IIUSBOK, BEPOSITHO, PA3BUBAETCSl CUTyallUs THUIIA PEAKLUU «TPAHCIUIAHTAT IPOTUB XO3SUHA.
VYcyrybnenue 1eCTpyKTUBHBIX IIPOLECCOB B KMILEUHUKE U MOJUIEkKAIUX TKAHAX Jajiee NPUBOJUT K
OTPBITMBAHUIO CBHEICHHOW KpOBH, NOTEpU OapbepHOW (YHKIMU TNHILEBAPUTEIHLHOTO TPAKTA,
MHTOKCUKAllUM OpraHu3Ma M ru0eny MEeIUIUHCKON NMUABKHU. BbISBIEHHbIE HaMU NPHKU3HEHHbIE
TUCTOJIOTMYECKUE M3MEHEHHMs] y TOrMOIIMX MEIMLUMHCKUX MHUABOK MOATBEPKIAIOT JaHHOE
npeanonoxenne. CylniecTBEHHbIMH — IPU3HAKaMU  [AaTOMOPQOJIOrMYECKHMX  HM3MEHEHHH Y
MEIUIUHCKOW THUSIBKA HEOOXOIMMO CUMTATh: BBIPAKEHHYIO aTpPOQHUIO CIU3UCTOH OOOJOUYKH
KUIIEYHUKA U UHOUIbTpaluio €€ JIGHKOLMTAaMH, KaK OJHOI0 M3 PacHpOCTPAHEHHBIX MPU3HAKOB
ummyHonepunuta [28, 29]; pacmmpeHne JaKyHApHBIX KaHaJOB OOTPHUOMIAHON TKaHH, KOTOpHIEC Y
MEIULMHCKON MUSBKYU BBIMOIHAIOT POJIb KPOBEHOCHBIX U JMM(patudeckux cocynos. Ilocnennue, B
YCIIOBUSIX HECOCTOSITEIbHOCTH HMMYHHBIX MEXAaHU3MOB, BEPOSTHO, MOTYT TAaKXe CIYKUTh
TPAHCHOPTHBIM IIyTEM PACIPOCTPAHEHUS NH(EKIMOHHBIX areHToB. CXO/HbIE IPOSBICHUS aTpopun
CIIU3UCTOM OO0OJIOUKM KHIIEYHHKA HaOMI0AalTcsd y OOJBHBIX C paccTpoMCTBAMH HMMYHHOMN
cucremsl [30, 31].

[lepcriekTHBBI JanbHEUIINX HCCIECIOBAHUN. BBISICHEHME MOJIEKYJISIPHO-KIETOYHBIX MEXaHH3MOB
B3aUMOJCHCTBUS MEXIYy MEIUWLUHUHCKON TNHIBKOW U KPOBBIO XO3SMHA-TPOKOPMUTENS HMEET
dbyHIaMEHTAIPHOE M TPUKIAIHOE 3HaueHue. Bo-mepBhIX, MO3BOJISET HW3YYUTh MEXaHU3MBI
«pEeaKIuu TPAHCIJIAaHTAT MPOTUB XO3IMHA» U JJajiee PEryaupoBaTh €€ HHTEHCUBHOCTh. BO-BTOPBIX,
pellIeHre TaHHOTO BOIPOCA MO3BOJUT MOBBICUTH PEHTA0ETBbHOCTh OMO(AaOPUK IO BHIPALIUBAHUIO
MEIUIIMHCKOW THUSABKH, CHUXXasi HX CMEpPTHOCTb, OCOOCHHO Ha CTagll «HUTYATOK» U
MOAPACTAOIIEH MOJIOIH.
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[IpoBeneHO MOCTIIKEHHS PO3BUTKY MCUXO(Di310JIOTIYHAX (YHKIIH Ta TOYHOCTI KOPOTKOYACHOT ImaM’sTi
3aJIe)KHO BiJl MOTOPHOI acUMETpii MBKYJb TOJIOBHOTO MO3KY B AiTe# BikoM Bif 4 1m0 7 pokiB. BusHaueHo
mepion HAWOULIBII IHTEHCHBHOTO PO3BUTKY INCHXOQiziomoriyHux (GyHKUiH y miTell 3 moMiHyBaHHSIM
IpaBoi Ta JIiBOT pyku. BusiBneHa TeHAeHIIs N0 TOKPALIeHHS [TOKa3HUKA TOYHOCTI KOPOTKOYACHOT maM sITi
(TKYII) 3 BikoM. OTpuMaHi JaHI IPO BiAMIHHOCTI B PO3BUTKY NCUXO(Qi3i0M0TidHUX (QYHKIH y miTen
3aJIe)KHO BiJl PyXOBOI JOMIHAHTHOCTI. ¥ TecTyBaHHI B3sUIM y4acTb 233 IUTHHH.

Knmouoei cnosa: ¢hynxyionanvna acumempisi niekynv 2071081020 Mo3ky (PAIII'M), cencomomopui peakyii,
JameHmHuUl nepioo, peaxkyis 8ubOpPy, NPOCMA CEHCOMOMOPHA PeaKyis, MOUYHICIb KOPOMKOYACHOI nam ami.

COCTOSIHUE ICUXOPU3HOJIOTMYECKHUX CBOMCTB Y JIETEM B BO3PACTE OT 4 JIO 7 JIET

B 3ABUCUMOCTHU OT MOTOPHOM ACUMMETPUU
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[TpoBeneHo uccienoBaHUe PAa3BUTHA IICUXO(U3MOJIOTHYECKHX (DYHKIMH M TOYHOCTH KPaTKOBPEMEHHOM
MaMATU B 3aBUCUMOCTH OT MOTOPHOW aCUMMETPHUH HOJyIIApUi FOJOBHOIO MO3ra y JeTeil B BO3pacTe OT
4 no 7 net. BeIsBieHbI IepuoO/Ibl HAaNOO0JIEE MHTEHCUBHOTO PA3BUTHUS NCUXO(DHU3HOIOTHYECKUX DYHKIMH Y
JleTeil ¢ JOMUHHpPOBAHMEM IMpPaBOl W JeBOM pyku. BrisiBieHa TEHIEHUHUS K YIY4YIICHUIO TOKa3aTes
TOYHOCTHM  KpaTKOBpeMEHHOW mnamsaTu. [lonydeHsl  JaHHbIE 00 oTIMUYMAX B  Pa3BUTHH
ncuxousnonorndeckux (GyHKIMH y 1neTeld B 3aBHCHMOCTH OT MOTOPHON acCHMMETPHH MOJIyIIapHit
TOJIOBHOTO MO3ra. B TectupoBaHny npuHsun ydacTtue 233 pebeHka.

Kniouegvle cnosa: Qynkyuonanvha acummempus noayuaputi 201061020 mosea (PAIII'M), ramenmubviii nepuoo,
CEHCOMOMOPHbIE PEaKyuU, peaKyusi eblbopa, NPOCMAsi CEHCOMOMOPHAsL PeaKyus, MOYHOCHL KPAMKOBPEMEHHOU
namsimu.
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CONDITION OF PSYCHOPHYSIOLOGICAL PROPERTIES AT CHILDREN IN THE AGE RANGE
FROM 4 TILL 7 YEARS OLD DEPENDING ON MOTOR ASYMMETRY

Chinkin A.A

Taras Shevchenko National University of Kyiv, Institute of Biology
01601, Ukraine, Kyiv, Prospekt Hlushkov, 2

chinkin.andrew@mail.ru

The research of development psychophysiological functions and accuracy of short-term memory
depending on functional asymmetry of cerebral hemispheres in the age range from 4 till 7 years old. It is
revealed the periods of the most intensive development psychophysiological functions at children with
domination right, — the left hand, and also difference in short-term memory. The object of the research is
psychophysiological functions of children of pre- school and junior school age. The subject of the
research is functional asymmetry of cerebral hemispheres (FACH).

The methods of research. During carrying out of the research apparatus (realized in computer programs
“Definition of psychophysiological indices of a man” by G.M. Chaichenko, M.Y.Makarchuk,
N.B.Filimonova and “The program of testing of short- term memory” by doctor of biological science,
professor M.Y.Makarchuk, candidate of  physics and mathematics N.B.Filimonova) and also
endorsement (form) methods (determination of FACH types was accomplished with “I.P.Pavlov test” and
“The test- questionnaire for a definition of learning and thinking style” by Paul Torrens and the co-
authors. (form B)) were used. These methods were approved and are used in research and educational
institutions for the diagnostics of characteristics of various psychophysiological functions.

Children of the age range from 4 till 7 years old in amount of 233 persons from Kherson pre- school
educations institutions Ne36 and Ne69 took part in the research. The analysis of development of
functional asymmetry of cerebral hemispheres was carried out and connection of this asymmetry with
memory development, right- handed and left- handed persons phenomenon was revealed.

Scientific novelty contains in revealing of the peculiarity of FACH forming and in accomplishing of
comparative analysis in different groups of children (with speech defects and with normal development
of speech function) of pre- school and junior school age (of 4-7 years old). The majority of similar
research were made with children of the age range from 7 till 11 years old. According to the results of the
present research work correlative analysis of FACH development with short term memory development
will be accomplished.

The main expected scientific results of the research are determination of dynamics of FACH forming in
ontogenesis period from 4 till 7 years and also the definition of influence of development of right or left
hemisphere asymmetry on characteristics of short-term memory.

Practical importance of the work. The results of the present research could be used for organization of
differential education of a child with taking into account FACH in direction of the most peculiar abilities
of the person. The present approach will create the way to harmonious and directed development of a
child in accordance with his or her abilities and modes of mastering of the information given during the
study. The approach will create preconditions for spreading of the most effective methods of educations
at school (according to ontogenesis of FACH) which are more productive than a search of “perfect
methods”, because none of them could be suitable for each pupil at the same time.

Preliminary results of the research and their discussions. Obtained results perform that the majority of
examinees display the motive domination of left cerebral hemisphere which is confirmed by the
following facts.

It has been found out that at the age between 4 and 7 FANP (functional agility of neural process) is
considerably increasing, the speed of primitive and complicate sensory-motor reactions is increasing too.
Such progressive changes, to our mind, are connected with morphofunnctional after ripening of cerebral
cortex. Also at this age period some qualitative changes in cognitive development take place, and this is
accompanied with the transaction from the preoperational stage to the stage of some certain operations
(actions). But the most intensive development, which is confirmed by the data of section and longitude
observations done in the children’s groups sorted on the left handedness and right handedness,
corresponds to the age of 4- 6. The results of the work and their interpretation clarity the role of
psychophysiologic functions, particularly the features of he main neural processes and sensory-motor
reaction with motional dominance of cerebral hemispheres; also the roles of functional agility of nerve
processes and the brain capability in the formation of the intersystem relations as the basis of
accommodative abilities of pre- school age children. The received results can be used in solving a
member of practice problems in the scientific arrangement of learning activity; in particular the usage of
differential approach of teaching children taking account FACH in prediction of their abilities and
capacities.
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Summing our data, we can claim, to the intensive development of the main psychophisiological functions
happen (take place) to the children of 4- 6; we can also observe the increasing of the short- term memory
capacity. Right handed children at the age between 4 and 7 have more advantages at this stage, the basis
for this are physiological grounds as just at this particular period of ontogenesis the improvement of
neural hemisphere interaction arrangement takes place. the further research of such abilities of the higher
nervous activity as functional agility and the power of nervous processes, and their relevance of their
consideration, all there facts should find their application in the teaching educational process when
creating scientifically proved system of the preparation for studying. This will promote the optimization
of general secondary, vocational and higher education of people with different motional dominance of
cerebral hemispheres of human’s brain.
Key words: functional asymmetry of cerebral hemispheres (FACH), functional agility of neural processes (FANP),
latent period, sensory-motor reaction, reaction of a choice, simple sensory-motor reaction accuracy of short-term
memory.

BCTYII

Hame pocnimkeHHss 0OyMOBIeHE HEOOXIIHICTIO AMQEPEHIIHOBAHOTO MIAXOAy Y BHXOBaHHI 1
HaB4aHHI jgitedt 3 ypaxyBanHsM DAIII'M, a Takox ncuxodizionoriyaux ocobmmBoctel. Ilepion
KUTTS  JiTe  Bil ~ 4YOTHPbOX  JO  CEMH  POKIB  XapaKTepU3YEThCS  BAKIMBUMU
MopodyHKITIOHATPHUMH 3MiHAMH Y BCil IIEHTPaJIbHIN HEPBOBil cucTeMI, aie B el Yyac HalHOLIbII
IHTEHCUBHUMH TE€MIIaMU M€ 03piBaHHS T'OJOBHOTO MO3KY TUTHUHHU. 30Kpema, caMe Ha IIeil BiK
MPUTIAAAI0Th KPUTUYHI NEpioar PO3BUTKY 000X cHrHampbHHX cucteM [1-7]. B ocramni poku
BCTAQHOBJICHO, 1110 MOYMHAIOYHU 13 YOTHUPHOX POKIB, Y TOJOBHOMY MO3KY 3MEHIIYETHCS 3arajibHa
KUTBKICTB Cipoi pedoBHHH, 1110, IMOBIpHO, BiZIOMBa€ CKOPOYEHHS 3arajbHOi KiJIbKOCTI HEHMpPOHIB Ta
CUHANTHUYHUX KOHTAKTiB: 30epiraroThCs JHINE Ti, IO BKIIOYEHI y (YHKIIOHAIbHI HEHpOHHI
Mepexi. Y 1el ke Jac BiI0yBa€eThCs MmapajieibHe 30UIbIIICHHS MacH 017101 pEYOBUHHU, SIKE ITOB'SI3aHE
13 3aBepIICHHAM Tpolecy MieniHizamii. Yci mi mporecd MopdoreHesy TOJOBHOTO MO3KY B
KIHIIEBOMY pPaxyHKY BH3HAa4arOTh AudepeHmiamiro i iHrerpamiro (yHKIIOHAIEHO HEOMIHOPITHHX
ainstHok Mo3ky [1,5]. OcoGnuBuii iHTEpec y I[bOMY IUIaHI CTaHOBUTH BHUBUEHHS (DOpMYBaHHS
(GyHKIIOHANBHOT acUMeTpli MiBKyJdb ToJ0BHOro MoO3Ky (DAIII'M) y nitell, OCKUIBKM came
(dyHKIIIOHaNBHA CHelliai3alis TiBKYJIb € OMHUM 13 (PyHIaMEHTAIbHUX MEXaHi3MiB, Kl BU3HAYAIOTh
XapakTep COpUrHATTA 1 00poOku 1Hpopmalii, o HaaxouTh. [Ipobaema cydacHOl NIKOJIN MOJIArae
B TOMY, IIO TEOPETHYHI W METOAMYHI OCHOBM HaBYaHHS TOJIOBHUM YHWHOM OpPI€EHTOBaHI Ha
(GyYHKIIOHANPHY CHeIiali3alilo JIBOi MIBKYJl HOpu cOpuiHATTI 1HGopmauii. OTxe, B OLIbLI
BUTIIHUX YMOBax IHepeOyBalOTh 'NMiBOMIBKYJbHI" JiTH, '"HOpaBOMIBKYJIBHI" — 3MYIIEHI
MIPUCTOCOBYBATHCS, THM CAMHM CTBOPIOIOYHM TMPOOJIEMH MEIaroriqHOro XapaKTepy.

MeTor0 HamUX JOCTIKEHb Oyn0 BUBYEHHS MEXaHI3MiB MIKIIIBKYIbHOI B3a€MOjii TOJOBHOTO
MO3KY B JiTeil BIKOM BiJl 4 10 7 pOKiB Ha OCHOBI 3aKOHOMIpHOCTeH (OpMyBaHHSI Ta PO3BUTKY
ncuxodizionorivHux (QyHKIIH B OHTOreHe3l, BIACTUBOCTEH OCHOBHUX HEPBOBUX IPOLECIB Ta iX
3B’SI3KY 3 CCHCOMOTOPHUMH, ICUXIYHUMH PEAKIISIMHU.

MATEPIAJIM TA METOIHU JOCJILIKEHHA

VY nocnipkeHHl K 00CTeXyBaH1 B3SUIM ydacTh 233 TUTHHU BIKOM Bif 4 10 7 pokKiB. Y BCIX AiTel
MOTOPHY aCHUMETPI0 BHU3HAYAIU NUISXOM MPOOHUX TECTYBaHb Ta METOJOM CIIOCTEPEKEHHS 3a
MOBEIIHKOIO JUTUHM iXHIMH OaThkamMH. Y IIbOMY JOCTIIDKCHHI SK MPOOHI MOTOpPHI TECTH ISt
BU3HAYEHHS JOMiHYBaHHS JIIBOT YW MPaBOi PyKH 3aCTOCOBYBAJIUCH KJIAacH4Hi ,,JIypiiBchKi mpoou’:
MIEPEIUICTEHHS MAalbIiB PYK B «3aMOK», alUIOMyBAaHHS, CXPENIyBaHHS PYK Ha TPYASIX — «I03a
Hanoneona». BuzHaueHHsI MOTOPHOTO JIOMiHYBaHHSI PyK 32 CIOCTEPEKEHHSIM OaThKiB MPOBOAMIN
3a meronuko A.Il. YUynpukosa. Cnia 3a3HauuTH, 10 MpU BHOOPI 3aBAaHb TECTYBaHHS Opayu J0
yBaru Toi Qaxt, 1o B AiTeil NprUOIM3HO B YOTUPH POKH (POPMYETHCS UiTKa IiepeBara oHiel 3 pyk, a
0 T'STH POKIB BCTAHOBIIOETHCS OCTAaTOYHE JOMIHYBaHHs TipaBoi abo miBoi pykum [3]. 3a
pe3ylbTaTaMu 3pi30BUX CHOCTEPEKEHb OyNIU BUIICHI TPYIU TiTEH 3 MPEeBaTIOBAHHIM MPaBOi PYKH
— «IIpaBIIi» Ta JIBOT PYKH — «TiBII». /[0 JMBIIIB HA OCHOBI MOTOPHUX TECTIB OYyJ0 BigHECEHO 62
JTUTHHH, a J0 TpaBiiB — 147 miteit; 3a cnocTepekeHHAMU OaThKiB 10 JIBIIIB Oy/I0 BigHeceHO 38
nitedd, a nmo mpasmiB — 111 miteit. [Ipu mpoBeneHHI JOHTITYAIHAIBLHOTO AOCTIIHKCHHS OyiH
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JOJATKOBO BHJIICHI rpymna mpasiiiB (16 miteit) ta rpyna miBmiB (15 miteii), y sSKUX BIAMOBITHI
JOCITIJDKEHHST TIPOBOAMIIM y Billi 5 Ta 6 pokiB. Y BCIX OOCTEXYBaHUX [ITEH JOCIIIKYBAIH
¢byHKLIiOHANBHY pPYXJHUBICTh HepBoBuX mpoueciB (PPHII), mpaune3naTHICTh TOJOBHOTO MO3KY
(IT'M), peectpyBanu sarentHi nepioau npoctux (IICP), Ta ckagHux CEHCOMOTOPHHUX peakirii abo
peakuiii Bubopy (PB) mis niBoi i mpaBoi pyKH, a Tako)X OLIHIOBAJIM TOYHICTH KOPOTKOYACHOI
nam’sti (TUKII) Ha ¢irypu ta yucna. Yci o0CTeKEHHS MTPOBOIMIIHN 13 3aCTOCYBaHHSM CIEIIaabHOT
KOMIT F0T€PU30BaHOI METOJMKHU Ui JOCHIDKEHHSA CTaHy NCUXO(i3ioNoriyHuX (YHKUINA JTHOAUHU
(Yaituenko .M., Makapuyk M.1O., ®inimonora H.B.) [8]. I1ix yac TecTyBaHHs nith nepeOyBaiu B
NOBip4ild, 100pe 3HalOMil OOCTAHOBII, TECTYBaHHS IMPOBOAMIOCSH MO uep3i 3 15-XBUIMHHUMHU
iHTepBaJIaMU B OKpeMoMy KaOiHeTi mcuxosiora. CxeMy eKCIIEpUMEHTY MOJXKHA IPEICTaBUTH Y
BUDJISTL ABOX eTamiB: I) miaroroBuwmii; 1) TecTyBaHHS 3a KOMIT FOTEPHOIO €KCIIPEC- METOANKOIO.

I) Ilepmuii eramn. JliTsm Big 4-x poKiB, I HABYAHHS X pOOOTI 3 KOMI'IOTEPHOIO ITpOrpamoro, Oymna
po3po0iieHa Taka METOIMKa. byl BUTOTOBIIEH] 3 KOJIBOPOBOTO KapTOHY (irypu (BOHM BiJIOBiaIN
KOJIBbOPY (iryp Ha eKpaHi — 3eJICHOMY)

ExcriepuMenTaTop, mpe'sBIsiiouM iX, aKIICHTYBaB yBary JUTUHU HA YMOBaX IPOIMOHOBAHOTO TECTY.
Bin ronocHo ananizyBaB BipHi i HempaBiibHI BianoBiai. Ilicis pobotu 3 manepoBumMu Qirypamu
JUTHHA BiJIMIOYMBAJIA 1 CIIOCTEpITralia, sIK MPAIOe 3 KOMITIOTEPHOIO MPOTrPaMoIo ii OTHOITOK.

1) Jpyruit eran. Jlumie micns yciX BHIIEONMCAHUX 3aXOiB TUTHHA IEPEX0oaAniIa Oe3mocepeHbO 10
KOMIT'FOTEPHOTO TECTYBaHHSI, pE3yJIbTATH SKOTO MOBTOPIOBATHCA. Takox Oyia 3MiHEHa cTaHIapTHA
KOMIT'IOTEepHA KJlaBiaTypa, BUKOPHCTOBYBaHa IIPpU TeCTyBaHHI: Oyly BHIIy4eHI KiaBimii 3 i1 mpaBoi i
miBoi YacTWHHM, 00 yBara AWTHHH HE pO3CIIOBanacs; Ha KIaBim «z» 1 «/» Oynn HakIeeHi
BiJIMOBIAHI CUMBOJIM TPUKYTHHKA i KBajpaTa.

Pesynprytounmu Oyiu HallKpalli MOKa3HUKH, SIKi OyJI OTpUMaHi B OTHOMY 13 IBOX OOCTEKEHb.

Jlnst BCiX HasiBHUX BUOIPOK JTaHMX IepeBipeHa TirnoTe3a HOPMaJIbHOCTI PO3MOJLTY (32 JOMOMOTOI0
olIHOK acumetpii As, ekcuecy Ex 1 kputepito Komamoroposa-CmipHosa). Jyig k0kHOT BHOIpKU
O0YHCITIOBANIM  CEPETHHOBUOIPKOBI XapakTepucTUKU. [Ipu BiANOBIAHOCTI HOPMAJIbHOMY 3aKOHY
PO3MOJILTy 03HAKHU, ITepeBipKa T1OTE3U MPO PIBHICTh CEpeHIX BUOIPKOBUX BEIMYUH BUKOHYBaJIaCh
3 BUKOpHUCTaHHAM t-kputepito CTbrogeHTa-Pimepa. Y BUMAIKy HEBUKOHAHHS YMOB 3aCTOCYBAaHHS
t- kputepiro 3actocoByBanmucs Horo HemapameTpuuHi aHaimoru: U — kputepiit Manna VYiTHi,
nBoBuOipkoBuit kputepii Koamoropoa-CmipHoBa. Po3X0mKeHHsS BBaXKaJld JOCTOBIPHUMHU MpPU
piBHI 3Hauymocti p<0,05. Jlns OWIHKKM KOpENnsALiHHOI 3aJeKHOCTI pe3ynbTariB, IO HE
HiAKOPSIOTHCS. KPUTEPII0 HOPMAIBHOTO PO3IMO/ALTY, BUKOPHCTAIN KOE(]ILI€EHTH paHTOBOi KOpesiii
CnipmeHa.

PE3YJBTATHU TA iX OBITOBOPEHHS

BikoBa juHamMika CeHCOMOTOPHMX peakliii  pi3HOro CcTymeHsi CKJAJHOCTI Ta
ncuxodgizionoriunnx ¢ynkuiii y aireii Bikom Bix 4 m0 7 pokiB. OgHUM i3 HepIIOUYEpProBUX
3aB/laHb OyJI0 BUBYEHHS OCOOIMBOCTEN PO3BUTKY CEHCOMOTOPHHUX peakiii Ta McUuxo@i3ioioriuHux
¢byHKUid y giTed nowmkiabHOro Biky (4-7 pokiB). byno chopmoBano 2 rpynu: 3aranpHa (233
JUTHHM); JOHTITYAIHAJILHOTO JocikeHHs (16 giTeit)

OTtpumaHni pe3ylibTaTH CBiA4YaTh, 110 B mepion 3 4-x 10 7-mu pokiB 3poctatote @PHII, I1I'M Ta
HIBUAKICTh MPOCTUX 1 CKJIAJHUX CEHCOMOTOPHHX peakliid. AHaJi3ylouM OJep>kKaHl JaHi, MOXKHa
OyJI0 IPUITYCTUTH, 1110 3pocTaHHs noka3HukiB @PHII ta III'M y Biui BiJi YOTHPHOX O CEMHU POKIB
MOB's13aHe 31 3BUKAHHSM JiTel 10 BUKOHAHHS 3aBAaHb, TOOTO 3 (OPMYBaHHAM YMOBHHUX pedIIeKCiB,
1110, 6e31nepeyHo, He MOIJIO O He BIUIMHYTH Ha HIBHJKICTH OOPOOKH JOCIIPKYBAHUMU Ti€l UM 1HIIOT
iHdopmarlrii, ame B KOXHOMY peXKHMI poOOTH Tepembaydanach pi3HAa TMOCTITOBHICTH TIOJIaHHS
MOJIPAa3HUKIB, IO BUKJIIOYAIO MOXJIMBICTH 3amaM'siTOBYBaHHS IOCHIJOBHOCTI curHaiiB. OTxe,
OTPUMaH1 PE3YNbTaTH MIATBEPIAMIA TPABUIBHICTh HAIIUX TOMEPEIHIX BHUCHOBKIB CTOCOBHO
nporpecuBHux 3MiH ®PHIT ta [II'M B oOcrexxyBaHiii BiKOBiM rpymi. Y Hamomy JOCIIJKEHHI
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oco0imBo BupazHuM Oyino 3pocranus @PHII y 5-6 pokis, — npupict ckiaB 14,49%. Came Ha neit
Mepio1 3HAYHOKO MIpOIO MPUIIAIae A03PIBaHHS CTPYKTYP HEOKOpPTEKCa.

ExcniepuMeHTanbHO OTpUMAaHi JaHi BKa3ylOTh Ha Te, HIO0 3 BIKOM 3MEHIIYETHCS TPUBAJICTD
JIATEHTHUX TEPIOJIiB 1 MPOCTHUX, 1 CKIIAJTHUX CCHCOMOTOPHUX peakIliii. JIaTeHTHI mepio i MpoCTUX Ta
CKJIQJIHUX CEHCOMOTOPHHX peakiid 3poCTaroTh y Billl Bix 4-Xx g0 7-mu pokiB. HaiiGinbi
intencuHui npupict JIIT IICP ta PB npunanae va nepiox mixk 5 1 6 pokamu (tadu. 1). Pesynpratu
JIOHTITYIIHAIBHUX CIIOCTEPEKEHb MIATBEPIKYIOTh 11€ CTBEP/UKEHHS 1 MaroTh Takuil mpupict: JIIT
IICP (y 5-6 pokiB) — 28 %, JIIT PB( 4-5 pokiB) — 28,3%.

Tabmuus 1 — CraTucTHYHI NMOKAa3HUKH MCUXO(i310JIOTIYHUX BIIACTHBOCTEH y niTel 4 — 7 poKiB
(3pizoBi coctepeskerns) (M+m).

Bikogi rpynu aireit
IMoxa3HuKH (n=233)
4 poxu 5 pokis 6 pokis 7 pokiB
(n=38) (n=90) (n=72) (n=33)
JII TICP(mc) 657,98+ 26,12 | 598,19+ 17,09 | 455,05+ 16,98*** | 452,46+ 19,12
JIII PB (mc) 1105,95+ 49,66 | 960,43+22,59* | 750,44+19,30%** | 724 43+ 21,23
PB ITPABA (mc) | 1123,65+ 55,31 | 982,49+£27,18* | 765,16+£23,56*** | 751,52+19,99
PB JIIBA (mc) 1227,63+66,08 | 1040,35+ 29,97* | 813,09+29,02*** | 764,19+ 28,39
OPHIT (mc) 1596,61+ 48,82 | 1471,53+27,91*| 1258,36+33,43* | 1077,03+ 50,88**
I[II'M (n-nomuiox) | 30,03+1,93 23,09+1,34%** 17,41+1,11%** 14,45+1,26

[pumitka:* — p <0,05; ** —p <0,01; *** — p <0,001 — pi3HHULI TOCTOBIpHI MK MOKa3HUKAMH TOPIBHAHHS BHOIpOK
4-pidHUX 3 S5-piYHUMH; S-PIYHUX 3 6-pIYHAMH; 6-PIYHUX 3 7-pPiYHAMHU.

Haii6inpmuit npupict III'M B 3pi30BUX JTOCIIPKEHHSX CIOCTEpIraBcs B mepiof 3 5 10 6 poOKiB 1
cTaHOBUB 24,6%; y JIOHTITYAMHAJIBHUX JOCIIDKEHHSIX B mepio] 3 4 10 5 pokiB i cTaHOBUB 42%.
Takox y 5-6-piunomy Bimi [II'M ta ®PHII mMaroTh kpamii 3HA4YeHHS B JITEH 3 MpPEBATIOBAHHIM
[IpaBol PyKH.

Pesynbratu xopensuiiiHoro ananizy nokasnukis JIII TICP y niteit 4-7 pokis 3 piBuem ®PHII ta
III'M cBiguath npo BiacyTHicTh 3B’s3Ky Mik JIIT TICP Ta BnacTHBOCTSMH OCHOBHHMX HEPBOBHX
MPOIIECIB, OKpPiM 4-piuHUX JITEH, /i€ 3B's130K crioctepiraBcs Mk nmokazaukamu JIIT ITCP ta ®PHII
(tabm. 2). BigcyTtHicTh mocTaTHiX 3Ha4YeHb Kopensiii Mik ®PHII Ta nmareHTHHMEH TepiogaMu
MIPOCTOI CEHCOMOTOPHOI peakiii, Moxke OyTh OOyMOBJI€HAa TUM, LIO Il PeakKiii SBISAIOTH COOOIO
YMOBHO-pe(IEKTOPHY BiANOBi/b, sIKA peali3yeThcsl 0€3 CKIAIHOI aHATITHYHOI JiSUTbHOCTI BHIIUX
BIIUNIB LIEHTpaJIbHOI HEpBOBOi cuctemu. Ha Hamy ayMKy, ICHYBaHHS B3a€MO3B'SI3KIB MIX
JATEeHTHUMHU NepioJlaMH CKJIaJHUX ceHcoMoTopHHX peakuiii Ta ®PHII y npomy BikoBOMY mepioji
3YMOBJIEHO THUM, IO B X OCHOBI JISKUTH IIBUJIKICTH BIJMOBIJI HA YMOBHUU MOJpa3HUK. BusBieHe
301IbIIEHHS MIBUAKOCTI pearyBaHHs B 111l BIKOBIM rpymi Moke MiATBEPAKYBATUCh THM, 1110 caMe B
paHHBOMY JUTHUHCTBI HaWOUIBII I1HTEHCHUBHO BIJOYBAE€ThCS MIENIHI3aAIIS TMPOBITHUX MUIAXIB
MOTOPHHUX pedieKciB 1 30poBoro asaimizatopa. Jlemo mi3Hile MieNiHI3yI0TbC PYXOBI IIISAXH,
HeoOX1H1 AJis opraHizauii OUTbII CKJIAJAHUX PYXIB, 1 HAPEIITI OCTAHHIMU MIETIHI3YIOTHCSI BOJIOKHA,
HUISIXU ¥ CTPYKTYPH, KI KEPYIOTh YBaror, 30p0OBO-MOTOPHOIO KOOPAMHAIIIEI0, MpoLlecaMH aM'aTi
il HaBYaHHS, IO TICHO KOPEJIIOE 3 POCTOM KOTHITMBHHUX 1 PYXOBHX 3/110HOCTEH 1 IKOCTEH AUTHHU B
JOUIKITBHI poku [9].

OtpuMaHi pe3yapTaTH 3pI30BUX JOCHIDKEHb (opMyBaHHS MNCUXO0Q1310J0TTYHUX  (QYHKIIH
MIATBEPKYIOTbCS TAKOXK 1 JIOHTITYAiHATAHUMHU JAaHuMU(Tabn.3). JIOHTITYAIHATBHI TOCTIHKEHHS
nokasanu, o Haioiunee 3pocranag O@PHII BinOyBaeThest B epion 3 5-Tu 10 6-TH pokiB. AHami3
EKCMIEPUMEHTAIbHUX JIaHUX, OJIEP’KaHUX B TMPOIECI JIOHTITYAIHATBbHUX JOCHIKEHb, MiATBEPIUB
BHCHOBOK ITPO MPOTPECUBHI 3MiHU BIACTHBOCTEH OCHOBHMX HEPBOBHX MPOIIECIB y MITEH B Mepio 3
4-x 110 7-MU POKiB.
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Tabmuis 2 — Koedimientn kopensmii Ta iX BIPOTLAHICTP MiXK TOKa3HUKAMHU  BIACTHBOCTEH
OCHOBHHMX HEPBOBHX ITPOIIECIB Ta CCHCOMOTOPHHUX PEAKIIIN y iTeH 4-7 pOKiB

Bikosi rpynu DYyHKINiOHAJIbHA PYXJIMBICTHh HEPBOBHX NPOLECIB
JIIT IICP JIIT PB JIIT PB nn JIIT PB a1
. ) R -0,35 0,37 0,38 0,43
it 4-X pokiB
P <0,05 <0,05 <0,05 <0,05
Hitn R 0,16 0,36 0,35 0,32
5-Tu pokiB P - <0,05 <0,05 <0,05
Hitn R 0,11 0,36 0,33 0,33
6-Tu pokiB P - <0,05 <0,05 <0,05
Hitu R 0,04 0,20 0,22 0,17
7-MH POKIB P - - - -
Bikosi rpymu Ilpaue3naTHiCTh T0JI0BHOTO MO3KY
JII IICP JIIT PB JII PB n JII PB a
Hitn R -0,26 0,33 0,37 0,44
4-X poKiB P - <0,05 <0,05 <0,05
Hitn R 0,17 0,25 0,27 0,23
5-TH poKiB P - - <0,05 -
Jliti R 0,22 0,29 0,29 0,26
6-TH poKiB P - <0,05 <0,05 -
Hitn R -0,16 0,34 0,32 0,37
7-MU POKiB P - <0,05 <0,05 <0,05

e y3romxkyerbest 3 ganumu [3], mo B mepion Big 4-X A0 7-MH POKiB BiJIOYBAa€ThCS 3POCTAHHSA
(GYHKIIOHAJIBHOT 3pLIOCTI MO3KY, ITPO 10 CBIAYATh JaHl enekTpoeHuedanorpadiuHuxX AOCTIIKEHb.
Takox BioMO, 10 AesKi NMcUXo(i3ioNoriyHi 3MiHM BiAOYBarOThCS MOCTYIOBO, 1HINI MOB'A3aHi 3
PI3KUM NPUCKOPEHHSAM J03pIBaHHS M HasBHICTIO SIKICHUX 3MiH. OIMH 3 TakuX CTpUOKIB MpuUIlajae
Ha BIK Big 5-tu nmo 7-mu pokiB. 3a K.Iliaxke, y meil mepion BiAOyBarOThCS S[KICHI 3MIHM B
KOTHITUBHOMY pPO3BHUTKY, IO CYIPOBO/JKYIOTh IEpexiJl BiA omepamiiiHoi cTamii A0 crafii
KOHKpeTHHUX omepauiid. OTxe, IITH B M'ATh-CIM POKIB NepeOyBarOTh Ha SIKICHO PI3HHUX CTYHEHSIX
PO3BUTKY. Y T€HETHIll MOBEJIHKU Led BIK (BLA M'ATH O CEMHU POKIB) TAKOX XapaKTE€PU3YeThCS
neBHUMHM sikicHUMH 3MiHamu. Tak, Komopaaceke nocnimkenHs [11] npuiloMHHMX aiTei mokasaio
MOSIBY HOBMX FeHeTHYHUX (hakTopiB y AerepmiHanii [Q came Ha 1bOMy BIKOBOMY BIJpi3Ky. AHami3
OTPUMAHUX EKCHEPUMEHTATbHUX JaHUX JO03BOJISi€ TOBOPUTH, WIO I1HAWBIIyalbHI BIAMIHHOCTI
CKJIaJIHUX CEHCOMOTOPHUX pEakKIili 3HauHOI0 MIpOI0 3ajeXaThb BiA pPIBHA (PYHKIIOHAIBHOI
PYXJIMBOCTI HEPBOBHX IPOILIECIB Ta MPale3JaTHOCTI FTOJOBHOTO MO3KY.

Tabmuus 3 — [TokazHuku 1cuxodizionoriyaux (YHKIIH y miteld 4-6 pOKiB (JOHTITyHiHAIBHE
nocmimkenns, (N=12))

KCHC |JIINCP |JAMPB | JNOPB | JIIPB | ®PHII | IIIM

[Toka3Huky .
(npaBa) (;iBa)
Tlitu 65731 | 123002+ | 1212,63+ | 1403.45+ | 174125+
ax poip| X000 | o716 | 10096 | 12213 | 13764 | 7934 [OPEEP
Hitn
51956+ | 881,72+ | 922,61+ | 917,66+ | 1313.67+

St 10,69+£0,05 | 5y 78.39 83.02 76.61 9528 |192%257
POKIB
él_im 0712004 | 3TH61E | 64676+ | 663,52+ | 689,95% | 1159.83% | <0,
pOTIgB S 22 58 35,12 34,40 38,94 93,86 bt
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Po3BuTok kopoTkodacHoi mam’siti. Ilopsa 3 mOKpameHHSM pPO3BUTKY HEMpOIUHAMIYHHX
¢bynakmi (OPHIIL, TII'M, JIIT TICP Tta JIIT PB) y aiTelr HOMIKUIBHOTO BIKY CIIOCTEPITAETHCS TAKOXK 1
MOKpAIIEHHs! OCOOJMBOCTEH 3amaM’sSITOBYBaHHS 3a IMOKAa3HMKAMHM KOMIUIEKCHOTO TTOKa3HUKa Ta
TOYHOCTI KOPOTKOYACHOI IMaM’ATi Ha Jeski BUIW ToApa3HHKiB ((irypw, jiTepu Ta 4ucia) y
OUTBIIIOCTI BUTIAJIKIB HA JOCTOBIPHI BenuuHH (Ta01. 4).

Tabmuns 4 — XapakTepuCcTHKa 3MiH MTOKa3HUKIB KOPOTKOYACHOI MaM’sATi B PI3HUX BIKOBUX Tpymax
(M=£m)

IToxazHuKH BikoBi rpymnu 00CTeXKEHUX JIITEeH
PO3BHUTKY Mpen’saiBaeni . . .
KOpOTKOYACHOT | 0”€KTH 4 poku 5 pokiB 6 poKiB 7 poxiB
nam’sTi (n=38) (n=90) (n=72) (n=33)
Jlitepn — 0,32+ 0,01** 0,49+ 0,02 0,45+ 0,02
KITKHI Yncia — 035£0,01 | 035+001%* | 040+ 0,02%*
®irypu | 0,26+ 0,01** | 0,33+0,02** | 0,40+ 0,01** 0,39+ 0,01**
Jlitepn — 0,43+ 0,01** | 0,40+ 0,01** 0,33+ 0,01**
TKUYII Yucaa — 0,47+ 0,01** | 0,43+ 0,01** 0,35+ 0,02**
®irypu 0,58+ 0,01 0,51+ 0,01** | 0,47 0,01** 0,39+ 0,02**

[Mpumitka: **- p<0,05

PesynbraTi JIOHTITYAMHAJIBHUX JOCHIIHDKEHb KOPOTKOYACHOI MaM’siTi MiATBEPIKYIOTh JaHi
(rabn. 5). BoHu [103BOJSIOTH CTBEP/DKYBATH, IO TOKPAIICHHS IOKAa3HUKIB OCOOJMBOCTCH
3armaM’siTOBYBaHHS B I[bOMY BIKOBOMY acCIE€KTI TaKOXX MO>KHA TMOSICHUTH 3 JO3pPIBaHHSM IMEBHHUX
CTPYKTYP TOJIOBHOTO MO3KY.

I3 niTeparypHux JKepen BiIoMO, L0 BaXJIMBY POJIb Y MPOsBI MCUXIYHUX (YHKIIH Bijirpae piBeHb
PO3BHUTKY  IHIUBIAYyaJbHO-THUIONOTIUHUX  BiacTuBocTedt BHJI, 30kxpema  ¢yHKIIOHATBHOT
PYXJIMBOCTI Ta CUJIM HEPBOBMX IMPOILECIB (MpaLe3/1aTHOCTI FOJIOBHOTO MO3KY). st MigTBEpAKEHHS
I1€7 TIIOTE3M MM BUKOPHUCTAJIN KOPEJALIMHUN aHami3 3B A3Ky IPOAYKTUBHOCTI 3amaM’ STOBYBaHHS
3 OKa3HUKaMHM BJIACTUBOCTEH OCHOBHUX HEPBOBHUX IPOLIECIB.

Tabnuus 5 — [lokasHuku o0cAry mam’saTi B AiTed 4-6 pokiB (JOHTITYJIHAIbHE JIOCIIKEHHS,
(n=12))

IToxazuuku | KIIKYII TKYII KIIKYII TKYII KIIKYII TKUII
¢irypu ¢irypu JiTepu JiTepu uudpu uugpu

Hitn  4-x - - - -

POKIB 0,26+ 0,02 | 0,57+ 0,02

Hitu  5-tm | 0,29+ 0,01 | 0,41+0,02 | 0,41+0,05 |0,43+0,03 | 0,36+ 0,04 | 0,47+ 0,01

POKIB

Hitn  6-tm | 0,54+ 0,08 | 0,37+ 0,04 | 0,44+0,05 | 0,38+ 0,03 | 0,43+ 0,05 | 0,45+0,03

POKiB

Kopensauiinuii aHamiz moka3aB, 10 MDK (YHKI[IOHAJbHOIO PYXJIMBICTIO Ta Mpane3aTHICTIO
TOJIOBHOTO MO3KY, 3 OTHOTO OOKY, Ta 3 MOKa3HUKaMH 00CSTy KOPOTKOYACHOI 1aM’sTi, 3 1HIIOTO, HE
3aBXKIU CIIOCTEPIraloThCsl AOCTOBIPHI 3B’s3KU. Tak, MU CIOCTEpIra€EMO JIOCTOBIPHI 3B’SI3KM MIX
BIIACTHBOCTSAMHU Ta (YHKI[ISIMHU, I[0 BUBYAIOTHCS B OLIBIIOCTI BIKOBUX TPYI CEPEJl BIACTUBOCTEH
OCHOBHHMX HEPBOBHX IMPOIIECIB Ta TOYHICTIO KOPOTKOUYacHOI mam’siTi. [IpoBeaeHHsT KOPEsIiiHOTO
anamizy mix ©@PHIL III'M Ta TKYII BusBuio, 1m0 y 4-piyHOMY Billl iCHY€E JIMIIE TEHICHILSA /0
3B’s13ky Mibk @PHIT ta TKUII(dirypu), y 6 pokiB kopemsmiiiauii 38’130k Mixx ®PHIT Ta TKYII
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(uucna) cranoButh (r=0,38, a 3B’s30k Mixk TKUYII (pirypu) Ta ®PHII 3menmyerses (1=0,30),
TaKOXX TPOSBIAEThCA Kopensiiiauid 38’30k MK TKUII (dirypu) ta TII'M (1=0,38). V cemu
piYHOMY Billl 3’SIBISETHCS AOCUTH MimHMNA 3B 530Kk Mixk OPHII ta TKUIl(mitepu) (1=0,54). Lleit
(dakT MOXHA TOSCHUTH, TIIPOIIECOM AaKTHBHOTO HAaBYaHHS 1 TOSCHIOE TIPIOPUTETH MIPH
3amam’AToByBaHH1 (iryp, uucen i JiTep. SIKmo y Billi 4-X pOKIiB AiTH Mai)ke HE 3HAIOTH YHUCEN 1
JiTep, TO y Billl Big 6 710 7 pOKiB caMe Il CUTHAJIN JUIsl HUX CTAlOTh OUIBII BITI3HAHUMU 1 CTAHOBJISTh
BUCOKHI 1HTEpec, TOOTO € OLIbII MPiOpUTETHUMH. TakoX OTpUMaHi pe3yiabTaTh MiATBEPAKYIOTH,
IO paxyBaTH JITH HABYAIOTHCS paHillle 1 MBUAINIE, HIX YUTATH. 32 OTPUMAHHMHU pPE3yJbTaTaMu
nitu 3 BucokuM piBHeM DPHII maroTh mepeBaru mpu 3amam’sSITOBYBaHHI IOPIBHSHO 31 CBOIMHU
onHoiiTkamu 3 HU3bkuM piBHeM @OPHII. CraTtuctuyHuii aHami3 cepenHiX 3HAYCHb IMOKA3HUKIB
mam’sTi Ha CJIOBa, Yrciia Ta (IirypH y aiTed BiKOM BiJ 4-X 0 7-MH POKiB TIOKa3aB JOCTOBIPHICTH iX
BIZIMIHHOCTEH.

BikoBa juMHamMika CeHCOMOTOPHMX peakuiii  Ppi3HOro CTymeHsi CKJIAQJHOCTI Ta
ncuxodizionoriynux GpyHkuin y aireil 3 pi3HOI pPyX0BOI0 JOMIHAHTHICTIO BikoM Bix 4 10 7
pokiB. [IpoBeneHi qOCTiKEHHS MTOKA3aJIH, IO SIK 1 cepell JOPOCIUX, cepell 00CTEKESHHUX ITCH BCiX
BIKOBHUX TPYIl MEPEBaKHY KUIbKICTh AITeH CKIaAaroTh mpasiri. OgHaK cepeq JiBIIIB HaMU Oyio
BUsIBJICHO NTpUOIM3HO — 38% ambinexcTpis. Lle 103BoIsiE MPUITYCTHTH, IO B JIIBIIIB JaTepatizaris
GyHKIIN y MIBKYJSX TOJOBHOTO MO3KY € HE TaKOI CHIIBHOIO, SIK y MpaBuIiB. JIOHTiTyAWHAIBHI
JOCII/DKEHHSI Ha OJHUX 1 THX K€ JITAX MOKa3aJiv, MO0 B IT'SITh POKIB MITH-TPABIIl MAarOTh OLIbII
Bucoky ®PHII Ta III'M B mopiBHsHHI 3 AiTbMH-TiBIIamMH (puc.1-2). 3aragoMm Takuil pe3ynbTar
MOJKHA TIOSICHUTH THM, IO J03piBaHHS KOXKHOI IMiBKYIII BiIOYBA€EThCS HE OJJHAKOBO 1 HE OHOYACHO.
30KpemMa MoKa3aHo, 10 ORI AUHAMIYHO Y Billi Bi 3 10 7 POKIB pO3BHBAETHCS JIiBa MiBKYJIs [1],
10, MOXJIMBO, 1 HAJa€ TepeBard IMPaBOPYKAM [ITSM HaJ JTIBOPYKHMH, IO 1 BHUSABISETHCA Y
BianmoBiaHi# pizauii @PHIT i [II'M B 06cTexeHUX HaMHU JIiTEH.
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Puc. 1. ®ynkuioHanbHa pyXxJIMBICTh HEPBOBUX IPOLIECIB (MC) Yy AITEH-TIPABILIiB Ta JIBIIIB Y Billl 5
Ta 6 POKiB.

AHami3 AaHuX y Tpymnax AiTei-MpaBIIiB Ta JIBIIIB, BUAUICHUX 32 MOTOPHHUMHU Tectamu (Tadi. 6),
MoKa3aB, 1110 JOCTOBIPHI 3MiHM CIIOCTEpiraiuch y AiTed-niBUIiB y Bili Big 5 1o 6 pokis (PB, PB
npaBa, JiBa), 1 B 6-7 poki (PB, PB npasa, nisa, ®PHII). ¥V npasmiiB y Biui Bix 4-5 pokis (PB, PB
npaBa, JiBa, [II'M), 1 5-6 poki (IICP, PB, PB npaga, nisa, ®PHII). ¥ rpymax aiteii-mpaBmriB i
JIBUIIB, PO3JUICHUX 3a CIIOCTEpeXEHHSIMH OaThKiB (Tabiy.7) Oyino BHSABIEHO, IO JIBIII MaroTh
Kpallli MOKa3HuKH, HiXk npaBopyki 3a [ICP y 6-7 pokis, JIIIPB y 4-6 pokis, ®PHII y 6 pokis, Toi
sk [1I'M Oymna BUIIOI0 Y BIKOBHX KaTeropisix Bia 5-7 pokiB y MpaslliB, a y Bii 4-x pokis [1I'M Oyna
OJTHAKOBOIO B TpaBIIiB 1 B JiBIIB. [Ipy 1IbOMYy BHUSBIEHO TaKOX, IO B TITEH-NIBIIIB JOCTOBIpHI
3MIHU JOCTIPKYBaHMX ITOKAa3HUKIB BigOyBanmucs juiie B mepion Big 5 go 6 pokie (IICP, PB,
®PHII), Toxi sik y miteit mpaBmiB y 4- 5 pokiB (IICP, PB, III'M), 5- 6 pokis (IICP, PB, ®PHII,
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I[II'M) ta 6 - 7 pokiB (®PHII, III'M). OTtpumani pe3ynpTaTd, KpiM TOr0 BKa3ylOTh Ha Te€, IIO
BIKOBUU mepioj] 5-6 pOKIB € 4acoM HaWOIIbIN IHTEHCUBHUX 3MiH (DYHKIIIOHAJTBHUX MOMIJIMBOCTEH
MO3KY, III0 OCOOJIMBO XapaKTepHE JIJIs AITCH-TIBIIIB.

35
20
15
10

N- TOMUJIOK

Bnpaswi  BuiBmni

Puc. 2. Iloka3HuK mpane3gaTHOCTI FOJOBHOTO MO3KY (KUIBKICTh MOMHJIOK) y JITEH-TIPaBIIiB Ta
JIBIIIB y Bimi 5 Ta 6 POKiB.

Pe3ynbraty 1bOro TPUBAJIOTO AOCTIIKEHHS 3arajioM MOKa3ajH, 10 Yy Bili Big 4-X 10 7-MH POKiB
cyrteBo 3pocratoth OPHII, 30imbIIyeThCsl MIBHIKICTH MPOCTHUX 1 CKIAJHUX CEHCOMOTOPHHUX
peakuiif. Taki mporpecuBHi 3MiHM, Ha Hally AYMKY, MOB's3aHi 3 Mop¢ho]yHKIIOHATbHUM
JI03pIBaHHSIM KOPHM TOJOBHOTO MO3KY, IO BIIOYBalOThCS B I[bOMY Billl. Takok y 1€l BIKOBHI
nepios BiIOYBaIOTHCS SKICHI 3MIHM B KOTHITUBHOMY PO3BUTKY, L0 CYIPOBOJUKYIOTh MEpeXia Bix
cTajlli JoonepalioHaNIbHOI A0 CTa/ll KOHKPETHUX onepauii. Aje HallOUIbIl IHTEHCUBHUM PO3BUTOK,
SKMH MIATBEPPKYETHCS JAHUMU 3pi30BHX 1 JIOHTITYIIHAIBHUX CIIOCTEPEKEHB, 3p00JICHUX Y rpynax
JITeH, po3MOJUIEHHX 3a IPaBO-, JIBOPYKICTIO, IPUIIAJa€ Ha BiK 4-6 POKIB.

ITpoBenenuil KOpesALIMHUN aHaNi3 y MITEH-MpaBIIiB 1 AITEH-NBIIIB BUABUB J0CcTOBipHI (p<0,05)
3B’s13ku B aitedt npasmiB y 5 pokiB Mix JIII TICP Ta PB (koediuient xopemnsuii = 0,81), IICP ta
@®PHII (0,45), PB Ta ®PHII (0,60), PB Ta III'M (0,64). YV 6 pokiB He 0yJ0 BHUSBICHO 3HAYHMMHX
3B’s3kiB Mk PB ta ®PHII. V giTeil-nmiBuIiB mpoTAroM ychOro JAOCHIIKEHOTO HaMU BIKOBOI'O
nepiofy MU croctepiranyu 3minHeHHs 3B’ a3kiB Mk PB, ®PHII ta III'M. IIpu 11poMy BCTaHOBJIEHO
TakoX HasBHICTh Kopessmii Mk ®PHII Ta narentHumu nepionamu PB, a takox mix [II'M y 5
piuHOMY BiIli. BUuxoas4u 3 JaHUX, OTPUMAHKX y TOCIIHKEHH1, MOKHA TPUITYCTUTH, 1110 Y BiIl Big 4
710 5 POKIB y JIT€H CTPYKTypa MBKYJIh TOJIOBHOTO MO3KY II[€ HEIOCTATHRO CIICIialli30BaHa, TOMY B
el Bik He BinOyBaeTbcs akTUBHOro 3MeHIeHHsA JIII ceHcoMOTOpHUX peakiliii Ta MOKpalieHHs
ncuxogizionoriyHux (QpyHKuid. JlocuTh HE3HAayHl BIAMIHHOCTI MK TNpaBlIaMd 1 JIBIIAMH
MOSICHIOIOTBCS TUM (DaKTOM, IIO B I[bOMY Billi MiBKYJI FOJOBHOTO MO3KY JOCHTH PIBHO3HAYHI JUIs
BUKOHAHHS OJTHOTO M TOTO X 3aBJIaHHS, 1 TP HEOOX1THOCTI MOXYTh 00’ €THYBaTH CBOIO poOOTYy. I3
MiABUILEHHSIM BIKY BXX€ y 5-6 pOKiB, KOJIM poOOYe HaBaHTaKEHHs 3aHAJTO BHCOKE, poOOTa JBOX
MIBKYJIb y CTapIIMX JITEH Kpala, TOMY 10 B HUX OUIBIII BUCOKHU CTYIiHB Mi€NTiHI3allli aKCOHIB
MO30JIUCTOTO TiNa 1, K HACHIJOK, IIe BIUIMBA€ Ha 301bIICHHS MIBUIKOCTI Mepenadi iHopmarii 3
OJIHI€T MIBKYJII B 1HIITY.

AHaJi3 OTpUMaHUX JaHUX, IO CTOCYIOTHCS TOYHOCT1 KOPOTKOYACHOT aM’sITi y JiTel MpaBIliB, A€
3MOTYy CTBEP/DKYBAaTH, IO Il JITH CYTTEBO MEPEBAXKAIOTh JITECH-JTIBIIIB y 3IaTHOCTI 0 YHUCIOBOT
KOPOTKOYACHOT TIaM ’sITi.
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Tabnuus 6 — Cran ocHOBHUX NMCUX0(Di31010TTYHUX (PYHKLIN y JITeH-NIPaBIIiB Ta JiBIIIB, BUAIICHUX
3a MOTOPHUMH TecTamu (M=+m).

Toka3HuKn HiTu-piB i Hitu-npaBuui
Bik (pokn) 4 5 6 7 4 5 6 7
(n=12) (n=24) (n=16) (n=10) (n=27) (n=165) (n=41) (n=14)
TICP (mc) 657,44+ 601,08+ 534,41+ | 429,70+ 696,08+ 626,29+ | 470,81+ 537,07+
43,00 35,94 67,80 28,01 34,35 27,44 26,01* 49,31
JITIPB (Mc) 1003,12+ | 973,09+ 808,96+ | 695,89+ 1179,94+ | 977,66+ | 760,02+ 790,06+
71,84 41,91 37,43** | 37,06** | 69,90 36,27** | 52,49* 39,68
PB npasa (c) 1102,28+ | 105894+ | 874,59+ | 748,88+ 1159,38+ | 981,94+ | 744,50+ 796,96+
83,50 49,68 48,08** | 40,32*** | 79,62 43,65*** | 31,02* 37,70
) 1001,22+ | 979,67+ 814,88+ | 700,81+ 1368,59+ | 1087,95+ | 865,77+ 861,75+
PB iiBa (mc) 66,63 44,04 29,75* 34,99** | 92,24 46,96** | 81,38** | 53,59
®PHII (Mc) 1493,50+ | 1438,00+ | 1408,29+ | 1130,40+ | 1682,63+ | 1541,35+ | 1229,10+ | 1084,67+
138,44 74,50 114,23 94,87* 74,36 44,82 99,11* 92,45
'™ (n- 23,13+ 27,25+ 18,29+ 12,40+ 34,68+ 23,12+ 19,43+ 16,17+
TIOMUJIOK) 6,33 4,04 4,06 1,23 2,83 1,99* 3,20 2,66

Ipumitka:* — p< 0,001; **— p< 0,01; *** _p< 0,05.

Tabmuis 7 — Ctan ocHOBHUX NcHX0(i310J0TiYHUX QYHKIIN y TiTEH-MpaBIIiB Ta JIiBIIIB, BUIITICHUX
3a CIIOCTepEXKEHHAMH 0aThbKiB (M+m).

[Toka3HUKH Jitu-aiBui JiTtu-npasui
4 5 6 7 4 5 6 7
Bik (pokn) | (n=1g) (n=16) (n=11) (n=3) (n=21) (n=44) (n=27) (n=19)
FICP (vo) 716,61+ | 686,77+ | 439,92+ | 461,67+ | 673,54+ | 595,13+ | 502,63+ | 492,47+
60,68 53,05 25,94* 93,03 29,75 23,13*** | 27,23** | 32,65
JITIPB (v) 1061,27+ | 1055,84+ | 757,73+ | 747,63+ | 1157,79+ | 947,57+ | 770,51+ | 747,19+
63,82 70,99 67,09* 140,44 75,64 34,53** | 32,26% 28,94
PB 1061,75+ | 1084,59+ | 744,07+ | 762,05+ | 1174,82+ | 972,62+ | 778,13+ | 777,17+
[IPABA | 84,11 69,23 38,74* 145,45 80,27 41,06** | 25,97* 23,80
(mc)
PBJIIBA | 1213,75+ | 1150,85+ | 857,86+ | 798,26+ | 1287.63+ | 102571+ | 848,02+ | 787,07+
(mc) 84,83 85,41 101,97** | 148,39 100,64 46,62** | 50,03* 39,89
®PHIT | 1630,50+ | 1629,00+ | 1227,09+ | 1328,67+ | 1624,95+ | 1469,82+ | 1271,10+ | 107021+
(M) 87,09 92,63 85,22* 218,64 80,08 42,48 60,92** | 61,33**
III'M (n- | 31,25+ 25,00+ 25,45+ 27,67+ 31,26+ 23,68+ 16,43+ 12,37+
nomuiaok) | 5,16 2,90 3,99 5,47 3,17 2,19%** 1,74** 0,91%**

Ipumitka:* — p < 0,001; **—p < 0,01; ***— p< 0,05

VY niteii-nmiBiIiB, Ha BiAMIHY BiJ MpaBIliB, J00pe po3BUHYTOIO Oyia juile oOpa3Ha KOpOTKOYacHa
nam’sTh Ha ¢irypu (puc. 4). Takox ciij 3a3HaunTH, 0 B AiTeii-npaBuriB 3miaun TKYII (dirypu)
(44% mnomwmiokx; m+0,02) y Bimi Big 5 10 6 pokiB Oyl MEHIIMMH, HDK y gited-miBmiB (38%
nomuiiok; m+0,02) (puc. 3). IlinTBepautu neit GpakT Moxke Te, 10 MPaBOMIBKYJILHUM JITSAM JIETTe
3MIHCHIOBAaTH MEpepoOKy CKJIagHOro obpa3zHoro Matepiany (reomerpuuHi ¢irypu). Opepikani
pe3ynbratu (puc.3) y apited-pasmiB y 5 pokiB nmokazHuk TKYII (mudpu) cknaB 42% mnoMuiok
(m=0,03), TKYII (nmitepu)- 43% (m+0,02), y 6-piunomy Bitti TKUIT (undpu) cknas 33% nomusiok
(m=0,02), TKYII (mitepu) — 36% (m+0,02). (p< 0,05) 3a manumu [11], po3BUTOK MIBKYIb
TOJIOBHOTO MO3KY BiJJOyBa€TbCs acCHMHXpPOHHO. PO3BUTOK 1iBOI MiBKyJi, $Ka BIJNOBiNAE 3a
JIHTBICTUYHI 3A10HOCTI, BiIOYBa€ThCA TMPUCKOPEHO Yy Biml Big 3 10 6 POKIB, MICIA YOTO
YIOBUIbHIOETHCS. J[03piBaHHS mNpaBoi MiBKYJlI B pPaHHbOMY JUTHHCTBI, HaBMaKW, Hie OLIbII
MOBUIbHUMHM TEMIaMH, 1 TNpUCKOproeThes y Bimi Bix 8 no 10 pokiB. Ilpore wnei ¢akr
MiATBEPKYETHCS OTPUMAHUMU JaHUMH, IO MPABOPYKi MIiTH y Bimi Big 5 A0 6 POKIB 3MOIIH
BHKOHATH HE TUIbKHU 3aBJaHHS HA 3allaM’ STOBYBAaHHs T€OMETPUYHUX (iryp, aje i 3armaM’ sTOBYBaTH
udpu Ta JITEPH.
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Puc. 3. Iloka3HMKH TOYHOCTI KOPOTKOYACHOI ITaM’sITi, B JIITEH JIBIIIB y Billl 5 Ta 6 POKIB.

CraTucTUYHUH aHaji3 cepefHiX 3HaueHb MOKAa3HUKIB MaM’ATi Ha CJoBa, yucina Ta Qirypu B miTel
BikoM Big 4 10 7 PpOKiB IOKa3aB AOCTOBIpHICTH iX Bigminnocteir (p< 0,05). IIpoBeneHwmii
kopersiiianit anainiz mixk @PHIT, [1I'M ta TKYII BusiBuB, 1110 B 4 piuHOMY Billi iCHY€ KOPEIALIAHIN
3B’s130K cepeanboi cuiu Mixk @PHIT Ta TKUII(dirypu) (r = 0,33 mpu p< 0,05). B 6 pokiB 3B’530K Mix
TKYII (¢pirypu) Ta ®PHII 3menmryersest (r = 0,30 npu p< 0,05), TakoK TPOSBISETHCS KOPEIALIHHAN
38’30k Mik TKYII (dpirypu) ta III'M (r = 0,38 npu p<0,05). ¥ 7-piuHoMy Billi BUHHUKAE TOCHUTh
minHui 38’130k Mixk @PHIT Ta TKUIT (ntitepn) (r = 0,54 npu p< 0,05).

Le#t dakt Moxe OyTH MOB’s3aHUI 13 POPMYBaHHSIM AKTUBHOTO HABYAHHS 1 MOSCHIOE MPIOPUTETH
npu 3amamM’siTaHHl iryp, ducen i jitep. Skmo y Bimi 4-X pOKiB JiTH MaiKe HE 3HAIOTh YMCEN i
JiTep, TO y Bili Big 6 10 7 POKIB caMe Il CUTHANW JJs HUX CTalOTh OUIBII BMi3HABAaHUMHU 1
CTaHOBIIATh BHUCOKHMH iHTEpec, TOOTO CTalOTh NpPIOpUTETHUMHU. Hamm pesynbpratu 3arajiom
HIATBEPXKYIOTh HOJ0XKEHHS PO T€, 110 JITH HaBYAIOTHCS PaHilIe 1 MIBUJIIIE PaXyBaTH HIK YATATH.
PesynpTati NOHTITYAIHAIBHUX AOCHIHKEHb MIATBEPAWIN TPABWIBHICTH BUCHOBKY CTOCOBHO
JUHAMIKM BIKOBHUX 3MiH TPHBAJIOCTI CEHCOMOTOPHHUX PEaKIlii, HEpBOBUX MpOIEciB y AiTed 4-7-
PIYHOrO BIKY 1 CIPUSIIM iX NOTIHOJIEHOMY BUBUYEHHIO.

Tak, Oyno nmokasano, 1o HaiGuIbmMi npupict msuakocti [ICP ta PB BinOyBaeTbes B 5-6 pokiB.
VY rpynax npaBmIiB-mTiBIIIB Il mpupicTt OyB OUIbII AMHAMIYHUN y mpaBmiiB. JIOHTITydIHAIBHI
JOCIIJKEHHST MIATBEPAWIM BHCHOBOK 1 MPO Te, 1[0 HEPIBHOMIPHICTh 3POCTAHHS € XapaKTEPHOIO 1
JUIS BIIACTUBOCTEN OCHOBHUX HEPBOBUX IpolieciB. DyHKIIIOHAIbHA PYXJIUBICTh HEPBOBUX MPOLIECIB,
3TiTHO 3 HAIIMMH JaHUMH, HAHOUIbII 1HTEHCHBHO 3pocTae B JiTell B 5-6 pokiB. Ha meit mepion
MPUTIAJAE 1 CTpIMKE 30UTBIIEHHS Mpale31aTHOCTI TOJOBHOTO MO3KY Ta TOYHOCTI KOPOTKOYacHOI
nam’sTi.

50
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20
10
0 ) ,
birypu yuciIa niTepu

B5pokie  B6 pokiB

Puc. 4 Tloka3HUKN TOYHOCTI KOPOTKOYACHOT ITaM’SIT1 B IITEH-TIPaBIIiB y Billi 5 Ta 6 POKIB.

Ipumitka: * — p < 0,01; **— p< 0,05
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VY3arajapHIOIOYM Hallll JIaHi, MO>KHA CTBEPKYBATH, II0 B TiTeH y MepioJl 3 YOTUPHOX JI0 CEMHU POKIB
B1IOYBA€THCS 1HTCHCUBHUN PO3BUTOK OCHOBHUX MCHXO(]i31070TiYHUX (YHKININA Ta 301TBITYETHCS
o0csr kopotkowyacHoi mam’siti. [Ipu 1poMy aiTu mpaBmni y Bini Bix 4 10 7 poKiB MarOTh 3HAYHI
IepeBaru B TaKOMY PO3BUTKY, OCHOBOIO 4Oro € (i3i0JIoTiYHe MIAIPYHTS, OCKUIBKH caMe B e
Nepiosl OHTOT€HE3Y NPUCKOPEHUMH TeMIIaMH BiZ0yBa€ThCs yIOCKOHAJIICHHS HEMPOHHOT opraHizamii
B3aemoii miBkyis [1, 10].

Pesynbpratu poboTH Ta iX IHTEpHpeTallis Jar0Th MOXIIUBICTH 3’SICYBaTH POJb MCUXO0(]i310JI0TIUHUX
(bYHKIIH, 30KpeMa BIaCTUBOCTEH OCHOBHHX HEPBOBHX IPOLECIB Ta CEHCOMOTOPHOTO pearyBaHHS,
3 PYXOBOIO JOMIHAHTHICTIO MiBKYJb TOJIOBHOIO MO3KY; pPOJb (YHKIIOHAJIBHOI PYyXJIMBOCTI
HEPBOBHUX IPOIIECIB Ta MpaIe3qaTHOCTI TOJIOBHOTO MO3KY y (JOpMyBaHHI MIKCHCTEMHHX 3B’S3KiB
SIK OCHOBH NPUCTOCYBAJIBHUX MOJIMBOCTEH OpraHi3My JiTel NOIIKUIbHOTrO Biky. OTpuMaHi aaHi
MOXYTh 3aCTOCOBYBATHCS IpPU BHPIIICHHI HU3KH MPAKTUYHUX MHTaHb y HAYKOBI oprasizamii
HABYAJIbHOI MISTIBHOCTI, 30KpeMa BHKOPHCTAHHS JU(EpPEHIIOBAaHOTO MiIXOAY HAaBYaHHSA JIiTEH 3
ypaxyBanHaMm OAIII'M, nporHozyBaHHi iXHiX 3110HOCTE Ta CXUIBHOCTEH.

[Momanpme mocmimpkeHHs: poii Takux BiactuBoctedt BH/I, sik GyHKIIOHATBHA PYXJIHMBICTH 1 cHja
HEpPBOBUX IPOIIECIB Ta JAOLUIBHICTh 1X BpaXyBaHHS, CJiJl 3aCTOCOBYBaTH B HaBYAJIbHO-BUXOBHOMY
mporeci mJa 4yac po3poOKHM HAYKOBO OOIPYHTOBAHOI CHUCTEMHM MIArOTOBKH 10 HaBuaHHsS. lle
CIIPUATUME OINTHMI3allil 3araJlbHOOCBITHBOI, CEpeIHBbOCIELIAIFHOI Ta BHIIOI OCBITH JIOJICH 3
PI3HOIO PYXOBOIO IOMIHAHTHICTIO MiBKYJIb TOJIOBHOTO MO3KY.

BUCHOBKH

1. V BikoBomy mepioai Big 4-x 10 7-MH poOKiB BigOyBaeThCs aKTUBHE (OPMYBaHHS
HEHPOAMHAMIUHUX Ta MCUXIYHUX (QYHKI[H, [0 MPOSBISIETbCA B IMOKpAIIEHHI IapameTpiB
MPOCTHX 1 CKIaJHUX CEHCOMOTOPHHMX PEaKIlii Ta B 3pOCTaHHI 00CITY KOPOTKOYAaCHOI 30pOBOT
nam’siTi.

2. BmacTMBOCTI OCHOBHMX HEPBOBHX IIPOIECIB Ta CEHCOMOTOPHHUX PEAKIi Pi3HOI CKIATHOCTI
nepedyBaloTh y BIJAMOBITHOMY 3B’S3KY 3 PYXOBOIO JOMIHAHTHICTIO MiBKYJb FOJJOBHOTO MO3KY.
JiTu 3 mpaBoOIYHOIO PYXOBOIO JIaT€paTi3alli€l0 MiBKYJb TOJIOBHOTO MO3KY XapaKTEPHU3YIOThCSA
KpalluMH MMOKa3HUKAMH MPOCTOI CEHCOMOTOPHOI peakilii, cepepHiX 3HaueHb peakiii BUOOpY,
peaxkiiii BUOOpyY s JIIBOi PYKH Ta IMpare31aTHOCTI TOJIOBHOTO MO3KY. Kpamumu pesynbraramu
B JIIarHOCTYBaHHI (DYHKI[IOHANbHOT PYXJIMBOCTI XapaKTepU3yBajlIMcs, NepeayciMm, AiTh 3
J1BOOIYHOIO PYXOBOIO JIaT€paTi3alli€ro.

3. VYV BikoBuH mepiox Big 5 10 6 pOKIB BiAOYBalOThCS HAHOUIBII ICTOTHI 3MIHM OCHOBHHX
ncuxo(i3ioaoriyHuX (GyHKIIHN 1 B AITEH-TIPaBILiB, Ta 1 Y AITEH-JIBILIB.

4. YV 3pi30BUX Ta JIOHTITYJIHAJbHUX JOCHIJUKEHHSIX BCTAHOBJICHO IOKpAILEHHS OCOOIMBOCTEH
MPOJYKTUBHOCTI 3araM’STOBYBaHHS B JIT€H [OIIKUIBHOTO BIKY Ha pI3HUN Mpea’sBiIeHUi
matepias. J[iTh 3 JiBOOIYHOIO PYXOBOIO JaTepali3alli€l0 XapaKTepU3yBAJIUCS KpaIlUMHU
MOKa3HUKaMH O00CSTy KOPOTKOYAcCHOi MamM STl Ha 4Yucia Ta JiTepu. TOYHICTh KOPOTKOYACHOL
nam’aTi Ha irypu BUIIOKO BUSBUIACS B JIIBOPYKUX JITEH.
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PEPMEHTATHUBHI CUCTEMU BHYTPIIIIHBOKJIITHUHHOT' O
KATABOJIIBMY EHAOTI'EHHUX AJIBAEI'TAIB Y CEPLI
ITPU OKCUJATUBHOMY CTPECI

[Isens B.M.

3anopizvkuii 0eparcasnuii MeOUyHUl YHigepcumem
61600, Vxpaina, 3anopidcorcs, ni. Maskoscvkoeo, 264

talazap@i.ua

B ormsni HaBelneHO JaHI PO MOMKIWBI NUISXM YTBOPEHHS Ta YTWIi3allii CHIOTCHHUX AJIbIETiTiB y
KIJIITHHI, @ TAKOXK MPO MEXaHi3MHU MPOsBY iX Tokcu4HOi faii. [Toka3aHo, 1m0 mpoIec BiIbHOPAAUKAIBHOTO
OKHCHCHHS TMOJIIHCHACHYCHUX JKUPHHUX KHCIOT € OCHOBHHM JDKCPEJIOM CHIOTCHHHUX allbJCTiiB.
Haii6inpia yacTka anbJerijiiB, 10 CHHTE3YIOThCS B KIIITHHI, IPUNAgae Ha 4 -TiqpoKcu-2,3-HOHEHAb, 1110
YTBOPIOETBCST 3 JIIHOJNEBOi KHCIOTH. AJBACTINK 3JaTHI B3a€MOMISATH 3 OiMKaMH Ta HYKICTHOBHMH
KHCIIOTAMH, 3MIHIOIOYH NPU IBOMY iX (YHKIIOHANBbHI BIAcTUBOCTI. B yTmmizamii amprerimiB OepyTh
y4acTh: albJ030peayKTa3a, aibJAerifferiqporenasa, aibAeriape/yKTa3a W TriIyTaTioH-S-TpaHcdepasa.
CraH nporieciB yTHiIi3amii albaeriliB Mae MOIYIIOIOUII BINTUB Ha XapakTep peai3allii MOmKomKyd0l
Ji1 BUTBHUX PAJIMKAIiB HA KIITHHU. 32 YMOB MOCUJICHHS PAIUKAIOyTBOPEHHS, a/[CKBATHA CTUMYJISIS IUX
mpormeciB Moke OyTH TPHYWHOIO MiJBHUIICHHS PE3UCTEHTHOCTI KIITHH [0 MOINKOKYYol mil
OKCHUJIATHBHOTO CTPECY.

Kniouosi  cnoea: anvoeciou, cepye, okcuoamueHuii cmpec, 2AyMamioHmMpancgepasza, aib0030pedyKmasa,

anvoeziopedykmasa, anboeziooe2iopocenasa.

®EPMEHTATUBHBIE CUCTEMBI BHYTPUKJIETOUYHOI'O KATABOJIM3MA DHIOTEHHBIX
AJBJAETUJ0B B CEPJALE IPU OKCUJATUBHOM CTPECCE

[Isen B.H
3anoposcckuil 2ocyoapcmeenHblil MeOUYUHCKULL YHUBEPCUMEem
61600, Vkpauna, 3anopooicwve, ni. Maskosckoeo, 264
talazap@i.ua

B o0030pe npuBOAATCS [aHHbIE O BO3MOXHBIX NYTAX OOpa3oBaHUS W YTWIM3AIMM SHAOTEHHBIX
QJIBJIETUOB B KIIETKE, a TaK)KE O MEXaHHU3Max INPOSBIEHHUS MX TOKCHYECKOro jaeictBus. [lokasaHo, 4yto
mporecc CBOOOHOPAIUKATIHHOTO OKUCIICHHUS MOJIMHEHACHIIIEHHBIX )KUPHBIX KUCIIOT SIBJISETCS OCHOBHBIM
HCTOYHMKOM 3HJOTCHHBIX aibAeru7oB. Hauboubinas 4acTh albJerdjioB, OOpa3yrolIUXcs B KIETKE,
MPUXOIUTCS Ha 4-THIPOKCH-2,3-HOHEHANb, KOTOPBIH 00pa3yercs W3 JHMHOJIEBOM KHCIOTBI. AJbICTUIBI
CHOCOOHBI B3aUMOJICHICTBOBATh C Oe€lKaMH ¥ HYKJICHHOBBIMHU KHCIOTAMH, W3MEHSSI MPH 3TOM UX
GbyHKIMOHANBHBIE 0COOEHHOCTH. B yTHIM3alMK ajbJEru0B MPUHUMAIOT y4acThe: ajlbJ030pelyKTa3a,
aNbJCTUAIETHPOTEHA3a, aNbJeTUAPEAyKTa3a W TIyTaTHOH-S-TpaHcdepaza. CoCTOsSHHE MPOIECCOB
YTUIM3AlMM  allbJCTHI0B OKa3blBaeT MOJYJIHMpYIOLee BO3JCHCTBHE HAa XapakTep pealn3aluu
MOBPEXKIAIOIIEr0  JeHcTBUS  CBOOOJHBIX  pajMKalOB Ha KISTKH. B yCIOBUSAX  yCHIICHUS
paaukanooOpa3oBaHus, aJEKBaTHas CTHUMYJISLHUS JaHHBIX IIPOLIECCOB MOXET OBbITh NPUYHHOI
MOBBIIIEHUS] PE3UCTEHTHOCTH KIIETOK K MOBPEXKIAIOIIEMY JIEHCTBHIO OKCUAaTHBHOTO CTpecca.

Kniouegvle cnosa: anvoezuowvi, cepoye, OKCUOAMUBHLIL CMPecc, 2AYMAMUOHMpauc@epasa, aib0o30pedykmasd,
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THE ENZYMATIC SYSTEMS OF ENDOGENOUS ALDEHYDES INTERCELLULAR CATABOLISM IN
THE HEART UNDER OXIDATIVE STRESS
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The review provides data of possible endogenous aldehydes ways of formation and utilization, and
mechanisms of their cytotoxic effect. It is shown that the major source of endogenous aldehydes is the
free radical oxidation of polyunsaturated fatty acids. The biggest part of aldehydes, which are generated
in the cell, falls on 4-hydroxy-2,3-nonenal synthesized from linoleic acid. Malonic dialdehyde is a one
more widely spread aldehyde. It generates in the cells in the process of lipid peroxidation and plays an
important role in the alteration of cells under oxidative stress. Arachidonic acid is its precursor. Acid can
also form 2-hydroxypentanal, glyoxal and 2-hydroxy-4-decenal. The aldehydes are capable to react with
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proteins and nucleic acids, thus altering their functional properties. The basis of the free radical
metabolism products damaging effect is the property to cause a covalent modification of macromolecules
and the ability to change the structure of biological membranes. Cytotoxic and genotoxic effect of
aldehydes, formed during their metabolism, can greatly enhance this effect. Endogenous aldehydes are
subjected to different redox transformations and due to this the correlation between the speed of their
generation and utilization can determine the efficiency of intracellular signaling pathway and the degree
of the oxidative stress damaging effects manifestation. Aldose reductase, aldehyde dehydrogenase,
aldehyde reductase and glutathione-S-transferase participate in aldehydes utilization.

The way, associated with the glutathione transferase reaction, takes the especial place in the catabolism
of aldehydes. The nucleophilic attack of glutathione with various electrophilic molecules (including
aldehydes) occurs with the participation of glutathione transferase. Glutathione transferase have an
unequal facility with aldehydes. They catalyze the conversion of hydroxyalkenali the fastest.

Myocardial glutathione transferase have a specific intracellular distribution. They are present in
sarcoplasm in large quantity, however some of them are localized in the mitochondria. They exhibit high
catalyc activity at neutral and acidic reaction of the medium (pH= 6,9 ). Glutathione conjugates of
aldehydes appear as their competitive inhibitor.

Myocardial glutathione transferase is inclined to induction. Aldehydes and certain xenobiotics act as it
inductors. It was shown that the induction of isoenzyme GST- Al in the heart is influenced by 4-
hydroxynonenal that stimulates the expression of its genes.

The most part of generated glutathione conjugates extracts from the myocardial cells. However, a certain
number of them are subjected to additional enzymatic recovery under aldose reductase. Not only the
presence of glutathione conjugates of aliphatic aldehydes in myocardium, but also their restored
derivatives, including a 1,4-dihydroxynonen can be the conformation of that. The recovery of glutathione
conjugate improves the efficiency of endogenous aldehydes utilization. It is due to the prevention of
spontaneous intracellular conjugate decay and the release of cytotoxic carbonyl products. The glutathione
transferase reaction is the main route of aldehydes catabolism in the heart. The data of experimental
studies on the transformation of 4-hydroxynonenal in the heart is the evidence of that. For this reason,
glutathione transferase plays a special role (among the other enzymes of aldehyde utilization) in
myocardial protection from the free radical damage.

Another way of aldehydes catabolism, that plays a great role in the heart, is their recovery in the
aldehyde reductase reaction. The corresponding alcohol appears as a product of their recovery. The
significance of this metabolic pathway is greatly increased in terms of endogenous aldehydes utilization
inhibition in the glutathione transferase reaction.

Aldose reductase and aldehyde reductase are widely spread among the enzymes that catalyze the
aldehyde recovery in cells.

Aldose reductase have a monomer structure of molecule. A hydrophobic area is a part of its active center.
It provides the substrate binding. One of the active center functional groups is the cysteine remnant.
Its oxidation contribute to the activation of the enzyme. ROS (hydrogen peroxide) and AFA
(peroxynitrite) can be used as the biological oxidants. Recovered pyridine coenzymes (NADP and NAD)
are the coenzymes of aldose reductase. However, the enzyme shows greater affinity for NADPH.

Aldose reductase shows broad specificity for hydrophobic and hydrophilic aldehydes as substrates. In
addition, they have the ability to restore glutathione conjugates of aldehydes. Moreover, the affinity of
the myocardial enzyme for the glutathione conjugates is higher than to the free aldehydes. The presence
of the specific domain, enriched with tryptophan and serine remnants in the N-terminus of the
polypeptide chain, is the reason of that. The presence of this domain allows an efficient binding of an
aldose reductase active center with a cysteine remnant of aldehyde glutathione conjugate.

Aldehyde reductase differ from aldose reductase in structure and properties. There are two types of this
enzymes:

— aldehyde reductase type I, which uses a restored NADP as a coenzyme;

— aldehyde reductase type Il, which uses a recovered NADP and NAD as a coenzyme. However, it
shows higher affinity to NADPH.

Both types of enzymes catalyze the reaction of aliphatic aldehydes restoration, showing greater affinity
for their unsaturated representatives.

Another way of endogenous aldehyde utilization in the heart is the way, associated with their oxidation to
the corresponding carboxylic acids in the aldehyde dehydrogenase reaction. Subsequently, the reaction
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products are able to be involved in the process of beta-oxidation in mitochondria and to be used as ab
oxidation substrate.

Today we know about three classes of aldehyde dehydrogenase, which differ in intracellular localization,
as well as substrate and coenzyme specificity. Depending on coenzyme specificity they are divided into
NAD+ - and NADP+ - dependent enzymes.

Aldehyde dehydrogenase are widely spread in cells compartments, in mitochondria. In addition, they are
associated with microsomes. Certain classes of aldehyde gene expression is controlled by the HIF-1
factor. This leads to increasing of the oxidative catabolism of aldehydes value under the tissue hypoxia
condition.

As glutathione transferase, aldehyde reductase and aldehyde dehydrogenase ensure the utilization of
cytotoxic carbonic products of metabolism, they acts as a cell protective factors against and oxidative
stress. According to experimental studies, in conditions, accompanied by an increase of free radical
processes in the heart intensity (heart failure, ischemia and reperfusion ), the number of 4-hydroxynal and
malonic dialdehyde, adducts of 4-hydroxynonenal with proteins, and 1,4-dihydroxynonen as the product
of its recovery, rises.

Arrised developments are accompanied by the restriction of mitochondrial aldehyde dehydrogenase
isoenzyme activity. Moreover, its aimed activation reduces the hearts ischemic lesion area.
Figuring out the value of endogenous aldehydes recycling enzymes in cells protection from free radical
damage allowed to form an idea of the promising approaches, associated with the directed activation and
induction of their synthesis, in treatment and prevention of a variety of external diseases, which
pathogenesis is associated with the occurrence of oxidative stress.
Key words: aldehydes, heart, oxidative stress, glutathione transferase, aldose reductase, aldehyde reductase,
aldehyde dehydrogenase.

OcobnuBe Micie cepe KapOOHUTPHUX CIONYK, IIIO YTBOPIOIOTHCS B MPOIEC BUTbHOPAIUKAIBHOTO
OKHCHEHHsI JMiiB, 3aiiMatoTh aniaruyni anpaeriau [1]. i metabomiTi BiAirparoTs 3Ha4HY pOJIb Y
perymsiii oOMiHy pedoBuH [2] 1 MOAYIIALIT BHYTPIIIHOKIITHHHOTO CUTHAJILHOTO IIIJISIXY.

VY mpoliecax MIKpOCOMaJbHOTO OKHCHEHHS, TKAHWHHOTO JUXaHHS, a TakoX Yy (hepMEHTaTUBHHX
peakiisix, IO KaTami3yloThCs (IAaBIHOBUMH JeTiaporeHazamMu [3], MOCTIHHO YTBOPIOIOTHCS
BUJIBHOPAUKAIbHI MPOJYKTH MeTaboni3My (akTuBHI (opMH KHUCHIO). Bonu OepyTh ywacts y
perymsiii GyHKIIIOHATBHOTO CTaHy KJITHH [4] Ta 0OMiHy pedoBuH. Pa3om 3 THM, BOHM BIAIrparoTh
3Ha4YHYy poJib Y peaizanii MOUIKO/HKYI0UOro eheKTy OKCHAATUBHOTO CTpeCy Ha KINTHHY [5].

MeTo10 1IbOro OISy € aHalli3 JaHUX PO MOKJIMBI IIJISXH YTBOPEHHS Ta yTHIII3Allll €HIOT€HHUX
aJIBJIETIAIB Y KJIITHHI, a TAKOX MPO MEXaH13MHU MPOSIBY X TOKCUYHOI Jii.

Pi3H1 MeTa0oumiuHl HUISXU 3A1HCHIOIOTh HEOJHAKOBUI BHECOK y (OpPMYyBaHHS IyJdy €HJIOT€HHUX
anpjerigiB. HallmoTyxHIUM KepeoM eHJIOTeHHHUX alibAETiiB B OpraHi3Mi JIIOJUHH € TpoLec
MEPEeKUCHOr0 OKUCHEHHs MeMOpaHHuX JimifiB. Llei mpouec mpotikae 6e3 yyacTi QepMeHTIB 1
MIOB’13aHUH 13 IEPETBOPEHHAM BIJIbHUX PAJMKaJIiB JiMigiB. BiH MoCTiiiHO Bii0OyBa€eThCs Y KIITUHAX.
OpHak mpu MEBHUX (I310JIOTIYHUX YMOBaX, a TaKOX JEIKMX MaTOJOTIYHMX Hpolecax Horo
MIBUJIKICT 3HAyHO 30inbiryerbess. [Ipu 1poMmy 301bIIyeThCsi W YTBOPEHHS KapOOHUTBHHX
npoayktis [1OJI, cepen sitkux ocoOnMBe 3HAUYEHHS MAIOTh €HAOTEHHI aJIbJCTi/IH.

HaiiGinpma wacTka anpAeTifiB, IO CHHTE3YIOThCS B KIITHHI, TOpumnagae Ha 4-Tigpokcu-2,3-
HOHCHAJTb, 1[0 YTBOPIOETHCS 3 JTIHOJEBOT KHUCIIOTH.

SIK 1€ OIMH PO3MOBCIO/DKEHUH ajbJeriJl, 0 YTBOPIOEThCs y KiaiTuHax y mporeci [1OJI 1 Bigirpae
BAYJIMBY pPOJIb B ajibTepallii KJIITHH MIPU OKCUAATUBHOMY CTPECi, BUCTYIAa€ MAJIOHOBHH JialbJIEri.
Moro mnomepesHMKOM € apaxiZOHOBa KHCIOTa, 3 5KOI TaKOXK MOXYTh yTBODIOBaTHCS 2-
T1APOKCHUTENTaHalb, TJIIOKCAIb Ta 2-T1IPOKCU-4-nereHansb [6].

OCHOBOIO TOIIKO/KYIOUOi [ii BUIBHOPAJAMKAJIBHUX TPOAYKTIB MeTaboNi3My € BIIACTHBICTb
BUKJIMKATH KOBAJIEHTHY MOJM(IKALII0 MaKpOMOJIEKYJ 1 MOXIIUBICTh 3MIHIOBATU CTPYKTYpPY
Oionoriuanx MeMOpaH [7]. LIuToTOKCHUHUY 1 TEHOTOKCUYHHIA BIUIUB QJIJIETI/IIB, 1[0 YTBOPIOIOTHCS
B Iporieci iX MeTabomi3My [8], MOKYTh 3HAUHO MiACHIIOBATH e e(EeKT.
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EnporenHi anpleriiy magaroThCs Pi3HUM OKHCHO-BITHOBHHM TIEPETBOPEHHSM 1 y 3B S3KYy 3 UM
CHIBBIJHOIICHHS] MK IIBUAKOCTSMHU iX yTBOPEHHS W YTHIIi3alii MOKe BHU3HAYaTH €()EKTUBHICTH
peaizalii BHyTpIIIHbOKJIITHHHOTO CUTHAJIBHOTO HIISAXY, a TAKOXK CTYIIHb MPOSIBY MOLIKOKYIOUHX
e(eKTIB OKCUJIATUBHOTO CTPECY.

SIKIIO CTUMYJISIIST MPOLECY PAAUKAIOYTBOPEHHS B KIITHHAX HE KOMIICHCYETHCS 301IbIICHHSIM
MIBUJIKOCTI YTHJIi3aIii adbJeriiiB, 0 TaM yYTBOPIOIOTHCS, TO BUHUKAIOTH YMOBH IS ITiICHJICHHS
MPOSIBY TOMIKO/DKYIOUOT il BUIBPHUX pajuKaiiB Ha KIITHMHHI MeMOpanu. Lle mMoxe mpusBectu 10
iHimiamii anonro3sy [9] Ta anprepanii kritud [10].

3rifHO 3 ICHYIOUMM CBOTOJHI YABJIEHHSIM, 10 (EpMEHTIB KaTaboli3My €HIOTCHHHUX ajbJeriliB
BITHOCATHCS MPEICTaBHUKH POJIMHH aJbJICT1I0IET1IPOTeHa3 [Kd 1.2.1.3; 1.2.1.4],
anpaerigopeaykras [K® 1.1.1.1] Ta rmyrationorpancdepas [KD 2.5.1.18] [11-22] (puc. 1).

Oco0rBe MOJI0KEHHS B KaTa0O0J113M1 aJIbJICTIIB 3aiiMa€e MIIAX, MOB'I3aHUN 3 1X TIEPETBOPEHHSM B
riyraTionTpancdepasniii peakuii [23, 24]. 3a ydacti miyrarioHTpancdepasu BinOyBaeTbCs
HyKJIeo(iIbHa aTaka rIyTaTiOHY PI3HOMAHITHUMU €JIeKTPO(ITFHUMHU MOJIEKYJIaMH, 10 YUCIa SKUX
BiZIHOCATBCS 1 anpjerign [25-28]. [myrartionTpancdepasn MarOTh HEOJHAKOBY CIIOPIAHEHICTBH JI0
anpaeriais [29]. HalmBu/ie BOHH KaTali3ylOTh IEPETBOPEHHS Iiapokcuankenatii [19, 22, 30].

I'myratioHTpancdepasn MiokapJa MalOTh XapaKTepHE BHYTPIIIHBOKIITHHHE PO3IOMITICHHS.
V 3HaYHUX KiUJIBKOCTSIX BOHH NPHCYTHI B capkoruiazMi. OJHaK MeBHA iX YacTHHA JIOKANIi3ye€ThCS B
miToxoHpisix [16, 19, 31].

'nyrarionTpancdepasu Miokapaa SBIAIOTH co000 jauMepu. BOHM TpOSBISIIOTE  BHCOKY
KaTaJIITHYHY aKTHBHICTh MPU HEUTpaNbHIM 1 ciaabokuciiii peakii cepenosuma (PH = 6,9 ). Sk
iXHIH KOHKYPEHTHIIIWH 1HTIOITOp BHUCTYHNAIOTh MPOAYKTH pEaKIii — TJIyTaTiOHOBI KOH'IOraTH
aJIbJET1IiB.

4-rigpokcu -2,3-HOHEHAJIb

AP AnJIT

1,4-murinpokcu-2-HOHEH -T1JJPOKCH-2-HOHCHOBAs KHCIIOTA
I'T
rJIyTaTioH-4-TiAPOKCHHOHEHAIb
AnP
I'nyrarion-1,4-1uriipokcuHOHEH

Puc.1 OcHOBHI HUIIXU KaTaboi3My 4-T1IpOKCHHOHEHAIS B KIITHHAX

[pumitka. AP — anpnerigpenykrasu (anpgo3openaykrasa), An/ll’ — ampaerimgeriaporenasa, ['T — riryraTioHTpaHC-
¢epasu, AnP — anxpno3openykrasa.

['myraTioHOBI KOH'IOTaTH TicNsl iX yTBOpeHHS ab0 HETalHO EKCKPETYIOThCS 3 MiOKapaiadbHOI
KITHHY, a00 MiJAal0ThCs B Hill 10JaTKOBUM (pepMEHTATUBHUM IEPETBOPEHHSM, IO 1 3aXHIae
riyrationTpancdepazu Bin iHriOyBaHHs. BriacTuBOCTSMH iX HEKOHKYpEHTHOro 1HribiTopa
BOJIOJIIFOTH aJIBJETIAN, SIK CyOcTpaTu eH3umy [32].

I'myraTionTpancdepaza miokapaa cxuiabHa A0 IHAYKIL. SK ii IHIYKTOpU BHCTYNAIOTHh albICT1AN
[33, 34] 1 nmeski kcenoOiotuku [35-37]. Byno mokasaHo, 30kpema, IIO IHAYKIS 130(pepMeHTy
GST — Al B cepui BiIOYBa€eThCs IiJl BIDTMBOM 4-TiAPOKCHHOHEHANS, SIKUH CTUMYJIIOE EKCIPECito
roro rena [34].

Sk 3a3HauangoCs paHiiie, rIyTaTIOHOBI KOH'IOTaTH, IO YTBOPHWINCS, TMEPEBAKHO EKCKPETYIOTHCS 3
MioKapaianbHuX KIiTHH. OIHAK MeBHA iX KUIBKICTh MiJIA€ThCS OJATKOBOMY (PEPMEHTATUBHOMY
BIIHOBJICHHIO TiJ €0 ampao3openykras [26, 38]. IlixTBepKeHHSM IMOTO MOXKE CIIYKHUTH
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IPUCYTHICTh B MIOKapJi HE TIJIbKU TNIyTaTIOHOBUX KOH'IOTaTiB ali)aTHUYHUX albAeTidiB, ane i ix
BIIHOBJICHUX TOXIJTHUX 1, B TOMY umcli 1,4-murigpokcuHonena [39, 40].

BifHOBIEHHS TJIYyTaTiOHOBOrO KOH'IOTaTy TMiABUIIYE €(QEKTUBHICTh YTWII3allli EHJIOTCHHHUX
anpaerigiB. [IpUYMHOIO TOTO, MONMEPEKCHHS CIIOHTAHHOTO BHYTPIIIHBOKIITHHHOIO PO3Haay
KOH'IOTary i, BiINIOBIHO, 3BUIbHEHHSI ITOTOKCHYHOT'O KapOOHLJIBHOTO NPOAYyKTY [27, 41].

I'myraTionTpancdepasHa peakinis € IepeBaXHUM MIITXOM KaTabomi3My aidbIeTiliB y CepIli, Ipo Mo
CBiIYaTh J]aHi €KCIEPUMEHTAIBHHUX JTOCIIKEHb PO MEPETBOPEHHS B HHOMY 4-T1IpOKCHHOHEHAJIS
[23]. 3 wi€ei npuunHU TIIyTaTioHTpaHcdepasi BIABOAUTHLCS 0COOIMBA POJIb Cepell IHIUX (PepMEHTIB
YTUJI3aIi] ajbAeTi/IiB y 3aXUCTI MiOKap/a BiJl BUIbHOPAAUKAIBLHOTO YIIKOKEeHHS [23].

[HmmM nusIXoM  KaTaboJii3My  aibAeTiNiB, IO BIJIrpa€ BaXJIWBE 3HAYCHHS B CEpIli, € iX
BITHOBJICHHS B aJbJCTiApeAyKTa3Hild peakuii. SIK MPOAYKT BiAHOBJIECHHS B HbOMY yTBOPIOIOTHCS
BIIMOBIIHI CIHUPTH. 3HAYEHHS I[OTO META0OJIYHOr0 MUIAXY 3HAYHO 3pPOCTAaE B YMOBax
rajJbMyBaHHS YTHJII3allli eHIOTEHHHUX aibJACTi/IiB y rIyTaTioHTpanchepasHiil peaxmii [23]

Cepen depMeHTIB, SKi KaTali3ylOTh BITHOBJICHHS allbJETiIIB y KIITHHAX, IIUPOKO PO3MOBCIOIKEH1
aNbI030pEIYKTa3! 1 anpaeriapeaykrasu [42, 43].

ANBJI030peIyKTa3n MalOTh MOHOMIPHY CTPYKTYpY Mousiekynu [44]. Jlo ckiaay iX akTHBHOTO LIEHTPY
BXOJHTH TiApooOHa AiNsHKA, sSiKa 3a0e3nedye 3B's3yBaHHs cyOcTpary. OmHa 3 (DyHKIIOHAJIBHUX
TPyIl aKTMBHOTO IIEHTPY MPEICTABIEHA 3aIHIIKOM IUCTeiHy. Moro OKHCIIEHHs CHpHse aKTHBALi
eH3uMy. Sk  (i3ioNoriuHi OKUCIIOBaui MpH IbOMY MOXYTh BuKopucroByBatucs ADK (mepekwuc
BoaHi0) [12] i ADA (nepokcunitpur) [45].

KodepmenTn anbao30peayKTa3u SBISIFOTH COOOK0 BigHOBIICHI MipuanHOBI Kopepmentu (NADP i
NAD) [46]. Pazom 3 Tum, pepmeHT nposiBiisie Oubiry criopigHeHicts 10 NADPH [47].

AJBI030pENYKTa3H MPOSBISIOTH MIHPOKY CHenu(idHicTs A0 TiApopoOHHX 1 TiapodiabHUX
anpJeriniB, sk cyocTpartiB [48]. Kpim 11b0ro, BOHUM MalOTh BIACTHBICTh BiAHOBIIOBATU IIYTaTiOHOBI
KOH'foraTu anpjerifais. Ilpuuomy, cHopigHEeHICTb (QEepMEeHTy MioKapJa /[0 IJIyTaTiOHOBUX
KOH'IOTaTiB BHSBISETHCS BHINOI, HIX 10 BUIbHUX ambiaerimiB [38, 49]. IlpuuuHOoO 1BOTO €
HasBHICTh Ha N-KIHIIl TOJIMENTHIHOTO JIAHIIOTa OCOOJIMBOTO JOMEHY, 30aradyeHoro 3ajullIKaMu
Tpunrtodany i cepuny. IIpucyTHICTb 1IbOTO JOMeHY 3a0e3neuye eheKTUBHE 3B'sI3yBaHHS aKTUBHOTO
LEHTPY aJIbJJ030PEAYKTa3H 3 IMCTETHOBUM 3aJIMILIKOM TTTyTaTIOHOBOTO KOH'forary anpaeriny [50].

AnpAerigpenykTa3u BIAPI3HSAIOTHCS 3a OyIOBOIO 1 BIACTHBOCTSAMHU BiJ ambao3openykras [51].
Binomi aBa Tumm 1iux eH3uMiB [S2]:

- anpJeriapenykrasa I tuny, sika BAKOPUCTOBYE sIKk KopepMeHT BiHOBIeHnH NADP [44] ;

- anpaeriapenykrasa Il Tuny, sika BukopucroBye sik kopepmeHT BigHoBIeHI NADP 1 NAD. Onnak
OLTBIIY CIIOpIAHEHICTH MposiBisie ctocoBHO NADPH [53].

O6unBa TuUnU (EpPMEHTIB KaTali3ylOTh pEakKIil0 BIJHOBIEHHS amiQaTUYHUX aJbJAETIIIB,
NPOSIBIISIIOYM OLTBITY CIIOPITHEHICTh JI0 IX HEHACHYEHUX MPEICTaBHUKIB [24].

3apa3 iCHYIOTh TEPEKOHJIHMBI JaHI Ha KOPUCTh TOTO, IO aJIbJETiANM BUCTYMAIOTh SK BAKIWBUH
CHJIOTeHHMI (haKTOp peryssilii eKCrpecii reHIB albAeriipeyKTas i anpo3openykras [54, 55].

[lle omHMM TUIIXOM YTWII3aIil €HIOTCHHHMX albJEriAiB y ceplli € NUIIX, TMOB'SI3aHUi 3 iX
OKHCJICHHSM Yy BIANOBiJAHI KapOOHOBI KHCIOTH B albJerijjieriiporeHasHii peaxuii. IIpoaykru
peakiii Hajgamxl 3/1aTHI 3aTy4daTHCS B Tpollec OeTa-OKHCICHHS B MITOXOHJIPIAX 1, TAKUM YHUHOM,
BUKOPUCTOBYBATHUCS B HUX SIK CyOCTpaT OKUCIeHHs [56, 57].

Ha cporomni ommcaHo Tpu KJIacu  aiubACTIANETIApOreHa3, sKi  BIAPI3HAIOTHCA  3a
BHYTPIIIHBOKJIITUHHOIO JIOKANI3alli€l0, a TaKOXX CyOCTPaTHOIO 1 KO(EpPMEHTHOK CHenu(IYHICTIO.
3aie’)kHO B KO(DEpMEHTHOI crleruiyHOCTI BOHU MOIUISIOTHCS Ha NAD'- i NADP'-zanexui
ensumu [58-62].
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AnpAerigaerigporeHasy MMpoKo MOMUPEHi B KOMIAPTMEHTaX KIITHH. Y 3HAYHUX KiUTBKOCTSX BOHH
MPUCYTHI B MITOXOHpIsAX. KpiM 11p0T0, anmbaerijjierigporeHas 3HaXOIAThCA B acOIIMOBaHIN 3
Mikpocomamu ¢opwmi [58, 63, 64].

Exkcnpecist reHiB IEBHUX KJIACIB allbJIETiAIeTIAporeHas KOHTpomoeTbes gakropom HIF-1 [65]. 1le
3YMOBJIIOE T1IBULIICHHS 3HAYCHHS OKUCHOTO IUIAXY B KaTa0OJi3Mi ajbJIeTi/liB B yMOBaX TKAHUHHOI
rinokcii.

UYepes Te, mo miyTarioHTpancdepasu, albIeriipeyKTa3u 1 aibIeriiIeriiporeHa3u 3a0e3neuyoTh
YTHITI3aLlI0 IMTOTOKCHYHUX KapOOHUIBHUX MPOAYKTIB OOMIHY, III0 YTBOPIOIOTHCS MPU CTUMYJISIIIT
BUIbHOPAJUKAIBHUX TPOLECIiB, BOHM BHUCTYNAIOTh B PO (PaKTOPIB 3aXHCTy KIITHH BiJ
okcuaaTuBHOro crpecy [23, 33, 34, 37, 48, 55, 66-75 ]. 3rigHo 3 AaHUMH €KCIIEPUMEHTAIbLHUX
IOCHIUKeHb,  TpU  CTaHaX, IO  CYNPOBOJUKYIOTHCS  MIiABHINCHHAM  IHTEHCHBHOCTI
BIIbHOPAIUKAIBHUX MIPOIIECIB B cepili (cepiieBa HEAOCTATHICTb, imeMis i pernepdysis ), B Miokapi i
KpOBI 3pOCTa€ BMICT 4-TiAPOKCHHOHEHANS 1 MajJoHOBOrO nuanbiaeriay [39, 40, 47, 76-78], axykriB
4-rigpoKcUHOHEHaNs 3 OiTKkaMu, a TakoxX 1,4-TUT1APOOKCUHOHEHA, SIK MTPOIYKTY HOTO BiTHOBJICHHS
[39, 40]. Bunukarodi 3pyIIeHHSI CYITPOBOIKYIOTHCS OOMEKEHHSIM aKTUBHOCTI MITOXOH/PIaJIbHOTO
i30(epMeHTy anpjaerigaeriaporenasu. [IpuuomMy, Horo crpssMoBaHa aKTUBAILsl CHIPUSE 3MEHIIICHHIO
TUIONII BOTHUIIA IMIEMIYHOTO YpaKeHHs y cepIli [66].

3rigno 3 manumu Li Y. et al. (2005 ), 00poOka KyJabTypH KapAiOMiOIMTIB 4-TiIpOKCHHOHEHAIEM
MPU3BOJUTH 1O PI3KOTO 3HWKEHHS iX JKUTTe3MaTHOCTI. [Ipu mboMy B HUX Pi3KO 3pOCTa€ BMICT
aAIyKTiB OUIKIB 3 4-TiAPOKCHHOHEHAeM. Y TOH ke 4Yac, iIHAYKIIis TiyTatioHTpanchepasu, MUIIXOM
BHECCHHS B Cepeay KyJIbTUBYBAaHHS KIITHH 1,2-TUTion-3-TiOHY, 3MEHIIY€E MPOSB IIKIIUIMBOI il
albJIerily Ha KapaioMioUuTH. | HaBMaku, BHECEHHS B CEPEIOBUIIEC KyIbTUBYBAaHHS MiOKapialbHUX
KITHH cynb(do3aasziny sK iHri0iTopa TiayTaTioHTpaHC(epasd NPHU3BOAUTH 10 TOCHICHHS IX
MOUIKOIKeHHS [23].

VY nitepaTypi iICHYIOTh TaKOX BIJOMOCTI IIPO BaXJIMBY POJIb allbJETIIPEyKTa3! B 3aXUCTI MiOKap/a
Bl MOro MOLIKO/KEHHS IpU OKCHUAATUBHOMY CTpECi, IO CYIMPOBOJKYIOTh PO3BUTOK DSIy
BHYTPIIIHIX 3aXBOproBaHb [29, 55, 74].

3'scyBaHHs 3Ha4YeHHA (EpMEHTIB YTHIi3alli €HJOTeHHMX aJbJAEriliB Yy 3aXUCTI KIITUH BIX
BUTbHOPAMKAIBHOTO YINKO/PKEHHS JO3BOJWIO CHOPMYBATH YSBJICHHS MPO IMEPCICKTUBHICTh
MiIXOAY, TOB'SI3aHOTO 31 CIPSMOBAHOK AKTHBAINEK 1 IHAYKIEI 1X CHHTE3Y B JIKyBaHHI 1
podiIaKTUIIl IIJIOTO PsY BHYTPIIIHIX 3aXBOPIOBaHb, MATOTEHE3 SIKUX IMOB'SA3aHUN 3 BUHUKHEHHSIM
OKCHIaTHBHOTO cTpecy [37, 55, 66, 79-86].

Pe3tomyroun BUILEBUKIIAJICHE, MOXHA JIHTH BUCHOBKY, III0 MITOXOHJpIi BIJIIPalOTh BEJIUKY POJb B
YTBOPEHHI aKTUBHUX ()OpM KHUCHIO Ta a30Ty, OyJIydd HpU LOMY iX OCHOBHHMMH JDKEpeIaMH B
kiaituHl. i mpoayktu meta0oii3My BHUSBISAIOTH BaxJMBe (Di310JI0TIYHE 3HAYEHHS, BUCTYHAIOUH
peryastTopaMu OOMIHY PpEYOBHH 1 CBOEPITHUMHM MECEHXKJEpaMH  BHYTPIIIHBOKIITHHHUX
CUTHaJbHUX LUISIXIB. 3 YTBOPEHHSM BUIBHOPAIUKAJIBHUX MPOAYKTIB OOMIHY B MITOXOHAPIAX
MOB'sI3aHa 1HIIIAIlisl JTAHIIOTOBUX BITbHOPAJAUKAIBHUX MPOIECIB, AKi 32 IEBHUX YMOB 3YMOBIIIOIOTh
(dbopMyBaHHS OKCHJIATHBHOTO CTpecy. Y Kap/iOMIOIUTaX ICHYIOTh TOTYXKHI 3aXHUCHI CHUCTEMHU,
HasBHICTb SIKUX J03BOJIsIE OOMEXHUTH MPOSIBM Ha HUX IIKIJUIMBOI Jii OKcHAaTuBHOrO cTpecy. o ix
yyclla BIJHOCUTHCA AaHTUOKCHJAHTHA CHUCTEMa, a TaKOX cHcTeMa (epMEeHTIB, SKi KaTalli3ylTb
peakiii yruii3anii IMTOTOKCUYHUX KapOOHITBHUX MPOIYKTIB BUTBHOPAIMKAIbHOTO OKHUCIICHHS.

[Tin BruMBOM pi3HUX (aKTOpiB y MIOKapJlabHUX KJIITHHAX MoXe ¢GopMyBaTHCS CTaH
MITOXOHJpIANbHOT TUC(YHKIII, HACIIIKOM $KOrO CTa€ 3MiHa PpIBHSI iX EHEpPreTHYHOro
3a0e3neyeHHs. Y pe3yibTaTi IbOrO0 MOMAYIIOETHCS CKOpOYyBaJbHA 3AAaTHICTh 1 €JNeKTPUYHA
aKTUBHICTh Miokapaa. IlomiOH1 3pylIeHHs MOXXYThb BUHUKATH IpH (i310JI0TIYHUX cTaHax (cTpec,
CTapiHHS, TOIO) 1 MAaTOJIOTIYHUX Ipoliecax (ileMiuHa XBopooa cepliis, KapAioMiomnarii, MiOKapIuTH
Ta iH) [87-91].
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3HIKEHHSI aKTUBHOCTI €H3UMIB i 3MEHIIICHHS X BMICTY B KapJiOMIOIMTaX BUCTYIAE K ONMH 13
(dakTopiB anbTepaliii Miokapaa MpHU MHUX 3aXBOpIOBaHHAX. Pa3oMm 3 TUM, 3a yMOB THMYacOBOi
“M’sKO1” imemii, y ceplli BHHUKAIOTh 3CYBU aJIallTUBHOI CIIPSIMOBAHOCTI, OB’ A3aHi 31 30UIbIICHHSIM
piBHS iX eKkcmpecii ¥ 30UIbIIEHHSIM aKTHBHOCTI, SIKI B YMOBaxX IOJAJBIIOT BHpPaXXEHOI imemil

3a0e3neuyroTh e()eKTUBHHUM 3aXHCT MiOKapaa.

[IutaHHs BHYTPINTHBOKIITHHHOTO KaTaOOoMi3My €HJOTCHHUX albJETiMIB y CepIli € aKTyaJbHHUM,
ajpKe ozepkaHa iH(popMarllis T03BOJUTH OUTBII JETanbHO chopMyBaTh YSBICHHS MpPO MAaTOTCHE3
0araThOX 3aXBOPIOBaHb, L0 CYMPOBOIKYIOTHCS TKAHMHHOIO TiIOKCi€I0, Ta 3alpOIOHYBAaTH
e(eKTHBHI METOIM KOPEKIIii CTIHKOCTI OpraHi3My 0 BIIbHOPAIUKAIBHOTO OKUCHEHHS.
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Y poboTi HaBexeHi NaHI Mpo BIUIMB aHIOHIB COJIEH IUHKY Ta MiJli Ha CHHTE3 IITMEHTY B JIPIKIKIB
Rhodotorula aurantiaca 1193 ta Rh. glutinis 1335. BctanoBieHo, 10 BTpaTta 3MaTHOCTI J0 YTBOPCHHS
MIrMEHTY Ta MosiBa OE3MIrMEHTHUX KOJIOHIM y NOCHIZKyBaHMX LITaMiB JPDKIKIB CHOCTepiranacs mpu
KoHIeHTpanisx Ha 14,3-58,4 % Hwxve piBHA THX KOHIEHTpaliil aHIOHIB coJied MeTaliB, 3a SKUX
BiOyBaJoCsi TMOBHE OJIOKYBaHHS pPOCTY ApLKIKOBUX KIITHH. Cynb(ar IUHKY BHUSBUBCS OLIbLI
TOKCHYHUM, HiXK Cyiabdat Miai sk 1ist apix/mpkie Rh. aurantiaca 1193, tak i s Rh. glutinis 1335. TIpore
XJIOpHU]l IIMHKY, HABIIAKW, MPOSBHB MCHII TOKCHYHY [if0 B MOPIBHSHHI 3 XJIOPHUIOM Mini Ha oOuaBa
mwramu ApixmkiB. dpixmwki Rh. glutinis 1335 usiBuiucst Habarato CTIMKIMIMMHU BiJHOCHO BCiX aHiIOHIB
coleil IMHKY Ta Miji B MOpiBHAHHI 3 apixxamu Rh. aurantiaca 1193.
Kouosi crosa: anionu, yuuk, miov, nieMeHmoCcuHme3y8anbHi OpisHcoxci, KapomuHoiou.

BJUSHUE AHUOHOB COJIEM IIMHKA U MEJIA HA TIATMEHTCAHTE3UPYIOIIYIO
CIHOCOBHOCTHB APOXKIKEBBIX KJIETOK

Kpyneii K.C., Pouibckuii A.©.
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69900, YkpauHa, r. 3anopoxxse, yi. JKykoBckoro, 66,
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B pabGore mpexncraBieHbl AaHHBIE O BIMSHMM aHHOHOB COJEH IMHKA M MEOM Ha CHHTE3 NHIMEHTA y
nposxokeit Rhodotorula aurantiaca 1193 u Rh. glutinis 1335. YcranoBieHo, 4To morepst ClioCOOHOCTH K
00pa30BaHNIO MUTMEHTa W IOSIBIIEHHE OECHUTMEHTHBIX KOJIOHWH y HCCIely eMBIX IITaMMOB IPOXKKEH
Habmofanach NMpU KOHLEHTpanusx Ha 14,3-58,4 % Hwke ypoBHS TeX KOHIEHTpalHWi aHHOHOB cOJIeH
METaJUIOB, TPH KOTOPBHIX NPOHUCXOAMIIO MOJHOE OJOKMPOBAHME pPOCTa APOXKEBBIX KieToK. Cynbdar
[MHKa OKa3ayicsi 00JeM TOKCHYHBIM, ueM Cyiabdar Meau kak ais aposkxked Rh. aurantiaca 1193, tak u
ams Rh. glutinis 1335, Xmopun nusaka, H2060pOT, MPOSIBUI MEHEEe TOKCHYECKOE IEHCTBHE TI0 CPABHEHUIO
¢ XJIOpHJIOM MeId Ha 00a mramma aposxokei. Jpoxoku Rh. glutinis 1335 okasanuce Gosee CTOMKUME
OTHOCHTEJIBHO BCEX aHMOHOB COJIEH IIMHKA U MEJIH [0 CPaBHEHUIO ¢ apoxokamu Rh. aurantiaca 1193.
Kniouegvie crnosa: anuonbvl, yuHk, Meob, NUSMEHMCUHMEIUPYouue OpoAICHCU, KapOMUHOUObL.

INFLUENCE OF ANIONS OF SALTS OF ZINC AND COPPER ON THE PIGMENT SYNTHESIZING
ABILITY OF YEASTS CELLS

Krupey K.S., Rylsky A.F.

Zaporizhzhya National University
69900, Ukraine, Zaporizhzhya, Zhukovsky str., 66

krupeyznu@gmail.com

As is known, exceeding of the heavy metals (HM) concentrations in nature has an adverse effect on the
ecological state of the environment, which may lead to the malfunction of physiological and biochemical
processes taking place in living organisms. Main sources of HM, polluting environment, are metallurgy
and galvanic shops of the industrial enterprises. That is why the search for effective methods of
environment pollution indications by HM has taken the first place recently. The surest and the most
available methods of the anthropogenic violations diagnosis are based on a number of microbiological
characteristics, because among all the representatives of the biota, microorganisms are the most sensitive
to change of the medium. So, the usage of the pigment synthesizing bacteria as bioindicators is a new and
promising tendency. Visual observation of the change of the pigment brightness under the influence
of HM may serve as objective bioindicator of the environment pollution.

bionoziuni nayku



219

Metals persist in the environment and can become concentrated up the food chain. Metals may be
bioconcentrated, bioaccumulated and biomagnified within food chains, causing higher trophic organisms
to become contaminated with higher concentrations of chemical and metal contaminants than their prey.
The risk for toxicity depends on the frequency, intensity and duration of contact with the metal
contaminant along with exposure route. Toxicity risk also depends on the inherent toxic potential of the
metal itself.

These HM influence the microbial population by affecting their growth, morphology, biochemical
activities and ultimately resulting in decreased biomass and diversity. HM can damage the cell
membranes, alter enzymes specificity, disrupt cellular functions and damage the structure of the DNA.
Toxicity of these HM occurs through the displacement of essential metals from their native binding sites
or through ligand interactions. Also, toxicity can occur as a result of alterations in the conformational
structure of the nucleic acids and proteins and interference with oxidative phosphorylation and osmotic
balance.

Thus, researches of the bacteria that we carried out aroused our interest to the research of the HM
influence on the pigment synthesizing ability of the yeasts. In the literature accessible for us is mentioned
only the fact that yeasts have the ability to sorb HM, and there is little information about the ability to
change the pigment color in HM presence in the medium.

Thus, researches of the bacteria that we carried out aroused our interest to the research of the HM, anions
of salts of zinc and copper in particular, influence on the pigment synthesizing ability of the yeasts. In the
literature accessible for us is mentioned only the fact that yeasts have the ability to sorb HM, and there is
little information about the ability to change the pigment color in HM presence in the medium. One of the
richest in quality composition carotenoids are the yeasts Rhodotorula glutinis and Rh. aurantiaca, which
are able to synthesize phytoene, neurosporene, y-carotene, B-carotene, &-carotene and torulene. It is
colour saturation and stability of pigment data that determined the object of our research: to study the
anions of salts of zinc and copper influence on the carotinoid synthesis of the yeasts Rh. glutinis 1335
and Rh. aurantiaca 1193.

Thus, the aim of our study was to investigate the influence of anions of salts on the carotinoid synthesis
of the yeasts Rhodotorula genus.

Solid nutrient medium Sabouraud was prepared on the base of the water with certain heavy metals salt
concentrations ZnS0O,4 7H,0, ZnCl,, Zn(CH;C0O0),-2H,0, CuSO,'5H,0, CuCl,2H,0. Nutrient medium
Sabouraud without metals was used as a control. When Sabouraud set congeal, 18-days culture Rh.
glutinis 1335 and Rh. aurantiaca 1193 was seeded by solid lawn on it (0,2 ml per one Petri dish).
Suspension density was 10’/ml. Yeasts incubated in the thermostat under the temperature 27-28°C.
Results were calculated during 9 days of the cultivation. Visual observation and comparison of the
experimental samples with the control was carried out. For the calculation of the color intensity
difference between experimental and control samples, the Petri dishes with yeasts colonies were
photographed, photos were loaded in the program Adobe Photoshop, indexes of the color model channels
(Lab), and then the difference of the pigment color intensity was calculated in the program CIEDE 2000.

The research has shown that Rh. glutinis 1335 and Rh. aurantiaca 1195 react on the certain metal
concentrations presence in the medium by pigment loss and by growth inhibiting.

Absolute loss of pigment was observed under the concentration of metals that was by 14,3-58,4 % lower
than the concentrations under which absolute blocking of the growth of yeasts was observed.
The sulfate of zinc appeared more toxic, than sulfate of copper as for yeasts of Rh. aurantiaca 1193, so
for Rh. glutinis 1335. The chloride of zinc, vice versa, showed a less toxic action as compared to the
chloride of copper on both strains of yeasts. Yeasts of Rh. glutinis 1335 appeared more proof in relation
to all anions of salts of zinc and copper as compared to yeasts of Rh. aurantiaca 1193.
Obtained results make it possible to recommend the yeasts Rh. glutinis 1335 and Rh. aurantiaca 1195 for
the usage in the bioindication research of the environment pollution by HM.

Key words: anions, zinc, copper, pigment synthesizing yeasts, carotenoids.

BCTYII

Jis ioHiB Bakkux MeTaiiB (BM) Ha KIITHHH MIKpOOPTaHi3MiB 3aJI€KUTh BiJl CKJIaly CepeIOBHUIIA Ta
npupoau BianmoBimHux cojed. lomm BM 3patHi 3B’s3yBaTucs 3 OlIKaMH, HYKJICOTHIAMH,
KopepmenTamu, ocdomimiamu, noppipuHamMu, ToOTO MPAKTUUHO 31 BCiMa KJ1acaMH PEYOBHH, AKi
O0epyTh y4acTh y MeTaboumi3Mi KiaiTuHU. CydacHi JaHi TOBOPATH PO T€, IO B TOKCHYHIHN i coei
METaJliB OCHOBHE 3HAUEHHS HAJIECKUTh CAMOMY MeTany — KaTioHy. KUCIOTHHMI paawkan Moxe
3MIHIOBATH Il e(eKT y He3HaYHOMY CTYyIeH1 (4epe3 3MiHy pPO3UYMHHOCTI a00 CTYIIHb JMCOIIAIil
coJii). BijbIn MOBHO JHCOIIIOIOTH COJII OJIHOBAJCHTHUX KaTIOHIB 1 aHIOHIB, CJIAOKIIe — COJIi, SIKi
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YTBOpEHI BOBAJCHTHUMHU MeTanamu Ta aHioHamu [1]. [Ipore mocmimkeHHs, TpOBEACHI HAMU Ha
OakTepisix, MoKa3aay, 10 He TUTHPKK KaTIOH METally, ajie¢ i aHIOHHA YaCTUHA COJIl BiIrpae 3Ha4yHy
poib y TOKCHYHIN nii [2]. YV monepenHix podoTax HaMu OYJI0 BCTAHOBJICHO, IO JIPIXKIXKOB1 KITITHHA
BTpaYyaroTh 3/IaTHICTh CHHTE3yBaTH MIITMEHT 13 MEBHOTIO KOHIIEHTpaliiHOro piBHa BM, mpuyomy
MK OJIOKyBaHHSIM CHHTE3y MIrMEHTY Ta IHTIOyBaHHSIM pPOCTY TMPOCTEXKYETbCS TEBHUN
KOHIIEHTpaliiauii iHTepBast [3, 4]. OTpumaHi pe3ynbTaTH  CHOHYKAJW HAc MPOJAOBXKHUTH
JOCHIKeHHSI 1 BUBUYMTH TAaKOX BIUIUB aHIOHIB COJIEH OJHOTO 1 TOTO X METally Ta MPOBECTH
MOPIBHSJILHUN aHAI3 MO0 BIUIMBY JACIKUX aHIOHIB HA CHHTE3 MITMEHTY B JIPIKIKOBUX KIIITHHAX.
Brpara mirmMeHTy KIITHHAMH APLKIDKIB € J00pe CHOCTEpeKyBaHOIO O3HAKOK, BHACIHIIOK YOrO
KapOTHHOCUHTE3YBaJIbHI JPKIDKI MOXHAa PEKOMEHJyBaTH sK OloiHIWKATOpH 3a0pyIHEHHS
noBkiuist BM. Takum yMHOM, METOI0 pOOOTH OYIIO AOCHIJUTH BILUIUB aHIOHIB COJICH IIUHKY Ta MiJli
Ha CHHTE3 KapOTHHOIIIB y ApixmkiB poay Rhodotorula.

MATEPIAJIM TA METOIHU JOCILIKEHHSA

OO6’ekTOM JOCIIKEHHST OyJM KapOTHHOCHHTE3yBabHi aApixkmki Rhodotorula aurantiaca 1193 Ta
Rh. glutinis 1335, 06’1300 HajaHi HaM i3 KOJIEKLIT My3eHHHUX KyJIbTyp [HCTUTYTOM MikpoOioiorii
1 Bipycomorii iM. J[.K. 3a6onotHoro HAH VYkpainu.

Coui, siki BUKOpucTOBYBaiu B pociigax: ZnSO4 7H,0, ZnCl,, Zn(CH3C0O0), 2H,0, CuSO4-5H,0,
CUC|2'2H20.

Teepne noxuBHe cepenouiie CaOypo roryBajii Ha OCHOBI BOJIW 3 TEBHUM BMicTOM coiieii BM.
Kontponem ciyrysano noxusHe cepenonuiine Cadypo 6e3 merais. [licis 3acTuranHs cepeioBuINa
Ha HBOTO CYIUIBHUM Ta30HOM 3aciBanmu 18-roamHHI KosekuidHi KynpTypu. LinpHICT KITHH
cranosmia 107/mi [5]. [uxyOyBaHHS MPOBOAMIIM B TepMOCTaTi mpu temieparypi 27-28°C. O6mik
pe3ynbTaTiB mpoBOoaMIM Ha 3 100y KynbTuBYBaHHS. CIOCTEepirayii Bi3yallbHO, TOPIBHIOKOYH
JOCTIIHI 3pa3Ku 3 KOHTpoJieM. J{J1s po3paxyHKy pi3HHMII B IHTEHCUBHOCTI KOJIBOPY MIX JOCHITHUMU
1 KOHTPOJIBHUMU 3pa3kamu yamku [leTpi 3 aphKIHKOBUMH KOJOHISIMU (oTorpadyBaiiv, po3MImiaiu
dotorpadii B komm'totepHy mnporpamy Adobe Photoshop, Bu3Havanmu mnoka3HHKHM KaHamiB
konmpopoBoi Mmogneni  (Lab), morim y mporpami CIEDE 2000 po3paxoByBajiu pi3HUIIO B
IHTEHCUBHOCTI KOJIbOPY HITMEHTY [6].

PE3VJIBTATH TA IX OGTOBOPEHHSI

Sk Bimomo, apixmki poay Rhodotorula BimpisusiroTbest 6araTum SIKiCHUM CKJIa0M KapOTHHOIIIB.
Tak, Rh. aurantiaca 3natHa cunTe3yBatu Y- i B-kapotunu, a Rh. glutinis, kpimM 3a3HadeHHX BHIIE
KapOTUHOI/IB, MPOAYKYe TakoX ¢iToiH, ¢(itodroiH, &-KapoTUH, HEHpPOCIOpUH, TOPYIIH 1
TopyaapouH [7, 8]. Brpara 31aTHOCTI 10 yTBOPEHHS MrMEHTY Ta MOsIBa OC3MIrMEHTHUX KOJIOHIHN Y
JOCHIJKYBAaHUX INTaMiB JIPDKIKIB CrOcTepiraigacsd Mpu KoHHeHTpauisx Ha 14,3-58,4 % Hiokue
piBHA TUX KOHIIEHTpaliil BM, 3a sikux BinOyBanocs noBHe OJIOKYBaHHS POCTY APIKIPKOBUX KIIITHH.
Tak, ma Rh. aurantiaca 1193, y Bumaaky 3 cyiab(aroM, XJIOPHIOM i alleTaToM IIHHKY IS Pi3HHLSA
nopiHioBana 33,4, 20 Ta 50 % BiAMOBIIHO, a 3 CYIB(ATOM 1 XJIOpHIAOM Mifi gocsraina mo 50 %.

[ToBHa Brpara mirmenty B Rh. glutinis 1335 cnocrepiranacs npu konunentpamisx ZnSO4 7H,0 Ta
Zn(CH3CO0),'2H,0 Ha 50 i 44,5 % BIiAMOBIAHO HMXKYI 3a THX KOHICHTpAIH, SIKI TMOBHICTIO
OnokyBanu KUTTEMSUTBHICTD ApixmKiB. J{inst CuSO4-5H,0 Ta CuCly2H,0 11s pisHuIsg cTaHoBMIIA
14,3 ta 58,4 % BianoBigHo. JloCHiKEHHS NOKa3aliH, L0 Cyab(haT LUHKY BHUSBUBCA OUIBII
TOKCHYHUM, HIK cyiabdaT Miai sk st Apikmkie Rh. aurantiaca 1193, tak 1 mis Rh. glutinis 1335.
[Ipore x7mopua UMHKY, HaBIAaKH, MPOSBUB MEHII TOKCUYHY /0 B MOPIBHSAHHI 3 XJOPUAOM Mijl Ha
obuBa mramu ApikKiB (Tadn. 1-2 Ta puc. 1).

Bimomo, 1m0 xJopua-i0HW 3/1aTHI aKTUBYBATH €Ki (PEPMEHTH, TUM CaMHUM BOHH BiIIrparoTh
BaXJIUBY 010JI0T1UHY posib. BoHM 3a0e3meuyroTh 10HHI MOTOKU Yepe3 KIITHHHI MeMOpaHH Ta 6epyTh
y4acTh y MiATPUMaHHI OCMOTHYHOTO romeocrtasy [9]. Lle MoXe MOsSICHIOBATH MEHINY TOKCHYHICTD
XJIOPU/IiB IMHKY, HIJK 1HIIUX aHIOHIB BITHOCHO MIrMEHTOCHHTE3YBAJIbHOI 31aTHOCTI IPIXKIKIB.
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Puc. 1 BrumB aHiOHIB coJjielt MiJi Ha CHHTE3 IMrMEHTY B APDKIKIB (3 100a KyJIbTUBYBaHHS): a —
BB CuCl,-2H,0 (100, 200 ta 300 mr/m) ma Rh. aurantiaca 1193; 6 — s CuSO4-5H,0 (100,
200, 250 Ta 300 mr/im) va Rh. aurantiaca 1193; 8 — BB CuCl, 2H,0 (100, 200, 250, 300 Ta 450
mr/i) Ha Rh. glutinis 1335; r — BB CuSO,4'5H,0 (900 mr/m) va Rh. glutinis 1335.

Tabnuus 1 — Brutus aHioHiB coseil IIMHKY Ha cMHTE3 mirMenTy Rh. aurantiaca 1193

Cirtb KOHueHTpauisﬂ Zn2+, 3 no0a KynbTUBYBaHHS
MI/IM Pict* [lirmenT**
50 +++ +
100 + -
ZnSO4'7HQO 150 + }
200 - -
50 ++++ +
100 ++ +
ZnCl, 200 + -
250 + -
300 -
50 +++ +
Zn(CH,CO0),2H,0 o o _
300 - -
[Mpumitka Tyt Ta gami: *picr: ++++ — cynumeHMH, +++ — noOpuit, ++ — nomipHMH, + — cIaOKuH, - — BIICYTHIH;
**[IIrMEHTOYTBOPEHHs: ++++ — IHTEHCUBHE, +++ — 100pe, ++ — nomipHe, + — cinadke, - — BiICYTHE, + — HasBHICTb

IMIrMEHTHHUX Ta O€3IMIrMEHTHUX KOJIOHIH.

[3 migBUIIICHHSM KOHIICHTPAIIM aHIOHIB IIMHKY B CEPEOBHII 3pOCTajia Pi3HUIA B IHTEHCUBHOCTI
MIrMEHTOYTBOPEHHS Mk KOHTpoJieM Ta nociigom (dE) y Rh. aurantiaca 1193 (ta6a. 3).
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JlocnmipkeHHsT oKas3anu, 1mo Jias apbkmkiB Rh. aurantiaca 1193 cepen conei MHKY HaiOUIBII
TOKCHYHHUM BUSBHBCS CylbdaT IUHKY (1pu KoHueHtparii 100 mMr/m 10HIB IMHKY CrHOCTepiraBcs
cnabkuit pict 6e30apBHUX KoOJOHI), dE ckianana 20,8 oqunui. [Ipu Tiil ke KOHIEHTpAILliT aleTaTy
UHKY OYB BiMiueHH 10Opuii picT Ge3mirMenTHHX KoJoHii (JE mopiBHroBana 20,3 oguHUIL).

Xyopua LMHKY BHSBUBCS Yy 2 pa3d MEHII TOKCHMYHMM Juis ApibkmkiB Rh. aurantiaca 1193 y
MOPIBHSAHHI 3 IHIMUMHU aHiOHaMU (MIPUCYTHICTh MOTO B CEPEIOBHIII MOYMHANIA 1HTIOYBaTH CHHTE3
nmirMenTy npu kKouuentpauii 200 mr/n Zn®*), dE cranosma 18,8 ommuLi.

Tabnuus 2 — Briue aHioHiB colieil nuHKY Ha cuHTe3 mirMenTy Rh. glutinis 1335

) KonnenTpartis Zn2+, 3 moba KyJTbTHBYBaHHS
Cuib 3 - -
MI/IM Pict Ilirment
50 +4+++ +
100 +++ +
) 150 + +
ZnS0O, 7H,0 200 + _
400 + -
500 - -
200 +4+++ ++++
400 +++ +
ZnCIZ 600 + _
700 - -
100 +++ +
400 +++ +
Zn(CH5CO0),2H,0 i o ]
900 + -
1100 - -

Jus ppisxmkiB Rh. glutinis 1335 ZnSO4 7H,0 BUsSBUBCS TaK0X OiIbII TOKCHYHUM JIJISI CHHTE3Y
KapOTUHOIIB, HK XJOpHJ Ta auerar uuHKy (y 3 1 2,5 pa3y BianoBigHo). IlirMeHTOyTBOpEeHHs
omokyBasiocst nipu kKoHueHtpauiax 200, 600 1 500 mr/a cynedary, XJopuAy Ta anerary LUHKY
BIMOBIAHO.

Tabnuns 3 — OuiHKa IHTEHCUBHOCTI KOJIbOPIB MITMEHTIB Ha KOHUEHTPAUIWHUN psJl aHIOHIB coJiel
UHKY B apixkiB Rh. aurantiaca 1193

Cins Konmnenrpariis Zn2+, 3 mo0a KyJTbTHBYBaHHS
Mr/am° L a b dE
Kontponb 38 25 34 -

50 53 10 28 17,0£0,7
ZnSO, TH0 100 51 3 40 20,8+0,5
150 51 4 39 20,0+0,2
50 50 8 25 15,3£0,6
ZnCl, 100 52 9 28 16,6+0,4
200 51 5 35 18,8+0,9
250 49 2 39 20,1+0,7
50 53 14 38 16,6+0,8
Zn(CH3C00);,'2H,0 100 53 6 39 20,3+1,0
200 49 4 44 19,7+0,5

IMpumitka: L, a, b — mokasuuku kanamis xkonsoposoi momerni CIE Lab; dE — pisHui B iHTEHCHBHOCTI KONBOPY MiX
KOHTPOJIEM 1 JIOCIIIIOM, PO3paxoBaHa 3a JI0IoMoror koMt rorepHoi nporpamu CIEDE 2000.

[Tpu 100 mr/n xymopuy Miji cnocTepiraBcst MoMipHHHN picT Oe3nmirMmeHTHHX KoJioHii Rh. aurantiaca
1193, mpoTe mpu Tii ke KOHIEHTpallii cyabdary miai OyB BiIMIY€HUH CYHNUIBHHUMA PICT POIKEBHUX
konoHii. Cunre3 mirmenty B Rh. aurantiaca 1193 inriOyBaBcs mpu koHueHtpaiii 200 wmr/ma
CuS0O4'5H,0.
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Hyxe criiikumu  apikmki  Rh.  glutinis 1335 BusiBHiIMCS  BigHOCHO 110 cynibdary  Miji.
KaporunoyrBopenust 6moxyBanocs npu koHuentpaiiii 1200 mr/n CuSQO4-5H,0. Xmopun miai 6yB
MEHIII TOKCUYHUM Y 4,8 pa3iB (CHHTE3 MIrMeHTY OJI0OKYBaBCsl B IPUCYTHOCTI B cepenoBuii 250 mr/n
CUC|22H20)

Omxe, apikmki Rh. glutinis 1335 BusiBiucs HabaraTo CTIMKIMIMMH BiJIHOCHO BCIX aHIOHIB IIMHKY
ta Mmigi, Hibxk Rh. aurantiaca 1193. MosknuBo, 1i¢ 1oB’s3aH0 3 TuM, 1o Apibkmwki  Rh. glutinis
CHHTE3YIOTh OUIBII MIMPOKHIA CIEKTp KapoOTHHOIIIB y mopiBHsHHI 3 Rh. aurantiaca, siki craroTsb
«IaCTKaMH» TOTOKY BUIBHHMX pPagUKaiB TpU ypakeHHI kiithiHn BM. Takum uyuHOM, BTpara
3ATHOCTI O CHHTE3Y MIrMEHTIB y APLKIDKIB CHOHYKAE HAC MPOJOBXKYBATH JOCHIHKEHHS 3 METOIO
MOJAJIBIIOTO  3aCTOCYBAaHHS  MITMEHTOCHHTE3YBAJIBHHMX  JPDKIKIB Yy  OlOIHIMKAIIHUX
JOCTIKEHHSIX.

BUCHOBKH

1. BcranoBieHo, 10 BTpaTa 3JaTHOCTI IO YTBOPEHHS MIrMEHTY Ta MosiBa 0€3MIrMeHTHUX KOJIOHIH y
apixmkie Rh. aurantiaca 1193 i Rh. glutinis 1335 cmocrepiranacst mpu KOHIEHTpalisx Ha 14,3-
58,4 % wmmwk4e piBHA TUX KOHIEHTpamiii BM, 3a sxux BimOyBamocsi moBHE OJOKYBaHHS pPOCTY
TPIKIDKOBUX KITITHH.

2. Cynphar UWMHKY BHUSBHBCS OUIBII TOKCHYHUM, HDK cynbdar Mimi sIK Ui JPLKIDKIB
Rh. aurantiaca 1193, tak i mis Rh. glutinis 1335. TIpoTte XJ0pua IIMHKY, HaBIAKH, MPOSBUB MEHII
TOKCHYHY JII0 y TOPIBHSHHI 3 XJOPUIOM MiAi Ha OOWABAa MITaMU APDKIDKIB. XJIOPHI ITHHKY
BUSIBUBCS B 2 pa3u MEHII TOKCHYHMM Juis apikmkiB Rh. aurantiaca 1193 y mopiBHSHHI 3 iHIIUME
aHioHaMH (TMPUCYTHICTh HMOTO y CEepeAOBHINI TOYHMHANA IHTiOyBaTH CHHTE3 WITMEHTY IIpH
koHrenrpamii 200 mr/i Zn2+), ais Rh. glutinis 1335 ZnCl, Takosx nmposiBUB HAMEHII TOKCUYHY IO
(MIrMeHTOyTBOPEHHS OJIOKYBAJIOCS TUTBKK MpH KoHLEHTpaii 600 Mr/i i0HIB IUHKY).

3. Hpixmki Rh. glutinis 1335 BusBuIncs Ol CTIHKAMH BiTHOCHO BCiX aHIOHIB COJICH IMHKY Ta
MiJli B OpiBHSHHI 3 Apikmkamu Rh. aurantiaca 1193.
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The biological activity of newly synthesized physiologically active substances, such as 4-thioquinolines
was determined. It was found out they are promising biologically active substances with various types of
biological effects by antioxidant and antiradical mechanisms of action. The research also reflected
antimicrobial activity inhibition of gram-positive and gram-negative microorganisms. Among
thioquinolines there were found substances demonstrating not only bacteriostatic and fungistatic
activities but also an analgesic one. Systematic studies of 4-thioguinolines on models in vitro and in vivo
have revealed they are promising as antioxidants and antihypoxants.
Keywords: biological activity, free-radical oxidation, 4-thioderivatives quinoline.

BIOJIOT'TYHA AKTUBHICTD 4-TIOXIHOJIIHIB (OI'JISI JIITEPATYPH)
Bpaxxo O.0.
3anopizvruil HayioHanbHUll yHigepcumem
69600, Vkpaina, 3anopiscorca, syn. Kykoscvkozo, 66
hellen.brazhko@gmail.com
[IpoBeneHo BU3HAUYCHHS 010JIOTIYHOI aKTHBHOCTI HOBHX CHHTE30BAaHHX (Pi310JIOTIYHO aKTUBHUX PEUOBUH,
a caMme 4-TiomoxXigHUX XiHOJiHY. BoHU mposBmim cede sk MepCrueKTUBHI 0i0J0TIYHO aKTUBHI PEYOBHHH 3
PI3HOMaHITHUMHM BUAaMu OioyioriyHOT [ii 32 pPaxyHOK AHTHOKCHUIAHTHOTO Ta AaHTHUPAIUKAIBHOTO
MexaHi3MmiB  fiil.  Takok IOCHiZKEHHs aHTHUMIKpOOHOI 1ii 1oKa3ajo MNPUTHIYEHHS PO3BUTKY
IPaMIIO3UTUBHUX 1 TpaMHEraTHMBHHMX MikpooprasizmiB. Cepen TIOXIHOJIHIB 3HaijIeHI PEYOBUHH, IO
BOJIOJIIIOTE KpiM OakrepiocTaTH4HOi 1 (QyHricraTudHol [ii, TakoX aHaJblreTHYHOK aKTHUBHICTIO.
CucrematnyHi JOCTiKeHHS 4-TIOXIHOMIHIB HA MOJIENAX iN Vitro Ta in Vivo moka3aiu ix mepCrneKTHBHICTD
SIK aHTUOKCHJIAHTIB 1 aHTUTIIIOKCAHTIB.
Knrouosi crosa: bionoeiuna akmugHicmy, LIbHOPAOUKATIbHE OKUCLEHHS, 4-mionoxXiOHi XiHOIIHY.

BUOJIOT'NYECKASI AKTUBHOCTD 4-TUOXUHOJIMHOB (OB30P JIUTEPATYPBI)
Bpaxxo E.A.
3anopooicckuii HaYUOHANLHULL YHUBEPCUME
69600, Vkpauna, 3anopoocwe, yi. Kykoeckozo, 66
hellen.brazhko@gmail.com

IMpoBeneHo omnpejelieHHe OUOJIOrMYECKOW AKTHBHOCTH HOBBIX CHHTE3MPOBAHHBIX (DHU3MOIOTHYCCKH
AKTHUBHBIX BEUIECTB, & UMEHHO 4-THOMPOU3BOAHBIX XUHOJIHHA. OHU MPOSIBUIIN ce0s KaK MepCIeKTHBHbIC
OMOJIOTUYECKH AaKTHBHbBIC BEIIECTBA C PA3JUYHBIMH BHJAMH OUOJIOTHYECKOTO JCHCTBUS 3a CYET
AHTHOKCHUIAHTHOTO U aHTUPAUKAIBHOTO MEXaHU3MOB JAeUCTBUs. TakKe HCCIeI0BaHUS aHTUMUKPOOHOTO
JNeHCTBUS ~ TOKa3ald  [OJABJICHHE  Pa3BUTUS  IPAMIOJIOKHTEIbHBIX M PAMOTPHIATENIBHBIX
MHUKPOOPTaHU3MOB. Cpend  THOXMHOJMHOB  HAWJEHBI  BEIIECTBA, obnazamoue, KpoMe
0GaKTEPHUOCTATHYECKOTO M (PYHTHCTATHYECKOTO JEHCTBHS, TaKXKe aHaJbIeTUYECKON aKTHBHOCTBIO.
CucTemMaTH4YeCKHE HMCCIENOBaHUS 4-THOXWHONMHOB HAa MOJENAX in Vitro m in Vvivo moxkasamu wHx
MEPCIIEKTUBHOCTh KAK AaHTHOKCHIAHTOB M AHTUTUIIOKCAHTOB.
Knouesvie cnosa.: buonro2uveckas akmueHocms, c60000HOPAOUKANbHOE OKUCLeHUE, 4-MUonpou3600Hble XUHOIUA.

INTRODUCTION

Important meaning for finding new highly effective and low-toxic bioactive molecules has nitrogen-
containing design as well as effective biologically active compounds. Preparations based on
quinoline has an important place in the modern arsenal of antimicrobial chemotherapy drugs.
Derivatives of nitrogen-containing heterocycle also exhibit antitumor, analgesic, antipyretic,
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neurotropic action, they are effective immunomodulators ect. In addition, quinoline derivatives are
used as veterinary drugs, pesticides, dyes, analytical reagents [1-3]. Among the best known
quinoline substitutes are nitrogen (2- and 4-aminoquinolines) and oxygenocontaining (8-
hydroxyquinolines and quinolones-4)derivatives. Much less explored are sulfurcontaining
derivatives. Biological activity of 4-thioginolines poorly understood. The absence of a systematic
study of the scientific literature on this issue was the main reason for the study of 4-thioquinoline
and its analogues as potential compounds with different types of biological effects.

The purpose of the review is to consider the biological activity of newly synthesized physiologically
active substances, namely 4-thio derivatives of quinoline, identifying promising as biologically
active substances with different types of biological action.

THE MAIN PART

4-Quinoline thioderivatives primarily developed as potential antibacterial and antimalarial drugs [4,
5], but the spectrum of quinoline derivatives is much wider. Antitumor activity is known for 4-
quinoline thioderivatives. Cytotoxic effect of 4- mercapto-2-methyl-6-methoxyquinoline appears on
the culture of strain KO tumors in vitro at a concentration of 100 mg/ml, due to the blocking of
mitosis at metaphase [6, 7].

Investigation of antimicrobial action 4-S-quinoline derivatives showed different degrees of activity
against gram-positive and gram-negative microorganisms. Thus, 4-mercapto-2-methylquinoline
inhibits the development of St. aureus and Ps. aeruginosa at a concentration of 200 mg/ml of E.
coli — 50 mg/ml. This is attributed to the complexing ability of this compound and the ability to
accumulate heavy metals in toxic concentrations. Introduction aliphatic carboxylic acid residue
mercapto narrow spectrum of antimicrobial activity (quinoline-4-ylthio)carboxylic acids. Salt (2-
methylquinoline-4-ylthio)acetic acid have a greater range of biological activity than the
corresponding acid-appears antimicrobial action with respect to B. subtilis at a concentration of
50mg/ml [8]. Investigation of antimicrobial S-(hinaldine-4-yl)-L-cysteine and its analogues have
shown that these compounds has weak antimicrobial activity. Acids are more active then salts, and
2-aminopropane acids are more effective than propane acid. Among thioquinolines are found
substances that has except bacteriostatic and fungistatic effects also analgesic activity [9]. 4
Phenylthioquinolines have antiviral effect [10].

Study antimalarial activity alkylthioquinolines showed that the inhibitory activity of the compounds
caused the action with respect to NADH and suktsynooksydase KoQ-enzyme systems of
mitochondria. In addition, the literature data on quinoline derivatives such as N-oxides of 2-R-3-R'-
4-R"-quinoline, where R = C1; R '= H, Hlg; R"= SCH2Ph, SAIk, which suppress the system of
electron transporting in the respiratory chain of mitochondria.

Past research S-substituted 4-mercaptoquinolines has recently indicate promising finding among
this series of compounds, not only substances with antibacterial action, but also with
antihypertensive, neurotropic, woundhealing, analgesic, anti-inflammatory and other types of
bioactivity [2, 8, 11-13].

For example, derivatives of 4-(aminoalkylthio)-quinoline have anti-inflammatory properties and
ganglia blocking (Fig. 1) [4-7, 13-24].

Ak
S-X-N
ik
= X R=6-Cl: 7-CI: 7-Alk
R— |
X N/ X=Alk

Fig.1. Derivatives of 4-(tertaminoalkylthio)-quinolines
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The combination in one molecule two heterocycles connected by sulfide sulfur, leads to very
interesting biological effects. Thus, the introduction into the molecule mercaptoquinoline and 4-
quinazoline leads to a significant analgesic, anti-inflammatory and neurotropic action at a
sufficiently high toxicity, and 1,2,4-triazole-5-yl in a slight analgesic, neurotropic action in the
absence of anti-inflammatory activity and toxicity in 1.5 times higher than in the case of 4-
quinazoline derivatives [25].

Medications based on 4-alkylthioguinolines (R = H, C1-C5 alkyl, alkanoyl) exhibit selective
anxiolytic action without revealing sedative and anticonvulsant effects [16].

Thiazolo[4,5-c]quinoline (Fig. 2) show a depressive effect and unlike benzodiazepines do not show
seizures [26].

Y

N
z X R:H, Cl'C5 Alk, Ph, R]_:H, OAlk
=

Rl_ |
N

Fig.2. Derivatives of thiazolo[4,5-c]quinoline

Among the S-alkylthioderivatives quinoline found substances that are antagonists of 5-
hydroxytryptamine. The toxicity of these compounds is largely determined by the length and
branching of alkyl radical.

Quinoline hydrobromide benzoylmethylthioderivatives show diuretic, neurotropic activity and
moderate antimicrobial action to Staphylococcus aureus, funges and spores antrakoyid. With the
introduction of substituents (bromine atom, nitrogroup) in the fourth position of the benzene ring
moiety fenacyl observed weakening diuretic effect and appears weak neuroleptic effect [8, 47].

Systematic studies of 4-thioquinolines on models in vitro and in vivo have shown their prospects as
antioxidants and antihypoxants [27-30]. Among the investigated compounds of the AOA in in vitro
models out 4-mercaptoquinolines, due to the presence of sulfhydryl groups with potentially high
antiradical and antioxidant properties. The condition " thione - thiol " balance has effect on the
implementation of the biological effect of 4-mercaptoquinolines. By reducing acid properties
mercaptoquinolines (respectively increased contribution of thions structure) tended to decrease in
AR action. These investigation were observed in three models, the initiation of free radical
oxidation (FRO) - induction superoxyderadical (SOR), enzymatic initiation (EI) POL no enzymatic
initiation (NEI) POL. The most pronounced dependence " AOA - pKa " has place on a model of
induction. O,. It should be noted that the increase in the contribution mercaptoforms (thiol)
contributed to an increase in acute toxicity.

When replacing a hydrogen atom in the sulfhydryl group at the 4-methylmercaptoquinolines,
aralkyl or carboxyl radical observed occurrence of significant (at aspirin and more) analgesic
activity. Esterification (quinoline-4-ylthio)carboxylic acids has different effect on it action. Thus,
ethyl esters are somewhat inferior to the action corresponding acid and methyl exhibit significant
analgesic activity that exceeds the action corresponding acid.

Based on the results of biological screening revealed that (2-methylquinoline-4-ylthio)acetic acid
and its derivatives endowed with high antiradical, antioxidant, anti-hypoxic, membrane types and
antiischemic activity [27, 28]. Study of water-soluble compounds - salts (quinoline-4-ylthio)acetic
acid - indicate that as much antioxidant and would healing effects have substance with sodium ions
and alkylamonium component (monoethanolamine) [8].

Among the S-substituted 4-mercaptoquinolines on in vitro models for AOA the main
is hydrochloride (2-methylquinoline-4-ylthio)acetic acid, which showed significant activity
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onall models of initiation and FRO exceeded the action of all other S-substituted
4-ercaptoquinoline and as standard drugs by 20-50%. In the model generation SOR derivatives
(2-methylquinoline-4-ylthio)acetic acid proved to be effective " trap" superoxide anion. Enhancing
effect was observed in the series: esther < hydrazide < sodium < acid < hydrochloride. Introduction
to the 6th position of the quinoline series alkoxy (methoxy or ethoxy) model induction SOR helped
reduce AOA. Among the most active derivatives (quinoline-4-ylthio)carboxylic acids detected
compounds whose pKa is about 3.0.

The presence of sulfur atom determines how antiradical protection ("OH ), and inhibition
peroxidation of lipids processes (ROON) due to the regenerative properties of 4-thioquinolines to
form a six-membered sulfoxide and complexes of metals of variable valence - pro-oxidant, which
greatly enhance the processes of FRO. Introduction alkoxygroups in the sixth or eighth position
of quinoline for S-substituted 4-mercaptoquinoline contributed to a significant reduction of acute
toxicity, occurrence of severe antiischemic, cerebroprotective, analgesic and anti-inflammatory
actions [31, 32, 44]. For antiflogistic effect alkoxyderivatives 2-(4-methylquinolinethio)carboxylic
acids compete with drugs phenylbutazone and compare voltarene. Their derivatives (salts, esters,
hydrazides) yield the corresponding acid by the action. It is believed that the implementation of the
mechanism of biological action in vivo of the most active compounds — sodium salts of 6-methoxy-
and 6-ethoxysubstituted (2-methylquinoline-4-ylthio)acetic acid participate sulfur residue
thioglicolyc acid carboxyl group and endogenous nitrogen atom, which significantly increases the
basicity of the methyl group at the 2nd position of the quinoline by hyper conjugation. The latter
may be involved in chelation binding metals of variable valence - prooxidant in sufficiently stable
five-membered complex and inhibit free radical oxidation reactions in Fenton and Khaber-Weiss.
Most likely, the introduction of the 6th position alkoxygroups leads to increased activity
by desalkylation and formation phenolate structure that is able to extinguish peroxide
radicals [8, 33].

Revealed the ability of S-substituted 8-methoxy-2-methyl-4-mercaptoquinoline act as “traps"
superoxidation in vitro in the water phase hydroxyl radical intercept in heterogeneous systems.
Studied compounds inhibit the formation of reactive nitrogen oxide, and a range of display
antioxidant properties depend on the nature of residues of carboxylic acids in the 4th position of the
quinoline cycles [10].

The perspective of the creation of bioactive molecules by combining not only mercaptocarbons
acids, and natural amino acids (cysteine) or analogues of quinoline system is confirmed by
comprehensive studies of the compounds synthesized in the laboratory of biotechnology of the
physiologically active substances (Fig. 3). These virtual screening and biological studies indicate
significant potential for these substances as bioactive molecules [1-3, 34-37].

SA(COORz ﬁ/COORz
- | Y
- #

X
Z >N R
N7 R
R:CHg, C6H5; Rl :H, 6-OCH3, 6-OC2H5, 6-F, 6-C|, 6-Br, 8-OCH3; R2= H, Na, K, CH3;

R®=CHj3, CH.CI, C¢Hs, CH,CH,COOH(Na)

Fig. 3. Potential bioregulators based on quinoline derivatives and cysteine

Computer prediction of biological activity of derivatives of S-heteryl-L-cysteine derivatives showed

that a number of investigational compounds are perspective for finding compounds with antiradical,

neuroprotective, radioprotective, antiviral activity, for the treatment of psychosexual dysfunction.

Probability projected increase in toxicity for salts and esters. Conducted forecast range of biological

effects in a number of derivatives of S-(2-methylquinoline-4-yl)-L-cysteine and their structural
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analogues showed that these substances do not have high toxicity and carcinogenicity terato-,
embryotoxicity, and are also perspective for creation of a low-toxicity bioregulators with specific
spectrum of activity.

We found that these derivatives belong to low-toxic and virtually non-toxic compounds, their LD50
is in the range of 100-1500 mg/kg. The simultaneous presence of amino- and carboxy residue of
cysteine, and introducing radical in the 6th position of the quinoline cycle leads to a decrease in
toxicity. The transition from the S-heterylderivatives cysteamine to N, S-bisheterylderivatives leads
to a decrease in toxicity. Replacement hydrogen atom in sodium ion or a methyl group of S-
heterylacids increases the acute toxicity of compounds [36].

The results of experimental studies of sodium salts of S-(hinaldine-4-yl)-L-cysteine under
experimental ischemic brain tissue suggests that these compounds normalize levels of antioxidant
enzymes, reduce the content of FRO products and exceed the known antioxidant effect of dibunol.
There is a tendency to increase antioxidant and cerebroprotective action depending on the nature of
the substituent in the series: OH < OCH3 < OC2H5 < H. It is associated with an increase in their
lipophilicity and ability to desalkylation by alkoxygroups to form phenolate structures [38].

As a perspective antioxidants and cerebroprotectors acyl analogues above compounds — sodium salt
of S-(hinaldine-4-yl)-N-acetylcysteine deserve attention. These substances has the great interest due
to the fact that there are structural analogues of known antioxidants - acetylcysteine [27, 37, 39, 46].
Sodium salt of S-(hinaldine-4-yl)-L-acetylcysteine for the inhibition of formation of FRO and
influence on the activity of antioxidant enzymes is somewhat dominated by its no acylic
counterparts [8, 48].

Perspective  bioactive  substances are derivatives of B-(2-methylquinoline-4-ylitio)-a-
hydroxypropion acid. The analysis showed that compounds endowed with antioxidant and
protective properties. The degree of development depends on the nature of the substituents in the
6th position of the quinoline, near the carboxyl and amino groups of L-cysteine residue and
implemented by inhibition of the main ways the formation of reactive oxygen species and
antioxidant system reactivation. Introduction alkoxygroup compounds in the sixth position of the
quinoline model of oxidative stress in cerebral ischemia approached to normal performance stability
of membranes of neurons and hepatocytes, the level of food inthe role, indicators of energy
metabolism. The presence of methoxy contributed to the development antiischemic and antioxidant
effect, and the introduction of ethoxy increased hepatoprotective activity [40, 43].

COOR?
Sﬁ/
3
=
N R
R = CH3, C6H5; R1 =H, 6 -OCH3, 6 -OC2HS5, 6 -F, 6 -Cl, 6 -Br, 8 -OCH3; R2 = H, Na, K, CH3;
R3 =H, OH, CI
Fig. 4 Potential bioregulators based on derivatives of quinoline and mercaptocarbons acids

The most pronounced antioxidant, neuroprotective and membranoprotective action inherent in 2-
hydroxy-3-(8-methoxy-2-methylquinoline-4-ylltio)propionic acid. These affections are realized by
reducing the activity of free radical processes of normalization energy processes, recovery of
enzymatic antioxidant defense system [3].

The effect of salts S-(hinaldine-4-yl)-L-cysteine and its analogues are investigated on the growth
and development of plant cells (cytotoxicity). For compounds having no substituent at the 6th
position of the quinoline structure, an increase in performance compared to controls (mean
concentration). With the introduction of a chlorine in the 6th position occurs enhance cytotoxicity
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propionate compared with 2-aminopropionats. The presence of methoxy significantly stimulated the
growth of performance at low and high concentrations of compounds [41].

The above substances are also promising as radioprotectors. In terms of in vivo was most effective
dihydrochloride  S-(6-ethoxy-2-methylquinoline-4-yl)-cysteamine, which is decarboxylated
analogue S-(quinoline-4-yl)-L-cysteine. The presence of carboxyl groups or amino acyl group
blocking not only leads to loss of radioprotective properties, and even has some complications of
radiation sickness [41].

We prove that the derivative S-(2-methylguinoline-4-yl)-cysteamine are perspective compounds
with analgesic activity. The introduction of fluorine atom at the 6-position of the quinoline nucleus
that greatly enhances bioactivity [42, 45].

An important feature of the pharmacological action of 4-thioquinoline is their ability to influence
the concentration of catecholamines in stress levels are greatly increased. In the model imobilization
stress of rats, the concentration of epinephrine and norepinephrine, the effect of the compounds of
this series on the state of the sympathetic-adrenal system. Thus, the preventive administration of the
sodium salt of S-(2-methyl-6-methoxyquinoline-4-yl)-L-cysteine with subsequent immobilization
resulted in a reduction of adrenaline by 65% compared with the intact group. The concentration of
noradrenaline more pronounced influence sodium (2-methyl-6-methoxyquinoline-4-ylthio)acetic
acid. It is believed that these compounds act on the endocrine function of unmediated adrenal
medulla. This feature combined with a strong antioxidant activity, probably determines the
protective effect of these drugs during stress [3].

The mechanism of antioxidant action and cerebroprotective most advanced S-desalkylation
carboxyalkilderivatives realized by remaining carboxylic acid to form 4-mercaptoquinolines.
Water-soluble carboxylic acid residue in this case is the transport function mercaptoderivative.
Sulfur atom thiocarbons acid and endogenous nitrogen atom acting as substitutions potentially high
antioxidant properties. Severity of these properties greatly depends on the "thione - thiol" balance
and the ability to form complexes. 4-quinoline thioderivatives perspective bioactive substances with
various types of biological action through antioxidant and antiradical mechanisms of action.

The practical importance of the review is that these substances can further be considered as
promising biologically active substance with various types of biological actions: antioxidant,
antiradical. antimicrobial. Also among tiohinolinov found substances with bacteriostatic and
fungistatic except actions as analgesic activity. Systematic studies of the 4- thioquinolines models in
vitro and in vivo have shown their promising as antioxidants and antihypoxants.

CONCLUSIONS

1.  The biological activity of newly synthesized physiologically active substances, such as 4-
thioquinolines was determined. It was found out they are promising biologically active
substances with various types of biological effects by antioxidant and antiradical mechanisms
of action.

2.  The research also reflected antimicrobial activity inhibition of gram-positive and gram-
negative microorganisms.

3. Among thioquinolines there were found substances demonstrating not only bacteriostatic and
fungistatic activities but also an analgesic one.

4.  Systematic studies of 4-thioquinolines on models in vitro and in vivo have revealed they are
promising as antioxidants and antihypoxants.

LITERATURE

1. 3asropoaniii M.II. biomoriuna axkTUBHICTP HOBUX 4 — TIOMOXITHUX XIHOJIHY /
ML.IL. 3aBropoaniit, O.A.bpaxko, JI.O. OmenbsHuuK // AKTyanbHI TUTaHHS 010JIOTii, €KOJIOTIi
ta ximii: Enexrop. mayk. Bua. — 2009. — T. 1, Ne 1. — C. 86-97.

bionoziuni nayku



10.

11.

12.

13.

14.

15.

16.

17.

231

I'pomoBa B. II. [ochimkeHHs aHTUOKCHUIAHTHOI AaKTHBHOCTI TIOMOXIAHWX XIHONIHY /
B. I1. I'pomoga, JI. O. Omenbsanuuk, O. A. bpaxko // Ykp. 6ioxiMm. xypH. — 2005.—T. 77, Ne
3.— C.87-95.

biosoriuna akTHBHICTE S-3aMilieHUX 2-MeTHII-4-MepkanTo-8-meTokcuxiHominy / [['eHdeBa
B.1., Omenbsaunk JI.O., Bpaxko O.A. Ta iH.] //Bicauk JJoHY. — 2010. — No2. — C. 224-228.

Szendey G. Anthicholinesterase-Aktivetet-Chemische — modelluntersuchungen.  Mitt.
Symmetriische bisguartare zyklische amine mit starree interquarterer kette / G. Szendey //
Arzneimitter-Forsch. — 1972. — Bd. 22, Ne 10. — S. 1746-1748.

Vendemiaie G. An update on the role of free radicals and antioxidant defense in human
disease / G.Vendemiaie, I. Grattagliano, E. Altomare // Int. J. Clin. Lab. Res.— 1999.— Vol. 29,
No 2.— P. 49-55.

Monti L. Fapre alenni derivebi tiochinolinici / L. Monti, G. Franchi // Gezz. chim ital. — 1961.
- Vol.91, Ne 1. - P. 115 - 120.

Sing T. “Proximal” hydrazine derivatives of 7-chloroquinoline / T. Sing, R. Stein., J. Bill //
J. Med. Chem. - 1968. — Vol. 12, Ne 4 — P. 801-803.

Bbpaxko O.A. bionoriuHo akTUBHI MOX1JHI XIHOMIHY Ta aKPUJIUHY 3 a30TO— Ta CIPKOBMICHUMU
(GyHKIIOHATBPHUMH TPpyIIaMy: aBToped. AuC. Ha 3700yTTs HAyK. CTYIEHs JOKTOpa 0i0J. HAayK:
02. 00.10 / O.A. bpaxko. — 3anopixxs, 2005. — 42c.

Buchmann G. Uber 5-brom-8-alkylmercaptochinoline / G. Buchmann, R. Schuck // Wiss. Z.
Techn. Hochschule Chem. Leune - Mereburg. — 1965. — Bd. 28, Ne 3-4. — S.141-156.

Oiry J. Conjugate: A New Potent Antioxidant which Increases the GSH Level in Various Cell
Lines \ [J. Oiry, P. Mialocq, J. Puy et al.] \\ Bioorganic Medicinal Chemistry Letters, English.
—-2001. - V.11, Ne 9. — P. 1189 - 1192.

'ocTpa TOKCHYHICTh, aHTHOKCHJIAHTHA Ta PaHO3arolloya aKTUBHICTh MOXIJHUX XiHA30JIIHY
ta xiHominy / [beneniueB 1.d., Kosanenko C.1I., Bpaxko O.A. Ta i1.] // Bicauk 3/1Y. — 2001.—
Ne 1.- C.143-147.

[Tonck OHMONIOTMYECKH AKTHBHBIX BEIIECTB CpPEIM MPOM3BOIHBIX 4-THOXWHOIMHA M 9—
tnoakpuauHa /[ ITanacenko T.B., bpaxko A.A., Camypa b.A. Ta in.] / BectHuk npoGiem
ouonornu u MmeauiuHbL— 1997.— Ne 4.— C. 11-18.

Andersag H. Verfahzen zun  herstellund von  4-(tret-aminoalkylmercapto)-
chinolinverbindemgen/ H.Andersag, R. Hiltmonn, F. Mietzsch // P)K Xumus. — 1960. — Ne 21.
— P. 859-865.

Synthesis of N-acridinyl and N-quinolinyl derivatives of radioprotective amino-thiols /
[Demonchaux P., Laayoun A., Demeunynck M.et al.] // Tetrahedron, English. — 1989. — V.
45, Ne 20. — P. 6455-6466.

Gage J.L. N-Acylhydrazones as inhibitors of PDE10A / J.L.Gage, R.R.A.Onrust,
K.G.S. Harbol // Bioorganic and Medicinal Chemistry Letters. — 2011. — Vol. 21, Is. 14. -
P. 4155 — 4159.

Syntesis and antibacterial activity of new 4-alkoxy, 4-aminoalkyl and 4-alkylthioguinoline
derivatives / [Kayirere M.-G., Abdallah M., Chevalier J.et al.] // European Journal of
Medicinal Chemistry, English. —1998. — V. 33, Ne 1. — P. 55 — 64.

Kazi S.A. Synthesis of quinoline thioethers as novel small molecule enhancers of monoclonal
antibody production in mammalian cell culture / S.A. Kazi, G.F. Kelso, S. Harris //
Tetrahedron. — 2010. — Vol. 66, Is. 48. — P. 9461 — 9467.

Bicnuk 3anopizbko2o nayionanvnozo ynieepcumemy Ne2, 2014



232
18.

19.

20.

21.

22,

23.

24,

25.

26.

27,

28.

29.

30.

31.

32.

Hematin Polymerization Assay as a High-Throughput Screen for Identification of New
Antimalarial Pharmacophores / [Kurosawa Y., Dorn A., Kitsuji-Shirane M. et al.] //
Antimicrobial Agents and Chemotherapy, English. — 2000. — V. 44, Ne 10. — P. 2638 — 2644.

Matias C. Synthesis and Antimalarial Activity of New 4,6-Dialkoxy- and 4,6-
Bis(alkylthio)pyrido[3,2-g]quinoline Derivatives / C. Matias, M. Abdallah, J. Barbe //
Heterocycles, English. — 1996. — V. 43, Ne 8. — P. 1621 — 1632.

Natarajan J.K. 4-N-, 4-S-, and 4-O-Chloroquine Analogues: Influence of Side Chain Length
and Quinolyl Nitrogen pKa on Activity vs Chloroquine Resistant Malaria / J. K. Natarajan,
J. N. Alumasa, K. Yearick // Journal of Medicinal Chemistry, English. —2008. — V. 51, Ne 12.
—P. 3466 — 3479.

Radl S. Priprava nekterych 4-fenoxy- a 4-fenyltooderivatu 1H-pyrazolo[3,4-b]chinolinu s
protivirovym ucinkem / S. Radl, V. Zikan, F. Smejkal // Cs. Farm. — 1985. — Bd. 34, Ne 3-4. —
S. 119-122.

Disulfide S-Monoxides Convert Xanthine Dehydrogenase into Oxidase in Rat Liver Cytosol
More Potently Than Their Respective Disulfides / [Sakuma S., Fujita J., Nakanishi M. et al.]
// Biological and Pharmaceutical Bulletin, English. —2008. - V. 31, Ne 5. — P. 1013 — 1016.

Selvi G. Convenient method for the synthesis of 2-phenyl-4-chloro-3-formylquinoline and its
utility for the synthesis of Thieno(3,2-c)-4-phenylquinoline-2- carboxylic acid/ G. Selvi,
S.P. Rajendran // Heterocyclic Communications. — 2009. — Vol. 15, Is. 5. — P. 349 — 350.

Avetisyan  A.A. Synthesis of 1-[2-Methyl-6(8)-R-quinolin-4-yl]thiosemicarbazides
/ A.A. Avetisyan, I.L. Aleksanyan, L.P. Ambartsumyan // Russian Journal of Organic
Chemistry. — 2010. — Vol. 46, Is. 4 — P. 560 — 564.

Cunsk P.C. Cunres u Ouosoruueckue CBOMCTBA IIPOU3BOHBIX
4-rerepunmepkantoxunazonuia / P.C. Cunsx, U.A. Ma3syp, B.P. Crenr // Xum.-papmarr.
KypH. — 1986. — Ne 2. — C. 168-171.

ITaT. Ha xopucHy Mozaenb Ne 44791 Vkpaina (2009) CO7D 215/00, JlaGencska L.b., Bpaxko
O.A., Omenbsanunk JI.O., 3aBropoaniit M.II. /IunatpieBa cinb N-cyKIuHOI-S-(6-eTOKCH-2-
METHJIX1HOJIH-4-111)-L-1icTeiHy, 1110 Mae renaTonpoTeKTOPHY aKTUBHICTH, 3asB. 28.05.2009;
Ony6m. 12.10.2009, Bron. Ne19. — 4 c.

Owmenbsiaunk JI.O. BuBUeHHS aHTHOKCHUAAHTHOI Ta NPOTHimIeMiyHOi aii 4-TiOMOXigHHUX
XIHAJIBAUHY HA MOJEJI TOCTOPOrO MOPYIIEHHS MO3KOBOTO KpoBooOiry /JI.O. OMenbsHUUK,
1.®. Beneniues, O.A. bpaxxo //Jliku.— 2000.— Ne 1-2.—- C. 40-43.

bpaxxko O.A. AHTHOKCHJIAHTHA aKTHBHICTh 4-TIOMOXITHMX XIHOJIHY y Aocimigax in vitro /
O.A. Bbpaxko, M.M. Kopuer, M.II. 3aBropoaniit // Bicauk JJoHY. Cep.A: Ilpuponuuui
Hayku. — 2009, Bum. 2. — C. 294-298.

bpaxxko O.A. L-umcreiH — CHHTOH A CTBOPEHHsS O10JIOTiYHO AKTUBHUX pPEYOBUH /
O.A.Bpaxko // AkryanbHi mutaHHs 0ioJorii, ekoorii Ta ximii: Enexrop. Hayk. Bua. — 2009. —
T.1,Ne1-C.4-15.

Bbpaxko O.A. Jocnimkenus OionorigHoi mii 4—rionoxiguux xiHominy / O.A. bpaxxko, JI.O.
Owmenbsnuuk, I. @. beneniues // Meauuna ximis.— 2001.—T. 3, Ne 1.— C. 20-23.

Jlabencbka I.b. JlocmimkeHHS MpOTH3amaabHOI akTUBHOCTI N-anmiabHUX moxigaux S-(2-
MeTwixiHoniH-4-in)-L-mucreiny / Lb. JlaGenceka, JI.O. Owmenbsaunk, O.A. bpaxko //
3anopoxckuii Men. xxypH. — 2011, T.13, Ne5. — C.143-145.

[1aT. Ha KopucHy Monens 49819 MIIK 2009, C07/1215/00. I'enuesa B.1., Omenbsauuk J1.O.,
bpaxko O.A., 3aBropoaniit M.I1. HarpieBa cinb 2-Tigpokcu-3-(8-MeToKcH-2-METHIXHOJIIH-

bionoziuni nayku



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

233

4-17T10)IPONIaHOBOI KHUCJIOTH, IO Ma€ AaHTHOKCUIAHTHY, HEHPONPOTEKTOPHY AKTHUBHICTD,
3assin. 30.11.2009, Omy6a. 11.05.2010, bro. Ne 9, 2010. — 10 c.

JlaGencska I.B. 3anexuicte 6ioyorigyHoi axkTuBHOCTI N-anMIBHUX IMOXITHUX 6-aJIKOKCH-2-
METUJI-4-MEPKaNTOXIHOMIHY BiJl IPUPOJIN 3aMICHUKIB y MIOCTOMY TOJIOKEHHI TETEPOIUKITY /
I.b. JlaGencoka, I'.C.IHanosan, JI.O.Omenbsanuuk //Ykpaincekuii 6ioxim. xypH. — 2010. —
T.82, Ne 3. — C. 49-54.

3apropoaniii M. Il. JlocmipkeHHS aHTHOKCHIAHTHOI Ta TMPOTHUINIEMIYHOI aKTUBHOCTI
HATPIEBUX COJICH MOXiTHUX B— (2—MEeTHIXIHOMIH — 4— i1Ti0) — MOJIOYHOI KHCIOTH B yMOBax
eKCIepUMEHTaNbHOT imeMii rosoBHoro Mo3ky / MLII. 3aBropoaniii / Bicauk 3Y. — 2002.
— Ne 3.— C. 100-104.

3aropogniii  M.II.  JlinodinpHicTh  S-MOXiZHUX  HITPOr€HOBMICHHUX  T'€TEPOIMKIIIB
/MLIL. 3aBropoaniii, O.A.bpaxko, JI.O. Omenbsnuuk //Bicauk 3HY. Cep. bionoriuni Haykwu.
—2011. — Ne 2. — C. 150-155.

[Terpyma FO.FO. bionoriuna akTHBHICTh AESIKUX S-TeTepuizaMillleHuX L-mucteiny Ta ix
anasoris /H0.10.Ilerpyma, JI.O. Omenssaunk, O.A. bpaxko //Ukrainica Bioorganica Acta. —
2011. — Ne 2. — C. 46-52.

KommroTepHuii mporuo3 0ioJIOTiYHOT aKTHBHOCTI JesikuX N-anuibHUX moxigHux S-(2-
MeTHIXiHOMIH-4-171)-L-tincreiny / [Yaimenko E.O., bpaxko O.A., Omenbsanuuk JI.O. Ta iH.]
//Tluranns O6loiHauKaii Ta exosorii.- 2011, — Ne2, — C. 165-179.

Bbpaxko O.A. bioperymstopu Ha ocHOBi N,S-moxigaux L-mucteiny (ornsn nitepatrypu)
/O.A .Bbpaxko, €.0.Ymimenko, M.M. Kopuer // Bicauk 3HY. —2011. — Ne 1. — C. 123-132.

AHTHOKCHUIAHTHBIE M AHTUTOKCHYECKHE CBOMCTBa aueTwinucTenHa [Enekrponnuit pecypc] /
VYxpaincekuid Meanuanid gacomuc. — 1999. — Ne 6 (14) XI-XIl.— Pexum moctymy 110 KypH.
http://www.umj.com.ua/archive/14/1203.html).

bpaxko A.A. JlelicTBue MpPOU3BOJIHBIX (XHWHAIbINH—4—MITHO)KApOOHOBBIX KHCIOT Ha
coJiepKaHue KaTexojJaMMHOB mpu ctpecce / A.A. bpaxko // Bicauk 3/1Y.— 2002.— Ne 2.—
C. 115-117.

Kopuer M.M. TokcHYHICTh Ta aHTHOKCHAAHTHA AKTUBHICTH 4-TIOMOXiTHUX XIHONIHY 3
MOTEHUIMHUMHU  pajaionpoTekTopHuMu  BiactuBocTsiMu  /M.M.Kopuer, O.A.bpaxxo,
O.C.Kpyrsik / ®apmakostoris Ta jikapcbka Tokcukosoris. — 2011, — Ne 3 (22). — C. 50-56.

Brazhko A.A. About interaction of the 2-methyl(phenyl)-4-chloro-quinolines with N(S)-
binucleophils /A.A.Brazhko, M.M. Kornet, M.P. Zavgorodniy // Book of Abstracts
International conference ,,Chemistry of nitrogen containing heterocycles”, Kharkiv, 2009. —
P. 21.

Bpaxko O.A. Ilonryk 61070Ti9HO aKTUBHUX PEYOBHH CEpeJT aMiIiB Ta Tiapa3uliB (XiHOMIH—2—
intio— 1 4-inrtio)kap6oHoBux kucaoT /O.A. bpaxko, JI.O. Omenbsanunk, M.I1 3aBropoanii
//3anopoxkckmii Me. xxypH. — 2004.— T. 2, Ne 1 (22). — C. 39-42.

Jlabencbka 1.b. BrmmmB N-amwibHux mnoxigHux S-(2-meTwnxinoiiH-4-in)-L-nmcreiny Ha
MeMOpaHH epUTPOIMTIB IypiB mpu TokcuuHomy rematuti [/ 1B, JlaOeHcebka,
J1.O. Omenbsinunk, O.A. Bpaxko // Bicauk 3HY. Cep. biomoriuni nayku. — 2010, Ne 2. -
C. 111-117.

Brazhko A.A. Synthesis and biological activity of derivatives (quinoline-4-thio)carboxylic
acids / A.A.Brazhko, M.M.Kornet, M.P. Zavgorodniy // Chemistry of Nitrogen Containing
Heterocycles, CNCH-2012. Book of Abstracts. — Kharkiv : Ekskluziv Publ., 2012. — P. 67.

Vuimenko E.O. BipTyanbHuii CKpHHIHT Ta CHHTE3 HOBHUX N-allMIbHUX MOXigHux S-(2-
METHIXIHOMIH-4-11)-L-1iucTeiHy AK  MOTeHuHiHuUX  OloperynsTopiB — HampaBieHoi  Jii

Bicnuk 3anopizbko2o nayionanvnozo ynieepcumemy Ne2, 2014



234

47.

48.

10.

11.

12.

13.

14.

15.

16.

17.

18.

/€.0.Ynimenko, O.A.bpaxko, JI.O. Omenbsanunk //Menuuna ximis. — 2012. — T. 14, Ne 3
(52). —94-99 c.

MaprteiHoBckuit A.A. CuHTe3 B OUOIOTHYECKas AKTHBHOCTh O€H30MIMETHITHOIIPOU3BOTHBIX
MUPUIMHA, XMHOIWHA W akpuawHa /| A.A. MapteiHoBckuii, A.A. bpaxkko, B.I'. Bynax //
Xum.—¢papm. xxypH. — 1991.— Ne 2. — C. 20-22.

ITar. 28789 Vkpaina, MK 7 CO7D 215/36. 2—meTni—6—MeTOKCHXiHOII—4—Tioamerar
HATPIIO, 110 MPOSBIISE MPOTHIMIEMIUHY Ta AHTHOKCHUIAHTHY aKTUBHICTH / OmenbsiHuuk JI. O.,
bpaxko O. A., beneniueB [.d., 3asropoaniii M. II. (Ykpaina). — Ne970947-17; 3assn. 23.
09. 97; Omy61. 15.05. 02. — brom. Ne5. — C. 3.

REFERENCES

Zavgorodnij M.P. Biologichna aktyvnist novyh 4 — tiopohidnyh hinolinu / M.P. Zavgorodnij, O.A. Brazhko,
L.O. Omeljanchyk // Aktualni pytannja biologii, ekologii ta himii: Elektor. nauk. vyd. — 2009. — T. 1, N 1 — S.
86 —97.

Gromova V.P. Doslidzhennja antyoksydantnoi aktyvnosti tiopohidnyh hinolinu / V.P. Gromova,
L.O. Omeljanchyk, O.A. Brazhko // Ukr. biohim. zhurn. — 2005.-T. 77, Ne 3.— S. 87-95.

Biologichna aktyvnist S-zamishhenyh 2-metyl-4-merkapto-8-metoksyhinolinu / [Gencheva V.l., Omeljanchyk
L.O., Brazhko O.A. tain.] //Visnyk DoNU. — 2010. — Ne 2. — S, 224-228.

Szendey G. Anthicholinesterase-Aktivetet-Chemische modelluntersuchungen. Mitt. Symmetriische bisguartare
zyklische amine mit starree interquarterer kette / G. Szendey // Arzneimitter-Forsch. — 1972. — Bd. 22, Ne 10. —
S. 1746-1748.

Vendemiaie G. An update on the role of free radicals and antioxidant defense in human disease /
G.Vendemiaie, I. Grattagliano, E. Altomare // Int. J. Clin. Lab. Res.— 1999.— Vol. 29, Ne 2.—P. 49-55.

Monti L. Fapre alenni derivebi tiochinolinici / L. Monti, G. Franchi // Gezz. chim ital. — 1961. — Vol. 91, Ne 1.
—P.115-120.

Sing T. “Proximal” hydrazine derivatives of 7-chloroquinoline / T. Sing, R. Stein., J. Bill // J. Med. Chem. —
1968. — Vol. 12, Ne4 — P. 801-803.

Brazhko O.A. Biologichno aktyvni pohidni hinolinu ta akrydynu z azoto— ta sirkovmisnymy funkcionalnymy
grupamy: avtoref. dys. na zdobuttja nauk. stupenja doktora biol. nauk: 02.00.10 / O.A. Brazhko. — Zaporizhzhja,
2005. - 42s.

Buchmann G. Uber 5-brom-8-alkylmercaptochinoline / G. Buchmann, R. Schuck // Wiss. Z. Techn. Hochschule
Chem. Leune - Mereburg. — 1965. — Bd. 28, Ne 3-4. — S.141-156.

Oiry J. Conjugate: A New Potent Antioxidant which Increases the GSH Level in Various Cell Lines \ [J. Oiry,
P. Mialocq, J. Puy et al.] \\ Bioorganic Medicinal Chemistry Letters, English. — 2001. — V. 11, Ne 9. — P. 1189 —
1192,

Gostra toksychnist, antyoksydantna ta ranozagojujucha aktyvnist pohidnyh hinazolinu ta hinolinu / [Bjelenichev
I.F., Kovalenko S.1., Brazhko O.A. tain.] // Visnyk ZDU. — 2001.— Ne 1.— S.143-147.

Poisk biologicheski aktivnykh veshchestv sredi proizvodnykh 4-tiokhinolina i 9-tioakridina /[ Panasenko T.V.,
Brazhko A.A., Samura B.A. ta in.] // Vestnik problem biologii i meditsiny.— 1997.— Ne 4.—S. 11-18.

Andersag H. Verfahzen zun herstellund von 4-(tret-aminoalkylmercapto)-chinolinverbindemgen/ H.Andersag, R.
Hiltmonn, F. Mietzsch // PXK Xumus. — 1960. — Ne 21. — P. 859-865.

Synthesis of N-acridinyl and N-quinolinyl derivatives of radioprotective amino-thiols / [Demonchaux P.,
Laayoun A., Demeunynck M.et al.] // Tetrahedron, English. — 1989. — V. 45, Ne 20. — P. 6455 — 6466.

Gage J.L. N-Acylhydrazones as inhibitors of PDE10A / J.L. Gage, R.R.A. Onrust, K.G.S. Harbol // Bioorganic
and Medicinal Chemistry Letters. — 2011. — Vol. 21, Is. 14. — P. 4155 — 4159.

Syntesis and antibacterial activity of new 4-alkoxy, 4-aminoalkyl and 4-alkylthioquinoline derivatives /
[Kayirere M.-G., Abdallah M., Chevalier J.et al.] // European Journal of Medicinal Chemistry, English. — 1998. —
V.33, Ne 1.—P.55-64.

Kazi S.A. Synthesis of quinoline thioethers as novel small molecule enhancers of monoclonal antibody
production in mammalian cell culture / S.A. Kazi, G.F. Kelso, S. Harris // Tetrahedron. — 2010. — Vol. 66, Is. 48.
—P. 9461 — 9467.

Hematin Polymerization Assay as a High-Throughput Screen for Identification of New Antimalarial
Pharmacophores / [Kurosawa Y., Dorn A., Kitsuji-Shirane M. et al.] // Antimicrobial Agents and Chemotherapy,
English. — 2000. — V. 44, Ne 10. — P. 2638 — 2644,

bionoziuni nayku



19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

235

Matias C. Synthesis and Antimalarial Activity of New 4,6-Dialkoxy- and 4,6-Bis(alkylthio)pyrido[3,2-
g]quinoline Derivatives / C. Matias, M. Abdallah, J. Barbe // Heterocycles, English. — 1996. — V. 43, Ne 8. —
P. 1621 - 1632.

Natarajan J.K. 4-N-, 4-S-, and 4-O-Chloroquine Analogues: Influence of Side Chain Length and Quinolyl
Nitrogen pKa on Activity vs Chloroquine Resistant Malaria / J. K. Natarajan, J. N. Alumasa, K. Yearick //
Journal of Medicinal Chemistry, English. — 2008. — V. 51, Ne 12. — P. 3466 — 3479.

Radl S. Priprava nekterych 4-fenoxy- a 4-fenyltooderivatu 1H-pyrazolo[3,4-b]chinolinu s protivirovym ucinkem
/' S. Radl, V. Zikan, F. Smejkal // Cs. Farm. — 1985. — Bd. 34, Ne 3-4. — S. 119-122.

Disulfide S-Monoxides Convert Xanthine Dehydrogenase into Oxidase in Rat Liver Cytosol More Potently Than
Their Respective Disulfides / [Sakuma S., Fujita J., Nakanishi M. et al.] // Biological and Pharmaceutical
Bulletin, English. —2008. — V. 31, Ne 5. — P. 1013 — 1016.

Selvi G. Convenient method for the synthesis of 2-phenyl-4-chloro-3-formylquinoline and its utility for the
synthesis of Thieno(3,2-c)-4-phenylquinoline-2- carboxylic acid / G. Selvi, S.P. Rajendran // Heterocyclic
Communications. — 2009. — Vol. 15, Is. 5. — P. 349 — 350.

Avetisyan A.A. Synthesis of 1-[2-Methyl-6(8)-R-quinolin-4-yl]thiosemicarbazides / A.A. Avetisyan, I.L.
Aleksanyan, L.P. Ambartsumyan // Russian Journal of Organic Chemistry. — 2010. — Vol. 46, Is.4 — P. 560 —
564.

Sinyak R.S. Sintez i biologicheskie svoistva proizvodnykh 4-geterilmerkaptokhinazolina / R.S. Sinyak, I.A.
Mazur, V.R. Stets // Khim.-farmats. zhurn. — 1986. — Ne 2. — S. 168-171.

Pat. na korysnu model Ne 44791 Ukraina (2009) SO7D 215/00, Labenska 1.B., Brazhko O.A., Omeljanchyk L.O.,
Zavgorodnij M.P. Dynatrijeva sil N-sukcynoil-S-(6-etoksy-2-metylhinolin-4-il)-L-cysteinu, shho maje
gepatoprotektornu aktyvnist, Zajav. 28.05.2009; Opubl. 12.10.2009, Bjul. Ne19. — 4 s.

Omeljanchyk L.O. Vyvchennja antyoksydantnoi ta protyishemichnoi dii 4-tiopohidnyh hinaldynu na modeli

gostorogo porushennja mozkovogo krovoobigu /L.O. Omeljanchyk, I.F. Bjelenichev, O.A. Brazhko //Liky.—
2000.— Ne 1-2.— S. 40-43.

Brazhko O.A. Antyoksydantna aktyvnist 4-tiopohidnyh hinolinu u doslidah in vitro / O.A. Brazhko, M.M.
Kornet, M.P. Zavgorodnij // Visnyk DoNU. Ser.A: Pryrodnychi nauky. — 2009, vyp. 2. — S. 294-298.

Brazhko O.A. L-cystein — synton dlja stvorennja biologichno aktyvnyh rechovyn / O.A.Brazhko // Aktualni
pytannja biologii, ekologii ta himii: Elektor. nauk. vyd. —2009. — T. 1, Ne I — S. 4 —15.

Brazhko O.A. Doslidzhennja biologichnoi dii 4— tiopohidnyh hinolinu / O.A. Brazhko, L.O. Omeljanchyk, I.F.
Bjelenichev // Medychna himija.— 2001.— T. 3, Ne 1.— S. 20-23.

Labenska 1.B. Doslidzhennja protyzapalnoi aktyvnosti N-acylnyh pohidnyh S-(2-metylhinolin-4-il)-L-cysteinu /
I.B. Labenska, L.O. Omeljanchyk, O.A. Brazhko // Zaporozhskyj med. zhurn. — 2011, T.13, Ne5. — S.143-145.

Pat. na korysnu model 49819 MPK 2009, S07D215/00. Gencheva V.l., Omeljanchyk L.O., Brazhko O.A.,
Zavgorodnij M.P. Natrijeva sil 2-gidroksy-3-(8-metoksy-2-metylhinolin-4-iltio)propanovoi kysloty, shho maje
antyoksydantnu, nejroprotektornu aktyvnist, Zajavl. 30.11.2009, Opubl. 11.05.2010, Bjul. Ne 9, 2010. — 10 s.

Labenska 1.B. Zalezhnist biologichnoi aktyvnosti N-acylnyh pohidnyh 6-alkoksy-2-metyl-4-merkaptohinolinu

vid pryrody zamisnykiv u shostomu polozhenni geterocyklu / I.B. Labenska, G.S. Shapoval, L.O. Omeljanchyk
/I Ukrainskyj biohim. zhurn. — 2010. — T.82, Ne 3. — S. 49-54.

Zavgorodnij M.P. Doslidzhennja antyoksydantnoi ta protyishemichnoi aktyvnosti natrijevyh solej pohidnyh B—
(2—-metylhinolin — 4— iltio) — molochnoi kysloty v umovah eksperymentalnoi ishemii golovnogo mozku / M.P.
Zavgorodnij // Visnyk ZDU.— 2002.— Ne 3.— S.100-104.

Zavgorodnij M.P. Lipofilnist S-pohidnyh nitrogenovmisnyh geterocykliv /M.P. Zavgorodnij, O.A.Brazhko, L.O.
Omeljanchyk //Visnyk ZNU. Ser. Biologichni nauky. — 2011. — Ne 2. — S.150-155.

Petrusha Ju.Ju. Biologichna aktyvnist dejakyh S-geterylzamishhenyh L-cysteinu ta ih analogiv /Ju.Ju. Petrusha,
L.O. Omeljanchyk, O.A. Brazhko // Ukrainica Bioorganica Acta. — 2011. — Ne 2. — S. 46-52.

Kompjuternyj prognoz biologichnoi aktyvnosti dejakyh N-acylnyh pohidnyh S-(2-metylhinolin-4-il)-L-cysteinu
/ [Ulishhenko E.O., Brazhko O.A., Omeljanchyk L.O. ta in.] //Pytannja bioindykacii ta ekologii. — 2011. — Ne 2.
—S. 165-179.

Brazhko O.A. Bioreguljatory na osnovi N,S-pohidnyh L-cysteinu (ogljad literatury) /O.A.Brazhko,
Je.O.Ulishhenko, M.M. Kornet // Visnyk ZNU. — 2011. — Ne 1. — S. 123-132.

Antioksidantnye i antitoksicheskie svoistva atsetiltsisteina [Elektronnii resurs] / Ukrainskii medichnii chasopis. —
1999. — Ne 6 (14) XI-XII.— Rezhim dostupu do zhurn. http://www.umj.com.ua/archive/14/1203.html).

Brazhko A.A. Deistvie proizvodnykh (khinaldin—4—iltio)karbonovykh kislot na soderzhanie katekholaminov pri
stresse / A.A. Brazhko // Visnik ZDU.— 2002.— Ne 2.— S. 115-117.

Bicnuk 3anopizbko2o nayionanvnozo ynieepcumemy Ne2, 2014



236

41. Kornet M.M. Toksychnist ta antyoksydantna aktyvnist 4-tiopohidnyh hinolinu z potencijnymy
radioprotektornymy vlastyvostjamy /M.M. Kornet, O.A. Brazhko, O.S. Krugljak // Farmakologija ta likarska
toksykologija. — 2011. — Ne3 (22). — S. 50-56.

42. Brazhko A.A. About interaction of the 2-methyl(phenyl)-4-chloro-quinolines with N(S)-binucleophils
/A.A.Brazhko, M.M. Kornet, M.P. Zavgorodniy // Book of Abstracts V International conference ,,Chemistry of
nitrogen containing heterocycles”, Kharkiv, 2009. — P.21.

43. Brazhko O.A. Poshuk biologichno aktyvnyh rechovyn sered amidiv ta gidrazydiv (hinolin—2-iltio— i 4-iltio)
karbonovyh kyslot / O.A. Brazhko, L.O. Omeljanchyk, M.P Zavgorodnij // Zaporozhskyj med. zhurn. — 2004.—
T.2, Ne 1 (22).—S. 39-42.

44.  Labenska I.B. Vplyv N-acylnyh pohidnyh S-(2-metylhinolin-4-il)-L-cysteinu na membrany erytrocytiv shhuriv
pry toksychnomu gepatyti / 1.B. Labenska, L.O. Omeljanchyk, O.A. Brazhko // Visnyk ZNU. Ser. Biologichni
nauky. — 2010, Ne2. — S.111-117.

45.  Brazhko A.A. Synthesis and biological activity of derivatives (quinoline-4-thio)carboxylic acids / A.A. Brazhko,
M.M. Kornet, M.P. Zavgorodniy // Chemistry of Nitrogen Containing Heterocycles, CNCH-2012. Book of
Abstracts. — Kharkiv: Ekskluziv Publ., 2012. — P-67.

46.  Ulishhenko E.O. Virtualnyj skryning ta syntez novyh N-acylnyh pohidnyh S-(2-metylhinolin-4-il)-L-cysteinu
jak potencijnyh bioreguljatoriv napravlenoi dii /E.O. Ulishhenko, O.A. Brazhko, L.O. Omeljanchyk //Medychna
himija. — 2012. — T. 14, Ne 3 (52). — 94-99 s.

47.  Martynovskii A.A. Sintez i biologicheskaya aktivnost benzoilmetiltioproizvodnykh piridina, khinolina i akridina
[ A.A. Martynovskii, A.A. Brazhko, V.G. Bulakh // Khim.—farm. zhurn. — 1991.— Ne 2.— S. 20-22.

48.  Pat. 28789 Ukraina, MKY 7 SO7D 215/36. 2—-metyl-6—metoksyhinolil-4—tioacetat natriju, shho projavljaje
protyishemichnu ta antyoksydantnu aktyvnist / Omeljanchyk L. O., Brazhko O. A., Bjelenichev L.F.,
Zavgorodnij M. P. (Ukraina). — Ne970947-17; Zajavl. 23. 09. 97; Opubl. 15.05. 02. — Bjul. Ne5.—S. 3.

VK 544.723:547.554

3B’AI3YBAHHA APOMATOYTBOPIOIOYUX PEHOBHUH ITPOCTUMHA

TA HAITIOBHEHUMMU JIPATJISAMMU ) KEJATUHY
Jlamko H.II., T"'acanoBa T.A.

3anopizvkuii HayioHATbHUL YHIGEpCUmem
69600 Ykpaina, 3anopidcorcs, eyn. Kykoscvkoeo, 66

sliwki93@mail.ru

BuBueHi 3aKOHOMIPHOCTI 3B’A3yBaHHS apoOMaTOYTBOPIOIOUYMX PEYOBHH MPOCTHMH Ta HANOBHEHUMH
JparisiMH JKeJaTHHH B MPHUCYTHOCTI HeopraHidyHOi moOaBku — Hatpidd xmopunay. Ilig gac pobotm Oyio
eKCIIEPUMEHTAIBHO TIATBEPHKEHO BIUIUB TigpohoOHOI MOBEpXHI MOCHIIKYBaHUX [pariiB Ha iXHIO
3aTHICTE COPOYBaTH THUMOJI 3 BOJHHUX PO34MHIB. EXCIIepMMEHTaIbHO BCTAHOBIIEHE 3pOCTaHHS copOmii
THMOJIy Ha Jparisx, OI0 MaloTh (ikcoBaHy KoH(opMamioo. EKcrneprMeHTanbHO MiATBEP/KEHO, IO
TEXHOJIOTIYHO HaOIMBII NMEPCIeKTUBHUMH JUIsI CTBOPEHHS apoOMaTH3aTOpiB Ha OCHOBI TiIpodoOHIX
apOMaTHYHHUX PEUOBHUH € JIpardli KeJJaTUHY 3 BUCOKOIO T11poQoOHICTIO.

Kniouosi crnosa: mumon, ogiceramuna, Kpoxmaib, 2iopoghobnicms, 2i0po@inbHicmb, Kym 3MO4Y8aHHSA, COpOYs,
decopdyis.

CBA3BIBAHUE APOMATOOBPA3YIOIIUX BEHIECTB ITPOCTBIMU U HAITIOJIHEHHBIMH
CTYAHAMMU KEJIATUHA

Jlamko H.II., "'acanoBa T.A.
3anoposrcckuii HAYUOHATLHBIL YHUBEPCUME
69600 Yrkpauna, 3anopooicve, ya. Kykoeckoeo, 66
sliwki93@mail.ru

W3y4eHBl 3aKOHOMEPHOCTH CBS3BIBAHHSA apOMaTOOOPa3yIONIMX BEHIECTB MPOCTHIMH W HATOJHEHHBIMHU
CTYIHSIMHM JKEJIATUHBI B IIPUCYTCTBUHM HEOPTaHWYECKOH 100aBKM — HaTpuil Xyopuaa. B xoxe pabotsl Obio
9KCHEPUMEHTAIBLHO MOATBEPKACHO BIMSIHHE TUAPO()OOHOI MOBEPXHOCTH HCCIIEAYEMBIX CTYIHEH Ha MX
CHOCOOHOCTH COpPOMPOBAaTH THMOJI M3 BOJHBIX PAaCTBOPOB. JKCIEPHUMEHTAJIBHO YCTAHOBIIEHBIH pOCT
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copOIMM THMOJIa Ha CTYIHSX, KOTOpPhIe MMEIOT (UKCHPOBAHHYIO KOH(MOPMAIHI0. DKCIePUMEHTAIHHO
MMOATBEPIKACHO, YTO TEXHOJOTHYCCKH HambOJIee IMEPCIEKTHMBHBIMH IS CO3JaHHMS apOMaTH3aTOPOB Ha
OCHOBE THAPO(POOHBIX apOMAaTUYECKMX BEIIECTB SBISAIOTCS CTYAHH OKGJIATHHBI C  BBICOKOMW
ruApOoPOOHOCTHIO.
Kurouesvie cnosa: mumon, sxceramuna, Kpaxmai, euopopodonocms, cu0poQuIbHOCMb, Y20l CMAYUBAHUS, COpOYUs,
Odecopbyus.

FASTENING OF SUBSTANCES WHAT CREATE AN FLAVOUR BY SIMPLE AND GAP-FILLING
GALANTINES OF GELATIN

Lashko N.P., Hasanova T.A.
National university of Zaporizhzhya
69600 Ukraine, Zaporizhzhya, Zhukovsky street, 66
sliwki93@mail.ru

Food flavours are one of the most demand among food additives on the actual market of making
products. Scientific and technical problems of creation new types of flavours, that provide proof smell
and taste to the products the feeds, related to the study of properties to take in of transmitters that link
volatile components. Compability of final good depends on the structure of galantines-sorbents and
nature of flavours. During the cycle of works was investigated efficiency of native starches of different
origin and crioteksturates of corn starch in fastening of odorants of different classes. It was set that
fastening of volatiles takes place biopolymeric matrices due to hydrogen connections and co-operative
hydrophobic interactions that determined a fastening degree.

The search of new transmitters for creation of effective forms of flavours attracts an attention to gelatin
and starch, that is used in the large group of foodstuffs. In connection with this, the aim of our work was
a study of conformities to law of fastening of substances which create an with aroma-simple and gap-
filling galantines of gelatin in the presence of inorganic addition is a natrium of chloride.

Research objects were: thymol, 20% to gelatin, gelatinous-starched and gelatinous-thymol galantines. All
types of galantines were formed in the conditions of high ionic force is a 0,5M natrium of chloride.

The regional corner of moistening of surfaces of investigated galantines was determined on methodology
of drop that spreads. For determination of content of thymol in solutions was used a
photoelectrocolorimetric method. Also was determined the concentration of thymol in obedience to
standard methodology at a wave-length 410 nanometers on photoelectrocolorimetr KFK- 3.

According to the results of research of the general fastening of thymol by hydrophobic surfaces, the
amount of adsorbable thymol grew with the time increase of contact of solution with galantines. After 60
min the maximal persorption of thymol was observed on gelatinous galantines. It interestingly to mark,
that on gelatinous-thymol galantines a maximum value was arrived at already on the 20 minute of
persorption, farther not changing. Ability of persorption of hydrophilic surface of investigated galantines
grew in a row: gelatinous-starched < gelatinous-thymol < to gelatin, remaining less on the whole,
comparatively with the indexes of hydrophobic surface. This way, the common fastening of gelatinous
galantines was less than in 1,8 times, and coefficient of distribution — in 1,4 times. The persorption of
thymol arrived at a maximum value the hydrophilic surface of gelatinous-thymol galantines on the 20
minute did not change and farther.

Research of convertibility persorption showed that at extraction water a desorption was maximal in
gelatinous galantines (59% from hydrophobic and 20% from a hydrophilic surface). At gelatinous-
starched galantines this index was considerably lesser and folded for a hydrophobic surface close 10%,
and for hydrophilic — close 6%.

For thermodynamics description of persorption processes of thymol from water solutions there were built
isotherms of persorption. The form of isotherms depended on the degree of fastening of thymol
galantines. For the hydrophobic surface of all investigational galantines the form of isotherm of S- is
similar, that testifies to the high cognation of thymol to this surface. An isotherm has the steepest rise for
gelatinous galantines, that answers the maximal cognation of thymol to the sorbent. In all cases of
persorption on a hydrophilic surface form of isotherms also S- similar, but there is considerable reduction
of their steepness in transition from hydrophobic to the hydrophilic surface.

Thus, influence of hydrophobic surface of investigated galantines on their ability to take in a thymol from
water solutions is experimentally confirmed, the experimentally set increase of persorption of thymol is
on galantines that have fixed conformation, it is experimentally confirmed, that technologically most
perspective for creation of flavours on the basis of hydrophobic aromatizers there are galantines of
gelatin with high hydrophobic.

Key words: thymol, gelatin, starch, hydrophobicity, hydrophilicity, corner of moistening, persorption, desorption.
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BCTYII

Xap4oBi apoMaTH3aTOPH € OJHUMHU 3 HAMOUIBII 3alUTYBaHUX XapyOBHX J00ABOK HAa CY4aCHOMY
PUHKY BHIOTOBJICHHS NpOAyKTiB. HaykoBo-TexHi4HI mpoOJeMH CTBOPEHHS HOBUX BHIIB
apoMaTH3aTopiB, sKi 3a0e3MeuyloTh CTIMKHMX 3amax Ta CMakK HPOIyKTaM XapyyBaHHs, MOB’s3aHi 3
BUBYCHHSAM COPOLIHHUX BJIACTHBOCTEH HOCIiB, IO 3B’SA3YIOTHh JIETKI KOMIOHEHTH. Haituacrtime
HoCisiMH € OiomosiMepu — MOAM(IKOBaHI KpoXMaji, NeKCTpuH, rymiapadik [1-3]. CtaOuibHICTH
KIHLIEBOTO TMPOAYKTY 3ale)KUTh SK BiJ CTPYKTypH HOCIIB — COpOEHTIB, TaKk 1 NPUPOAU
apoMaTH3aTopa.

VY ki po6it [4-7] mocnimkyBanach e(peKTUBHICTh HATUBHUX KPOXMAJIiB Pi3HOTO MOXOKEHHS Ta
KpIOTEKCTYpaTiB KYKYPYA3SHOTO KPOXMAJI0 Yy 3B’S3yBaHHI OJIOPAHTIB pi3HUX KiaciB. bymo
BCTaHOBJICHO, IO 3B’S3yBaHHS JIETKMX PEYOBUH O1OMOJIIMEPHUMH MAaTpPHUISIMHU BiIOYBA€TbCs 3a
paxyHOK BOJHEBUX 3B’S3KIB Ta KOOIMEPATHUBHUX TiApo(OOHUX B3aEMOJIIN, SIKI BUSHAYAJIW CTYIIHb
3B’SI3yBaHHS.

3HaHHS MEXaHI3MIB 1 3aKOHOMIPHOCTEH B3aeMOJIii OJIOPAHTIB 13 HOCIEM JIO3BOJIUTH CTBOPHTH PSIJI
CTabiIbHUX Xap4oBHX apomaru3aropiB. ChOTOJHI Ii MPOIECH BHBYCHI HEIOCTaTHBO. KinbKicHI
JaH1 OTPUMAaH1 TIIBKU JUIS 1HAUBIAYATbHHUX JIETKUX OPTaHIYHUX PEUOBHH a00 MOAENBbHUX CyMmillien
13 BUKOPUCTAHHSM SIK HOCIiB TUIBKH TIOJTICaXapuIiB.

[Tomyk HOBUX HOCIiB JUIsi CTBOpPEHHs €(DEKTUBHUX (OPM apOMaTHU3aTOPIB MPHUBEPTAE yBary Jo
KEJIATUHU 1 KPOXMAJI0, SKi BUKOPHUCTOBYIOTHCSI TIPU BHTOTOBJICHHI BEIHMKOI TPYIU IPOIYKTIB
XapyyBaHHA. Y 3B’SA3Ky 3 I[HMM, METOI0 Hamoi poOoTH Oylo BHBYEHHS 3aKOHOMIpHOCTEH
3B’SI3yBaHHS apOMATOYTBOPIOIOYMX PEUYOBHMH MPOCTHMH Ta HATIOBHCHHMH JPATrVISIMH JKEJIATHHH B
MPUCYTHOCTI HEOPTraHiIuHOI I00aBKU — HATPIHM XJIOPULTY.

MATEPIAJIM TA METOIU JOCIILIKEHHSA

O0’extamu  jpocnipkeHHsT Oynau: Tumoid, 20 % >KelaTHMHOBI, >KEJIATHHOBO-KPOXMaJlbHI —Ta
KEJIATUHOBO-TUMOJIOB1 JApariii. Yci BUAM JpariiB GopMyBalucs B YMOBaX BHCOKOi 10HHOI CHJIM —
0,5 M Hartpiii xsiopuay.

Hparni 20% >xenaTuHU TOTYBAJIM 3a TAaKOK METOJUKOIO: Yy XIMIYHUHM cTakaH micTkicTio 300 mi
nomimanu 20 v xenmatuHH, noaaBanu 80 Mi BoaM Ta 2,3 T OUHMIIEHOTO HATPIIO XJIOPHAY A
ctBoperHs 0,5 M po3uuny 1 3anumanu Ha 20 xB. [licist HaOyxaHHS JKeNaTUHU CTAaBUJIM CTaKaH Ha
BOJsHY OaHro 1 wHarpiBanu npu Ttemmeparypi 90°C mporsirom 40 XB NpU  iHTEHCHBHOMY
nepemMinryBaHHi. [IoTiM po3miiaBieHy >kelnaTWHy HepeinuBaid B yamky llerpi Ta oxonomxyBanu
npotsrom 18 rox. npu remneparypi 5 °C.

KpoxmanbHO-kKenaTHHOBI Apariii roTyBaJId Tak: y XiIMIYHMM cTakaH MicTKicTio 300 Ma momimanu
20 r »xenaTHHU Ta 2,3 T OUUIIEHOTO HATPit0 XJIopuay Ais ctBopeHHs 0,5 M po3uuHy i 3aMO4yBalIu
y 70 mut Boam Ha 20 XB., micist yoro gojgasaiu 10 r kpoxMao 1 Harpisamu mpu temiepatypi 90°C
npotsirom 40 XB. mpu IHTEHCHMBHOMY mepemimryBaHHi. [lotiMm mepenuBanu B uamky Ilerpi i
OXOJIOJKYBaTK TIPOTsroM 18 ro. mpu temmepatypi 5 °C.

JKenatuHOBO-TUMOJIOBI Jpariii TOTYBaIM Tak: y XiMiuHuH ctakaH mictkicTio 300 mu momimanu 20 ©
KEJaTUHU Ta 2,3 T OYMIIEHOr0 HATPilo XJopuay g ctBopeHHs 0,5 M po3unHy 1 3aMOuyBaJId Y
70 M1 0,05% BoaHOro po3uuHy Tumoiy Ha 20 xB. Ilicns HaOyxaHHS *KeTaTHHU CTaBUJIM CTAaKaH Ha
BOAssHY OaHro 1 HarpiBamu mpu Temmeparypi 90°C mporsirom 40 XB. NpH IHTEHCHBHOMY
nepeminryBanHi. [loTiM po3muiaBieHy X enaTHHY INepenuBaiyd B yamiky llerpi i oxojopKyBaiu
npotsrom 18 rox. mpu temmeparypi 5°C. Jani aparti npomuBamd 500 M JUCTHIIEOBAHOI BOJIH
(5 x 100 mu1.) 15t BUIAIEHHST COPOOBAHOTO TUMOJTY.

KpaiioBuii KyT 3MO4yBaHHS MOBEPXOHb JIOCII)KYBAaHUX JIparjiB BU3HAYAIN 32 METOAMKOIO Kparuii,
110 po3TiKaeTbes [8].

Konnenrpaniro TUMONy BH3HA4add (POTOMETPUYHHUM METOJOM 3TiTHO 3 METOAMKOIO [9] mpu
noBxuH1 XBUIi 410 HM.
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Ancop6mito Tumony 3 0,1% BomHuX po3umHiB npoBomwn TakuMm yrnHOM: 50 Mt 0,1 % BogHOTO
pO3YMHY THMOJY 3 JOJaBaHHSIM 2 T copOeHTy crpymyBanu mpotsrom 60 xB. Koxni 10 xB.
BigOupanu 1 M1 po34rHy 1 BU3HAYaIl KOHIEHTPAIIII0 TUMOJY B HHOMY.

AncopOuiro TUMONY 3 BOAHMX DPO3YMHIB XapaKTepU3yBald 3araibHUM 3B’si3yBaHHsIM (R,%) Ta
koedimientom posnoninenns (D), sxi po3paxoByBanu BianosiaHo 3a popmynamu (1, 2):
R= M - 100
Co : 1)
ne: Cp — moyaTKOBa KOHIICHTPAILiSl PO3YUHY THMOJTY, MOJIB/J,
C — KOHIIEHTpALlis PO3YMHY TUMOJY 4Yepe3 JIeKUN 4ac, MOJIb/I.
p-—R .V
[00-R m )

ne: V — 00’eM aHai30BaHOTO PO3UHHY, MIT;

M — maca copOeHTy, T.
Jna moOynoBu 130TepMu  COpOIlii CTBOPIOBAIM KOHLEHTPALIMHUNA pPSA PO3YMHIB TUMOIY 3
koHneHTpanismu 0,1%, 0,05%, 0,025%, 0,0125%, 0,00625% 1 0,003125%. IlotiMm y KomOy
noMimand no 1 r agpariiB Ta gomaBaiid 25 MII PO3YMHY THMOJIy TI€BHOI KOHIIGHTpamii 1
cTpymyBau po3unH mporsrom 60 xB. Jlami BigOupamm 1 Mur po3umHy 1 BHU3HAYald B HBOMY
KOHIICHTPAIIIF0 THMOJTY.

PE3VJIbTATH TA IX OFGTOBOPEHHSI

PesynbTat eKCIIEpUMEHTAILHOTO BU3HAYCHHS BEIMYMHHM KPAaOBOTO KyTa 3MOYYBAHHS TOBEPXHI
JpariiiB mpejacTapieHi B Tadmumi 1.

3rigHo 3 pe3yabTaTaMu, OCOOIMBICTIO BCIX JOCTIIKEHUX APAriliB, MOBEPXHS AKUX chopmyBanach y
KOHTAKTI 3 MOBITPsIM, € BUCOKA riapodobHicTs. KpaiioBuii Kyt 3ModyBaHHS Ti1pohoOHOT mOBEpxHi
3MiHtoBaBcd B 108° no 119°. TloBepxHs Apardis, 0 copMyBanack i3 po34uHy, y BCiX BUNAIKax
Oyna rigpo¢insHOoro. HaifOinbm rigpodinbHUN  XapakTep Maja TOBEpPXHS IKEeJaTHMHOBO-
KPOXMaJIbHUX JIPariiB (KpaioBuii KyT 3MouyBaHHs 13,7°).

ExcniepumeHTanbHI pe3yabTaTl BU3HAYEHHS 3arajibHOTO 3B’sI3yBaHHS THUMOJY 3 BOJHUX PO3YMHIB
(R, %) Ta xoediuienTiB po3noauieHHs (D) 3anexHo Bl yacy copOLli MpeicTaBieHl Ha pUCyHKax 1,
2 ta B Tabaumi 2.

Tabmuus 1 — KpaiioBuii KyT 3MO4yBaHHS IOBEPXOHb JKEIATUHOBUX, )KEJTATUHOBO-KPOXMAJIbHUX Ta
’KeJTaTHHOBO-THMOJI0BUX japariiB (P=0,95, n=3)

Bennunna kyra, Cepena KBagpatnune JoBipumnii Cepens
rpamyc Be/nHa BIIXAJIEHHS iHTEepBaI BCIITIHHA
Bun nparmnis IoBepxHs p KyTa KyTa +g
X X5 X3 Xcep. Sn € Xcep.te
T'inpodobHa 110 | 108 | 111 109,7 1,53 3,8 109,7+3,8

JKenatuHOBI
lnopodineHa 30 33 29 30,7 2,08 5,2 30,7£5,2
K eNATHHOBO T'izpodobHa 119 | 119 | 118 118,7 0,58 14 118,7+1,4
“KPOXMANBHL | piyvodinera | 13 | 14 | 14 13,7 0,58 1,4 13,7+1,4
T'izpodobHa 110 | 113 | 112 111,7 1,53 3,8 111,7+£3,8

’KenatnHoBo
TTUMOJOBL 1 pinpoginena | 40 | 38 | 41 39,7 1,53 3,8 39,7438

Bicnuk 3anopizbko2o nayionanvnozo ynieepcumemy Ne2, 2014



240

R, % BigHOCHI

1400

1200 ]

1000

800

600 -

400 A

200 A

0 - T
10 20 30 40 50 60 Yac, xs.

| B XKenatuH O XXenatuHtkpoxmarne O XenaTvH+Tumon |

Puc. 1 3aranbHe 3B’ 13yBaHHs TUMOJY TiApOGOOHIMH MOBEPXHIMH JAPArIiB 3aJISKHO BiJl 4acy

3rifHo 3 pe3yibTaTaMM, KUIBKICTb aJicOpOOBAHOrO THUMOJY 3pocTaja 31 30UIBLICHHSM Yacy
KOHTAKTy po34MHYy 3 Aparismu. Yepes3 60 XB. micis movaTky copOrii crocTepirajach MakCuMallbHa
copO11ist TUMOJY Ha TiApoPoOHii MOBEPXHI KEeTATHHOBUX JPAriiB, 3arajibHe 3B’ sI3yBaHHS CKJIa1a10
1138 % BimHOCH., a koedimieHT po3momiuteHHs — 10,22. Y Toii ke dwac copOmis TUMOIy Ha
riipodoOHiil MOBEPXHI KENATUHOBO-KPOXMAaJIbHUX JpariiB Oyja MEHIIOI0, 3arajibHe 3B’ S3yBaHHSA
cranoBuiIo 956% BimHOCH., a koedimieHT po3moxineHHs — 8,06. B 00ox BHIagkax KiTbKiCTh
copOOBaHOTO TUMOJY JaJli MPAKTUYHO HE 3MiHIOBaNachk. AJicopOIliiiHa piBHOBara BCTAaHOBJIIOBAJIaCch
yepe3 2 TOANHH.

R, % BigHOCHiI
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| B XKenatuH O XenatuH+kpoxmarns B XKenaTuH+Tumon |

Puc. 2 3aranbHe 3B’s13yBaHHS TUMOJY T1Ipo(1IbHUMU NOBEPXHSAMU JApariiB 3ajekHO BijJ yacy

IlixaBo BiAMITHTH, IO Ha TiApodoOHIN MOBEPXHI KEITATHHOBO-THUMOJIOBHX [JpariliB TpaHUYHE
3HAYEHHs 3B’s3yBaHHS TUMOJYy cTaHOBWIO 900% BimHOCH. (KoedimieHT posmoaiieHHs 7,45) Ta
nocsranocs Bxe Ha 20 XBUIMHI COpOIIii, 1ai HE 3MIHIOIOYHCh.

CopOmiitHa 3maTHICTH TiAPO(MUIBHOI TOBEPXHI JOCTIDKYBAaHMX JpariiiB 3pocTajia B Psay:
JKEITAaTUHOBO-KPOXMAabHI < IKEIIATHHOBO-TUMOJIOBI < IKEIIATUHOBI, 3QJIHIIAIOYNCH 3arajoM
MEHIIIOIO, TIOPIBHAHO 3 TIOKa3HWKaMu TriapodoOHoi moBepxHi. Tak, 3arambHe 3B’S3yBaHHS
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KETATMHOBUX JipariiB Oyno meHme B 1,8 pasy, a koedirienTt posnoainenns — y 1,4 pa3y. CopOuis
TUMOJY TiApOo(UIHbHOI TOBEPXHEIO KEIATHHOBO-TUMOJIOBHX JpariiiB JocsArajia TPaHUIHOTO
3Ha4yeHHs Ha 20 XBUJIMHI 1 AaJi HE 3MiHIOBajach (3aranbHe 3B s13yBaHHs 482% BiIHOCH., KOS(IIiEHT
posnoainenss 4,07).

Ta6nuus 2 — KoedirieHT po3noiiieHHs: THMOJTY 3a1exHo Bif yacy (P=0,95, n=3)

KoedimienT po3noaineHas tumory, D

) K eIaTHHOBI DAL JenaTMHOBO-KPOXMasbHi JKenaTHHOBO-THMOJIOBI
Tpusanicts b mparmi nparmi
cop6uii (T"), xB.
[ToBepxHs [ToBepxHs [ToBepxHs
I'impodpobua | Tigpodinsra | TimpodobHa lNnppodinera | Tigpodobua | IimpodimpHa
10 4,86+0,44 0,90+0,08 1,09+0,10 2,07+0,19 0,65+0,06 1,82+0,16
20 7,67+0,69 6,01+0,54 1,09+0,11 2,18+0,20 7,45+0,67 5,05+0,45
30 8,40+0,76 6,43+0,58 5,95+0,54 2,47+0,22 7,29+0,66 5,05+0,44
40 8,48+0,76 6,85+0,62 6,72+0,60 2,47+0,23 7,07+0,64 4,14+0,37
50 9,15+0,82 7,13+0,64 7,69+0,69 2,85+0,26 6,99+,063 4,00+0,36
60 10,22+0,92 7,30+0,66 8,06+0,73 3,00+0,27 6,99+,064 4,07+0,37

HocnimkenHss o0epHEHOCTI copOmii Mmokaszamo, MO TpH eKCTpakiii BOAOw aecopOmis Oyia
MaKCUMAaJILHOIO B XKEJIAaTHHOBUX Ipariisix (59% i3 rigzpodoonoi Ta 20% i3 rigpodiibHOT OBEpXHI).
Y IKeTaTHHOBO-KPOXMAJIBHUX JIpariiB Il IOKa3HWK OyB 3HAYHO MEHIIUM 1 CKJIamaB s
rigpodoOHoi moBepxHi 61u3bKko 10%, a ans riapodinbHOT — 6113BK0 6%.

Jlnst TepMOAMHAMIYHOT XapaKTEPUCTUKHU TPOLECIB cOpOIii TUMOIY 3 BOJHHX PO3YMHIB Oynu
noOynoBaHi i30Tepmu copOlii B KOOpAWHATaX: KOHIIEHTpallist copboBanoro Tumony (I', monmp Ha 1 T
copOeHTy) — piBHOBakHa KoHIeHTpamis tumony (C, Monw/m). dopMa i130TepM 3ajiexana Bij
CTyNEHs 3B’A3yBaHHS TUMOJY JAparisMmu. [3orepmu copOuii TMMosy rigpodoOHOI0 MOBEpXHEO
JOCIIKYBaHUX JpariiiB MpeAcTaBiIeHl Ha pUCyHKax 3-5.

s ripodoOHOT MOBEpxHI BCIX JOCTIDKEHUX ApariiB Gopma i3otepmMu S-nonibHa. Taka gopma
CBITYUTH TIPO TE€, IO E€HEPris B3aeMOJii afcopOeHT-aacopOaT OuTbllla 3a EHEPrilo B3aeMOil
ancopbar-ascopbar, TOOTO THUMOJ Ma€ BHCOKY CIOpIAHEHICTh A0 TiipodoOHOI MOBEpxHi
JOCIIJKYBAaHUX JIpariiB. [3oTepma copOIii TUMOJYy >KETaTHHOBUMH JparisiMd Ma€ HanO1JIbIn
KpyTHIl MiAioM, IO CBITYUTH NMPO MaKCHUMajbHY CHOPIAHEHICTh THUMOIY 10 copOeHTy. Tak,
3arajbHe 3B’sI3yBaHHs TUMOJIY TIOBEPXHEIO IIMX ApariiB Ouible, B cepeAHboMY, ¥ 1,5 pa3y.

TinpodrobHa noBe pxHs xen. Aparnis linpodo6Ha noBe pxHs Ken.-kpoxm. aparnis
r

0,016000 0,060000

0014000 ; 0,050000 e

0,012000
0,010000 0,040000

0,008000 0,030000
0,006000

0,020000
o - A
0,000000 ('-"\_4/ 0,000000 -e=t—*= /
0,000000 0,001000  0,002000 0,003000 0,004000 0,005000 0,006000 0,000000 0,001000 0,002000 0,003000 0,004000 0,005000 0,006000 0,007000
C, monb/n C, monb/n
Puc. 3 [3oTepma copbuii TUMOITY Puc. 4 I3otepma copbuii TUMOITY
Ha T11podoOHII TOBEpXHI Ha T1apodoOHil TOBEpXHI
KEJTaTMHOBUX ApariiB KEJATHHOBO-KPOXMAJIbHUX JIPariiB

Bicnuk 3anopizbko2o nayionanvnozo ynieepcumemy Ne2, 2014



242

Fippodo6Ha noBe pXHA Ken.-TMMon. Aparnis

0,030000

0,025000
/'

0,020000

0,015000

0,010000

0,005000 L
0,000000 {44 ——

0,000000 0,001000 0,002000  0,003000  0,004000 0,005000  0,006000
C, monb/n

Puc. 5 3orepma cop0buiii TuMoIy Ha T11podoOHI MOBEPXHI KEITATUHOBO-TUMOJIOBUX JIPATITIB

[30Tepmu copOItii THMONY T1APOGITEHUMH MOBEPXHSAMHU JOCIIKYBAaHUX JIpariiiB MpeCTaBlIeH] Ha
pUCYHKax 6, 7.

FigpodinbHa nose pxHa xen. aparnis FiapodinbHa noBe pXHA XKen.-KPoxMm. Aparnis

0,012000 0045000

0,010000 0040000 —
/' 0,035000

0,008000 0030000 ”

0025000

0,020000
0,004000 0,015000

0,006000

0010000
0002000 /,.\_/ 0005000 A
0,000000 0,000000

0000000 0000500 0001000 0001500 0002000 0002500 0,000000 0,001000 0,002000 0,003000 0,004000 0,005000 0,006000 0,007000

C, monb/n C, monb/n

Puc. 6 IBorepma copbmii wa TUMomy Puc. 7 I3orepma  copOmii TUMONy Ha
riipo¢iabHIA NOBEPXHI )KETATUHOBUX JIpariiB  TiApodiabHIN MOBEPXHI JKEJIaTUHOBO-
KpOXMaJIbHUX JpariiiB

VY Bcix Bumajakax ¢opma i3orepM S-mojJiOHa, 110 CBITYUTH MPO JOCTATHBO BHUCOKY CIOPIIHEHICTh
TUMOJIy M copOeHTiB. IIpu MOpIBHSAHHI 130T€PM CHOCTEPIraeThCs 3MEHIIEHHS IX KPYTU3HHU NpU
nepexol BiJl JKEIaTHUHOBUX 0 KETaTHHOBO-KPOXMANbHUX ApariiB. Lle cBiIUMTH Mpo 3HMKEHHS
e(eKTUBHOCTI copOLlli TUMOIY 3 BOJAHUX PO3YHHIB Y PANY KEITATUHOBI — KEJIATUHOBO-TUMOJIOBI —
KEJaTMHOBO-KPOXMaJIbHI Jparii, L0 MiJTBEP/DKYIOTh EKCIepUMeHTanbHi JaHi. Tak, cTymiHb
3arajbHOTO 3B’A3yBaHHS TUMOJIy B HaBEJEHOMY BUIIE Pl JparjiiB 3MiHIOBaBCs BIANMOBIAHO: 650,
4821307 % BiAHOCH.

OpneprxaHi pe3ynbTaTH JO3BOJSIOTH MPHUITYCTHTH, IO CIa0KO TOJISIpU30BaHe OEH30MHE KUIbIIE
TUMOJIy TEpPEBaXHO aACOPOYeThCS 3 PO3UMHIB Ha Tigpo¢oOHii MOBEpXHI KETATHUHOBHX Ta
KETTATHHOBO-TUMOJIOBUX JIPATrIiB, SIKi MAalOTh JIOCTaTHBO JKOPCTKY MPOCTOPOBY CITKY 32 PaxyHOK
KOH(pOpPMaLIHHOTO Nepexoay KeJlaTHHY B yMOBax (opMmyBaHHs ApariiB Bia kiayoka (+40°C) no
cripani (+5°). CopO1iis B IbOMYy BUTNAAKY BiOYBa€ThCs, B OCHOBHOMY, 32 PaxXyHOK TiIpodoOHOi
B3aeMoIil.

To#t ¢axr, mo B nepmri 10 XB BiJ moyaTky copOuii 3arajibHe 3B’s3yBaHHS THMOJY CKJIaJalo Ha
riipogoOHiil moBepxHi KeTaTHHOBUX ApariiB Oubiie 600% BiaH., a Ha TixpodinbHil TIIBKK 100%
BiJTH., MOKE€ TaKOX CBITYMTH IO MepeBary moBepxHeBoi copOuii Ha riapodoOHiii moBepxHi. Ane
MOJIEKYJIa TUMOJTY TUTacKa, TOMY 3aKpHUBa€ acopOIiiiHI IIEHTPU Ha MOBEPXHI JJIS 1HIIUX MOJIEKYII, 1
3Ha4YeHHs copOuii 3pocTae Tubku A0 1138% BigH. B KiHIII EKCIEPUMEHTY.

VYBeneHHsT B CTPYKTYPY JKEJIaTMHOBUX IparyiiB TUMOJY 3 IMOAAJBIIMM BUIYYEHHSIM OCTaHHBOTO
HUIAXOM JecopOlii He NpHU3BENO A0 3HAYHOTO 3POCTaHHS 3arajJlbHOrO 3B’S3YBaHHS THUMOITY.
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IMOBipHO, 3HaYHA KIJIBKICTh TUMOJTY 3B’ SI3yBaJlach jKE€JIaTHHOBO-TUMOJIOBUMH JIPATIIMU 1€ MPH 1X
(dhopmyBaHHI HE3BOPOTHHO, IO MIATBEPKYIOTh €KCIIEPUMEHTAIBHI 1aHl. Y 3B’sA3KY 3 IIUM COPOITis
TUMOJIYy 3 BOIHHX pO3‘-II/IHiB caMe TiHBKI/I Ha JKCJIIaTUHOBO-THMOJIOBHUX Jpariisax naocsrajia
IPaHUYHOTO 3HAYCHHS YK€ Ha JBAJIIATIH XBIJIMHI €KCIIEPUMEHTY Ta Jalli He 3MIHIOBAJIaCh.

AncopOrisi TUMONTy Ha TiApo(diabHIM MOBEPXHI COPOCHTY BiIOYBAETHCS, MEPEBAXKHO, 32 PaXyHOK
BOJIHEBUX 3B’SI3KiB MK TIPOKCHIIBHOIO T'PYIOK TUMOIY Ta TiIPOKCHIBHUMH TPyIaMH COpPOSHTY
(ckenatuHy, KpoxMmanr). He3BopoTHa copOilisi TUMOIY B IIbOMY BUNAAKY 3pocTtae a0 90%, 1o
CBIIYUTH, IMOBIPHO, IIPO YTPHMaHHS TUMOJIY 38 paXyHOK YTBOPEHHs KOMILICKCIB BKitoueHHs [10].
AJie HEeZIOCTaTHBO BHCOKI IMOKA3HUKU came Li€i copOuii, Ha Hall MOTJIsA], MOXKYTh OyTH MOSCHEH1
KOHKYPCHIII€I0 THMOJIy 3 BEJIHMKOK KUIBKICTIO BOJAM B JPAariisiX, sIKa TaKOXX MOXE YTBOPIOBATH
BOJHEBI 3B’S3KM 3 TiAPOKCUJIBHHUMHU TpylMaMH KpOXMamo Ta jxenatuHy. Toil dakr, mo B
KEITATHHOBO-KPOXMAIBHHUX APArIsiX COpOIlisi THMOY Ha TiApOodUIbHIN MOBEpXHI B 2,8 pa3y HUKYA
MOPIBHSAHO 3 TiApodoOHOI, MOKE CBITUUTH NPO TepeBary copOmii 3a paxyHOK YTBOPEHHS
riapohoOHUX 3B’ SA3KiB MiXK THMOJIOM Ta COPOCHTOM TP OLIBII KOPCTKO (hikcoBaHil KoHMOpMaIlii
6ionoiMepHOi MaTpHIIi.

[lepcrieKTHBOIO  MOAANBIIOTO  JOCHI/DKEHHS CcOpOIii  apoMaTOyTBOPIOIOYMX PEYOBHH HA
010mOJTIMEpHUX MATPUILIX € TMPAKTHYHE BIPOBADKCHHS OJEP)KAHHMX PE3YJbTAaTiB ISl CTBOPEHHS
psy CTIMKHX TBEPAMX XapUOBHUX apOMAaTH3aTOPIB.

BUCHOBKH

1.  ExkcrepuMeHTaIbHO MiATBEPKEHO BIUIMB TiApo(oOHOT MOBEPXHI AOCIIHKYBAHUX JAPAriiB Ha
1XHIO 3/1aTHICTH COPOYBATH TUMOJI 3 BOJHHUX PO3UYUHIB.

2.  ExcrepyMeHTanbHO BCTAaHOBJIGHE 3pPOCTaHHS COpOIIl THUMOIY Ha Jparisx, 0 MaroTh
¢bikcoBany KoH(popmalliro.

3.  ExcrnepuMeHTalbHO MIATBEP/KEHO, IO TEXHOJIOTIYHO HAWOUIBII MEPCHeKTUBHUMHU IS
CTBOPEHHSI apoMaTH3aTOpPIB Ha OCHOBI TiAPOPOOHUX apOMAaTUYHUX PEYOBHH € Jparii
KEJaTUHY 3 BUCOKOIO T1APOPOOHICTIO.
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JANHAMIKA 3MIH BMICTY ®EHOJIBHUX CITIOJIYK
Y YAI ITPU TOT'O 3EEPITAHHI

Jlamuko H.IT., Tapan A.C.
3anopizbkuii HAYIOHALHUL YHUBEPCUMEM
69600 Ykpaina, 3anopidcorcs, eyn. Kykoecvkoeo, 66
nastenka_taran94@mail.ru

BuBuena auHaMika 3MiHH BMICTY (EHOJIBHUX CHOJYK, IO BOJIOAIIOTH P-BiTaMiHHOIO aKTHUBHICTIO, Ta
BitamiHy C y 3eJIeHUX Ta YOPHHX YasX Pi3HOTO CTPOKY 30epiraHHs. 3a pe3yJbTaTaMy OPraHOJICITHYHOTO
aHaJizy HaWKpamuMm y rpyni 3eieHux 4aiB BusBUBCS dail «['pinding» 2014 p., y rpyni 4opHuX 4aiB
xoJneH He BigmoBigaB BuMoram JJCTY. ExcrepuMeHTaNbHO TOKa3aHO, 0 HAWBUIIHNA MMOKAa3HUK BMICTY
BitamiHiB P i C OyB y 3eneHomy uai «'pinding» 2014 p. EkciepuMeHTaIbHO TiATBEPKEHO, IO TEPMiH
30epiraHHst HalOLIBII BiJYYTHO BIUIMBA€E HA AWHAMIiKy 3MiH BMicTy BiTaMiHiB P i1 C y rpyni 3eneHux 4ais
MOPIBHSHO 3 YOPHUMH.

Knrouogi crosa: ounamika sminu emicmy ¢enonvhux cnoayk, P-eimaminna akmuguicms, gimamin C.
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JTAHAMUKA U3BMEHEHUWSA COJEPKAHUSA ®EHOJBHBIX COETAHEHUM
B YAE ITPU ETO XPAHEHHHA

Jlamko H.IT., Tapan A.C.

3anoposrcckuii HAYUOHATLHYIT YHUSEPCUMEN
69600 Ykpawnna, 3ammopoxse, yi. JKykoBckoro, 66

nastenka_taran94@mail.ru

W3ydyena pauHaMuKa W3MEHEHHs COAep)kKaHus (EHOJNbHBIX COCJUHEHUH, KOTOpble 00JagaoT
P-BuTaMMHHOW aKTUBHOCTHIO, U BuTaMuHa C B 3€JIEHBIX M YEPHBIX YasX Pa3sHOrO CPOKAa XpaHEHHUS.
[To pe3ynpTaraM OpraHOJENTHYECKOrO aHAJIHM3a JYYIIUM B Ipymnie 3eaEHbIX 4aéB ctan yail «[ punpunm
2014 r., a B rpymnme uyepHbIX 4aéB HU OAMH He oTBeuan TpeOoBanusm JCTY. DkcnepuMeHTaIbHO
MOKa3aHoO, YTO CaMblii BBICOKMH IOKa3aTeslb cojepxkaHus BUTaMuHOB P u C Obln B 3eiéHOM 4ae
«pundpmin» 2014 r. DKcneprUMEHTaNbHO MOJATBEPXKACHO, YTO CPOK XpaHEeHus Hamboiee 3aMeTHO
BIUSCT HA JUHAMHUKY M3MEHEHHUs coiepxkaHus BuraMuHOB P n C B rpymme 3en€HBIX 9aéB B CpaBHCHUHU
C YepHBIMH.
Knrouesvie cnosa: ounamuxa usmeHeHus cooepicaHusi PeHoNbHbIX coeOunenutll, P-eumamunnas axmusenocmo,
sumamun C.

DYNAMIC PATTERN OF THE CONTENTS OF PHENOL COMPOUNDS IN TEA UPON STORAGE
Lashko N.P., Taran A.S.

Zaporizhzhya National university
69600, Ukraine, Zaporizhzhya, Zhukovsky street, 66

nastenka_taran94@mail.ru

Tea is one of the most popular beverages in Ukraine. The diversity of tea sorts — black, green, red, white
— doesn’t mean that they are different teas — they are different methods of processing the same tea leaves.

Healing characteristics of tea are secured by the content of valuable alkaloids (caffeine, theobromine,
theophylline), phenol compounds (tannins, catechins), aspic oils, vitamins and mineral substances.

Phenol compounds (tannins) are the main and the most important structural elements of tea extractives.
Essential tannins in tea leaves are trioxybenzoic acid and bioflavonoids, known as possessing P -vitamin
activity.

Vitamins P and C are synergists, they prevent disrupting of hyaluronic acid which strengthens and
‘cements’ vessel cells. Owing to that the structure of capillary is secured, its strength increases, capillary
permeability lowers, thus preventing bruises. Vitamin P is a very powerful antioxidant. Green tea
catechins are capable of restoring cellular structure. This is secured by their ability to trap free radicals of
oxygen and to incapacitate them. Being powerful natural antioxidants, bioflavonoids protect cells from
the harmful impact of free radicals, thus preventing insenescence, dysimmunity, different diseases.

There are slow chemical changes observed in composition of tea leaves under storage. Those changes
are activated by moisturizing tea and lead to aspic oils decompounding, to change in number of extractive
substances and to tea deterioration.

Taking this into consideration, we have stated the aim of our research — to investigate the influence of
shelf life of tea on the dynamic pattern of the contents of phenol compounds and vitamin C which
determine not only organoleptic and physicochemical characteristics of tea, but also its physiological
value.

As objects of research black and green tea leaves of various brands with different expiry dates have been
selected. They are green tea leaves Java (manufactured in 2010 and 2013) and Greenfield (manufactured
in 2012 and 2014), and black tea leaves Askold (manufactured in 2010 and 2014) and Greenfield
(manufactured in 2010 and 2014).

Organoleptic analysis of tea has been performed according to the method GOST 32572-2013. Among
green tea leaves the best organoleptic figures (pleasant rich and astringent flavor) were demonstrated by
Greenfield of 2014. Among black tea leaves it was impossible to single out any leaders as all samples had
many defects. The worst organoleptic figures among green tea leaves were demonstrated by Java of 2010,
and among black tea leaves by Greenfield of 2010. With the expanding of storage term the flavor of tea
leaves has become considerably worse: their saturation and astringency have got lesser.

The content of dry and extractive substances in tea leaves has been defined with the help of methods
GOST 1572-2013 and GOST 28551-90. According to the results the contents of dry substances has
changed in the range of 91-95%, and the contest of tea extractives has changed in the range of 35-46%
notwithstanding the tea brand and its shelf life. It is necessary to highlight that tea extractives include
water-soluble components — caffeine, bioflavonoids, carbohydrates, nitrogen compounds and mineral
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substances. The more is the amount of extractives, the higher is the tea grade. There is a connection
between the contents of dry and extractive substances. For example, the biggest amount of dry and
extractive substances has been found in Greenfield green tea leaves of 2011 — 95,33% of dry substances
and 46,68% of extractive substances. Greenfield black tea leaves of 2014 have shown the smallest figures
of these characteristics — 91,33% of dry substances and 36,76% of extractives correspondingly.

The content of vitamin C has been defined according to the method GOST 24556-89. The research
proved that green tea lives have the highest content of vitamin C. Maximum concentration of vitamin C
among green tea leaves has been found in Greenfield of 2014 (41,69 mg/100g) and among black tea
leaves — in Askold of 2014 (18,59 mg/100g). Among researched samples minimum concentration of
vitamin C has been found in Greenfield black tea leaves of 2010 (9,61 mg/100g). Such discrepancy is
definitely connected with the difference in technology of manufacturing black and green tea. However,
the comparison of dynamic pattern of vitamin C contents in one and the same group of tea samples
reveals that the impact of shelf life is very dramatic. For instance, storage of Greenfield green tea during
3 years decreases the contents of vitamin C from 41,69mg/100g to 26,4mg/100g — at the average of 1,7
times. Storage of green tea Java decreases vitamin C contents from 37,4mg/100g to 26,4mg/100g. The
same tendency of vitamin C contents decrease can be observed in black tea leaves as well: for Greenfield
it has decreased from 14,82mg/100g to 9,61mg/100g, and for Askold — from 18,59mg/100g to
13,67 mg/100 g.

To perform quantative estimation of vitamin P (substances that posess P-vitamin activity) in tea leaves a
modified Levental’s method was used. According to the investigation results the contents of vitamin P in
black tea leaves is 2,2 times lower than in green tea leaves. Among green tea leaves the highest
concentration of vitamin P is observed in Greenfield of 2014 — 598,75 mcg/cm®, and the lowest
concentration is observed in Java of 2010 — 193,74 mcg/cm®. Among black tea samples the highest
figures have been found in Greenfield of 2014 — 266,25 mcg/cm?, and the lowest figures have been found
in Askold of 2010 — 200,5 mcg/cm?®.

The impact of storage upon the dynamic pattern of contents of vitamin P is characteristic mostly of green
tea leaves where vitamin P concentration decreases at average of 1,4 times. For example, storage of
Greenfield tea leaves during 3 years decreases the contents of vitamin P from 598,75mcg/cm?® to
437mcg/cm?®, with Java tea leaves these figures decrease from 275,5mcg/cm?® to 193,75mcg/cm?®. For
black tea leaves during 4 years of storage the concentration of vitamin P decreases at average of 1,2
times. Thus, with Greenfield black tea leaves this concentration decreases from 266,25mcg/cm® to
223,75mcg/cm?, and with Askold tea leaves — from 233,75mcg/cm? to 200,5mcg/cm?.

So, the difference of vitamins P and C contents in separate groups of tea leaves is by all means connected
with technological peculiarities of their manufacturing. Shelf life is a common factor that influences the
change of vitamin P and C concentration both in black and green tea leaves. The most dramatic influence
on dynamic pattern of the contents of vitamin C and P is observed with green tea leaves, while with black
tea leaves this influence is not that dramatic.

Thus, according to the results of organoleptic analysis the best tea among green tea samples is Greenfield
of 2014, while none of black tea samples corresponds to the demands of State Standard of Ukraine. It is
experimentally demonstrated that the highest concentration of vitamin P and C is found in Greenfield
green tea leaves of 2014. It is experimentally proved that storage dramatically influences the dynamic
pattern of the contents of vitamin P and C in green tea leaves in comparison to black ones.

Key words: phenol compounds, P-vitamin activity, vitamin C.

BCTYII

Yaii € ogHUM 13 HaOLIBII MOMKpPEHUX B YKpaiHi HanoiB. [Ipyu BCbOMy pi3HOMAaHITTI BUIB Yao —
YOPHUIA, 3eJICHU, YSPBOHUM, OLTUI — 1€ HE Pi3HI COPTH, a JHIIe pi3Hi crocodu Horo o6podku [1].
[{imronni BIACTHMBOCTI 4Yal0 3YMOBJIEHI BMICTOM IIHHHUX aJKajJoiliB (kodeiHy, TeoOpoMmiHy,
teoininy), peHompHUX CHONYK (TaHiHIB, KaTeXiHiB), e(ipHUX OJii, BiTaMiHIB 1 MiHEpaJbHHX
pedoBuH [2]. deHonbHI CHONyKH (IyOMIbHI PEUYOBHMHH) € OCHOBHOIO, HAWOUIbLI BaXKIMBOIO
CKJIaJJOBOI0 YACTHHOIO E€KCTPAKTHUBHMX PEYOBHUH 4ar0. OCHOBHMMH IPEICTABHUKAMHU TYOMIIBHHX
pPEYOBMH Yy YaHOMY JIMCTI € TajloBa KHCIOTa 1 OloduiaBoHOimW, $Ki, SK BIiJIOMO, HaJlIEHI

P-BiTamiHHOIO akTHBHICTIO [3].

Biraminu P 1 C € cunepricraMu, BOHH NMEPEIIKOHKAIOTh PYWHHYBAHHIO TaJlypOHOBOI KHCIIOTH, SIKa
3MILHIOE 1 " IleMeHTye " KIITHHU CYIMH MDK c00010. 3aBASKH I[bOMY 30€piraeTbcs CTpyKTypa
KamusIpiB, MiABUILYETHCS 1X MIIHICTh, 3HMKYETHCS MPOHUKHICTh CTIHOK CYJIHH, MOMEPEIKAIYH

MosiBy CHHIIB. Biramin P € moTyxHUM aHTHOKCHAAHTOM. KaTexiHu 3eleHoro dYaro 37aTHi
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BITHOBJIIOBAaTH KIIITHHHY CTPYKTYPY, B OCHOBI Jii SIKMX JICKUTh IX BJIACTHBICTH MEPEXOIUIIOBATH
BUIBHI pagMKalM KHCHIO 1 3HEIIKOJUKYBaTW 1X. bByayum TOTYXHUMH TpPUPOIHUMHA
aHTHOKCHJaHTaMHu, OiodraBoHOIIM 00epiraloTh KIITHHU HAIIOTO OpraHi3My BiJ pyHHIBHOTO
BIUIMBY BUIBHUX paJWKaliB, 3amo0iraroud CTapiHHIO OpraHi3Mmy, IOPYIIEHHIO IMYHITETY,
BUHUKHECHHIO PI3HHUX 3aXBOPIOBAHb [4].

[Tix gac 30epiraHHs CyXOro 4Yaro JOBOJI MOBIIBHO BiJOYBAaIOThCSA XiMIUHI 3MIiHU CKJIanay. BoHu
MOCWJTIOIOTHCS TIPU 3BOJIOKEHHI Yal0 Ta TMPHU3BOJATH 10 PO3KIANaHHS eipHUX Macel, 3MiHU
KUIBKOCTI €KCTPAKTHBHUX PEYOBHH Ta 10 3HIKEHHS SKOCTI yaro [5].

VY 3B’M3Ky 3 IIUM METOI0 Hamoi poOoTH Oyino BUBYEHHS BIUIMBY CTPOKY 30€piraHHs 4aio Ha
JUHAMIKy 3MIiHH BMICTY (DEHOJBHUX CHOJIYK Ta BiTaMiHy C, SiKi BU3HAYaIOTh SK OPraHOJICTITUYHI,
¢bi13UKO-XiMIYHI TOKa3HUKH SKOCTI Yaro, TaK 1 (pi310J0Ti1YHy HIHHICTH HAIO0.

MATEPIAJIM TA METOIHU JOCJILIKEHHA

O06’exTamu JOCHIKEHHsT 0yJ10 BUOpAHO YOPHI Ta 3€JIeHi JUCTOBI 4ai pi3HOTo CTPOKY 30epiraHHs
BiJI MPOBIIHUX BUPOOHHMKIB, a came 3eneHi 4ai SIBa 2010 p. i 2013 p. BupoOHuTBa i I'pinding
2012 p. i 2014 p. BupoOHuuTBa; Ta YopHi yai Ackonba 2010 p. i 2014 p. BupoOHunTBa 1 I'pinding
2010 p. 12014 p. BupoOHHUIITBA.

OpraHoJienTHYHUN aHali3 Yaro npoBoauBcs 3a Metoaukor ['OCT 32572-2013 [6].

BMmicT cyxux Ta eKCTpakTUBHUX PEUYOBHMH Y 4ai BU3Hayanu 3a ponomoror meroauk I'OCT 1572-
2013 [7] Ta'OCT 28551-90 [8] BiamoBigHO.

Bwmicr Bitaminy C y yai Bu3Ha4aau 3a gonomororo meroauku ['OCT 24556-89 [9].

[Tpu xinbKicCHOMY BH3Ha4eHHI BiTamiHy P (pe4oBuH, 10 BONOiIOTH P-BiTaMiHHOIO aKTHUBHICTIO) y
yai BUKOPMCTOBYBAJIM BHUJO3MIHEHY MeToAuky JleBeHrtans. Lleit MeTon KiIBKICHOTO BU3HAYEHHS
PYTHHY TPYHTYETHCSI Ha MOTO 3/JaTHOCTI OKHCIIOBATHUCH INEPMAaHTAHATOM Kaitoo. SIK iHTUKaTop
BUKOPHUCTOBYBAJIM 1HAMIOKApMiH, SIKMM BcTymae B peakiito 3 KMnOy4 micns TOro, sIK OKHCIUTHCS
BeCh pyTUH. JlJI MpUroTyBaHHS pO3uMHY iHAUTOKapMiHy 0,25 T iHAMKATOpa pO3TEPIIH, IEpPECUTIaIN
B MipHy K016y Ha 250 cM°, momamn 12,5 cM® KOHIEHTpOBaHOI CipYaHO! KHCIOTH Ta JOBETH JI0
MITKH JUCTUIILOBAHOIO BOJOIO.

HaBaxxku waro macoro 100 Mr mnomimanu B TepMOCTIHKiI KkoiOu, 3anuBanu 50 oM’ raps4oi
JIVCTUIHOBAHOI BOJIM Ta KHWITSITWIM BIPOJAOBXK 5 XB. OTpUMaHHUN EKCTPAKT OXOJOKYBAJIH,
BifgiOpamu mo 10 eM® Ta HNepeHOCWIM B 1HIN KojOuW, JojaBIIM 10 eKcTpakty me 10 oM’
JIMCTHITBOBAHOI BOAM Ta lem® PO34MHY 1HAMTOKapMiHy. BMmicT KonOu peTenbHO mepeMilryBaid Ta
tutpyBanu 0,01 M po3uMHOM mepMaHraHary Kajlilo 1O IMOSIBU CTIMKOIrO >KOBTOIO 3a0apBIICHHS.
[TapanenbHO TPOBOIMIM THUTPYBAaHHS KOHTPOJBHOTO PO3YMHY, J€ 3aMiCTh €KCTPaKTy B KOJOY
srocmi 10 cm® jicTHIBOBaHOT BoW. PiSHHMIS MK JOCITIZHAM i KOHTPONBHHM THTPYBAHHSM
ckmagae ancio cm® KMNnOy, mo 3aTpauennii Ha OKHCICHHS PyTHHY.

Bwicr Bitaminy P —~W(P) y Mxr/mi po3paxysanu 3a ¢popmyioro 1:
W(P) = gq*V*Vo/ Vi*m, (1)
1e: q — CTaHAApTHUN NlepepaxyHKOBHM KoedilieHT TuTpyBaHHs (1);
V — 06’eM pO3UKHY [IepMaHTaHaTy KaIiio, 0 OyB 3aTpadeHHii Ha THTPYBAHHS, CM°;
Vo— 00’e€M BUXIJTHOTO pO3UMHY, Y IKOMY OyJa po34MHEHA B3sTa JUIS aHAIIi3y HaBaXKa, oM;

V1— 00’eM po3uuHy, B3SITOrO HAa TUTPYBAHHS, CM ",
M — Maca HaBaXXKH Yaro, T.

PE3VJIBTATHU TA iIX OBITOBOPEHHS

OpraHonenTH4HUN (CEHCOPHHUI) aHANi3 € OJHUM 13 HaWBAXIMBIIIMX METOIB NpHU BHU3HAUYCHHI
TOBApHOTO COPTY 4aro. JIyisi OIiHKK OCHOBHHX TOKAa3HHWKIB — CMaKy Ta apomary, Oyno oOpaHo, B
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CepeHbOMY, 6 JECKpUIITOpiB, 3a SKUMU OYyJIM CTBOPEHI OpraHoJIeNTHYHI mpodir yais,
MPEACTaBJICH] HA pUCYHKax 1-2:

TEMKHRA Tpitcing, Tepntmi TpiHDing
YOpHME apHY
2014 p. 2014 p.

ThiHding, CONORKY BETHIA HACMYEHMA

HOpHMIA
010p.

MpiHding
HORHARA
2010 p.

anEHWiA HACHHYEHMI

Ackonep,
YORHUE
2M4p.

ACKOnba
HOpIHu
2014 p.
ACKONE], naneHKi fipcyB T
YOpPHUiA
fipKy B ETHIA 2014 .

Ackones
HOPHKRA
2014 p.

TpaB' AHUCTMI

KM Ty B AT

a) 6)

Puc. 1 Opranonentuynuii npodine cMaky (a) Ta apomary (0) YOpHUX yaiB

! i hiHbing TRAE AHMCTHIA
TR&E AHMCT I SEHBHHE —

214 p.

Tpimding
SENEHWEA
204 p.

HECHHEHHIA . ) HACHHEH
TRiHGing KMCAYBaTi
FENEHWIA

201 p.

Tpitding
SENEHHIA
201 .

KMCTY BATMIA

Aea
FENEHWIA
203 p.

fAsa
SENEHHIA
2M3p

1A' ATHHA Aea
""" 3ENEHMNA
2010 p.

' ATH Aea MEROE
""" FENEHWIA

2010 p.

THITHIHOE M

CONGR' AHWEA CONAM' AHWEA

a) 6)

Puc. 2 Opranonentuynuii npodisib cMaky (a) Ta apomary (0) 3eJ1eHUX yaiB

Cepen 3eneHux 4aiB HalKpali opraHoJICITUYHI TOKa3HUKH, & CaMe MTPUEMHUN HACUUYEHUN TEPIKUN
cMak Ta apomar, MaB 4ail «['pin¢ina» 2014 p., cepen 4opHuX 4aiB JiAepiB BUALIEHO HE OYyIlO,
OCKUIbKM BCl 3pa3ku Majnu Oarato HenosikiB. Halfripiii opraHosienTH4HI MOKa3HUKM MaiM dYai
«Ba» 2010 p. cepen 3eneHux, a cepe; YopHux — yail «'piading» 2010 p. 3i 3pocTaHHAM CTPOKY
30epiraHHs MOTIPIIYyBaBCS CMaK Ta apoMar 4aiB: BIAUYTHO CJIa0IIaay HACUUYEHICTh Ta TEPIKICTh.

Pe3ynbTaTi BU3HAYEHHS BMICTY CyXHX Ta €KCTPAKTUBHHMX PEYOBHUH B yai rpecTasiieHi B Tabnuui 1.

3rifHO 3 OJEp)KaHUMH pPe3yJbTaTaMH BMICT CyXUX PEUYOBHH 3MiHIOBaBcs B iHTepBasi 91-95%,
eKCTPAaKTUBHUX — 35-46% He 3aleXHO Bil BHUAY Yal Ta TepMiHy 30epiranHs. HeoOxigHo
BIJIMITUTH, 1110 1O €KCTPAKTUBHUX PEYOBHMH B1IHOCITHCS] BOJOPO3UMHHI KOMIIOHEHTH Yaro — KoeiH,
610(¢1aBOHOIN, ITYKPHIM, A30TBMICHI CHOJYKHM Ta MiHEpajbHI pedyoBHMHHU. UMM OLIbIIMN BMICT
eKCTPAaKTUBHUX PEYOBUH, THM BUIIHNA COPT Yar. MiXk BMICTOM CYXHX Ta €KCTPAaKTHBHUX PEUYOBUH
icHye 3B’s130K. Tak, HalOLIBIIMI BMICT CyXMX Ta EKCTPAaKTUBHHX PEYOBUH MaB 3e€JIEHUH uail
«'pinding» 2011 p. — 95,33% cyxux peuoBuH, 46,68% excrpakTuBHUX. Halripiii 11i moka3HUKH B
gopHoMmy 4ai «I pindina» 2014p. — 91,33% ta 36,76% BinnoBinHO.
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Tabmuus 1 — BMicT CyXux Ta eKCTPaKTUBHUX PEYOBUH Y Hasix

Yaii .
BwicT cyxux peuoBuH, % Buict eKCTpaKEHBHHX
Bun Bupobuux Pik peuoBuH, %
2014 91,33 36,76
I'pinding
2010 92 40,99
Yopuuii
2014 92,67 38,05
AcKonnna
2010 94 42,73
2014 91,33 42,68
I'pinding
2011 95,33 46,68
3eneHuit
2013 92 41,01
SIBa
2010 92,67 34,57

Pesynpratn Bu3HaueHHs Bitaminy C HaBeJeHi B Tabmui 2.

Tabmuis 2 — Bmict Bitaminy C B gociimkyBaHux 3paszkax 4ais (P = 0,95; n =3)

Hait Bwict Bitaminy C €,
Bun Bupobaux Pix Mmr/100r
2014 14,82+1,25
I'piading
2010 9,61+1,25
Yopuuii
2014 18,59+1,20
Ackounbg
2010 13,67+1,25
2014 41,69+2,49
I'piading
. 2011 24,34+2,29
3enenuit
2013 37,4+1,25
SBa
2010 26,4+2,16

3rifHo 3 pe3ynbTaTaMu JOCHiIPKeHHS HalOuipmuid BMicT BiTamiHy C B 3€lI€HHX 4YasX.
MakcumanbHe 3Ha4YeHHS KoHIeHTpalii Bitaminy C cepen 3enenHux yaiB y «[piadungi» 2014 p.
(41,69 mr/100 r), cepen dopHux uaiB — y «Ackonpai» 2014 p. (18,59 mr/100 r). MinimaibHe
3HaueHHs KOHIeHTpauli BitamiHy C cepea MOCHIKYBaHMX 3pa3KiB BHSIBIEHO B YOPHOMY uai
«piadpina» 2010 p. (9,61 mr/100 r). Taka pi3HULS B MOKa3HUKaX, O€3yMOBHO, IOB’s3aHa 3
BIZIMIHHOCTSIMH B TEXHOJIOT1i BHUTOTOBJICHHSI 3€JIEHWX Ta YOPHHX YaiB. AJjie, SKIIO MOPIBHATH
JIMHAaMIKY 3MiHM BMicTy BiTamiHny C B OJHill 1 Tiif e Tpymi 4aiB, TO BIUIMB TE€PMiHY 30epiraHHs
nyxe BiauyTHui. Tak, mpu 30epiranHi 3eneHoro 4aio «['piHOLIA» TPOTAroM 3 pPOKIB BMICT
Bitaminy C 3meHmyetbes Big 41, 69 mr/100r mo 24,32 mr/100r — y cepennsomy B 1,7 pa3y.
VY 3enenomy yai «SBa» Big 37,4 mr/100 T mo 26,4 mr/100 r — y cepeaaromy B 1,4 pazy. Cxoxa
TEHJICHIIISl B OWHAMIIl MaaiHHA BMicTy Bitaminy C 1 B 4opHHX 4Yasx: y «['piadinmi» 3 14,82
Mmr/100 T 10 9,61 mr/100 1, y «Ackombai» — 3 18,59 mr/100 T 10 13,67 Mr/100 T.

PesynpTatu BH3Ha4YeHHs BMICTY BiTamiHy P mpencraBneni B TaGmuui 3. 3riHO 3 pe3ylbTaTamMu
JOCTIPKEHHsT BMICT BiTaMiHy P y 2.2 pa3y HWKYMH y YOpPHHMX 4YasX y MOPIBHSHHI 3 3€JICHUMH.
Cepen 3eneHMX 4aiB MaKCUMaJbHUM MOKa3HUK KOHIEHTpauii BiTamiHy P maB uail «['pindimm»
2014 p. — 598,75 Mxr/em®, miHiManbHHIT — y gai «STBa» 2010 p. — 193,75 mkr/cm®. Y Tpymii 4opHHX
yaiB HaWBUIIMHA mokasHuK OyB y wai «['pindina» 2014 p. — 266, 25 MKT/CM®, HAHHIDKIHIA y
«Acxkonpaa» 2010 p. —200,5 MKT/CM .
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Tabmuus 3 — Buict Bitaminy P y nociimkyBanux 3paskax daiB (P = 0,95; n = 3)

Hait Bwmicr Bitaminy P + €,
Bun Bupobrnk Pix MKr/cm®
2014 266,25+6,82
I'piading
2010 223,75+6,21
Yopuuii
2014 233,75+6,45
Ackoabn
2010 200,5+3,58
2014 598,75+6,21
I'piading
2011 437+3,58
3eneHuit
2013 275,5+3,58
SBa
2010 193,75+6,21

BrnuB ctpokiB 30epiraHHs Ha AMHAMIKY 3MiHU BMICTY BiTaMiHy P HalOi1bIn BiAUyTHHN Yy Tpymi
3eJICHUX YaiB, Jie KOHIEHTpamis BiTaminy P 3HWKyeThcs, y cepennbomy, B 1,4 pazy. Tak, mpu
30epiranHi mpoTarom 3 pokiB KOHIIEHTpaIlis BitaMiny P y 3eneHomy yai «'piHd111» 3HUKYETHCS 3
598,75 mKr/cM® 10 437 Mkr/em, y gai «SIBa» 3 275,5 mkr/em® 10 193,75 mkr/em®. Y rpymi 4opHHX
4aiB, y cepeaHboMy, BMIcT BiTaminy P 3a 4 poku 3HmKyeTbes y 1,2 pa3y. Tak, y yopHomy yai
«piHGinTy KOHIEHTpALis 3HIKYEThCH 3 266,25 MKr/cM® 10 223,75 MKr/em®, y «ACKONBI» 3
233,75 MKT/CM® 110 200,5 MKT/CME.

OTtxe, pi3uuns y Bmicti BiTaminiB P Ta C B okpemux rpymax 4aiB, 0€3yMOBHO, TOB’si3aHa 3
TEXHOJIOTIYHUMH OCOOJIMBOCTSIMHM 1X BHTOTOBJICHHs. TepMiH 30epiraHHs € 3arajbHuUM (DaKTOpOM,
SKHWI BIUTMBAa€ HA 3MiHY KOHIeHTpamii BitamiHiB P Ta C i B yopHHX, 1 B 3e1eHUX yasx. HanOinpm
BITUYTHUH BIUTMB Ha JMHaMIKy 3MiH BMicTy BiTaMiHiB P 1 C BiiOyBaeThbcs B IpyIi 3€J€HUX 4YaiB, Yy
IpyMi )X YOPHUX YaiB 11e¥ BIJIUB HE TAKUI 3HAUHUH.

BUCHOBKH

1.  3a pesynabpraramMu OpPraHOJIENTHYHOTO aHAJI3y HAWKpaIlIMM B TPYIi 3€JCHHUX YaiB BHSIBHBCS
yaii «['pin¢inn» 2014 p., y rpyni yopHUX 4aiB xojeH He BinnosinaB Bumoram JACTY.

2.  ExcrepuMeHTanpHO IMOKa3aHO, IO HAaWBHIUN TOKa3HWUK BMicTy BitamidiB P i C OyB y
3eneHomy 4ai «I pinginn» 2014 p.

3. ExcrepuMeHTalbHO MiATBEP/KEHO, 110 TePMiH 30epiraHHs HaWOUIbII BiIYYTHO BIUIMBA€E Ha
JMHaMIKY 3MiH BMicTy BiTaMmiHiB P 1 C B rpy1i 3eJ1eHUX yaiB MOPIBHIHO 3 YOPHUMH.
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BUMOI'Y 1O O®OPMJIEHHSI CTATEM
Y “BICHMK 3AITIOPI3BbKOI'O HALIIOHAJIBHOI'O YHIBEPCUTETY”
(CEPIA ““BIOJIOI'TYHI HAYKHN”)

Jlo mpyKy TpUMAaIOTHCS CTATTI YKPAiHCHKOK, POCIHCHKOIO Ta aHTJIIHCHKOI0 MOBAMH, IO BiJMOBIAIOTh TEMATHIII cepil
BUJIaHHS i1 MICTATH HOBI HAYKOBI pe3yJIbTaTH, HE OIyOJIIKOBaHI paHile.

3a CTPYKTypOIO CTaTTs Ma€ BiJIIOBIIaTH BUMOTaM, 3aTBEPPKEHUM IocTtaHoBoro npe3unii BAK Ykpainu Bix 15.01.2003
p. Ne 7-05/1 «Ilpo migBuieHHS BUMOT 10 (PaXOBHX BHAAHb, BHECCHHX N0 meperikiB BAK Ykpainu», T06T0 MicTHTH
Takl HEOOX1IHI €JIEMEHTH:

- TOCTAaHOBKA MNpo0JeMHM y 3aralbHOMY BHIVIAAI Ta 1i 3B’S30K i3 BaIMBHMH HAyKOBHMH YH TPAKTHIHUMH
3aBIaHHSIMU;

- aHa;i3 ocTaHHIX AocaimxkeHb i myOmaikamiii, B SKMX 3am0YaTKOBAaHO PO3B’sA3aHHA NaHOiI mpobieMu 1 Ha sKi
CIHMPAETHCS aBTOD;

- BHJiJIeHHS HeBUPilleHUX PaHillle YACTHH 3arajbHOI NPo0JieMHu, KOTPUM NIPUCBIUYETHCS O3HAUEHA CTATTS;

- ¢dopmyroBaHHA HiJel cTaTTi;

- BHKJIaJ OCHOBHOT'0 MaTepiayly J0CJIi/IZKeHHs 3 IOBHUM OOIPYHTYBaHHSIM OTPUMAaHUX HAYKOBUX Pe3yJIbTaTiB;

- BHCHOBKH 3 JIJaHOTO JOCII/UKEHHS | MePCNEeKTHUBH NMOJAJbUINX J0CTi/KeHb Y TAHOMY HaIlpsIMKY.

Bukman wmarepianmy crarTi Mae OyTH TOCHIZOBHHMM, JIOTIYHO 3aBEpLICHHM, 13 YITKUMH (OPMYIIIOBAaHHSAMH,
110 BUKJIIOYAIOTh TMOJBiiHE TiymadeHHs ab0 HempaBWiIbHE PO3YMiHHS iH(pOpMAaIii; MOBa TEKCTy Ma€ BiINOBiaTH
JMTepaTypHUM HOpMaM, OYTH TpoQeciiHOI0 1 JaKOHIYHOW. ABTOp 3000B’s3aHHN 3a0€3MEUNTH BHUCOKUH HAYKOBHUI
piBeHb BHKJIAJCHOTO MaTepiaily, MOBHOTY 1 CHCTEMHICTD BHCBITICHHS NMUTAaHHS, JOCTOBIPHICTH Pe3yNbTATIB 1 JaHUX,
II0 HABOJATHCS, NPABUIBHICTG LMTYBaHHS Ta IIOCHIaHb Ha JiTepaTypHi Iukepena. CTaTTi MyOJiKYHOTBCS MOBOIO
OpHTiHAINY.

1. MAKET CTOPIHKH

s opuriHan-mMakera BHUKOPUCTOBYeThbcs (opmar A4 3 momsimMu 3 ycix OokiB — 2cm. [ns
BUJUICHHSI OKPEMHX €JIEMEHTIB CTaTTlI 3acTOCOBYIOTbCA TaKl TapHITYpH, po3Mipu IIPUQTIB
Ta HAYepTaHHS:

- mua YK, 3aronosky ctarti: Times New Roman, — 14 nr, yci nponucHi;

- 175 mia3arosoBKiB — 12 NT, HaMiBXXUPHUH, yC1 IPOIMUCHI,

- s Tpi3BHIN, iHImiaNmiB aBTOpIB, Ha3B 1 aapec opranizamiii: Times New Roman, — 12 o,
KYpCu8oM, yCi CTpOUHI;

- aapecu enekTpoHHoi momtu: Times New Roman, — 12 nT, yci cTpouHi;

- JUIA aHOTallii, KiaroyoBux ciiB: Times New Roman, — 10 0T, kirouosi ciosa — kypcugom,

- OCHOBHOTO TEKCTY, BUHOCOK, MOCHJIaHb, MIJIMUCIB 10 PUCYHKIB Ta HAJIMWCIB HAJ TaOIHUISIMU:
Times New Roman, — 12 .

[aTepBan mixk ab3anamu — 6 T, MDKPAIKOBUIN THTEpBAI — OJIMHAPHUM.

V pasi HeoOXimHOCTI st MIPUPTOBUX BUIIICHB y TAOIHISIX | PUCYHKAX JMO3BOJISETHCS 3acTocoByBatH mpudt Courier
New. /[lnsg cTwiicTHYHOTO BHJIUICHHS (parMeHTIB TEKCTy B)KMBAIOTBCS HAuepTaHHS: KypCHB, HANIBXUPHHH,
HariBXHUPHUI KypCHB 31 30€peKeHHSIM TapHITYpH, po3Mipy mpudTy Ta iHTepBaty ad3aiy.

2. TAIOTPA®CBHKI NOTI'OJ)KEHHS TA CTUJII
YK BkazyeTbcsi B IEPIIOMY PS/IKOBI CTOPIHKHU 1 BUPIBHIOETHCS 32 JIIBUM KpPa€eM.
3aroJi0Bok cTarTTi HabupaeTbes B HacTynmHoMY 3a Y JIK psiiKoBI 1 BUPIBHIOETHCS O LIEHTDY.
Y TpeThOMy PAIKY 3 BUPIBHIOBAHHSIM 11O IIEHTPY 3a3HAYAOTHCS MPIi3BUINA, iHiLia M aBTOPIB.

VY HacTymHOMY psIKY pO3MIIMIyeThCsl iH(OpMaIlis MO0 TOBHOI aJpecd Ta HAa3BM OpraHizamii,
e npaiioe (HABYAETHCS) ABTOP, KA TAKOK BUPIBHIOETHCS TI0 LICHTPY (KYPCUBOM).

UYerBepTuii psIoK MICTUTh aopecy eeKmpoHHOI nowimu aémopie, po3TallloBaHy IO EHTPY.

Jani po3MilIyroTbcsi aHoTalii (o 5 pedeHb KOXKHA) YKPAiHCHKOK Ta POCiiiCbKOI MOBaMu
3 KITFOYOBHUMHU citoBamH. Ileputoro cinif po3MIIITyBaTH aHOTAIIF0 MOBOKO OPHUTIHATY, HEpeo HACMYRHOIO
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anomayielo MOBMHHA OyTH BKa3aHa Ha3Ba CTaTTi, MpI3BUINA Ta IHIMIAIM aBTOPIB, IOBHA ajapeca
Ta Ha3Ba YCTAHOBH, aJIpeca eIEKTPOHHOI TIOYTH aBTOPiB/aBTOpA.

I3 HactymHoro a0zaiy MOCIiZIOBHO HAaOMPArOTHCS 1 BHPIBHIOIOTHCS IO LIEHTPY 3arojiOBOK CTaTTi
aHIUIiHCbKOI0 MOBOIO, TPAHCIIITEPOBaHI IMPI3BUINA, HIIIAIA aBTOPIB, HA3BH 1 aJIpeCH OpraHizarlii,
SIKi TIOBUHHI OyTH NPEACTaBJIEHI aHIJIHCHKOI0 MOBOIO, Y TOMY YMCIi KpaiHa i MICTO, 32 BHHSTKOM
Ha3BU BYJIMII, SIKA MOJAE€THCS TPAHCIITEPALII€IO.

I3 HactynHoOro psaka posminryerscst posmupena (1,5 cTopiHkM) aHoTallis 3 KIOYOBUMH CIIOBAMH
aHIJIHCHKOI0 MOBOIO.

IIpu noganHi cTaTTi aHIJIACHKO MOBOIO, aHOTAIll AHTIINCHKOIO, YKPAiHCHKOIO Ta POCIHCHKOIO
MOBaMH TTOBHHHI OyTH 0JTHAaKOBI Ta iHPopMaTuBHi. X oOcsar moBuHEeH OyTH HE OLIbIIE 1T’ ATH PEYCHb.

[Ticnst anorariii 3 ab3aIly BUKIAIa€THCSl OCHOBHUI TEKCT CTaTTI.

OcHoBHu#i Tekc crarti moBuHeH Matu Taki posnum: BCTYIIL, MATEPIAJIM TA METOAU
NOCJIKEHHS, PE3YJIBTATHU TA IX OBI'OBOPEHHSI, BACHOBKH, JITEPATYPA,
REFERENCES.

3azonoeku maykosux cmameit TIOBUHHI OyTW iHQOPMATHBHUMH Ta MICTUTH TiIBKH
3araJbHONPHUUHATI CKOPOUYCHHS. Y TepeKiajli 3aroJoBKiB CTaTeH aHTIIICHKOI0 HE MOBHHHO OyTH
HISIKAX TpaHCIITepaliid, OKpiM HEMepeKIaJHIX Ha3B BIACHUX IMEH, MPHJIAAIB Ta IHIIUX 00’ €KTIB,
10 MalTh BJAcHI HAa3BH; TaKOX HE BHKOPUCTOBYETHCS HemepekiamHuid cieHr. Lle crocyerbcs
TAKOK aHOTAIIIH 1 KJIFOYOBHX CIIiB.

Hanpukinni po3ainy BCTYII notpiOHO 3a3HAYUTH METY OOCHIHKEHHS, a HAMPUKIHLI PO3ILIY
PE3YJIBTATHU TA IX OBI'OBOPEHHS — nepcneKTHBY MOAANBIINX AOCIIKEHb.

Intocmpayii MatoTe OyTH OpHUTiHAIBHUMHU pUCYHKaMu abo ¢ororpadismu. Portorpadii ckanyrorees y 256 rpajamisx
ciporo. LimocTpallil po3TaloByOTECS Y BIIOBIIHUX MICILSIX TEKCTY CTATTi (110 MOXKIIMBOCTI yropi CTOPIHKH) 1 MOBHHHI
OyTH TiJnMcaHi Ta MOCTIJOBHO NpOHyMepoBaHi apabcbkumu nudpamu: Puc.l, Puc. 2. Homep pucyHky Ta miamuc
PO3TAIIOBYIOTECS 0€3MOCEPeHbO MMij pUCYHKOM. KOXEH PUCYHOK Ta MiANKHCHA 0 HBHOTO BKJIHOYAIOTHCS JO TEKCTY
ny6uikauii. CtBopeHHs rpadidHuX 00’ €KTIB MOXKe 3/iiCHIOBATUCS OyAb-sKUM rpadiyHuM pepaktopom y ¢popmari BMP
¢aiinis. BuxoHanHs pucyHkiB 3acobamm Microsoft Word 3milicHIO€ThCS dYepe3 BHKOPHCTaHHS KOMaHJ ITaHeNi
«PucoBanmey. Iligmucu 3miicHIOIOTECS KoMaHAOKW «Hammuee». Yci TpadiuHi KOMIIOHEHTH PHCYHKA 1 IiIITHCH
00’enHyrOTBCS KOMaHIow «['pynmupoBaTb» (MeHIO «JleficTBusi» Ha maHeni «PucoBaHue») 1 MOAAIOTHCS y BHUIIISII
omHOro TpadigyHOro 00’€KTa, MPHB’SA3aHOTO IO TEKCTy 3  OOTIKaHHAM 3BepxXy 1 3HW3y. lmoctparii maroTh OyTH
MIrOTOBaHI Ta MACIITA0OBaHI TaKMM YMHOM, OO po3Mipy OyKB TEKCTY Ha LTIOCTpAIisfX HE MEPEBUIYBAIH PO3MIp OYKB
OCHOBHOTO TEKCTY cTarTi OibII HXK Ha 50 %.

Ta6nuyi po3TamoBYIOTECS y BIANOBITHUX MICLSX TEKCTY CTaTTi (IO MOXJIMBOCTI yropi CTOPIHKH) 1 NMOBHHHI MaTu
Ha3By Ta OyTH MOCITIIOBHO MPOHYMepoBaHi apadbcbkumu tudpamu: Tabmumns 1, Tabnuig 2. Homep Ta Ha3Ba Tabiuil
PO3TaIIOBYIOTHCA O€3MMOCcCepeIHbO Ha/l TAOIHIIAMHU.

Ilocunanna na nimepamypui 0xcepena NOCIiTI0BHO HyMEPYIOThCS apaOChKUMH IU(PPaMU B TOPAAKY
MOSIBU B TEKCTi CTATTi 1 3a3HAYAIOTHCS y KBAJIPATHUX TYXKKaxX, B SKHX BKA3YIOThCS TOPSIKOBHA
HoMep pkepena. Ilepemik JiTepaTypHHUX JDKEpel MOBOK OpPUTIHANY IOJAETHCS B MOPSAKY iX
HyMepallii mcist OCHOBHOTO TeKCTy cTarTi 3 mia3aroyioBKoM: «JIITEPATYPAy, skuit BUPIBHIOETHCS
no neHTpy. Crnucok miteparypu opopmiroetrbest Bianosiano go ACTY T'OCT 7.1:2006 “Cucrema
cTaHmapTiB 3 1HdopmMmarii, O016mioTeyHoi Ta BUAABHMYOI copaBu. bibmiorpadiuynuii 3amuc.
biGmiorpadiunuii onuc. 3araabHi BUMOTH Ta MpaBUia CKIaJaHHs .

I3 HactynHoro a0saily HOAAeTbes MEpENiK JIITEpaTypHUX JPKEpeNn JaTUHULEK 3 Mi3aroJ0BKOM:
«REFERENCESY, sikuil BUPIBHIOETbCS 110 LIEHTPY.

AmHoTanii, KJII04YOBI CJIOBa, OCHOBHMI TEKCT CTAaTTi, IIEpEJK JITEpaTypHUX JUKEPEN MOBOIO OpHIiHATY Ta JIATHHHLEIO
BHUPIBHIOIOTHCSI 32 JIIBUM Ta [IPaBUM KpasMH.

IIpn opopmiteHHI CTATTi HEe JOIMYCKAETHCH:
- MIJKPECTIOBAHHS B 3ar0JIOBKAX, MIMKCAX 1 HAIHCAX;
- TI0YaTOK CTOPIHKM HE3aBEPIICHUM PSIKOM;
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- TIEPEHOCH CIIiB y TEKCTi CTaTTi;

- 3aKiHYEHHsS CTOPIHKH OJHUM a0o0 NEKiJTbKOMa IMOPOXKHIMU PsAKAMH, 32 BHHATKOM KIHII CTaTTi
Ta BUMAJKIB, CIPUYMHEHUX HEOOXITHICTIO YHHMKHEHHS BUCSYMX IIi3arojOBKiB Ta IMOYATKy ad3airy
B KIHII CTOPIHKH;

- YacTe BUKOPUCTAHHS BHUHOCOK, SIKi TMOBHUHHI PO3TIAATUCS SIK BHHATOK 1 BXKHBATUCS TUIBKA
Y BHITQJIKY JIMCHOT HEOOX1THOCTI).

IIpuitom crareil A0 ApPYKY 3AIHCHIOETHCS penakuiiHow koJjerielo Bicumka 3HY npm
HAsIBHOCTI HACTYIIHMX IOKYMEHTIB:

- Teker crarti (erexkmponnuii (y ¢opmari RTF) ma poszopyrosanuii eapianmu 3a mianucoM
aBTopa (aBTOpPiB), 0OOPMIICHHI BIIMOBITHO A0 BCTAHOBJICHUX BUMOT: €JICKTPOHHUI BapiaHT CTATTI
MOJIAETBCA Ha JHMCKY 1/a00 HaJCHIIA€ThCS €IEKTPOHHOIO momTor. Ha mucky maroth OyTu nBa
(haiinu, Ha3BU SAKUX MOBHHHI MICTUTH TPaHCIITEPOBAHE IMPI3BUIIE MEPIIOro aBTOpa: MEPIIUA — 13
TEKCTOM CTaTTi, aHOTALIIIMH Ta KIIOYOBHMH ClIOBaMU (Hanpukiazi: Ivanov_stattya.rtf); npyruii —
i3 BijToMOCTsIMH ITpo aBTOpiB (Hampukiaam: Ivanov_avtor.doc) );

- BHTAT i3 NPOTOKOJY 3aciaHHs Kadenpu/Bimaury/madopaTopii 3 peKOMEHIAIEI CTaTTi
JI0 TIPYKY;

- BigomocTi nmpo aBTopa (aBTOPIB), II0 MICTATH TaKy iHPOPMaLi0: TPi3BHIIE, iM s, IO OATHKOBI;
Micie poboTu abo HaBYaHHS; MOcaja, HAYKOBUHM CTYIiHb, BUCHE 3BaHHs; Ha3Ba PO3JLTy 30ipHUKA
B SIKHW TIOJAEThCS CTATTS, ajpeca JUIsl JUCTYBaHHSA, KOHTAKTHI TeneoHH 3 KOJOM MICTa;
ajzipeca eNeKTPOHHOT MOLITH.

JIOKyMeHTH MOJAIThCSI ABTOPAMM BiJIIOBIIAILHOMY PEIAaKTOPOBI BIAMOBIMHOI cepii >KypHaIy
abo mHazacunaroThes 3a anapecoro: 69000, wm. 3amopixoka, MCII-41, Byn. )KykoBcekoro, 66,
3amopi3bKuii HalllOHATLHUN YHIBEPCUTET, PeaKIliifHa CTy»)0a HaAyKOBO-IOCIIITHOT YaCTHHH.

Onjara 3a nyOnikamiro 3AIACHIOETBCS TMICHS NPUUHATTSA PINICHHA peAaKkIiiHOi KoJyerii mpo
PEKOMEH/IalliI0 CTAaTT1 10 APYKY.

CraTTi, peKOMEHJOBaHI [0 JPYKY peHakUifHMMHU KOJIETisIMHM, NPOXOJAATh peJaryBaHHS,
KOPUT'YBaHHS Ta TEXHIUHY BEPCTKY 3T1/IHO 3 BUAABHUYUM (HOpPMATOM 1 I1aOJIOHAMH BHJIaHHS.

Haraayemo:

Jlo nmyOmikaiii mpuiMaroTbCs CTaTTl, 110 BIJ3HAYAIOTHCSI BUCOKMM HAyKOBHMM PIBHEM IiJTOTOBKH,
MICTSTh IMTMOOKUIM CaMOCTIMHUI aHali3 CydacHUX MpoOJIeM PO3BUTKY HAyKH.

VY crartsax 1 MOBIIOMJICHHSIX BHUCIIOBJICHI MOTJIAIM IXHIX aBTOPIB, SKI HE 3aBXKAU 30IraroThCst
3 MOTJISIIaMH pelaKilii.

ABTOp Hece BINOBIAAJIBHICTD 3a JOCTOBIPHICTh (DAKTMUHUX JaHUX Ta iH(GOpMaIllii, U0 MICTATbCA
B CTATTAX, YITKICTh BHMKJIAAYy TEKCTY, LMTYBaHHsS, a TaKOXX 3a MOBHOCTHIIICTUYHHUI piBEHb
HaIlMCaHHS MaTepiaiB.

PenakuiiiHa Komeris 3/1MCHIOE 30BHILIHE Ta BHYTPIIIHE pELEH3YBaHHS CcTaTed Ta 3alMIlae
3a c000I0 MPaBO BIAMOBIIATHU B iX OMyOIiKyBaHHI, y pa3i KOJIU CTAaTTI HE BIAMOBIIAI0OTh BUMOTaM.

Aopeca pedakyii: Ykpaina, 69600, m. 3anopixoksa, MCII-41, Byn. X)KykoBcekoro, 66

Jloeioku 3a menegponamu:

Bionogioanvnuii peoaxkmop — 3a0oposcusa Bikmopia FOniiena — 098-549-01-09
097-166-25-85

Enexmponna nowmma: zadorovic@rambler.ru; inna-kolomoecO@rambler.ru

Micye3naxooscenns pedaxkyiunoi paou oionoziunozo gaxyarvmemy: 6yn. I'ozons, 62

(I xopnyc 3HY), k. 107
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