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COMPARISON OF CYTOTOXIC ACTIVITY OF CISPLATIN
AND A CLUSTER RHENIUM (11I) COMPOUND

We have shown that the cytotoxic activity of Re,C1(C,H,CO,), and cisplatin was
close and the cytotoxic activity of the rhenium-platinum system was much more ef-
fective than that of Re,CL,(C,H,CO,), and cisplatin. Liposomal formulations of inves-
tigated preparations are more effective than their solutions, due to a simplified trans-
port mechanism and prevention of the deactivation before penetration to the cancer
cell. The obtained results underline perspectives of the use of dirhenium compounds
in medicines and emphasize the need of further investigations of mechanisms of anti-
cancer activity of the cluster dirhenium (III) compounds.

Keywords: cluster rhenium compound; rhenium-platinum antitumor system; Jurkat
cells; cytotoxic activity.

In our previous works it was shown that the cluster rhenium (III) compound di-
chlorotetra-p-isobutiratodirhenium (III) Re (i-C,H,COO),Cl, — (I) exhibited pro-
nounced anticancer and antiradical activities in vivo, especially effective in combi-
nation with cisplatin (Re-Pt system) [22]. Besides, in these and other experiments it
was shown that I had antioxidant, hepato- and nephroprotective activity in the mod-
els of cancer growth and nephrotoxicity [2, 8, 10, 21]. To our mind the compound I
has several structural features, which might be responsible for the above indicated
properties: binuclear clustering of rhenium atoms as the main component of the mol-
ecule that is characterized by low toxicity; quadruple bond, which is responsible
for antiradical and antioxidant properties; chlorine atoms, which are able to interact
with polar molecules; branched alkyl groups and their symmetrical arrangement that
provide hydrophobic interactions. I showed cytotoxicity against CEM-T4 cells and
possibility to interact with supercoiled DNA [14]. Recently the dirhenium cluster
compound with an amino acid ligands was tried against T-cells of acute lymphoblas-
tic leukemia (Jurkat cells) [15] and it was shown that it had close to cisplatin toxicity
but more proapoptotic than pronecrotic cisplatin action. One of the directions of
further studies of the compound I and other cluster rhenium compounds is to find

© 3enentok K. B., Toniuenko O. A., IlItemenxo O. B., IlItemenxo H. 1., 2020
115 crara Binkpuroro noctymy Ha ymoax CC BY-NC 4.0.
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the optimal modes of administration of I alone or in the Re-Pt system, in which an
effective anticancer activity can be achieved. Also, further investigation of influence
of new dirhenium (III) compounds and rhenium-platinum antitumor systems on the
human cancer cells is of great importance.

Thus, the aim of this work was to study the influence of I and cisplatin in solution
and in liposomal forms against T-cells of acute lymphoblastic leukemia (Jurkat cells)
and to find difference and synergism in these interactions.

Materials and Methods

Cisplatin and dichlorotetra-p-isobutyratodirhenium (III) Re,(i-C,H.COO),Cl, (I)
were synthesized at Ukrainian State University of Chemical Technology at the De-
partment of Inorganic Chemistry [5, 21]. Liposomes were prepared according to a
published procedure [11]. The Jurkat cells were obtained from the Institute of Cell
Biology National Academy of Sciences of Ukraine (Lviv).

The following treatment variants were assessed: solution of cisplatin cPt - cPt;
solution of I - I; I in liposomal form - [I]; cPt in liposomal form — [cPt]; The final
concentrations of the administered rhenium substance were 105, 10, 107, 10 and
10° M. The rhenium-platinum system was administered in two ways: free I and cis-
platin in molar ratio 4:1- I + cPt; I in liposome form plus cisplatin in a molar ratio 4:1
— [I] + cPt so that the concentration of cisplatin was 10, 10, 107, 10 and 10 M.

Jurkat cells were cultured in 20 cm? Carrel glass culture flasks in medium RPMI
1640 (Sigma, USA) with addition of 10% bovine serum (Sigma, USA). The cells
were passaged every two days at the concentration 5 x 10° cells/ml of culture medi-
um. The cells were plated in 24-well plastic plates (Sarsted, USA) at the concentra-
tion 5 x 103 cells/ml. The studied compounds were added at various concentrations
noted above. After 24, 48, 72, 96 hours of incubation, the alive and dead apoptotic
cells were counted according to [9, 14]. In detail: To evaluate the viability of cells,
10 pl of 1% trypan blue (Sigma, USA) solution was added to 100 pl of suspension
and incubated for 2-3 min. 20 pl of coloured suspension of cells was added to a
Goryaev’s chamber and dead and living cells were counted with a luminescent mi-
croscope LOMO Mikmed-2 variant 12 (St. Petersburg, Russia) an increase by 200
times. Under these conditions, the living cells differed from the non-viable (dead)
ones by the inability to absorb the dye [14]. LC,, index was used, calculated as a
lethal concentration of drug, which kills 50 % cells in comparison with a control
culture by Reed—Muench method [17].

Statistical analysis of the obtained data was carried using the Student’s t-test
(p <0.05). The data were expressed as M + m.

Results and discussion

The dependence of viability of the cells on the concentration of I, cisplatin (cPt)
and the rhenium-platinum system in solutions forms is shown in Figure 1.

10
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Fig. 1. Cytotoxicity of cPt, I and cPt + I in free forms in concentrations:
a—10°,b-105c—107,d—10°M

As it is clear, the cytotoxic activity of I and cisplatin was close and the cytotoxic
activity of the rhenium-platinum system was much more effective than that of I and
cisplatin. There was no linear concentration dependence in obtained results for I and
cisplatin in these experiments that may be explained by non-monotonic development
of the Jurkat cells population, Fig. 2.

As the most intensive growth and quantity of the cells are found on the 4th day, it
is reasonable to compare the results on the 4th day: under high concentration 10°M
of components the cytotoxic activity of the introductions has the following range
cisPt > cisPt + I > I; under concentration 10°M ¢Pt + I = ¢Pt > I and under the
107M and lower it becomes cisPt + I > I > cisPt, absolutely vice versa. It means, that
in the range of low concentrations I is more effective in solutions than cisplatin and
that both cytostatics had synergistic or additive effect. This may be the explanation
of much lower toxicity of the thenium compounds in our experiments with Guerink
carcinoma and partly the efficacy of the dirhenium (III) based therapy. As for the
rhenium-platinum system on its base, it is not possible to compare as the concentra-
tion of I in these experiments is four times higher and was introduced following the

11
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experiments in vivo, where the rhenium-platinum antitumor system was introduced
in the ratio 1 : 4 (cisplatin : a thenium substance).

Introductions of the liposomes also led to death of Jurkat cells during all days of
the experiment, Fig.3.
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Fig. 3. Cytotoxicity of [cPt], [1] and cPt + [1] in liposomal forms in concentrations:
a—10°,b-10%c—107,d—10°M
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According to the presented data, it is obvious, that liposomal formulations of all
investigated preparations are more effective in these experiments than their solu-
tions, that is not a surprise as the lipid encapsulation of rhenium compounds and
cisplatin increased the concentration of these cytostatics in the cancer cell through
a simplified transport mechanism and prevented the possibility to deactivate these
compounds in the culture environment that leads to increasing of the compounds'
reactivity [3, 24]. It is interesting that lowering of concentration of preparations de-
creased the efficacy only of cisplatin, neither of I nor of the system on its base. Un-
fortunately, it is very difficult to interpret such data as the mechanism of anticancer
activity of the dirhenium (III) compounds is not fully investigated.

I had cytotoxic activity close to cisplatin in solution but had more cytotoxic ac-
tivity in liposomal form; also, we have shown the significant advantage of cytotoxic
activity of the system in liposomal forms as compared to cisplatin, Fig. 4.

100 50

—&— cPt
—A— |

80 - 40 --&-- |+cPt

30

Viability, %
Viability, %

20 A

Concentration, M Concentration, M

A B

Fig. 4. Viability of Jurkat cells under changing of concentrations of components
(1-10°,2-10%3-107,4—109 5—10° M) on the 4" day of experiments:
A — introduction of components in solution; B — introduction of components in liposomes

LC,, for free cisplatin on this cell line was calculated and was 1.92-10° M [16],
the same value can be obtained for cisplatin from our data presented in Fig. 4 A. It is
difficult to calculate LC, for other substances in our investigation because they do
not have linear concentration dependences, especially the system, but from the data
in Fig. 4 we may conclude that [I] and [I + cPt] have LC,in the range of 10*M,
which is comparable with the LC, values for the known antitumor drugs obtained
on the same cell line, such as taxol (Paclitaxel [12], doxorubicin, newly synthesized
heterocyclic 4-thiazolines, landomycin A, adriamycin [9] and palladium complexes
with organic ligands [1].

The absence of linear dependence of cytotoxic activity on concentration may
be explained by the fact that dirhenium(III) compounds were characterized by
hydrolysis in aqueous solutions, the speed of which depended on the pH and on the
structure of the complex [6].

13
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Cisplatin is a prooxidant and cluster rhenium compounds are powerful
antioxidants, which was shown in numerous works [18-20, 22]. Chemotherapy of
redox modulation, aimed at changing the level of reactive oxygen species (ROS) in
cancer cells is considered a promising strategy in cancer care. So, the prooxidants,
increasing ROS level in cancer cell, led to its death. But some antioxidants were
shown to exhibit cytotoxic effects, such as umbeliprenin (terpenoid coumarin,
m-conjugated antioxidant) caused apoptotic death of Jurkat cells (LC,=25uM), even
in the presence of interleukin [22], which initiated resistance to apoptotic death of
leukaemic cells [26]. Some antioxidants such as sodium selenite, selenomethionine,
D-pantetine were tried in several Jurkat cells [9, 14], but they even reduced the
toxicity of doxorubicin. The anticancer effect of such antioxidants as curcuminoids
is well-known [13, 25]. It was explained by inhibition of NF-xB pathway by reducing
ROS concentrations that were shown to be signaling molecules for NF-«B pathway
and directly inhibited immune competent cells (ICC) - kinase activity by modifying
cysteine residues critical for functioning of cancer cells [4, 7]. As signalling pathways
of cancer cells that are influenced by cluster rhenium compounds have not been
studied; as some of these compounds interact with DNA and histidine residues of
proteins depending on the structure and orientation of the ligands around the cluster
fragment, i.e., additionally have diverse coordination functions [22], in our opinion,
the anticancer effect of these compounds depends not only on their antioxidant
properties, but also on their possibility to influence other regulatory processes of
cancer cell.

Conclusions

1. We have shown that the cytotoxic activity of I and cisplatin was close and the
cytotoxic activity of the rhenium-platinum system was much more effective than
that of I and cisplatin.

2. In the range of low concentrations I is more effective in solutions than cisplatin
that may be the explanation of much lower toxicity of the rhenium compounds and
their efficacy in experiments in vivo.

3. Liposomal formulations of the investigated preparations are more effective
than their solutions, due to a simplified transport mechanism and prevention of the
deactivation before penetration into the cancer cell.

4. Liposomal I and antitumor system on its base have LC, in the range of 10
M, that is comparable with the LC,  values for the known antitumor drugs and
underlines the importance of further investigations of the rhenium cluster compounds
as anticancer species.

5. The obtained results emphasize perspectives of the use of dirhenium compounds
in medicines and the need of further investigations of mechanisms of anticancer
activity of the cluster dirhenium (III) compounds.

14
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MOPIBHSIHHS IUTOTOKCHYHOI AKTUBHOCTI
LUCIJIATUHY TA KJIACTEPHOI CIIOJIYKH PEHIIO (I1T)

Pe3rome

VY 3B'SI3Ky 3 HOnepeHIMU JaHUMH PO MPOTUITYXJIMHHY aKTUBHICTh KJIACTEPHUX CIIO-
ayxk peniro (I1I) 1 X cuHepri3m 3 HUCIUIATMHOM BEIMKHH 1HTEpPEC MPEACTaBISIOTH 110-
PIBHSUIbHI JOCIHIJKSHHS BIUIMBY IIMX CHOJIYK 3 HUCIIATHHOM HA JICHKO3HI KIITHHH
JroauHu. MeTta poOOTH - TTOPIBHATH IUTOTOKCHYHY aKTUBHICTh KJIACTEPHOI CIOJIYKH
peniro Re,Cl(C,H,CO,), (I) y po3anHax i HaHOJIIIIOCOMaX OKPEMO i pa3oM 3 LHCILIa-
THHOM Yy kiiThHax Jurkat. I{MUTOTOKCHYHICTP IMX PEUOBHH JOCIHIKYBAJIM IIOJO
T-kitun rocrporo nimdobdiaacTHoro jeiiko3y (kmitiH Jurkat) 3aranbHONPUITHATHMA
Meronamu. [lokasaHo, Mo UTOTOKCHYHA akTHBHICTH I 1 nucriatuHy mMae Onm3bKi
3HAYEHHS, @ MUTOTOKCUYHA aKTHUBHICTh CHCTEMH peHili-TulaTnHa Oylia 3Ha4HO edek-
TUBHIIOW, HiK y | Ta mucmiatudy. Y Aiana3oHi HU3bKUX KOHIEHTpariii I Oinpm
e(eKTUBHHUN y PO3UMHAX, HIK [UCIUIATHH, 110 MOXKE OyTH MOSICHEHHSIM 3HaYHO MEH-
1101 TOKCHYHOCTI CIOJIYK PeHito Ta X e)eKTMBHOCTI B €KCIIEpUMEHTax in vivo. Jlino-
coMaJbHI (pOpMHM OCIIPKEHNX TIpernapariB OuTbI e(heKTHBHI, HIXK X PO3YHMHH, 3aB-
JUIKH CIIPOIIICHOMY TPAHCIIOPTHOMY MEXaHi3My 1 3all00iraHHIO JIe3aKTHBALil 1epes
MIPOHMKHEHHSIM y pakoBy KiiTHHY. JlimocomansHa ¢opma I i mpornnyxiauHHa cucte-
Ma Ha ii ocHoBi MatoTh LC50 y nmiamasoni 10 M, 10 MoxHa MOPIiBHATH 31 3HAYCH-
v LCS50 1t BiIOMHUX TPOTHITYXJIMHHUX IMpPENapariB i MiJIKPECIIOe BaKINBICTh
MOAAJIBIINX JAOCIIIKEHb KJIACTEPHHUX CHOJIYK PEHII0 SK MPOTHITYXJIMHHUX PEYOBHH.
OTtpuMaHi pe3ysIbTaTy MiIKPECIIOI0Th NEPCIIEKTHBHICTh BUKOPUCTAHHS CITOIYK JUpe-
aito (II1) y MeauuuHi i HEOOX1THICTh TOAATBINUX JOCHTIKEHb MEXaHi3MIB IPOTHITYX-
JMHHOT aKTUBHOCTI Ki1acTepHuX crionyk penito (I11).

Kuro4oBi ciioBa: xiacTepHa Crojlyka peHilo; peHiH-IUIaTHHOBA IPOTUITYXJIMHHA CH-
CTeMa; UTOTOKCHYHA aKTHBHICTB; alonTo3.
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CO30®ITH Y IOCTMAMHIHIOBUX JIAHJAIIIA®TAX
KPUBBACY

[IpuBeneni pe3yasraTH OOCTEXEHHSA 24 MOCTMANHIHTOBHX Kap’ €pHO-BiIBAIBHIX
KOMIUTEKCiB KpHBOP1XOKS MO0 HASIBHOCTI PiAKICHUX BHIIB POCIHH, BKIIOUEHUX JI0
«YepBOHMX CIMCKIB» pi3HUX paHriB. Jlo cimcky co3o¢itiB yxmodeHno 40 BuaiB ¢i-
Tobiotu. Haiibinpima gactka rieHoMopd co30¢iTHOI pakmii mpeacTaBiIeHa cTenaH-
tamu. Po3monin rirpomopd Ta remioMopd y BiAMOBIAHMX CHEKTpaxX Big3HAYAETHCS
mepeBakaHHAM KcepodiTiB Ta remodiTiB. TpodocmekTp XapakTepu3yeThes IepeBa-
JKaHHAM BHIiB-Me30TpodiB. s Tprox cozoditiB (Pterotheca sancta, Astrodaucus
littoralis Ta Crambe maritima) BigmiueHo crierigHi TPOSBH ajanTariii 10 HOBOI
€KOJIOT1YHOT 0OCTaHOBKH.

Kuro4oBi cioBa: co3o¢ity; Gpitodiora; mOCTMaNHIHTOBI TaHAIIA(TH; €KOIOTO-IIEHO-
TUYHUH aHami3; pedyriymu; Kpusdac.

KpuBopizpkuii 3amizopyaanii 6aceitn (KpuBbac) xapakrepu3yeThesi HAMBHIIOO
y CBITI KOHIIGHTPAII€I0 MII36MHMX 1 BIAKPUTUX TIPHUUUX POOIT, 110 3yMOBHIIO J0-
KOpiHHI 3MiHM B JTaHMmMA(THIN CTPyKTypi periony. Ilnoma, sKky 3aiiMatoTh BiIxoau
MiIPUEMCTB 13 BUIOOYTKY Ta 30aradeHHs 3ai3HOI Py, HAKOIIMYEeH] BIIPOIOBXK
140 pokis, TyT nepesuulye 18 Tuc. ra, mo cTaHoBUTH 19% yciX NOPYyLICHUX 3eMelb
HuinporrerpoBcrkoi oomacTi [1].

3emuti, TpaHC()OPMOBaHI TipHUYOBHIO00YBHUMHU POOOTaMHU, TPAAWIIIHHO BBaXKa-
FOTBCSI JIeCTab1Ti30BaHUMH, €KOJIOTiYHO HeOe3neuHuMHu. [IpoTe mocBim MpupoaHH-
YuX JOCHiKeHb KprBOacy mokaszas, 0 3 4aCOM OCTMaiHIHTOBI TepuTopii (Taxi,
[0 BUHHKJIH ITIiCJIS 3aBEPIICHHS BHIOOyBaHHS 1 30aradeHHsS KOPHUCHUX KOTIAJIHH)
CTal0Th apeHOI0 (OPMYBAHHS BTOPHHHUX €KOCHCTEM, PO3BUTOK SIKMX ITiIIOPSIKO-
BYETHCS 3araJIbHUM MPUPOITHUM 3aKOHOMIPHOCTSM [5].

dopMyBaHHS CIIOHTAHHOI POCIHHHOCTI Ha BiAMpaIlbOBaHUX Kap’ €pPHO-BiIBaIIh-
HUX KOMITJIEKCAaX € MPEeIMETOM JIOCHTIKeHb y 0arathboxX KpaiHaX CBiTy, 30KpeMa, B
Crnomyuenux Lltarax Amepuku, bensrii, CnoBauunni, Yexii [29; 30; 34; 35; 36].
Psn myOmikariii mpuCBsi9€HO BUBYEHHIO PIAKICHUX BHIB OI0TH y TEXHOTCHHHX
naammadrax. Cepen HAX MepeBaKaroTh POOOTH 1Iox0 BUAIB poauan Orchidaceae
B TEXHOT€HHUX HEOEKOTOIaX T'yMiTHUX TEPUTOPii. ABTOpH 3a3HA4YarOTh, IO Bi/IBa-
JIM PO3KPUBHUX TMOPIJI MPHU BHJIOOYTKY KOPHUCHHX KOTAJIWH CTAIH MPUTYIKOM JIJIs

© Ianenko A. O., Kpacosa O. O., Kopmuxos 1. I., bapaneus M. O., 2020
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JIBOX BUJIB piakicHux opxined misaust [lonbmii [37], mectu BuaiB — KemepoBCchKoi
obmacti P® [10], Bockmu — CBepuiioBebkoi [22]. 3a manum JI1.3. CiiobonsiH, Ha Bij-
Banax JIpBiBChKOTO [IpHKapmaTTs i3 ’sATH papuTeTHUX BUAiB poaunu Orchidaceae
HAHOUTBIIOT yBaru NoTpeOy€e MOHITOPUHT CTaHy nonyisiiii Epipactis palustris (L.)
Crantz (kopy4ku O0JOTHOT), sikhii 3aHeceHnil 10 YepBoHoi kHUTH YKpaiHu Ta J10
€Bporelickkoro 4epBoHoro crnucky [17]. Ha miBneHHOMY cxofi YkpaiHu B Mexkax
BIJIIPAIIbOBAHUX TEXHOTCHHUX 00’ €KTIB BiIMIYCHO 22 BUM PAaHHBOKBITYYHX DiJl-
KICHUX POCIHH, 3aHeceHuX 10 YepBonoi kuuru JloHenpkoi odnacti [3]. CTtocoBHO
pinkicHux Opio0ioHTiB, M.€. ParyniHoio y MOCTTeXHOTeHHUX eKocucTeMax Bomu-
Ho-Ilomims ta [Nepeakapnarts BUSBICHO 2 BHJIU MEYIHOYHUKIB Ta 18 — OpieBUX
MOXIB, III0 OXOPOHSIIOTbCS Ha Pi3HUX PiBHAX [14].

Ony0ikoBaHi Mpatli Mpo 3HaXiJKH PapUTETHUX BUAIB (PiTOOIOTH Ha BHUBEICHUX
13 eKcIuTyarauii Kap’ €pHO-BiIBAIEHUX KOMILIEKcax KpuBOpiKKs MiCTITh (hparMeH-
TapHi BigoMocTi. JIoCHiPKeHHsT BUIOBOTO CKJIa/ly JIIXCHOOIOTH Hapasi MpoBeleHE
€.0. Tonosenko Ta I.I. KopmmkoBuM Ha TepUTOpii €B’SITH TEXHOTCHHUX HOBOY-
TBOpeHb [4]. JlaHi 11010 PO3MOBCIO/KEHHS HA 00’ €KTaX 1HAYCTPIiaJIbHOI CHIAIIUHU
PIAKICHUX JJIs CTEIOBOT 30HM MOXOMOAIOHUX Ta MArOPOTEIOAIOHUX 3HAXOIUMO Y
poborax B.B. Tporuep [20] Ta B.B. Tpotaep Ta I.I. Memaniu [21], oxopoHIOBaHUX
BUIB BUIIUX pociuH — y HoTatkax H.C. €pemenko [8], I'H. [lons Ta B.B. Kyue-
peBchkoro [23].

Mera nociiKeHHS] — BU3HAYUTH CO30(iTHY Ipyiy (HiTOO10TH TOCTMaHIHIOBUX
tepuTopiii KpuBdacy Ta npoBecTH ii eKOIOro-IeHOTHYHHN aHaIi3.

Marepianu Ta MeTOIM T0CTiAKEHD

Tepuropianbhi Mexi KpusOacy B 3arajibHUX prcax BU3HAYAIOTHCSI KOHTYPOM, 1110
OXOILTIOE PYJOHOCHI TeosioriuHi yTBopeHHs. LlenTpom periony € micto Kpuswuii Pir,
SKe B CyOMepHIiOHATBbHOMY HANpPSIMKY TIPOCTATAEThCS Ha 126 KM.

3a reo0OTaHIYHUM pallOHYBaHHSM Maike BCsS TEPUTOPIs JOCIIIKEHb BXOJIUTH
1o Bysbko-/lninpoBcekoro (KprBopi3bKoro) OKpyry pi3HOTPaBHO-3JIAKOBHX CTEIIIB,
OalipayHuX JICIB Ta POCIMHHOCTI I'PaHITHUX BiJCJIOHEHb; JHIIC KpaiHs MiBICHHA
yacTuHa ii (M. [Hrynens) HanexxuTh 10 by3pKo-IHIYIbCHKOTO OKPYTY 37aKOBUX CTe-
MiB, MOJIOBHX JIYKIB 1 POCIMHHOCTI BallHSAKOBHX BijcioHEeHb [6]. [IpoTe mpuponHuii
pociauHHUI OKpUB KpUBOPIXKOKS 3a3HAB TOKOpiHHOIT Tpanchopmanii — Hapasi ma-
HIBHUM THIIOM POCJIMHHOCTI € CHHAHTPOITHHH.

OO6crexeni BigBanu (BChOro 23) BiAPI3HSIOTHCS 3a IUIOIICIO, KOH(Irypariero,
CKJIaJoM TipchKkux mopia Ta BikoMm (40—130 pokis). BoHu Bigcunani po3KpUBHUMH
MOPOJIaMH, JIO CKJIaJly SIKMX BXOJSATh HEKOHUIIIIHI 3aJi3Hi py/u, ClIaHIli, 0e3pyaHi
KBaplLUTH, MCOK, NIMHA, CYIJIMHKY, BalTHsAKA. BUHECEH] Ha ICHHY TTOBEPXHIO CKEITb-
Hi PO3KPHBHI NMOPOIN MiIAAIOTHCS mMporecaM (i3MKO-XiMIYHOTO BHBITPIOBaHHS Ta
BTPa4ar0Th (iToTOKCHYHICTh. CTapi 3ai30pyaHi Kap’€py MalOTh HE3HAYHY IUIOILY
(2,5-38 ra) Ta Tmubuny (13-73 m); Maiike BepTUKaJIbHI OOpTH iX HE MArOTh Tepac
[9]. T'paniTHi kap’epu BiAPI3HAIOTHCS SPYyCHOIO OynoBoro. JHWINA Kap’€pHUX BHi-
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MOK, 32 BUHSITKOM PO3TalllOBaHUX Ha TEPUTOPII ABOX pyNHUKIB — KouyOeiBchKoro Ta
KasaueBchKkoro, HUHI 3aTOILICHI.

[Ipu nonboBOMY 0OCTEKEHHI TiPHUYONPOMHCIOBUX 00’ €KTIB (PHCYHOK) 3aCTO-
COBYBAJIMCSl 3arajlbHOBU3HAHI METOAWYHI MPUAOMHU ONUCY pociuHHOCTI [27]. Jla-
TUHCHKI Ha3BU POCIUH HaBe/eHi 3rijHo 3BeaeHHs C. JI. Mocskina ta M. M. deno-
ponuyka [33]. [Ipu ckiagaHHi CIIMCKY PapUTETHUX BUIIB BHKOPHCTaHI MaTepiaiu
BiacHUX fociikers (2003-2019 poku) Ta mpoananizoBani Marepianu YepBoHoi
kuuru JlHinporerposebkoi oomacti (mam UKIAO) [25], UepBoHoi kHUTH YKpaiHU
(mam UKY) [26], ocrannix Buganb CsitoBoro (nami CUC) [32] Ta €BponeichbKoro
(mani €4C) [28] «uepBOHUX CHUCKIBY.

KUTINOBa Ta
npomucroBa
3abynoBa

%////% BiABanLHi

Kkap'epHo-
Komnnexkcu

POXCX XA
90%2%%¢ xBocTOCXOBMLLA
#2%%% .

- BOJOCXOBULLA

B aBTOMOGINbHI
Lnsxv

Puc. 1. Kapmocxema posmiwgennsi nocmmainineosux oo ’exmie Kpusbacy
Jlerenna: 1, 3, 4, 6, 8, 9, 12, 13, 15, 16, 17, 18, 19, 21, 24 — BigBanu BianosiaHo 3aximHo-IleTpis-
cpkui, 3axinHo-I'aHHIBCBKHit, 3ami3HnuHMi (3) Ta aBTOMOOUIBLHMI (4) [lepmoTpaBHEBOrO pyaHUKA,
maxth «TepHiBcbkay, «Cximuuit Bamy», [lerpisepknit (12) Ta Ne7 (13) ['meroBarchkoro kap’epy, maxTu
im. BansBka, Bypminekui, kap’epy «Pansuceknit»y, Nel «ApcenopMirran Kpusnit Piry, JliBoGepex-
Huit (19) Ta Ne2 (21) [isnennoro I'3K, Ne3 Iurynenskoro ['3K; 2, 5, 10, 20, 22 — crapoBHHHI pyTHUKH
(kap’epHO-BiIBaJIbHI KOMILUIEKCH) BimoBigHO — «KouyOeiBehki mTonbHiy», KanaueBcbkoro, «Jlybosa
Oankay», «[epBapar», «CTapomnoOpoBONBECHKHil»; 7 — MpoBasibHA 30HA maxtu iM. OpmkoHikinse; 11,
14 — rpaniTHi Kap’epH; BianoigHo — «XKoBTHEBHIY, «KapadyHiBChbKHII»; 23 — TeXHOTeHHHH JTaH mad-
THHH 3aKka3HuK «Bizupka»
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AHaii3 eko- Ta IeHOMOP(IUHOI CTPYKTYpH CKIaay co30(]iTiB 3ilicHEHO 3 BHU-
KopucTaHHsM MoHorpadiunoi npaii B.B. Tapacosa [19], a Takoxk XapaKTepuUCTUK
BuiB 3 UK/IO [22]. BusnaueHHs )KUTTEBUX CTpATEriil BUJIIB MIPOBOUIIOCS 3T1THO 3
konueniiero JI.I. Pamencekoro — Ik, ['paiima [15; 31].

Pe3yabTaTu gociigkeHnb Ta ix 00roBopeHHsi

VY mnocrmaiininroBux nanmmadTax KpusOacy, sSK cBig4yaTh pesynbTaTH Ha-
KX JTOCIIJPKeHb, BiaMiueHo 7 BuaiB i3 CUC, a came: Corylus avellana L. (nimu-
Ha 3BuUYaitHa), Phragmites australis (Cav.) Trin. ex Steud. (oueper miBaCHHMIA),
Poa angustifolia L. (ToHKOHIT By3bkonuctuil), Populus nigra L. (Tomons dopHa),
Quercus robur L. (ny0 3Buuaitnwuii), Trifolium pretense L. (koHtoMHA JTyuHa), Stipa
lessingiana Trin. et Rupr. (koBuna Jleccinra) [32].

[Ile 21 Bua, momupeHuii y TeXHOTEHHUX HEOEKoTomax, BKitoueHui 1o €UC [28];
ue Armoracia rusticana L. (XpiH 3Bu4aiiauii), Astragalus cicer L. (acTparai xJomy-
Henw), Camelina microcarpa Andrz. (puxiit npionoruionuit), Cerasus avium (L.)
Moench (Bumnst nrammna, yepewns), C. mahaleb (L.) Mill. (Bumns maraneOcbka),
Cichorium intybus L. (uukopiit mukuii), Daucus carota L. (MopkBa auka), Diplotaxis
muralis (L.) DC. (nBopsimHuk mMypoBuii), Fragaria viridis Duchesne (cyHuri 3e-
neHi), Isatis campestris Steven ex DC. (Baiima monboBa), Lactuca tatarica (L.)
C.A. Mey. (naryk tatapcekuit), Lathyrus tuberosus L. (uuna OynbOucta), Lepidium
perfoliatum L. (XpiHHUI IPOHU3AHOIKCTA), L. ruderale L. (XpiHHUII cMep/Iro4a),
Medicago lupulina L. (nrouiepHa xmeneBunna), M. romanica Prodan (sirouepna py-
MyHCbKa), Melilotus albus Medik. (Oypkyn 0inuit), M. officinalis (L.) Pall. (Oypkyn
s)oBTHH), Pyrus communis L. (rpyma 3Buuaiina), Scariola viminea (L.) F.W. (ckapio-
Ja npyToBuaHa), Securigera varia (L.) Lassen (cexuporutigauk 6apsuctuii). [Ipore,
BCi BOHHU (3a BUHATKOM Stipa lessingiana) € 3BuyaiiHumu Juist ypoanoduiopu Kpu-
Boro Pory ta [IpaBoGepexnoro crenoBoro [Ipuaninpos’s. BiacHe, BOHU 1 HallekaTh
1o kareropii Least Concern (LC) — By, 1110 BUKJIMKa€e HAWMEHIIEC 3aHETIOKOEHHS. [3
BUIIIEHABEICHOTO Tiepeltiky 9 BumiB y ¢uopi IIpaBodepexnoro [Tpuaninpos’st ma-
I0Th CTAaTyC aJBEHTUBHUX; 11 Armoracia rusticana, Camelina microcarpa, Cerasus
avium, C. mahaleb, Cichorium intybus, Diplotaxis muralis, Lathyrus tuberosus,
Lepidium perfoliatum, L. ruderale. AGOpUTCHHI BUIH € ITUPOKO PO3MOBCIOKEHH-
MU, TOK ICHYBaHHIO X HIYOTO HE 3arpOXKy€, i BKIFOYATH 1X 10 OXOPOHHUX CIHCKIB,
HaBiTh Ha 00NacCHOMY piBHi, HeMae ceHcy [24].

3a pe3ynbraraMu JOCTIDKSHb JOLIJIBHUM € BKJIFOYCHHS JIO PAPUTETHOI KOMIIO-
HeHTH (iTo0ioTH mocTTexHoreHHUX NanamadTie Kpusopixoks 40 BHIIB, 3 SKHX
OJIMH HAJCKUTh JI0 BiIIUTy Ascomycota, omuH — 1o Bimauty Marchantiophyta,
4 — no Bipminy Polypodiophyta ta 34 — no Bigniny Magnoliophyta (19 ponus,
27 poniB) (tabmuis). 3 Hux dotupu Bunu: Bulbocodium versicolor (Ker-Gawl.)
Spreng. (Opannyiika pi3HOKOJILOpOBa), Gymnospermium odessanum (DC.) Takht.
(ronmoHaciHHMK ofechbKui), [ris pumila L. (MiBHUKK MalleHbKi) Ta Stipa ucrainica
P.A. Smirn. (koBuna ykpaiHCbKa) HaTypamidyBagucs B Xonui pekynbrusamii. Ille
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yotupu Buau — Crambe maritima L., Stipa capillata L., Stipa lessingiana Trin. et
Rupr., S. pulcherrima K. Koch., oueBuiHO, po3cennincs 10 BijiBajiax sk 3a paxXyHOK
PEKyIBTHBAIII], TAaK 1 CHOHTAHHOI EKCIAHCIT; pelTa BU/IB — MIPUPOIHNAM IUISIXOM.

CTOCOBHO HAJNEXKHOCTI 70 OQIIIHHUX HepenikiB piakicHUX pociuH, 10 BUIiB
BkitoueHi 10 YKY [26], 38 — no UKJIO [25]. Jlumie onun Bun — Stipa lessingiana
BXOIUTH 10 CBITOBOTO YepBOHOTO criucKy [32] (tabmuis). Panime H. C. €pemenko
HaBoawia 5 papuretHux BuiB i3 UKY B ckiazi pyaepanbHUX yrpynoBaHb BiIBaTiB
i kap’epiB [8]; HaMK BUSBJICHO X yaBidi OUIbIIE. 3BaXKarOuu Ha Te, MO CKJIaJICHUM
HaMH 3arajbHUI CIHMCOK BUIIMX POCIWH TOCTMalHIHrOBUX Tepurtopiii Kpusbacy
BKITtouae 374 Buju, co3o(ditHa Tpymna y Horo ckiajli CTaHOBUTH Onn3bko 10 %.

Haii6inbme cozoditiB (10 BuaiB) BimmiueHo Ha BigBam CTtaponoOpoBOIbCHKOTO
pyIHHMKA — ofHOTO 3 HalcTapimmx y KpusoOaci. [To 9 piakicHuX BUAIB 3pocTae Ha
pynauKy «KouyOeiBehki mTonbHI» (BikoM 01m3b6Kk0 130 pokiB) Ta aBTOMOOITBHOMY
BizBani [lepmorpaBHeBoro Kap’epy, Bik skoro He nepeBunrye 50 pokiB (TyT Maiixke
BC1 papUTETHI BUIU Oy/IH IITYYHO MPUBHECEH] B XOJIi PEKYIBTUBAIIMHUX €KCIIEPH-
MmeHTiB). [lo 8 BuziB 3adikcoBaHO Ha cTopiuHOMY BifBali pynHuKa «lepBapar» i
TPHOX BiJBajlax TEXHOTEHHOTO 3aKa3HHKa «Bi3zupka» BikoM Omm3bK0o 50 pokiB, 1e
MPOBOJIMIIACS PeKybTHBallis. Ll 1aHi cBi4YaTh, M0 YUCEIBHICTh POCIUH-PAPUTETIB
3pOCTa€ 3 BIKOM 00’ €KTY 1HIyCTpialbHOT CIIAIIIUHH, 2 TAKOXK 3aJIC)KHUTh BiJI YUNHHUKA
LITYYHOI aKTHUBI3allii pO3BUTKY 0i0pI3HOMAHITTSI.

OmnocepeaKoBaHO 3 BIKOM BijiBaly TOB’si3aHHM 1 HOTO po3Mip: JOPEBOIIONIHHI
Ta JIOBOEHHI BIiJBaJIU, sSIKi BiJICUTIANMCS TpabapkaMH Ta MaJIOTIOTY)KHOI TEXHIKOIO
MaroTh HaviMeHIi po3mipu (3—10 ra); 1i, mo copmosani 10 60-X POKiB MHHYJIOTO
CTOJIITTSI aBTOMOOUTEHIM TPAHCIIOPTOM, XapaKTepU3yroThesi BUcoToro 50—100 M mpu
HeBenuKii mromi migomsu (40-90 ra); 3ami3HUYHI BiZJBal Cy4acHHUX Kap €piB sB-
JISIIOTH c00010 Hacuu BucoToro 10 180 M 1 monty no 1000 ra. Tomy HaiiBuIa «Ha-
CHUEHICTBY POCIMHHOCTI CO30(iTaMU CIIOCTEPITa€eThCs, SIK MPABUIIO, HA 00’ €KTax 3
HalMEHIIEIO IIJIOLIEH0.

Hatinommpeninmmmu co3oditamu € Linaria biebersteinii (3ycTpidaeThecsi HA BCIX
00’extax), Stipa lessingiana (BinmiueHo Ha 11 BimBanax), Stipa capillata Ta Rosa
bordzilowskii (3naiineHo Ha 9 BijBanax).

BBaxaeTbcs, 1110 B mporieci GopMyBaHHS POCIMHHOTO MOKPUBY HA TEXHOTCHHHX
cyOcTpaTax MepuIMMHU OCEISIOThCST aHEMOXOPHI BH/IH, 3T0JIOM OTPUMYIOTH PO3BUTOK
Oamictu [7]. Tak, Ha pUKIIal 3araIbHOTO (IOPUCTUIHOTO CKIIany BinBairy «JliBo-
OepexxHU», JIe YacTKa pyaepaniB ckianae 67 %, mokaszaHo, 110 HAHUHUCETbHIITUMHU
€ aneMoxopH Ta 300xopu [12]. Y Hamomy Bunanaky cepes co3o(iTiB nepeBakaroTh
CTETIaHTHU Ta CHJIbBAHTH, JUIS SIKUX XapaKTepH1 1HII TUITH TOIIHPEHHSI.

VY nmocTMaiHIHTOBHX JaHAMA(Tax 3a TUIIAMHU Jiacropoxopii JOMIHYIOTh «00JTi-
ratai» Oamictu (37,5 % BUIIB); «oOmiraTHi» aHEMOXOPH IMOCIIAI0Th APyre Micle
(25 %). YacTky 300x0piB cKiIanatoTh juiie 3 Buau (7,5 %). YTiM, MexaHi3Mu 3aHe-
CeHHs OaJIICTIB HA TEPUTOPIi, MITHATI HaJl 3EMHOIO MOBEPXHEIO HA KiJIbKA JICCATKIB
METpIiB, JeTajdbHO He 3’sicoBaHi. OUeBUIHO, B IOCTTEXHOTEHHUX EKOCHUCTEMaX, JIe
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POCIMHY BUSIBIISIOTH TUIACTHYHICTD IOJI0 CTPATETil BUKUBAHHS, «YUCTI» THIIU Jia-
CIIOPOXOPIi 3aMIMYIOTHCS 3MIIIAHUMU (HAUBIPOT1IHINIIMMU JIOIATKOBUM CIIOCO0aMU
PO3CEIICHHS € OPHITO- Ta aHTPOIIOXOPisl). 3a3HAYMMO, IO IS BUJIIB poay Stipa xa-
paKkTepHUH caMe 3MIIIaHUH aHEMOXOPHO-TEOXOPHUH THI (TaOIuUIs).

3a TUMaMM LIEHOTHYHOI cTparerii 0e3yMOBHO MEpeBaXKaloTh S-CTpaTeru: ix
yacTka ckiagae 72,5 %. IcHye mymka, 1mo B pOCIUH Y TEXHOTCHHHX EKOCHCTEMAax
y OLIBIIOCTI BUMAAKIB MalOTh Miclle MepexigHi GOpMU MK pI3HUMH TULIAMHU CTpa-
TETri# 13 03HaKaMU CTpec-ToNepaHTHOCTI [2]. Takuii BUCHOBOK B pe3yJbTarTi CIIOCTe-
PEKEHHS 32 IIEHOTUYHOIO MOBEAIHKOIO POCIMH 3pOOJIEHO 32 YMOB iX PO3BUTKY Ha
(bITOTOKCHYHMX cyOcTparax BiJ[BasliB BYTUIBHUX IIAXT Ta MPOMMaiAaHYMKIB. AJe
PIAKICHI POCIMHM TOCTTEXHOTEHHUX ekoromiB Kpudacy 3pocraroTh 3/1e01IbIIOr0
y KBa3ilPUPOIHUX CTEIMOBUX YrPyMoOBaHHSX [13], 1€ BOHM BHCTYNAIOTh SIK acEeKTa-
topu. Okpemi (hparMeHTH IX JIOKAIBHUX TOMYJISIIH CKIaIat0ThCsl HAHYACTIIIE BChO-
ro 3 5-10 ocobuH, ane BOHH, SIK MPABUIIO, IPOTSATOM TPUBAJIOTO Yacy 30epiraroThb
cBOi QiTonreHoTHuHi no3umii. ToMy, Ha Hauly TyMKY, MM BHJaM IpPUTaMaHHI Ti K
TUIH CTPATETiH, 110 1 B MPUPOIHUX eKocucTeMax. [IpeacTaBHUKaMU IpyIy 3Millia-
HOT KOHKYPEHTHO-CTpec-TojiepanTHOI cTpaterii (CS) e woTupu Bunu pony Stipa, ki
MAaroTh JJOBOJIi BUPAKEHY 3[aTHICTh IO JJOMIHYBaHHS 1 yTBOPIOIOTh Ha BUBEACHUX 3
eKCIUTyaTallii BiJBasax MajJoBHIOBI 1[eHO3H ioiero 5—200 m%. 3MiHa [eHOTHYHOT
cTparerii criocTepiraerses nuiie y Pterotheca sancta, 10 €, Ha Hally AyMKY «IIpoO-
rpecytounm» BuioM [11]. JlokanbHe NOMMPEHHS MaJOYUCENbHUX MOMYIISIIH [[HOTO
BUJIy Ha CTETOBUX CXHUJIAX, COJIOHIISX Ta BAITHAKOBUX BiJICIIOHEHHSIX [25] BKa3ye Ha
Horo maTieHTHICTH (S-cTparerito). Po3ceneHHs )k WOTO y MOCTTEXHOTCHHUX JIaH/I-
madTax, a TakoXK Y3[0BXK 3aJli3HUYHUX IUISIXiB BiIOYyBA€ThCA 332 paXyHOK HAOyTTS
ekcriepeHTHoi ctparerii (R).

VY cknazai nieromMopd co3o0ditHOT (pakiiii HAKOLIBIY YaCTKy MarOTh CTCIIAHTH
(22,5 %); BaroMuii BHECOK POOJSATH METPOCTENAHTH Pa3oM i3 crernonerpoditamu
(30 %). YacTtka iHmmx «3Mimanux» menomopd (Bcroro 10 HaliMeHyBaHb) CKiIajae
30 % yciei BuOipku. Taka pi3HOMaHITHICTh THITIB IPUCTOCOBAHOCTI BUAIB 110 (iToO-
LEHO3y 3yMOBJICHAa BUHATKOBUM OiOTOIMIYHUM PI3HOMAHITTSIM IITYYHHUX JaHmad-
THHUX YTBOPCHb.

LlikaBo, 10 CUJIBBAHTH, YaCTKA SKUX CTAHOBUTD 12,5 % (3a BUHATKOM Viburnum
lantana), 3Hax0onATh MPUAATHI 1O iICHYBaHHS YMOBH HE B JICPEBHO-YarapHUKOBUX
YIPYHOBaHHSAX, a B IOCUTh CHEIU(IYHUX MIKPOOCENHUIIAX — 3aTIHEHUX MPOMIKKax
MK BEJIMKUMH OpUJIaMU KBAPIIMTiB, 3aI0BHEHUX MPOAYKTAMH BUBITPIOBAHHS.

Po3noain BuaiB 3a rirpomopdaMu Ma€e TaKHil BUIJISL: TIEPIIE MICIe MOCIIarTh
kcepoditu (17 BumiB ado 42,5 % BiJ HABEJEHOTO CIHCKY), YACTKH ME30KCEPOQiTiB
Ta Kcepome3oQiTiB ayxke Onn3bki Ta cTraHoBATh 8 Ta 7 BuaiB (20,0 % ta 17,5 %)
BiamoBiaHO. ['irpoMopdu Me30¢iTiB Ta Me30TirpodiTiB MpencTapieHi 3 Ta 2 BUIAMH
(7,5 % ta 5 %) Bignosigno. Eykcepodith, rirpome3oditu Ta rirpoditu npeacrapie-
Hi 10 1 Bugy (110 2,5 %).
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Cepen remiomopd mepeBakHy OiIbINICTh CTAHOBIATH reiioditu (29 BuUiB;
72,5 %), 110 IIIKOM O4YiKyBaHO JUIsl CTEIIOBOI 30HM YKpaiHW; Jpyra 3a 4HCesIbHi-
cTio Tpyna reomopd — criorenioditu (7 Bumis; 17,5 %). CuiodiTiB y HaBeieHOMY
criucky Haniuyetbest 3 Buam (7,5 %) — 2 Buau manopotei Ta 1 BUA HMEYIHOYHUX
MoxiB. ['emiocmiogitu npeacrapieHi uiie ofHuM BuIoM — aumaiinukom Cladonia
rangiformis.

3a BiAHOWIEHHSM JI0 TPOPHOCTI cyOcTpaty co3oditHa rpymna (itoO6ioTn Xapakre-
PH3YETHCS TIepeBakanHsIM BrIiB-Me30Tpo(iB (17 Buais; 42,5 %); me 5 BuaiB naHo-
ro Tumy Tpodomopd 31aTHI icHYBaTH Ha cyOcTpaTax i3 KapOOHATHHM 3aCOJICHHSIM.
Jpyre Micue 3a 4ncenpHICTIO nocinatoTs Merarpodu (8 Bumis; 20,0 %); yacTka iH-
KX TPYI pa30M CTAHOBHUTH YBEPTh YCiX Tpodomopd.

3a3HaunMO, 10 AOCTYIHICTh €JIEMEHTIB KUBJICHHS JUIsl POCIIMH Ha TEXHOTCHHUX
cyOcTpaTax 3aJeXKHTh Bifl CIPUSTIUBOCTI OCTAHHIX JUIsl IEPBUHHOTO IPYHTOYTBO-
peHHsl. MakCUMasbHO CIPHATIMBUMH € JIECH, JIECOBHIHI CYIJIMHKH Ta CYIIICKH;
MPOMIXKHE MOJIOKEHHSI B IIbOMY DALY 3aliMaroTh IIMHU Ta ApiOHOGpaKLiliHi CKelb-
Hi yInaMK# (KBaplUTH, CIaHI); HAMEHIy CIIPUSATIUBICTD MAlOTh BEIHUKOYJIAMKO-
Bi kpuctaiiyHi mopoau [16]. OkpiM OI[IHKU ONTUMAILHOCTI TPAHYJIOMETPUIHOTO
CKJIay cyOcTpariB HeoOXiHe ypaxyBaHHS (DiTOTOKCHYHOCTI MOPia, HAWBUILUI CTY-
MiHb SKOT MPUTAMAaHHUK y MepIli POKHU MICHs BiJICUTIKH BaIHSKOBOMY PYXJISKY, 3a-
COJICHHM CIpO-3€JICHUM Ta YE€PBOHO-OypUM IJIMHAM, TAJILKOBUM CiiaHisaM [18]. Ase
Ha MOBEpPXHI BiJIBaJliB €KOTOMH, CPOPMOBAHI «UHUCTUMM» CyOCTpaTaMu, 3aiMaroTh
30BCIM HEBEJIMKY TEPUTOPII0, OCKIJIbKU MYXKi Ta CKEJIbHI TTOPOJH 31€01IBIIOTO 3Mi-
HIYIOTBCS TIPH BiJICHIILI.

Tak, co3o¢iTu 3 rpynu Me30Tpo(iB MOMIMPEHi HA CyMilllaX CYIIMHKIB 3 MOPi0-
HECHUMH KBapIMTaMHU 1 CIAHISIMU Ta MPOIyKTaMmHu ixX rinmeprenesy. Cepen Me30Tpo-
¢is-xkapoonarodinis Haplophyllum suaveolens, Jurinea brachycephala, Onosma
macrochaeta OCENSIOTHCS JIMIIEC HA BAIHSKOBOMY PYXJISIKY, SIKMU KilbKa JECSTKIB
POKIB IPOXOUB MPOIIEC Tieprenesy, BUKIIOYHO B MiBJICHHIN YacThHi periony. Ouri-
rorpodu Ta oniromMe30Tpou 3HAXOIATH MPHIATHI MIKPOOCENHUIIa MK OpHIIaMu
KBapuuTiB, a00 B TpiluMHax Ha ix moBepxHi. PigkicHi Buau-Meratrpodu 3a3Buyait
3yCTpIivaroThCsl Ha TUIATO CTApUX BiIBaMiB, Je cPOPMYBaJHCs MPUMITHBHI IPYHTH 3
MOTYKHICTIO poarodoro mapy 5—10 cm.

Haiicnierudivynimoro ¢gopmoro mposiBy amanTamii 10 HOBUX eaadiyHMX yMOB
€ OomaHyBaHHs JiTopalbHUMHU Tmcamoditamu Astrodaucus littoralis ta Crambe
maritima KpynHOUICOCHUCTHX KBapLUTOBO-CIAHLEBUX CyOCTpaTiB Ha CXWJIaX Bif-
BaJIiB y MiBHIYHIHN Ta IeHTpalbHil yacTHax Kpusobacy.

[TincyMoByrOUM BHIICBUKIIAJICHE, CIIiJl 3a3HAYUTH, 110 CYOCTpaTHa MO3aiuHICTb,
CKJIaJHUN Me30penbed, HEOAHOPIAHI MIKPOKIIMATHYHI YMOBH TOCTTEXHOTCHHUX
JaHAMAPTHUX YTBOPEHb CIPUYMHIOKTH BUHITKOBE EKOTOIIYHE Pi3HOMAHITTS,
3aBASKM YOMY TYyT 3[aTHa iCHYBaTH CYKYITHICTb POCIHH 3 JIOCHTh HIMPOKHUM €KO-
MOPQIUYHUM 1 HEHOTHYHHUM crieKTpamu. [TocTMaifHiHTOBI TepUTOPIi 3a3HAIOTH 3HAY-
HO MEHIIIOTO aHTPOIOTEHHOTO BTPYYaHHs, aHIK 3aJIMIIKA MPUPOAHUX CKOCHCTEM
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KpuBopixoks, ToMmy monyssiii co3oiTiB TyT He 3a3HAIOTh BIUIMBY TUX HEraTHBHUX
(baxTopiB, SKi CTaIM MPUUYUHOIO CKOPOUCHHS 1X YHCENBbHOCTI B MPUPOIHUX YMOBAX
(3a0ymoBa TepUTOPIii, MaCKBAIbHE Ta peKpealiiiHe HaBaHTaKeHHs1, 30upaHHst Ha Oy-
KETH, 3arOoTiBJIs JIIKAPCHKOT cUpoBUHU). OO’ €KTH, JIe 3a0e3Meuy€eThesl 30SpeIKSHHSI 1
BiITBOPEHHSI IUX MOMYJSLIN, BUCTYNAOTh pedyriyMamu paputeTHoro (itopizHo-
MAaHITTS B TEXHOTEHHO TPaHC()OPMOBAHOMY PETIiOHI.

BucHoBku

1. Cozoditn nocrmaiiHinrosux nanamadris Kpusopixoks npencrasieni 40
BUJIAMH, BKIIIOUEHHMH JI0 TPHOX PI3HOPAHTOBHX «YEPBOHHX CITUCKiBY». 3 HHUX pocC-
JTUHA 32 BUAIB OCEIMIIUCS CIIOHTaHHO, 4 — HaTypai3yBaJUCs MiCIisi IPUBHECECHHS
i 9ac PeKyIbTHBALIHHUX EKCIICPUMEHTIB, 11 4 — PO3CENMINCs 000Ma HIISIXaMH.

2. VY cknaai co3o¢iTHOI (pakiii GiTodioTH BiANparbOBaHUX TEXHOT'CHHUX
00’€KTIiB MepeBakatoTh NaTieHTH (S-cTpaTeru); 1e LIJIKOM Y3TODKYEThCS i3 JKOp-
CTKMMH €KOTOIIIYHUMH YMOBaMH BiJJBAJIbHUX JaHAA(TIB. 3MiHa IICHOTUYHOT CTpa-
TeTii 3 MaTi€eHTHOI Ha eKCIUIEPEHTHY B MPOLIEC] OaHyBaHHsI HOBUX €KOTOIIIB CIIOCTe-
piraerbes nuuie y Pterotheca sancta.

3. Haiibinpma yactka neHoMopd cozodiTHOl (pakuii nmpeacraBieHa cTenaH-
tamu (22,5 %); BaroMuii BHECOK pOOJISATH METPOCTENAHTH Pa3oM i3 crernoneTpodi-
tamu (30 %). Beboro BimmiueHO 3 HalilMEHYBaHHS «YUCTHX» Ta 10 — «3MIIIaHUX»
1eHoMop(; Taka 3HaYHA KiJbKICTh THIIIB MPUCTOCOBAHOCTI BUJIIB J0 IIECHOTHYHOIO
CEPEeIOBHIIA 3yMOBJICHA BUHATKOBUM OIOTOIMIYHUM PI3HOMAHITTSM IITYYHHUX JIaH[I-
madTHUX YTBOPEHB.

4. Posmnoain rirpomopd Ta resioMopd y BiAMOBIIHUX CHEKTPaX BiI3HAYAETHCS
nepeBaxkaHHsIM kcepodiTis (42,5 %) Ta remiodiris (72,5 %), 1110 B3araii € xapakrep-
HUM JIJISI CTETIOBO1 30HU.

5. 3a BimHOWIEHHSM 10 TpodHOCTI cyOcTpaTy cozoditHa rpyna ¢girobioTn xa-
PaKTEepHU3YETHCS IEpEBaKAHHAM BUAIB-Me30TpodiB (42,5 %), momMpeHnx Ha cyMi-
[Iax CyITMHKIB 3 TTOAPIOHEHNMH KBapLUTaMH 1 CIaHLSIMH Ta NPOAYKTAMH iX rinep-
renesy. Jlpyre micue 3a 4MCenbHICTIO MocifaoTh Merarpodu (20 %), siki 3a3Buyai
3yCTpIiUalOThCs Ha TUIATO CTapUX BiABaJiB, J¢ C(HOPMYBAIUCS MPUMITHBHI IPYHTH.
Ouirorpodu Ta omiromMe30Tpodu 3HaXOIATh MPHUIATHI MIKpOOCENUINa MixK Opuia-
MU KBapLHUTIB, a00 B TpilnHax Ha iX moBepxHi. CneungidHoro (popMoro NposBY
ajanTaiii 10 HOBUX enaiyHUX YMOB € OIaHyBaHHS JITOPAJILHUMH IcaModiTaMu
Astrodaucus littoralis Ta Crambe maritima KpynHOIIEOSHUCTUX KBaPIIUTOBO-CJIaH-
LEeBUX CyOCTpaTiB

6. TlocTMalHIHTOBI TEpUTOPIl 3a3HAIOTH 3HAYHO MEHIIIOIO AHTPOIIOTCHHOTO
BTpYYaHHs, aHX 3aJUILIKU MPUPOIHUX eKocucTeM KpruBOpiXiKs, TOMY BUCTYNAIOTh
pedyriyMaMu papuTETHOTO (ITOPI3HOMAHITTS B TEXHOTEHHO TPaHC(HOPMOBAHOMY
PperioHi.

Crarrsa Hagiinuia 1o penaxiii 30.04.2020
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Marshak Str., Kryvyi Rih 50089, Ukraine

SOZOPHYTES IN POSTMINING LANDSCAPES OF KRYVYI RIH
BASIN

Abstract

Introduction. Traditionally, lands transformed by mining operations are considered
destabilized and environmentally hazardous. However, the experience of natural re-
searches of Kryvyi Rih Basin showed that over time post-mining territories (those
that emerged after the completion of mineral extraction and enrichment) become the
arena of formation of secondary ecosystems, the development of which is the subject
to the general natural laws. There, within vegetation communities, populations of rare
plants, which are included into “conservation lists” of various ranks, are forming.
Aim. To define the sozophyte fraction of phytobiota of post-mining territories of
Kryvyi Rih Basin and to carry out ecological-coenotical analysis of this fraction.
Methods. A list of the sozophytes was completed basing on multiple surveys of quar-
ry-dump complexes of Kryvyi Rih Area. In its formation, the materials of the Red
Book of Dnipropetrovsk Region, the Red Book of Ukraine, the latest editions of the
World and European Red Lists have been analyzed. The analysis of the eco- and co-
enomorphic structure of the composition of the sozophytes was carried out using the
monographic work by V.V. Tarasov, as well as the characteristics of species from the
Red Book of Dnipropetrovsk Region. Determination of life strategies of species was
carried out in accordance with the concept of L.G. Ramenskiy — J. Grime.

Results. We found that 27 species of flora of anthropogenic ecotopes included in the
World and European Red Lists are widespread in the region. There is no threat to the
existence of such species today, and it does not make sense to include them in the
conservation lists. Instead, the list of sozophytes included 40 species from the “red
books” of the lower ranks: one belongs to Ascomycota, one to Marchantiophyta, 4
— to Polypodiophyta and 34 to Magnoliophyta (19 families, 27 genera). The com-
position of the sozophyte fraction of phytobiota of waste man-made objects is domi-
nated by patients (S-strategists), steppants and petrophytes, xerophytes, heliophytes,
mesotrophs.

Conclusion. Post-mining territories undergo much less anthropogenic interference
than the remnants of natural ecosystems of Kryvyi Rih Area, so they are refugia of
rare phytodiversity in the technogenically transformed region. Of the sozophyte frac-
tion, 32 species settled here spontaneously, 4 — naturalized after introduction during
reclamation experiments, and 4 more — established by both ways.
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BA3SUIIAJILHI TPUBU-KCAJIOTPO®M 3EJTEHUX HACATKEHD
MICTA OJECH

B poboti HaBeneHa TakCOHOMIYHA XapaKTEpPUCTHKA 27 BB TPHOIB-KCHIOTPO(DIB,
sIK1 BXOIIAITh 710 CKIaay Bimaury Basidiomycota, qBox kiacis, 6 mopsiakis, 13 pomaux
ta 22 poniB. HaiOurem nommpenuMu Oynu npeacTaBHUKHM mopsiikis Polyporales
(12 BupniB), Agaricales (7) i Hymenochaetales (5). Inmii nopsinkn mictunu 1-2 Buam.
CKJ1aJIeHO CIMCOK acoLiHOBaHMX 3 KCHIIOTPO(aMu AEPEBHUX 0PN, siKuii Hastiuye 19
BuiB. HuHINIHIN ckitax rpubiB-KemtoTpodiB 3acBiluy€e MPUTHIYEHHUI CTaH 3€JIEHUX
HacagkeHb M. Ofeca.

KirouoBi ciioBa: jepeBopyiiHiBHI rpuOH; BUIOBHI CKIIAI; 1HIUKATOPHE 3HAYCHHS;
3eneni HacamkeHus; Omxeca.

Kcunorpodu € oqHrMHU 3 HAHMOIIMPEHIIINX €KOJIOTIYHUX YIPYNOBaHb TPHOIB.
3aBsIKH CBOIM (hepMeHTaM 1i TpHOH PyHHYIOTh JIEpPEBUHY SIK MEPTBY (carpotpodn),
TakK i )uBy (Hmapa3utu). BoHN BUKINKAIOTh, TaK 3BaHi, Oiy i Oypy (4epBOHY) rHUII
JICPEBHUHU, CIIOKHBAKOYH, BIIMOBIIHO, a00 JIrHIH, a00 IENI0I03Y, a JCAKl BUAU —
3MilIany THUIIb. YacTo 1i TprOH MOCETSIOTHCS Ha IepeBax SIK Mapa3uTH, COPUINHS-
104U X MOCTYIOBY 3aru0eib 1 3aBEPILYIOTh TYT CBili PO3BHTOK BXKE SK campogiTH.
AJle He MOXKHA PO3DVISLAATH TPUOU-KCWIOTpo(dH JHIIe SIK IIKiUIMBI opraHizmu. B
NPUPOTHUX YMOBaxX y JIICOBUX MacuBax iX CaHiTapHa pOJb JYKEe BaXKIIMBA, TaK 5K
BOHHU YTHUJII3YIOTh JIEPEBHUI OIaj, MEPTBi JepeBa, HI i MOBEPTAIOTh B MIPUPOIHUH
KOJIOOOIr MiHEpaibHi pEYOBUHH 1 €HEPTil0 IepEeBHUX pociuH [9]. Ko x posmisiia-
TH MICBKI 3€JIeHi HacaJKEHH:I, TO TYT TPHOH-NIapa3uTH HAHYACTIIIE OCEISIFOTHCS Ha
ocnabieHnX eK3eMIUISIPax IepeB, 4acTo 3 MEXaHIYHIUMH YIIKOKCHHSIMH, HAaHECECHH-
MU HEeBJIUM 00pi3yBaHHSM a00 MPUPOAHUMHE (aKTopamu (OKeleauls, BiTpoBad,
MO€THAHUI 31 3HAUHUMU omajamu). TakuM YMHOM, HIE O3JOPOBJICHHSI TOMYJISIIii
MIEBHUX BHJIIB JIEPEB 1 BiMa npurdiueHux ocodud. TooTo rpudu-kcuiiorpodu mo-
CiIal0Th TYT pOJIb IHAWKATOPIB BIUIMBY CTaHY €KOJIOTIi 1 TOCIOAapChKOI AisIIbHOCTI
JIIOMHU Ha JiepeBocTiil [16]. BusBieHHS TakuX XBOpUX AEpeB 1 iX cBoeyacHe BUA-
JICHHSI 1aCTh 1 EKOHOMIUHHI e(heKT, amke Oyae 30epexeHo 370pOoB’sl, a, IHKOJIH 1 KHUTTS
TPOMAaJISH, LUTICHICTh Oy/iBelb, EIEKTPOMEPEXK 1 TPAaHCIIOPTHUX 3ac00iB. 3araibHa
ILIONIA JIICOBUX HacamkeHb M. Oneca cTaHOBUTH 724 ra.

CrieniajabHHUX JIOCHIJKEHb KCWIOTPO]IB 3esieHnX HacapkeHb M. OJieca paHirie
He npoBojid. [Ipote, mij yac 3arajbHUX MIKOJIOTIYHUX JOCIIPKEHb HamMu [1] TyT
OyJ10 BUSIBJICHO 16 BUJIB TaKUX TPHOIB.

© Tkauenxo ®. I1., Onansko T. 1., 2020
L1s crarTa BigkpuToro nocrymy Ha ymosax CC BY-NC 4.0.
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Merto10 1i€i po6oTH OYII0 BCTAHOBJICHHS BHIOBOTO Pi3HOMAHITTS 0a3uaiaIbHIX
KewtoTpodiB 3eJICHUX HacapkeHb micta Omecw, iX TaKCOHOMIYHOI CKJIQIHOCTI 1
KOJIa aCOIIIOBaHUX 3 HUMH JICPEBHUX POCIIHH.

Marepiaau i MeTOIH T0CTiTKEHD

Hocmimpkenns 6azuaianbHuX KewoTpodis mpoBomwnu B miepiog 2010-2020 pp.
36ip rpuliB 37iicCHIOBaIN Ha JepeBax, AepeBHOMY omaji (TIKax) i Ha MeHbKax B
mexax micta Oneca (puc. 1), 30kpema B mapkax imeHi lllesyenka, [lepemoru, Ca-
BHIIBKOTO, J{IOKIBCHKOMY, Ha TIPUMOPCHKHUX CXHMJIAaX 1 Ha BYIMIAX MicTa, JIe Hal-

Puc. 1. Kapma-cxema m. Odecu

OLTBIII ITUPOKO TIPEACTABJICHA CTaplla BiKOBa TpyIa AepeBHUX pociauH. llpu mpo-
My BHKOPHCTOBYBAII METOJMKY MapIIPyTHUX JOCTiKeHb. ONHC BUSBICHUX BHU-
JIiB TIPOBOMJIN 3a 3arajlbHOBH3HAHOI0 MeTomaukoro [4]. Ilpm ommci miomoBux Ti
(6a3mmiokapIriB) 3BepTaM yBary Ha ix ¢opMy i po3MipH, KOHCHCTEHIIIIO, XapaKTep
MTOBEPXHi, KOJIip, 3amax, Tun riMeHodopy [3]. 3abapemioBanHs Tid) 3aifiCHIOBAIH
CTaHIapTHUM HaOOpoM peakTuBiB Ta OapBHHUKIB (5—7% KOH abo NaOH, peaxtus
Memnsrepa, cynbdoBaniiH, cyabdar 3amiza, 0apsauk Korro-uepBonnii i in.) [7]. 3a-
rajoM 3i0paHo onm3pko 50 3paskiB OazumianbHUX TpuoOiB. s iX inenTudikarii Bu-
KOPHUCTOBYBAJIM BiJOMi BU3HAUYHUKH [2, 5, 6, 13], a Takox myOJikarii 3a OKpeMUMH
rpynamu 6asumiomirieTiB. [Topsiaku i ponrHA HaBeIeHi 3a CHCTEMOIO, BHKIIAICHOIO
y Mycobank [15]. JlocmimkeHHs criop TpuOiB MPOBOIIIN Y CBITIIOBOMY MiKpPOCKOITI
(BIOJIAM-11, Pocis) 31 30impmenasm 400, 3a3Havany TakoX acoIiifoBaHI JepeBHI
ropoaw, ineHTudikoBani 3a [10].
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Pe3yabTaTu pociiakeHb Ta ix 00roBopeHHsi
B pesynbrari mpoBeaeHNX MOCTIHKEHD B 3eTIeHUX HacakeHHx M. Onecu Oyio
BUSIBJICHO 27 BUIB Oa3uaiadbHUX KCHIOTpodiB (Tadm. 1).

Tabmnms 1

I'pudu-keuaoTpodu Ta acouiiioBaHi 3 HUMM POCIUHM 3eJIeHUX HacaaxkeHb M. Oneca

Ne

Iepiox nocaimxeHust

et Jacq. Johnson

w/n Takcon 2008 p| 2010-2020pp AcouiiioBaHi pociMHI
1 2 3 4 5
Bin. Basidiomycota
Ki1. Tremellomycetes
ITop. Tremellales
Pon. Tremellaceae
1. | Tremella mesentherica (Schaeff.) + + [ToBKOBHUIIS YOpHA
Retz.
Ki. Agaricomycetes
ITop. Auriculariales
Pox. Auriculariaceae
2. | Auricularia auricula-judae (Bull.) - + Krnen sicenonmuctnii
Quel.
ITop. Agaricales
Pon. Agaricaceae
3. | Cyathus olla (Batsch.) Pers., Comm. + + Ha rHuniit gepesusi
BepOu 0101
Pon. Physalacriaceae
4. | Flammulina velutipes (Curtis) Singer. + + Ha menpkaxmHi ropixa
TPeIBKOro, ailanTa
HaWBUIIIOTO
Pon. Pleurotaceae
5. | Hypsizygus ulmarius (Bull.) Redhead — + B’s3 mankunit
6. | Pleurotus cornucopiae (Paul.) Rolland | + - Ha nenpkaximui Tomoti
TTipaMigaabHOi
7. | Pl ostreatus (Jacq.) P. Kumm. + + Tormost mipaminaabHa
Pon. Pluteaceae
8. | Pluteus cervinus (Schaeff.) P. Kumm - + Ha Bigmepnomy
CTOBOYpI
cTudHOMOOiyMa
SITTOHCHKOTO
9. | Volvariella bombycina (Schaeff) — + VY nymii KiHCHKOTO
Singer KaIllTaHy 3BHYaifHOTO
Pon. Psathyrellaceae
10. | Coprinellus disseminatus (Pers.) J.E. - + Ha masax romomni bome
Lange
11. | C. micaceus (Bull.) Vilgalys, Hopple + + Bins ocHOBH cTOBOYpIB

TUTaTaHy CXiTHOTO
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[TponowxenHs TabmwuIli

1 2 3 4 5
Pon. Schizophyllaceae
12. | Schizophyllum commune Fr. + + Kren nmonmsoBuit
[Top. Polyporales
Poxn. Ganodermataceae
13. | Ganoderma lipsiense (Batsch) G. F. + + Jluma cepuenucra,
Atk. KIHCHKHU KalllTaH
3BUYAHHUN, TJIEIAY1s
KOJIIOYa
14. | G. lucidum (Curtis) P. Karst. - + Ha masx ny6a
3BUYAHHOIO
Pon. Polyporaceae
15. | Fomes fomentarius (L.) Fr. + + Kincbkuii KamraHn
3BUYANWHUN, KIICH
[10JIbOBUI
16. | Lentinus tigrinus (Bull.) Fr. - + Binst ocHOoBH BepOu
o1moi
17. | Polyporus squamosus (Huds.) Fr. + + Kien sicenomucTwii
18. | Trametes hirsuta (Wulfen) Lloyd + + Ha mepTBuX rinkax
aOpHUKOCH 3BHUANHOI
19. | T. versicolor (L.) Lloyd + + Ha meptBiii gepeBuHi
KJICHA TOCTPOJIUCTOTO
Pon. Fomitopsidaceae
20. | Daedalea quercina (L.) Pers. + + Jy6 3BuuaitHuit
21. | Fomitopsis pinicola (Sw.) P. Karst. - + Kiten roctponuctuit
22. | Laetiporus sulphureus (Bull.) Murrill + + bina akanist
23. | Piptoporus betulinus (Bull.) P. Karst. + + bepesa mosucia
[Top. Hymenochaetales
Pon. Hymenochaetaceae
24 | Inonotus hispidus (Bull.) P. Karst. — + [loBKOBHUIISI YOpHA
25. | Phellinus igniarius (L.) Quel. — + CnmBa po3iora
26. | Ph. robustus (P. Karst.) Bourdot et + + Jy6 3Buuaitauii
Galzin
ITop. Russulales
Pon. Stereaceae
27. | Stereum hirsutum (Willd.) Pers. - + AOpuKkoca 3BHUaiiHa
Bcroro 16 26

TakuM 4WHOM, 3arajibHa KUIBKICTh BUIIB Oa3uaiadbHUX T'PUOIB-KCHIOTPOQIB,
BUSIBJICHUX HAMH B 3€JICHUX HacaJuKeHHsIX M. OxecH, cTaHOBHTH 27. BoHH BXOIATH
JI0 CKJIQJy JTBOX KJIaciB, 5 mopsakiB, 13 ponun Ta 22 poxis. TakcoHOMiYHA CTPYKTY-
pa BHSIBICHOTO BHJIOBOTO CKJIay TpHOiB MpelcTaBIeHa B Ta0. 2.
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Tabmur 2

TakcoHoMiuHa cTpykTypa rpudiB-kcmiiorpodis m. Onecu

opsinku, poxunun
(4mcJ10 poaiB / BUAIB)

Ponu (umcsio BUaiB)

AGARICALES (8/10)

Agaricaceae (1/1)

Cyathus (1)

Physalacriaceae (1/1) Flammulina (1)
Pleurotaceae (2/3) Hypsizygus (1), Pleurotus (2)
Pluteaceae (2/2) Pluteus (1), Volvariella (1)
Psathyrellaceae (1/2) Coprinellus (2)
Schizophyllaceae (1/1) Schizophyllum (1)
AURICULARIALES (1/1)

Auriculariaceae (1/1) Auricularia (1)
HYMENOCHAETALES (2/3)

Hymenochaetaceae (2/3) Inonotus (1), Phellinus (2)
POLYPORALES (9/11)

Fomitopsidaceae (4/4)

Daedalea (1), Fomitopsis (1), Laetiporus (1),
Piptoporus (1)

Ganodermataceae (1/2)

Ganoderma (2)

Polyporaceae (4/5)

Fomes (1), Lentinus (1), Polyporus (1), Trametes (2)

TREMELLALES (1/1)

Tremellaceae (1/1)

Tremella (1)

RUSSULALES (1/1)

Stereaceae (1/1)

Stereum (1)

6 mopsakiB, 13 ponun

22 ponu, 27 BuaiB

3arajoM BHIOBHI CKja) 0a3uIialbHUX KCUIOTPOQIB AOCTIKYBAHUX €KOTOIIIB
JIOCUTH PI3HOMAaHITHHH, 3 TIEPEBaXKAHHSM IPEACTABHUKIB poauH Polyporaceae
(5 BuniB), Fomitopsidaceae (4), Pleurotaceae i Hymenochaetaceae (no 3) Ta
Ganodermataceae, Pluteaceae 1 Psathyrellaceae (no 2). Busiieni kcuinorpodu
Oynu acoruiiioBani 3 19 Bugamu nepeBHUX nopin (nuB. tadn. 1). HaiiGinem maco-
BHUMHU B 3€JICHUX HacapkeHHsIX M. Onecu Oyiu Taki BUIM JEPEBOPYHHIBHUX TPHOIB.

Flammulina velutipes BUSABISUTM Ha THSIX TopiXa TPeLbKOro, aiyiaHTa HaBH-
HIOTO Ta IHIIUX mopopaax. Pleurotus ostreatus Monro0JIsi€ CEMUTUCS Ha BIIMEPINX
CTOBOYpax pi3HUX BUIB TOIMOJI Ta NIOBKOBHII. JJOCHTh 3BUUHUM Ha CyXHX TiIKax
1 HAX PI3HOMAHITHUX MOPiJ AepeB € Tpud Schizophyllum commune. Hebe3neunum
napa3uToM JIMCTSHUX MOpij JepeB (ocobnuBo akaiii Oumiii) B M. Oneci € Laetiporus
sulphureus. 1le# rpu0, sk IpaBUIO0, BpaXkae HIDKHIO YaCTHUHY JIepeBa 0 2 M BUCOTH,
ajie THKOJIH IMiTHIMA€eThCs 1 BHIe. BiH BUKIMKae Oypy cTOBOYpOBY I'HMIIb, 1110 3MEH-
1Iye BITPOCTIMKICTB JiepeBa, MOIIKO/PKEHHSI KOPEHIB, CyXOBEPXHHICTh 1 3aruodesb
[11]. 3Buuaiinum B apkax M. Onecu € Trametes versicolor, 1110 3pOCTa€ HA BiaMEp-
JUX CTOBOYypax, IMHSIX, BEIMKUX TiIKaX JIMUCTIHUX JepeB. JlocuTh 4acTo Ha CTOBOY-
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pax ciuB i abpuKocH 3BHYaiiHOT MoxHA Oauutu Phellinus igniarius, sSIKUil BUKJIUKAE
Oypy THWIb JACPEBHHU 1 MOCTYNOBY 3arudeib LuX nopin. Fomes fomentarius mm-
POKO TIOIIUPEHHH B MicTi KCHIIOTpO(, KU Bpakae, MepI 3a BCe, pi3Hi BUAM KIle-
HIB, KIHCHKWH KalllTaH 3BUYAHMIA, 1HKOJIM — I1aTtaH cxigHui. Lleit rpub Bukinkae
6iny a60 MapMypoBy 'HIJIb. MOTo Mmo/10Bi Tifa B 3HAUHIi KiTBKOCT] yTBOPIOIOTHCS
Ha BCHUXAIOYMX I MEPTBUX JepeBax. BoceHu miciis JIOMIIB HA CTapuX JepeBaxX KiieHa
SICCHOJIMCTOTO, IIIOBKOBUIII 017101 MOXHA Oa4MTH BEJIMKI ByXOIOJIOHI IJIOMOBI Tijia
Polyporus squamosus, o0 BUKIUKA€E 3MillIaHy THHIb JepeBUHUA. Cepell KCUIoTpo-
¢iB 6inst ocHOBH CTOBOYPIB TaKHX MOPIJ SK IJIaTaH CX1IHHMA, TONONS MipaMifaibHa
nyxe nommpennm 0yB Coprinellus micaceus. 1likaBuMU BUSIBHIIHCS HOBI 3HAX1IKH
TaKUX PiAKICHUX BUMIB sk Volvariella bombycina (puc. 2) ta Hypsizygus ulmarius

(puc. 3).

Puc. 2. Volvariella bombycina Puc. 3. Hypsizygus ulmarius

3a rocmogapchKUM 3HAYEHHSM OCHOBHY YAaCTHHY BHSIBIICHHX BHIIB IpHOIB CTa-
HOBJIATH HeicTiBHI (17 BuaiB). YacTka iHIHX TPyl MaKpoMIiIeTiB Oyira 3HAYHO MEH-
m1o10: icTiBHI (9 BUAIB) 1 yMOBHO icTiBHHM — 1.

3rimHo iHpopMmarttiero [11, 12, 14], B HapomHiit 1 odimiitHill MenuInHI 6araThox
KpaiH CBiTy BHSBJICHI HAMH I'pPUOU BUKOPHCTOBYIOThHCS, B OCHOBHOMY, Y JIBOX Ha-
psMax: 3 iIMyHOCTHMYITIOIOUOIO 1 MPOTHITYXJIMHHOIO HisMu (Auricularia auricula-
Judae, Ganoderma lucidum, Laetiporus sulphureus, Phellinus igniarius, Pitoptorus
betulinus, Pleurotus ostreatus, Pluteus cervunus, Polyporus squamosus (ipenapar
«mineniony), Trametes versicolor (mperapar «kpictun»), Tremella mesenterica,
Schizophyllum commune) Ta IpoTU3anaIbHOI0, aHTHOAKTEPIaTHLHOIO, AaHTUBIPYCHOIO
1 mpotumryxnuHHOI0 AisiMu (Ganoderma lipsiense, G. lucidum, Fomitopsis pinicola,
Volvariella bombycina). Y 3B’43Ky 3 INM, HU3Ka BHUSIBIICHUX BUIIB KCHIIOTPO(DIB ¥
BUIIISAI OKPEMHX IIITAaMIB MOXKE OyTH BBEICHA B KYJIBTYPY JJISl TIOMANBIIHX MEIHY-
HUX JOCHIKEHD.
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['pubu-kcunoTpodu TakokK 3anmponoHoBaHi [8] sSK 1HIUKATOPH AHTPOIIOTEHHOI
(pexpealliitHOT) TOPYIICHOCTI JEPEBOCTAHIB JUCTSIHUX TOPiA. 3a II€H CUCTEMOIO
y MIKOIIEHO3aX 3eJIeHHX HacamkeHb M. OJeca MepeBaxaroTh 1HIUKATOPHU CHIILHO-
rO TOIIKO/PKEHHS jJepeBHUX mopin: Ganoderma lipsiense — TPyTOBUK TUIOCKHUH;
Phellinus robustus — TpyTOBUK HeCHpamxkHIN yOoBUit; Schizophyllum commune —
po3iuenka 3BuvaiiHa; Stereum hirsutum — CTepeyM KOPCTKOBoJocUcTUll; Trametes
versicolor — TpameTec pisHOOapBHUIL 1 Trametes hirsuta — TpaMeTec JKOPCTKO BOJIO-
cuctuii. KpiM TOro JOMOBHEHHSIM JI0 1i€i TPyNH TYT € BUAM-IHIUKATOPH MEXaHiy-
HOTO MOIIKO/KECHHS JIEPeB, 3PiIPKEeHHS IEPEBOCTAaHIB, X ()parMeHTalii 1 yTBOpEHHS
ransBuH: Laetiporus sulphureus — TpyTOBUK CipuaHO-)XOBTUU; Fomes fomentarius
— TPYTOBHK CIIpaBxkHil 1 Phellinus igniarius — TpyTOBUK HecnpawxHii. Llei anani3
CBIJTUUTH TIPO MEBHI €KOJIOTTUHI IPOOIeMH B 3€JICHUX Haca/pkeHHsX M. Oneca.

Opeca po3TanioBana B CyXOCTENOBIN 30HI YKpaiHH, TOMY JIiICOPOCIMHHI YMOBH
TYT AYKE€ HampyXXeHi, BiAMOBIIHO, CTIHKICTh JIepPeB A0 BPa)KEHHsS TrpuOaMu-KCHU-
sorpodamu 3HrKeHa. OJTHO3HAYHO BUPIIIUTH, JI€ KPAIUi CTaH JEPEBOCTOIO B MICTI
1 MEHIIIe TIOMIKOPKEHHS IepPEeBOPYHHIBHUMH rprOaMu HeMOIuBo. OrnocepenkoBa-
HO II€ TTAPKOBI 30HHU, JI¢ BEICThCS MOCTIMHUHI JOIIS 32 3eJICHUMH HACa/PKEHHSIMU 1
CBO€YACHE BUJIAJICHHS XBOPHX 1 CyXUX €K3eMIULIpiB nepeB. Ha Bynuisix micra ne-
peBa epeBaYKHO CTPAKAAIOTH BiJ] 3a0py/AHEHHS MOBITPS Ta IPYHTY BUKUAaMH TPaH-
CHOPTHUX MOTOKIB. KpiM TOro, iX MOOIMHOKE PO3TAIIyBaHHS TAKOXK Bpa3JIMBilIe
JI0O CWJIBHUX BITPIB, SIKi YacTilie IMyTh a00 3 MIBHIYHOTO, a00 3 MIBJICHHOTO OOKY
(3 Mopst). Haiibinbury KinbKicTh BUAIB AEPEBOPYHHIBHUX TPUOIB BUSIBIISUIA B 3€JIe-
HUX HACAJDKEHHIX Ha MPUMOPCHKUX CXMJIAX 1 BUIIE HUX PO3TAIIOBAHMX CAHATOPHUX
napkax, siki IepeBa)KHO 30epiraroTb prucH NPUPOHIX JIICOBUX MACHBIB 3 HasBHICTIO
JIICOBOTO OMaJy 1 CyXOCTOH.

BucHoBkn

MikoGiora pizHux ekotomniB M. OfecH J0CHTh Pi3HOMAHITHA. [i PO3BUTOK TiCHO
MOETHAHUH 3 XapaKTEPOM JIEPEBOCTOIO Ta €KOJIOTTYUHIMH YMOBaMH paifoHy 3pOCTaH-
Hsl. 3arajbHe YHMCIIO0 BUJIB 0a3uaialibHUX TPUOIB-KCUIOTPOQIB, BUSBICHUX B 3¢lie-
HUX Haca/pkeHHAX M. OnecH, cTaHOBUTH 27. BoHM Hajexars 10 1BOX KIaciB, 6 1mo-
psnkiB, 13 poaun Ta 22 ponis. Busieieni kcunotpodu Oynu acouiiioBani 3 19 Buaa-
MU JIEPEBHUX POCIHUH. Y IOCHiIKYBaHMX MIKOIIEHO3aX MEepPEeBa)KaloTh 1HIUKATOPH
CHJILHOTO MOIIKOKEHHSI ISPEBHUX TOPiJ], i MEXaHIYHOTO 30KpeMa, 1110 TPU3BOIUTH
JI0 PO3PIIKEHHS JIEPEBOCTOO 1 fioro (hparmenTaitii. OTpuMaHi pe3yabTaTi MOXKYTh
OyTH BUKOPUCTAaHI JUIsi CBOEYACHOT'O MPOBECHHS (DITOCAHITAPHUX 3aXO/(IB Y apKax
Ta Ha BYJIUIIX MicTa.

Crarts Hagiinuia 1o peaakiii 08.04.2020
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Abstract

Problem. Species diversity of basidial xylotrophic fungi and their effect on the con-
dition of the wood species associated with them.

Aim. Investigation of the xylotrophic mushrooms of the green plantations of trees of
Odesa and evaluation of their indicator significance.

Methods. Studies of basidial xylotrophics were carried out in 2010-2020. Mushrooms
were collected on trees, tree fallout (branches) and on stumps within the city of Odesa,
in particular in the parks named after Shevchenko, Pobedy, Savitskyi, Diukovskyi,
on the coastal slopes and on the streets of the city, where the oldest age group of tree
plants is most widely represented. For this, the method of route studies was used. The
description of the identified species was carried out according to the conventional
method. When describing fruit bodies (basidiocarps), attention was paid to their shape
and size, texture, surface character, color, odor, type of hymenophore. Gif staining
was performed with a standard set of reagents and dyes (5-7% KOH or NaOH, Melt-
zer reagent, iron sulfate, Congo red dye, etc.). A total of about 50 samples of basidi-
omycetes have been collected. Well-known determinants were used to identify them.
Indicative significance of basidial xylotrophics (disturbance of the state tree stand)
was evaluated according to the method of O.A. Blinkova.

Main results. The total number of the species of basidial xylotrophs found in green
plantations of trees of Odesa is 27. They belong to two classes, 6 orders, 13 fami-
lies and 22 genera. The detected xylotrophs were associated with 19 species of tree
plants. It is shown that in the Mycocenoses of green plantations in Odesa, indicators
of strong damage of wood species prevail, including mechanical ones, which leads to
the thinning of tree stand and its fragmentation. The results obtained can be used for
the timely phytosanitary activities in parks and on the city streets.

Conclusions: The deterioration of the ecological parameters of the growth areas of
the tree species in the green plantations of Odesa leads them to the oppression and
settlement by xylotrophic mushrooms.

Keywords: wood destructive fungi; species composition; indicator significance;
green plantations of trees; Odessa.
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OIIHKA BIIJIUBY XAPYOBUX BAPBHUKIB HA DROSOPHILA
MELANOGASTER MEIGH

JocunimpKyBany BIUIMB BHECEHHS y XapyoBE CEpENOBHUILE CHHTETHYHHMX XapuOBHX
OapBHuKiB IHaurokapmin® i [lonco 4epBoHMH® Ha NMOKA3HMKHM MPUCTOCOBAHOCTI
Drosophila melanogaster ninii Canton-S. BcTaHOBIEHO BIJICYTHICTb CyTTEBOTO BILIH-
By XapuoBHX OapBHUKIB y PEKOMEH/OBAHMX KOHIIEHTPALISX Ha TPUBAIICTH KHUTTA
MYX JOCITIJHUX BapiaHTiB. [Ioka3HUK IUIOI0Y0CTI KOMaX, HABIIAKH, BIPOTiIHO 3MEH-
LIyBaBCsl 3 IIABUIIEHHAM KOHIEHTpALIl JOCHI/PKYBaHUX NpernapariB. Y TOH ke yac
BH3HAYEHHS aKTUBHOCTI POOOTH FeHETHYHOTO anapary KJIITHH CIMHHUX 3aJ103 JINYH-
HOK MYX y JIOCJIJJHUX BapiaHTaxX BUSIBUJIO MPUTHIYYBaJIbHUN eeKT OapBHUKIB JIHIIIE
32 YMOBH BHECCHHS MiHIMAJIbHUX KOHIICHTPAITii.

Kurouosi cnoBa: Drosophila melanogaster; nnoar4icTh; TPUBAIICTD KUTTS; MO~
TEHHI XPOMOCOMH; XapuoBi OAPBHUKHU.

3a ocTaHHI JECATWIITTS Pi3KO 30UIBIIMBCS aCOPTUMEHT XapyoBUX J00aBOK, 110
BUKOPHCTOBYIOTBCS Y XapuoBiii mpomucioBocTi [10], y 3B’43Ky 3 UMM TOCTpO TO-
CTaJIO MUTaHHS 0E3MEYHOCTI IUX J00aBOK i opranizmy sirofauau [20]. IlesHi cro-
JIYKH, TIPU MOTPAILISHHI B OpraHi3M, 0COOJMBO Y KOMOIHAIIT 3 1HIIUMU MOJIOHUMHU
pPEYOBHHAMHU, MOXKYTh BUSIBUTHCS ILKIUIMBUMH JUIs1 opraHizmy [12, 14]. V Bunaaky
HAKOIWYCHHS B OPTraHi3Mi BUHUKAE CKIIAJHA 3aJISKHICTh MK O10JIOT1YHOK aKTHB-
HICTIO PEUOBUHH, BEJIMYMHOIO JIO3H, IIIBU/IKICTIO BUBEJICHHS 3 OPTraHi3My Ta IHTepBa-
JIOM TIOTparuIsiHes ii B opranism [11]. HasBHi y mitepaTypi pe3yasraru A0CTiHKEHb
TOKCUYHOCTI OapBHHUKIB CHHTETUYHOTO IMIOXOKEHHSI CBiT4aTh PO T€, IO MPAKTHY-
HO BC1 BOHHU 3JIaTHi, B 3aJIGKHOCTI BiJl JIO3U, BUKJIMKATH HeOakaHi TOKCHYHI €heKTH
[10, 12, 20]. CripoOu  BU3HAUUTH T'€HOTOKCHYHI €(DEKTH BiJi BYKUBAHHS XapuOBHX
OapBHHKIB y HasBHIH JiTepaTypi ayxe oomexeHi [11]. Meroro mnaHoi poGoTtu Oyna
OLIIHKa MOXKJIMBOTO BILJIMBY XapuOBHX OapBHUKIB Ha KHUTTE3NATHICTh Ipo30(dinau Ta
Ha TEHETHYHUI anapar KJIITHH CIMHHUX 3aJ103 JUUUHOK Drosophila melanogaster
JMKOTO THITY.

Marepianu i MeTOIH T0CTiTKEHHSA
O06’exToM gocmipkeHHs Oyiaa oOpaHa JiiHis MyX aukoro tumy C-S, o Biapi3Hs-

© Anexceesa T. I, lllepen A. B., binokons C. B., 2020
115 crara Binkpuroro noctymy Ha ymoax CC BY-NC 4.0.
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€TbCSl JOOPUMH MPUCTOCYBATBHUME MOMIJIMBOCTSIMH 1 IIUPOKO BHKOPHCTOBYETHCS
SK MOJICTIBHUI OpTaHi3M AJis 3’sicyBaHHs 0i10JIOT1YHOI aKTUBHOCTI Ta CKPHHIHTY Ha
MYTareHHICTh Ta TOKCHYHICTb Pi3HUX PEUOBHH [3, 6, 7, 27, 29].

JIMYMHKY PO3BHMBAIMCS Ha CTAHAAPTHOMY I[yKPOBO-IPIXKIKOBOMY CEpPEIOBHII
3a Temneparypu 22-24 °C.

Jnst mocmimy Oyno oOpaHO KOMEpIIiiHI XapuoBi OapBHUKH BUPOOHHLITBA (ipMHU
«KsBitenb» — «laaurokapmia®y» i «IloHco yepBoHmii®y». Komepliiini npenapatu
OapBHHKIB IPEICTABISIOTH COOOIO IIYKOP, MPOCSKHYTHH BiAMOBIIHOO XIMIYHOIO pe-
YOBUHOIO, TOMY JJIsl KOJKHOI cepii TOCIi/IiB BUKOPUCTOBYBAJIH JIBA KOHTPOJI — «UH-
CTE CEPEIOBHIIEY 1 3 JIOIABAHHSIM BiJIIIOBIIHOT KUTBKOCTI IIYKPY. 3 METOIO MEPEBIPKU
MOTEHLIHHOTO BIUIMBY XapuoBHUX OapBHUKIB Ha ()YHKLIOHYBaHHS T€HETUYHOTO ara-
pary Apo30¢iii BUKOPHCTOBYBAJIH CEPil0 KOHIICHTPALIH, TOUNHAIOYH 3 PEKOMEH/I0-
BaHOi BUpoOHUKOM (0,5-2,5 T/Kr KiHLIEBOrO MPOAYKTY). By 3afisiHi Taki KOHLIEH-
Tpaii OapBHUKIB:

12,5 mMr/50 M MOKMBHOTO cepeloBUINa (3MEHIIEHa Yy 2 pa3u BiJ MiHIMaJIbHOT
PEKOMEHIOBAHOT BUPOOHUKOM )

25 mr/50 mi1 (MiHIMaTbHA PEKOMEHOBaHA BUPOOHUKOM)

32,5 mr/50 M (mpomikHa pEKOMEHI0BaHa)

65,5 mMr/50 Mt (mpomixkHa pEKOMEHI0BaHa)

125 mr/50 M (MakcuMalibHa PEKOMEH/I0BaHA BUPOOHHUKOM).

[Toka3HUKH MPUCTOCOBAHOCTI — TPUBAIICTH XKUTTA 1 TUIOJIOYICTh MYyX, BUPOILIE-
HUX Ha JIOCIIHUX 1 KOHTPOJBHHUX BapiaHTaX, OI[IHIOBAJIU 33 CTAHJAPTHUMH METO-
JMKaMU, IOAal0uM OapBHUKH y BUILE3a3HAYCHUX KOHIICHTPALISX Y CEPEOBUIIE JUIS
JUYMHKOBOTO 3rofIoByBaHHs [2, 3, 15, 25].

CryniHb MoJiTeHii XpOMOCOM JOCTIUKYBAIN Y JIMYMHOK HAIIPUKIHII TPETHOTO
Biky. Ha naHoMy erami po3BUTKY y KIITHHAX CIMHHHX 3aJI03 JIMYMHOK HE BimOy-
Ba€ThCsl THIIIAIT HOBUX LUKIIB CHIOpENyIUIiKalii xpomocom [21-24, 26, 28]. ¥V
Aapax KIITHH CIMHHUX 3aJ103 APO30(isu 3HAXOIAThCS 2—4 KIIacu sep 3 piBHAMHU
noJtiTenii xpomocom 256C, 512C, 1024C i 2048C. Ha nurosoriyHux npemnaparax i
KJIacH siJiep PO3PI3HSIOTHCS 32 MIMPHHOIO XPOMOCOM Ta iHTEHCHBHICTIO 3a0apBIicH-
Hs arieroopceirom [21, 22]. BusHauau MpoleHTHE CIiBBITHOLICHHS SIEp 3 PI3HUM
CTYIICHEM MOJIITEeHIT, a TAKOXK CEPEe/IHI MOKA3HUKHU CTYIICHS JIJIsl KOXKHOTO JIOCIIiTHOTO
1 KOHTpOJIBHOTO BapianTy [16]. OTpuMmaHni 1aHi PO CTYIiHb HOMITEHIT XPOMOCOM Y
KOHTPOJII Ta 32 JI0JIaBaHHS XapUuOBUX OApBHUKIB 3BOJIWIIN Y PSIAM PO3IOALIIB O3HAK.
BiporigHicTe BiAMiHHOCTEH pSAIIB PO3IOIiNIIB MOPIBHIOBAIM 32 JOMOMOIOI0 KpH-
tepito [lipcona [1]. [y KOXKHOTO BapiaHTy JOCIIAY 1 KOHTPOIIO JOCIIKYBaIUCS
CIIMHHI 3271031 He MeHII HiX 10 JIMYMHOK XKIHOUYOT CTaTi.

Pe3ynbTarn nociaigkens Ta ix 06ropopeHHts

[NepeBipka TpUBAJIOCTI KHUTTS KOMax yCiX JOCHIPKCHUX 1 KOHTPOJIBHHUX BapiaH-
TiB BCTaHOBMJIA TIOAIOHICTh OTPUMAaHUX MOKa3HHUKIB. CepeaHs TPUBAIICTD KHUTTS
MyX cKiajana npuomausno 11-12 ni6; mepeBipka BipoTiqHOCTI BiAMiHHOCTEH 3a KpH-
Tepiem Kpamepa-VYenua BcraHOBMIIA iX BiZICYTHICTB (Ta0I. 1).
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Tabmuus 1
TpuBaicTh KUTTSI MyX 32 YMOBH BHECEHHS XAPYOBUX 0APBHUKIB Y sKMBUJILHE
cepenosuuie (Lt ), 1o6u, n =200-300

Konuenrpauis Myxu ainii C-S
0apBHMKIB, MI/50Ma
IIOXHBHOTO Inguroxapmin® | ITonco yepBoHuii® | Kontpouas 1 KonTpous 2
cepeIoBUIIA
12,5 11,33+ 0,33 12,00 £ 0,58 11,54 +£0,32
25 11,17 + 0,30 11,50 £ 0,72 11,68 +0,26
32,5 11,08 +0,87 12,25 £ 0,41 11,67+ 0,33 | 11,82 +0,45
65,5 11,56 + 0,53 11,94+ 0, 64 12,15+ 0,53
125 11,67 + 0,60 11,45+ 0,58 11,64 + 0,56

[Toka3zHUKH IJIOAFOYOCTI MyX B yCIX BapiaHTax JOCII B HaBe/IeH y Ta0m. 2. AHa-
JTi3 OTPUMAHUX JIAaHUX MTPOJEMOHCTPYBAB BipOTiTHE 3MEHIICHHS IUIOII0Y0CTI MyX 3a
KUTBKICTIO IMaro y TOpiBHSIHHI 3 KOHTpOJIeM |, OYMHAr04YH 3 KOHIeHTpaii 32,5 mr
Ha 50 MJI TIOXKMBHOTO CepeoBHUINA Juis [HAUTOKapMiHY, i KOHIEHTpamii 65,5 Mr
st [ToHco yepBoHOTO. Y MEHIIMX KOHICHTPALISAX BIIMIHHOCTEW y MOPIBHSHHI 3
koHTposieM 1 He Oyno 3adikcoBano. [1oi0HI 3k pe3ynbTaTH BigMiueHO Y MOPiBHSHHI
IJIOAF0YOCTI MYyX Y TOCIIJI 3 BIAMOBIIHUM TTOKa3HUKOM KoMax y KoHTpo:i 2. [Topis-
HSTHHSI MDXK COOO0I0 TIOKA3HUKIB, OTPUMaHUX Y KOHTPO:i 1 1 KOHTpOIi 2, He BUSBUIIO
BIPOTiIHUX BIAMIHHOCTEH.

TakuM YMHOM, Hall JOCTIKEHHsI JEMOHCTPYIOTh BIJICYTHICTh HETaTUBHOTO
BIUIMBY JOJIABaHHS Y TIO)KUBHE CEPEAOBUILE XapuoBHX OapBHUKIB [HanroKapMiH®
i [ToHCcO "epBoHMI® Ha MOKa3HWK TPUBAJIOCTI KUTTA MyX JiHiI C-S y BCiX peko-

Tabmuus 2
IL1oa104icTh MyX 32 YMOBH BHECEHHSI XapUOBUX GaPBHUKIB y sKHBUJILHE
cepenosuure (Lt ), no6u, n = 20-30

Konunenrpanis Myxu Jainii C-S
dapBHHKiB, MTr/50M1

MOXHBHOTO Inguroxkapmin® | IMonco yepBonuii® | Konrpous 1 Koutpouas 2
cepeIoBUIIA

12,5 35,80 £ 1,57 35,30 £ 1,77 35,65 +£0,56

25 37,00 £ 1,02 36,00+ 1,78 37,00 £ 1,12

32,5 34,67 +1,71 * 36,00 £ 1,90 38,17+ 1,33 | 36,89 £1,50

65,5 32,00+ 0,58 * ** | 31,00 + 0,60 * ** 38,18 £ 1,67

125 30,33 £ 0,67 * **| 283 £1,43 * ** 40,26 = 1,90

* — BIpOTIIHICTB BIIMIHHOCTEH y MOPIBHSHHI 3 KOHTpOJIEM 1

**_ BIPOTiHICTb BIIMIHHOCTEH Y TIOPIBHSHHI 3 KOHTpOJIEM 2
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MEH/IOBaHMX BUPOOHUKOM KOHIICHTPAIIISIX, 1 B MaJIMX KOHIICHTPAIIisIX — Ha TIOKa3HUK
rtoarodocTi. [1pu 30inbIieHi koHIeHTpanii 6bapBHUKIB (Bix 32,5 mis [Haurokapmi-
Hy Ta 65,5 mis [ToHCO Y4epBOHOTO0) BiJIMIUEHO JIOCTOBIPHE 3MEHIIICHHSI TUIOIIOYOCTI
MYX 3a KUIbKicTIO iMaro. [1oka3oBo, 1110 1o1aBaHHS Y TIOKUBHE CEPEIOBULIC LIYKPY
(HOCis OapBHMKaA y KOMEPLIHHHUX Npernaparax) y BiANOBIIHUX KUIBKOCTSIX HE BIUIU-
BaJIO Ha JIOCIII/PKYBaHI MOKA3HUKH MTPUCTOCOBAHOCTI koMax (Tadm. 1, 2).

Y HOpMI MPOTSITOM JIMYMHOYHOTO BIKY KOKHA KIIITHHA CIMHHHX 3aJ103 Jp030Qi-
yu norepriae Bij 7 10 10 nukiiB momiteHizanii. TakuM 4YMHOM, Ha 3aBEPUIAIIEHOMY
eTarti po3BUTKY (3 BIK JINUMHKH), CEPe KIITHH CIMHHUX 3aJ103 BUSBIISIFOTH YOTHPH
JUCKPETHUX KiacH (puc. 1), criBBiJHOMICHHS SIKUX € TEHETHYHO KOHTPOJIHOBAHOIO
o3HaKomo [21, 28]. V Toii ke yac GararbMa A0 CHIPKEHHSIMHU BCTAHOBIICHO MIEBHY YyT-
JIUBICTH II€] KUTbKICHOT O3HAKW JI0 YMOB HABKOJIMIIHLOTO cepenoBuina [6, 7, 18,
22, 29]. [loka3aHo 3MiHU TEMIIIB, MEPEAYCIM YIMOBUILHEHHS MPOXOKEHHS LIUKITIB
penyutikaiii iHTepQazHuX MOJITEHHUX XPOMOCOM KIIITHHAMH CIMHHHX 3aJ103 JIPO-
30()iIM il BIUIMBOM SIK TCHETUYHUX YMHHUKIB (HU3bKOIIPUCTOCOBAHI JIiHIi, JIHIT 3
HAsBHICTIO HAIIBJICTAJIbHUX MYTAIlill), TaK 1 BIUIMBOM cepejoBuila (TiepeHacee-
HICTb, BIUTUB KCEHOOI0THKIB, TEMIIEPAaTyPHUX YHHHHKIB TOIO) [9, 23, 24, 26, 27].

AneToopceiHOBI Ipernapary CIWHHHUX 3aJI03 JIMYMHOK JIOCIIKYBaHUX BapiaH-
TiB 1 KOHTpoNO (oTorpadysanu i Ha MikpodoTorpadisx HNOTITEHHUX XPOMOCOM
(puc. 1) BU3Ha4au iX MIMPUHY.

Puc. 1. Mikpogpomozpaghii nonimennux xpomocom auuunox ainii Canton-S 3 eusnauenum cmynenem
nonimenizayii. a — eapianm 3 000a8anuAM xapuoo2o bapesnuka Ilonco y konyenmpayii 32,5 me/50man,
b — konmponw

3rpymnoBaHi JaHi 3a 4YacCTOTOK TMOSBU JMCKPETHUX KIACIB TONITEHHUX sIep
(y BiZCOTKAx) y AOCHIPKEHUX BapiaHTax HaBeAeHO Ha puc. 2. CTymiHb MoJiTeHi3a-
1ii XpOMOCOM Y KIIITHHAX CIMHHUX 3aJ103 y3arajlbHEHOT'0 KOHTPOIIIO 3HAXO/IUIIACS B
Mexax 8—9 HUKIIB eHIopeayIuTiKaiii (KI1acoM 3 HalOUIBIIOK KUIBKICTIO KIITHH Y
KOHTpOJI OyB Kiac 3a cTyneHem nositeHizamii 512C, mo BijinoBiiae 8 mMukiaM mo-
JiTeHizalii xpomocom). biaussko 40 % KIITHH [TOTEpHa 1€ OJUH, JCB’ SITUHA [TUKIT
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(1024C); Ha cLOMOMY IUKJII 3yIHHSBCS PO3BUTOK OJIM3BKO 5 % KIITUH CIMHHUX
3aJ103 y KOHTPOJIBHOMY BapiaHTi.

% [Tonco uepBoHMit
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0 &l 0256C

60 * _ @s12¢c

5 - * ] B1024C
— m2048C
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20

. 1l 0
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10 |—
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Puc. 2. Po3no0in kiimuH CIUHHUX 307103 TUYUHOK MYX HA KIACU 8 3AJLeHCHOCHII 810 KLTbKOCMI YUKILIE
enodopedynaikayii npu emicmi xapuosux 6apenuxis Ilonco uepeonoeo (a) i Inoucoxapminy (6) y
NOJACUBHOMY CePedOsULYT
[Mpumitka® — BIAMIHHOCTI MK PO3IOJIIIOM BapiaHTy 1 KOHTPOJIIO BIPOTiIHI 3TiJHO 3 KPUTEPiEM
Mipcona npu P < 0,01)

JlonaBaHHS y KOPM JUIsl JINYMHOK Xap4OBUX OApPBHHKIB y Pi3HHX KOHIIEHTPAIIIsIX
(puc. 2) 103BONMIIO BUABUTH TaKi 3aKOHOMIpHOCTI: 0O0uaBa 6apBHUKH, 1 [ToHCO Uep-
BOHWU, i [HIUTOKapMiH, IPU TOJIaBaHHI Y CEPEIOBUIINE Y HU3BKUX KOHIIEHTPAIIIsIX
3HAYHO 1 BIPOT1IHO 3MiHFOBAIIM TEMITH MMPOXO/KSHHS KIIITHHAMU CIMHHUX 32J103 IIH-
Ki1B nomiTeHizanii. [TokazaHo 3HaYHE M1ABUIIEHHS KIJILKOCTI KJIITHH CIMHHUX 347103,
SIKi HA MOMEHT JIOCSTHEHHSI IMYMHKOIO TEePEIJIsIICIKOBOTO BiKy Iie Oyiiu Ha eTarri 7
IUKIiB nomiteHizaii (256C), Ha BiqMiHY Biff KOHTPOJIIO, /1€ KUTBKICTh TAKUX KIIITHH
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HE TepeBHIIyBaJa II'ATH BiACOTKIB. MakcumanbHa PEKOMEHAOBaHa BUPOOHUKOM
J103a, HaBIIaK{, MaJia CIaOKUH CTUMYITIOI0UYHN e(EeKT, 0 BUSBUIIOCS Y BiICYTHOCTI
KJIITHH, 0 3yIUHHUIAcS Ha ChOMOMY IIMKJI TMojiTeHi3amii (yci KJIITHHH CITUHHUX
3aJ103 y IIMX BapiaHTax JOCSIIN BOCBMOTO 1 JIEB’ATOrO CTYINEHIB), HA BIIMIHY Bij
KOHTPOJIIO, JIe HE3HAUHa KUTBKICTh KIITHH Maya 256C. 3a3HaueHi BiIMIHHOCTI, BTIM,
He OyJH BipoTiTHUMHU, 3TiAHO 3 KpuTepieM [lipcona [1].

[Toka3HuK cepeHbOT MOTITeHIT XPOMOCOM XapaKTEepPHU3ye€ 103y TeHIB Y KIIITHHHO-
My siIpi 1 Ma€e afgantuBHE 3HaueHHs [5, 18]. Y Tabn. 3 HaBeneHO JaHi MPo MOKa3HU-
K1 cepennboi nomiteHii xpomocoM (CITX) ycix pocmimkeHuX BapiaHTiB JOCIiay Ta
y3arajabHEHOTO KOHTPOITIO.

Tabmums 3
IMoxa3HuK cepeHBOI MOJIiTeHil XPOMOCOM KJIITHH CIMHHUX 327103 JIUYUHOK Drosophila
melanogaster 3a 101aBaHHA y NOKMBHE CepelOBHIIE XapUOBHUX 0apBHHUKIB

Konueﬂqu ?/lsiﬂmf;pBH“KiB’ Ionco yepBouuii® | Inairokapmin® Kontpoan
12,5 411,48 +£24,56** | 372,35 + 32,99**
32’5 + sk + k3K
483,55 + 30,80 433,24 + 42,80 693.38 + 39,46
65,5 654,75 + 54,31 629,76 + 32,46
125 675,84 + 3791 686,54 + 24,33

* — piBeHb 3HauymocTi — p < 0,05
** _ piBenb 3Hauymocti — p < 0,001 3a kpurepiem Kpamepa-Yenua

PiBeHB MoMiTEHIT XpOMOCOM € XapaKTEPUCTHUKOIO CTYTICHS IIPUMHOKCHHS TCHOMA
y KIITHHHOMY s1Ipi. bararo aBTOpiB BKa3ylOTh Ha aJalTHBHE 3HAYEHHS ITOJITEHIl,
sIKe € OTHUM 13 MEXaHI3MIB PeTyJIAIlii KiTbKICHOT eKcrpecii TeHiB y eykapior [5, 8].
Ha nymky B. 0. Ctpamaroka 3i crriBaBTOpamu, CTYITHB MOJIITEHIl XpOMOCOM, 3 ypa-
XYBaHHSM IIBHIKOCTI PO3BUTKY OCOOWH BimoOpakae piBeHb (YHKIIIT BiITBOPECHHS
TEHETHYIHOTO MaTepially XpoMOCOM Y KITHHaX. Bif 1iel GpyHKIIi TeHOMYy 3HAa9HOIO
MipOTO 3aJICKHUTh 3IaTHICTE KIIITHH JI0 perapallii TeHeTHIHUX TTOTTKOIKEeHb, BUKIIH-
KaHWX JI€I0 HeTaTUBHUX (akTopiB cepenopmima [21].

Bceranosneni HamMu BipoOTigHI BIAMIHHOCTI Y CEpeTHROMY CTYIICHI MO TeHIi Xpo-
MocoM (Tabi. 3) cBimuaTh MPO Te, MO KIITHHHU CIMHHHUX 3aJ103 JTHIMHOK, BHPOIIIE-
HUX Ha JOCIIKCHUX BapiaHTax MOKUBHOTO CEPEIOBUINA, MAIOTh Pi3Hi JIO3H T'EHIB.
[Tokasano, 1Mo BHECEHHS HU3BKHUX JI03 TOCTIKYBAaHUX XapUuOBUX OApBHUKIB CIIPHU-
YUHSIE TIOMITHE 3MEHIIICHHS CEPEIHBOTO TIOKa3HUKA CTYTICHS TOJITEHIi, BIACTHBOTO
KIIITHHAM CITMHHUX 3aJ103 THYUHOK. [[ikaBuM (akToM € Te, 1o 1e 3HMKCHHS, K €
CBIJTYCHHSIM MEHIIOT aKTUBHOCTI T€HETHYHOTO arapara KIIITHH JIMIHHOK, BUPOIIe-
HUX Ha CepPEIOBHUII 3 OapBHUKAMU, HE TTO3HAYAETHCS Ha (i310TOTIIHIX TTOKa3HUKAX
MyX, OTPUMaHUX y IIUX mociiaax (tadm. 1, 2). Hi mmomoqicTs, Hi TPUBATICTD KATTS
JMOCITITHAX iMaro He MaJyia BipOTiIHHUX BiIMIHHOCTEH Bil BiIMOBITHUX ITOKA3HHKIB
KOHTPOITIO.
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Ha BigMiny Bix JaHux JiTeparypH, sKi CBiI4aTh MPO HETaTMBHUI BIUIUB Xapyo-
BUX OapBHUKIB HA JKUTTEAISIILHICT BUKOPUCTAHUX TecT-00 ekTiB [11, 14, 17], Hamu
HE BCTAHOBJICHO HETaTMBHOTO BIUIMBY MAaKCUMAalbHHX PEKOMEHIOBAaHUX BUPOOHU-
KOM KOHIIEHTpaliil 0e3rnocepeHb0 Ha JTOCiIKYBaH] MOKa3HUKU (YHKIIOHYBAaHHS
TFeHETUYHOTO arapary. Po3paxyHok kputepiro Kpamepa-Yenda nmokasas BiJICyTHICTh
BIPOTiTHMX BiAMIHHOCTEH CEPEAHBOTO CTYIEHsS MONITEHIl y KIITHHAX JHYHHOK,
BUPOILEHUX Ha CEPEJOBHUINI 31 3HAYHUMH KOHLEHTpAIisIMA BKa3aHUX OapBHHKIB
(Tabm. 3). B ueii ke vac JaHi eKCIIEPUMEHTIB 3 BU3HAYCHHS IJIOAFOYOCTI TAKUX MYX
(Tabim. 2) cBiuarh Mpo JesKe 3HUKECHHS [[bOTO TTOKa3HUKA MPUCTOCOBAHOCTI.

3 manux niteparypu [4, 9, 19] Bimomo, 110 cTpecoBa Aist BUKIUKae GOpMyBaHHS
HecrnenugpivHOT aJanTHBHOT TOPMOHAJILHOT PeaKIIii IMYUHOK, 110 IPU3BOAUTS JI0 3a-
TPUMKH MeTaMop(o3y i 30UIbIICHHIO CTYIICH MOJITeHi3alii XpoMocoM. MOXIIHBO,
came 1ed eeKT, MOKIMKAHUN HIBEJIFOBATH HETaTUBHUI BILTUB CTPECOBOIO UNHHUKA
(BHCOKHMX KOHIEHTpaliii OapBHHUKIB) MU CHOCTEpIraiy 3a JOCIIKeHHs (pyHKIio-
HYBaHHS TEHETHUYHOTO anapaTy KIITHH CIMHHUX 3aJ103 JHYMHOK Ipo30(diau Ha T
MaKCHMaJbHUX KOHIIEHTpALill pernapariB, BHECEHUX Y MTOYKHBHE CEPEIIOBUIIIC.

BucHoBku

1. TIpuCyTHICTh y )KHBHJIBHOMY CEPEIOBHILI Xap4oBUX OapBHUKIB [Hmirokap-
MiHY® 1 [ToHCO uepBOHOTO® HE BUSBHIIO BIUTUBY Ha TPUBAIICTD KHUTTS MYX.

2.  BigMi4eHO 3HMKEHHS TUIOAKYOCTI MyX 32 KUIBKICTIO IMaro Ha Cepe0BHIIN
3 KOHIEHTPALISIMU XapuoBHX OapBHUKIB, OMM3bKUMH O MaKCUMalbHUX PEKOMEH-
JIOBAaHUX BUPOOHUKOM,

3. Y mpucyTHOCTI B cepelOBHILI CHHTETUYHUX XapdOBUX OApBHUKIB y HHU3b-
KHMX KOHICHTPALISX CIOCTEPIiraiy YIOBUIbHEHHS TEMITiB POXOKEHHS SHIOLUKITIB
KIIITHHAMHM CIIMHHUX 321103 Drosophila melanogaster.

4. 3a BUCOKMX KOHLEHTpamuii OapBHHKIB 65,5 1 125 Mr/Mi1 He BUSIBICHO Hera-
TUBHOTO BIUTMBY Ha aKTHBHICTh T€HETHYHOTO anapary MyXx.

Crarrsa Hagiinuia 1o penaxiii 09.01.2020
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ASSESSMENT OF INFLUENCE OF FOOD DYES ON DROSOPHILA
MELANOGASTER MEIGH

Abstract

Introduction. The known results of studies of toxicity of synthetic dyes indicate that
almost all of them are capable to show an undesirable damaging effect which depends
on the dye dose.

Aim. Biotesting of synthetic food dyes on Drosophila melanogaster.

Methods. Studies were carried out on wild type flies of the C-S line. The fitness indi-
cators — the fecundity and longevity of adults grown on a nutrient medium with the ad-
dition of synthetic food dyes in the range from minimum to maximum concentrations
recommended by the manufacturer have been studied. The functioning of the genetic
apparatus of the salivary gland cells of Drosophila larvae was evaluated basing on the
average polythenization of chromosomes and the distribution of cells with nuclei of
varying degrees of polythenization.

Results. The effect of adding Ponso red and Indigocarmine synthetic food dyes to the
growth medium for wild-type Drosophila melanogaster was studied. The full range
of concentrations which were recommended by the manufacturer was tested. It was
shown that the life expectancy of flies in all variants of experiments and controls did
not have significant differences and approximately amounted to 11-12 days. Fertility
of flies significantly decreased using the maximum concentration recommended by
the manufacturer. The state of the genetic apparatus of salivary gland cells was eval-
uated by their passage of endocycles, which result in the polythenization of chromo-
somes. A significant slowdown in the endoreduplication rate was established under
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the influence of the minimum concentrations recommended by the manufacturer for
both dyes. An increase in the concentration of dyes, on the contrary, stimulated the
passage of the following endoreduplication cycles.

Conclusions. Synthetic food dyes Indigocarmine® and Ponso red® did not affect the
life span of Drosophila melanogaster, but when introduced in high concentrations,
they significantly reduced the fecundity of experimental insects. The introduction of
these dyes in the minimum concentrations reduced the rate of passage of the polyteni-
zation cycles inherent in the cells of the salivary glands of Drosophila larvae.

Key words: Drosophila melanogaster; fertility; life span; polytene chromosomes;
food dyes.
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THE EFFECT OF DROUGHT ON WHEAT PLANTS AT DIFFERENT
GROWTH STAGES

Modern publications on the impact of drought on winter wheat plants at different
growth stages were analysed. The data on the climate conditions of Odesa region
during the last 20 years (2000-2019) were summarized and correspondence of the
phenological phases of winter wheat to different periods of weather conditions during
the growth in the South Steppe zone of Ukraine was analysed. It was concluded that
the most negative impact of drought takes place during seed germination and early
growth, at flowering and grain filling and is due to the inhibition of growth, photosyn-
thesis, and reproductive processes.

Key words: Triticum aestivum L.; phenology; water stress; climate; cultivars.

Climate change has negative consequences for agriculture, associated with in-
creased temperatures, redistribution of precipitation, excessive evaporation, which
lead to droughts and thus negatively affect crop yields and grain quality. According
to the recent report of the Intergovernmental Panel on Climate Change, in many
mid-latitude dry regions precipitation is likely to decrease [12]. The Steppe zone of
Ukraine is one of such vulnerable regions where the hot and dry climate can reduce
yields of crop plants, particularly of winter wheat which is sensitive to droughts
and high temperature [18; 16]. According to the recent data, during the last few
decades, the quantity of precipitation in Ukraine did not decrease significantly but
its pattern changed: rains became less frequent but more abundant. A large amount
of water cannot be absorbed by the upper soil layer within a short time and flows
down [44]. Such circumstances require investigation of the impact of drought stress
on important crops, further amelioration of cultivars and optimization of agricultural
activities.

Wheat plants vary in their susceptibility to water stress depending on cultivar, du-
ration and intensity of drought, and phenological phase. The most drought-sensitive
periods are inflorescence development, anthesis and fertilization, grain formation,
and, according to some authors, tillering and shoot elongation [25]. According to
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the data of academician M.A. Litvinenko from Plant Breeding and Genetics Insti-
tute [40], the most vulnerable to extreme factors ontogenetic phases are the spring
renewal of vegetation, gametogenesis, anthesis, and the most critical phase — the
passage from milk to dough ripeness on the 20-22™ day after anthesis. In the ini-
tial phase, water stress affects germination, thus decreasing plant density. Drought
during tillering and stem elongation stages leads to a decreased tiller number and
plant height. Water deficiency at anthesis and post-anthesis stages affect fertilization,
yield formation and grain composition and quality [25; 29]. According to a recent
meta-analysis [33], drought can reduce wheat biomass by 25% and yield by 27.5%
due to the decrease in spike quantity per plant, spike length and grain content, and in
grain weight. The effects of severe water stress are more pronounced comparing to
mild stress and not entirely reversible.

Climatic conditions of Odesa region

The temperate continental climate of Odesa region is characterized by mild win-
ter with little precipitation, cool spring, hot and dry summer with occasional heavy
rains, and long warm autumn. The average annual temperature changes from 8°C in
the north to 11°C in the south of the region. The annual rainfall is around 450 mm
but can vary significantly (from 356 mm in 2013 to 735 in 2010 in the series of years
from 2000 to 2019). On average, 57.1% of the precipitation falls during the period of
wheat growth and development (from October to the end of vegetation in November
or early December, and from March to July). Hydrothermal coefficient of Seliani-
nov (HTC) is a conditional index for the estimation of the aridity of a region, which
considers total precipitation and the sum of the temperatures. HTC<0.7 indicates
severe drought, 0.71-1.0 — moderate drought, 1.01-1.2 — moderate humidity, >1.21 —
sufficient humidity [34]. HTC of Odesa region is 0.7 on average; it mostly fluctuates
from 0.6 and lower to 0.7, but can rarely reach values over 1.0. Drought can also be
determined by the comparison of total monthly rainfall with the climatic norm: less
than 50 % indicates extreme drought, 50-70 % — severe drought, 71-80 % — mod-
erate drought [34]. In 2000-2019, 104 of 240 months had the subnormal total rain-
fall. 58.7 % of drought events during this period could be characterized as extreme,
26.9 % as severe, and 14.4% as moderate. Apart from the rainfall insufficiency, a
problem of precipitation irregularity also takes place. During 2000-2019, 26.4 % of
the total rainfall was provided by ineffective precipitation, when 100 % of climatic
norm and more fall within 1-3 days. During such incidents, the amount of water is
excessive and cannot be absorbed by soil which leads to floods and waterlogging.
The gas exchange between the soil and the atmosphere stops, O, level decreases
and the respiration of plant roots and microorganisms becomes restricted. Flooding
inhibits growth and metabolism, decreases final grain yield in wheat [9]. The data
about the climatic conditions of Odesa are summarized in Table 1.

The impact of the climate on the productivity formation of grain yield reaches
20-40 %, up to 60-70 % in the years with extreme weather conditions [37]. There
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Table 1
The climate characteristics of Odesa region at the period 2000-2019 years

Year | R*, mm &ﬁ;:l“:ag/foa(l)lf) R _,mm | T,°C | HTC P"’dt‘/‘;;““y’
2000 | 480 | 226(47.1 %) 100 11.3 0.86 1.80
2001 | 475 | 247 (52.0 %) 153 11.1 0.71 3.09
2002 507 277 (54.6 %) 229 11.5 0.90 2.87
2003 497 255 (51.3 %) 129 10.1 0.66 1.57
2004 596 349 (58.6 %) 46 11.0 0.98 3.24
2005 469 251 (53.5 %) 42 11.3 0.61 2.34
2006 512 362 (70.7 %) 124 10.6 0.95 2.36
2007 425 124 (29.2 %) 92 12.5 0.48 1.50
2008 399 344 (86.2 %) 109 11.7 0.73 3.04
2009 402 151 (37.6 %) 82 11.9 0.44 2.40
2010 735 356 (48.4 %) 167 11.8 1.07 2.55
2011 395 309 (78.2 %) 150 11.0 0.64 2.92
2012 559 254 (45.4 %) 178 12.0 0.77 1.71
2013 356 261 (73.3 %) 35 11.8 0.57 3.12
2014 489 196 (40.1 %) 263 11.8 0.62 3.13
2015 463 368 (79.5 %) 165 12.1 0.56 2.92
2016 | 754 | 311(41.3 %) 452 1.5 1.36 3.68
2017 | 444 | 434(97.8 %) 33 11.7 0.70 3.59
2018 | 491 | 285(58.0 %) 59 11.9 0.45 3.63
2019 | 440 | 172(39.1 %) 0 12.8 0.57 no data
Average | 494.4 277 (57.1 %) 130.4 11.57 0.73 2.71

* R — total annual rainfall; R..— total rainfall of a vegetative season (October-November +
March-July); R, . — total inefficient precipitation; T, — average temperature; HTC — hydro-
thermal coefficient. The source of the data on wheat productivity is the State statistic service
of Ukraine.

is a positive correlation (r=0.42) between wheat productivity and the total rainfall
during the vegetative season. Some positive correlations are also found between
winter wheat productivity and the moisture reserve in 20 cm soil layer before sowing
(r=0.62); total rainfall during winter (r=0.56), spring vegetation period (r=0.75), and
summer vegetation period (r=0.42); average winter temperature (1=0.64), average
temperature before heading (r=0.29) and after heading (r=-0.58) [40]. In the study
[36], it was calculated that due to water insufficiency during different phenological
phases of wheat, wheat productivity in the Southern Steppe zone cannot reach pos-
sible maximum (Table 2).
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Table 2
The agroclimatic conditions in the South Steppe Region - zone of winter wheat
cultivation in the period 1981-2010 according to [36]

Months Phenological phase R*, mm W, % P;‘;‘::;givniltg;;/o
VII-VIII Before sowing 102 52 81
IX-X Sowing and germination 84 74 85
XI Tillering 45 110 63
XII-I End of vegetation 119 128 82
m1-v Stem extension and booting 122 113 93
VI Heading and anthesis 69 54 52
VII Ripening 59 52 59

* R — precipitation, W — relative soil moisture content.

Weather conditions, which correspond to each phenological stage of wheat, are
considered further in this study.

Physiological and biochemical effects of drought stress

Drought stress changes a range of physiological and biochemical properties. Soil
drying induces abscisic acid (ABA) biosynthesis in plant roots. ABA helps to main-
tain root growth and increase its hydraulic conductivity, thus increasing the plant’s
water uptake [4; 24]. In the mechanism of root hydraulic conductivity enhancement
aquaporins (water channels) are involved [8; 24]. These membrane-bound proteins
facilitate symplastic water flow in roots; this water transport pathway takes prece-
dence over the apoplastic pathway in wheat. Aquaporin activity can be modulated
by ABA [24]. Altered leaf water relations such as decreased water potential and rel-
ative water content affect photosynthesis, as decreased turgor pressure (along with
ABA and its glucose ester [6; 17; 24]) results in the closure of stomata and reduced
gas exchange. ABA is not a single signal which takes part in stomatal regulation. It
was presumed that the increase in xylem sap pH may amplify the root signal and
facilitate the redistribution of leaf ABA [24; 32]. Non-stomatal factors, such as in-
hibition of Calvin cycle enzymes and photosynthetic electron transport, decreased
carboxylation efficiency and suppressed capacity for ribulose bisphosphate carboxy-
lase regeneration might also take place as a result of water stress [14]. An imbalance
between electron excitation and utilization emerges, and it leads to the production of
reactive oxygen species (primarily superoxide and H,0,) which accumulate in mito-
chondria, chloroplasts and peroxisomes and damage cell membranes and macromol-
ecules. As a result, the loss of mitochondrial internal structure, the irregular shape of
chloroplasts, disorganisation of granal stacks and accumulation of plastoglobules in
chloroplasts can be observed in the tissues of drought-exposed plants [6]. A complex
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of enzymes and non-enzymatic antioxidants detoxify ROS: superoxide dismutase
transforms O, to H,O,, and then catalase, peroxidase and ascorbate peroxidase
decompose it to water and oxygen [1; 27]. An effective system of H,O, detoxifica-
tion exists in plant cells — the ascorbate-glutathione cycle [27]. As a result of water
stress, proline and soluble carbohydrates content increase, which can contribute to
turgor and stomatal conductance sustainment [1; 5; 15]. According to A. Blum [5],
such osmotic adjustment can enhance root growth and can be associated with higher
yield in wheat.

There are two main pathways of plant response to osmotic stress — ABA-de-
pendent and independent [15]. Under drought and salt stresses, ABA biosynthesis
is activated in apical root cells and, to a lesser extent, in leaf mesophyll and stem
parenchyma [24]. ABA up-regulates the expression of germin-like proteins (de-
fence against various biotic and abiotic stresses, [11]), tonoplast intrinsic proteins
(such as aquaporins), MAPK4 (mitogen-activated protein kinases-4; they take part
in stomatal development and distribution), acetyl-CoA carboxylase (takes part in
transpiration minimization) [13], down-regulates the genes involved in auxin sig-
nal transduction (thus inhibiting plant growth) and the enzymes involved in proline
degradation (proline dehydrogenase and prolyl 4-hydroxylase) [15]. Along with oth-
er factors, ABA also up-regulates the expression of genes coding the enzymes for
glutathione-glutathione disulphide cycle, thus contributing to antioxidant defence;
up-regulates ethylene and jasmonic acid signal transduction pathways [15]. ABA
induces the synthesis of LEA-proteins (late embryogenesis abundant), particularly
dehydrins (DHN) and heat shock proteins (HSP) [6]. Dehydrins have chaperone-like
functions: they inhibit coagulation of macromolecules thus maintaining cell structu-
ral integrity. HSPs are chaperones involved in protein interactions, folding, assem-
bly, intracellular organisation. Their functions are prevention of protein aggregation
and degradation, reactivation of damaged proteins, thus they play a major role in
maintaining cellular homeostasis. Chaperone-like proteins are found in chloroplast
stroma, such as ClpP which degrades abnormal proteins, Rubisco activase which reg-
ulates the activity of ribulose-1,5-bisphosphate carboxylase, RBP (Rubisco binding
protein) which maintains the appropriate content of this enzyme [6]. The ABA-in-
dependent pathway is involved in down-regulation of the cytokinin signal pathway,
up-regulation of proline and soluble sugars biosynthesis [15]. Calcium ions act as a
secondary messenger and are involved in the modulation of ABA biosynthesis [32].
They also regulate stomatal closure through activation of nitric oxide synthase and
subsequent accumulation of NO in guard cells, which leads to their closure [15; 32].
The signalling pathways induced by osmotic stress are very complex and under-
standing of them requires further investigations.

Drought negatively affects germination and initial growth of wheat seedlings

Drought stress lowers germination energy and germination rate of wheat seeds
[7]. Water deficiency on the stage of seedling development affects seedlings’ growth,
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which is associated with decreased seed reserve utilization. The growth retardation
is more expressed in the aboveground parts of plants which results in lower shading
of the soil surface and higher loss of soil water, lesser light intercepting photosyn-
thetically active surface and therefore lower yield potential [30]. Drought restricts
transpiration, thus reducing the root absorbing power which leads to decreased nutri-
ent uptake. Another factor which affects plant mineral nutrition is lack of soil mois-
ture as a solvent and a medium for diffusion [10]. Under drought stress, anatomical
changes also occur, such as disorganisation and degradation of palisade tissue and
decrease of the thickness of spongy tissue in leaves, reduction of the volume of endo-
and exodermal cells in roots, the diameter of main xylem vessels in roots can also
decrease [7]. Water stress leads to the decrease of plant height, shoot fresh and dry
weight, length of leaf blades [10].

The optimum temperature for wheat germination is +15...+20°C, and the opti-
mum soil reserve of productive moisture is 30-60 mm [37]. In Odesa region, the
wheat sowing time is the second half of September [35]. The average temperature in
September is 18°C and the normal rainfall is 42 mm. During 2000-2019, rainfall was
less than normal in 55 % of years, and inefficient precipitation took place in 35%
of years. In August, frequently occurring negative deviation of precipitation from
normal (60 % of years), heavy rains (25 % of years), and high temperatures which
increase evapotranspiration can prevent sufficient moisture accumulation in the soil.
Under the appropriate conditions, germination of wheat takes place in 5-9 days after
sowing, and if the moisture is deficient, germination can last for up to three weeks
[37]. Seedlings emerge at the end of September — the beginning of October. August
and September rainfall in 2000-2019 is displayed on the chart (Fig. 1).
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Drought-induced oxidative stress and inhibition of photosynthesis during
vegetative stage affect biomass production and yield formation

Effects of water stress on wheat during tillering and jointing were investigated
by M. Abid et al. [1] in Nanjing Agricultural University (China). It was found that
the increase in ROS content and membrane injury were more pronounced during
water stress at the jointing stage. Oxidative stress leads to the increase of enzymatic
activity of catalase, superoxide dismutase and ascorbate peroxidase which detoxify
ROS, rapid increase with the subsequent decline of glutathione content and decrease
of carotenoid content (non-enzymatic antioxidants).

One of the mechanisms of drought tolerance is osmotic adjustment provided by
free amino acids, especially proline, and soluble sugars, levels of which increase as a
result of water stress. This effect was more pronounced at the tillering stage. Stress-
ful conditions limit the development of the root system, and it results in a decrease
of leaf growth and longevity [2; 33]. Water stress during the tillering stage affects the
generation of the tillers thus reducing the dry weight of shoots and number of spikes
per plant, and during stem elongation phase it prevents some tillers from producing
spikes [25]. Comparing to other growth stages, a drought at tillering stage leads to
the most significant decrease in wheat biomass [33]. Inhibition of carbon assimila-
tion and stem growth leads to the decrease of stem reserve storage capacity, which
subsequently affects grain development [4]. Drought stress with a resulting depres-
sion of photosynthesis leads to alteration of phenological phases of wheat and af-
fects grain yield. Severe drought stress accelerates the onset of anthesis and shortens
the grain filling duration, reduces the formation of spikes and decreases grain yield
traits, including the number of grains per spike and per plant and 1000-grain weight.
These reductions are more pronounced in case of drought stress during the jointing
stage [1]. Despite the negative effects of water stress on wheat plants, it was shown
that mild stress at tillering might generate resistance to severe water deficiency at the
later growth stages by maintaining favourable water relations and antioxidant de-
fence in leaves. Comparing to non-acclimated, acclimated plants show higher RWC,
increased redox status and lower levels of H,O, and lipid peroxidation [26; 27].

Tillering begins in 10-30 days after germination (depending on the soil moisture
and temperature) and lasts till the stop of the vegetation in November or December
when the temperature reaches +1...+3°C. The duration of the autumn vegetation of
wheat is 50-70 days [47]. The most favourable temperature for wheat tillering is
+9...+18°C; the optimum soil moisture level is 20 mm. Under favourable conditions,
wheat plants form 3-5 tillers during autumn [37]. In Odesa region, the average Oc-
tober and November rainfall is 42.4 mm and 37.5 mm, respectively. In 50% of years
between 2000 and 2019, precipitation in October was corresponding to or exceeding
the climate norm (Fig. 2), but 31.6% of it was inefficient. Over the last 12 years, only
in 2014, the total rainfall in November was higher than 41 mm (the climate norm). In
contrast, total winter precipitation corresponded to the norm in 70 % of years during
the considered period (Fig. 3), but irregular snowfall combined with the incidents of

73



ISSN 2077-1746. Bicauxk OHY. Bionoris. 2020. T. 25, Bum. 1(46)

low negative temperatures can lead to the freezing of wheat plants, inhibition of their
growth, reduced pest resistance [37; 40]. Autumn and winter weather conditions
allow sufficient accumulation of soil moisture. The satisfactory spring productive
moisture reserve is 120-150 mm in the 1 m layer of soil, and the reserve of 150-200
mm is favourable for wheat development [37].
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According to the data [46], the average winter precipitation of 137.6 mm and the
average water absorption by the soil of 39% led to the accumulation of 130-152 mm
of productive moisture (depending on the predecessor). The average winter rainfall
in Odesa region is lower (125.1 mm), but the correct selection of a predecessor for
wheat cultivation can provide sufficient accumulation of water in the soil.

Vegetation resumes in March and lasts from 70 days in early-maturing varieties
to 105 days in late-maturing ones [41]. Spring tillering continues under the temper-
atures +3...+15°C and leads to the formation of 1-3 side shoots. Higher temperatures
and inefficient soil moisture (less than 100 mm) inhibit this process [37]. Spring till-
ering and stem extension take from 24-26 days in early cultivars to 33-40 days in late
ones [41; 43], so the next phenological phase starts in the second or the third decade
of April. The average temperature in March is 4.7°C (from 1.1°C to 7.3°C within
2000 and 2019) which is favourable for wheat tillering. The average total rainfall is
36.2; the amount of precipitation did not reach the climate norm (32 mm) in 60%
of years (Fig. 4). The incidents of inefficient precipitation are quite rare in March (3
times over the last 20 years).
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The number of studies on the effect of water deficiency during booting and head-
ing time is limited. The early heading is reportedly a stage very sensitive to water
stress [19; 25]. It results in lowered biomass production due to decreased photosyn-
thetic activity and a decrease in grain number. Yield losses as a result of drought
during heading and flowering are comparable to those resulting from the constant
water insufficiency during the full growth cycle [19].
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Wheat goes through the booting stage during 25-32 days in the second half of
April — the beginning of May [41; 43]. The soil moisture reserve of 100-125 mm in
1 m layer provides the highest productivity [37]. The average April temperature in
Odesa region is 10.2°C, and the average rainfall is 28.8 mm (55 % of years within
2000-2019 period had a lower amount of precipitation, and in 25 % of years ineffi-
cient precipitation took place; Fig. 5). Wheat heading and anthesis start in the first
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Fig. 5. Precipitation in April and May 2000-2019 in Odesa region

half of May (08-25/05 depending on the sowing date and the features of a cultivar)
and last till the beginning of June [42]. The optimal temperature during this period
is +15...420°C, and precipitation 40-80 mm [37]. The average temperature in May
is 16.7°C; both hot and cold days occur sometimes, but the temperature values usu-
ally are not extreme (the average temperature at night is 12.1°C, and 19.5°C at the
daytime). The average rainfall is 38.9 mm, but in half of the years between 2000
and 2019 this value was under normal (Fig. 5). In the second half of May — the first
decade of June, moisture deficit and the temperature fluctuations cause a negative
influence on yield formation [47].

Water deficiency during anthesis prevents normal gamete formation

Water stress during reproductive stage has a more deleterious effect on grain
yield than the same condition during the vegetative stage [23]. The adverse effect
of water insufficiency at anthesis is most pronounced during meiosis. It leads to the
production of sterile gametes, loss of gamete viability, and as a result, reduced grain
number [21; 33]. Water stress restricts photosynthesis at anthesis to a greater extent
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than at vegetative stage, due to the reduction of mesophyll conductance and a signif-
icant decrease in chlorophyll concentration as a result of photoinhibition and pho-
todestruction of pigments and destabilization of the photosynthetic membrane [24;
28]. Decrease of photosynthetic activity also leads to the shortage of soluble carbo-
hydrates in vegetative tissues and anthers. In the absence of sugars, intine cannot
develop properly, which subsequently prevents adhesion of pollen grains to the sur-
face of the stigma. Starch accumulation in the cytoplasm of vegetative cells in pollen
grains is also affected so that there is not enough energy for pollen tube growth [4].

The harmful effect of post-anthesis drought on grain yield and quality

The consumption of water by a plant is the highest during the grain formation
stage [25]. Prolonged drought during flowering and grain filling can reduce grain
yield up to 92 % [33]. Drought shortens the grain-filling period, inhibits the division
of endosperm cells, especially in basal and distal parts of spikelets, thus decreasing
grain weight [20; 22]. ABA synthesized in the shoot and transported to the repro-
ductive organs can affect cell division in developing seeds [4]. Grain development
depends on the quantity of assimilates, accumulated during the vegetative stage,
as after anthesis they are redistributed and utilized, especially under environmen-
tal stress conditions [31], and this process can be regulated by ABA in developing
grains [4; 24]. This may explain the large extent of tiller senescence and mortality
during the reproductive phase. Grain size in secondary tillers is lower due to the
reduced number of endosperm cells and lower quantity of accumulated starch [31].
Flag leaf photosynthesis also serves a substantial source of assimilates for grain
filling. Breakdown of chlorophyll, the decline of photosynthetic activity and inhi-
bition of CO, fixation occurring after anthesis can diminish grain filling, which re-
sults in lower grain weight [23]. Composition and quality of grains change under
drought stress. The ratio of large (A-type) starch granules to middle and small (B-
and C-types) increases significantly [3; 20; 29]. A-type granules have a lower am-
ylose content, which can influence grain quality. As a result of drought during grain
filling, starch content decreases and the proportion of proteins changes. The decrease
of glutenin-to-gliadin ratio and reduction of unextractable polymeric protein fraction
affect grain quality [3].

Wheat reproductive processes from the ear formation to the ripening take 24-33
days, up to 42 days in different cultivars [37; 41; 43]. Kernel formation and ripening
take place in June and July (from the first half of June to the middle of July). This is
the time of high temperatures and droughts, the effect of which is especially harmful
if combined with water deficiency during spring vegetation [40]. The average rain-
fall in June within 2000-2019 reached 44.7 mm which is 4.3 mm lower than the cli-
mate norm. 65 % of years during this period had precipitation lower than the norm.
Ineffective precipitation is quite rare in June — 2 incidents over the last 20 years. The
average temperature is 21.1°C (24.0°C at the daytime), but it can reach the values
over 30°C. The total rainfall in July is around 48.1 mm, in 50 % of years it does not
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reach the climate norm. The average temperature is 23.6°C (27.0°C at the daytime).
The comparison of the amount of precipitation during these months with the norm is
shown on the graph (Fig. 6).
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Fig. 6. Precipitation in June and July 2000-2019 in Odesa region

Drought-resistant wheat cultivars of Ukrainian selection

Although changing climate conditions of the Southern Steppe zone, characterized
by frequent droughts, unstable precipitation and extreme temperatures, can pose a
threat to wheat production, a range of highly productive, drought-resistant wheat
cultivars were bred. High germination energy, moderate extent and reversibility of
the damage caused by water stress, short recovery time, and stable yield are criteria
for the crop drought tolerance [39; 45; 48]. The high rate of germination (above
70 %) under modelled osmotic stress was shown by the cultivars Valensiia, Turun-
chuk, Kniazhna, Misiia odeska, Blahodarka odeska, Albatros odeskyi, Hratsiia my-
ronivska, Vyshyvanka, Balada myronivska [45]. Drought resistance was estimated
by the investigators as advanced in the cultivars Antonivka, Bilosnizhka, Zolotoko-
losa, Kiriia, Kosovytsia, Povaha, Trypilska, Favorytka [48], Znakhidka odeska [39],
Kuialnyk, Pysanka, Podolianka, Poshana, Suputnytsia, Smuhlianka, Khersonska
bezosta [39; 48]. Above-average drought resistance was characteristic of the culti-
vars Bohdana, Vesnianka, Volodarka, Demetra, Zastava odeska, Znakhidka odeska,
Lybid, Odeska 51, Prima odeska, Sirena odeska, Stolychna [48], Kiriia [39], Alba-
tros odeskyi, Apohei luhanskyi, Donetska 48, Driada 1, Zemliachka odeska, Zira,
Zustrich, Nikoniia, Selianka [39; 48]. On the contrary, low tolerance to water deficit
under field conditions was inherent to wheat cultivars Bilosnizhka, Vdala, Dalnyts-
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ka, Liona [39; 48]. Deterioration of growth, development and productivity was also
observed in Vesta, Hlibovchanka, Dolia, Kharkivska 105, Myronivska 67, Panna,
Snizhana, Spivanka [48]. Plant resistance assessment in the studies [39; 48] was
carried out after the observations under the field conditions during the periods of soil
moisture deficiency, high temperatures and dry winds. In the investigation [49], sev-
eral highly productive and adaptive wheat varieties were pointed out: Podolianka,
Smuhlianka, Natalka, Pereiaslavka, Khurtovyna, Kyivska ostysta, Zbruch, Malyniv-
ka, Snihurka, Darynka Kyivska, Lymarivna, Ladyzhynka. In the same study, 136
Ukrainian and foreign winter wheat cultivars were ranged based on their drought
and high-temperature resistance. It was found that 28.6 % of the cultivars bred in
the institutions of Southern Ukraine had high and above-average drought resistance,
comparing to 10.6% of the cultivars from the Kyiv region and 1.6% of the foreign
cultivars [49].

In the study [40], the results of the previous work of wheat breeding in Odesa
region were summarized, and the direction of the future efforts was established.
The most suitable varieties for cultivation are those of the universal type, which are
characterized by frost, drought, heat, and pest resistance along with high potential
productivity. The features which contribute significantly to drought resistance are the
intensity of nodal roots growth, roots soil penetration depth, early maturity, the high
regeneration capacity of seedlings and tillers, leaf water retention during the grain
formation, high assimilate reutilization capacity under high temperatures. A range
of corresponding varieties was created, such as Blahodarka odeska, Misiia odeska,
Sluzhnytsia odeska, Hoduvalnytsia odeska, Zahrava odeska, Epokha odeska, Isty-
na odeska, Zhuravka odeska, Holubka odeska, Lebidka odeska, Kniahynia Olha,
Lastivka odeska, Zadumka odeska, Vykhovanka odeska, Lira odeska, Nyva odeska,
Shchedrist odeska, Era odeska, Melodiia odeska etc. These varieties are character-
ized by high productivity (78-104 c/ha), elevated drought, frost and pest resistance,
and high grain quality.

Conclusion

In the present study, the impact of drought on winter wheat growth and producti-
vity was investigated, and the climate conditions of Odesa region at each wheat phe-
nological phase were reviewed. Drought lowers seed germination rate, affects mi-
neral nutrition and growth of seedlings, restricts the production of tillers and inhibits
the photosynthetic activity of plants. Drought and inefficient precipitation often take
place during autumn vegetation of wheat. Moisture supply in winter usually corre-
sponds to the climatic norm, which allows sufficient soil moisture accumulation. In
March, wheat vegetation resumes. Water insufficiency in March and April, when
wheat tillering, jointing and booting take place, affects growth and development of
the plants, leads to the alteration of phenological phases, and decreases potential
yield. Drought during anthesis and grain filling is especially harmful because of the
negative effect on gametogenesis, insufficient accumulation of assimilates due to the
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inhibited photosynthesis, reduction of grain number and weight and deterioration of
its quality. Reproductive processes in wheat take place in May, June and partly July.
In Odesa region, it is the time of the establishment of high temperatures and drought.
Although such climate conditions negatively affect wheat production, a range of
resistant and productive universal cultivars were bred. The effects of drought and
the plant response to them have not been studied completely and need further inves-

tigation.
Crartst Hagilinma no peaakuii 26.03 2020
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BIIJIMB IOCYXH HA NIIEHUITIO HA PIBHUX CTAAIAX POCTY

Pesrome

Krnimarnani ymoBr Yikpaian ta Omecbkoi o0macTi 30KpemMa IMOCTYIOBO 3MiHIOIOTH-
CSI: CepelHi TeMITepaTypH 3pOCTAIOTh, PO3IIOILT OMaiB CTa€ HEPIBHOMIPHHUM, YacTi-
IIal0Th BUMAJKH €KCTPEMAJIbHUX MOTOJHUX YMOB, TaKUX SIK ITOCYXH, 3JIMBH, 3HaYHI
KOJIMBaHHS Temreparypu. Lle npu3BoguTs 10 HEOOXiTHOCTI MPOBEACHHS JETAIBHUX
JOCTI/KeHb BIUIMBY KIIMAaTHYHUX (aKTOPiB HA €KOHOMIYHO BAXKJIMBI POCIMHH Ta
MeXaHi3MiB (POpMyBaHHSI HUMH ITOCYXOCTiHKocCTi. Taka iHpopMaris cnpusiTuMe Ipo-
1IeCy CTBOPEHHS YHIBEPCAJIBHHUX COPTIB Ta MOKPAIICHHIO CHCTEM arpoTeXHIYHUX 3a-
xoziB. MeToro manoi poboTn Oyna cuctemaru3aris iHGopMmariii mpo BIUIHB aAedinuTy
BOJIOTH Ha O10XIMIYHI IPOIIECH, PICT, PO3BUTOK Ta MPOAYKTUBHICTD IIICHUI M SKO1
o3umoi (Triticum aestivum L.), 3amexHo Bix (ha3u po3BUTKY, MiJT 9ac sIKOT TPAIUISETh-
cs mocyxa y [liBgennomy crermy Yipainu, 30kpema B Onmeckkomy perioHi. s mpo-
ro OyJ0 TMpoaHaNi30BaHO CydacHi MyOJiKarii Ha TeMy BIUIMBY ITOCYXH Ha IIICHUIIO
i 9ac pi3HAX (heHONOTIvHHX (a3, a TAaKOXK IMPOCTEKEHO arpOMETEOPOIIOTIUHI YMOBH
3a OCTaHHI ABAIIATH POKiB Y OZeCbKOMY PETiOHi, BiJ3HAYCHO CydYacHi COPTH IIIIe-
HUIIi, IPICTOCOBAHI 10 yYMOB BHUPOIIYBAHHS y MOCYIIIHBOMY IiBICHHOMY PETiOHI
VYkpaiau. BinMigeHo, o mocyxa BIPOAOBK BETETaTUBHOI CTail YMHUTH HETaTHBHUN
BITMB Ha HaKOMIMYEHHS OiomMacu Ta (popMyBaHHS MPOXYKTHBHUX IATOHIB, a IiJ 9ac
[BITIHHS Ta JI03piBaHHSA 3e€pHA 3MEHIITYE BpOXail Ta Mmoripurye foro Axicte. Ha cramii
MIPOPOCTAHHA TTOCYXa CIPUYNHSE HEPIBHOMIPHY TOSIBY CXOIiB, ITOTipIITy€e MiHEpaIbHE
JKUBIICHHSI, TIPUTHIYYE picT Haa3eMHNUX dacTuH. Ha cTasii KyminHsa popMyeThCs MEH-
e MPOXYyKTUBHUX IMArOHiB, 3HIKYETHCS IHTEHCHBHICTH (POTOCHHTE3Y, (PCHOIOTIUHI
(a3m 3cyBaroThes y Oik mpuckopeHHs. [Tocyxa mig 9ac KOJOCIHHS MPU3BOIUTH IO
3MEHIIIEHHS KUTBKOCTI 3epeH y Konocci. I1ix gac nBiTiHHS HecTadya BOJIOTH HETATUBHO
BIUTMBA€ Ha (PEPTHIBHICTD Ta KUTTE3MATHICTH TaMeT, a IiJ Yac JO03piBaHHA 3epHa,
MPUTHIYY€E TOMIN KIITHH SHJOCIIEpMY Ta TOTIpIIye AKICTh 3epHA. B mimomy, He Bci
ACTIEKTH BIUIMBY TIOCYXH Ha 0610XiMidHI Ta (i3107T0TI9HI MPOIIECH PO3BUTKY MIIICHHUI
M’SIKOT 03UMO1 BiZJOMi, TOMY HEOOXiTHI IOAAJIBIII TOCHTIHKEHHS.

Kurouosi cioBa: Triticum aestivum L.; penomnoriss; BonHui qediuT; KIimMaT; COpTH.
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OIIHKA PETEHEPAILIIMHOI'O NOTEHIIAJTY TIEPUIHOIO
MATEPIAJIY PUCY ITOCIBHOI'O (ORYZA SATIVA L.)

[TpoBeneHO TecTyBaHHS raruIONPOAYKIIHHOTO NOTEHIIANY Y KyJIbTYpaxX MHUJISIKIB IT°sI-
TH TiOpuaHuX nonynsauii F, pucy Oryza sativa L. Jlo xynsTypw in vitro Gyno BBeJIEHO
30944 nunskiB 1ty reHotunis. LnsixoM anaporeHesy B KyjbTypi MIISKIB PHUCY
orpumano 6542 HoBoyTBOpeHb (21,14 + 0,23 B cepennbomy Ha 100 nuisIKiB), sKi
perenepyBaiu 539 3enenux pociud (1,74 £ 0,07 B cepenapomy Ha 100 muiskiB).
HaiiOinpiumii perenepaniiHui MOTEHIia B KYJIBTYpPl MWISKIB BUSBWIN Y POCIIHH Ti-
opuanoi nomynsuii F, Labelle/Manum (2,90 + 0,17). Ha cyyachuii MoMeHT Ha eTarti
KOJIOCIHHS TopoinytoThes 193 pocnunau-perenepanta (35,8 %).

KurouoBi ciioBa: pric; aHIporeHes in vitro; Kaiwc; pereHepariis.

B ocraHHi Kinbka AeCATHIIITH po3poOKa METOAIB in Vitro Ui CTBOPEHHS ra-
WI0iNiB OYyJI0 TOJOBHUM 3aBIaHHSIM y Tally3i O10TEXHOJNOril Ta celeKiii pOoCIuH.
MOXIHBICTh CKOPOUCHHSI IMKIIB PO3MHOKEHHSI Ta OTPHUMAHHS MOBHOLIHHHX TO-
MO3HMIOTHUX POCIHMH POOUTH LIO0 TEXHOJIOTIIO0 HAMKPAILOIO Ui CTBOPEHHS COPTIB,
kaprorpadysanHs reaoma, QTL-kapTyBaHHs, KUIbKICHOT TeHETUKH, TEHOMIKH, 1JICH-
TUdiKauii reHiB, BUABICHHS IeHIB y TpaHcreHHuX pociuH [13]. [lepcnekTuBHICTH
Ta pe3yNbTaTUBHICTH MPOBEICHHS POOIT 13 CTBOPEHHS JiHiiHOrO Matepiany Oryza
sativa L. nmimsixoM aHaporeHesy in vitro Ha Matepiaili YKpaiHChKO1 ceseK1ii moka3aHna
MO3UTUBHUMH pe3ynbTatamMu Hamux mnonepeanix (2011-2018 pp.) mocmimxens [1,
2, 6, 8, 9]. Po3zpobieHi npuitoMu 10 CUX Tip HE TapaHTYIOTh OTPUMAaHHSI JOCTaTHBOT
JUTSI IOCTJDKEHb KUTbKOCTI JIIHIN TeHIIa3MHU PI3HOTO NoXo/uKeHHs. [IpoTe, KynbsTypa
NWISIKIB in Vitro cTala HaWBa)KIMBIIIMM 1HCTPYMEHTOM JUISl CEJICKI[IOHEPiB, BUKO-
PHUCTaHHS SIKOTO JI03BOJISIE HE JIMIIE CKOPOTUTH Yac CTBOPEHHS COPTIB pHUCY, aie i
¢ikcyBaru HiHHI pekoMOiHaii. ParionanbpHe moeHaHHS METO/IB KJIACHYHOT CeleK-

© Ilecronan. O. JI., 3ambpidopus I. C., lnak 1. B., Anexceesa T. I'., Apinorenos O. A., 2020
L1s crarTa BigkpuToro nocrymy Ha ymosax CC BY-NC 4.0.
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1ii 3 O10TEXHOJOTIYHUMHU METOJIaMH JIO3BOJISIE BUPIIIIYBaTH NIOCTABJICHI 3aBIaHHS 3a
KOpOTIIHI TepMiH [3, 5, 7, 9].

[TokazHuku pereHepaniinHoOl 37aTHOCTI CHJILHO 3MIHIOIOTHCSI B 3aJICKHOCTI Bij
riopujia i Biji FeHOTHITY, TOOTO HABITh B MEXax OJIHI€T riOpuIHOT KOMOIHAIT Pi3Hi
pociunu F| abo F, 3a0e3neuyroTh pi3Hy iHTEHCHBHICTh KaJllOCOYTBOPEHHS i pere-
Hepallii 3eJISHUX POCIUH: BiJl Iy’Ke HU3BKOI 110 ayxke BUCOKOI [13]. Takum unHOM,
HEOOXIJTHO OXOILTIOBATH MAKCHUMAJILHO O1IbIIY KUTbKICTh TEHOTHIIIB FIOPUIHUX POC-
JIUH JUIsl BBEJICHHS B KYJBTYpY in vitro. [luTaHHs mpo Te, sIKe TMOKOJIHHS TiOpuIiB
OLTBII TOLITBHO BUKOPHUCTOBYBATU JUIS KYJIBTYPH MWISKIB in Vitro, 3alHIIA€THCS
nucKyciiinuM. B okpemi poku ribpuaHe notoMcTBO F, He Jae KalrocoyTBOPEHHS;
y IIbOMY BUTAJKY JUIS KYJBTYpH MHJISIKIB MOKIIMBE BUKOPUCTAHHS TUTBKHU T10pUAiB
HACTYIHOIO TOKoJIiHHA. Kpim 1poro, y pociun pucy 3 nomysisuii F, acrora kamo-
COYTBOPEHHs BHIIE, Hixk y riopuzis F  [11]. MeToro 1poro nociimkeHns Oyia OwiH-
Ka TaruIonpoAyKIiHHOT 31aTHOCTI MIKPOCHIOP MEPCIIEKTUBHUX CEJICKLIHHUX 3pa3KiB
pHCYy TOCIBHOTO, IO € HOCISIMU T'€HIB CTIMKOCTI O MIpUKYIAPIO3y, Ta OTPUMAaHHS
TOMO3HMTOTHUX JIHIN 3 KOMIUIEKCHOI CTIMKICTIO J0 MIPUKYIISPIO3y LMUISXOM aHIPO-
TeHe3y in vitro.

Marepiaau Ta MeTOIH AOCTiTKeHb

SIK pOCIMHHMH Marepian 3acTOCOBYBAM MHISAKA TiOpuaHUX momymsuid F:
Sirio/Mapman (Ne 207), Sirio/YiP4970 (Ne 211), Labelle/Manum (Ne 236), Labelle/
Chise bind (Ne 240), Brazos/Manum (Ne 242), siki BUpoLTyBaId y «uekax» y M. Cka-
noBCchK. Jlani riOpumHi momymnsmii cTBopeHi ridpuau3amielo 0aTbKiBCbKUX (OpM —
HOCI{B Pi3HMX TEHIB CTIMKOCTI 10 30yaHMKa mipukyssipiosy (Mamum, Chise Bind —
reH Pi-ta, Brazos, Labelle — ren Pi-b). Bonori 3pi3anu, Kojau MiKpOCIIOpH OLIBIIOCTI
MUISIKIB 3HAXOUINCS Ha CEPEIHBO-ITI3HIM CTail PO3BUTKY.

[onepeanbo 3pizaHi BONOTI, SIKi 3HAXOAMIIMCS Y TIOKPUBHOMY JIUCTKY, IIOMiLIIaTl
y BOAY, o0ropranu (oJbroto JUCTS Ta MOMILIANN y KIIMaTHYHy KaMepy 3a TemIle-
parypu +8—10 °C Ha 45 ni6 mns nonepenHboi 00pooku [6, 10, 12]. Bonorti 3Bijib-
HSUTM BiJ] TOKPUBHOTO JIUCTKA Ta momimanu y yamku [letpi niamerpom 90 MM jist
nofanbinoi crepuiizanii. OCTaHHIO MPOBOIWIIM TaKUM YMHOM — BOJIOTI 3aJIMBajIH
PO3YMHOM KOMepIiiiHOTO mpemnapary «bimu3Ha» mpoTsrom 5 XB., 37HMBajd HOTO,
noxasanu 0,05 v po3una HCI (10 xB.) 3 HACTYIHUM T’ SITUPA30BUM MPOMHBAHHIM
JUCTUIILOBAHOIO CTEPHIIBLHOIO BOOO. [THIISIKM acenTHYHO BHIUISIM B YMOBax Jia-
MiHap-00Kcy Ta ekcruiaHTyBainu y damku [letpi (o = 60 MM) Ha TBep/i KUBHIBHI
Cepe/IoBHIIA Ta KyJAbTUBYBaIU Y TeMpsiBi ipu +25 °C. [ns iHayKil HOBOyTBOPEHb
BHUKOPHCTANIN TOXKUBHE cepenoBuiie N6 3a moaudikamnieto Herath et al. [10] 3 go-
naBaHHsM ¢itoropmoniB: HOK — 1 mr/n, 2,4-nuxnopdenoorrrosa kuciora (2,4-J1)
— 3 mr/n Ta kieTuk — 1 mr/m; 1 60 /1 mykpo3u. st monanbmoro KyinbTHBYBaHHS
OTPHMaHHX Ha MIEPBHHHOMY CEPEIOBHUIII HOBOYTBOPEHb BUKOPHCTOBYBAJIH TTOKHB-
He cepenoBuiie MS 3 nogaannsm 0,75 mr/n BAII, 0,25 mr/in kinetuny ta 0,25 mr/n
HOK, 30 r/n manbro3u [12]. Ockinibku (hOpMyBaHHS KaJIFOCY 3 MIKPOCIIOP PHUCY — 1€
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npoliec TPUBAIMH Ta BiIOYyBa€ThCS TAK 3BaHUMH «XBHJISIMI», HOBOYTBOPEHHSI IIepe-
camkyBanu y 2 eranu (I eran — uepe3 4—5 THxKHIB KynbTUBYBaHHs MUIIsiKiB; 11 etan
— yepe3 7—8 THKHIB KyJIbTHBYBaHH:) Ha BiAMOBIIHE MOYKMBHE CEPEOBUIIIEC TA KYJIb-
TUBYBAJIM TIPH OCBITIIEHHI 3a TeMneparypu +26 °C. [yt KyTbTUBYBaHHS OTPUMaHUX
3€JICHUX pEreHepaHTiB BUKOPHCTOBYBAJIH MOKUBHE OE3rOpMOHAIIbHE CEpPEIOBHIIC
MS i3 OJIOBUHHUM CKJIAJIOM MaKpO- Ta MiKPOCOJIEH.

MaremaTuyHe OnpaoBaHHs JaHUX TPOBOAMIIH, BAKOPUCTOBYIOYH KOMIT IOTEPHI
MPOrpaMu METO/IIB CTATUCTUKHU Ta AUCIEPCIHOTO aHamizy [4].

Pe3yabTaTu gociigkeHnb Ta ix 00roBopeHHsi

3a pe3yabraTaMu JOCIIDKSHHS OI[IHKU TaruIoNnpOAYKIIHHOT 3/]aTHOCTI 11’ ATH Ti-
OpunHuX momynsuii F, pucy nokasana Bucoka 4y TIMBICTh AaHUX (GOPM J10 HAJAHKX
YMOB in Vitro 3a KyJbTHBYyBaHHs MUJISKiB. CIIiJ{ HArOJIOCUTH, IO 3HAYHUN PiBEHb
(dopMyBaHHS HOBOYTBOpEHb OYB XapakTepHHUM IJIsi YCIX JOCIHiIKEHUX TiOpUIHUX
koMOiHariii (Tadm. 1).

Ta6muusg 1
EdexTuBHicTh ranionpoaykuii B KyJIbTypi NWISIKIB in vifro pucy

Tiopm KiJILKiC.Tb HosoyTBopennst 3esieni perenepanTH | AJb0iHOCHI pereHepaHTH
OUJISKIB | yypy, % IT. % IT. %

Ne 207 4892 1715 | 35,06+0,68 | 103 | 2,11+0,219 11 0,22+0,07

Ne 211 6430 411 | 6,39+0,31 13 0,20+0,06 0 0

Ne 236 9329 2517 | 26,98+0,46 | 271 2,90+0,17 13 0,14+0,04

Ne 240 4081 635 | 15,56+0,57 | 54 1,32+0,18 10 0,25+0,08

Ne 242 6212 1264 | 20,35+0,51 | 98 1,58+0,16 27 0,43+0,08
HCP 1,80 0,57 0,22

0,05

Haii0inb npogyKTHBHUMH 11010 (POPMYBaHHSI HOBOYTBOPEHB Ha MIEPLIOMY eTa-
M1 rarwIoNpoAYKLii B KYJIbTYpi 130Ib0OBaHUX MHUJISIKIB BUsBUIIKCS ribpuau Sirio/Map-
man (Ne 207) ta Labelle/Manumn (Ne 236) — 35,06+0,68 ta 26,98+0,46 BincoTkiB
BiJl BUCAQJKEHUX MWISKIB BignoBiaHo. Tpu iHmm riopuan — Brazos/Manu (Ne 242),
Labelle/Chise bind (Ne 240) i Sirio/YiP4970 (Ne 211) — po3noninuianch y NOPSIKY
3HW)KEHHSI BEJIMYHH JaHOTO MTOKa3HHKA.

VY Hamux monepenHix JoCHipKeHHIX [2, 6, 9] moka3aHo, 110 3MiHA JpKepesa
BYIVIELIO (3 caxapo3u Ha MaJbTO3y) y pereHepamiifHoMy >KHBUIIBHOMY CEpeIOBHUIII
MiIBUIIYE PiBeHb BUXOAY 3€JCHUX POCIMH-pEreHepaHTiB. L{boro poky Mu Takox y
JIOCITIJDKEHHI raruTonpoAyKIIiHHOT 3[aTHOCTI HaJaHUX TOPHUJIiB TPETHOTO OKOJIIHHS
3aCTOCOBYBAJIM BUHAWCHUH CMOCIO OTpUMaHHS JiHIKHOTO Marepialy pucy MocCiB-
Horo [6].

B pesynbrari 1ociipkeHHsT BUSBICHO, 110 3/IaTHICTH JI0 PereHepallii oiepikaHux
HOBOYTBOpEHb Oyia ayke pi3HOlo. binbla yacTiHa HOBOYTBOPEHb BUSIBUIIA CIIPO-
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MOKHICTh pEereHepyBaru Jiniie KopiHHs (pizoreHe3). Cii 3a3HaYuTH, 10 3€JICHI
POCTIMHU-pereHepanTy Oylin OTpUMaHi B KyJAbTYpl MHJSIKIB YCiX IT’SITH T1OpHIHHX
MOMYJISILIN PUCY, Y TOW Yac K J0Js XJI0podin-aedekTHIX pociarH Oyina He3HAYHOO
(puc. 1, 2). HeBenuka KibKiCTh QJIbOIHOCHUX PETCHEPAHTIB € BATOMHM 3100y TKOM
HAIIUX JOCIIJKEHb, OCKIJIBKH caMe 3HaYHUH BiJICOTOK albOIHOCHUX POCIHH Cepejl
pEreHepaHTiB € OJHUM 3 TOJIOBHHUX HETaTUBHUX (DAKTOPIB IIUPOKOTO 3aCTOCYBaHHS
METOY KYJIBTYPH MUJISKIB B ceNeKIii pucy [14].

%o

oy

5

L

ST
n o
S o o o

-2

1.50
1.00

£

0.50
0.00 = Ea s & -
Ne 207 Ne 211 Ne 236 Ne 240 Ne 242

O selleHl PO CIIIHIL B aab01HO CHL PO CIIITHIL

Puc. 1. Pecenepayis pociun ¢ Kyiomypi nuniakie pucy (6i0comok 6i0 6ucadicenux nuisiKia)

Puc. 2. Pocnunu-pecenepanmu: a) pecenepayis nazomis 3 Kauocy 6 Kynibmypi nuisaxie pucy, 6)
BKOPIHEHHS peceHepanmie Ha HCUBUTbHOMY cepedosuwyi MS; 8) aoanmosani pocaunu y ipyHmi
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3a BEIMYMHOIO TIOKAa3HUKA «PEreHepallisi 3eJIeHUX POCIUHY» Cepejl IHIIHUX Ti0pu-
IiB noctoBipHO BUaLIUBCS reHotun Ne 236 Labelle/Manum — 2,90+0,17 3enenux
POCJIMH Ha CTO BHCAPKEHMX MUIsKiB. ETam pereHepauii pocnuH Ha AaHuil yac mie
HE 3aBepIICHUi. 3eleH] pOCIUHHU-PEreHepaHTy MepecalKyBail Ha 0e3ropMOHalb-
HE )KUBWJIbHE cepelioBHie MS 3 TOJIOBHHHOIO KOHIIEHTPAIIEIO COJIEH, a MOTiM BU-
Ca/KYBAJIM Y TPYHT JUIS aanTalii 10 yMOB ex vitro.

OfHUM 13 HAHKPUTHYHININX €TaIiB Oyb-1K01 010TEXHOJIOTIT in Vitro — 11e ajuan-
Tallis POCJIMH-PETCHEPAHTIB 70 YMOB ex vitro. CaMe Ha 1IbOMY eTarli BiJ0yBa€eThCs
BTpara 10 60 BiJicoTKiB pociuH (puc. 3).

98
Brazos/Manuw 69
33
. . 54
Labelle/Chise bind r—j_d_l
11
] 271
Labelle/Manuw 165
101
e 13
Sirio/YiP 4970 FISS
.. 103
Sirio/Mapwan 70
12
wr.
0 50 100 150 200 250 300

OekynbTypi @Enicnaapantauii W OOpoCi pOCIHHN

Puc. 3. [lunamixa kinbkocmi pociuH-peceHepanmis Ha PisHUX emanax 00pousy6aHHs

[MTokazaHo, O Ha eTarni aJanTailii «KABUIbHE CEPEJIOBUILE — IPYHT» B cepe/l-
HpOoMy THHE 37,7 % OTpuMaHUX B KyIbTypi perenepantiB. OnHaK, i cepes ajanTo-
BaHUX IO TPYHTY POCIWH HE BCI MAIOTh TEHETUYHI JETCPMIHAHTH, SIKI JTO3BOJISIOTH
POCIHHI MMPOXOAWTH TOMAJBIN eTarmu AUEPEHIalii pocTy Ta PO3BUTKY 10 OTPH-
MaHHsI HaciHHs. Tak, Ha HACTYITHHUX eTarax JOpPOIYBaHHs POCIUH-PETCHEPAHTIB 3
PI3HHEX MPUYHH (XPOMOCOMHA (T€HOMHA) HECTaOIIbHICTh, XBOPOOH Ta iH.) THHE B
cepenapomy 710 40 % Bke aJanToBaHUX POCHHH. TakuM YMHOM, TIPUOIU3HO TPETHHA
(35,8 %) omeprkaHUX MUIIXOM aHIIPOTEHE3Y N Vifro pOCIWH-PETeHEPaHTIB PHUCY TO-
CIBHOTO JTaCTh HACIHHEBE MOKONIHHS, 1 IeH (akT HEOAMIHHO TIOBHHHI BpaXOBYBaTH
JIOCITITHAKHY III¢ Ha €Tarli TUTAHYBaHHS €KCIICPUMEHTY.

TakuM 9UHOM, 3aCTOCYBAHHSI 3aIlaTEHTOBAHOTO CITOCO0Y OTPUMAaHHS JIIHIHHOTO
MaTepiany pucy [2] mist TecTyBaHHS TiOpUIHUX TMOMYIISIIN PUCY B KYJIBTYpPI TTHIIS-
KiB, 3a0e3meuye epeKTUBHAN poriec (POopMyBaHHS HOBOYTBOPEHB 1 CIIPHUSE BUXOMY
JIOCTaTHBOI KITBKOCTI 3€JICHUX pEereHEePaHTIB.
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BucHoBkn

1. BussieHa pi3HOMaHITHICTD JOCIIHKCHUX TIOPUIHUX TOMYIIAIIN 3a 3/MaTHi-
CTIO JI0 aHJIPOTEHE3Y

2. Ha nani yMOBH in vitro HaliKkpalne pearyBaJid MIKpOCTIOPH y TIHIISIKaX poc-
smuy Tibpuanoi nomynsuii F, Labelle / Manum (HoBoyTBOpenns — 26,98+0,46; pe-
rereparis 3ei1eHnx pociauH — 2,90 + 0,17 na 100 Buca/pkeHNX MUWISKIB), HAUTIpIIe
— Sirio/YiP4970 (moBoyTtBOpenHs — 6,39 + 0,31; pereneparist 3eJI€HUX POCIHH —
0,20+0,06 BigmosigHO). Beporo 3a m’aTH KOMOIHAIISIME CXPEIlyBaHHS OTPUMAaHO
539 pocauH-pereHepaHTiB.

3. Cepen ycix JOCTiHKEHUX KOMOIHAIH Ti0OpumiB F, HaWTipIIa BIKUBAHICTh
pereHepoBaHmX 3€JIEHNX POCIMH Ha 000X eramax (KyJIbTypa — ajamnTallis 0 TPyH-
Ty Ta aJamnTarllis 10 TPyHTY — BUKOJIOITYBaHH:) Oyia BinactiuBa komOinamii Labelle/
Chise bind (20,37 % i 45,83 % BianosiaHo). HalBuIli BiICOTKM BHIKUBAHOCTI Ha
000X KpUTHYHHUX eTarax Maiu riopuan Sirio/Mapman (40,78 % 1 60,00 %) Ta Sirio/
VYiP4970 (38,46 % 1 60,50 %).
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EVALUATION OF REGENERATION POTENTIAL OF RICE
(ORYZA SATIVA L.) HYBRID MATERIAL

Abstract

Introduction. /n vitro anther culture is an important source of linear material propa-
gation for efficient breeding of rice (Oryza sativa L.), in particular due to the reduction
of reproduction cycles and the production of homozygous plants. Given the strong
variation in the regenerative ability of microspores in different hybrid combinations,
it is desirable to cover the maximum number of combinations of hybrids of different
generations.

Aim. Evaluation of the haploproduction ability of microspores of promising breeding
samples of rice.

Methods. The anthers of five promising hybrid F, populations obtained at the Rice
Institute (Skadovsk) as a result of hybridization of carriers of various resistance genes
to pyriculariosis were used. The inflorescences with microspores at the mid-late stage
of development were cut and pretreated for sterilization; the isolated anthers were
explanted in Petri dishes on a solid nutrient medium and cultured in the dark un-
til neoplasms were obtained, after which they were transplanted (stage I — after 4-5
weeks). The next transplant event (I stage — after 7-8 weeks) and further cultivation
was carried out under lighting to obtain green regenerants.
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Results. The high sensitivity to in vitro cultivation conditions was shown for five
combinations of F, rice hybrids. The rate of callus formation varied from 6.4 % (Sirio
/ YiP4970) to 35 % (Sirio / Marshal). The ability to regenerate in the obtained neo-
plasms also varied greatly, since most of them were only capable of rhizogenesis,
without forming shoots and leaves. Nevertheless, the regenerant plants were obtained
for each hybrid combination and the proportion of albinos among the total number of
regenerants was relatively small. On average about 40 % of the regenerants obtained
in the culture die at the critical stage of adaptation of regenerated plants to ex vitro
conditions; approximately the same number of plants die during the growing process,
being unable to give seed generation.

Conclusions. The most productive from the point of view of plant formation adapted
to ex vitro conditions was the hybrid population F, Labelle / Malish (101 adult plants),
and the least productive was Sirio / YiP4970 (5 adult plants) among the studied com-
binations. Thus, by androgenesis in anther culture, 336 plants adapted to ex vitro con-
ditions were obtained. At the moment, 193 plants are at the earing stage, which is
35.81% of the total number of green regenerants obtained in the culture.

Key words: rice, androgenesis in vitro, callus, regeneration
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BIIJIMB HEMEHTHOI'O IIMJIY HA YI'PYIIOBAHHS MYPAX
(HYMENOPTERA, FORMICIDAE)

[IpoBeneno nocmipkeHHs! BIUIMBY LieMeHTHOro muity B 30HI [IpAT «IBaHo-®pan-
KIBCBKIIEMEHT» Ha yrpynoBaHHs Mypax. Ilin wac mocmijpkeHHsT He Oy BUSIBICHI
Mypauiku poxy Formica Ha TepuTOpIsX, SIKI MiJUIAIOTHCSI aHTPOIIOTEHHOMY BILTHUBY,
3are BUaM poaiB Lasius Ta Myrmica Oynu rmomvpei.

31 3MEHILIEHHIM CTYIEeHs 3a0pyAHEHHS YacTKa M113eMHUX T'Hi3] 301b1myeThest (1=0,90
ripu p<0,05), yacTka KynonbHUX THi3 3MeHIyeTbes (r=-0,94 npu p<0,05. Bei ruizna,
3apeecTpoBaHi B HAMOLIBII 3a0pyIHEHIN 30HI, CKIANAIOThCS 3 CyMIllli [IEMEHTHOTO
ATy 1 3eMJIi BUCOTOIO 110 45 CM.

Lasius niger € CTIAKMM /10 BIIMBY LIEMEHTHOTO ITHITY, 1110 MOYKHA MOSICHUTH 0COOIH-
BOCTSIMH ()OPMHU MYyPAILIMHOTO THI3/1a [IbOTO BUITY.

Kuro4oBi ciioBa: Mypaxu; aHTpOIIOreHHHI BIUTUB; leMeHTHHH mt; Lasius, Myrmica.

OcTaHHIM YacOM BCE TOCTPIIIIE IOCTAE MTUTAHHS PO BILUIUB Pi3HUX BUJIB 3a0py/l-
HEHHS Ha TBAPUHHMI 1 pOCIMHHUE CBIT. AHTpONIOreHHHH (akTop y OLIbIOCTi BU-
NajKiB YUHUTH HA TBAPHH JIUIIIC OTIOCEPEIKOBAHUHN BILUIMB, PYWHYIOUH X OCEIHIIA,
pexuM TpodiKH, IEpEepUBAIOUN KaHATH BHY TPIIIHBO-MOMYIIALIAHOT 1 010HEHOTHYHOT
iHpopmanii. BincyTHicTh peakuii Ha BIUIMB JIIOIUHM Y TePIETOOIOHTIB criocTepira-
€ThCSL PiZIKO. Y OLIBIIOCTI BUNAJIKIB IPOMHKCIIOB] BUKUIM BILUTUBAIOTH HA 301 IHECHHS
(ayHH KoMax He TUIbKM 3a PaxXyHOK 3MEHIICHHS iX BUIOBOTO CKIIaly, ajie i 3a paxy-
HOK 3MEHIIIEHHS YMCEIBHOCTI JIOMIHAHTHUX BUIB [6, 7, 9].

BpaxoBytouu, 1110 B 0arathox 010reoreHo3ax cepei KoMax BepXHbOTO IPYHTOBOTO
1apy nepeBaxaroTh KOMaxu-300(aru, 10 CKIaay SKUX BXOJSITh MypaxH, 3po3yMijia
BaYXJIMBICTh BUBYCHHS BiJITIOBITHUX PeaKIliil nmpenctaBHuKiB poaunu Formicidae Ha
pi3Hi popmu anTpornorenHoro BiuuBy [2, 10]. B nanuii yac nmoaiOHi peakuii Mypax
BUBYEHI HEJOCTATHLO.

[IpomucnoBi 3abpyaHeHHs, 3a cioctepexenHsmu 1. [lerans, npu3BoasaTh 10 00-
MEXCHHSI KUIBKOCTI BUJIIB, 3MEHILICHHS IIUILHOCTI THI3J| 1 YMCEIBbHOCTI 0COOUH y
HUX. Y pailoHaX MPOMHUCIIOBOTO 3a0pyIHEHHS BiAMIYarOTHCS 3MiHHM MPOCTOPOBOL
CTPYKTYPH TOMYISILiN Mypax, 301IbIICHHS B CIM’SIX YaCTKM JIMYMHOK 1 JISUICYOK,

© Muxkutus T. B., Credypax B. I1., 2020
115 crara Binkpuroro noctymy Ha ymoax CC BY-NC 4.0.

99



ISSN 2077-1746. Bicauxk OHY. Bionoris. 2020. T. 25, Bum. 1(46)

3MEHIIICHHS MaCH TiJia pOOOYMX 0COOMH; HAKOTIMUEHHS MiJli, CBUHIIIO, KaJIMII0, [IUH-
Ky, ¢pTOpy B Tii Mypax [4, 11].

3MiHM BUAOBOTO CKJIaQy 1 YACEIBLHOCTI Mypax BiJJ3HAYAIOTHCS 1 MPH MOCHIICHHI
pekpeariitHoro npecy. JlocmiKeHHs JiconapKiB MICT MMOKa3ajiu, 10 P CJIa0KOMy
peKpealniifHoMy HaBaHTa)XEHHI Bij3Ha4eHO 32 % BiJ yKcia BUSBICHUX BB Mypa-
IIOK Yy JIicOomapKax, npu noMmipHomy — 88 %, nipu cuinbHOMY — 52 % [2]. [Ipu nipomy
CepeHs MIUIBHICTh THI3J] OJHHUX 1 TUX CaMUX BHJIIB Y MICTI B JICKiJIbKa pa3iB BUIILIA,
HDK B JlicomapkoBiil 3amichkiil 30Hi. Tinbku M. rubra i L. niger MOXXHa 3yCTpIiTH
Ha IUTSTHKaX, K1 MiAJal0Thes PI3HUM CTYNEHSM peKpeaniiHoro HaBaHTakeHHs. Lle
BUJIH, 5IK1 Ha TyMKY PsIy aBTOPiB, € HAHOIIBII CTIMKMUMU 10 OyJb-IKUX (OPM aHTPO-
MOTeHHOTO BIUIMBY. BelnmKy CTilKiCTh 10 peKpeaniiHOro HaBaHTaXEHHS B IIIOMY
MPOSIBJISIFOTH BUJIM poay Myrmica, oJiHaK, IpU CUIBHOMY HaBaHTaXKCHHI HIUIbHICTh
THI3/ 1 YacToTa TparuisHus M. rubra 3HKy€eThes [2, 8]. Y ToH e yac, 3a criocrepe-
skerrsimu K. B. YeneHckoro, HaiOibia IUIBHICT THI3A Mypaiinok M. rubra crno-
CTEpITa€eThes B 30H1 3 CUIIBHUM peKpealliiiHIM HaBaHTaKCHHSM [§].

VY 3B’513Ky 3 BUILEBKa3aHO CYINEepPEUwIHBO 1HGOPMAIII€0 HAMH MTPOBECHI J0-
CJTi/PKEHHS BIUTMBY IIEMEHTHOTO Ty Ha Mypax IBaHo-®paHKiBCbKOi 00acTi.

Marepianu Ta MeTOIM T0CTiAKEHHS

JocikeHHs BIUIMBY IIEMEHTHOTO MUY HA MipMEKOKOMIUIEKCH TIPOBOIUIIN Ha
TepuTopii ¢. AmunIs, TucMeHnIBKOTO paiiony, [Bano-dpaHkiBCchKOT 00MacTi i1 Horo
OKOJIHIIb, ToONu3y neMentHoro 3aBoay [IpAT «IBaHO-DpaHKIBCHKLIIEMEHT B IEPiOA
32011 mo 2019 poku (BecHSHO-JIITHIH MOILOBUI ce30H). BUBUEHO JIyKH 1 IIHUPOKO-
JIUCTSIHI JIICH B MeXax celia SIMHUIIS, sSIKi pO3TalllOBaHi Ha Pi3HIN BIJCTaHI B JIKe-
pena nemenTHoro iy (0; 0,5 xkm; 1 km; 5,5 kM) 1 B 30 KM Bijg Mexi cena (KOHTPOJIIB):
KOMIIJICKCHA MaM’siTka ipupoau KacoBa ropa (JIyku KOHTPOJIb) Ta Jic Ha TEPUTOPIi
¢. Kinamis 'anuipkuii paitoH (J1ic KOHTPOJIB).

JlocmiaHi JiasSTHKH:

1 — mykm — 48°58'32.1"N 24°42'32.1"E;

2 — nyku KoHTpoib — 49°13'17.3"N 24°43'40.2"E;

3 —mic —48°58'09.9"N 24°42'46.4"E;

4 — mic koHTpOIb — 49°14'34.5"N 24°44'57.2"E.

30ip MaTepiany 1 Horo kamepaiabHy 00poOKY 3/1iHCHIOBAIM 3T1AHO 3 TPaJUIIHHU-
MU METOZIaMH 1 MeToIuKamMu. Mypax BiOMpanu Bpy4YHY, eHTOMOJIOTIYHUAM ITiHIIE-
TOM, a TAKOK 3aKJIa/Iajli IPYHTOBI nacTku. 3i0pano Ta inenTudikoBano Oinpme 1000
ocobuH. J{J1s1 KiNBKICHOTO MiipaxyHKy BHIOBOTO CKJIaay Mypaiok ponay Formica
BukopuctoByBanu meroauku K. B. Apaonbai (1979) [1]. [ligpaxyHOK THI3[ i B3ATTS
mpo0 Mypamiok npoBoamwiu 3a Metoaukoro . M. lmycekoro (1965) [3]. MypaiuHu-
KH OIMCYBAJIUCS 33 CTaHJIAPTHO MeToAuKow [5]. OOmik OyaiBeNnbHOTO Marepiary
THI3]1 TPOBOJIUIIN Bi3yaJIbHO, MaTepiall He BigOupaBcsl.

CraTucTH4YHE OMNpalIOBaHHs TMPOBEACHE 13 BHKOPUCTAHHIM IAKETy MpOrpam
Statistica 7 i nonatky Excel 2007 Ta cratucTH4HUX METOMIB [3, 4, 5].
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Pe3yabTaTu 10ciaixkeHHs Ta iX 00roBopeHHs

TakcoHomiuHuii i BUAOBUIA CKJIaJg Mypax Ha TepUTOPil J0CTiTzKeHHA

Ycworo Ha mocuigHii TepuTopii ¢. SIMHUI, 1 HOTO OKOJHII, BUSBICHO 8 BUIB
Mypax, ki Hamexarb 10 4 poni (Formica, Lasius, Myrmica, Camponotus), 2 mia-
ponua (Formicinae Ta Myrmicinae) (puc. 1).
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Puc. 1. [Ipeocmaenenicmv mypax Ha OOCTIOHUX OLISTHKAX

[Ipu 1mpoMy OUNBOIICTH BUAIB HAJEKWUTh M0 TiapoawHu Formicinae (6 Bu-
niB, 75 %). Ha wactky mpencraBHUKIB mimpoanHn Myrmicinae npunanmae 25 %
(2 Buam). Ilpm 1bOMy BHsIBIIEHA TIpsiMa KOPEJAIiifHA 3a1€KHICTh MIJK YHCIIOM BUIIB
Formicinae i Myrmicinae Ha ToCiTHUX AUISTHKAaX 1 BiZICTAHHIO JI0 JDKEpesa IEMeHT-
Horo ity (Bixmosimgao r=0,85 1 r=0,51 mpu p<0,05).

OcHoBoro MipMeKko(ayHH TepHuTOpii AOCHIDKEHHS € Mypaxu poay Lasius
(2 Buam, 25 %), THI3AA SKUX BUSABIIEH] Ha BCiX AuisHKax (puc. 1). Pix Formica mpen-
craBienuii 3 Bumamu (37,5 %), pix Myrmica — 2 Bumgu (25 %), pin Camponotus
— 1 Bug (12,5 %). Mypaxu M. rubra crioctepirajin Ha TEpUTOPIi cea 1 B KOHTPOJII,
M. ruginodis Bi3Ha4YeHI TUTIIE HA JTyKaX B KOHTpoi. Mypamrauku F. polyctena 3ape-
€CTPOBaHI Ha JIyKaX i B JlicaXx KOHTPOJIHHOI 30HH, & TAKOX B JIICOBii 30HI HA TEPUTO-
pii cena. IIpencraBaukiB migpoay Formica s. str. B 30Hi BIULTUBY IIEMEHTHOTO TTHITY HE
snaxomuiu. Pix Camponotus npencrasinennit oqauM Bunom C. herculeanus, THi3na
SIKOTO BUSIBJICHI TUTBKH Ha TepuTopii cema. Ha mocmigHux MUTSTHKAaX MpencTaBHUKA
POIiB PO3TO/IiJIeHI HEPIBHOMIPHO: Ha JTyKaX BChOTO 6 BUIIB Mypax, 3 HUX Ha TEPUTO-
pii cema — 4, B KOHTpoITi — 5; B JTicax — 7 BUJIB, y TOMY YHCJIi Ha TEPHUTOPIi cena — 5
BH/IIB Ta OTO OKOIHIIAX (KOHTPOJIh) BiJI3HaYEeHO 6 BUIIB Mypax (Tabai. 1).
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Tabmnms 1
BioTonmiunuii po3nogin mypax aoc/iigHoi TepuTopii
Bunu\repuropis Jlykn Kontposs Jlic KOHT.pO'm’

JIYKH Jic
Camponotus herculeanus (Linnaeus, 1758) + - + -
Myrmica rubra (Linnaeus, 1758) + + + +
Myrmica ruginodis (Nylander, 1846) - + - -
Formica polyctena (Forster, 1850) - + + +
Formica rufa (Linnaeus, 1761) — - - +
Formica fusca (Linnaeus, 1758) - - - +
Lasius niger (Linnaeus, 1758) + + + +
Lasius flavus (Fabricius, 1781) + + + +
3aeanvua Kinbkicmy: 4 5 5 6

Y pesynbTari aHami3y po3MoiTy POAiB i BUAIB Ha JOCIHIIHHUX JIyKaX HaMH BHU-
SIBIIEHO TIPSIMY KOPEJSIiHY 3aJIeKHICTh MK YHCJIOM BHAIB Mypax 1 BiJICTAaHHIO
BiJ mkepena niementHoro mry (1=0,87 npu p<0,05). HaiiGinpury KibKicTh BUIB
Mypax B 30Hi BIUTHBY [IEMEHTHOTO MIITY criocTepiranu 3 poxay Lasius (puc. 2). ['Hizga
Mypax poxy Myrmica TparuisiroTbes He Ommkde 1 KM Bif IEMEHTHOTO 3aBOY, THi3a
Formica rufa ta Formica fusca — TITbKA B KOHTPOJTI.

Jlemio BiMiHHA TEHJISHITIS CIIOCTEPIraeThes i/ Yac aHai3y BUAOBOTO pi3HOMA-
HITTS Mypax Ha JIyKaX, siki po3MillleHi Ha pi3Hil BiJicTaHi Bix JuKepena 3a0pyIHeHHS .
UncenpHICTh Mypamok poxay Lasius 30i1bIryeThes Mpu HAOMMKEHHI 10 JpKepena 3a-

2,5

1,5 1 1

KiNbKicTb Bupais

0 Km 0,5 Kkm 1Kkm 5,5 Km KOHTPO/Ib

AOCNiAHI AiNAHKKN (nyKK)

OFormica OMyrmica O Lasius O Camponotus

Puc. 2. Budose 6acamcmeo mypax Ha mepumopii IyK Ha pisHux i0Cmansax 6i0 0dicepena 3a0pyOHeHH s
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Opy/IHEeHHs: MiHIMaJIbHE 3HAYCHHS B1JI3HAYCHO B KOHTPOJII, a MOOIU3Y JpKepena lie-
MEHTHOTO MUY BiJ3HAYaIM TUIbKK Mypax 3 poay Lasius. J{is Mmypax poxy Myrmica
BiMiuEHHI 3BOPOTHIH PO3MOIiIT: MAaKCUMalbHE PI3HOMAHITTS — Ha BificTaHi 5,5 KM
BiJ] IEMEHTHOTO 3aBO/Iy Ta Y KOHTPOIIi, MiHIMaJbHE — IOOH3Y JKepesia IEMEHTHOTO
MUy Ta Ha BijicTaHi 1 kKM Bij 3aBoxy. BujoBe pisHOMaHITTS Mypariiok poxy Formica
B KOHTPOJII CTaHOBUTH 43 % BiJ| 3arajbHOI KiJTbKOCTI BUJIIB.

VY uinomy JOCHIIHI JUISTHKY TEPUTOPIi ITUPOKOTUCTSHUX JIICIB XapaKTepU3yIOTh-
Csl BUCOKHUM CTyIeHeM moiOHoCTi BuiB (iHaeke noaioHocti YKakkapa — 57,2): Bu-
siBIICHO 4 crinibHuX Bumu (M. rubra, F. polyctena, L. flavus, L. niger). ['Hi3ga mypa-
mok poxy Camponotus B yMOBax BIUIMBY IIEMEHTHOTO THJIY 3aPEECTPOBAHI TiIBKU
B IIMPOKOJIUCTSIHOMY JIici Ta JIy31 Ha TepuTopii cena. Mypaxu migpony Serviformica
BiJ3Ha4yeHi Juie B KoHTpomi. [Hizaa mypax migpony Formica s. str. Bin3HaueHi Ha
000X MOACTHHUX JTUISTHKAX.

Y MHUPOKONUCTIHOMY JIiCl, IKUH TAIAa€ThCS BILTUBY IEMEHTHOTO 3aBOJLY, BiJI3HA-
YeHi THi31a Mypax YOTHPbOX POAIB, Y KOHTPOI — TphoX. Mypaxu poxy Camponotus
3apeecTpoBaHi TUILKU Ha TepUTOpii cena (Buxose pisHoMaHITTS 20 % Bif 3aranbHOL
kinbkocti). Bunose pizHoManiTTst Formica Buie B koHTpomi (50 %) mopiBHSHO 3
BHJIOBUM PI3HOMaHITTsIM Ha Teputopii cena (20 %), mns poxnie Myrmica i Lasius
BUJIOBE PI3HOMAHITTS B 30HI BIUIMBY LIEMEHTHOTO MUY H y KOHTPOJI iCTOTHO He
BiJPI3HSAETHCS.

HlinbHicTh rHI3T Mypamok

[lig BIIMBOM IIEMEHTHOTO MUY Ha 010TONMHM Mypaxu TpOSBISIOTH HealalTHB-
Hy peakiito. [[ipHICTE TXHIX TIOCEJICHh MaKCHMaJIbHA Ha KOHTPOJBHUX JUISHKAX
(myxu 4,240,01 rH./25 M?; mic 3,2+0,01 rH./25 M?) i 3MEHIITYETHCS 3 HAOIMKEHHIM
JI0 JpKepesia 3a0pyIHEHHSI.

MiHiMasbHa OIUTBHICTE THI3] 3apeecTpoBaHa Ha HAHOLIBII 3a0pYJHEHUX TiISH-
kax (myku 1,35+0,05 ra./25 m?%; mic 2,3+0,15 tu./25 m?). TIpoBeneHunit anai3 3MiHu
LITBHOCTI TMOCEJIEHHST OKPEMHUX POJiB TOKa3aB, IO Ha JyKaxX, PO3TallOBaHUX IO-
OnM3y pKepena IeMEHTHOTO MUY, IIUTBHICTh THI3M YCiX po/iB MiHiManbHa (puc. 3).

3 BigganeHHsaM BiJl Jpkepenna 3a0pyAHEeHHs IITbHICTh TIOCEIeHb MyPAaIoK JI0CTO-
BipHO 3pocTtae (r=0,97 npu p<0,05). [Tocenenns poay Lasius noOau3y nMeMEeHTHOTO
3aBOy CTAHOBIATH 1,4 TH./25 M%, B 5,5 kM — 2,1 TH./25 M2, y KOoHTpOJi — 3,8 TH./25 M.
Taka » TeHICHIIIS BUSIBIICHA 1 47151 Mypalok poay Myrmica: B 1 KM Bif] 3aBOAY HIiJIb-
HicTh 1X THI3A — 0,1 TH./25 M?, B koHTpOm — 0,4 TH./25 M%. TloceneHHsT Mypax poxy
Formica (F. fusca) 3apeecTpoBaHi TiJIbKM B KOHTPOJII, IIIJIbHICT TOCENIEHb 1OCSTAE
1,5¢1,1 ru./25 M2,

Jleiio BiIMiHHI TEHJICHIIT BiJI3HAUCHI MPU aHAJII31 HIUILHOCTI MMOCEIICHb MypaxX y
LIMPOKOIUCTSIHUX Jticax. L{inpHICTh THI3A Mypamok poay Lasius BuIa B KOHTpOIIi B
1,8 pasu (3,1 ru./25 M?), Hixk y cexi (1,75 ru./25 m?). [Ins inmmx poxis (Camponotus,
Myrmica i Formica) 3apeectpoBana nmpotuiexHa peakiis. OTHaK IiIbHICTh Myparl-
HUKIB F. fusca, siKi TPaIUIIIOThCS JIMIIE B KOHTPOII, csarae 2,5+1,1 ru./25 m?.
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Puc. 3. Cepeodns winvuicmo eHi30 Mypax ayK, sSKi posmilyeHi Ha PI3HUX I0CmaHsx 610 0jicepena
YEMEHMHO20 NULY

Tunm ruizg

Ha nocnigniit Teputopii 3HaiiIeHO YOTHPH THIM THI3[ MYypalloK: MiJ3eMHi, Ky-
MOJBHI, y BUIISIAL 3€MIISTHUX 1 POCTIMHHUX TOpOKiB, B IepeBUHI. AHaI3 PO3MOALTY
TUIIB THI3 Mypax y 30HI BIUIMBY IIEMEHTHOTO 3aBOJly BHSIBUB KOPEISLIiIHI 3alex-
HOCTI 4YMClia MepeBakaJbHUX THIIB THI3J BiJl BiACTaHi A0 JUKepesa LEeMEHTHOIO
nwty (puc. 4).
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I3 3MeHIIeHHSIM CTyTeHs 3a0pyJHEHHI YacTKa MiJ3eMHUX THI3[ Mypax 301/IbIy-
erbest (1=0,90 mpu p<0,05), yacTka KyMoJIbHUX THI3[ MYpaIIOK 3MEHIIYEThCS (1=-
0,94 ipu p<0,05). [Ipu oMy po3MipH KyIoJia B CEPEAHBOMY 3MEHIIYOTHCS MIPH
BIJUTAJICHHI BT JpKepesia 3a0pyIHEHHS.

Bci rHizna Mypax, 3apeecTpoBaHi B HaOUIbII 3a0pyIHEHIH 30Hi, CKJIaAal0ThCS 3
CYMIIII IIEMEHTHOTO THITY 1 3eMJIi BUCOTORO J10 45 cM. bitnsbko 75 % Beix 3HAlACHUX
THI3[ MypaloK Oy CHIIbHO 3apOoCiuMu. [Ipu po3KoIyBaHH1 THi3a PO3KPUBAIOTh-
Cs1 TIOIIAPOBO, KYIT0JI OyB HiOW 3aI[EeMEHTOBaHU.

[pu Bigmaneni Bix uemeHtHoro 3aBoay [IpAT «IBaHo-DpaHKIBCHKIIEMEHT» Ha
0,5-1 kM 1IeMeHTHUH v OyB 3HAWJICHUI Ha THI3/IaX, IEPEBAXKHO HA BEPXIBIIi KYIIO-
na. [Tpu noganeiomy BijianeHi Bij 3aBoay (5,5 kM) HaMu He OyJI0 3HANUJICHO SIBHUX
O3HAaK MPUCYTHOCTI IEMEHTHOTO MUY Ha THI3Iax Mypax.

Apnanraiiis Mypax JIo BIUIUBY [IEMEHTHOTO TTWIIY BiZIPI3HSETHCS BiJ| IHIIUX BUJIIB
BILIUBY, SIKI OyJIU HAMH JIOCJII/DKEHI Ta OMKCAaHI, a caMe: peKpealliiHoro, TeXHOTCH-
Horo HaBaHTakeHHs Bif BUKHIIB BAT «Hadroximik [Ipukapnarts» [4]. Bupaxa-
€THCSl BOHA B TOMY, IO ITiJ] BIUIMBOM [IEMEHTHOTO MUy THi3Jla MaroTh YacTillie Ky-
oJIonoioHy (hopMy, MEHIIIUI JliaMeTp 1 3HAYHO BHIIII, HIX Ti, SIKI PO3TaIIOBaHi 3
BiJIaJICHHSIM BiJl JDKepesa BIUIMBY Ta Yy KOHTPOJbHIN 30HI. MOKEMO MOSICHUTH 1ie
THUM, IO TPYHT NOOJIHM3Y LEMEHTHOTO 3aBOJY MOKPUTHIA IIAPOM BaITHSIHOTO MY, IO
csirae J10 5 cM.

Benmka yactuHa 3apeecTpoBaHUX IMOCENEHh Mypax y KOHTPOJbHIN 30HI mpen-
CTaBJIeHa THi31aMHU 13 3eMJISTHUMH TOpOMKaMu a00 3 TOpOKaMH 3 POCITMHHUX 3aJIHII-
kiB. CepelHa BUCOTa KyMOJIBHUX THi3A Jocsrae 45 ¢M 3 JiaMeTpoM Bajia OJIH3bKO
58 cm.

Uwcro THI3A y IEPEBHHI 3aJICKUTh TUIBKU Bijl YUCIIa TIOBAJICHUX JICPEB HA JI0-
CIIIZIHIN TepUTOPIi Ta crocTepiranu TiUTbKY Ha AisHII KoHTpos mic.

BucHoBkn

Ha mocninniii Tepuropii c. SIMHUIS 1 HOTO OKOJIMIlL, BUSIBJICHO 8 BUIIB Mypax,
sIKI HaJIexkarhb 10 4 poxnis, 2 miapoaus. [lix niero Bukunis Big [IpAT «IBano-®dpan-
KiBCBKIIEMEHT» IUIBHICTH THI3 Mypalok poay Formica cuinbHO 3MEeHIIYEThCS 1 T1e-
peBakaroTh Mypaxu poi Lasius i Myrmica. I[inbHICTE MOCENICHP MypaIIOK MaK-
CUMaJIbHA Ha KOHTPOJIBHUX JUISTHKAaX 1 3MEHIIYEThCS 3 HAOIMKEHHSIM JI0 JpKepera
3a0pynHeHHs. Bucora 3emistHOro ropouka THi3I L. niger o0epHEHO MpOMopLiiiHa
BIJICTaHI JI0 JKepea MPOMHUCIOBUX BUKHIIB. Y 30HI BIUIUBY IIEMEHTHOTO MUY Hali-
YacTillle CIOCTEpiraiu 3eMJIsSHI THi3/Ia, KYTMOJIOMOAiOHI, po3Mipu Kymoia B cepel-
HbOMY 3MCHIIYBAJIUCh MPH BIJIAJICHHI BiJ| JKepea 3a0pyHCHHSI.

Crarrsa Hagiinuia 10 penaxiii 26.01.2020
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INFLUENCE OF THE CEMENT DUST ON ANTS GROUPING
(HYMENOPTERA, FORMICIDAE)

Abstract

Introduction. Industrial emissions affect the impoverishment of insect fauna not only
by reducing their species composition but also by reducing the abundance of domi-
nant species.

Aim. Therefore, the goal of the research was to investigate how the cement dust af-
fects species diversity of ants, density and types of anthills.
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Methods. Investigation of the effect of cement dust on mirmecofauna was carried out
on the territory of village Yamnytsia, Tysmenytsia district, I[vano-Frankivsk region
and its vicinity, near the cement plant of PJSC «Ivano-Frankivskcement». Meadows
and deciduous forests were studied within the village of Yamnytsia, which are located
at different distances from the source of cement dust (0; 0.5 km; 1 km; 5.5 km) and
30 km from the village boundary (control). To quantify the species composition of
Formica ants, the methods of K. V. Arnoldi were used. Counting of anthills and sam-
pling of ants was performed according to the method of G. M. Dlussky. Anthills were
described by the standard method, the account of the building material of the nests
was carried out visually, the material was not selected.

Results. Analyzing the distribution of ants genera and species on the experimental
meadows, we found a direct correlation between the number of ants and the distance
from the sources of cement dust (r=0.87 at p<0.05). The largest number of the ant
species was observed in the area of influence from the genus Lasius. Myrmica nests
are found not closer than 1 km from PJSC «Ivano-Frankivskcementy, Formica nests
are only in the control. With a decrease in the pollution degree, the proportion of
underground nests increases (r=0.90 at p<0.05), the proportion of the dome nests de-
creases (r=-0.94 at p<0.05). At the same time, the size of dome on average decreases
when the distance from the source of pollution grows. All anthills registered in the
most polluted zone consist of a mixture of cement dust and earth up to 45 cm high.
About 75 % of all nests found were heavily overgrown. Adaptation of the ants to the
influence of cement dust differs from other types of impact and is expressed in the
fact that in technogenic territories anthills are more often dome-shaped, of smaller di-
ameter and considerably higher than those located in the control zone. This is because
the soil near PJSC «Ivano-Frankivskcement» is covered with a layer of the lime dust
which reaches 5 cm. Lasius niger is resistant to various forms of the anthropogenic
influence, which can be explained by the adaptive features of the anthill forms.
Conclusion. Under the influence of emissions from PJSC «Ivano-Frankivskcement»,
the anthill density of Formica genera is greatly reduced and is dominated by ants of
the genera Lasius and Myrmica. The height of the L. niger anthill is inversely pro-
portional to the distance to the source of industrial emissions, and the frequency of
occurrence of underground nests of most species is directly proportional to the degree
of anthropogenic impact.

Keywords: ants; anthropogenic influence; cement dust; Lasius; Myrmica.
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IMYHO®I3IOJOI'TYHI E®OEKTH Y EKCHIEPUMEHTAJIbBHUX
TBAPHUH IIICJIA BBEJAEHHA MIACTOT'EHHUX CUPOBATOK
3 PI3BHUM CTYIIEHEM HUTOTOKCUYHOCTI

[Ticnst imyHi3awii TBapuH MiaCTOr€HHUMH CHUPOBAaTKaMH PI3HOTO CTYIICHS LIUTO-
TOKCHMYHOCTI BUSIBUJIM CEHCHOLTI3AIli0 JESIKUX MTOKAa3HUKIB BPOKEHOTO IMYHITETY —
AKTUBHOCTI KHCEHBHE3AICKHOTO 1 KHCCHB3AIICKHOTO (haronuTosy, koHmeHTpamii C3 i
C4 KOMITOHEHTIB KOMIIJIEMEHTY.

KrouoBi cioBa: iMyHi3alis; MiacTOreHHa CUPOBAaTKa; LIUTOTOKCHYHICTB; (harouu-
TO3; KOMIIJIEMEHT.

VY BiJNOBi/Ib HA BBEJICHHS aHTUI'CHIB B OpraHi3Mi BifjOyBa€eThCs HOro ceHCUOLTi-
3allis Ta iIMyHHa TiepeOy/0Ba, 110 BUSBISEThCS HAKOMMYCHHSIM a00 crenudiyHum
OCJIA0JICHHSIM 1 1HT10yBaHHSAM IMYHHOI BiJIIIOBi/Ii. AHTUICHH 3]]aTHI B3aEMOJISTH 3
JTiMQOUUTAaMU 1 aHTHTIIAMH, a TIPU NOTPAIUISIHHI B OPraHi3M 3allyCKaloTh IPOLIECH
iMyHOreHe3y a00 BHKJIMKAIOTh CTaH iIMYHOJIOT1YHOI TojepaHTHOCTi [2, 8]. Brums
PI3HUX MUTOTOKCUYHUX YMHHUKIB, 110 MIiCTSATHCS B CUPOBATII KPOBI, IPU3BOIMTH JI0
3MiHHU KIFOUOBHX MOAIM Yy PO3BUTKY IMyHOT€HHOCTI — MPOLIECUHTY Ta Mpe3eHTallii
AHTUTEHY, SIK1 311HCHIOIOTHCS (DarOLUTYIOUUMH aHTUTCHIIPE3CHTYIOYMMH KIITHHAMH
(uefiTpodinamu, JEHAPUTHUMH KIITHHAMH, Makpodaramu i B-xaitnnamn). [Ipesen-
Tallisl aHTUTEHY TeHePy€E aHTUTEHHI eI TH U, OB’ s13aHi 3 Monekynamu MHC (major
histocompatibility complex) ans nepeaavi afanTHBHUM IMyHHUM KJIITHHaM. B mpo-
LECUHTY Ta MPe3eHTallii aHTHI'eHYy TOJIOBHA POJIb IPUTAMaHHa (GarouuTyroYlM Kili-
THUHAM Ta OIICOHI3YHOUYNM YMHHUKAM CUCTeMHU KoMIuieMeHTy [11, 16].

© Kirimosa O. M., boxkos A. 1., Cyuixos C. B., JlaBinceka O. B., buuenxo K. O., Arapkosa A. M.,
Bopdornomeesa B. 1., Kyprysosa H. 1., 2020
Is crarTs Bigkpuroro goctyny Ha ymoax CC BY-NC 4.0.
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MexaHi3MH IMyHOTEHHOCT1 MOXYTh OyTH OITOCEpEIKOBaHI PI3HUMU YHHHUKAMH,
TaKUMH, SIK BIIMIHHOCTI Y MOJICKYJISIpHIA CTPYKTypi ab0 aMiHOKHCIOTHIN MOCITi-
JIOBHOCTI aHTHTEHIB; arperauisi OUIKiB (32 paXyHOK HasBHOCTI €MiTOMiB abo 3MiH
y CTPYKTYpHiii KoH(pOopMaIlii OKpeMOi MOJICKYJIM arperoBaHoro Oinka); Aerpajaris
OUIKIB (OKUCHEHHS, Je3aMiHyBaHHs, [IIKO3WJIIOBaHHS), Jisi ajx’toBaHTiB [8, 17].
[TpucyTHICTH QHTUTEHHHMX CIITOMIB y arperarax Moxke 0e3rmocepeHb0 CTUMYITIOBa-
TH B-KJIITHHY 1 TOCUITIOBATH TX MOTIMHAHHS aHTUTCHIPE3CHTYIOUUMH KITITHHAMU 32
paxyHOK NOpYIIEHHS iIMyHHOI TosilepanTHOCTI [9, 10].

[Ipouec aHTUTEHHOTO CIPUHHSTTS y BIAMOBIAb HA YYKOpiAHI iH(EKUiHHI Ta
SHJIOTeHHI aHTUTEHH 320€3MeUyI0ThCSl HU3KOI0 PELEeNnTopiB, TakuX sk Fe-penentopu
IMyHOTJIOOYJTiHIB, perientopu OUTKiB koMIieMeHTy, TLR, siki € 1ieHTpaibHUM elie-
MEHTOM OaraTopiBHEBOi CHCTEMH PO3ITi3HABAHHS MATOTEH-ACOLIHOBAaHUX MOJIEKY-
nsipaux cTpykryp (PAMP), Ginku cimeiictpa nektuniB C-Tumy (MaHO303B’ A3y HOUU
01J10K), CyneppOAMHHU IMyHOTJIOOYIIHIB 1 pelenTopiB OiIKiB TEIIOBOTO WIOKY [3, 7].

[Tpu po3BUTKY 3amaibHOI peakiii 301IbIIYEThCSl KMOBIPHICTH PO3BUTKY 1 TIOCH-
JIeHHs1 ceHCHO1Ti3aLii. 30aTHICTh aHTUTeHIB Pi3HOI cIenU(iYHOCTI BUKITUKATH IMYyH-
HY BIJIIIOBI/Ib BU3HAYAETHCS CTYIICHEM IMyHOT€HHOCTI aHTUTEHIB, KA 3aJIS)KUTh BiJ|
TPHOX TPy (PAKTOPIB: MOJICKYISIPHUX OCOOJIMBOCTEH aHTUTEHY, KIHETUKU aHTUTCHY
B OpraHi3Mmi i peakTUBHOCTI Makpoopranizmy [2]. st A0CiKeHHs iMyHOT€HHOCTI
AHTUTCHHUX KOMIUICKCIB TBApPUHHI MOJIEJ CTAHOBJIATH IHTEPEC 3 OMNISAY Ha IMpak-
TUYHO OTHO3HAYHI MpOsiBU iMyHHOI Biamosini. [Ipu iMyHi3amii B cupoBaTii KpoBi
3’SIBISIETCS IMUPOKHN CIIEKTP aHTHTLN 3 Pi3HOIO aiHHICTIO — YTBOPIOIOTHCS IMOIi-
KJIOHQJIbHI aHTHTIJIA, TAK SIK aHTHI'CH CTUMYITIOE BEJIMKY KiJIbKICTh KJIOHIB B-KTiTHH.
Crioci0 BBe/ICHHS 1 /1032 aHTUI'CHIB BIUIMBAE HA PO3BUTOK CEHCHOLTI3aIli1l, TOXK PiBEHb
1 abiHHICTh AHTUTIJ MOYKHA ITiJIBUIIMTH, BAPIIOFOYH JI03y aHTUTCHIB, 1 3a0e3euyto-
Yy OUIBIIY KiJBKICTh KOHTAaKTIB 3 aHTUTEHAMHM LIISIXOM Oaratopa3oBoi iMyHizamii
[16]. Tak, migIKipHUHN NUISIX BUKIMKAE IMyHOTEHHY BIiJIIOBI/(b YACTIIIIE, HIXK 1HIII
nursixu. Jlokanizanisi, TpuBaia NpUCyTHICTb, iIBUIIEHA KOHIEHTPALlis 1 OMU3BKICTh
JI0 aHTUTEHNPE3CHTYIOYUX KIITHH MPH AOCTABIl aHTUTEHY MiIMIKIPHUM IIIISIXOM
MOXYTh CHPHUSATH TOCUICHOMY 3aXOIUTIOBaHHIO, 00pOOIIi 1 Ipe3eHTallii aHTUICHIB,
IO MPUBOIUTH O iMyHOreHHOCTi [13]. OniHka HasSIBHOCTI Ta XapakTepy 3anaJeHHs
3a BILIMBY (DaKTOPiB iIMyHHOTEHHOT MPUPOJN 3aJHIIAETHCS BAXKIMBOIO MTPOOIEMOIO
[18]. 3amanbHuil mpolec XapakTepU3y€eThCsl aKTHBAIIEI IMyHHUX KIIITHH, 3MIHOIO
MPOHUKHOCTI CYAMH 1 CHHTE30M MPO3arajibHUX MEeIiaTopiB, B TOMY YHCIIi UTOKIHIB,
XEMOKIHIB, JIIIIHUX MMOCEPEIHUKIB, CTEPOiaiB, (PAaKTOPIB POCTY i CHHTE30M O1JIKiB
CHCTEMH KOMIUIEMEHTY [4]. AKTHBAIIisl IOKaJIbHOTO IMYHITETY Y IpOLIecaX KHCEHb-
HE3aJIC)KHOTO 1 KHCEHB3AJICKHOTO (ParouTo3y 1 3amaleHHs CIpHsie ceHcHOimizamnii
opraHizmy /0 pe4oBuH OikoBo1 npupoau 8, 12].

Y XBOpUX Ha MIaCTEHI0, 110 MPEJCTaBIse€ COOO BaKKUH HEPBOBO-M’S30BUI
po3mna, CTpecoBi TpUrepHi (PaKTOpu MPHU3BOASATH A0 MOPYIIEHB Ha BCIX PIBHSIX pery-
TSI, IO CTIpHsie YTBOPEHHIO MiacTOTCHHUX (DaKTOPiB, TETEPOreHHA MPUPOAA KX
3aJIMIIAETHCS HEBiTOMOI0. BUKINKae iHTEpec olLliHKa XapaKTepy BILUTUBY MiaCcTOTCH-
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HUX (aKTOpiB CHPOBATKH KPOBI XBOPUX 3 THMYCHE3AJICKHOIO Ta THMYC3aJIC)KHOIO
MiacTeHi€r0 Ha JJaHKW iMyHHOI cuctemMu. [yt oTpuManHs iH(dopMaLii Mpo CTyIiHb
IMYHOTCHHOCTI Pi3HHX AHTUTEHIB (B TOMY YHCI MiaCTOI€HHHMX CHPOBATOK) 1 PO
MOJKJIMBI HACIIJKU MEXaHI3MIB CEHCUOLUTI3aIlii, HEOOXITHIUM € MPOBEJACHHS JIOCIi-
JDKEHb 3 1X in vivo MeTabosizarii.

Meta po6oTu — oninuTH iMyHO(i3iomoriuHi edexTH micis iMyHi3amii TBapuH
MiaCTOTeHHUMH CHUPOBATKAMH 3 Pi3HUM CTYNEHEM HUTOTOKCHYHOCTI, OTPUMaHUX
BiJl XBOPHX 3 TUMYCHE3QJICKHOIO Ta TUMYC3aJIS)KHOIO MiaCTEHI€IO.

Marepiaau Ta MeTOIH AOCTiIXKeHb

ExcriepuMeHTH TpoBOIMIIM Ha 3-MICAYHMX LIypax-camisx JiHii Bictap macoro
190-220 r. TBaprHM MICTHIMCS B YMOBAaX CTaHJIAPTHOTO CBITIOBOTO Ta XapuOBOTO
pexxumy (Boaa Ta 1ka ad libitum). JlocnimKeHHs POBOIIIN BiJIIOBIAHO A0 IMOJIO-
XeHHs €Bporneiicbkoi koHBeHIT «[1po 3axucT XpeOeTHUX TBapHH, 10 BUKOPHUCTOBY-
FOThCS JIJISl CKCIIEPUMEHTAIILHUX Ta 1HIIUX HayKoBUX 1ijei» (CtpacOypr, 1986 p.).

Hnst imynizamii Oynam  BimiOpaHi CHpOBaTkM Tali€HTIB 3 THMYCHE3aJeK-
Hoo (M — miacTeHisi, o TpoTikae 0e3 Mop¢o-QyHKIIOHATEHUX 3MiH THUMY-
cy) 1 Tumyc3anexxHo Miacteniero (MIT — miacTenis Ha Tii rinepruiasii Tumycy;
MT — miacrenis Ha TIi TUMOMH). CTyMiHb IIUTOTOKCHYHOCTI BiliOpaHUX CHPOBATOK
BCTAHOBJIIOBAJIM TONEPEIHBO MUIIXOM iX aHaIi3y 3 BUKOPUCTAHHSAM Ol0IHIUKATOPY
Dunaliella viridis Teod. 3a koeitienrom nurorokcunynocti K [1]. Byso nputinsato
Ku = 5,0 — Hu3bkuit crynmine nutoTrokcndnocTti (M), K = 7,0 — cepenniil cTymiHb
nurorokenynocti (MI'), K = 9,0 — Bucokuii crymniab unToTrokcnaHocTi (MT).

IHnykiito ceHcuOuUTI3aNii MPOBOMMIM NUBSIXOM 4-X-KpaTHOI (3 iHTepBajioM 72
roaunu, o6’emom 0,1 MJI) miaMIKIpHOT iMyHi3allii B 00JIACTh OYEPEBUHU TBAPUH
CHpOBaTKaMH BiJ] XBOPUX 3 PI3HUMH KIIiHIYHUMH (DEHOTHIIAMU MiacTeHii pi3HOTO
CTYTEHSI HUTOTOKCUYHOCTI. Bynu BuineHi 4 rpynu TBapuH (n = 5 B KOXKHIN TpyIi):
rpymna | (KoHTpollbHa) — TBapHHH, SKUM BBOAWIN ()i310JOTTUYHHNA PO3UMH 00’ €MOM
0,1 mur; rpyna II (M) — TBapuHu, ceHcHO1TI30BaHI CHPOBATKOIO 3 HU3BKUM CTYyTIe-
HeM nuToTokcruuHocTi; Tpyna I (MI') — TBapunu, ceHcHOiNi30BaHi CHPOBATKOIO 13
cepenHiM cTyrneHeM uToTokcuaHocti; rpyna IV (MT) — TBapunu, ceHcuOinizoBaHi
CUPOBATKOK) 3 BUCOKHM CTYIIEHEM ITUTOTOKCHYHOCTI. I1iJ] yac eKCrepuMeHTy oIli-
HIOBaU (Di310JIOTIUHI MOKa3HUKH TBAPUH: TEMIIEPATYPy, PYXOBY aKTUBHICTb, 3MiHY
Baru, ameTuT, 3MiHy (YHKLIH HITYHKOBO-KMIIKOBOTO Tpakty. Uepe3 20 mid micnus
nepuroi iMyHi3amii TBApUH BUBOAMIIM 3 EKCIIEPUMEHTY LIISTXOM JICKaIiTarii.

B po06oTi BUBYa/IM aKTUBHICTh KHCEHBHE3AJIC)KHOTO (TIOKa3HUKH ajre3ii i eH1o0-
uuTo3y HeUTpodiniB) [14] 1 kuceHn3anexkHoro (aronuTosy (TecT BiTHOBICHHS Hi-
TPOCUHBOTO TETPA3OJIiI0 Y HEPOZUMHHHMN TihOopMasaH il BIULIMBOM CyTIEPOKCHI-aHi-
oHy, 110 yTBOproeThest B HA JI®-H-okenaasniii peaxuii) [15] 3a qornomororo cBitio-
Boi mikpockomii (Olympus BX53). Busnauenns xonuentpanii C3 i C4 KOMIIOHEHTIB
KOMIUIEMEHTY MIPOBOAWIIN 32 iMyHOTYpOiauMeTpuunuM metoaom (Dialab, ABcTpis)
Ha OloxiMiyHOMY aHamizaropi Stat-Fax 1904 3a nosxunu xBuii 340 M [5].
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OTtpuMaHi pe3yabTaTi aHalli3yBajH 3a IOTOMOrolo t-kputepito CteioneHra. Bu-
KOpHCTOBYBau nporpamy Statistica 6.0. Jlani npeacTaBisuiM y BUITIAII CEPEIHBOTO
1 cTaHAapTHOI MOXUOKH cepeaHbOro apupmernanoro (M-+m).

PesyabraTn nocaiizkeHHs Ta iX 00roBopeHHs

AHTHTCHHUH BIUTUB MOKE€ YMHUTH Ha OPraHi3M sK Crelu(iuHy, TaK i Hecrenu-
¢iuny niro. [lepie noB’si3aHe 3 SIKICTIO aHTHICHY, HOTO 3AaTHICTIO BUKIMKATH PO3-
BUTOK MEBHUX 3MiH B OpraHi3Mi, i BIUIMBATH Ha IMyHHY CHUCTEMY 3a JOTIOMOTOIO
BIJIIOBIIHUX PeLeNTOPiB Uil Hhoro. Hecrerudiyna aisi MposBIIsSETbCS Y BIUIMBI
AHTUTEHY SIK CTPecOBOro YMHHMKA [4]. OmocepenkoBaHO MPO aKTHUBAIII0 CEHCHOi-
Ji3anii cyquiu 3a 3MIHOK TeMIIepaTypu TBapuH. Y MEPIIUH Yac MiCIis BBEICHHS
PI3HUX AHTHUTEHIB BUSBIIAIOTHCS OAHOTHUITHI 3MIHM B OPTaHi3Mi, SIKi YacTO MPOSIBIISI-
I0ThCS B 3MiHI TeMIlepaTypu. Y TBapHH KOHTPOJILHOI IPYIH TeMIIepaTypa CTaHOBUIIA
B cepeaaboMy 35,6+0,09 °C. [Ticas iHayKIii ceHcHOLTi3aIii CHpoBaTKaMu 3 Pi3HUM
CTYIICHEM IMTOTOKCUYHOCTI y TBapuH OyJI0 BiA3HAYEHO 3MiHY TEMIEpaTrypH — SK
peaKiifo Ha BBEJICHHs iIMYHOTCHHOI CUPOBATKH (Ipyra, I’sTa, BOChbMa Ta OAWHAJ-
ugTa 1o0a excriepuMenTty Ha puc. 1). [Ticns nepioi iMmyHi3amii TBapuH BiA3HAYATIH
nigBuieHHs Temreparypu Ha: A = 1,2 °C B rpymi I[I (M), na A = 1,6 °C B rpymnax Il

°C
37,5 -
37
36,5 -
36 -
—+— 1 (rpymal)
35,5 -
—=— 2 (rpymall)
35 - = = 3 (rpymalll)
————y v
345 (rpymalV)
34 A
33=5 T T T T T T T

1 23 4 5 6 7 8 9 1011 1213 14 15 16 17 18 19

noba mocmimKxeHHa

Puc. 1. /lunamixa memnepamypu mina y meaput  pisHi CmpoKu eKCnepumMenny
[IpumiTKa: TBapHH IMyHI3yBaIu Ha MEPILY, YETBEPTY, CbOMY, AECATY 100y eKCIIEPUMEHTY; rpymna | —
KOHTpOIb; rpymna Il — TBapuHM, iMyHI30BaHi CHPOBATKOIO 3 HU3BKOIO HUTOTOKCHYHICTIO (M); rpyma

III — TBapuHy, IMyHI30BaH1 CHPOBATKOIO 3 CEPEAHBOI0 UTOTOKCHYHIcTIO (MI); rpymna IV — TBapunn,
IMyHI30BaHi CHPOBATKOIO 3 BUCOKOIO HUTOTOKCHUHICTIO (MT); * — 10CTOBIpHICTH BIAMIHHOCTI y MO-
PIBHSHHI 3 TOCTKSHHAM y niepiry 100y exkcriepuMenty, p < 0,05
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(MI) i IV (MT). ITicas 4-oi imyHizanii 3miHa Temneparypu craHosuia: A = 0,8 °C
B rpym M, A =0,5 °C B rpymi MI' i A = 0,3 °C B rpymi MT. Temneparypa TBapuH
IiCJIsl aHTUTCHHOTO HAaBAHTAXXCHHS CTAHOBWIIA B cepefHbomy: 35,8 °C — rpyna MIT
136,0 °C —rpyna MT.

Tako y TBapWH MicIisl BBEACHHS IMyHOTCHHOI CHPOBAaTKHU CIIOCTEPIraiy 3HUKEH-
HSl alneTUTy, NPUTHIYCHHS! (QYHKIIM [UTyHKOBO-KHIIKOBOTO TPaKTy (Iiapes, 3armop,
3MiHa KOHCHCTEHLT KaJOBUX Mac), YIIOBUILHEHHS! IPUPOCTY MacH Tina. MiHiMalb-
HUI MpUpICT MacH Tila BiJ3HAa4ajH B TPYI TBApPHH, IMyHI30BaHMX CHPOBATKOIO 3
Cepe/iHIM CTyIeHEeM IIUTOTOKCHUHOCTI — rpyna MI, A = 15 r (tabx. 1).

Tabmuus 1
3MiHa MacH Tijla TBApHH B Pi3Hi CTPOKHU eKcniepUMeHTY (1 = 5)

Jlo6a / maca, r A,

I'pyna
1 4 7 10 13 16 19 r

I [198,0+ 13,5 213,04 9,5 |229,7 +20,0[229,0 + 10,5236,3 + 10,0(242,0 + 15,7| 251 + 14,5 |53

I (193,0+12,4|217,5+17,8(232,0 £21,8|234,5 + 15,6(247,6 + 27,8(254,5 = 16,4|258,0 + 13,8| 65

I | 187,0+£7,9 [184,0 £20,8(192,5 + 14,6/196,6 + 14,1201,0 = 12,8(203,0 + 12,1|202,0 + 12,2| 15

IV | 186,0+6,0 | 189,0+4,9 | 195,0 +8,9 [202,0 + 15,5]208,5 + 13,5/207,0 = 11,8|218,0 + 10,5| 32

[Mpumitka: rpyna I — xontposs; rpyna [l — TBapuHHM, IMyHI30BaHI CHUPOBATKOIO 3 HU3BKOIO
uurorokcruHicTio (M); rpyna III — TBapuHM, iIMyHI30BaHI CHPOBAaTKOIO 3 CEPEAHBOIO IIUTO-
tokcuuHicTio (MI); rpyna [V — TBapuHu, iMyHI30BaHI CHPOBATKOO 3 BUCOKOIO IIUTOTOKCHY-
nictio (MT); * — mocToBipHICTh BiAMIHHOCTI 3 KoHTposieM p < 0,05

[Ticns mpoBeneHHst 6aratopa3oBoi iMyHi3alii TBApUH OLIHIOBAIN BIUIMB IMyHO-
TeHHOI MiaCTOreHHOT CHPOBAaTKH Ha YMHHUKH BPOPKEHOro imMyHiTeTy. Kucenbnesa-
nexxHa (QaronurapHa akTHBHICTh HEHUTPO(DiNIB BiIpi3HsIIACS 3MiHOIO AATE3UBHHX
BiactuBocTei. [Ipu nociigKeHHi KITBKOCTI KIIITHH, 10 BCTYNHIH B harounTos (ha-
TOLMTAPHUH 1HAEKC), HEe BUSIBHJIM JOCTOBIPHUX BiIMIHHOCTEH MK KOHTpOJIEM (Tpy-
na I) i TBapuHaMu, ceHcHO1TI30BAHUMH CHPOBATKOIO 3 HU3BKOIO UTOTOKCHYHICTIO
(rpyma II). Aare3uBHi BIacTUBOCTI HEUTpO(iNiB OyJaM 3HAYHO 3HMKEHI Y TBapHH,
IMYHI30BaHUX CHUPOBATKOIO 3 cepeaniMm (rpyna III) 1 Bucokum (rpyna IV) crynenem
LUTOTOKCUYHOCTI. Y Tpylax TBapHH, CECHCUOITI30BaHIX CHPOBATKOIO 3 BUCOKOIO Ta
CepeIHbOI0 IUTOTOKCHYHICTIO CHIOCTEPIraiy 3HWKEHHs (DarouuTapHOro iHIEKCy B
1,5 1B 1,7 paziB BianosigHo (Tadm. 2).

daronuTapHe YUCIO, SIKE CBIAYUTH MPO CEPEeIHIO KUIbKICTh MOTTTMHEHUX aHTH-
reuis, y Il rpyni TBapuH, ceHCHO1II30BaHUX CHPOBATKOIO 3 HU3HKUM CTYIIEHEM LIU-
TOTOKCHMYHOCTI TIEPEBUIIYBaANIO JaHui nokasHuk y rpymnax 1111V na 27 % ta 34 %
BiNOBIAHO. Y TBAapHH, CEHCHOUTI30BaHUX CHpOBaTKaMu i3 cepeanim (rpyma III) i
BUCOKHM (rpyna [V) cTyneHeM HUTOTOKCUYHOCTI TAaKOXK BUSBHIIM 3HHKCHHS 1HJICK-
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Cy 3aBepIIeHOCTI (paroruTosy B cepeaaboMy Ha 20 % B MOPIBHSAHHI 3 KOHTPOJILHOIO
IPYIOI0, IO CBIAYUTH MPO HEIOCTATHICThH MEPETPaBIIOIY0T QyHKIIT HEHTpodimiB
(Tabm. 2).

Tabmurs 2
IMoxa3HMKHN KHCEHbHE3AJEKHOI0 TA KHCEHb3aJIeKHOT0 GaronuTo3y y iHTaKTHHX
Ta iMyHi30BaHHX TBapuH (n = 5)

Ioxa3Huku I'pynal I'pyna II I'pyna III I'pyna IV
s
= DI, % 81,0+5.4 80,0+8,48 46,0+4,24%* 53,0+£7,07*
X o
S
§ =2 DY, y. on1. 3,73+0,14 3,44+0,9 2,69+0,35% 2,57+1,06%*
~
=2
;;S) 13, y. ox. 1,45+0,18 1,71+0,13 1,19+0,05* 1,17+0,03*
5 CIIL, % 24,0+1,3 58,0+£2,4* 36,0+1,6* 43,0+2,5*
23
2 &
§ =3 CT, % 74,0+6,9 65,0+3,9* 71,0+4,8 87,0+5,4*
~
58
& IC, y. on. 3,08+0,3 1,1240,21* | 1,97+0,01* | 2,02+0,03*

ITpumitka: @I — daronurapuuii ingexkc; @Y — daromurapae yucio; 13® — iHaeKC 3aBepiie-
HocTi aromuro3dy; CII — KiTbKICTh KIIITHH, [0 MOTIMHYB OapBHUK B CIIOHTAaHHIN peakiiii;
CT — KUIBKICTh KJITHH, IO TIOTIMHYB OApBHUK B CTHUMYJLOBaHIN 3iM03aHOM peakiiii; [C
—iapexc crumyisnii (IC = CT/CII); * — nocToBIpHICTh BiAMIHHOCTI 3 KOHTpOJeM (Tpyna I)
p <0,05

OLiHKY aKTHBHOCTI KMCEHb3aJIeKHOTO (ParoluTo3y MPOBOJMIN 38 OKUCHO-BiJ-
HOBHOIO 3aTHICTIO HEHUTpO(iTiB B TECTi BiJHOBJIEHHS HITPOCHHBOTO TETPA30IIiIO
(HCT) [15]. Hefitpodinu normHanu i okucHioBanu rpanyiu OapsHuka HCT 3
Pi3HOIO IHTEHCHBHICTIO, 3aJIEKHO Bijl BIAHOBIIOBAJIBLHOI 34aTHOCTI (DEPMEHTIB, IiJ
BILIMBOM cynepokcua aniony (O,), mo yrsoproerbest B HAJI®-H-okcnnasnii pe-
akuii. KinekicTh KIITHH, SKi CHOHTaHHO normuHyau 6apBHUK (CIT) mixBumnyBanach
B 2,5 pasu micns ceHcuOinizalii TBapuH CHPOBATKOIO 3 HU3BKOIO IIUTOTOKCHYHICTIO
(rpyna II) mono xontpomto (rpymna I). ITicnst aii cupoBaTku 3 CEpeAHBOIO LUTO-
TokcuuHicTiO (rpyna II), KinbKicTh KIIITHH, SIKi CIIOHTAHHO MOIIMHYIH OapBHUK,
Oyna Buuie (B 1,5 pasu), HXK B KOHTpOJI, ane HuWx4e, HiX B rpymi Il B 1,6 pazu
(Tabm. 2).
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[Micns ctumynsanii 3iMo3aHOM, Bi3HaYany 3poctaHust KibkocTi kiaitud (CT) (1o
87,0 + 5,4%), 1110 OTTUHYJIM OAPBHHUK ITICIIsI CEHCUOLTI3aIliT CHPOBATKOIO 3 BUCOKOIO
HUTOTOKCHYHICTIO (rpyma [V). [linBuIlieHHs CIOHTaHHOT OKMCHOT aKTUBHOCTI CBiJI-
YHJIO TIPO BUCHAYKEHHSI OKUCHOTO pe3epBy HelTpodiniB (Tadm. 2).

VY BCiX rpynax ceHcHMOiTi30BaHUX TBApUH 1HAEKC CTHUMYJIALI, SKUH BigoOpaxae
aktuBHicTh HAJID-H-okcnna3u HelWTpodiniB OyB HIKYE, HIK y KOHTpomi. MiHi-
MasbHUH piBeHb OyB y rpymi 11 (B 3 pasu Hikue koHTpo0). Y rpynax I 1 [V nei
noka3Huk cranoBuB 1,9+0,01 i 2,0+0,03 BiAMOBIAHO, IO CBIIYUTH PO AKTUBAIIIIO
(depmenTHHX cucTeM (arouuTis (Tadm. 2).

BaxuBolo Crony4YyHOIO JTAaHKOI MiK (OpPMYyBaHHSIM BPOKEHHX IMyHHUX pe-
aKIif 1 alanTUBHUM IMYHITETOM € OIJIKU CHCTEMHU KOMILIEMEHTY, SIKi MPOSBIISIOTh
OTICOHI3YIOUY [Iif0, a TaKOoX peakiii aZanTHBHOTO T'yMOPalbHOTO iMYHITETY, SKi
(hopMYIOTBCS 32 PaxyHOK yTBOpeHHs crierudiunux antutin [7]. [opir peakTus-
HOCTI €KCIICPUMEHTAJILHUX TBAPUH MOYKE BU3HAYATH BiJIIOBIIHI 3MIHU BPOJKCHUX
1 aJanTUBHUX T'yMOpaJIbHUX (AaKTOPiB IMyHOPE3UCTEHTHOCTI Y BiANOBIIb HA Pi3HI
AQHTUTEHH. Y CHPOBATLi KPOBI KOHTPOJIBHHUX TBapHH KOHIEHTpalisi C3 KoMIOHEeHTa
KOMILJIEMEHTY cTaHOBWIA B cepennbomy 0,61+0,07 1/7, a koHteHTpariiss C4 kommo-
HEHTa KoMIieMeHTy Oyna Ha piBHi 9,1£2.4 mr/mi (puc. 2 a, 0).

038 ¥ 24 .
5 =20
=06 e
L A =) 16
EE e
g go,4 g ;;;12
2 5 = o *
(= + 5 8
S Zo2 S g ) I I I
=
I 11 111 v I 11 11 v
a o

Puc. 2. Konyenmpayis C3 (a) i C4 (6) komnonenmie komniemenmy y KOHMpOoIbHUX i CeHCUubinizosa-
HUX MEapuH
IMpumitka: n = 5, rpyna I — kouTpois; rpyna Il — TBapuHu, iMyHI30BaHi CHPOBATKOIO 3 HU3BKOIO IIH-
totokcuuHicTio (M); rpyna II1 — TBapuHH, iMyHI30BaHI CHPOBATKOO 3 CEPEIHBOIO IIUTOTOKCHUYHICTIO
(MTI'); rpyna IV — TBapuHu, iMyHi30BaHi CHPOBATKOIO 3 BUCOKOIO IuToToKcHuHicTIo (MT); * — nocto-
BIpPHICTh BIIMIHHOCTI 3 KoHTposieM p < 0,05

B rpymax TBapuH, ceHCHO1TI30BaHUX CHPOBATKOIO 3 HU3bKOIO (Tpyna II) i Buco-
koto (rpyna IV) IuToToOKCHIHICTIO, KOHIIeHTpallis C3 KOMIIOHEHTa KOMIUIEMEHTY B
cepenapomMy Ha 15 % Oyna HIKYOIO, HIXK B KOHTPOIi. Y TPy TBapWH, CEHCUOTi-
30BaHHUX CHUPOBATKOIO 3 cepenuboro (rpyna III) murorokcnunicTio kKoHIeHTpariis C3
KOMIIOHEGHTa KOMITJIEMEHTY HaBITaku, Oyna Ha 15 % Bwuie, HiX B KOHTpoi (puc. 2a).
MosxHa npuIrycTuTy, mo B rpymi I xomnencatopae 3HMKEHHS (arouTapHOTO iH-
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JIEKCY CYMPOBOKYBAIOCS KOMIICHCATOPHUM MiABUIIEHHIM KoHIeHTpauii C3 koM-
MOHEHTa KOMIUIEMEHTY 1 3HIKEHHSIM Temriepatypu (tadi. 1, puc. 2a). Konuenrparis
C4 KOMIOHEHTa KOMILIEMEHTY JOCTOBIPHO BiAPi3HSUIACS BiJl KOHTPOJIIO y TBapuH,
CEHCHO1TI30BaHNX CHPOBATKOIO 3 HU3BKUM CTYIEHEM IUTOTOKCHYHOCTI (rpyna II), 1
Oyna B 2,3 pas3u BHIIE, 110 CYyNPOBOKYBAJIOCS MiABUIICHHIM TEMIIEPaTypH TBAPUH
JAHOT IPyMNH 0 KiHLs eKcriepuMenTy (puc. 1, 20).

TakuM 4MHOM, BBEJICHHSI KOMILJICKCY aHTHICHIB B OPTaHi3M MPU3BOAMIO JI0 IMYy-
HOJIOTIYHO OIIOCEPEIKOBAHOTO ITiIBUIIICHHS HOTO YyTIMBOCTI — CTaHy CEHCHOIiTi3a-
uii, sIKKid BiqoOpaXkaB CTYNiHb PEaKTUBHOCTI OpPTaHi3My i CTYHiHb iIMyHOTE€HHOCTI
BBEJICHOTO Marepiaiy. Bijomo, 110 peakTUBHICTH OpraHi3My 3ajeKUTh BiJl TeHe-
TUYHUX 1 eMireHeTHYHUX (DAaKTOPiB, SIKi BIUTMBAIOTH HA 3arajbHe (YHKIIOHYBaHHS
CHCTEM opraHismy [2]. A iHilitOBaHHs iIMYHOTCHHOI BIATIOBi/I 3aJIC)KUTH BijJ Oara-
THOX YMHHHUKIB Ta CHTHAJIB, SIKi IMiJIBUILYIOTh €(EKTHBHICTH OOPOOKHU Ta Mpe3eH-
tanii antureny [7]. BusiBneHe 3HMKEHHS MODIMHAIBHOI 3JaTHOCTI HEHTpOQimiB
(Tabi. 2), MaOyTh, MOKE OyTH OB’ SI3aHE 3 HEJOCTATHICTIO ONICOHI3YIOUHUX YHHHHUKIB,
takux sk [gG i1 IgM, ¢pparmenTn KomnoneHTiB komiuiementy C3b, C4b, C5b, 6in-
KH rocTpoi (a3u Ta iH. Takox BUSBICHO 3011blIeHHS KOHIICHTpallil C3-koHBepTa3u

(B Tpymi TBapWH, IMyHI30BaHMX CHPOBATKOIO 13 CEPEIHIM CTYIEHEM IIMTOTOKCHY-
HocTi) (puc. 2a) 1 C4 KOMIIOHEHTa KOMIUIEMEHTY (B IpyIi TBapHH, IMyHi30BaHUX
CHPOBATKOIO 3 HU3bKUM PiBHEM LIUTOTOKCUYHOCTI) (pHc. 20), 1110 MOKe OyTH OTHUM
3 TIPOSIBIB 3aIlaIbHOTO MPOLECY, SKHH XapaKTePU3y€EThCs BTPATOIO 3aXHCHO-TIPUCTO-
cyBanbHOI (DYHKIIT 1 MEpeTBOPEHHSM ii B OKpeMHI MaTOreHHuid YnHHHUK [3, 13].

BucHoBkn

1. [icns iMmyHi3auii TBApUH CHPOBATKAMHU KPOBI XBOPHX 3 MiaCTEHIEIO BUSIBHIIH
3HW)KEHHsI TiepeTpaBioouoi (GyHKLiT HelHTpodiniB (iHIEKC 3aBepIIeHOCTI (darouu-
To3y) Ha 20% y KHCEeHbHE3aIe)KHOMY (aronuTo3i B rpymnax TBapHH, IMyHI30BaHUX
cuposatkamu i3 cepernHimM (MI') 1 Bucokum (MT) piBHEM IIUTOTOKCHYHOCTI.

2. Y Bcix rpynax TBapuH IICJs Jii IMyHOT€HHHX CHPOBAaTOK BHSBUIIM JIBOpa-
30Be 301IBLICHHS B TOPIBHIHHI 3 KOHTPOJIEM aKTHBHOCTI ()epPMEHTIB HEUTPODiIIiB Y
CIIOHTaHHOMY TECTi B KHCEHbB3aJIeKHOMY (haromuTosi.

3. BusBuiM BupakeHE KOMIIEHCATOPHE 30UIBIICHHS TYMOPAJIbHOTO YHHHHKA
BpOJKEHOTO iMyHiTeTY — C3 KOMITOHEHTY KOMIUIEMEHTY B IpyIli TBapHH, IMyHi30-
BaHHUX CHPOBATKOIO i3 cepeiHiM cTyneHeM nutotokcudnocti (MI), a mist cuposar-
KH 3 HU3bKOKO IIUTOTOKCHYHICTIO (M) mpu3Bouiia 10 301IbIIeHHS KOoHIeHTpalii C4
KOMITOHCHTY KOMILIEMEHTY, 1110 BKa3yBaJio Ha CEHCUOTI3alli0 1[bOr0 YNHHHUKA Ha TJIi
MiIBUIICHHS TEMIIEpaTypH Tija.

Crarts Hajaiinuia 1o peaakiii 28.02.2020

118



ISSN 2077-1746. Bicaux OHY. bionoris. 2020. T. 25, Bum. 1(46)

10.

I1.

12.

13.

14.

15.

16.

CnHcoxk BUKOPHCTAHOI JiTepaTrypu

Kinumosa E. M. OueHka cTeneHd HIUTOTOKCHYHOCTH KOMIIOHEHTOB IATOJIOTHYECKHX CHIBOPOTOK
C UCIOJIB30BaHUEM KiIeToYHOM TecT-cucteMbl / E. M. Kinumosa, E. B. JlaBunckas, A. M. Boxkos,
T. U. Kopzown // buorexuonorust. —2010. — T. 3, Ne 6. — C. 85-92.

Koanenko T. Y. IMMYHOPE3UCTEHTHOCTh 9KCHEPUMCHTAJIBHBIX KUBOTHBIX PAa3HOTO BO3pacTa
Ha MOJIEJIM TeHEePATM30BaHHOTO BocnanuTeapHoro npouecca / T. Y. Kosanenko, B. B. Munyxus,
E. M. Kinumosa // Ceit memunuau ta 6iosorii. —2015. — Ne 3 (52). — C. 106-109.

Mauenies /1. B. Jledinur Mmano303B’s13yBanbHoro Oinka / JI. B. Manbiies. / YkpaiHcekuii Tepare-
BTHYHHI XypHaI. — 2015. — Ne 1. — C. 80-90.

Chen L. Inflammatory responses and inflammation-associated diseases in organs / L. Chen,
H. Deng, H. Cui, J. Fang, Z. Zuo, J. Deng, Y. Li, X. Wang, L. Zhao // Oncotarget. — 2018. — Vol. 9,
(No 6). — P. 7204-7218. doi: 10.18632/oncotarget.23208.

Chernecky C. C. Laboratory tests and diagnostic procedures / C. C. Chernecky, B. J. Berger. — 5th
ed. — Saunder Elsevier. — 2008. — 1232 pp.

Etinger R. A. HLA-DR-restricted T-cell responses to factor VIII epitopes in a mild haemophilia A
family with missense substitution A2201P / R. A. Etinger, E. A. James, W. W. Kwok, A. R. Thomp-
son, K. P. Pratt / Haemophilia. —2010. — 16. — P. 44-55. DOI:10.1111/.1365-2516.2008.01905.x
Foley J. H. Interplay between fibrinolysis and complement: plasmin cleavage of C3b modulates
immune responses / J. H. Foley, E. A. Peterson, V. Lei, L. W. Wan, M. J. Krisinger, E. M. Con-
way // Journal of Thrombosis and Haemostasis. — 2015. — Vol. 13(4). — P. 610-618. doi: 10.1111/
jth.12837

Gonzalez-Jaramillo V. Epigenetics and Inflammatory Markers: A Systematic Review of the Current
Evidence / V. Gonzalez-Jaramillo, E. Portilla-Fernandez, M. Glisic, T. Voortman, M. Ghanbari,
W. Bramer, R. Chowdhury, T. Nijsten, A. Dehghan, O. H. Franco, J. Nano // International Journal
of Inflammation. — 2019. — Vol. 2019. — P. 1-14. doi: https://doi.org/10.1155/2019/6273680.
Jones J. C. Virus aggregatingpeptide enhances the cell-mediated response to influenza virusvac-
cine / J. C. Jones, E.W. Settles, C. R. Brandt, S. Schultz-Cherry // Vaccine. — 2011. — Vol. 29. —
P. 7696-7703. doi:10.1016/j.vaccine.2011.07.133

Klimova E. M. Young and old animals use different strategies for forming an immune response to
infectious agents (Preudomonas aeruginosa and Escherichia coli) / E. M. Klimova, A. M. Bozh-
kov, T. I. Kovalenko, V. V. Minukhin, I. V. Belozerov // Advances in Gerontology. —2018. — Vol. 8,
No4. — P. 284-291.

Mahanty S. Immunogenicity of infectious pathogens and vaccine antigens / S. Mahanty, A. Pri-
gent, O. Garraud / BMC Immunology. — 2015. — Vol. 16, 31 — P. 1-6. doi: 10.1186/s12865-015-
0095-y.

Marsland A. L. The effects of acute psychological stress on circulating and stimulated inflam-
matory markers: A systematic review and meta-analysis / A. L. Marsland, C. Walsh, K. Lock-
wood, N. A. John-Henderson // Brain, behavior, and immunity. — 2017. — Vol. 64. — P. 208-219.
doi: 10.1016/j.bbi.2017.01.011.

Mohanan D. Administration routes affect the quality of immune responses: a cross-sectional eval-
uation of particulate antigen-delivery systems / D. Mohanan, B. Slutter, M. Henriksen-Lacey,
W. Jiskoot, J. A. Bouwstra, Y. Perrie, T. M. Kiindig, B. Gander, P. Johansen // Journal control
release. —2010. — Vol. 147. — P. 342-349. doi: 10.1016/j.jconrel.2010.08.012.

Muniz-Junqueira M. I. Novel microtechnique for assessment of postnatal maturation of the phago-
cytic function of neutrophils and monocytes / M. I. Muniz-Junqueira, L. M. Pecanha, V. L. Sil-
va-Filho, M. C. A. Cardoso, C. E. Tosta // Clinical and diagnostic laboratory immunology. —2003.
—Vol. 10. — P. 1096-1102. doi:10.1128/cdli.10.6.1096-1102.2003.

Park B. H. Infection and nitroblue-tetrazolium reduction by neutrophils: A diagnostic acid /
B. H. Park, S. M. Fikrig, E. M. Smithwick // Lancet. — 1968. — Vol. 2. — P. 532-534. do0i:10.1016/
s0140-6736(68)92406-9.

Sethu S. Immunogenicity to biologics: mechanisms, prediction and reduction / S. Sethu, K. Gov-
indappa, M. Alhaidari, M. Pirmohamed, K. Park, J. Sathish // Archivum Immunologiae et Therapi-
ae Experimentalis (Warsz). —2012. — Vol. 60 (5). — P. 331-344. do0i:10.1007/s00005-012-0189-7.

119



ISSN 2077-1746. Bicauxk OHY. Bionoris. 2020. T. 25, Bum. 1(46)

17. Van Beers M. M. On the role of aggregates in the immunogenicity of recombinant human interfer-
on beta in patients with multiple sclerosis / M. M. van Beers, W. Jiskoot, H. Schellekens // Journal
of Interferon & Cytokine Research. —2010. — Vol. 30. — P. 767-775. doi:10.1089/jir.2010.0086

18. Webb D. R. Animal models of human disease: inflammation / D. R. Webb // Biochemical pharma-
cology. —2014. — Vol. 87, 1. — P. 121-130. doi.org/10.1016/j.bcp.2013.06.014.

E. M. Klimova'?, A. I. Bozhkov?, S. V. Sushkov!, E. V. Lavinska'?,

E. A. Bychenko'?, A. N. Agarkova!, V. 1. Vorfolomeeva', N. I. Kurguzova®
'V. T. Zaitcev Institute of General and Urgent Surgery of National Academy
of Medical Sciences of Ukraine, Diagnostic Laboratory with Immunoenzyme
and Immunofluorescence Analysis,

Balakirev vyizd, 1, Kharkiv, 61103, Ukraine, elena.lavinskaya@ukr.net

2V. N. Karazin Kharkiv National University, Department of Molecular Biology
and Biotechnology, Svobody Sq., 4, Kharkiv, 61000, Ukraine.

IMMUNOPHYSIOLOGICAL EFFECTS IN EXPERIMENTAL
ANIMALS AFTER ADMINISTRATION OF MYASTHENOGENIC
SERUMS WITH VARYING DEGREES OF CYTOTOXICITY

120

Abstract

Introduction. The action of foreign antigens on the body leads to its sensitization,
reflecting the degree of reactivity of the organism and the degree of immunogenicity
of the introduced material. The animal immunization model can be used to elucidate
the nature of various antigenic agents, including myasthenogenic factors. It is of inter-
est to assess the nature of the impact of immunogenic myasthenogenic factors on the
immune system (phagocytosis, opsonizing complement factors).

Aim. To estimate the immunophysiological effects after animals’ immunization with
myasthenogenic blood serum with varying cytotoxicity degrees obtained from pa-
tients with thymus-independent and thymus-dependent myasthenia.

Methods. The animals were immunized 4 times with myasthenogenic serums with
different levels of cytotoxicity: M — myasthenia gravis without morphological and
functional thymus changes (low cytotoxicity), MH — myasthenia gravis with thymus
hyperplasia (medium cytotoxicity), MT — myasthenia gravis with thymoma (high cy-
totoxicity). The activity of oxygen-independent and oxygen-dependent phagocytosis
was determined using light microscopy; the concentration of C3 and C4 complement
components was measured by immunoturbidimetric method.

Results. As a result of immunization, a change in temperature was detected in ani-
mals as a reaction to the administration of immunogenic myasthenogenic serum. In
animals immunized with serums with medium and high cytotoxicity, a decrease in
the adhesive properties (phagocytic index) of phagocytic neutrophils by 1.7 and 1.5
times, respectively, and a 20 % decrease in the digesting function of neutrophils (in-
dex of phagocytosis completion) compared with the control was revealed. In all im-
munized animals, the stimulation index reflecting the activity of NADPH-N-oxidase
neutrophils was reduced. After the action of myasthenogenic serum with low and high
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levels of cytotoxicity, the concentration of the C3 component of the complement was
15 % lower than the control. The administration of the highly cytotoxic serum led to
an increase in the concentration of the C3 complement component against a decrease
in temperature. A twofold increase in the concentration of the C4 complement com-
ponent in animals sensitized with the serum with a low degree of cytotoxicity was
accompanied by an increase in temperature.

Conclusion. Myasthenogenic serums of varying cytotoxicity degrees sensitized in-
nate immunity factors — phagocytosis and complement proteins, which led to a viola-
tion in the processes of opsonization, absorption, processing and presentation of the
antigen, and was accompanied by a change in physiological parameters.

Keywords: immunization; myasthenogenic serum; cytotoxicity; phagocytosis; com-
plement.
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OBMIH PI3HUX ®OPM KAJIBIIIO B OPI'AHI3MI LYPIB 3
HNPEAHI3OJIOHOBUM OCTEOIIOPO30M

[IpoBeneno anami3 ckiiajy pakoBUH pariaHd HEOOpOoOIeHHX Ta 00pOOICHUX JIMMOH-
HOO KUCII0TOM0. JlocimipkeHo 0OMiH KaJbLilo B OPraHi3Mi IIypiB 3 MPEIHI30J0HOBUM
0CTEONOPO30M 3a NPo(iTaKTUYHOIO BXXMBAaHHS pi3HUX (opm Kanblito. BusznaueHo,
10 32 YMOB B)XKMBAHHS LIUTPATy KaJIBIIIO IIPU MPEJHI30JIOHOBOMY OCTEONOpPO3i I10-
KpalyBaBcsl CTaH KiICTKOBOI CHCTEMH.

Korouosi ciioBa: OCTEOIIOPO3, HUTpar KaJ'ILIIiIO, Kap6OHaT KaJ'H)HiIO, pamnaHa.

[1FOKOKOPTUKOIIM BOJIOAIFOTH BHCOKOK O10JOTIYHOK aKTHBHICTIO, IO J03BO-
JIsie BUKOPUCTOBYBATH X MPH PEBMAaTHYHUX Ta 1HPEKUIHHUX 3aXBOPIOBAHHSX, IPU
OpoHXiaJbHIM aCTMi Ta IHIIMX BaXKUX KIIHIYHUX cuTyauisx. bymayun npenaparamu
3 BHCOKOIO TEPareBTUYHOIO aKTUBHICTIO, SIKi JO3BOJISIOTH IIBHJKO AOCSTTH TIO3H-
TUBHOI JJMHAMIKHM CTaHy Malli€HTa, BOHH BUKJIUKAIOTh YMCICHHI HEOaKaHI peakirii.
[Ipu cucremHoi Teparii TIIIOKOKOPTUKOiZaMU y (papMakoIoTridyHuX A03aX HeOakaHi
peaxiii MOXXyTh BKJIFOYATH 3MiHHU 3 OOKy Oararbox opraHiB i cucteM. Pusuk ix mo-
SIBH, SIK TPABWJIO, MiJBULIYETHCS 31 301IBIICHHSIM JI03 1 TPUBAIOCTI 3aCTOCYBaHHS
[JTFOKOKOPTHKOIMIB. OJJHUM 3 ICTOTHHX HeOakaHMX e()EKTIiB € BIUIMB HA KaJIbI[IEBUI
MeTa0oJ113M 1 KICTKOBY TKaHUHY. [ TIIOKOKOPTHUKOiI-1HAYKOBaHHI OCTEOIIOPO3 BiTHO-
CUTBCSI JIO HAHOUTBIII YaCTOTO BapiaHTy BTOPUHHOTO OCTEOIopo3y [5, 8].

[MIOKOKOPTUKOIAM 3HIKYIOTH a0COPOLII0 KalbIiI0 B KHIICYHHUKY 1 301IBLIYIOT
eKCKpelito HupKamu. Takok BOHM BHKIHMKAIOTh MPUTHIYCHHS CHHTE3y CTaTeBUX
TOPMOHIB, sIKi BIUIMBAIOTh Ha JIOKAJbHI PEryJIsATOPH, MIO 30UIBLIYIOTH PE30pOLit0
KICTKOBOI TKaHUHU [5].

Tomy a7st 3HHKEHHSI OCTEONEHIYHOTO CTaHy, a TaKOXK JUIs 3MEHILCHHSI PU3HKIB
OCTEOIMOPOTHUYHHX [IEPEIOMIB Y MALlIEHTIB, IO 3HAXOSTHCS HA TPUBAIN IIIIOKOPTH-
KOiTHi# Teparii, HeoOXiJHHUI TOAATKOBUM PUIOM MPETapariB, 10 MIiCTATH KaJIbLiH.

[lepcnekTHBHUM, Ha HAIII IOV, € BAKOPUCTAHHS SIK JDKEpesa KaJIbIiI0 pAKOBUH
MIPOMHUCIIOBHX '1IPOOIOHTIB, SKi CKIIaAal0Th OJU3bKO 72% BiJ Macu MOJIFOCKA Ta BiJl-

© Maxkapenko O. A., Maiikosa I. B., Kupunenko H. A., Eéepne JI. B., 2020
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HOCATBCS IO BiAXO/iB BAPOOHHIITBA OXOJIOPKEHOTO 1 MOPO’KEHOTO M'sica MOJIFOCKIB,
30kpema pananu (Rapana Venosa (Valenciennes, 1846)) — OprOXOHOTOTO MOJIFOCKY,
kil Memkae B HopHoMy i A30BCEKOMY MOPSIX.

Kanb1iiit 3 npupoaHux jkepen (pakoBHH MOJIIOCKIB, S€YHOT HIKAPATYNU KiCTOK
TBapHWH Ta iH.) MPEJCTABICHUI B IepeBaXxKHil O1bIIoCcTi KapdonaTom. B Takiit hopmi
BiH HaifuacTille BUKOPUCTOBY€ETHCS Y BiITaMiHHO-MiHEpaIbHUX KOMIUIEKCAX, TaK SIK
€ JIIepOM 3a BMICTOM €JIEMEHTapHOTO Kabiliro. OIHAK, 3aCBOEHHSI KaJbIIIO 3 I[i€l
coJi 6e3nocepenHbO 3aleKUTh BiJl KUCIOTHOCTI (pH) NITyHKOBOTO COKY, sika iHOA1
Moke OyTH 3HIKeHOw. ToMy JUIs penaparis, 10 MICTATh KaJblii BUKOPHUCTOBY-
I0Th TAKOXK IUTPAT KAJIBIiI0, SIKHH OTPUMYIOTH Y TIpOLieci peakilii kKapOoHaTy Kallb-
10 3 JINMOHHOIO KHUCI0TOIO [9].

MeToro poboTu Oylio OpiBHSIBHE TOCIIKEHHS €(DEeKTUBHOCTI 3aCBOEHHS y Op-
raHi3Mi IIypiB KaJIbIiI0 3 paKOBUH parnaHu (kapOooHaty) abo pakoBUH, 0OpOOICHUX
JMMOHHOIO KHCJIOTOIO (IUTpaTy) Ha TJi TPUBAJIOTO MPUAOMY MPEAHI30IOHY.

Marepianu Ta MeTOIM T0CTiAKEHD

JocnimkeHHs npoBoaAwIx Ha Kadeapi ¢iziomnorii moaunu i TBapun OHY imeni
I. I. MeunnkoBa Ha 24 nmabopaTopHux Oinnx Oe3MOpPOAHUX LIypax-caMKax, BIKOM 7
MicsiB, Macor 180-230 1. B xoai gociimkenHs 0yino copMOBaHO YOTUPH TPYITH
TBapWH: Tepiua rpyna (n=6) — iHTAaKTHI TBapHHU; Apyra rpyna (n=6) — TBapHHH,
SKUM (OPMYBaJIH TPEIHI30JOHOBUI OCTEONOPO3; TPETs rpymna (n=06) — TBAPUHU, SIKi
Ha TJIi TIPE/IHI30JI0HOBOT'0 OCTEOIIOPO3Y OTPUMYBAJU LIUTPAT KaJIbIIit0 y 71031 300 Mr/
KT, 4yeTBepTa rpymna (n=6) — TBapuWHH, SKi Ha TJIi MPEAHI30JIOHOBOTO OCTEOMOPO3Y
OoTpUMYBalii KapOoHat Kanblito y 1031 300 mr/kr. [IpenHizonoHOBHH 0cTEOnopos
MOJZETIOBAIIU MEPOPATEHUM BBEAICHHIM NPEAHIZ0J0HY Y 031 5 MI/KT BOPOIOBK 2
MicsauiB [6]. Jlo3y npemnapariB KaJblil0 PO3paxoByBaJId BUXOSYU 3 JT0OOBOI HOP-
MU KaJbIIFO JIJIS JIFOJMHHU 3 YPaxXyBaHHSIM KOe(DillieHTy MIXKBUIOBOTO MIEPEHOCY 103
Jutst mypiB [1] Ta ypaxyBaHHSIM KiJIbKOCTI KaJblilo Ta HOro 3acBoeHHs. KapOonat
KaJIbLiI0 OTPUMYBaJIM MEXaHIYHUM MOAPIOHEHHSM PaKOBUH paraHu, po3Mip 4acTOK
cranoBuB <0,5 MM Ticlisi IPOCIBaHHS CKpi3b cUTO. LIUTpaT Kaiblilo OTpUMYBajH
JIOZIaBaHHSIM PO3YUHY JMMOHHOI KUCIIOTH JI0 IOPOIIKY 3 PAKOBHH paraHy y CITiBBiJI-
HouleHHi 2:1.

Uepes 1Ba MicsIli TOCHIKCHHS TBAPUH PO3MIIIyBaIM B META0OJIIYHI KaMepH JIJIs
JI000BOTO 300py cedi, Kajly 1 3aJIMIIKIB KOPMY, B SIKHX BH3HA4YaJId BMICT KaJbIIIFO
(cepenHili 3a Tpu 100U Ha OAHY TBapuHY) [2]. Y pakoBHHAX pariaHu IPOBOMIN BU-
3HAUEHHS BMICTY IMHKY, CBUHIIIO 1 KJIMil0 METOJIOM HEIOIyM sSTHOi aTOMHOi abcop-
ouiitaoi poromerpii Ha AAS ZEEnit 650P ¢ipmu Analytik Jena [4], kanbIito — Me-
TOAOM TUTPYBaHHS 3 MypeKkcuaoMm, hochopy — cnekrpodoromerpuuano va DR6000
¢ipmu HACH LANGE [3].

lypiB BUBOAMIN 3 EKCIIEPUMEHTY ITiJl TIONEHTAIOBUM HApKO30M. Y TBapHH BU-
3HaYaJl MIHEpPaJbHY INIJIBHICTh, BMICT KaJbIiF0 Ta aKTUBHICTh JIY’)KHOT Ta KUCIIOT
¢docdaraz cTerHoBOI KiCTKHM 3a 3arajbHO MPUUHATHMU METOAWKAMH (HA CIEKTPO-
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¢doromerpi UV-mini-1240 ¢ipmu Shimadzu) [3, 7]. [loka3sHHKHM NpenCTaBICHI y
BUIVISI/II CEPEIHBOTO 3HAUEHHS Ta MOXUOKH, BipOTiAHICTh BU3Hadamu U-KpuTepiem
Manna-YiTHi.

PesyabTaTn nociigkens Ta ix 00roBopeHHst

[Mepmum etanom J0ciiHOT poOOTH OYJI0 JTOCIIIKSHHS CKIIay 00po0JIEHOTO JIu-
MOHHOIO KHCJIOTOI Ta HEOOPOOJIEHOTO MOPOIIKY 3 pakoBUH YOPHOMOPCHKOT para-
HU, SIKy 30Mpay Ha CKeNbHIM rpsai B niTHiN nepiox 2018 poky B OnechKiii 3aTo1i y
paiioni Manoro ®onrany B 50 M Bix Oepera Ha ruOUHI 5—7 M.

Sk BUIIHO 3 HaBeleHUX B TaOM. 1 JaHUX, BMICT YCiX JOCHIIKCHUX KOMIIOHEHTIB
y KiJIbKa pa3iB NepeBHIy€ Y KapOOHATHIN, HIK Y IUTPATHIN POpMi: KanbIio —y 3,5
pasu, pocdopy —y 13,6 pasis, iuHKY — y 2,1 pas3u, CBUHIIO — Y 3 pa3u Ta KajMiro —
Oinpin HiX y 80 pasis.

Tabmuus 1
Cru1aj 1esiKUX Ba)KJIMBHUX eJIEMEHTIB i BAaKKUX MeTaJIiB y 00po0/1eHUX JUMOHHOI0
KHCJIOTOI0 T2 He0OOpPOO/IeHUX PAKOBUHAX PallaHu

IMoxka3HUKH Kanbuiii, | ®ocdop, Hunk, CBunenp, | Kagmiii,
r/Kr MI/KT MI/KT MI/KT MI/KT
Heobpobieni pakoBuHI 387 92,5 3.11 0.66 0,083

pamanu (kapOOHAT KaJIbIIiI0)
OO6poOIIeH] TUMOHHOIO

KHUCJIOTOK PAaKOBUHU paniaHu 111 6,8 1,46 0,22 <0,01
(IMTpaT KAJIBIIIIO)

OTxe, 00OpoOJICHI JTMMOHHOIO KHCJIOTOIO PaKOBHMHM paraH (murpatHa ¢opma)
porparTs HeoOpoOeHii gopmi (kapOoHaTHa Gopma) 3a BMICTOM BCiX Makpoesie-
MEHTIB, aji¢ 3HWKEHHSI BAKKUX METaJiB — KaJMil0 Ta CBHHLIO J0 JOIYCTHMHUX 3Ha-
yeHb (m1st cBuHLs — 0,5 Mr/kr, g kagmio — 0,05 Mr/kr), poOuTh nuTpar Ok
0e3MeuHuM JJIs1 B)KUBaHHSI.

Hactynuum etamoM nocmnijkeHHs OyJ0 BH3HA4YEHHs KiJBKOCTI KaJbLilo, IO
OTpPHMaHO Iypamu 3 TKero abo 3 JOAAaTKOBMM BBEACHHSIM B CKJaJi Npenaparis
(Tabm. 2). 3a 100y U1ypH iHTAaKTHOI TPYIIH OTPUMYBAJIM CTAaHIAPTHHUN PallioH, B CKJla-
Jli SIKOTO 3HaXOAMIOCHh 5,20 Mr Kanbiiro Ha kokHi 100 r Baru mrypa. pyra rpyma mry-
PiB, SIKUM MOJEIIOBAJIN MPEAHI30JOHOBHI OCTEONOPO3, 3 TKEIO CrioKuBaia 5,92 mMr
kanbIito Ha 100 r Baru (p<0,05), 1m0 MOB’s3aHO 3 OUIBIIOK KITBKICTIO CIIOKUTOTO
TBapuHAMU KOpMy. B opraHi3m miypiB TpeTboi rpyny, 1o Ha Tii 0CTEONopo3y BKHU-
BaJIM LIMTPAT KajbLito, Hagxonwio Ha 31,4 % (p<0,05), a mypiB ueTBepTOi IpyIHy,
10 BKUBaJK KapOoHat — Ha 184,5 % (p<0,05) xanpuito Oinblie, HiX y LIypiB Ha T
BBEJICHHSI IIPEIHI30I0HY (TalII. 2).

B xomi mocuipkeHHs Oylio MoKa3aHo ITiIBUINCHHS. HUPKOBOI €KCKPEIlii KaJbIIito
i TPUBAIKMM BIUIMBOM IPEAHI30JIOHY. Tak, y TBapuH Apyroi rpynu 3 ceuelo BU-
Bonmiock Ha 55,1 % (p<0,05) kanbIito Oiiblle, HiXK y TBAPUH IHTAKTHOI TPYIIH.
HupkoBa ekckpelist KaJblliio y IypiB, IO JOJATKOBO OTPUMYBAJIH KaJIbLiH y BUIIIS-

125



ISSN 2077-1746. Bicauxk OHY. Bionoris. 2020. T. 25, Bum. 1(46)

I UTpaTy Ha T NpeAHi30JI0HY, BiporigHo 3MeHmmiach (19,8 %), ane ogHoyacHo
30epimiacsi BUCOKOIO TI0 BiTHONIEHHIO JIO IMOKa3HWKA Y 1HTAKTHIA Tpyni. BBeneHHs
KapOOHATy KaJbIIIO IIypaM 3 MPEHI30JOHOBUM OCTEOMOPO30M CIIPHSIIO OUIBII BHU-
pakeHOMY TaJIbMYBaHHIO €KCKpEIlii KaJIbI[IF0 3 CEUel0 — PIBEHb I[bOI0 MOKa3HUKA
3Hm3uBCs Ha 23,1 % (p<0,05) 1 He nMOCATHYB 3Hau€Hb HOPMH, SIKi 3apPEECTPOBaHI y
IHTAKTHUX TBapuH (Taod. 2).

Tabnuns 2
OO0MiH KaIb1iI0 B OPraHi3Mi IypiB 3 NIPeIHI3010HOBUM 0CTEONIOPO30M

Hoxa3unku InrakrHa | IIpexnizononosuii |[Ipennizononosuii | IlpennizononoBuii
rpymna 0CTeonopo3 0CTeonopo3 + 0CTeonopo3
(n=6) (n=6) HUTPAT KAJIbLII0 + kapOoHaTt
(n=6) KaJablilo (n=6)

KinbkicTh

BBEICHOTO Kasbiito, | 5,20+0,18 5,92+0,21% 7,78+0,1%" 16,84+0,41**

MI'

KinbkicTh

BuBeeHoro Kanbiito | 0,78+0,04 1,214+0,09%* 0,97+0,03*% 0,93+0,06"

3 CEYEI0, MT

Kinekicth

BHBeIeHOTO Kajbilito | 0,43+0,02 2,21+0,12%* 2,12+0,09* 2,27+0,1*

3 KQJIOM, MT'

3arajibHa KUIbKICTh

BHBEJICHOTO KajblIlito, | 1,22+0,08 3,47+0,11% 3,09+0,12%*% 3,21+£0,2*

MI'

Kanbuii, 1o

3aTpUMAaBCs B 3,98+0,1 2,454+0,12%* 4,69+0,16* 13,63+0,36**

OpraHiami, Mr

IIprmiTka:* — piBeHh 3HAYYIIOCTI BIAMIHHOCTEH y MOPIBHSAHHI 3 MOKa3HHUKAMH 1HTAKTHOI
rpynu, p<0,05; # — piBeHb 3HAUYNIOCTI BIIMIHHOCTE! Y IOPIBHAHHI 3 TOKa3HUKAMH IIypPiB 3
MIPEIHI30I0HOBUM OcTeornopo3om, p<0,05

3a TpUBANOro BBEACHHS MPEIHI30JIOHY BCTAHOBJIECHI OUIBII 3HAYHI BTPATH
KaJbLil0 3 KaJOM IIypiB, Y TBapuH JIPYyroi rpynu Hei MOKAa3HWK 3017IbIIMBCS B
cepenaboMy B 5 pasiB (p<0,05). IIpodinakTuyHe BBEJCHHS KNI B BUIIISII
muTpary abo kapOoHaTy, y TPEeThOi Ta YeTBEpTOi rpymax BiAMOBIIHO, CYTTEBO HE
BJIMBAJIO HA MI/IBUILEHE BUBEJICHHSI KaJIbIit0 (TalI. 2).

Ha Tn1i BBeieHHSI TPEHI30JI0HY, 3aBISIKH TOCHIICHOT eKCKpPELlii KaJIbIiIo 3 CeYeto
Ta KaJIOM, CIIOCTEPIrajaocsi 3MEHIIIEHHS KUTLKOCTI 3aCBOEHOTO OPTaHi3MOM KaJIbIliF0
y nux mypis Ha 38,4 % (p<0,05). HaBmaku, miciist 701aTKOBOTO BYKMBAHHS IIUTPATy
KaJIbLi0 Ta KapOOHATY KaJblIil0 IlypaMH TPeThoi a0 4eTBEPTOl IPyI LIeH MOKa3HUK
3pic i OyB Outbmum Ha 17,8 % (p<0,05) ta Ha 242,5 % (p<0,05) mog0 Takoro y
IHTAKTHUX TBapuH (TaodI. 2).

AJe KaJIbIIiH, 110 3aJIUIIUBCS B OPTaHi3Mi, HE 3aBK 11 BAKOPUCTOBYETHCS B OOMIHI.
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OcHOBHa Maca KaJbI[iF0 3HaXOIUThCS B KICTKOBIi TKaHMHI, sIKa BiIirpae poib JEIo
JUIsL IIAPKYIIIOIOYUX 3 KPOBOTOKOM 10HIB KaulbIit0. TOMy HACTYITHUM €TarioM poOOoTH
OyJ10 AOCHIPKSHHS CTaHy KICTKOBOI CUCTEMH TBapHH.

SIK BUJIHO 3 MpEACTaBICHUX JaHUX, Y WIYpiB, SIKi OTPUMYBAIHM MPEAHI30JOH,
CIOCTEPIraeThCsl TSHICHITIS /10 3HUKECHHST MiHEPaAJIbHOT IIUILHOCTI CTETHOBOT KiICTKH
Ta CYTTEBE 3HMKCHHS BMICTY 10HI30BaHOTO Kajbllil0 B CTETHOBiH KicTui Ha 27,8 %
(p=0,05) (tabm. 3).

Taouuis 3
MinepajibHa IIUIBHICTH, BMICT KaJIbIil0 Ta aKTUBHICTD J1ykHOI (JID) Ta kucaoi
docdaras (KP) B cTernosiii kicrui mypis 3 nNpeaHi3010HOBUM 0CTEONOPO30M
NPH BXKUBaHHI Pi3HUX GOPM KaJbLil0

Iloxa3zHuku IntaktHa |IIpeanizosionoBuii|Ilpennizononosuii|IlpeanizononoBuii
rpyna 0CTEeonopo3 0CTEeonopos3 + 0CTEeonopo3
(n=6) (n=6) IHUTPAT KAJBILiI0 + kapOoHaTt
(n=6) KaJIbliI0
(n=6)

Minepanbna |y 5000001 | 1.445:0,026 | 1.609£0,015% | 1,548+0,022¢

[TBHICTD, MI/MM

BwmicT xaibIiiro B
CTErHOBIN KiCTIL, 1,912+0,051| 1,381+0,092* 2,054+0,082% 1,620+0,035%*

MMOJIB/T

AxtusHicTb JIO B
CTETHOBIN KICTIL, 24,52+1,13 8,80+1,32* 12,03£0,92*# 9,02+1,32%#
MK KaT/KT'

AxtuBHicTs KO B
CTETHOBIM KICTIIi, 2,17+0,24 3,92+0,24* 2,80+0,25% 3,01+0,12%%
MK KaT/KT'

[Mpumitka:* — piBeHb 3HAYYLIOCTI BiAMIHHOCTEH Yy MOpPIBHSHHI 3 MOKa3HMKAaMH 1HTAaKTHOT
rpynu, p<0,05; # — piBeHb 3HaUYIIOCTI BiAMIHHOCTEH y IMOPIBHSIHHI 3 TOKa3HUKAMU ILIYPiB 3
MPEHI30JI0HOBUM OcTeornopo3om, p<0,05

JlomaTkoBe BBEICHHS JHKEPEIT KAJIBITIO CITPHSUIO TIOKPAIIEHHIO 000X TTOKa3HUKIB.
Tak, MiHepaIbHA MITBHICTH CTETHOBOI KICTKM TBAPHH, SIKI OTPUMYBAJIM Ha TII1 MIpeI-
HI30JIOHY IIUTPATy KaJbIlifo, 30unbmmnack Ha 11,3 % 1o BiAHOIIEHHIO 10 TOKa3HUKA
npyroi rpymu (p<0,05) Ta Ha 7,1 % BimHOCHO iHTaKTHHX 1IypiB (p<0,05).

[IBuamie 3a Bce, 30LTBIICHHS MIITFHOCTI CTETHOBOI KiCTKH ITypiB, SIKi OTPUMY-
BaJIM IIperapary Kaibliifo, 3A1HCHIOBAIIOCH 3aBISKH BKIIOYEHHIO I[OTO OCHOBHOTO
MakpoeJeMEeHTa 10 KiICTKOBOT TKAaHWHU. BMICT 10HI30BaHOTO KaJbIlil0 B CTETHOBOL
KICTKH IIypiB, sIKi OTPUMYBAJIX IIUTPAT KaJBIIiI0, 3pic Ha 48,7 % B MOPIBHAHHI 3 TIO-
Ka3HUKOM Y TBapuH Apyroi rpynu (p<0,05) Ta BiAMOBiJaB HOPMATEHUM 3HAUYCHHIM
(Tabmn. 3). Y TBapuH, m10 BXKUBAIHA KapOOHAT, BMICT KaJbIiI0 B CTETHOBIN KIiCTII 11O
BIIHOIIICHHIO JI0 3[I0POBHUX TBAPWH iHTaKTHOI rpymnu OyB Ha 15,3 % (p<0,05) HIK-
9uM, ajie 10 BIJHOIIECHHIO J0 IIypiB 3 ocTeonmopo3oM BummM Ha 17,3 % (p<0,05)
(Tabm. 3).
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Brpara KicTKOBOI TKAaHMHOIO KAJIBIIF0O MOXE OyTH HACIIIJIKOM 3HIKEHHS OCTe-
oreHe3y a0o MiJBUIICHHS KICTKOBOI pe3opOiiii. B mpociimkeHHi y TBapuH 3 Mojie-
JHOBAaHUM OCTEOIOPO30M 3apEECTPOBaHI 3MIHM aKTUBHOCTI KiCTKOBUX (ocdaras:
AKTHBHICTB NTyHOT pocdaraszu (JID) B cTerHoBii KicTIi, IKy MOKHA BBOKATH Map-
KEpOM OCTeoTeHe3y, Oyna 3HKeHa B 2,8 pa3u, a akTUBHICTB kucioi pocdarazu (KD)
—miaBuiieHa B 1,8 pasiB, 0 BKa3ye Ha YIIOBUIbHEHHS MPOIECIB KiCTKOBOI pe30pOiii
(tabin. 3). ToOTO TpUBase BBEICHHS MPEIHI30JI0OHY BHKIIMKAJIO 3MEHIICHHS 1HTCH-
CHUBHOCTI OCTEOTEHE3Y 3 OJIHOYACHUM ITiAIBULICHHSIM pe30pOiii KiCTKOBOT TKAHUHH.

JlonarkoBe BBEIEHHS IIypaM IIUTPATy KaJIbIi0 HA T MPEIHI30JI0HY MPUBEIIO
110 30ibIIeHHsT aKTUBHOCTI KicTkoBoi JI® nHa 36,7 % (p<0,05), a 3Ha4nTH ¥ iHTCH-
CHUBHOCTI OCTECOTCHE3y, HEe3BXKAIOUM Ha Te, IO IeH MOKa3HUK 30epiraBcs BIBIYi
HWKYMM, HDK piBEHb Y IHTakTHUX TBapuH. [IprOMM3HO Tak camo MiABUIIyBajiach
akTuBHICTh JI® B KICTKOBI/ TKaHHHI IIYPiB, SIKi OTPHUMYBAJIH KaJIbLiH y BUIVISAL Kap-
OoHary.

[MpodinakTuyHe BBEICHHS LHUTPATy CHPHUSIIO TaIbMyBaHHIO aKTUBHOCTI KiCTKO-
Bo1 K® Ha 28,6 % (p<0,05) Ta HOpMaJti3yBaJo el mokasHuk. [Ipu 1ibomy, BBEICHHS
KapOOHaTy KaJbLil0 TaKoX 3MiHIOBalIO akTuBHICTE KD, ane mMeHm 3Ha4yHO Ta 30e-
pirano #ioro Ha Bucokomy piBHi (p<0,05) mopiBHIHO 3i 3HAUYCHHSMHU Yy IHTAKTHUX
TBapHH.

[MocusieHe BUBEACHHS KaJIbIIIFO ITiJl BILTABOM IPEIHI30JIOHY MOXKE 3JiHCHIOBA-
THUCSI 38 PaXyHOK aKTHBaIlil MPOLECiB pe30opOLii KicTKOBOI TKaHWHU 3a y4acTio KO i
3HW)KEHHSI IHTEHCHBHOCTI OCTEOreHe3y 3a 1ornoMoroio JID, a 3HauuTh 1 BKIIIOUYCHHS
KaJIbI[iF0 B CKJIaJl T1[POKCUAIIATUTY KiCTKOBOI TKaHWHU. [IiITBEPIKEHHSM I[LOTO €
BCTAHOBJICHHSI B JTOCJII/PKEHHI CYyTTEBOTO 3MCHIIICHHS 10HI30BAHOTO KAJIBI[IIO B KiCT-
KOBill TKaHUHI, & TAKOK MiHEpaIbHOT IITBHOCTI CTETHOBOI KiICTKH Y IIIypiB, SIKi TPH-
BAJIO OTPUMYBAJIU MPETHI30IOH.

[NopiBHSIBHE TOCITIKEHHS MPO(UIAKTUYHOTO BBEICHHS KapOOHATy Ta IIUTPATy
KaJbLil0 3 PaKOBHH paria, BUSBWIO MEBHI MepeBard BILUIMBY LIUTPATy KaJbIilo HA
opranism mypiB. Tak, He3Bakaloun Ha Te, IO MPH BXUBAaHHI HUTPATy LIypPH OTPH-
MyBaJH y 3,5 pa3u KaJbllito MEHIIL, Hi)K 3 KapOOHATOM, 3a JOITIOMOTOIO MEepUIoro OyIo
JOCATHYTO OTbIN epeKTUBHE 3HMKEHHS €KCKPELii KalbLIi0 3 CEUEeI0 Ta MPUTHIYCH-
HSl aKTMBHOCTI KicTkoBO1 K® Ha T/1i 3Ha4HOT aKTHBaIlil OCTEOreHEe3y Ta BKIIIOUCHHS
KaJIbI[IIO0 IO CKJIAJY TiJPOKCUAIIATUTY KICTKOBOT TKAHWHH, & TAKOXK OUIBIII BUPaKEHE
MiIBUIICHHS] MiHEPAIbHOI MIIJILBHOCTI CTETHOBOI KiCTKH HIYpiB, SIKIM TPHUBAJIO BBO-
JIWITA TIPEJTHI30JI0H.

3a npodiTaKTHYHOTO BXKMBAHHS LIUTPATY KAJIBIIIO IypaMy KiTbKICTh KaJbIiIO B
ix opranizmi Oyna MeHIe B 2,9 pasu, HXK 32 BKHBaHHs KapOOHaTy, ajie el KalbIii
MaB OUIBII TO3UTUBHUHI BIUIMB HA CTAaH KiCTKOBOI CUCTEMH IIYPIB 3 OCTEOMOPO30M,
10, MOXKJIUBO, 3yMOBJICHO O1JIBIII BUCOKOK) OIOJJOCTYIHICTIO 1€l (JOPMH KaJbIlito,
a TaKoX — BUPaKEHOI 3JaTHOCTI UTPATy PEryloBaTi MeTa0oMi3M, a caMe TajJbMy-
BaTW JECTPYKTUBHI NPOLIECH B KICTKOBiM TKaHWHI, SIK1 iHAYKOBaHI MPEIHI30JI0HOM.
Kpim Toro, npu oHaKoBid 1031 BBeeHHs 000X (hopM Kambilito (300 Mr / kr) y mry-
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PpiB, sIKi OTpUMYyBaJIn KapOOHaT, 30epiraBcst MiABUIICHAN PiBEHb KaJbIIi0, 10 MOXKE
MaTy HeraTHBHI HACTIIKY U (PYHKIIOHYBaHHS HUPOK, TICYIHKH Ta CEPIEBO-CyAHH-
Hoi cucTeMH. Ba)XITMBUM BUCHOBKOM JIOCITIIPKEHHS € (PaKT iCTOTHOTO 3HMKEHHS PiB-
HSl BAKKMX METaJIiB B IIpolieci 00poOKH paKOBUHU panaHy JMMOHHOIO KHCIOTOIO.

[IpoBenene nocmimKeHHs OKa3y€e MEPCIEKTUBHICTh BUKOPUCTAHHS SIK JKepera
KaJblil0 pAKOBHH MOJIIOCKIB, 8 TAKOXK PO3POOKH e(eKTHBHUX IperapariB 3a A0MO-
MOTOK 00POOKHU CUPOBUHH JIMMOHHOIO KHCIIOTOO JJIsi OTPUMAHHSI IIUTPaTHOT (hop-
MU KaJIbIIiI0, SIKa € O1IbII 010/J0CTYITHO Ta €(hSKTUBHOIO MPH MOPYIICHHIX METa00-
Ji3My KiCTKOBOI TKAHWHH 1 IOCHJICHOI BTPAaTH KalbIiI0 OPraHi3MOM.

BucHoBkn

1. OO6poOeHuii TMMOHHOIO KUCIIOTOIO MOPOIOK 3 pakoBHH panaHu Onecbkoi
3aTOKH, Ha BIJMIHY BijJl HEOOpPOOJIEHOTO, BMIIlyBaB y 3,5 pa3u MEHIIE KaJbIIilo, y
13,6 pasiB— docdopy, y 2,1 pa3u — uHKY, y 3 pa3u — CBUHIIKO Ta OB HIX y 80
pasziB — Kaamito.

2. Tlpodinakrnunuii mpuitoMm KapOOHATy Ta LUTPATy KaJbIi0, OTPUMAaHUX 3
PaKoBHH paraHu, y HIypiB 3 MPEIHI30J0HOBUM OCTEONOPO30M NPHU3BOAMB JI0 HE-
3HAYHOI'O 3MEHIIEHHS KUILKOCTI BUBEAEHOIO KaJbLII0 Ta 10 301IbIIEHHS KaIbIIio,
10 3aJIMIIABCS B OpraHi3Mi BianosinHo Ha 242.5 % (p<0,05) ta na 17,8 % (p<0,05)
LIOJI0 TAKOTO y IHTAKTHUX TBapHH.

3. JlomaBaHHsS muTpary Ta KapOOHATY Kajbllif0, OTPUMAHUX 3 PAKOBUH para-
HH, 710 TKi IIypiB 3 IPEAHI30JIOHOBUM OCTEOTIOPO30M MPU3BOAUIIO 10 301IBIICHHS
BMICTY KaJIbIIif0 y CTETHOBIH KicTII I1ypiB BiamoBinHO Ha 33 % Ta 15%, a Takox 10
HOpMaJTi3allii MOKa3HUKIB MiHEPAJIbHOT IIIILHOCTI CTErHOBOT KICTKH.

4. TlpodinakTH4HUI MPUEOM HUTPATY KAJIbLiI0, OTPUMAHOTO 3 PAKOBUH paria-
HU, TPU3BOJIUB JIO MIABUILNECHHSI aKTUBHOCTI JIy>)KHOT (ocdarazu (Mapkepa ocTore-
He3y) Ta 3HMKCHHSI aKTUBHOCTI KHcioi ocdarasu (Mapkepa KiCTKOBOT pe3opOiii)
B OUIBIIOMY CTYIIEHI, HI’XK KapOOHAT KaJbIIiF0 BI/IHOCHO TBapUH 3 MPEIHI30JI0OHOBUM
OCTEOIIOPO30M.

Crarrsa Hagiinuia 1o penaxiii 04.04.2020
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EXCHANGE OF VARIOUS CALCIUM FORMS IN ORGANISM
OF RATS WITH PREDNISOLONE OSTEOPOROSIS

Abstract

Relevance. In order to reduce osteopenic condition, as well as risks of osteoporotic
fractures in patients who are on long glucocorticoid therapy, additional intake of cal-
cium-containing medications is required. Application of preparations of natural origin
for prevention of osteoporosis and increase of treatment efficiency is relevant, with
mollusc shells being likely to be considered as promising raw material for production
of calcium-containing medications.

The aim of the work was to carry out comparative research of efficiency of metabo-
lising in organisms of rats calcium obtained from Rapana shells (carbonate) or shells
treated with citric acid (citrate) at the background of long-terms intake of predniso-
lone.

Materials and methods. The research was performed on white rats of outbred breed-
ing, which for two months were modelled prednisolone (5 mg/kg) osteoporosis with
addition to the diet of non-treated (calcium carbonate) and treated with citric acid
(calcium citrate) crashed Rapana shells for prophylaxis. Rapana shells were analysed
for content of zinc, lead and cadmium by method of flameless atomic absorption pho-
tometry, of calcium — by method of titration with murexide, of phosphorus — spectro-
photometrically. The research also included determination of day amount of calcium
obtained by a rat organism and excreted with urine and feces. In femur of rats bone
mineral density, content of calcium and activity of phosphatases were determined.
Results and conclusions. Comparative study of preventive introduction of calcium
carbonate and citrate from Rapana shells found certain advantages of impact of cal-
cium citrate on rat organism. Thus, in spite of the fact that when given citrate, rats re-
ceived 3.5 times less calcium than with carbonate, the former contributed to achieve-
ment of more efficient reduction of calcium excretion with urine and inhibition of
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bone AP activity at the background of considerable activation of osteogenesis and
inclusion of calcium into composition of bone tissue hydroxyapatite, as well as more
expressed increase of mineral density of femur of rats which experienced long-term
introduction of prednisolone.

In case of preventive intake of calcium citrate by rats the amount of calcium in their
organism was 2.9 times lower than in case of carbonate intake, but that calcium had
more positive effect on the condition of bone system of rats with osteoporosis, which
might be explained by higher bioaccessibility of the said form of calcium, as well as
expressed ability of citrate to regulate metabolism, namely to slow down predniso-
lone-induced destructive processes in bone tissue. Moreover, with equal introduced
dose of both forms of calcium (300 mg/kg), rats which received carbonate preserved
a higher level of calcium, which can have negative consequences for functioning of
kidneys, liver and cardiovascular system. An important conclusion of the research is
the fact of considerable reduction of the level of heavy metals in the process of treat-
ing Rapana shell with citric acid.

Key words: osteoporosis; calcium citrate; calcium carbonate; Rapana.
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BILJIUB 1O30BAHOI HOPMOBAPUYHOI I'ITOKCII HA MOP®O-
OYHKIIOHAJIBHI 3MIHU 'EITATOLHUTIB HOPMOTEH3UBHUX
ITINEPTEH3UBHUX L1YPIB

[IpoBeneHo mocmimKeHHS 1 TOPIBHSIHHAS MOP(O-PYHKI[IOHATEHOTO CTaHy Te€MaTOIH-
TiB HOpMoO- (miHis Wistar) i cmonTanHo-TinmepreH3uBHUX (miHis SHR) mrypis micms
BIUIMBY J1030BaHOi HOpMOOapu4HO] Timokcii. Bussieno, mo i Mmopdomoriuni 3MiHN
TeTaTOIHTIB, 1 010XIMiYHI TOKa3HUKN aKTUBHOCTI MITOXOHAPIH KIITHH CBiAYaTh PO
MABUIIEHHS (hi310JI0TIYHOT pereHepartii i akTHBHOCTI TAPSHXIMH MTe9iHKH IIypPiB, SIKi
JIUXAJIH TIHOKCHYHOIO Ta30BO0 CyMImmIfo. JaHi 3MiHH O1TIBIIO0 MipOTO MTPOSIBIISIIHACS
y TiMepTeH3UBHUX IIyPiB, HIXK y TBapHH JiHii Wistar.

Kiro4oBi cioBa: medinka; mepepuByacTa TiloOKCist; apTepiajabHa TimepTeH3is.

B neuintii BinOyBaeThes 3a0€31eUeHHST OCHOBHUX METaOOIYHNX TIPOIIECIB B Op-
rafi3mi, a came: 0OMiH OiJIKiB, )KHPiB, ByIJIEBO/IB, OOMiH TOPMOHIB Ta iHIINX 0io-
JIOTIYHO aKTUBHUX PEUOBHWH, BITaMIiHIB i MiKpoelleMeHTiB. [lediHka € IeHTpaTbHIM
OpraHoOM JIETOKCHKaIlii, 1110 3abe3mneuye (aromuTo3 MiKpoOpraHi3MiB, 3HEIIKOKEH-
HSl TOKCHYHHAX PEYOBUH €HJIOTEHHOTO 1 €eK30T€HHOTO IMTOXOPKEHHSI, a TAKOXK 1X BUBE-
JIeHHs 3 opraHizmy [16]. V 3B's13Ky 3 BenmukuM (YHKIIOHAITEHAM HABaHTAXKCHHSM,
SKe JIATa€ Ha TEYiHKY, e OpTaH JOCUTHh Bpa3jMBHHA. 3a JaHUMHU CBPONEHCHKOT
acorriarii 3 BUBUCHHS ITEYiHKH, OMU3bK0 30 MITBHOHIB €BPOICHIIIB CTPAXKIAIOTH B
JAaHW{ 9ac BiJ XPOHIYHHUX 3aXBOPIOBAaHb IIHOTO OpPTaHy. Y 3B'SI3KY 3 IIHM 3POCTaE
aKTyaJbHICTh PO3POOKH HOBUX €(DEeKTHBHUX METOAIB MPO(DITAKTHKY 1 JiKyBaHHS 3a-
XBOPIOBaHb NediHKK. OTHUM 3 TAKHX METOJIIB MOYKe OyTH BUKOPHCTAaHHS JT030BaHOT
HOpMOOapuuHoi rimokcii (JIHI).

B nmanuit gac mepepuBuacta HopMoOapUIHA TIMTOKCIS BCE OUTBII MTHMPOKO BHKO-
PUCTOBYETHCS B KIIIHIYHIM MPAKTHUIN JJIS JTIKYBaHHS 1 MPO(ITAKTHKK PsTy 3aXBO-
pIOBaHb CEpIIEBO-CYINHHOI, IUXAIBbHOI, EHJIOKPUHHOI, TPABHOI, IMyHHOI Ta 1HIINX
cucteMm opranizmy [1, 14, 18, 19]. JliteparypHi AJaHi Mpo BIUTUB TIMIOKCUYHUX Ta-
30BHUX CYMIIIICH Ha CTAaH MEUiHKN HEOMHO3HAuHi. [le ToB's13aHO 3 BUKOPHCTAHHIM B
eKCIepUMEeHTaX TBApHUH PI3HUX BUMIB 1 BiKy, BIIMIHHOCTSIMHU B peXHMax ITO/1adi Ti-
MMOKCHUYHUX CYMIIIIeH, BIUIMBY TIiMOKCii B yMOBax Tino- abo HopMoOapii, Ce30HHICTIO
1 TPUBAJIICTIO MPOBEACHHS TOCTiAIB Ta iH. [1, 17]. BiapmmicTh KOCiKEeHD, TPUCBSI-
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yennx BBy JAHI™ Ha ctaH mapeHXiMU MEYiHKH, MPOBEACHO Ha HOPMOTEH3MBHUX
TBapuHax [6, 9, 13]. Toxui, sk poOOTH, B sskux Ou nociimkysascs Biums JJHI" Ha ctan
MEYiHKK Y TBAPHH 1 JIOACH 3 apTepialbHO0 TinepTreH3iero mooanHoki [21]. Mox-
Ha BBaxkaTH, 1m0 Biume JIHI Ha mrozeii, ab0 TBapuH 3 MiJIBUICHUM apTepialibHUM
THUCKOM MOXXE MaTH sIK MPSIMUH, TaK 1 ONOCEPEKOBAHNI BIUIMB HAa CTaH MapeHXIMH
neyiHky. 3 iHmoro OOKy, TpUBajia apTepialbHa TiMepTeH31sl TAKOK MOXKE MPUBECTH
JI0 TIOpYyIIeHHST MOP(O-PYHKI[IOHAILHOTO CTAaHYy MEYIHKU Ta 3MIHUTH TUM CaMUM
XapakTep alaTUBHUX MepeOya0B, XapaKTEpHUX JUIst BIUTMBY rinokcii. Lle 3ymoBiroe
HEOOXITHICTh TIPOBEICHHS JIOCII/PKEHb HA TBAPUHAX 3 MIJABUILICHUM apTepiaibHUM
THUCKOM.

Meta po60TH — JOCTIANTH 1 TOPIBHATH MOP(O-PyHKIIOHATBLHUN CTaH Ternaro-
LUTIB HOPMO- 1 TIlIEPTEeH3UBHUX 1ypiB micis BruuBy JHT.

Marepiaau Ta MeTOIH AOCTiIKEHHS

JocmipkeHHsT MPOBEACHO B OCIHHIN Tepiof Ha 24 HOPMOTEH3WBHUX (JTiHIS
Wistar) i 24 cnontanHo-rinepren3uBHux (miHis SHR) mypax-camipgix. Bik mrypis
Ha KiHeIlb eKCIIEPUMEHTY cTaHOBUB 4 micsli, Maca 270+10 r. Illypu nepedyBanu B
yHi(piKOBaHUX yMOBax Ha CTaHJAPTHOMY PalliOHI XapuyBaHHs. ApTepiadbHUN THCK
y IIypiB BU3HAYAIM B YMOBAX BiBapil0 HEIHBA3MBHUM METOJIOM Ha XBOCTOBIH apTe-
pii. Bci BuMiproBaHHS MPOBOJAMIIM 32 AONOMOroro cdirmomanomerpy (S-2 "SHE"
Himeyunna). B excniepumenT Opanu mrypiB minii SHR 3 cuctonmiyaum THCKOM He
Hwk4ae 145 MM prT. CT.

Teapunu Oynu posaineni Ha 4 rpynu: I i III — kouTponeHI mrypu niHii Wistar i
SHR Bignosigno, 11 i IV — nocninui mypu ninii Wistar i SHR. s npoBeneHHs
moneHHux ceancis JJHI™ miypiB nmomimanu B repMETHYHY Kamepy, B SIKy MOJaBajin
rimokcuyHy razoBy cymim (12 % kucHIO B a30Ti) B mepepuB4actomy pexumi (15
XBWJIMH JICOKCUTCHAIlis / 15 XBUJIMH PEOKCUTSHAIlisI TIPOTATOM 2-X TOJMH) 3a JIOIO-
MOTOI0 MEMOPaHHOTO Ta30pO3MOIUIBHOTO elleMeHTa. Pemry vacy mobu (22 roau-
HU) LIypH JUXald arMoc(epHUM MOBITpsiM. TpHBaiicTh €KCIIEPUMEHTY CKIajaaja
28 ni6. LlypiB BUBOAMIM 3 €KCTIEPUMEHTY LUIIXOM AMCIOKAIiil IIMHHUX XPeOLiB,
BIJIMTOBI/THO JI0 BUMOT MIDXKHAPOJIHUX PUHIUIIB €BpOTeiichkol KOHBEHIIi1. i1t Mop-
(osoriyHux 1 MOPHOMETPUYHUX JOCIIPKEHb, METOJIOM CIIIIOI paHaOMi3allii, Bijl-
Oupany 3pa3Ku TKAaHWHU TEUiHKH, 3 SKUX BUTOTOBIISUIM TiCTOJIOTIYHI Mpenaparu 3a
CTaHJapTHOIO METOAMKOI0: (pikcyBanu B piauHi byeHa, 3HEBOJHIOBaNM B CIMpTaxX
3pocTarouoi KOHIEHTpaLlii, 3aauBaiy B napadin. 3pizu hapOyBau reMaTOKCHIIHOM
Bemepa i eo3uHOM, a 7151 BUSIBIICHHSI €JIEMEHTIB CIIOTY4YHOI TKAHWHH — METOIOM Ban
I'3ona [3]. BukopucrtoBytoun mudpoBy Kamepy Mikpompemnapatd GoTorpadysaiu
Ha Mikpockoni «Nicon» (Snonis). Ha mudpoBux 300pakeHHSIX MpenapariB 31ii-
CHIOBaJI MOP(OMETPIIO 32 JIOTTIOMOTOI0 KOMIT'IOTepHOT iporpamu «Image J».

Ha ricromoriyaux 3pi3ax MEYiHKKW BUMIPIOBAIM CEePEIHIN JlaMeTp, IUIONLYy Io-
MIEPEYHOro Tepepidy renaroiuTiB, iX sjaep 1 IUTOIUIA3MHU; BU3HAYAIU SJICPHO-IIH-
TOIJIA3MAaTUYHE CITIBBIIHONICHHS; MiIPaXOBYBAJIU KIJIBKICTh OJHO- 1 JIBOSICPHUX
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KIIITUH 1 KUTBKICTh siiepertb Ha 100 siep renaronuTiB; BUMIPIOBAIN BiJICTaHb MK
CYMDKHUMH sIJIpaMu renaronuTiB. [1ipaxyHOK KiJbKOCTI IeNaToUTIB IPOBOMIN B
10 mosisix 30py MiKpOCKOIIa, @ BUMIPIOBAHHS IO 31HCHIOBAIN JIJIsl KOXKHOT KITITH-
HU 3 MiApaxXyHKOM CEPeAHbOro 3Ha4eHHs BiiHOCHO 100 KITiTHH.

VY cycnien3ii MITOXOH/Ipiii TeNaToUUTiB BU3HAYAIN aKTUBHICTh (DEPMEHTY CYKIIU-
HaTaerizporeHasn MerogoM KpuBueHKoBa 1 KOHIEHTpalito 0inky meromom Jloypi
[2].

OTpuMmaHi JaHi ONpanbOBYBAIM METOIAMH BapialiiHOi CTATHUCTHKH 3a JIOTIOMO-
rolo mporpaMHoro 3adesmnedeHHs Statistica 6.0 for Windows i nporpamu Microsoft
Exel 2010. /locToBipHicTh BIIMIHHOCTEH MK KOHTPOJIBHOIO 1 IOCITIHOIO TPyTaMH,
TicIIsl HONepeHbOI NepeBiPKH Ha HOPMAJIBHICTh PO3MO/ALTY, OL[IHIOBAJIH 3a t-KpHTe-
piem CtbrofeHTa. BiqMiHHOCTI BBa)aliv JIOCTOBIpHUMH TTpu 3Ha4eHH1 p < 0,05.

PesyabraTtn 1ocaixkeHn Ta ix 00roBopeHHst

Micna BBy JJHI mapenxiMa neuiHKM IypiB, HE3aJIeKHO Bij JiHi1, 30epirana
(hizionoriuny cTpykTypy. ['enaronutu — cepeiHbOro po3mipy, Majiu 100pe BUpaxe-
HY KIITHHHY MeMOpany. fapa — okpyrioi ¢opMH, 3 HEHTPaTbHUM PO3TaIlyBaHHIM
B KJiTUHI. SlnepHa MmemOpana Oyna 30epekeHa i Maja 4iTki KoHTypH. CTpYKTypHi
MEXI1 YaCTOUOK HEUITKO BUPAKEHI, IO BiJIIIOBIIA€ TaHOMY BUJYy TBapuH. M1k 10JIb-
KOBa CTIOJIyYHa TKaHWHa ciabo BUpakeHa. Saepis — okpyriiol popMH, cepeTHbOTo

po3mipy (=1 MkM) (puc.).

Puc. Mikpoghomoepaghisi neuinku xonmponvrux (a — ninist Wistar, 6 — ninist SHR) i oocnionux
(6 — ninis Wistar, 2 — niniss SHR) wypis. 3abapenenns 3a memooom Ban-I'izona. 36ineuenns 800
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VY CTpyKTypi MapeHXIMU MEYIHKU KOHTPOJILHUX ILIYPIB Pi3HUX JIiHIA HE BUSBU-
JIM CYTTEBHUX BiAMIHHOCTEH B OTPUMaHUX MOP(HOMETPUUHUX MOKa3HUKaX. BUHIATOK
CTaHOBHJIA JIMIIIE KIJIbKICTh IBOSZCPHHUX TENATOLUTIB, siKa Oyja JTOCTOBIPHO MEH-
oo Ha 36 % y urypis minii SHR, B mopiBHsiHHI 3 TBaprHamu Jinii Wistar (Tadm. 1).

Tabmuus 1
MopdomeTpuuHi NoKa3HUKHU renarouutis (n = 12, M = m)
Jlinisn Wistar Jlinis SHR
Mowkastuici K T'imoxkcuuna Iimoxkcuuna
OHTPOJIb . Kounrtpousb .
cyminmn cyMmim
Aiaetp remarorra, 170402 | 172403 | 16803 | 16004
glfﬁ?la Teliatonua, 290+ 5 267+7 270+ 6 235+ 6*
Tnoma sxpa, MM’ 40+ 1 40+ 1 43+ 1 42+1
glfﬁiua [IHTOTLTA3MH, 250+5 227+8 227+9 193 + 5%
SnepHo-
[UTOILIa3MaTHYHE 0,160 + 0,004 | 0,180 + 0,005* | 0,190 £ 0,006 | 0,220 + 0,002*
CIIIBBIHOIIEHHS
Kinbricts sizepeus B 1,59+0,04 | 1,81+0,06% | 1,75+0,06 | 2,11+0,11%
SIIPi, 1T
sInepueso-sepHe 0,040 £ 0,001 | 0,045 + 0,002* | 0,041 = 0,001 | 0,050 = 0,001*
CIIIBBIJHOIIICHHSA
3aransHa KUIEKICTh 123,9+42,6 | 122,5+3,6 | 130,8+22 | 1452 +2.4*
reNaToLMTIB, IIT.
KinbKicTh ONHOANCPHIX | 119 64 18 | 1178435 | 127,4+3,8 | 139,1+24
T'CIIaTouuTIB, IIT.
Kinbkicts ABOSACPHHUX 53405 47404 34404 6.1 + 0.4%
TEIaTONUTIB, IIT. ’ ’ ’ ’ ’ ’ ’ ’
CriBBITHOIIIEHHS
nBosiiepHi / ogrosiaepri | 0,045 £ 0,001 | 0,040 £ 0,001 | 0,027 £ 0,001 | 0,044 + 0,001*
remaToLuTH
Bigcranp Mix siapamu
CYMIXXHHX TCTIaTOIHTIB, 8,1+£0,2 7,703 8,4+0,3 7,1 £0,2%
MKM

[pumitka: Tyt iB Taom. 2 * p<0,05 — 10CTOBIPHICTH BIAMIHHOCTEH Y IIOPIBHAHHI 3 KOHTPOJIEM

Busiieno, 1o cTpykTypHi 3MiHH B IapeHXiMi ME4iHKN CIIOHTAaHHO-TiEePTEH3UB-
HUX LIYpiB, SKI AWXaJH TIHOKCHYHOIO Ta30BOI0 CYMIIIIIIO, MPOSIBISUIACS Oifiblie,
HDK y TBapuH JiHil Wistar. ¥ mrypiB 00ox niHiii, mo 3a3nasanu BBy JHI, BigMi-
YaJy 3MEHIICHHS PO3MIipiB TenaTouuTiB. Y TOCHiAHUX IypiB JiHii Wistar BUABHIM
TIJBKH TEHICHLIIO J10 3HMKCHHS IUIOMII HOMepeyHOro nepepizy renarouuTiB 1 iX nu-
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Toruta3Mu Ha 8 19 % BiINOBIAHO, B TOPIBHSHHI 3 KOHTpoJeM. Tofi, sSIK y IIypiB JiHii
SHR muroma KIiTHH 1 iX IUTOILIa3MHU JOCTOBIPHO OYJIM MEHIIMMH, BiJ] KOHTPOJIBHHUX
3Ha4eHb, Ha 13 % i 14 % BignosigHo. [Tpu mboMy, TUIOINIA Spa reMaTOUTIB, He3a-
JISKHO BiJI JTiHIT TBapHH, He 3MiHIOBajacs. SIK HACTiIOK OTO CIOCTEpiraiocs Jo-
CTOBIpHE 301IBIICHHS SJICPHO-IIUTOIIIA3MATUYHOTO CIIBBiHOIICHHS Ha 13 % (JiHis
Wistar) i 16 % (stiniss SHR) B mopiBHsHHI 3 KOHTposieM (Tab. 1). 30UIbIICHHS [IbOTO
MOKa3HUKA CBIIYMTH MPO 3pOCTaHHs (YyHKIIOHATBLHOTO HABAHTAXKCHHS Ha siipa Te-
MaTOLMUTIB, 110 MOJKE BKAa3yBaTH Ha MiJrOTOBKY KJIITHHH J0 MIiTO3Y 1 IOB'Si3aHy 3 HUM
IHTeHCU(]IKAIiI0 CHHTE3y HYKJICTHOBUX KUCIIOT, OLIKIB Ta iH. [5].

[Micnst BrumBy JIHI B sijjpax remnaTonuTiB JOCIIAHUX IIYPiB 000X JIiHIH KIBKICTh
syiepelb Oya J10CToBipHO OUThIIO Ha 14 % (ninis Wistar) 1 21 % (minis SHR), Hixk
y KOHTpOJbHUX. Lle mpu3Beno g0 3pocTaHHs SIEPLUEBO-SASPHOTO CITiBBITHOIICHHS
Ha 13125 % (p < 0,05) BignosixHo (Tadu. 1). [inepruiasis saepels € oHIE 3 03-
HaK akTUBalii (i310710TIYHOT pereHepalii renaToyTiB Ha BHYTPIIIHbOKIII THHHOMY
piBHi [8]. Ockinbku 10 OCHOBHUX QYHKIIH simepenp BigHocaTh cuaTe3 pPHK, 3 sikoi
YTBOPIOIOTHCS CyOOAMHUII pUOOCOM, BBAYKAIOTh, 1110 3POCTAHHS KiJBKOCTI saepelb
BKa3y€ Ha MiJBUINEHHS OITOKCHHTETUYHOI aKTUBHOCTI rematonuTis [11].

V neuiHIi 1oCHiTHUX TBapUH JIiHIi Wistar KUIBKICTh SIK OJTHOSIICPHUX, TaK 1 JBO-
SICPHUX TEMATOIUTIB He 3MiHIOBasiach. Toi, sik y TBapuH JiHii SHR, 110 3a3HaBa-
mu BBy JIHT, BusiBieHO 301nbIeHHs 3arayibHOT KitbkocTi (Ha 11 %, p < 0,05),
KIJIBKOCT1 ofgHosiiepHuX (Ha 9 %) i aBosimepuux (Ha 79 %, p < 0,05) renarouuris
MOPIBHSIHO 3 KOHTPOJIBHUMH 3HaueHHAMU (Tadi. 1). Y 1opocnux TBapHH 1 JIIOAWHH
JBOSIICPHI TeMaTOLUTH 3yCTPIUaOThCsl MOCTIHHO, ale iX BiJICOTOK MO BiJHOIIECHHIO
JIO 3araJibHO1 KUTBKOCTI KJIITUH MOXKE BapitOBaTH. BibIIICTh JOCIITHUKIB CXUIIbHA
BBa)KaTH, 10 YTBOPCHHS ABOSIICPHUX I'eIIATOLMTIB 3 OJHOSIEPHUX B MPOIIECi pere-
Hepalii € pe3epBoM NOJIIIIOIN3allii, SIKa € eKBIBAJICHTOM KIIITUHHHOMY PO3MHOKCH-
HIO [7, 12].

Micns BrumBy AHIT y mewinni urypis ninii SHR BusBHIM JOCTOBIpHE 3HMKEHHS
BIJICTaHI MIXK si/[paMu CyMDKHHX TenaronutiB Ha 15 % (tabi. 1). Ckopiur 3a Bee, 1ie
MOB'SI3aHO 31 3HWKEHHSM PO3MIPIiB T€MATOIMTIB JOCTIAHUX IIYPiB. AJie, 3MCHILICHHS
[[LOTO TIOKa3HUKA TAKOXK MOXKE CBIAUUTH MPO HIIIBHE PO3MIIICHHS KJIIITUH MiX CO-
0010 1 PO 3HIKEHHS KITBKOCTI MIKKIIITHHHOI CITOJTyYHOT TKAHWHH, IO € XapaKTep-
HOO O3HAKOK pereHepallii napeHXiMH MeUiHKY.

AKTHBHICTh CYKIIMHAT/CTIPOTEHA3! B CYCIIEH31i MITOXOH/piii TENaTOIMTIB J0-
cimiguux 1rypis inii Wistar i SHR 3pocina, BianoBiaHo, Ha 9 % 145 % (p < 0,05). Lie
MOKE€ CBITYMTH NPO MiABUIICHHS SHEPTETHYHOTO TOTEHIIATy MITOXOHIPiN KIIITHH
[4]. KonuenTparitist OUTKYy B CycIieH3ii MiTOXOHAPIN FemaToUTIB 301IbIINIACS TUTBKU
y CIIOHTaHHO-TINEePTeH3UBHUX HIypiB HA 49 % (p < 0,05), 1110 BKa3ye Ha MiABUILECHHS
OUIOKCMHTETUYHOT aKTUBHOCTI MITOXOH/IPiN KIiTHH (Ta0MI. 2).
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Tabmuus 2

AKTHUBHICTh CYKIMHAT/IETiIpOreHa3u i KOHIeHTPaIlis OLIKY B cycnen3ii MiToXoHapiii
renaronuTis (n =12, M £+ m)

IMoxa3nuku Jliniss Wistar Jlinis SHR
Kontpoas | I'imokcnyna | Konrpoas | I'imokcuyna
cyMmiln cyMiln
AKTHBHICTB 10,5+0,5| 11,4+0,9 | 88+0,8 | 12,8 +1,2%
CYKIIMHATICTIAPOTreHa3H, HMOJIb /
XB / MT
Konnerpartist 01Ky, Mr / T 2,84+0,18]2,78+0,11 {2,49+0,07|3,72 +0,18*

[HmMME moCTiTHUKAMU TaKoX BUSABICHO mo3uTuBHUY BrumB JHI Ha ¢yHKII-
OHAJIbHY aKTHBHICTH TIeUiHKHU. [loka3zaHo, IO Mics BIUIUBY TilMOKCii (B peXuMi 5
XB JICOKCHUTEHAITIS / 5 XB pEOKCUTCHAIIISI TIPOTATOM 2 TOAWH, TpuBaiicTio 10 mHiB), 3
10 % BMICTOM KHCHIO B a30Ti, aKTHBI3yBaJIUCS TUIACTUYHI TIPOTIECH B TTEHiHIII Iy PiB:
3pocia KiTbKICTh MITOXOHIIPiH, IIEPOKCUCOM, MEMOpPaH €HIOIUIA3MAaTHIHOTO PETH-
KYJIyMYy, JTI30COMHUX 1 JITTOQYCIIMHOBUX YTBOPEHb. BUABIEHO TaKOX TimepTpodiro
sIep TEMaTOIUTIB, TINMEPINIas3ito arpaHyIsIPHOTO €HAOIIIa3MaTHIHOTO PETHKYIIYMY,
MTOBHOKPIB'ss cuHycoimiB [6]. Michael S. M. i cmiBaBT. crocTepiraiu MOCHICHHS
eKcrpecii rimokcis-inaynuoeTbHuX Tpanckpummiianx ¢aktopis HIF-1o i HIF-2a
B TICYIHII TICJS BIUIMBY TIMOKCHYHOI ra3oBoi cywmimi [15]. [lokazano, mo 3a ko-
POTKOCTPOKOBOTO MEPIOAUIHOTO BIUTUBY TIiMMOKCIi BiTOYBA€THCS 3pOCTAHHS CHCTEMH
3aXUCTy KIITHHHUX MeMOpaH TenaToIUTiB, MO CBIAYNTE MPO MiIBHUICHHS aKTHB-
HOCTI aHTHOKcHaaHTHOI cuctemH [ 10]. Ilicis BITUBY 1030BaHOI TIMOKCiT BUSBICHO:
TTOJITIIIICHHS! KPOBOHAIIOBHEHHS TICYiHKH, aKTHBAIIIF0 MIKPOCOMAaJIbHOTO OKHCIICHHS
B TEIATOINTAaX, CTa0UTI3aIliI0 KIIITHHANX MeMOpaH, HOpMaTi3aIlifo akTHBHOCTI aMi-
HoTtpancdepas [13]. [lokazano, 1Mo iHAYKOBaHI TIMTOKCHYHOIO Ta30BOIO CYMIIIIITIO
Tpauckpuniiiiai ¢pakropu (HIF) perymoroTs mimigauit 0OMiH B TenaTonuTax, 3HH-
JKYIOUH TIPOTPECYBAHHS JKUPOBOi XBopoOw medinku [20].

TaxuM 9MHOM, Ha ITiICTaBi PE3yabTATIB HAIITNX AOCIIHKEHh MOYKHA TIPUITYCTHTH,
o 28-mo6osuii BrutuB JIHI™ akTHBYe mporecu dizionoridHoi perenepariii i GpyHKIi-
OHAJIBHOT aKTUBHOCTI IMTAPEHXIMH MTEUIHKA K HOPMOTCH3UBHUX, TaK 1 CIIOHTAHHO-Ti-
MIepTeH3UBHUX IypiB. [1po 1e cBiMUNTE 301MBIIICHHS KITHKOCTI ABOSIACPHUX KITITHH
1 siIeperts B sAapax TenaToIUTIB, 3POCTAHHS SASPHO-ITUTOIIA3MATHIHOTO 1 siAepIie-
BO-SIZICPHOTO CITIBBITHOIICHHS, @ TAKOXK ITiIBUIICHHS aKTUBHOCTI CYKITMHATIET1IPO-
TeHa3! 1 KOHIICHTpaIIii O1JIKa B CyCITeH311 MiTOXOH IpiH renmaroruTis. Lli maHi MOXYTh
MaTH He TUTbKHM TE€OpeTUYHE 3HAUEHHS, a W MPENCTaBIATH MMEeBHUN MPAKTUIHUHN iH-
TepeC MPHU BUKOPHUCTAHHI TITOKCHYHHUX Ta30BUX CyMillled B CAaHATOPHO-KYPOPTHHUX
a00 03I0POBYMX YCTAHOBAX IS TABUIIICHHS (PYHKITI] MTAaPEHXIMH TIEIIHKH ¥ XBOPHUX
3 HasIBHICTIO apTepialibHOI TITepTeH3I .
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BucHoBkn
1. TIlicnsa BIUIMBY T030BaHOT HOPMOOAPHUUIHOI TIMOKCIT 3MiHN MOpPQo-(QyHKITIO-

HaJHHOTO CTAaHy TEMATOIUTIB OUTBIIIOI0 MipPOIO MPOSBIISIIUCS Y TIMEPTEH3UBHUX IITY-
piB (mixis SHR), HiX y HOpMOTEH3UBHUX TBapuH (JIiHis Wistar).

2. Mopdomnorigai 3MiHA TENATOIUTIB 1 3MiHU O10XIMIYHIX ITOKA3HHUKIB AKTHB-

HOCTI 1X MITOXOHZPIN y HIypiB, SIKi AUXAJIN TIMOKCHYHOIO Ta30BOI0 CYMIIIIIIO, CBiI-
4aTh PO MiABUINEHHS (i310JI0TIYHOI pereHepartii i akTHBHOCTI MapeHXIMH MEeYiHKH
TTypiB.
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EFFECT OF DOSED NORMOBARIC HYPOXIA ON MORPHO-
FUNCTIONAL CHANGES IN HEPATOCYTES
OF NORMOTENSIVE AND HYPERTENSIVE RATS

Abstract

Problem. Study of the effect of dosed hypoxia on the hepatocytes activity and mor-
phometric parameters of rats of different lines.

The aim of the work was to investigate and compare the morphological and functional
changes in hepatocytes of normotensive and spontaneously hypertensive rats after
exposure to dosed normobaric hypoxia.

Materials and methods. The study was conducted in the autumn on 48 male rats of
the Wistar and SHR line. Experimental animals were given daily hypoxic gas mix-
ture (12 % oxygen in nitrogen) in intermittent mode: 15 minutes deoxygenation /
15 minutes reoxygenation for 2 hours. The duration of the experiment was 28 days.
Histological preparations were made from liver tissue using a standard technique.
Morphometry was performed using the computer program "Image J". The activity of
succinate dehydrogenase and protein concentration in a hepatocytes mitochondrial
suspension was determined.
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Results. It was revealed that morphological changes in the liver parenchyma and bio-
chemical parameters of hepatocyte mitochondria activity in spontaneously hyperten-
sive rats, breathing in a hypoxic gas mixture, were manifested to a greater extent than
in animals of the Wistar line. Experimental animals showed an increase in the number
of binuclear cells (SHR line) and nucleolus in the nucleus hepatocyte, an increase in
nuclear-cytoplasmic and nucleolus-nuclear ratio, as well as an increase in succinate
dehydrogenase activity and protein concentration (SHR line) in a suspension of he-
patocyte mitochondria. These data may indicate an increase in the functional activity
of hepatocytes and activation of physiological cell regeneration at the intracellular
level.

Conclusions. The effects of dosed normobaric hypoxia have morphofunctional signs
of increased physiological regeneration and activity of the liver parenchyma in spon-
taneously hypertensive rats to a greater extent than in animals of the Wistar line.

Key words: liver; intermittent hypoxia; arterial hypertension.
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COLLECTIONS OF INVESTIGATORS OF XIX CENTURY
HUNGARIAN FLORA IN E.E. LINDEMANN’S HERBARIUM
(MSUD)

Life of outstanding Hungarian investigators of flora was described and geography
their scientific collections was analysed. The main attention was paid to herbarium
collections, gathered or identified by A. Tauscher, V. Borbas, V. Janka in XIX cen-
tury, which are components of E. E. Lindemann’s herbarium — a valuable historical
herbarium of Odesa Mechnykov National University (MSUD) included into the list
of objects, which represent national property of Ukraine. The species from MSUD
collection, collected and identified by the named scientists, are presented.

Key words: herbarium, MSUD, collection, Hungarian investigators, A. Tauscher,
V. Borbas, V. Janka

In the herbarium’s collection of E. E. Lindemann, which is a part of MSUD her-
barium, there are plants from different regions of the earth. Eduard Emanuelovich
Lindemann (1825-1901), a well-known systematic botanist and florist, as a collector,
not only collected and described herbarium samples but also actively exchanged with
other herbariums, thus the list of collection authors contains more than 800 names
(http://news.onu.edu.ua/eng/treasures/single/11) [1]. However, most herbarium
sheets are from Europe. Many of them belong to investigators from the Austria-Hun-
garian Empire of XIX century: A. Tauscher, V. Borbas, and V. Janka, which have
the most specimens [2, 3]. Our work was aimed at choosing in the herbarium of
E. E. Lindemann and analyzing collections of the investigators, who studied Hunga-
rian flora, describing their role in the investigation of the said flora, and emphasizing
their main life events. Besides the indicated scientists, there are herbarium speci-
mens of L. Vagner from Marmarosh (Gentiana pyrenaica L., Sedum hispanicum L.,
Saxifraga pedemontana All.), J.F. Freyn from Tatry and Hungary (Dianthus glacialis
Haenke, Cerastium alpinum L., Alsine glomerata Fent.), Cardinal Dr. J. Haynseld
from Transylvania (Brucheinthalia spiculifolia Reichb. and Gallium capillipes Re-
ichb.), A. Schneller ( Allium ursinum L., Urtica radicans Balla), L. Richter (Lepidi-
um perfoliatum L. B simplex mini, Serratula radiata M.B.), Janos Kunstr (Fritillaria
Meleagris L.), and P.P. Wierzbicki (Bupleurum gerardia Jacq, Valeriana sudetia W.),
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in addition to the mentioned ones there are unidentified collectors: Vralolyi (Alsine
setacea Mert.et Koch. y pubescens Fenzl.) and Simkovich (Micropus conizaensis
Dubois) from Hungaria.

Materials and methods

As the materials for investigation served the herbarium collections of famous
Hungarian investigators of flora A. Tauscher, V. Borbas, and V. Janka, which are a
part of historical E.E. Lindemann’s herbarium collection. The biographical materials
of those scientists and considerable facts from their life were presented.

The herbarium sheets, gathered or identified by those scientists in the XIX cen-
tury in different parts of Hungaria, Europe, and also Asia were analyzed. The names
of plants, their taxonomy are presented in accordance with the terminology of those
times. The names of settlements are quoted from the information on the labels. In the
work classical generally known methods of herbarium collection analysis were used.

Research result and discussion

The major part of the collection from Hungary belongs to Gyula Agoston (Julius
August) Tauscher (08.01.1833-16.03.1882), who was a famous doctor and botanists
[fig.1]. There is no information about his secondary education. In 1851 he became a
student of medical faculty of Pest University. His study was interrupted by the war
on Sardinia. In 1861, he became a medical doctor, who first worked in Tarnaori and
from 1867 with Doctor Simon Georg Erch - in Ersch. In 1874 due to his active work,
he became the principal doctor of the company. The significant scientific investiga-
tion allowed him to become a famous Hungarian scientist.

He published two books: “Flora of
Czepel” and “Flora of Transsilvania” in
contact with famous scientists E. Halashi,
L. Reichenbach, A, Kerner von Marylaun.

As a specialist on studying Caryo-
phyllaceae family he published the de-
scription of genus Scleranthus in Austrian
Botanical Journal No 22 (1872) and No
24 (1874) - article “To flora of Hungary.”
He was inspired by Salamon Peten to also
investigate in the field of ornithology. In
1862, he became a member of the Hun-
garian Academy of Sciences [4, 7, §].

In table 1, G. Tauscher collection from
Czepel (1871-1872) is presented in sys-
tematical order of his time.

Fig.1 Gyula Agoston (Julius August)
Tauscher [5]
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Table 1
Systematical list of herbarium’ collection of G. Tauscher
Quantity of
NN Family
genera species forms
1 Aceraceae 1 1
2 Amarylidaceae 1 1
3 Boraginaceae 2 2
4 Caesalpiniaceae 1 1
5 Campanulaceae 1 2
6 Caryophyllaceae 7 12
7 Celastraceae 1 1
8 Chenopodiaceae 5 5 1
9 Compositae 15 22 1
10 Crassulaceae 1 1
11 Cruciferae 7 8 1
12 Gramineae 3 3 1
13 Juncaginaceae 1 1
14 Labiatae 6 7 2
15 Leguminosae 4 9
16 Liliaceae 1 4 2
17 Limoniaceae 1 1
18 Lythraceae 1 1
19 Malvaceae 1 1
20 Melantiaceae 1 1
21 Oleaceae 1 1
22 Plantaginaceae 1 1
23 Ranunculaceae 4 5
24 Resedaceae 1 2
25 Rosaceae 1 1
26 Rubiaceae 1 1
27 Salicaceae 1 1
28 Santalaceae 1 1
29 Saxifragaceae 1 1
30 Scrophulariaceae 2 2
31 Simaroubaceae 1 1
32 Solanaceae 1 1
33 Umbelliferae 3 4
34 Urticaceae 1 1
35 Violaceae 1 1
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In the herbarium, there are 112 herbarium sheets of 109 species and eight forms
of plants from Magnoliophyta, which belong to 82 genera and 35 families. The
most species there are in Compositae (Asteraceae) (15 g. 22 sp.), Caryophyllaceae
(7 g. 12 sp.), Leguminosae (Fabaceae) (4 g. 9 sp.), Cruciferae (Brassicaceae) (7 g.
8 sp.), Labiatae (Lamiaceae) (6g. 7 sp.), Chenopodiaceae (5 g. 5 sp.), Ranunculaceae
(4 g. 5 sp.), Umbelliferae (Apiaceae) (3 g. 4 sp.), Liliaceae (1 g. 4 sp.), Gramineae
(Poaceae) (3 g. 3 sp.). Boraginaceae and Scrophulariaceae have two genera and two
species, one genus and two species — Campanulaceae and Resedaceae. 21 families
have one species.

The biggest genera are Scleranthus (5 sp.), Allium (4 sp.), Astragalus, Cytisus,
Inula, Senecio (3 sp.). There are 10 genera with with two species. We must indi-
cate that between species of Scleranthus, which are in this herbarium, three species
were identified by L. Reichenbach, and one received his name in honor of Tauscher:
S. biennis Reutrm., S. dichotomus Horng., S. stipatus Reichb., S. tauscheri Reichb.,
S. tenellus Reichb. (syn. S. verticillatus Tauscher, 1829)

Among the herbarium species the name of Tauscher was given to Centaurea taus-
cheri Kern. (which was gathered on 2.08.1872 by Tauscher in Pest) and Aegilops
tauschii Coss. (syn. A. squarrosa L.), which was gathered in Caucasus by Medve-
dev). Among the species, defined by Tauscher, we indicated Marrubium reichardtii
Tausch. [Fig. 2.], Bromus brachystachys Horng. (syn. B. aegypticus Tausch.), Ribes
multuflorum Kit. (syn. R.urceolatum Tausch.).

Fig. 2. Label of Marrubium Reichardtii Tauscher (1871), which was collected by A. Tauscher
22 july 1871 in Czepel
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Vince Borbas von Deiter (29.07.1844-7.07.1905) — Hungarian doctor, botanist
and philologist [fig. 3].

EBBEN AZ EPULETBEN ’
AZ EGYKORI V.KER. FOREALISKOLABAN
TANITOTT 1872-T0L 1902-1G
Dt BORBAS VINCE
1844 —— 1905
A MAGYAR FOLD NOVENY VILAGANAK
EUROPA-HIRU KUTATOJA

EMLEKENEK ALLITTATTA A
MAGYAR TUDOMANYOS AKADEMIA  MAGYAR BIOLOGIAI TARSASAG
BloLooial OSZTALYA BOTANIKAL SZAKOSZTALYA

L e

a b

Fig. 3. a. Vince Borbas von Deiter. b. Memorial plaque on the school, where he was a teacher
in 1872-1902 [9]

He was born and lived firstly in poverty, so everything that he achieved in his life
he realized himself. In 1860, he graduated from a gymnasium and in 1868 became
a student of Budapest University, where in 1871 he became an assistant of botany
professor Layosh Urania. In 1874, he received the rank of a doctor of philosophy. In
1874 - 1875 he worked with famous systematics scientists Alexander Braun in Ber-
lin and Anton Kerner in Innsbruck. In 1880 he became a doctor of technical sciences
and in 1898 — an extraordinary professor. In the same time in 1872-1902 he worked
as a teacher of a real school in Budapest [fig.3, b]. He regularly investigated the flora
of different parts of Hungary. In 1902, he became a Cluz university professor and di-
rector of the botanical garden, where he worked to the end of his life. He named 101
plant species, for example, Acer bedoi Borbas, Heliotropium gymnocarpum Borbas
etc.

In the herbarium on the 69 sheets, there are 1873-1888 collections mainly from
Walachia. Their systematical list is presented in table 2.

In table 2 there are plants, which belong to 61 species and 3 forms from 44 gen-
era, 22 families, three classes: Polypodiopsida, Liliopsida and Magnoliopsida and
two sections: Polypodiophyta and Magnoliophyta, The greatest quantity of species
are in Compositae (Asteraceae) (11 g. 13 sp.), Caryophyllaceae (4 g. 10 sp.), Le-
guminosae (Fabaceae) (7 g. 9 sp.), a takoxx Campanulaceae (2 g. 4 sp.), Liliaceae,
Labiatae (Lamiaceae) (3 g. 3 sp.), Cruciferae (Brassicaceae), Saxifragaceae, Vale-
rianaceae (2 sp.). There are 13 families with one species. The genus Scleranthus is
biggest on with 6 species, which were identified by Reichenbach or named in his
honor: Scleranthus galescens Reichb., S. juvenius Rchb., S. Neogradensis Reichb.,
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S. Reichenbachii Taush., S. subbracteatus Rscb., S. valachius Reichb. There is one
genus with three species Cytisus: Cytisus leucotrichus Kit., C. procumbens Lpr.,
C. supinus L. and 6 genera with 2 species: Achillea, Alsine, Artemisia, Cerastium,
Saxifraga, Valerianella.

In fig. 4 there is the label of Picris pyrenaica L., which was gathered on August 6,
1873 by Borbas in the shady forests (Silvio umbrosio) of flora Banatica.

Table 2
Systematical list of plants from V. Borbas’ herbarium
NN Family Quantity of
genera species forms
1 Aspidiaceae 1 1
2 Aspleniaceae 1 1
3 Campanulaceae 2 4
4 Caryophyllaceae 4 10
5 Compositae 11 13 2
6 Crassulaceae 1 1
7 Cruciferae 2 2
8 Euphorbiaceae 1 1
9 Fagaceae 1 1
10 Iridaceae 1 1
11 Labiatae 3 3
12 Leguminosae 7 9 1
13 Liliaceae 3 3
14 Melantiaceae 1 1
15 Ranunculaceae 1 1
16 Rosaceae 1 1
17 Rubiaceae 1 1
18 Saxifragaceae 1 2
19 Scrophulariaceae 1 1
20 Umbelliferae 1 1
21 Valerianaceae 1 2
22 Violaceae 1 1
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Fig. 4. Label of Picris pyrenaica L., collected by Borbas in 1873

Victor Janka von Bulcs (24.12.1837—
e 8.08.1890) — Austrian military officer and
botanist [fig.5].

He was born in Vienna, served as an
officer in a cuirassier regiment of Austrian
Emperor’s army. After resigning, he be-
came the curator of the botanical section
of Budapest National Museum, where he
worked till 1889. He gathered many plants
in Austria-Hungarian Empire, which now
are in herbarium of Romanian university
in Babes-Bolyai [6], identified and de-
scribed some species of plants, including
Colchicum hungaricum Janka. His name
was given to relict genus Jankea, and such
species as - Himantoglossum jankae and
Chamaecytisus jankae. In table 3 there is

Wl = Fariles systematical spectrum of plants, collected
by him and included into MSUD herbar-
Fig. 5. Victor Janka von Bulcs ium.

The collection of plants in MSUD, gathered by V. Janka are on the 15 herbarium
sheets, they belong to 8 families, 10 genera, 14 species. There is genus with three
species Dianthus (D. aridus Griseb., D. pinifolius Sm., D. viscidus Bor.et Chaub.)
and genus with two species: Achillea and Hypericum.

We indicated the species, which were identified by V. Janka, but gathered in other
places: Achillea sericea Janka (which was gathered in 1865 in Serbia) and Prim-
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ula frondosa Janka (which was gathered in 1871 in Turkey)[6] etc. It is necessary
to draw the main attention to Achillea pseudopectinata Janka, which was gathered
12.06.1871, and received his name in 1871.

Table 3
Systematical spectrum of plants, gathered by V. Janka in 1865-1871

NN Family Quantity of
genera Species

1 Caryophyllaceae 2 4
2 Campanulaceae 1

3 Compositae 2 3
4 Boraginaceae 1 1
5 Guttiferae 1 2
6 Leguminosae 1 1
7 Primulaceae 1 1
8 Rubiaceae 1 1

Fig. 6. Herbal sheet and label of Primula frondosa Janka (autotypus), which was collected by
V. Janka in 1871
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Among the species, identified by V. Janka, but gathered by other investigators,
there are Fuphorbia fragifera Jan. — species, which was gathered by Buhse in Triest
and Melica ciliata L.var., which is a synonym of M. Magnolii Janka.

Conclusion

So, in E.E. Lindemann’s herbarium collection in MSUD there are 200 species,
which were gathered in XIX cent. by investigators of Hungarian flora. The greatest
quantity belongs to G.Tauscher, V. Borbas and V. Janka. These historical herbarium
samples can be used to study the changes in the flora of Europe, the study of climate
change, as well as the dynamics of the genetic diversity of populations. The stored
samples can be used as autotypes to clarify scientific priority and understand the
volume of taxa.
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Pesrome

Beryn. Tepbapna xomekmis kadenpu Ootanikn OechKoro HaliOHaJIBHOTO
yHiBepcurery imeni I. I. MeunukoBa (MSUD) mpexncraBieHa HHU3KOIO iMEHHHX
KOJIEKIII BU3HAYHMX BUeHUX-00TaHikiB XIX-XX ctomtrsa. Okpeme Miciie cepe HuX
Mmae rep6Oapiit E. E. Jlinnemanna (1825-1901), y marepianax SKOro, OKpiM POCIHH
BJIACHOPYY 310paHMX Ta BU3HAUCHHUX KOJEKTOPOM, 30epiraroTbcs repOapHi 300pu
6ipmr Hixk 800 BYeHMX-00TaHIKIB, 0 OyJIH OTpUMaHi BHACIIIOK repOapHOro 0OMiHy.
MeToro pobotu Oyno BuainuTy 3 repbapito E. Jlinnemanna ta mpoanamisyBaru 360pu
YTOPCHKHUX JOCIHITHHUKIB, OXapaKTepU3yBaTH iX POJIb Y BUBUCHHI perioHaNbHOI (hopu
Ta OKPEeMHX TaKCOHIB, MiKPECIUTH OCHOBHI Moii B 6Giorpadii BueHUX.

PesyabTaTu. Ha3u pocinH Ta iX CHCTEMAaTHKY MTOJAHO 3a TEPMIHOJIOTI€I0 TOTO Jacy.
[TpuB’s3ka 1o reorpadivHUX MyHKTIB 3/11HCHIOBAJIACS BIAMOBITHO 10 TEKCTY €THKETOK.
B nochimkeHHI BHKOPHUCTOBYBAJIHMCS OCHOBHI 3arajlbHOBIIOMiI METOOHM aHai3y
repOapHUX KOJNEKIIN Ta JiTepaTypHUX [DKepel. 3HauyHa JacTKa repOapHuX 3pasKiB
3 xonrekuii E. Jlinnemanna, 3i0paHux y pi3HUX KyTOUKaxX YTOPIIMHU (a TaKOXK 1HIITHX
perioHiB €Bponu Ta A3ii), HAIEKUTH TOCTITHUKAaM 3 ABCTPO-Yropchkoi iMmepii XIX
ct.: A. Taymepy, B. bopbacy ta B. fumi. B cTarTi KOPpOTKO OXapakTepH30BaHO iX
YKUTTEBHUH NIUISX 1 BKa3aHO BUIM, 310paHi 1 Bu3HaueHi HUMU. OKpiM IUX JOCITiTHUKIB
3ycrpivatothes repbapsi 36opu JI. Baruepa 3 Mapmapouy (L. Vagner), 1. . ®peiina 3
Tapry Ta Yropimnu (J. F. Freyn), Kapimnana nokropa M. Taitacenbaa 3 Tpancinspanii
(Cardinal Dr. J. Haynseld), O. Illnemiepa (A. Schneller), JI. Pixrepa (L. Richter),
Slnoca Kyncrpa (Janos Kunstr) ta I1. I1. Bepxouuskoro (P. P. Wierzbicki), okpim
1BOTO € HeleHThdikoBaHi Hamu KosekTopu: Vralolyi Ta Simkovich.

3axkmrouenns. 3 xonekuii E. Jlingemanna Oyiro BUAIICHO Ta MPOAaHATI30BaHO ITOHAT
200 BuziB pociuH, 310paHUX YyTOPCHKIMHU BYCHUMH, 1110 MOXKE Oy TH BUKOPUCTAHO IIPU
BUSIBIICHHI 3MiH y (u1opi €BpoITi, BUBYCHHI BILIMBY KJIIMary, IMHAMIKH T€HETHYHOTO
PO3MAITTA MOMYJISAMiKA, Tomo. TakokK MEpCHeKTHBHUM HANpPSIMKOM TIepOapHUX
JOCTIKCHb € BUSBICHHS Ta JOCITIMKCHHS AyTOTHIIIB 3 METOI0 BCTAHOBJICHHS
HAyKOBOTO MPIOPUTETY B OITKCI BUIY Ta 00CATY aBTOPCHKOTO PO3YMIHHS TaKCOHIB.

KirouoBi cioBa: repbapiit, MSUD, komexii, yropceki mocmigauku, A. Taymep,
B. Bopbac, B. flnka
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ITPABUJIA J1JIs1 ABTOPIB

1. TIPODLJIb ) KYPHAJY

1.1. «Bicauk OpechKoro HalioHaIBLHOTO YHiBepcuTeTy. bionorisy 3nilicHioe Taki
myOmiKarii:

1. Hayxkogi crarri.

2. Koporki nmoBioMIIeHHSI.

3. Marepianu koH(DEpEHIIIH.

4. Peuensii.

5. Marepianu 3 icTopii HAyKH Ta YHIBEPCHTETY.

1.2. YV neBHOMY KOHKPETHOMY BHITYCKY OJMH aBTOpP Ma€ MPaBO HAAPYKyBaTH
TIIBKH OJJHY CAMOCTIHHY CTaTTIO.

1.3. MoBa BuiaHHs — yKpaiHChKa, aHIIIiChKA.

1.4. Jlo penaxiiii «BicHuKa...» OAA€THCS BiJIpeIarOBaHUi 1 TIOTOJKCHUHN 3 pe/l-
KOJICTI€I0 TEKCT CTaTTi, 3alMCaHOl Ha eJIeKTPOHHOMY Hocil y dopmari *.doc (rap-
HiTypa Times New Roman (Cyr), kerib 14, Bigcrans Mix psakamu 1,5 iHTEpBam;
noJisi: JtiBe — 2,5 cM, npase — 1,5 cM, BepXHE — 2 CM, HIDKHE — 2 ¢M), HaOpaHuit 06e3
3acTocyBaHHs (QyHKIIT «Po3cTaHOBKA MEPEHOCIB» Ta J[Ba EK3EMILISIPH «PO3IPYKiB-
KW 3 HEl.

Pesrome BoMa J10IaTKOBUMH MOBaMH (3pa3ok oopMIIeHHs ImyOutikailii HaBe/e-
HO Hanpukinii [TpaBui).

Pexomennaris kadeapu ado HAYKOBOI YCTAHOBH JI0 JIPYKY.

2. HIAI'OTOBKA CTATTI - ObOB’AA3KOBI CKJIAIOBI

OpuriHaibHa CTaTTs Ma€ BKIIIOYATH:

2.1. Betyn, B sikoMy 0OTOBOPIOIOTH aKTyaJIbHICTh IPOOIIeMH, (POPMYJTIOIOTh
METY Ta OCHOBHI 3aBJIaHHS JIOCJIIIKCHHSL.

2.2. Marepianu i METOIU AOCIIKCHHS.

2.3. Pe3ynbraru 10CIIHKEHDb Ta IX 00rOBOPEHHS.

2.4. BUCHOBKH.

2.5. CriucoK BUKOPUCTAHOT JITepaTypH.

2.6. Pe3tome moaeThest yKpaiHCHKOKO Ta aHIIIIHCHKOK MOBaMHU

2.7. KnrouoBi ciosa.
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3. O®OPMJIEHHS PYKOITUCY, OBCAT, IIOCIIAOBHICTb
TA PO3TAITIYBAHHSA OBOB’AA3KOBUX CKIAJOBUX CTATTI

3.1. Obcsar pykonmcy HayKOBOi CTaTTi (3 ypaxyBaHHSM MAaJIOHKiB, TaOJIUIb
1 MAMUCIB 10 HUX, Pe3loMe, CIUCKY Jiteparypu) — 10—18 cTOpiHOK IpyKOBaHOTO
TEKCTY, OTJISIIIB — JI0 25 CTOPIHOK, KOPOTKHUX MOBiTOMIJIEHB — JI0 2—6 CTOpiHOK. Py-
KOTHUCH OIJTBITIOro 00CATy MPUHMAIOTHCS 0 KypPHATY TITBKH IICTS TOTIEPEaHBOTO
Y3TOJKEHHS 3 PEIIKOJIETIEO.

3.2. [TocninoBHICTh APYKYBaHHS OKPEMHUX CKJIAJ0BHX HAYKOBOI CTATTi Mae OyTH
TaKOIO:

1. VK — B niBOMY BEpXHbOMY KyTKY IEPLIOr0O apKylIa.

2. llpizBuuie Ta iHinianu aBTopa (aBTOPiB) MOBOIO CTaTTi, BYCHUH CTYIiHb Ta
nocaja.

3. Ha3a HaykoBO1 ycTaHOBH (B TOMY YHCII BiJAily, KadeapH, e BAKOHAHO
Tpaito).

4. TloBHa mowmToBa aapeca (3a M>KHAPOAHUM CTAHAAPTOM).

5. Hassa crarti. Bona moBuHHa TOYHO BiIOMBATH 3MICT mpaili, OyTH KOPOTKOIO
(B Mexax 9—12 MOBHO3HAYHMX CJiB), MICTUTH KJIFOYOBI CIIOBA.

6. AHOTaIis MOBOIO OpPHTiHANy APYKY€ETHCS MEPEe] MOYAaTKOM CTaTTi 3 BIACTY-
nom 20 MM Bij aiBoro nosst. Mictuth He Ouiblle 50 ITOBHO3HAYHUX CIIIB 1
niepeaye (OKpeMuM ab3a1ioM) OCHOBHOMY TEKCTY CTaTTI.

7. [Ilig aHOTAIi€l0 IPYKYHOTHCS KJIFOYOBI CJIOBA, SIKI BIJIOKPEMITIOIOTHCS Kparl-
KOO 3 KOMOIO.

8. Jlani fizie TEKCT CTATTI, 1110 BKIIFOYA€ OCHOBHI 3MICTOBI PO3JIUIH, CIIMCOK BH-
KOPHCTaHOI JIiTepaTypH.

9. TalOnuii Ta MaJFOHKU Pa3oM 3 MiJANMKUCaMHU Ta HEOOXITHUMHU MOSCHEHHIMH JI0
HUX PO3MILIYIOTBCS Y TEKCTi CTATTi, MIiCIS MEPUIOTO 3rayBaHHs PO HUX Y
TEKCTi.

10. Ha okpemoMy apkyIi MogaroThCsi pe3tomMe (YKpaiHChKOIO Ta aHIiHCHKOO
MOBaMH), 0()OPMJICHHX TAaKMM YMHOM: NPI3BHIIC Ta iHilialu aBTOpa (aB-
TOpIB), HA3Ba HAYKOBOi YCTaHOBH, [TIOBHA IMOILITOBA a/ipeca YCTaHOBH, Ha3Ba
crarTi, ciioBo «Pe3tome» (Abstract), TekCT pe3rome, KIIrouoBi ciioa. Pesrome
MOBUHHE OyTH 3p03yMiIuM Oe3 3BepTaHHS J0 caMoi MyOJiKallii BKIFOYaTH
aKTyaJbHICTh MPOOJIEMH, METY, METOIH TOCIIIKCHHS, OCHOBHI pe3ynbTaTi
JOCHIJKEHHSI, BUCHOBKU Ta KOHKPETHI mpomno3ulii aBropa. O6’eM pestome
250-280 cniB. lomarkoBo: TenedoH Ta enekTpoHHa aapeca (e-mail) s
criBnpaui 3 aBropamu, ineHtudikarop ORCID aBropis.

3 OCHOBHUMHU BUMOTam# J10 «Pe3tomey» MokHa 03HAHOMUTHCH Ha caiTi http://
visbio.onu.edu.ua/about/submissions# authorGuidelines.

3.3 Crarrts moBMHHA OyTH MiANKCaHA aBTOPOM (2BTOPaMH).
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4. MOBHE O®OPMJIEHHSA TEKCTY: TEPMIHOJIOI'TSA. YMOBHI
CKOPOYEHHS, IOCUJIAHHS. TABJINLI, CXEMHU, MAJIFOHKA

4.1. ABTOpH HECyTh IMIOBHY BiAMOBINATBHICTE 32 O€3I0TaHHE MOBHE O()OPMIICHHS
TEKCTY, 3a TIPABIWIbHY YKPaTHChKY HAayKOBY TepMiHOMOTIIO (i1 ciig 3BipsiTH 3a daxo-
BHMH TEPMiHOJIOTIYHUMHU CIIOBHUKAMH).

4.2. JlatmHCBHKI OionmoriyHi TepMiHM (Ha3BU BUJIB, POJIiB) MOMAIOTHCSA 00OB’A3KO-
BO JIATUHUIICIO 1 KypCHBOM. 3a TIEPIIOTO BXKUBAHHS JIATHHCHKOT HA3BU Y JTYXKKaX CITiJ]
000B’SI3KOBO MO/IATH YKPATHCHKHUH BiMOBITHUK HA3BH.

4.3. SIk11o 4acTo MOBTOPIOBAHI y TEKCTI CJIOBOCIOIYYCHHS aBTOp BBaXKae 3a Io-
TpiOHE CKOPOTHUTH, TO TaKi aOpeBiaTypH 3a MEepIIOro BKUBAHHS HABOAATD y AyKKax.
Hamnpuknaz, cenexmiitHo-reneTnanmni iHcTuTyT (nam CI'T).

4.4. TlocwtaHHA Ha JITEPATypy MOMAIOTHECS y TEKCTI CTATTi, 000B’SI3KOBO Y KBa-
JIpaTHUX AyXkKax, mudpamu. Hudpa B gyxkax mo3zHagae Homep mpari y «Crmcky
BHUKOPHUCTAHOI JliTepaTrypu». Ha3Bu mpails y CUCKy JiTepaTypy pO3TaIIOBYIOTHCS Y
andasiTHOMY OPsAKY 1 odopmirorotbes 3a [OCT 7.1:2006.

4.5. Hudposuii MaTepial, Mo MOXKIHBOCTI, CITiJT 3BOAUTH Y TAOJIHIIl 1 HE TyOITIO-
BaTH y TeKcTi. Tabmuii moBwHHI OyTH KOMIAKTHUMH, MAaTH TOPSIAKOBUN HOMED;
rpadu, KOJTOHKH MarOTh OyTH TOYHO BU3HAYEHWMHU JIOTiUHO 1 rpadiyno. Lludpposuit
MaTepian TabIuIs ITOBUHEH OyTH 00pOOIeHUIT CTaTUCTUIHO. Marepiai TabauIlh (SIK
1 MaJTIOHKIB) TTOBHHEH OyTH 3pO3yMUINM HE3alle)KHO BiJ TEKCTy cTarti. [Ipn 00’ ex-
HaHHI JEKIJTBKOX PUCYHKIB a0o0 (hororpadiii B OMUH PUCYHOK PEKOMEH]Iy€EThCS IO~
3HaYaTH KOXKEH 3 HUX MPOIMCHUMH JIITepaMH 3HU3Y.

4.6. PucyHKu BUKOHYIOTECS Y Tiporpami «/liarpama Microsoft Excel» Ta BcTas-
JAI0ThCS Y TekcT. KoxkHa KprBa Ha pUCYHKY MOBHHHA MaTH HOMEp, 3MICT KPUBHX
MOSICHIOETRCS Y TIANICAX IMiJT pucyHKoM. Ha ocsax aGcruc i opauHar pucyHKa 3a3Ha-
YaEThCA JIUIIE BETMYMHA, 10 BUMIPIOETHCS, 1 po3MipHIcTh B oquHHUIIX Cl (%, MM,
r i T.m.). Maremarnuni (XimMi4Hi) GOPMYSTH BHKOHYIOTHCS 3aC00aMH BHYTPIITHHOTO
penakTopa dpopmyn «Microsoft Equaly i, mpu morpebi, HyMepyroThCsl.

4.7.Y po3aim «Pe3ynsTati JOCIIHKEHD Ta iX 00TOBOPEHHSD HEOOX1THO BUKIIAC-
TH BUSBJICHI €(DEKTH, a TAKOXK MPUUNHHO-PE3YIBTATHBHI 3B’ 3KH Mi’K BCTAHOBJICHH-
MU e(peKTaMH, TOPIBHATH OTPUMaHy iH(OpMAIIiio 3 JaHUMH JIITePaTypH 1 HaroJI0CH-
TH Ha BUSABJICHHWX HOBHUX JaHuX. [lpn amamizi cimij mocuiaThcs Ha 1TIOCTPaTUBHUIN
MaTepian cTarTi. AHaJi3 Ma€ 3aKiHIyBaTHCS BiAMOBIIII0 HAa MUTAHHS, ITOCTABICHI
y Berymi. [Ipu Bukmaai pe3ynbTariB Ciiji yHUKAaTH MMOBTOPEHHS 3MICTy TaOiHIb Ta
PUCYHKIB, a 3BepTaTH yBary Ha HalBaXJIMBIII (PakTH Ta IEBHI 3aKOHOMIPHOCTI, 1110
3 HUX BHUILJIMBAIOTH.

4.8. Penxosneris Mae mMpaBo peaaryBaTH TEKCT CTaTeH, pUCYHKIB Ta MiAMHUCIB 10
HUX, TTOTO/KYIOYH BiJpEIaroBaHUI BapiaHT 3 aBTOPOM, a TAaKOX BIAXWIATH PyKO-
TIACH, SIKIIIO BOHH HE BiAMOBIiNat0Th BuMoraM «Bicanka OHY. biomoris». Pykonucu
cTareH, 1o MPUHHATI A0 MyOJiKyBaHHS, aBTOpaM HE TMTOBEPTAIOTHCSI.

158



ISSN 2077-1746. Bicaux OHY. bionoris. 2020. T. 25, Bum. 1(46)

5. JITEPATYPA

Crincok JiTeparypy JIpyKyeTbCs MOBOIO OpHUTIHANY BiAMOBiqHOI mpari. Hazeu
IIpailb y CIUCKY JIITEPAaTyPH PO3TALIOBYIOThCS y a(aBiTHOMY HOPSAKY 1 0OpMITIO-
to1best 32 [OCT 7.1:2006. ABrop (aBropu) MOBUHHI IMOCUIIATUCS HA CydacHy (Oc-
TaHHE JICCATUPIYYS) JIITEpaTypy. Y CTaTTAX MPH HASBHOCTI 000B’SI3KOBO BKa3yBaTH
nudposuii ineaTudikarop od'ekra (Digital Object Identifier, abo doi).

JonatkoBo y eneKkTpoHHOMY BapiaHTi HeoOximHo monartu References odopmite-
HUH 3TiJHO MIKHAPOJAHHUM CTaHJApTaM 3a rapBapiacbkum ctuiem (BSI) Ha anmmiii-
cbKill MoBi. IIpu opopmiIeHH] YKpaiHCBKOMOBHOTO 200 pOCiHCHKOMOBHOTO JKEperna
THIIIOF0 MOBOIO TICIISI TIEPEBENICHHS JDKepeia B [KBaJpaTHUX JIyXKKax| BKa3yeThCs
TpaHCTiTepyBaHHS BUXigHOTO. JleTanpHy iH(DOpPMAIio Ta IPUKIAAA MOKHA OTPH-
MaTH Ha CaTi http://visbio. onu.edu.ua/about/ submissions#authorGuidelines.

MMpukaaau 6idaiorpadiunux onucann

Knueu, monozpacpii, amnacu, cnoeHuxu

1. TopsukoBckuit A. M. Knunuueckas 6uoxumusi B 1a00paTopHON AUArHOC-
Tuke: [cripaBouHoe nocobue] / A. M. T'opsiukoBckuii. — Onecca: Exomnorus,
2005.-616 c.

2. MenuiuHckas MukpoOuosorusi: yueonuk st BY3os / o pen. B. U. Ilo-
kpoBckoro. — M.: I'DOTAP-ME/, 2002. — 786 c.

3. Onmnpexnenutens Beicux pacrenuit Ykpaunsl / JI. H. loopoudaesa, M. U. Ko-
ToB, FO. H. IIpokynun u ap. — K.: HaykoBa mymxka, 1987. — 548 c.

4. Amnartomist maM’sTi: amiac cXeM 1 PUCYHKIB MPOBITHUX HUISXiB 1 CTPYKTYP
HEPBOBOI CUCTEMH, IO OEPyTh YUaCTh y MpoIlecax mam’sTi: mocio. 1uis eTy.
ta mikapis / O. JI. JIposnos, JI. A. JI3sk, B. O. Ko3zos, B. /. Makoserpkuii.
— 2-re BUJI, po3IIHp, Ta JONOBH. — J{Hinmponerposckk: [Toporu, 2005. —218c.

5. YkpalHChKO-HIMEIbKHI TeMaTW4YHHUN CIOBHUK / [yknaa. H. Suko ta iH.]. —
K.: Kapnenxo, 2007. — 219 c.

Cmammi i3 ycyphnanie

1. Ilucapenko B. M. [locyxu B KoHTeKCTi 3MiH kiimary Ykpainu / B. M. Iluca-
penxo, I1. B. [ucapenxo, B. B. ITucapenko, O. O. I'op6, T. O. Yaiika // Bic-
nuk [lonraBcpkoi nepxaBHoi arpapHoi akazgemii. — 2019. — Ne. 1. — C. 134-
146. doi 10.31210/visnyk2019.01.15.

2. Tonrtukos B. A. ['eHeTHKO-OMOXUMUYECKHE OCOOCHHOCTH MY TaHTHBIX JIMHUH
cou / B. A. Tonruxos, /. A. Xapukosa, I. A. YUeboraps, 1. B. Temuenko
// Bicauk OHY. Bionoris. — 2018. — T. 22, Bum. 2 (44). — C. 73-94. doi
10.18524/2077-1746.2018.2(43).147013.

3. Duan H. Effects of drought stress on growth and development of wheat
seedlings / H. Duan, Y. Zhu, J. Li, W. Ding, H. Wang, L. Jiang, Y. Zhou //
International Journal of Agriculture and Biology. — 2017. — V. 19, Ne. 5. —
P. 1119-1124. doi: 10.17957/1JAB/15.0393.
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30ipku

1.

CriekTp TKaHEBBIX KapOOKCHACTEpa3 B OHTOIEHE3E CYCIHMKa Kparmyaroro
(Spermophilus suslicus Guld.) / A. M. Aunpuesckuii, 10. H. Oneitauk, B.
A. Kyuepos, A. C. Acmanckas // ['eHeTnka B COBpeMEHHOM 00IIeCTBE: HayH.
koH(., 3—5 okt. 2004 1.: Te3ucs! g0k — Xapbpkos, 2004. — C. 12.

Cenekuus in vitro TeHOTHUIIOB IMIICHUIIBI ¢ KOMIUIEKCHOH yCTOHYHMBOCTBIO K
¢y3apuosy 3nakoB / E. A. KieukoBckas, C. A. Urnarosa, A. . CnenueHko
U Ap. // Buonorust KJIeToK pacTeHui in vitro, GMOTEXHOJIOTHS U COXPaHEHUE
renodonaa: VII mexxaynap. cumi.: Tpyasl. — Mocksa, 2001. — C. 372.

Cell transfer and Interferon Studies / J. C. De Man, M. Rogosa, M. E. Sharpe
// Abstracts of the V International symposium of immunopharmacology, 17—
21 May 2004: proc. of conf, Quebec, 2004. — P. 31.

Jucepmauii, asmopegepamu oucepmauii

1.

JlocmimKeHHsT TIPOIIeCiB TMEPEKUCHOTO OKHCIEHHS JIMiAIB Ta aKTHBHOCTI
(hepMeHTIB aHTHOKCHAAHTHOTO 3aXUCTY TPH IyKPOBOMY AiabeTi: aBTOped.
JTUC. Ha 3M00yTTS HayK, CTymneHs, kaH. Oion. Hayk: 03.00.04 «broxumusy» /
O. O. Onsapuuxk. — K., 2007. — 17 c.

JlocmimKeHHsT TIPOIIECiB TMEPEKUCHOTO OKHCICHHS JIMiAIB Ta aKTHBHOCTI
(hepMeHTIB aHTHOKCHUAHTHOTO 3aXHUCTY TIPH ITyKPOBOMY Aia0eTi: [uc... KaH/.
0iox. Hayk: 03.00.04 / Onekciit Onekcittoru OpnsHuk. — Kuis, 2007. — 117
c.

Vkpaimm CO7[  243/24 ®C Ne 953812. Cmocob6 oTpuMaHHA
3-okcu7-6poM-5(opro-xiop)-oenszauasennna / 1. M. ViBaHOB; 3asBHUTETs U
nareHToobanarens Ou3nko-xuMuIecKknii KHCTUTYT UM. A. B. borarckoro.—
Ne 19803; 3assmn. 09.04.90; omy6i. 22.06.92; HKU 355/68. — 3 ¢

/lenonoeani naykogei pooomu, namenmu, aémopcoKu ceioomcmea

1.

Mukpodurodentoc duinopopuoro moinst 3epHoBa. — CeBactonons: Jen. B
BUHUTU 11.07.91 1.,Ne 2981. — BI1, 1991. -28 c.
ITat. 108514 Ykpaina, Ne u201512317 na kopucHy monenb. Criocid orpu-
ManHs JtiHii pucy / llecroman O. JI., 3amoputop I. C., llnak /1. B.; 3assi.
14.12.2015 ; omy6u. 25.07.2016, brom. Ne 14. —5 c.

IHpuxaaau 6idmiorpadivynux onmcans 3a BSI

Knueu

1.

160

Horiachkovskii A. M. (2005) Clinical Biochemistry in laboratory diagnostics
[Klinicheskaia biokhimiia v laboratornoi diahnostike], Odessa: Ecology, 616
p.

Dobrochaeva D. N., Kotov M. L., Prokudin Yu. N. (1987) The determinant of
higher plants of Ukraine [Opredelitel visshih rastenii Ukrainy], Kiev, 548 p.
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Knueu nio peoaxuicio

L.

Pozdeev O. K. (2002) Medical microbiology: a textbook for high schools. In
editor: Pokrovskiy V. I. [Meditsinskaia microbiolohiia: uchebnik dlia VUZ],
Moskva: GEOTAR-MED, 786 p.

Cmammi, 30ipKu

1.

Andrievskii A. M., Katanenko S. V., Totskii V. N. (1982) «Developmental
features peptidgidrolazy activity of extracts of tissues Drosophila
melanogaster»  [«Ontoheneticheskie  osobennosti  peptidhidrolazonoi
aktivnosti ekstraktov tkanei Drosophila melanogaster»], Ukr. biochemistri
J, No 54, 5, pp 519-524.

Klechkovskaia E. A., Thnatova C. A., Slepchenko A. 1. (2010) «Selection
of in vitro wheat genotypes with complex resistance to fusarium cerealsy,
Biology of plant cells in vitro, biotechnology and the preservation of the gene
pool, VII International Symposium [«Selektsiia in vitro henotipov pshenitsi s
kompleksnoi ustoichivostiu k fuzariozu zlakov» Biolohiia kletok rastenii in
vitro, biotekhnolohiia i sokhranenie henofonda], Moskow, p 372.

De Man J. C. (2004) «Cell transfer and Interferon Studies», Abstracts of
the V International symposium of immunopharmacology, 17-21 May 2004:
proc. of conf, Quebec, P. 31.

ucepmauii, aemopegepamu

1.

Oliarnyk O. O. (2007) The study of lipid peroxidation and activity of
antioxidant enzymes in diabetes [Doslidzhennia protsessiv perekysnoho
okyslennia lipidiv ta aktyvnosti fermentiv antyoksydantnoho zakhystu pry
tsukrovomu diabeti. dis....kand. biol. nauk], Kiev, 117 p.
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6. 3PA30K O®OPMJIEHHS ITYBJIKAIIIT
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I. C. 3am6pidopm’, .6.H., 3aBigyBauka 1aboparopiero
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T. I. AnexceeBa’, x.0.H., JOLEHT

0. A. Ajdinorenos', imxenep

CenexuiitHo-reHeTHUHNM# iHCTUTYT—HaIllOHABHUIA IIEHTDP HACIHHE3HABCTBA
Ta COPTOBUBUYCHHS,

OBgigiononkchKa opora, 3, M. Oneca, 65036, Ykpaina,
e-mail:izambriborsh@gmail.com

THCTUTYT prCy YKpaiHCHKOT akaaeMii arpapHux Hayk,

c. ArToHiBKa, CKaJJOBChKHI P-H, XepCOHChKa 00i1., 75705, Ykpaina
30Onecpkuii HatioHanbHUIT yHiBepcuTeT iMeHi 1. I. MeunnkoBa, kadeapa reHeTHKH
Ta MOJICKYJISIpHOT Oiosorii, Bya. JIBopsiHCchKa, 2, Oneca, 65082, Ykpaina

OIIHKA PETEHEPAIIIMHOTO MOTEHIIAJTY TTEPUIHOI'O
MATEPIAJIY PUCY ITIOCIBHOI'O (ORYZA SATIVA L.)

[IpoBeneHo TecTyBaHHS TAIUIONPOAYKIIIHHOTO MOTEHITIATY y KyJAbTypax MHJISAKIB 11 -
TH TibpuaHnX momyssuii F, pucy Oryza sativa L. Jlo xyneTypw in vitro Gyno BBEIEHO
30944 muskiB mstu reHoTHmiB. [lImsxoM aHAporeHe3y B KYJIBTYpi MUJIKIB PUCY
oTpumaHo 6542 HoBoyTBOpeHH (21,14 + 0,23 B cepenapomy Ha 100 muiskiB), sKi
perenepyBamm 539 3enennx pocmuH (1,74 = 0,07 B cepenapomy Ha 100 mutskiB).
Haii0inpmmii perenepariiitanii moTEHINA B KyIBTYPi MHJISAKIB BUSBWIA Y POCIUH Ti-
6puanoi momynsuii F, Labelle/Mammmr (2,90 + 0,17). Ha cygachunii MOMEHT Ha eTarti
KOJIOCIHHS TopoinytoThes 193 pocnuau-perenepanta (35,8 %).

KurouoBi ciioBa: prc; aHaporeHes in vitro; Kaiioc; pereHeparis.

... TexeT BeTyIy 10 cTaTTi

Marepianu Ta MeTOIM J0CTiKEHb
Texer marepiaJjiiB Ta meToniB podoTu
Pe3yabratu Ta ix 00roBopeHHst
BucHoBkn

Cnmcok BUKOPHMCTAHOI JiTeparypu
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7. 3PA3OK O®OPMJUIEHHS PE3IOME

O. L. Shestopal', I. S. Zambriborshch!, D. V. Shpak?, T. G. Alieksieieva’,

0. A. Afinogenov'

'Plant Breeding & Genetics Institute — National Center of Seed and Cultivar
Investigation

Ukraine, 65036, Odesa, Ovidiopolska road 3, e-mail: izambriborsh@gmail.com
Rice Research Institute at Ukrainian Academy of Agrarian Sciences

Ukraine, 75705, Kherson region, Skadovsk district, Antonovka village,

30Odesa Mechnykov National University, Department of Genetics and Molecular
Biology,

2 Dvoranska Street, Odesa, 65082, Ukraine

EVALUATION OF REGENERATION POTENTIAL OF RICE
(ORYZA SATIVA L.) HYBRID MATERIAL

Abstract

Introduction. /n vitro anther culture is an important source of linear material propa-
gation for efficient breeding of rice (Oryza sativa L.), in particular due to the reduction
of reproduction cycles and the production of homozygous plants. Given the strong
variation in the regenerative ability of microspores in different hybrid combinations,
it is desirable to cover the maximum number of combinations of hybrids of different
generations.

Aim. Evaluation of the haploproduction ability of microspores of promising breeding
samples of rice.

Methods. The anthers of five promising hybrid F, populations obtained at the Rice
Institute (Skadovsk) as a result of hybridization of carriers of various resistance genes
to pyriculariosis were used. The inflorescences with microspores at the mid-late stage
of development were cut and pretreated for sterilization; the isolated anthers were
explanted in Petri dishes on a solid nutrient medium and cultured in the dark un-
til neoplasms were obtained, after which they were transplanted (stage I — after 4-5
weeks). The next transplant event (II stage — after 7-8 weeks) and further cultivation
was carried out under lighting to obtain green regenerants.

Results. The high sensitivity to in vitro cultivation conditions was shown for five
combinations of F, rice hybrids. The rate of neoplasm formation varied from 6.4 %
(Sirio / YiP4970) to 35 % (Sirio / Marshal). The ability to regenerate in the obtained
neoplasms also varied greatly, since most of them were only capable of rhizogenesis,
without forming shoots and leaves. Nevertheless, the regenerant plants were obtained
for each hybrid combination and the proportion of albinos among the total number of
regenerants was relatively small. On average about 40 % of the regenerants obtained
in the culture die at the critical stage of adaptation of regenerated plants to ex vitro
conditions; approximately the same number of plants die during the growing process,
being unable to give seed generation.

Conclusions. The most productive from the point of view of plant formation adapted
to ex vitro conditions was the hybrid population F, Labelle / Malish (101 adult plants),
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and the least productive was Sirio / YiP4970 (5 adult plants) among the studied com-
binations. Thus, by androgenesis in anther culture, 336 plants adapted to ex vitro con-
ditions were obtained. At the moment, 193 plants are at the earing stage, which is
35.81 % of the total number of green regenerants obtained in the culture.

Key words: rice, androgenesis in vitro, callus, regeneration

0. JI. llecronaun', I. C. 3amopioopur’, . B. IlImak?, T. I. Anekceena’,
0. A. Ajpinorenos'

'CeekiifiHO-TeHeTHYHUI iHCTUTYT—HaI[iOHaIbHUI [IEHTP HACIHHE3HABCTBA
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THcTUTYT pHCy YKpaiHCBKOI akaaeMii arpapHuX Hayk,

c. AnToHiBKa, CKaJOBCHKHUII p-H, XepcoHCHKa 0011., 75705, Vkpaina
30pmechkuiil HarioHanpHK yHiBepcuTeT iMeHi 1. I. MeunukoBa, kadenapa reHeTHKH
Ta MOJIEKYJISIpHO1 Oioorii,

ByJ1. [IBopsiHCHKa, 2, Oneca, 65082, Ykpaina

OLIHKA PETEHEPALIITHOTO MOTEHIIAJTY
TTEPATHOTO MATEPIAJTY PUCY IIOCIBHOT'O (ORYZA
SATIVA L))

164

Pesrome

Ipobsema. Kynsrypa NWISIKIB i1 Vitro € HaHBaXKIMBIIIUM JKSPEIIOM JITHIHOTO Ma-
Tepiany IUisl TIPOBEACHHS €(PEKTUBHUX CEJCKI[IHUX POOIT 31 CTBOPEHHS MOJIIMIIIC-
HHUX COPTIB POCIHH, 30Kpema pucy (Oryza sativa L.), 3aBASIKH CKOPOYCHHIO IUKIIIB
PO3MHOXKEHHS 1 OTPUMAHHIO ITOBHOIIIHHMX TOMO3UTOTHHX POCIHH. 3 ypaxyBaHHIM
CUJILHOTO BapilOBaHHS MTOKAa3HUKIB pereHepariifHol 31aTHOCTI MHUKPOCHOpP B Pi3HUX
riOpuIHUX KOMOIHAIISAX 0a)KaHO OXOIUTIOBATH MaKCHMAallbHY KUIBbKICTh KOMOiHAIiN
riOpuaiB Pi3HUX MOKOJIiHb.

Merta. OniHka ramionpoayKIiiHoi 3aTHOCTI MUKPOCIIOP NEPCIIEKTUBHUX CENEKIiH-
HUX 3pa3KiB PUCY MOCIBHOTO.

MeTtonuka. BUKOpHUCTOBYBAIM MUISIKY IT'ITH NEPCIIEKTUBHUX TOPUAHUX OIS
F,, orpumanux B InctutyTi pucy (M. CkanoBebk) B pesysbTari riopuausaiii HOCiiB
PI3HMX TeHIB CTilKOCTI 710 30yAHUKA MipiKy/sipiosa. 3pi3aHi CyUBITTS 3 MiKpocropa-
MU Ha CEpeIHbO-MI3HINM CTaaii PO3BUTKY MiJaBaln NMepeaoOpoOIll, CTCPUITI3yBaIH;
BUJIIJICHI NHJISIKK €KCIUIAHTYBallM y yaniku [leTpi Ha TBepie )KMBUIIBHE CEpelOBUIIEC
1 KyJIbTUBYBAJIH Y TEMPSIBI 1O OTPHUMaHHSI HOBOYTBOPEHb, ITICJISl YOTO NepecaKyBan
(I erann — uepe3 4-5 TwxuiB). Hactynny nepecanxy (Il eran — uepe3 7-8 TuxkHIB) 1
MofiaJIblIe KYJIBTHBYBaHHS IPOBOAMIIN MPY OCBITIICHHI JUIsSl OTPHUMAaHHS 3€JICHUX pe-
TeHEepaHTIB.

OcHoBHi pe3ynbTaTh. [l n'aTH BUKOPUCTaHKWX KOMOiHawii riopuais F, pucy noxa-
3aHa BUCOKA YyTJIMBICTbH J0 YMOB KYJIBTUBYBaHHS i1 Vitro. Tak, MOKa3HUK OpMyBaH-
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Hsl HOBOYTBOPEHB BapitoBaB Bix 6,4 % (Sirio / YiP4970) no 35 % (Sirio / Mapiuan).
3IaTHICTH J0 pereHepailii y OTpuMaHUX HOBOYTBOPEHB TAKOXK CHJIBHO BapiroBalia, Tak
sIK OlyTblIIa yacTUHA TX OyJia 3/1aTHa JIMILE 0 PU30TeHE3Y, He YyTBOPIOIOYH ITarOHU 1 JIU-
cts. [pore, 1u1st KOXKHOT Ti0puIHOT KOMOIHALIT Oy/y OTpUMaHi POCIMHHU-PEreHePaHTH,
NPUYOMY YacTKa alb0IHOCIB cepejl 3arajbHOr0 YMciia pereHepaHTiB Oyia MOpiBHSIHO
HeBenuka. Ha kpuTuuHOMY eTtari aganrailii pOCIUH-PETCHEPAHTIB 10 YMOB ex Vitro
B cepeiHboMy T'rHe Onn3bko 40% OTpUMaHMX B KyJBTYpl pereHepaHTiB; PHOIU3HO
TaKa K KUIbKICTh POCJIHMH THHE B IPOLIECI AOPOLIYBaHHS, BUSBISIOUUCH HE3IaTHUMHU
JI0 TIPOYKIIil HACIHHEBOTO TIOKOJTIHHS.

BucnoBku. Cepel BUBYCHUX KOMOIHAII HAOUIBII MPOAYKTUBHOIO 3 OIIISIAY (GOp-
MYBaHHsSI POCJIMH, aJalTOBAaHUX JI0 YMOB eX Vifro BUSIBHJIACS TiOpHIHA TOIMYJISLs
F, Labelle / Manum (101 mopocna pociuna), a HaliMeHII MPOAYKTUBHOIO Sirio /
VYiP4970 (5 nopocnux pociun). TakuM YMHOM IUITXOM aHAPOTCHE3a B KYJIBTYpI ITH-
JSIKiB Oyi10 oTpuMaHo 336 pOCIKH, aanTOBAHUX J0 YMOB exX Vitro; Ha JaHUH MOMEHT
Ha eTarli KOJIOCIHHS 3HaX0AuThest 193 pocimunu, o craHoBUTh 35,81 % Bix 3aranbpHOT
KIJIBKOCTI OTPUMaHMX B KYJIBTYP1 3€JIEHUX pEreHepaHTiB.

Ku11040Bi cJ10Ba: prc; aHAPOTeHE3 in Vifro; Kalkoc; pereHeparis.
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