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DETECTION OF TOXICITY OF FILAMENTOUSFUNGI ISOLATED
FROM DRIED VINE FRUIT BY BIOTEST METHOD

L.L. HAKOBYAN

Yerevan State University, Department of Microbiology and
Biotechnology of Plants and Microbes
lusinehl@yahoo.com

Dried vine fruit is a favorable substrate not only for growth of toxigenic fungi but for toxin
synthesis since it contents enough humidity and sugars. The results of our research have shown
high contamination level of dried vine fruit by ochratoxigenic and aflatoxigenic fungi from genus
Aspergillus. Toxigenic potential of 75 strains from Aspergillus genera: 30 - A. carbonarius, 15 - A.
niger, 10 - A. sclerotioniger, 5 - A. lacticoffeatus, 3 - A. ochraceusand 12 - A. flavus, was studied.
The biotest was carried out on Brine Shrimp (Artemiasalina) Larvae. 20 strains of 4. carbonarius,
6 — of A. niger and 2 - A. sclerotioniger shown toxicity of different degree. All the rest did not
show any toxic properties. Eight of 12 analyzed 4. flavus strains were toxic.

Aspergillus genera — ochratoxigenic — aflatoxigenic — fungi — strains

Onpugpus juunnnp pupbiyuwun unpunpun b hwinhuwtnud ng vhuyl ninpuhgk
uljtiph w&h, wy twb bpwyg Ynnuhg wmnpuhttkph uhiptigh hwdwp, pwih np Wwpnibwynud k
puupup pubtwlnipjudp juntwynipinit b pwpwpubp: Ukp hblmwgnunipjub wpgniupubpp gnyg
wnylghtt snpugpws juwnnnh pupdpuunhdut wnnnnjudsmpyu’ Aspergillus ghinhtt yunljuing
oppwnnpuhqklt b whjwwnnpuhgbt uubpny: Munidiwuhpyby b Aspergillus ghinht wuwnlwuny 75
owwdubinh. (30 — A. carbonarius, 15 — A. niger, 10 — A. sclerotioniger, 5 — A. Lacticoffeatus, 3 — A.
ochraceus it 12 — A. flavus), wnpuhgktl wnukughwp Artemiasalina fjunhjunnt jutggbwntwlbtpy
pppninutph tjundwdp: Snpuhl] hwnympiniuubtp npulinpty B A. Carbonarius-h 20, A. Niger-h 6 1
A. Sclerotioniger-h 2 soinwuubp: Ultugws swnwdubpp nplk ninpuhl] hwnlmipjnih skt npulinphy:
Munudtwuhpyws A. Aavus—h 12 pvnudiphg 8 —p bk u vinpuhly:

8k Aspergillus— oppunnnpupqbll — wpjunnnpupqlli— ullkp — punuwdibp

CymieHslii BHHOTpaj SBISETCS ONarompusTHBIM CyOCTpaToM HE TOIBKO [JIsi pocTa
TOKCHUTEHHBIX TPHOOB, HO M Ui MX TOKCHHOOOPA30BaHHSA, TAK KAK COJEPXKHUT ITOCTATOYHOE
KOJIYECTBO BJIATH M caxapoB. Pe3ynbTaThl HAIIMX MCCIEJOBAHUH ITOKA3aJIl Ha BBICOKYIO CTEHEHb
KOHTaMHHAIIMU CYIIEHOTO BHHOTPaga OXPATOKCHICHHBIMH M a(IaTOKCHT€HHBIMH TpHOaMH U3
pona Aspergillus. VccnenoBal TOKCUTEHHBIH MOTEHIMAN Y 75 mraMMoB U3 pona Aspergillus: 30 —
A. carbonarius, 15 — A. niger, 10 — A. sclerotioniger, 5 — A. Lacticoffeatus, 3 — A. ochraceus n 12
— A. flavus. buotecTnpoBaHue NPOBOJWIM Ha JIMYMHKAX jkaOpaHororo pauka Artemiasalina. 20
mITaMMOB Bunia A. carbonarius, 6 itaMMoB A. niger u 2 mtamma A. sclerotioniger IposSIBUIIN TOK-
CHYHOCTh B pa3HOW cremeHH. OcTaibHBIE INTaMMBl HE TNPOSBUIN TOKCHUYHBIX cBoicTB. M3
uccienoBanubix 12 mrammoB A. flavus 8 oka3anich TOKCHYHBIMU.

Poo Aspergillus — oxpamoxcueennvie — agpramokcuzennvie — 2pubbl — WMammbl
Species from Aspergillus section Nigri: A. niger, A. carbonarius, A. tubingensis
are the main fungi producing OTA (ochratoxin A)in grape and raisin. The problem of the
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contamination of dried vine fruit by ochratoxin A is studied in many countries with
developed viticulture and winemaking: in Spain [6], France [18], Italy [5], Portugal [21],
Argentina [14] and Australia [13]. In these studies it is remarked that most of
ochretoxigenic strains belong tod. carbonariusspecies. Small amount of strains be-
longing to A. niger species produced OTA. As it was shown in researches the presence
of ochratoxin A in raisin samples is mainly associated with 4. carbonariusspecies in
California as well [15].

During mycological analyses of corinthian raisin (currant) spent in Greece the
authors revealed a high contamination level of raisin by species Aspergillus spp. among
which 4. niger and A. carbonarius were dominated [22]. Most of 4. carbonarius strains
produced OTA. The results of analyses of dried vine fruit (currant, sultana and raisin) in
Spain have shown domination of A. niger(98%) and A. carbonarius(58%) species [3].
96.7% of all isolated 4. carbonarius strains and just 0.6% of A. niger strains produced
OTA.

Recently they repeatedly reported about contamination of dried vine fruit by afla-
toxigenic species of 4. flavus [4, 12]. In most cases A. flavus is considered to be one of
the most frequent occurring after 4. niger and A. fumigatus species contaminating dried
vine fruit [10]. The presence of 4. flavus species in dried vine fruit is a risk from point of
view a possibility of product contamination by aflatoxins.

Materials and methods. 167 samples of dried vine fruit (white and black types of raisin and
sultana) were analyzed. 87 of all analyzed samples were Armenian produced and 80 — imported from
different countries. The samples were collected from different markets in Yerevan city according to
GOST 1750-86 [2] and EC 2006b (No 401/2006) [9]. Following nutrient mediums were used: CYA
(Chapek-Yeast Agar medium, HiMedia Ltd.), GYA (Glucose-Yeast Agar medium, HiMedia Ltd.),
and MEA (Malt-Extract Agar medium, HiMedia Ltd.).Mycological analyses dried vine fruit samples
were carried out with direct plating and dilution plating methods [16]. Identification of isolated
micromycetes cultures was spent based on macro- and microscopic characteristics according to
Beelay V.I. [1], Raper K.B. and Fennell D.I. [17], Samson R.A. et al. [19], [20].

Determination of toxicity of micromycetes extracts and culture fluid was spent on Brine
Shrimp (Artemiasalina) Larvae which are sensitive to toxic metabolites of filamentous fungi [8],
[11]. The toxicity degree of fungi extracts and culture fluid was assessed by percentage mortality
of larvae. Nontoxic extracts caused death to 9% of the larvae, slightly toxic — 10 to 49%, toxic -
from 50 to 89%, very toxic — from 90 to 100%. Death of 1% larvae is allowed in control version.
For biotest on larvae three replications have been used.

Results and Discussion. As the results of mycological analyses of 167 dried vine
fruit samples in different type realizing in Armenia 508 strains potential producers of
OTA and aflatoxins from Aspergillus genera were isolated. These strains belong to
A. carbonarius, A. niger, A. sclerotioniger, A. ochraceus, A. lacticoffeatusand A. flavus
species.From total number of isolated strains 61.8% of A. carbonariusspeciesand 46.7%
of A. niger species respectively were isolated from Armenian dried vine fruit samples.

The toxigenic potential of 75 strains from Aspergillus genera was studied. The
toxicity of their culture fluids and chloroform extracts was determined. Fungi extracts
was prepared by incubating them on Chapek — Docs liquid nutrient medium. Toxigenic
potential of 30 A. carbonarius strains isolated from dried vine fruit samples was detected
(tabl. 1).

20 A. carbonarius strains of all 30 analyzed were isolated from Armenian black
dried vine fruit. 16 strains showed different degree of toxicity. Six A. carbonarius strains
of all 10 isolated from imported samples were nontoxic and 4 showed slightly toxic
properties (table 1). Fife 4. niger strains of all isolated from imported samples were
analyzed. Three showed slightly toxic properties and two were nontoxic (tabl. 1).
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Ten strains of A. niger, 10 — A. sclerotioniger, 5 — A. lacticoffeatus and 3 — A.
ochraceus, isolated from Armenian dried vine fruit samples were analyzed. Slightly
toxic properties were detected in 3 A. niger strains and 2 A. sclerotioniger strains. All of
A. lacticoffeatus and A. ochraceus strains were nontoxic (tabl. 1).

Table 1. Results of biotest of ochratoxigenic strains isolated from
dried vine fruit samples on Artemiasalina Larvae

Number of . MNumber of strains with toxicity in different degree
analyzed Strains
strains Toxicity of culture fluid Toxicity of chloroform extract
Strains isolated from local A B C D A B C D
produced sample
20 A. carbonarius 4 8 4 4 4 8 4 4
10 A. niger 0 0 3 7 0 0 3 7
10 A. sclerotioniger 0 0 2 8 0 0 2 8
5 A. lacticoffeatus 0 ] 0 5 0 0 0 5
3 A. ochraceus 0 0 0 3 0 0 0 3
Strains isolated from imported A B C D A B C D
samples
10 A. earbonarius 0 0 4 6 0 0 4 6
5 A. niger 0 0 3 2 0 0 3 2

Note hereinafter: according to Brown [8], Harwing, Scott [11] and Biji [7],
A= very toxic extracts of fungi cause the death of larvae from 90% to 100%,
B= toxic — from 50 to 89%,

C=slightly toxic — from 10 to 49%,

D= nontoxic — up to 9%.

67 A. flavus strains potential producers of aflatoxins were isolated from dried vine
fruit samples. The presence of aflatoxin B; was studied in 12 4. flavus strains by biotest
method (fig. 1). Very toxic properties were revealed in 3 A. flavus strains. Four strains
caused the death of 75% of larvae. Slightly toxicity was detected in 1 strain. All the re-
mainder 4 strains were nontoxic.

100
90 4 =
% 80 -
70 4
60 -
50 | | T ;
40 @ Culture fluid
30 BNER M BEEEEEE
20 - Ochloroform extract
10 4
0 NW ‘;!'l r'\!'l ‘_! T ‘_!1 ‘_! T v‘ T ‘_! T ‘_! T ‘_! T r'q"l rﬁ'\
~ o oM o~ = m (32} oo} — m [t=] [(a]
L S S O S I
Strains number

Fig. 1. Toxicityofextracts and culture fluid of 4. flavus strains isolated from dried vine fruit by
biotest

Our studies have shown that there is a risk of contamination of dried vine fruit by
ochratoxigenic and aflatoxigenic fungi. Most of the A. carbonariusstrains we analyzed
produced ochratoxin A. The risk of contamination of product named above by 4. flavus
aflatoxigenic fungi is high ether. Based on the fact that dried vine fruit is a good
substrate for not only fungal growth but also toxin production,the risk of accumulation of
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OTA and aflatoxin B, in dried product increases. Thus, controlling the contamination level
of dried vine fruit by 4. flavus and A. carbonarius species is a primary task for countries
with developed viticulture including Armenia. Especially considering the fact that in our
country there are no regulations for OTA and aflatoxins in grapes products.
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PA3PABOTKA OIITUMAJIBHBIX SU’CJIOBI/Iﬁ BBIAEJIEHUA
MHYJIMHA3BI U3 KJIYBHEU TOIIMHAMBYPA
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IpuBeneHsl pe3ysbTaThl UCCIIENOBAHHUI 110 pa3paboTKe ONTUMAJIBHBIX YCIOBUM BbIIEIe-
HUSI UHYJIMHA3bl U3 KiIyOHeW tomuHamOypa (Helianthus tuberosus). BoisisieH Haubonee 3ddek-
TUBHBIH IKCTPAreHT, CIIOCOOCTBYIONMH MaKCHMaIbHOMY Iepexoay OEJIKOB B pacTBOP, OCYIIECT-
BJICHO KOHIICHTPHPOBAHHE IKCTPAKTa PACTBOPUMOTO OElKa ¢ MOJHBIM COXPAHEHHEM ero (pepMeH-
TATUBHOW aKTHBHOCTH. BbIieneHsl Tpu M30(pepMeHTa MHYIMHA3bI C Pa3HON CTEMEHBIO OYHCTKH,
THIPONU3YoUIHe HHYIHH ¢ akTuBHOCTHIO [,=0,0175 Ex/mr, 1,=0,0083 Ex/mr, 15=0,00450 Ex/mr.

Huynun — monunamoyp (Helianthus tuberosus) — unyiunasa

Upjuwnwiipnid ubkpluyugdus ki ghintwjutdnphg (Helianthus tuberosus) hunihtimqh wi-
owndwt hwdwp owuhdw] wuydwtbkph npnpdwit ninnyus hnwgnunnipjut wpynibpubpp:
Zhwwgqnunipju  pupwugpnid  huyntwpbpyl] b wdkbwwpyniiwdbn - tpunpugbinp, npp
tyuunnud £ nisnypnid uyhwnwlnigutiph wpwybjugnyn mwpubpwndwip: bpulwbwgyt) k
InsUnn uwhiulnigh tpunpulnj unwugnidp wdpnnowybu wwhwwiking tpu $hpdbinwhb
wlnhynipniiip:  Swpwbgwwnygl] ki dwppdwb  wwpphp wunmhgwuubpny hunyhtwgh  tpkp
hqnpbpubin, npnp hunihlp Gipupynud & hhgpnihgh hbnbdjuy winhynpudp’ 1=0,0175
Uhwynp/ug, 12=0,0083 Uhwnp/dg, 13=0,00450 Uhwnp/dqg:

Panypl — gknlwpuidnp (Helianthus tuberosus) — hinijhlnug

The results of studies on the development of optimal conditions for the isolation of inulina-
se from Jerusalem artichoke (Helianthus tuberosus) are presented. The most effective extragent
has been identified, which promoted to the highest possible extraction of proteins in the solution.
Three isoenzymes of the inulinase have been isolated with various degrees of purification that
hydrolyzed inulin with the following activity I; = 0,0175 U/mg, I, = 0,0083 U/mg , I3 = 0,00450
U/mg .

Inulin — Jerusalem artichoke (Helianthus tuberosus) — inulinase

Wnynunaser (2,1-B-D-ppykran GppyKkTaHOTHAPOIA3bI) COCTABISIOT Ba)KHEHIIHNA
KJjacc (GepMEHTOB Ul MOJydeHHs: (PYKTO3bI, IIIIOKO3bI M MHYJIO-0JIUI0CaXapuI0B, KO-
TOpBIE WHTEHCHBHO HCIOJB3YIOTCS B (papMalieBTUUECKOH W TNHUINEBOH  WHIYCTPUSIX.
OnwucaHo TpH THIIA WHYJIMHA3, BKJIIOYAsl SHIO0-MHYJIMHA3bI, 9K30-UHYJIMHA3bl U (PYKTO-
(dypaHo3uIa3bl (HHBEPTA3kl), KOTOPBIC HE SBISIOTCS OOBIYHBIMU KaTa0OIHMYCCKIMH Kap-
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Oorunparta3zamu. B ocCHOBHOW ()epMEHTaTHBHOHN pEeakIMH YIacTBYIOT TJIaBHBIM 00pa3oM
nBa (hepMEHTa, KOTOPBIE KaTaTM3UPYIOT THAPOJIN3 HHYJIMHA U UX TOAPA3IEIIIOT Ha BE
TPYMITEI IO THITY BO3ACUCTBUS HA MHYIHH. Dk30-uHyIuHa3s! (EC 3.2.1.80) ormemsior
KOHLIEBOH (hparMeHT (pyKTO3bl OT MOJIEKYJIbI HHYNMHA; 3HA0-uHymMHa3bl (EC 3.2.1.7),
B pPE3yJIbTaTe TUAPOJIN3a BHYTPEHHEN CBSI3M B MOJICKYJIE HHYJIMHA 00pa3yoT pa3IudHbIe
OJIUrocaxapuibl, KOTOpbIE SBISIFOTCS PACTBOPUMBIMH IHIIEBBIMH BOJIOKHAMU U (pyHK-
LUOHANBHBIMU Tofacnactutensmu [3, 11]. MHynuHa3Bl IIUPOKO PacpOCTPaHEHbl CPeau
BBICHIMX pacTeHWH M MHKpoopraHu3MoB. [Ipouecc mosydeHus MHyJIWMHa3 U3 TpUOOB,
JIPOOKEH M OaKTepUil XOpOoIIo U3Y4eH M IMIMPOKO NMpEACTaBIIeH B tuTeparype [2, 5-7, 9].
B Hacrosimee BpeMmsi CyIIECTBYIOT BBICOKOAKTHBHBIE (pepMEHTHBIC ITpenaparbl MHYJIH-
Ha3, CIIOCOOCTBYIOUIME MPEBPAIICHHUIO HHYJIMHCOJCPIKAIIETO CHIPhS BO (PYKTO3HUIIBI
Pa3JIMYHOM CTENCHN MOJMMEepU3alyu. PacTuTenbHbIe HHYIMHA3bI MECHEE N3YUYEHBI U pe-
3yJBTATHI IO UX MCCIIEOBAHUIO TPEACTaBICHBI UG B ABYX paHHHX padotax [4, 10]. B
HacTosimee BpeMs (pU3HOJIOrHYecKasi pojib PaCTHTENBHBIX MHYJIMHA3 BCE €lle OKOHYa-
TeNbHO He BbIACHeHa. [Ipennonaraercs, 4To U3MEHEHHE YIIIEBOJHOIO COCTaBa KiIyOHEH
B TIpolLlecce 3MMHEr0 XpaHEeHUs NPOUCXOAUT He 0e3 ydacTHs THAPOIMTHYECKHX dep-
MEHTOB — UHYJINHA3.

Cnalblii MHTEpEeC, MpPOSIBISEMBbId K PAaCTUTEIbHBIM HHYJIHHa3aM, B OCHOBHOM
00YCIIOBIIEH CIIOHOCTBIO pabOThl C PACTUTEIBHBIMU SKCTPAKTAMH U HU3KUM COZAEpIKa-
HHUEM OeJIKa B paCTUTEIILHOM CBIPhE.

Lenpto nanHON pa®OTHI SBISUIOCH ONpEAEIEHHE ONTHMAIBHBIX YCIOBHH BbIJe-
JICHHS WHYJIMHA3HI U3 KiyOHe# TonmHamOypa (Helianthus tuberosus).

Mamepuan u memoouxa. Kinyoun tonunamOypa (Helianthus tuberosus) ObLTH BbIpalCHbI
B OTKpBITOH MOYBE B OKPECTHOCTAX I. EpeBaHa (ApMeHUs), BEIKOIIAHBI B OKTAOpe-HOA0pe U Xpa-
HUUTHCh B TEUCHHC HEIEIH B XOTOTMIBHUKE Tpy Temmepatype 4-5° C 10 MOMEHTA HCIIOb30BAHELL.
WnynuH, npuMeHsAeMbIid B KauecTBe cyOcTpaTa, ObUI MONYYeH U3 KiIyOHeH TomnHaMOypa B J1a00-
paropun Guorpanchopmaruu HIIL[ “Apmo6norexnonorus” HAH PA. B pabote ucnonszoBanmm
crenyromue peaktusbl: JJEAE-memmonosa, 2-mepkantosranon (Serva, I'epmanus). Bee ocrans-
HBIE PEAKTHBBI MAPKH X.4. — KOMMEPYECKH JOCTYIIHBIE, TPOU3BoAcTBa ApMenun U ctpan CHI'.

Ilpucomognenue epyboco_ghepmenmuozo sxcmpaxma. KiyOHu TonnHamOypa TIIaTeIbHO
OUHIIAJIH, TPOMBIBAJIH MO/ IPOTOUHOM BOJIOH U pa3pe3anu Ha MEJKHE KyCOUYKH C MOMOIIBIO HOXKa.
H3menbyeHHbIE KyCOUKHU 3aJIMBAIN SKCTPArHPyIOLIMM PaCTBOPOM B COOTHOIIEHHH 1:3 1 poBoaM-
T TOMOTeHu3aImo B cTanuoHapHoM Onenzaepe (Ufesa, Mcanus). [lanee romoreHar WHKYOHpO-
BaJIM Ha TEPMOCTATHPYEMOIH KPYrOBOH Kadalke cO CKOpocThio BpameHus 180 o0/MuH B TeueHHE
2 4 npu TeMueparype 37°C, mocue gero oT(MIBTPOBEIBAIN Yepe3 6 croeB Mapiu. OmibTpar nenr-
pudyrupoBamu npu 4000 o6/mMun 40 mun (uenrpudyra K-26, I'epmanus), a IOIydeHHBIH Cy-
MEpHATAHT IIPOITYyCKAJIN Yepe3 aleTaTHbIH GuiIbTp Ha (aphopoBol BOPOHKE IOJ BaKyyMOM JUIS
MOJTyYeHUsI IPO3PAYHOTo SKCTpakTa. [TomyueHHbIH SKCTPaKT KOHIIEHTPUPOBAIN IIyTEM IPOITyCKa-
HHS €0 4epe3 pa3AesIuTebHbINH YIbTpaguiIbTPallHOHHbIH annapar ¢ MoJabIMu BolokHaMu AP-02m
(Poccus) nepuoandeckoro neiictsus. Pabodas cMech HUPKYJIUpOBaia MO 3aMKHYTOMY KOHTYPY,
OMBIBasl HAPY>KHYIO IOBEPXHOCTh BOJIOKHA, & TI0 €T0 BHYTPEHHEMY KaHATy BBIBOAWICS (pUIBTpaT.
Kaxmyro moprmio ¢unbTpaTta aHaIM3UPOBAIM Ha cojaep)kaHue Oenka m caxapos. B pesymbrare
(GUIBTPAIMH MOy YN MAaKCHMAIBHO CKOHIIEHTPHUPOBAHEIH OEJIKOBEIN SKCTPAKT.

Bce manpHeiimme paboThI IO BBIACICHNIO U OYMCTKE MHYJIMHA3BI TOMMHAMOYpa MpOBOIH-
nuch npu Temneparype 4°C.

Buidenenue u ouucmra unynunaser uz knybuneu monunambypa (H. tuberosus). K nonyuen-
HOMY PacTBOPY KOHLEHTPHPOBAHHOIO OEJIKOBOI0 3KCTPAKTa JOOABIISUIN KPHCTAIIIBI CyabdaTa am-
MoHHSA 10 90% HACBIILEHUS U OCTABIIAIM B XOJOAWIBHUKE Ha Yac. Beimapmmii ocagok neHTpudy-
rupoBanu 25 muH npu 10000 o6/mun (uentpudyra K-24, I'epmanust), pactopsuin B Oydepe [
(20 MM K,Na-tocoatusiii 6ydep pH 7,0, conepxamuii 5 MM MepKanTo3TaHONA) M AUATN30BATH
nporuB 10 o6semoB Oydepa II (2 MM K,Na-dpocdarusriit 6ydep pH 7,0, conepxamuii 5 MM mep-
KaITOITaHOJIa) B TEUCHUE CYTOK, ABAXKIBI MEHsS pacTBop Oydepa. nanusar Gpyrosaiu u npo-
BOJIVJIM BBICJICHUE UHYIIHHA3HI.
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Honoobmennas xpomamoepagus. Komonka (25x310 mm) conepxana JEAE-nemonosy,
ypaBHOBeIICHHYI0 Oydepom I. Dironuro NpoBOAMIN JIHHEHHBIM TPAJAUCHTOM KOHIIEHTPAIUN
xnopucroro Hatpus (0-1 M) B Oydepe 1. AktuBHble Qpakimu codupanu mo 8-10 My aBTOMaTU-
yeckuM kosuiektopoM “Isko” (CILA).

Usmepenue unynunasuoti axmusenocmu. JIns onpeneneHnss MHYIMHA3HONW aKTHBHOCTH K
0,9 M 1 %-Horo pactBopa unyiausa (0,2 M Na-auerarusiii 6ydep, pH 5,0) npunusanu 0,1 mi uc-
CIelyeMOTro pacTBopa (epMeHTa, TepeMelnBaIi ¥ HHKYGHpoBami npu Temmeparype 37°C B Te-
yenne 10 4. KonmndecTBo 00pa3oBaBOIMXCS peNyHUPYIONINX CaXapoB ONMPENesuId MOAU(UIIPO-
BaHHbIM MeTonoM Illomonu-Henbcona [8, 12]. 3a equHuIy UHYIMHA3HOM aKTUBHOCTU IPUHUMAIIU
KOJIMYECTBO (pepMeHTa, KaTaIH3UPYIOIero oopa3oBanue 1 MKMMOIIb GPYKTO3BI B MUHYTY.

Onpeodenenue xonyenmpayuu berxa. KoHneHTpauo Oenka omnpenessuii MetoaoM bpen-
¢dopaa No MOMJIOLIEHHIO KOMILIEKCOB (epMEHT — KyMacCH OpHJUIMAHTOBBIM CHHHMH NpH JJIMHE
BOJIHBI 595 HM [1] ¢ ncosIb30BaHMEM B KQUeCTBE CTaHAApTa ObIYMIA CHIBOPOTOUHBIN aab0yMUH.

Beixon Genka KOHTPOJIHPOBAIH MOCIEA0BATEIBHBIM H3MEPEHUEM ONTHUUECKON MIOTHOCTH
9M0aToB KoJIoHH nipu 280 HM [13].

Pesynomamul u oocyrncoenue. B nponecce BbIACIEHUS U OYUCTKU HHYJIMHA3BI
HaM{ COYETaJMCh METOIbl 3KCTPAKIHH (TepeBo] OENKOB B PacTBOPEHHOE COCTOSHHE
0,9 %-HBIM PacTBOPOM XJOPUCTOTO HATpPHs, KOTOPHIH 00ECHeYnBaeT HapsaAy C PacTBO-
peHHreM cTabwWim3anuio OeKka); METoAbl (yramuu, QIIbTPAd U yITpadUIbTPauu
Yyepe3 MOJbIe BOJOKHA (I MOJYYeHHS KOHIEHTPHUPOBAHHOTO OEIKOBOTO 3KCTPAKTa),
METO/Ibl BhICAIMBaHUs U LeHTpu(yrupoBanus (oOpazoBanue ocaaka npu 90% Hachklile-
HUA KOHIIEHTPUPOBAHHOTO JKCTpakTa KIyOHEH TomuHaOypa CynbhaToM aMMOHUS
(NHy), SOy, pactBopeHus noiyueHnoro ocazixa (B 20 MM K,Na-docdarnom Oydepe pH
7,0 ¢ 5 MM mepkanTosTaHoa), nuanu3sa (nmpotuB 10 oobemor 2 MM K,Na-hocharHoro
oydepa pH=7,0 ¢ 5 MM MepkanTo3TaHoa).

Ha cramum skcTpakuyy MHYJIWHA3El U3 KIIyOHEH TonmnHaMOypa HaMu OBUTH IPO-
BE/IEHBl SKCIEPUMEHTHI 10 BBISBICHUIO Haubosee 3((EeKTHBHOrO IKCTpareHra, CIio-
COOCTBYIOIIETO MaKCHUMAaJIbHOMY Iepexony OenkoB B pacTBop. OIHOW M3 OCHOBHBIX
TPYAHOCTEN BBIAEIECHUS PACTUTEIBHBIX OCIKOB SBIISETCS TOIHOE SKCTparnupoBaHue Oen-
KOB M3 TKaHH pacTeHuil. [IockombKy O€nKM HaxoIsITCs BHYTPH OTIENBHBIX PACTHUTEIb-
HBIX KJIETOK, Yepe3 000JIOYKH KOTOPHIX OHH He MOTYT I} (GYHIMPOBATE B OKPYKArOLINH
pacTBOp, TO IPH SKCTPAKIHU OENKOB TpeOyeTCsl MOJIHOE pas3pylIeHHe KIETOK. Takoe
paspylIeHHe KJIETOK TONMMHAMOypa Mbl MPOBOJWIN, UCIIOJIB3YsI B KadeCTBE T'OMOTCHU-
3aropa OJiCHIEp, a B Ka4eCTBE SKCTPArMPYIONIMX PAcTBOPOB 9 %-HBIH pacTBOp XJIO-
pHCTOrO HaTpus, TUCTHILIMpoBaHHYI0 Boay u 0,2 M anerarnsiii Oydep pH 4,6. Onun u3
rOMOI'€HATOB, T€ B Ka4eCTBE DKCTPAareHTa KCIOJb30BAJIaCh JUCTUILIMPOBAHHAS BOJa,
MOJIBEpPTaJICsl IONOJIHUTEIbHOW 00paborke yibTpasBykom (Labsonic 2000, B Braun,
I'epmannus). Tak kak B TonmuHaMOype copepkaHue akTUBHBIX noaudeHonokcuaas (PPO)
U MX cyOCTpaToB JOCTATOYHO BEJIMKO, TO NMPH SKCTPaKIMU OENKoB /uIst ofasienus: PPO
AaKTHBHOCTH HCIIOJIB30BAJIM 3aIIMTHYIO 00aBKy B BHIE 5 MM pacTBopa IU3THIANTHO-
kapbamaTa HaTpus [14].

Ta6auna 1. ConepxaHue pacTBOPCHHOTO Oeka
B DKCTpaKTax TOMMHAMOypa

DKCTparupyrouuii pacTBop 0,2 M auerarHslii | 9 %-Hblii pacTBop | JlucTHIIIMpOBaHHAs BOJA,
Oydep pH 4,6 | xyopHcTOro HaTpUs yIABTPa3ByK
KoHueHTpauus 6enka, Mr/mi 0,0405 0,262 0,148

OCHOBBIBASCh Ha MOJYYCHHBIX PE3yJbTaTax, MPUBEICHHBIX B Ta0J. 1, MOXKHO cjie-
JIaTh BBIBOJI, YTO Pa3pyIlCHHE KJICTOK ITOCPEACTBOM OJIeH/Iepa M SKCTPAKIIHS alleTaTHBIM
OydepoM Mano3HeKTHBHBI A MOTHOTO M3BIICUCHHMS OelTka 13 KIyOHeH TomuHaMOypa.
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JlononHuTENbHOE pa3pyIICHHE KIETOK IOCPEICTBOM VIIBTpa3ByKa 3(PQeKTHBHO
JaKe B CIy4ae SKCTPAKIHU OOBIMHOW NUCTWILIMPOBAHHOW BOAOW. OIHAKO HAWITYYIIErO
a¢dekra paspymieHus MOXHO JOCTUYh B COYCTAHHHA TOMOTCHU3AIMU W ILIa3MOJIH3a
KJIETOK, UCIIONB3Ysl B KAUECTBE IKCTPAreHTa BHICOKUE KOHIICHTPAIMU COJIH, TAK KaK MaKCH-
MaJIbHOE KOJIMYECTBO PACTHTEIHHOIO MIIOOYISIPHOTro OEjKa Jierde BhLICISETCS UMEHHO B
coneBoil pactBop. Takum 00pa3oM, U3 TpeX MPEICTABICHHBIX YKCTPATUPYIOIIUX PACTBO-
POB HAWITYUIINM JUISL HCTIOB30BAHUS SBIAETCA 9 %-HBII PacTBOP XJIOPUCTOTO HATPHSL.

OKCTpakT U3 KIyOHE# TonmnHaMOypa IPeaCcTaBIslI COO0H T'yCTOM COJIEBOI pacTBOP,
cofepKaIInii Mayoe KOJMYECTBO OeiKa M OOJNbIIoe KOIWYECTBO OAIACTHBIX BEUIECTB:
(heHOIIOB, TMOJIUCAXAPUIIOB, MEKTHHA, (PYKTO3bl M T.1. KOHICHTpUPOBaHUE OEIKOBOTO
pacTBopa ¢ MPUMEHEHUEM TaKUX METOJIOB, KaK BaKyyMHOE YIIAPHBAHUE M OCAKICHHE Op-
TaHUYECKIMHU PACTBOPUTEIISIMU OBLIO HEPHEMIIUMO BCIICICTBUE TOTO, YTO B IIEPBOM CIY-
yae OallaCTHBIC BEIIECTBAa KOHIICHTPUPOBAIKCH BMECTE C OSITKOM, a BO BTOPOM COBMECTHO
OCaXIAMCh. MBI IIOCYUTAIH IETIECO00Pa3HBIM MIPUMEHUTD JUIST OYMCTKH M KOHIIEHTPHPO-
BaHHUsI OEJIIKOBOTO pacTBOpa METOA YJIbTPadUILTPAIMU Yepe3 MOJbIe BOJOKHA, OCHOBBI-
BasiCh Ha OOJIBILION PA3HHUIIE MOJIEKYJIIPHBIX MACcC KOHIIEHTPUPYEMBIX OCITKOB U TIOJUIEKa-
HIMX yJAJICHHUIO 0ANACTHBIX COCTABISIIONIMX U COMH. J[BaXK/(bl B CHCTEMY BBOAMIIH IO JIHT-
Py AMCTUIUTMPOBAHHOM BOJBI, YTO IMO3BOJIMIIO CYLIECTBEHHO CHHM3UTh OCTATOYHOE KOJIH-
YeCTBO COJIM U CaxapoB B KOHILeHTpare. [Ipy KOHIEHTPUPOBAHMU SKCTPAKTA €0 HAYallb-
HBII 00BeM yMeHbIICS B 14,5 pas, a comeprkanne Oenka 10 CPaBHEHHIO C MCXOJHBIM
pacTBOPOM TMOBBICHIIOCH BO CTOJILKO JK€ pa3, MPH 3TOM IOJHOCTBIO COXpPaHH-
Jlack ero (pepMEHTATHBHAS aKTUBHOCTb. biiaroiaps Tomy, 4to B (DHUIBTPAT yIIUIa OCHOBHAS
Macca CoJii M 0aJaCTHBIX BEIIECTB, MbI MOJYYMJIA BO3MOXKHOCTH IPOBECTH OCAKICHUC
Oenka BeicanmBanueM mpu 90 % naceimenus (NH;),SO, Takum oOpa3zoM mpuMeHEHHE
YIBTpapUIBTPAIIH TIO3BOJIIIO HE TOJBKO CKOHIICHTPUPOBATH PACTUTEIBHBIA OCITKOBBIN
pacTBOP C MOJHBIM COXPAHEHUEM er0 (hepPMEHTATUBHON aKTHBHOCTH, HO M JOOWUTHCS 3HA-
YUTEIIBHOM CTEMEHH €0 OYMCTKH OT COMYTCTBYIOLIMX HU3KOMOJICKYJSIPHBIX IPHUMECEH.

CrnemyromumM 3TanioM padoTH SIBIJIOCH (DPAKIIMOHUPOBAHUE THUANIH3aTa Ha KOJOH-
ke (25 x 310 mm) ¢ JJEAE-uemmtono3oii. @paxiwm ObUTH MOCTIEIOBATEIEHO HUCCIIEI0BA-
HBI Ha CO/IEP)KaHUE caxapoB, Oellka U MHYJIHHA3HYIO aKTUBHOCTb.

Cax. (MKT/MT).
W
=]

0 s 10 1 20 25 30

th
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Puc.1. Xpomarorpadus ananuszarta — npenapara paCTBOPUMOro Oejka M3 IKCTpaKTa KiyOHeit
tonmnHamOypa Ha JJEAE-niemmonose. [Ipoduns Bexoaa caxapos.
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Puc. 2. XpomaTorpadus nuanmusaTa — penapara paCTBOPEMOro 0enka u3 IKCTpaKTa KiryOHei

tonnHaMmOypa Ha JIEAE-niemumonose. I[Ipodumu Beixona 1—- 6enka u
2 — U3MEHEHUS UHYJIMHA3HOU aKTUBHOCTH.
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PA3PABOTKA OITUMAJIBHBIX VCJIOBUN BBIAEJEHWS UHYJIMHA3BI U3 KJIYBHEN TOIMHAMBYPA (HELANTHUS TUBEROSUS)

Ha npodune amonyy nokazaHo BIMSHHAE CTYIIEHYaTOrO BO3pacTaHHsl HOHHOM CH-
JIBI pACTBOpPA 3JIOCHTA Ha pasuencHue. Kak BumHO U3 puc. 1, ¢ 1-16 dpakiuro smoupo-
BaJIMCh BCE caxapa, Janee, HaunHas ¢ 18 ¢pakuum, smronpoBanuck O6enku. Vccnemposa-
HUe (ppakmuii Ha cITOCOOHOCTH K THAPOIN3Y MHYJIMHA ITOKA3a]I0 HaJHMdue 3-X IOCIeNo-
BaTEIbHBIX MHKOB WHYJIMHA3HOH aKTHMBHOCTH. B Tabm. 2 cyMMHpOBaHBI pe3yJIbTaThl
MIPeABAPUTENBHON OUMCTKU NHYINHA3 U3 KITyOHe! TonnHaMOypa.

Ta0auna 2. Pe3ynbTaTsl NpeiBapUTEIbHON OUMCTKU
HHYJIMHA3BI U3 KITyOHeH TonnHaMOypa

O6beMm, Bernok, VY nenpHas Beixon O61ee cof. peayi.
Drarst MIT MI/MIT AKTHBHOCTb, | aKTHBHOCTH, caxapos, MI
En/mMun %
Okcrpakuus, Gy- 4000 0,262 0,00266 100 323
rarust, QrIbTpanus
KoHueHTprpoBaHue 275 3,61 0,00273 96.4 9,3
(NH,4), SO4 (90%), 140 4,7 0,00381 90.17 3,2
e
Xpomatorpadust Ha
JIEAE-uemmonose.
1,(18-34) 134 0,357 0,01750 0
1,(35-49) 128 0,910 0,00830 0
15(50-64) 112 1,076 0,00450 0
84.44

AHanu3 pe3yNbTaToB, MPEICTAaBICHHBIX B Ta0JI. 2, TIOKa3aj, 9TO COACp)KaHUE pe-
IyNUPYIOMIMX CaXxapoB 3HAYMTENBHO COKpamaercs (B 35 pa3) B pesynbraTe mporiecca
yabTpaduIbTpaliy 1O CPaBHEHHMIO C MCXOJHBIM M CHIDKAeTCsl O HyJIs IOCHe JTara
nonoodmeHHo# xpomatorpaduu Ha JIEAE-nemnonose. B pedynbrate npeaBapuTeabHON
OUYHCTKU CpelHee 3HaueHHe YJEeJIbHOW MHYJIMHA3HOW aKTHMBHOCTH (CpeiHee apupMeTH-
YeCcKOe TpeX IHKOB) YBEJIIMUMBAETCS B 3 pa3a, a OOMIMH BHIXOJ aKTUBHOCTH (epMEeHTa
cocraBiset 84,44 %.

PesynbraTsl HaTUBHOTO 371€KTpodopesa B 7,7 %-HOM MOIMAKPHIAMHUIHOM Teie
00pa3IoB 00BEANHEHHBIX (PpaKIHii KaXKJOro MUKa C ONpeAeiICHHEM WHYIMHA3HOW aK-
TUBHOCTH B KyCKax pPa3pe3aHHOTO Teilsl MOKa3alH, YTO Mbl MMEeM TpU H30(pepMeHTa
MHYJINHA3bI C PAa3HOH CTENEHBIO OYHMCTKH, 3JIEKTPOGOPETHUECKN T€TEPOTEHHBIE, THAPO-
JU3yIoIMe UHyIMH ¢ aktuBHOcThiO 1} = 0,0175 En/mr, 1,=0,0083 Exn/mr, 1;=0,00450
En/mMr u omnnyaronmecs Opyr oT Apyra I0 3JIeKTPONOABIKHOCTH (IaHHBIC HE IPHBEE-
HBI), KOTOpBIE HY)KJAIOTCA B AaJbHEHIIEH OYMCTKE AJIS HCIIOIB30BaHUS B 3KCIIEPUMEH-
Tax M0 M3YYEHHIO X (PU3NKO-XUMHYECKUX CBOMCTB.

Opakiuy KaXJI0ro MUKa HHYJIWHA3HOH aKTUBHOCTH ObUIM OOBEIMHECHBI, CKOH-
LEHTPUPOBaHbI ImyTeM ocaxaeHus npu 80 %-HOM HaCHINEHUH CYJIb(HaToM aMMOHHMS
(NH4),SO4, mtnani3oBaHbl 1 MOABEPTHYTH AATbHEHIIEH 0YNCTKE Pa3eIbHO.
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49.3. MN1NU3UL

22 QUU Q.U. Mtunppubp winjul hhppnwynihluygh wpnp Edikph plinnpunnin
hydrop@netsys.am

Ohpwubkunt wulhukph hhnypnwynthy wpunuppmpemomit juquuibpybine  tyunwlnyg
puigopjw hhnpnunuhugh wuydwbibpnud nuunidbwuppdly b guigniptph (hpwphiughtt updhp
howpwd, quupup, quupup+hpwpuwghtt jupdhp pwpwd jpwnbunipn (1:1 hwpwpbpnipjudp) b
Tupjwtth ubinunisnyph wwuppkp pnmpmniiutph (0,25 U, 0,5 U, 0,75 U, 1,0 L) wmqpbkgnipniup
wuwn-Juunuluibph b yunjuwunjws nulhutiph wéh b qupqugdut dpu: Mwpqyty L, np
ubpdbph Spdwt, wuwnjuunwluwjitph b yunjuunjws nujhukph wéh hwdwp pupbiyuun
wuydwbikp kb wuyywhnyt) qqupwph b hpwppiughtt jupdhp jpwputh 1:1 jpuntinipnp b dudpyjuith
0,75 'L ulilipuniénypn:

Zhppnynbhlw — vhbpuyniényp — jquiyniye — Shpwhkih — wwwnywunwluy — nwbhh

C nenpro OpraHM3allli TUIPOTIOHUYECKOTO MPOM3BOJCTBA CAKEHIIEB abpHUKOCa B YCIIOBUSIX
OTKpBITOH TUAPOIIOHMKH HCCIENOBATIOCH BIMSHHE HAMONHHUTENEH (KpacHbIH BYJIKaHMYECKHUH ILUIAK,
TpaBHif, CMeCh TIPaBHsl C KPacHbIM ByJKaHWYecKMM mutakoM (1:1 ¢ COOTHOIICHWEM) M pPasHBIX
KOHIIEHTpanuii urarensHoro pacreopa JasrsHa (0,25 N; 0,5 N; 0,75 N; 1,0 N) Ha poct u pa3sutue
II0/IBOEB U IIPUBUTBIX CAXKEHLIEB.

VYcTaHOBIIEHO, YTO OJIarONPHSATHBIC YCIOBUS IS BCXOXKECTH CEMSTH, POCTa MO/IBOEB M IPH-
BUTBIX CA)KEHIIEB 00ECIEUNIIN CMECh TPaBHs C BYJIKAHUYECKUM LIJIAKOM B COOTHOIIeHHH 1:1 1 mu-
TaTeNnbHbIN pacTBOp JaBTsaHa ¢ koHueHTpauuei 0,75 N.

T'uopononuxa — numamensHwill pacmeop — HANOTHUMENb — AGPUKOC — NOOBOU - CANHCEHYbL

The influence of substrates (volcanic red slag, gravel, gravel+volcanic red slag mixture (1:1
ratio) and different concentrations of Davtyan’s nutrient solution (0.25 N, 0.5 N, 0.75 N, 1.0 N) on
growth and development of rootstocks and grafted saplings were studied in open-air hydroponic
conditions in order to organize hydroponic production of apricot saplings. It was clarified that the
favorable conditions for seed germination and growth of rootstocks and grafted saplings were
provided by gravel and volcanic red slag 1:1 mixture, and the best nutrient solution was Davtyan’s
0.75N.

Hydroponics — nutrient solution — substrate — apricot — rootstock — sapling

NMuwpkuh pughpp dwppynipjui wool Swnwgws Yuplhnpuwgny futnhpibphg
Ukl £, nph pmésdwi gnpsnud hp nipnyl nknh nibkb dpgbpp wyy pynd Shpubp, npnip
hwunhuwind Eu dwppm huuwgnpsniubnipju hwdwp withpudbyn Jhunwdhuubph,
wnwppkp opquiwljut dhugmipinitkph ptwlut wypnip: YEpehtt muubwdjuynud dbp
hwipuybtnnipniinid nbnh £ nitkind Shpwbkunt wyqknwpwsputph tnpugdwi b
wybjugdwl gnpépupwgubp, npp phpnud b pwpdpnpul wnulhhubph wpuqugdus
wdkgumb wwhwbewnly: Uy qnpénud ks nhp b jpunnud pnyubiph wthnn dowlnypp®
hhnpnunuhlwl, npp htwpwynpnipmitt £ wwjhu jupd dudbnmd juquulbpub
npuljju) nuyhtkiph wpuqugyus wpnunpnipinii (1, 2, 6]:
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4.8. 1NN.NUBUL

Ynip b dEpnp: Ohpwb unynpuljwbp (Armenica Vu]gans Lam.) wwwljwiumd t Jupy-
wqghlikph plwnwihpht (Rosaceae Juss): Uhtsh 5-8, hwqiunby 10 U pupdpmipjudp, poibp’
30-40 ud npwdwgdny, gnpo—Unjupugnyi Jinuny swn k: Upwpunjut quonwquypnud, jujudus
Jhtwywlwh yupdwbibkphg, swnynud E dwpnh yipohg Upbish wiygphih Yhubpp' dhiist wkplkph b
hwjn qup: NMuninp hwunttwind t hnithu-ognuwninu wdhubtphti: Udkgynud k Undiuunid,
Uhohtt Uuhwynud, Miypwhbuynud, Aphunud, duyph yhdwlnid hwinhynmd b Gktnpniwlub
Uuhwynud (Sjuti—Cwitih (Epubpnud): Pnidwljub byyuwnwlny oquugnpsynid u ubkpdbpp (bpwighg
uinugyus minp Oleum Armenicae) ujinninp b pniuwhkdp [4, 5, 7]:

Qnmipinit mukt Shpwukint puwquwuphy unpnbp, npnig puqUugdwi hudwp npubu
wuwunjuuinuwlu] Swpwnd t unynpuwljwt Shpwubkuht: Uy unpunbphg Upwpuuywt nupwnw-
Juypnid, pupdp wpynibwyEnnipyut ounphhy, dks nbn k qpunbgunid «Gplwuh» (Swjwpe) unpup,
npp hwiunhwynd b Shpwkuh dowlnn pninp gnunhubpnd b hwighuwind E wbljuplukph
hhdtwljutt unpwup: Ohpwuh wknuiwt unpnbph dky «Gplwtir-ht gpununhdwgyniutbphg Ukl k:
Fsuynp swlnunjtunipyudp Juwudnud Ehudbdwnwpwp pny) Yepyny (3]

Ohpwubkunt wnuyhukph hhppnwnuply wpunwnpnipjut hopdupyndubpp juquulbpybne
bywwnwlny ubkpdbipp guidt] o dwpn wduju Jtpghg — wwyphih wnwght Yhup: Uhly gupup
ubpdbpp unpunhdhlugyt) ku 90-110 on untwy] wjwqh dke:

Onpduplty kb hpwphiughtt jupdhp owpud, guupwp, guupwp+hpupught jupdhp fow-
pudh Juwnbnipy (1:1 hwpwpbpmpjudp) (guiynipbpp: Swipp juwwpdly 20?2 dwlbkpbuny
thnpdwbnpibpnd’ 40 ubpd 1? ujubduynd: Opybu unnighy thopdtpp gpdt) Go bwb hnguyh
nwpphpulmy, npunbn wwhwwidk) o pnnp wgpnubkpjuhjulwt dhgnguenidubpp (npngnud,
ulinignid, thhupkgnid b wyn):

Zhnpnunuhyund  pnyubpp uimgdl] B Ywypyuih Ynnuhg wpwowpldus 0,25 U,
05U, 0,75 Ll 1 U junnipjudp ubiqunisnypny (1] qupbwbp b wdpwip opwlwb 1-2, huly wo-
twbip Ukl whqu, npt wunh&wiupup wuuukgibng hwugll)  nwubopulnud Uk whquudh:
Pnyutph ohytph hwuntbwgdwt b dAdindwb tywwnwlny ubwynbdpphtt uiigupwp nwdnyphg
wdpnnonyhtt hwit) k wqnup:

Nuunjuundwip twjpwywnpuunknt ityunwlnyg ognuinnu wduh uqphtt yunduunw-
Yuwih unnphtt hwnjwsh (guiyniphg dipl' 25-30 ud) Ynnuyhtt gminkpp budkp Eu: Ognuwnnu
wduju bpypnpy Yhuhg dhiy ubyunbdpbip wdudu wnwehtt Yhup juunwpyly b wspuyunyuuwn:
Npybtu yuunjuunwiynp pbupdb] £ «Gplwth» unpup: Munduunduws wulhubph dnn Jun
qupuwip wuwwuyjwuwnh hhuphg 5-hg 10 dd pwpdpnipjut Jpw gnpniup hknwgyly b Zknwqu
unpuuy wgh b dhwynpdwi tyuwnwlng wwwndwuwnikph uinnphtt hwnwsh (guiyniphg Jtph
dhtigh 30 ud) Ynnuyht &ninkpp bk B Ihghinmghuh pipugpniud juwnwpybk) B bkuninghwlju
nhuwupynudubp b 15 opp Ukl YEuuwdbwnphl swhnudubp (quunjuunwlwiubph b yunduungus
wmbyhutph  dnwn'  pwpdpnipnibp,  pth wpwdwghdp, Ynnuyhtt  gnintph  pwbwlp,  huy
wuunjuunduws wbfhutph hwdwp bwb ywnduunh hhdph wpudwghsdp): Thuwhnpdbpp
Qunwpyby Eu 3 Ypljunnnipjundp:

Uppymiiphkp b phinuphnid: Miunidiwuhpnipiniiibpp gnyg B ndby, np thop-
dwnluws tpbkp (guiymptphg ubpdbph Sjdwb, yquunjuunwluwiutph (wn. 1) b wuwn-
Juunué wulhutph (wn. 2) wdh hwdwp pupbyuun wuydwitbkp B wugwhngty
quupwp + hpwppughtt yupdhp pwpudp: Ukpdbph §intbwlnipiniipn Juquk) E 80-90 %,
huy wunjuundwl  Jusnpmbwlmpmip’ 80-85 %: Uju wwpphpulh wuunwuu-
nwlwubpp, yunjuwuinnidhg wewe Jjunwpws swthnidubph hwdwdwyt, ghpuqugt)
Eu djpiu hhnppnwnuhy wwppkpulukpht. pm]ub pupdpmpyudp Uhbsh 1,2; php
npudwgdny b wnweluyhl &]nthph pwbwlny dphtst 1,3 ulhqun[ huy hnnuyht
wwpphpuljht’ an]uh pupdpnipjudp Unwn 1,3; pih inpudwgdny dnn 1,2 b wnwetught
&ninbph pwlwyny 1,5 wiquu: dhghnwughwih Jbpenid juwnwp]us swhmdubph
hwdwduyhh wnwybnipiniup Uniu hhgpnunuhl wwppbpuyutph tjundwdp tnk b
poyup pupdpnipjudp b wewetught §mnkph pwwymy * dhish 1,2; pith wpudwgsny
Uhtisl 1,1 whqud, hul hnquyhth Wywndwdp. poguh pupdpmpyudp dhish 1,5; pup
npudwgsny Uhbsh 1,2 b wpwgbuyht &ninkph pubwlny dhish 1,9 whqud (wr). 1):

NMuunjuunyws nuyhubph nhwypmd quupuwph b hpwppughtt jupdhp fwpudh
huowntunipymud wdkgdws poyubpp (. 1) Swnwswhwlwi ndjuitpny ghpuquiigl)
Uiniu hhngpnunuhly wwppbkpuwlubphl. poyuh pupdpnipjudp b wnwetughtt &ninkph
pwbwlyny dhlsh 1,2; pih npudugsny b wwwnywuwnh hhdph wpudwgsny dhish 1,5, huly
hnnquyhth'  pmyuph  pupdpmppudp 1,8; ph wpudwgsny] b wunnjuunh  hhdph
npuiugsny 2,1 b wnwgtught &nintiph putwlny 2,4 whquud (wn. 2):

Utunqunisnyph funnipjut wqpkgnipjut hbnwgnunipinibibph wpynitiputpp gnyg
wnyk], np Shpwtkunt yuwjuwunmwluwutph wsh b qupqugdwi hwdwp jwjugny wwydwikp
wuywhnyb] 0,75 L b 1,0 U uttingunisniypubtph Yhpwnnudp (wr. 3, ul. 2):
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PUB0MESU...

Unyniuwly 1. Ohpwkiunt yuunjwunwlw)ibph swnwswhwljui
uyur ulipp mwpplp (guiynipbpnid

Pwpépnipjntl, ud PUh npwdwghs, ud UnwgUwjhu §jninkp, hwwn
wwn- Jybqb- wép wuwn- Jytagb- woépn wwn- Jybqb- woépn
Jwu- inwgh- wuwn- Jwu- inwgh- wwn- Jwu- wnwgh- wwn-
Lgwljnie wnnt- wih Jwu- wnnt- wjh Jwu- wnnt- wjh Jwu-
Uhg Jtp- wnnt- Uhg Jbp- wnnt- Uhg Jtp- wnnt-
wnwp onLd Uhg wnwy onud Uhg wnwg onLd Uhg
hGwnn hGwnn hGwn
hpwphuwhl
fuwpwy + 109 131 22 10 1 1 18 27 9
glwpwp
hnpwptuwhu
huwpwy 101 120 19 9 10 1 18 25 7
glupwn 92 112 20 8 10 2 14 22 8
hnn /unnighy/ 81 85 4 8 9 1 12 14 2
Unyniuwly 2. Ohpwitkunt wuwwnduwuwngws niljhutph swnwswthulwui
wnjuukpp nuppbp (guiynipbpnud
LgwujniLp PwnanpntpnLup, RUh npwdwaghép, UU Mwwndwunh Unwolwjhu
ud hhuph 6)ntnbnp, hwun
wnpwdwghdp, Ud
hnwptuwhu
Riwpwy + qupwp 124 25 17 12
hpwphuwjhu
huwpwd 105 20 14 10
glwpwp 101 17 11 10
hnn /uwnntghg/ 68 12 8 5

V1. Zpwphuwghtt jupdhp wpud + gpupup ‘Ul.2. Ohpwikunt wuwwnjwuwnwljuybkpp
(guignipnid wdkgyws shpwukunt wuwwnjuwuwnnidhg wnwg ultinu nisnyph
yuwnjuwungws mulhubpp wnuwpplp pnnipyut wuwydwbbpnid

Uju juunnippnibbpny] uinigus wunjuuuwluiibpp ghipuquigl] tu dniu
hhnpnwnhy wwppbpulubphi (0,25 U b 0,5 U). pnyyup pupdpmipjudp 1,4 — 1,8, puh
npudwgsny 1,4 -1 ,7 b wnwebwjhl &mnbtph pubwln] 1,6 — 2,7 whquul: Znquyht
yunjuutnulubph tjundwdp wyu gnigwthoubpp juqul) o 1,5;1,4-1,6 1 1,3-1,9
wbqud, hwdwywwnwujupwbtwpup:

Quuywd ipwl, np Swnwswhwlwub wfjujutpny 1,0 U 1 0,75 'L juwnnipiniubpnyg
uinigqués wuwwnjwunwluiibpp hpuphg gpbpt skt nwuppipynud, wwluyb bww-
nwwhwpdwn k nt mbinbuwwtu dknttwnnt Yhpwntk) 0,75 U jannipinibp, putth np wju
nwppbpulnud wdkgdws pnnp wunduuwnwlwijikpp by, yunjuundwt plpwugph
swhnidubiph hwdwdw)l, yuunpuun b yunjuundwi:

Zhnwgnunipyniibpp gnyg & ndly, np Shpwikiunt wunduunygws wuyhubph
wéh b qupqugdut hwdwp udugnyt yuydwtitbp Bt wywhnyglp 0,75 L 0 1,0 U
ulliqunisnyputph Yhpwenwdp (wn. 4): 0,75 U junnipjudp ubiligunidnypeny uinigjus
wnbhubph wowybnipmoiip dnwe wwppbpuyubph Wjuundwdp htnlyut ko pogup
pupapnipudp b pih npudwgsny hiish 1,3, wywindwunh hhdph npudwugsny dhish 1,4
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4.8. 1N1NUSUL

wnwelwihtt &nintph pwiwlny dhigh 2,7 wuqud: Znnuyhtt mwuppkpuynud wdkgus

poyubph htn hudbdwwnws 0,75 U jnwdnypeny utinigyws pnyubph wdp gipuquigh) k.
poyuh pupdpnippudp’ 1,6, pih b wundwuwnh hhudph wpudwgstpng’ 2,1 b wowebught
&nuntph pwbwlny 3,2 whquud:

Unyniuwly 3. Ohpwikiunt wuwwnduwuwnwlwikph swnwswthulub
wnyjuikipp nupplp pnnpjut ubinunsnyputpnid

Uluunwniénieh PwpapnipnLup, PUh mpwdwaghép, Ud Unwsylwjhu 6jnnkph
funnipjnil, L ud pwlwyp, hwwn
1,0 131 14 27
0,75 128 13 18
0,5 93 9 10
0,25 71 8 11
hnn /uinnighs/ 85 9 14

Ohpwikunt wnulhutph hhppnunuhl wuydwibbpnd wdbkgdwt thnpdbph wp-

myniupubphg wwpqyk] k twl, np 1 d? hhypnwnuhl dwtpbuhg tpint mwupnid htwpw-
Unp L uvnwbw) 20 - 22 npulju) wnulhubp, npnup hhdtwlwt wgqbknwpwspubpnud
JEpunbdut dudwbwl wyywhndnud Eu 95-98% Yusnnuiljuinipynci:

Unyniuwly 4. Ohpwikint wuwwnjuwuwnygws wulhubph Swnwswthwlwi
nyjuukipp nupplp pnnpjut ubinunsnyputpnid

Ululnwiniényeh | Pwpépnie)niup, RUh Mwwnywunh hhuph Unwolwjhu
fuinnipnLl, L ud wnpwdwaghop, npwdwaghép, UJ ajnLntiph
Jd pwlwyp, hwwn
1,0
112 24 16 14
0,75 128 25 17 16
0,5 104 21 14 12
0,25 98 19 12 6
hnn /uwnnighs/ 68 12 8 5

Udthnthtng junwpuws ntunidbwuhpnipinibbpp, Jupkh k), np Shpwik-

unt hhnpnuwnuhl muhubkph wdkgdut hwdwp tyunwuwhwupdwp bt yunduunulog-
tbpp U wuunjwundus wlhibpp uinigh; Yudpejubh 0,75 wbigupmsnypny Yhpu-
nkiny quupwpph U hpwppughtt yupdhp pwpwdh (1:1 hwpwpbpnipjudp) juwuntnipg
lguiynipn:
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22 QUU Q.U. Mtunfppubp winjul hhppnuynihlugh wpnp Edikph piuinpunnin
hydrop@netsys.am

Zhnpnuynuhjuluh vnwuppbp iqubwlubph (guuittughty, wnuught, hwdwnwpws b puuwljui)
Yhpundwdp wdkgyus wnubnuyhtt nundh (Mentha piperita L) pniuwhnudpp snp pwpny hhu-
tuljwimd gbpuquiignid £ hnnughtt dpwlnyphtt 1.5-2.7 whqud: ®npdwpljws pnpp nwppk-
puyubpnud ptpuyninh uhtipbqp wpwydl] hunbuhy b pbpwgl) 3-pn hwph dwdwbwy, hul wow-
JEugnyt & (1.6-2.6 wiqud) wywhnyt] ko qutughtt b nuuwlwt hhppnynuhjuljut hudwljup-
gbpp: Gpbpuymnh npuljulfwub gnigwihoubph hwdbdwwnnpmnithg tpund E, np juplnpugnyb
pununphs Ukbipn] uwhpunh pupdp wupnibwynipnih (71-73%) ghudl) b quuitught, quuwlub b
hnnuyht Wowlnyph yuydwiubpnud: Uhigntn, hqnubupnuh pupdp wupnitawnipeyudp (11-15%) wsph
kU pull] wnuwghtt b hwdwnwpws nwuppbpuljutpp: Fubughtt hhppnuynuhjuljuwt hwdwlwpgnid,
Jtgbunnughntt  opowtth pupwgpmy, dtupnh wrwybjugnyt yupmbwlnmpemb gqpuugdl b
ubupinbdplp widuht (71%), hul wlkiuguspp ognuwnnu widuht (40%):

Lpupppuyhl hhnpnynbplu — ynyknuyhl nund — Epkpuyniy —
Uklpon; — wpmynibunjlwnnyeini i

JlekapcTBeHHOE ChIpbe MSTHI IIEPEYHOMN, BBIPALIEHHOM B PA3HBIX THAPOINOHUYECKUX CHCTEMAX
(uunuHApUYecKas, GOpPO3LOBasi, CIUIOIIHAS U KJIACCHYECKas) II0 CyXOMY BeCy IPEBOCXOAUT IOYBEHHYIO
KyabTypy npumepHo B 1.5-2.7 pa3. Bo Bcex HCIBITaHHBIX BapHaHTax Haubojiee MHTEHCHBHBIA CHHTE3
a¢upHOro Maciaa HaGIIOZAICA IPH 3-M yKOCe, a HAMBBICIIKI BbIXof adupHOro macia B 1.6-2.6 pasa
obecreunay LWIMHAPUYECKAas ¥ KJIACCHYeCKas THUAPOIOHUYECKHMe CcucTeMbl. llpum cpaBHeHHH
Ka4yeCTBEHHBIX IIOKa3aTejeil 3(QUPHOTO Macjia yCTaHOBJIEHO, YTO BBICOKOE COZEP)XKaHWEe BaKHeHIero
KOMIIOHeHTa — crupra MeHTona (71-73%) Haba04anoCch B yCAOBUAX UIUIMHAPUIECKON M KJIACCUIECKOU
TUAPOIOHUKY, a Takke 1mouBsl. OfHAKO BBICOKMM cozepxkaHueM usomenrtoHa (11-15%) Beizesnsiuch
6opo3/0Basi ¥ CIUIOWIHAS THAPONOHUYECKWEe BAPUAHTHL. B yCIOBUAX LMIMHAPUYECKON THAPONOHUKHU B
[epHO/;, BereTalluu BBICOKOe cofepkanue MeHTona (71%) ormeyanocs B ceHTs6pe, a HaumeHsinee (40%) - B
aBrycre.

C'prﬁHa,q T'HZPOIIOHHKA — MATa IIepeYHad — 3¢HPH06‘ Macio — MEHTOJI — IIDOJYKTHBHOCTh

Peppermint (Mentha piperita L.) planting material, obtained with the application of different
hydroponics methods (cylindrical, gully, continuous and classical), mostly exceeds the soil culture with
dry weight 1.5-2.7 times. Essential oil synthesis was more intensive during the third cut in all
the tested variants, and maximum output (1.6-2.6 times) was provided by cylindrical and classical
hydroponics systems. We can see from comparison of qualitative indices that high content (71-73%) of
essential component menthol was observed in cylindrical, classical and soil culture conditions. However,
gully and continuous variants had a high content (11-15%) of izomenthon. During the vegetation period,
maximum amount of menthol was registered in September (71%), and minimum amount in August (40%)
in cylindrical hydroponics system.

Water-stream hydroponics — peppermint — essential oil — menthol — productivity
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U.lv. UUSLUMESSUL, 2.U. ULERUULSUL, U.Iv. YUL3URUL, U.2. fNIUTUSUL, R.0. USEOUL3UL

Zhnpnuynuhlwb hpkuhg thpjuyugund t poyubph wihnn wpnwunpnipyub Yhu-
uwwnbkjuininghw, npp gnpénid £ jurwdupynn dowlnipjut yuwydwitkpnud, wphtunw-
Juunpkl unbndyws dhowduypnid, uvwljuyt uytt sh hwlwugnnud hunbkuuhy gninqu-
nbhnbunipjut unynpuljut dbpnpubpht, wy) hwighuwind £ dwpnpughtt wpuwwnnidh
wnwyl] wpynitwybn oquugnpsdwt bnp, jpugnighy ptugquyun, Jhhuwpwbwlut
wpni-twpkpnipjut vh &niy [1, 14]:

22 QUU. Zhnpnunthluyh wypopikdubph htunhuninnd ppuwjubugyny hbwnw-
gqnuinipjniibpnid Juplnpmd B hhppnwntuhly tnp hwdwlwpgbph dpwldwt wphuw-
wnwtpubpp: puighg wdkwhbpwljwpuyhp onipe 25 mupju hbnwgnunipniukpp
wpyniupnid dowljdus wnjhdbpuyhtt punuiph oquugnpsdwdp «ppwohpuyhtt hhnpn-
wnbhjwluwh hwdwlupgly t hp snpu nwpunbuwlibpny hudwnwpws, qubught,
wlnuuyhlt b puqudju mujuplughe [2-5, 14]:

Uju wpnudny, wpwohtt wbqud unpwugnyu «ppwohpuyhtt hhnpnwnuhlugh»
thnpduwlut Unpnijubpmd (quuutuyghty, wynuuyght, hwdwnwpws) junwupyl)] o guuw-
Jwt hhnpnwnuhuyh b hnnuyht Upwlnypeh htn hudbkdwnwljwt hbnwgnnnipmnibbp
wpdbpuynp  Eptpuniquunnme b pghnuunt  pwwpnyu wnubnuyhtt nundh wp-
pniuwybnnipyui, hyywhu bwl ponwwhnudpmd Epbpuwyninh pwbwuwliwit b npw-
Jujult wrwbdtwhwnlmpiniuubph ntuntdbwuhpdwt nuynnipjudp:

Ymnip b UEpny: Muntdiwuhpmpinibikpp junwpgby ki 2012-2014pp. Upupunjub nugnh
wwjlwbikpnd, npb wyph E pijinud wpnwhwpndus snp hdwgng, Yhuwwbwugwnughi’
ohipUnipjut bt junbwynipjut Uké wnwwwnwindubpny: Fhunwthnpdpnd npybu  nuijuwiyne
oqunugnnpdyt) ki hhppnuynuhly tnubwlny vnwugws nulhubpp: Qpuohpuyhtt hhypnuynuhluygh
wuydwbbpnud poyubpp gpdtp &b 8 ? ubdwt dwlbpbu nibkgnn quubught, winuuyght, hw-
dwnwpws hwdwlupgbpnid b hhgpoynthjujwb hopdtwful Yuyuih 5 @ dutptuny Yhuw-
wpnunpuljul juunulikpod’ 8 poyu/l? unmpyudp: Zhgpnunithjulut popnp hwdwlupgbpnud
npyhu (guiynmp oquuqnpdyk; ku 3-15 dd dwubhlukph wpudwgdny hpwphiughtt fowpud:
Pnyubiph utinignudp Junwpdl) b Q.U dupjuth ubiipumsnypny [7], Jighnwughugh uljgpnud 0.5
U, wmyu Ukl wlhu wig, nne Yhqhnwghuwyh pupwgpnid 0.75 U junnipjudp: Ywjudus knubwlugh
wuydwbtbkphg, gpwohpuyhtt hhpponwnuhuynid, opdu pupwgpnid wuppbkpwpwp ubinunidnypp
ohph duny widkpunund (pnipg 6-20 wuqud b 10-15 4 mbinnnipjudp) Unyky k jnipupwisinip poyup
wpdwnwpbwl otpn: Ukjubqudjuw nipdnn jmdnyph swhp qupuwip juqdt) E 20-30, wdnwip b
woliwbip' 30-50 Up: twuwlwh hhnpnynihfuynid (42) prujubpp utmgyy ko 1-3 wiqud, hnqughb
Uswynypnudl (4 u?)' 3-4 opp 1 whquud, npuntn wuwhwwink kb popnp phgniijws wgpninkuthuljut
wuydwbbpp (punhwb, thlupgnd, yupupunwgnid b wy): 2np pinuwhnidpmid Gphkpuyninh
wupnibwlnipiniup npnoyty E punn MY XI-h [6], hull Epbpuyninh npujulwb Jpinwsnipmniutpp
Qunwpyk) ki Bruker Daltonik bppuduyh EM 640S dwljuhoh dudwbwlwulhg qug-ppndun-dwuu-
uybupnubnph (@2-UU) ogunipjudp «HP-5MS» ubpnnny: Gpkpuyninh punwypsitph tnyiu-
Juunipiniup npnpyly k hpybu NIST-MS hwdwlupgsh gpunupwtwghtt wdjuyjubph, wbybu
hwibdwnwlwt  tdnpbblph  oqumipjuup:  ®npdkpp  npylp o 48 Yplhunpnipyudp,
dwpbdwnhjuljub dowlnidp juwnwpdb) k pun nuybhundh [8]:

Upynilphlp b phinupynud: Zhnponynthuwlwb mwuppkp tnwuwlubtph Yh-
pundwdp vnwugus wnubnuihtt nundh pniuvwhnidpp, pugunnipjudp hwdw-
wnwpwésh, snp puony 1.5-2.7 wmuqud ghipwquugnid £ hnnqujht dpwlnypht (wn.1):
Uhwdwdwbwl, wwpqyk] £ quubtwht hhppnynuhjwujwi hwdwlwupgh wnw-
JEnipnitup (1.8-2.2 wbqud) wlinuuyhtt b hwdwwnwpws hwdwlupgbiph hw-
dbdwwunnipjudp: Uujuj dowldwb ywuwydwuttphg, 3-pg hwuph dudwiwl wyw-
hndyk] E puinhwtnip phpph onipg 37-47%-p (wn. 1):

Unniuwly 1. Mnuybnujht nundh phippun]binnipiniip pun hwpkph

Swnptpwy AGnwhnidph gnp pwop, g/pnLju
Cunhwuntp | hwp (hnthu) Il hwp (ognhuwnnu) Il hwp (UBwwnbdpkp)
Qulwjhu 155.1 45.7 43.9 65.5
Uynuwjhu 83.7 25.6 24.7 33.4
Rwdwwnwpwéd 69.7 13.1 23.7 32.9
hs 149.0 53.1 40.7 55.1
3nn (unntghg) 57.0 16.8 14.7 25.5
ESos 15.3
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Tundh snp ghnuwhnidpmd thnpdwpldws pojinp wwuppkpuljubpmd Ephpuyninh
wupniiwynipniiup wnwyb] pupdp k phpwgt) 3-pn hwuph dudwbuy (uy. 1):

5.00
450
400 4
3.50
3.00
250 +
200
150
100
050 +
0,00 +—

tiptipunin, %

= [ haap
= I hup

I hwap

& & & < & wwpphpuljlbn

Uh.1. Mqubnuyht qundh kptpuyninh wwpnibwlnipiniup pun hwupkph

Mtwp L ok, np qundh pupdp wpynibwybnnipyut ounphpy, UkY pnyup huy-
Uny Lpbkpuyninh wpwdbjugnyu G (1.6-2.6 whqud) Jighnwughuyh phpwgpnid www-
hnyt] b qqutiughtt b puuwljut hhppnynuhfulwt hwdwlwupgbpp (wy. 2):

Unniuwly 2. Mqutnuyhtt nundh ninuphdhwljut gniguuhoubpp
(ppynud Eu 3 hwptph dhoht wdyuyutpp)

Grbtpw)ninh tunuwyntejntl (puin M Cunhwuntp Unfuhn 10% HCI -nud
wwnpnibwyneeintup XI-h 14%-hg ng wyky) (puwnn MY XI-h sinLdynn Untuhn
Swppbpwy (puin M1 XI-h 14%-hg (puin M XI-h
1%-hg ns Wwywu) ng wyty) 6%-hg ns wyty)
% Gip, % % %
q/pnLju
Qwlwjhu 4.0 6.2 9.7 12.8 1.1
Uynuwjhtu 4.2 3.5 10.0 13.2 1.3
Rwdwwnwpwé 3.9 2.7 9.7 13.7 1.2
3 3.8 5.7 9.3 14.2 1.1
3nn (unnighg) 4.1 2.3 10.6 14.8 25

Bptpuyniquunnt poyubpnid wddwi b qupqugdw pupugpnid tplpuyninp Lu-
pupyynid t ny vhuyt puwtwljuljul, wy twb npuljujut thnthnjunipniuutph [10, 13]:
Cuwn gpuljuimpyul wjjubkph, wnybnuiht qundh tpkpuyninh phihwjub Jug-
Unipiniip puulwuht pupy E wyt wwupnibwlnud £ oonipe 30 wkpybuwghtt dhw-
gnipnitiibp: Zhdtwlwt puquppudwubpp, npnugny npnoymd b bphpuyninh npulp,
hwunhuwind tu dkupnip, dbupnup, pqnubupnup [12]: Skphutphg b Swnlwpnykphg
unugus  Epbkpuyninp, Jkbpnth  pwpdp  wuwpnitwlnipjub  punphhy, jujunpku
Yhpurynid b upnwinpuht, stywnwlwt mnhubph, tphuwdukph, dhgpbiuh b wy
hhywunnipniuibph poniddwt dwdwbwl, hull wbkplhbbpp'  wnbunwdnpuwht
hhjuinmpymubbph phypnd npwhu hwiqunuging, hwlwpnppnpught b wpyub
Supnudp hotigunn Uhong: Oquiugnpsynud £ twlb odwubjhph b ubtnh wpuwnpni-
pniuubpnud [9-11]:

Unwghtt whqud gpwphpuyhl, nuuwlwb hhnpnunihljugh b hnnuyhtt dowlnyph
wuydwbibpnd juunwpus hbnwgnunnipnibiiphg wvnwugyws wpnniupubpp gnyg ku
nyk) (. 2, wn. 3), np hopdupduws nuppbpujubpnid tphpuyninh npujulwt gni-
guiihoukpp qquihnpbt nwppbpynud Bi: Chinhwinip wndwdp, dkbpnh pupdp wu-
pnibwlnipinit (71-73 %) nhnydl) b quubught, quuwlut b hoquyhtt dpwlnyph wuy-
dwutbpnud. hwdwwnwpws b winuwyghtt hhgpnuynuhujh hwdbdwwnnipyudp dhoht
hwoyny] wybkjmunud k£ 1.1-1.4 whqud: Uhuspln, hqnukupnuh pupdp gupnibwlnipyudp
(11-15 %) wsph L puyl) whnuuyht b hwdwnwpws nwppkpuyubkpp:
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UY.2. Smpplp wuydwikpnid wdkgdws ynunuyhtt nundh kptpuyninh &L-UU-p (Uly.2-nud toyws
pytpp huwdwywwnwupwinud ki wn. 3-nid npdus pununpudwubph hwdwpiubphi)

Unymuml 3. Inwtnuyht nundh kpkpuymnh phuhwlwi pinipughpp hhypnyntihugh b hnnwhb

Upuljnyph wuylwbbbkpnud

N Grbpwninh Qwlwjhu Uynuwjhu Swdwwnwnpwé Qwuwywlu 3nn
hhduwywu gpwlg- wwnpnt- | gpwug- wwpnt- | gpwug- wwpnt- qpwug- wwpnnt-| gpwlg- wwnnt-
pwnwnpw- Jwl dw- | bwyne- [ Jwl dw- | bwynt- | Jwl dw- | Uwyne- Jwl dw- | Lwynt- | Jwl dw- | Lwynt-
Jwubnp dJwuwyp, | eyntup, | Jwuwyp, | eyntup, | Jwlwyp, | pyncup, dwlwyp, | eynilp, | Jwlwyp, | pyncup,

nnwb % nnwb % nnwt % nnwt % nnwt %

1 A-Lhunutu 10.27 0.86 10.59 3.10 10.72 0.32 10.27 217 10.21 1.74

2 hgnutupnu 13.13 7.30 13.68 11.2 13.74 14.77 13.43 9.21 13.09 6.76

3 UtlupndnLpwlu 13.34 2.50 13.90 8.22 13.95 0.16 13.39 11.80 13.30 7.15

4 Utlpn 13.58 71.43 14.29 65.6 14.23 50.92 8.56 72.16 13.58 73.36

5 Stuhuw| 14.47 1.08 15.10 0.50 15.15 0.19 14.35 0.06 14.43 0.51

6 Jw(tphwlwpepent | --- 15.41 0.19 15.46 0.23 14.88 0.45 16.64 0.24

7 Mn Ggnu 14.96 2.06 15.64 1.88 15.68 6.71 15.07 2.59 14.93 0.62

8 Mhwbkphnnu 15.28 1.15 15.97 1.16 16.00 0.93 15.40 3.82 15.24 1.04

9 Utlph| wgbwwn | 16.02 3.32 16.74 4.43 16.76 1.45 16.18 20.54 15.98 5.55

10 Uhup dnipwlnu | 17.18 8.05 21.04 2.74 21.06 17.07 17.40 10.04 17.14 2.14

11 Ywnphndh|tu 19.47 0.38 19.82 0.20 18.80 1.33 18.50 0.20

12 1-8hynoyunkl- 20.95 2.24 20.96 0.60 22.07 7.0 21.38 3.50 20.86 0.57

1-wppnlwpepnt
Unyniuwly 4. Mnubnujhtt nundh bphpuyninh phuhwljub pimipwqhpp
puwn hwpbph (quituyhte hhnypnwynithlju)

N Grbpw)ninh | hwp Il hwp 1l hwp
hhduwywu gpwugdwl wwnntbw- gpwugdwl wwpniuw- gpwlgdwl | wwpniuw-
pwnwnpwdwubnp dwdwlwyp, Unrpyncup, dwdwlwyp, | Ynipnilp, dwdwlwy, ynipjncup,

pnwb % pnwb % pnwb %

1 A-Lhunutu 10.19 0.70 10.26 3.34 10.27 0.86

2 hgnutupnu 13.09 12.02 13.42 6.42 13.13 7.30

3 UbUpndnLpwl 13.28 0.55 13.37 13.26 13.34 2.50

4 Ublpn| 13.57 54.61 13.72 40.03 13.58 71.43

5 8EUhuwy 14.42 0.33 14.47 0.52 14.47 1.08

6 Jw|GphwlwpenL 14.77 0.22 14.86 0.47 e

7 Nni|tgnu 14.96 32.08 15.07 29.0 14.96 2.06

8 Mhwbphnnu 15.23 1.09 15.30 1.43 15.28 1.15

9 UblUph| wgbnwin 15.97 0.57 16.02 0.88 16.02 3.32

10 UhUp dnLpwlnu 19.94 3.80 19.99 2.98 17.18 8.05

11 Ywphndhy bl 18.50 0.30 18.54 076 | e | e

12 1-8hynoywntu- 20.91 1.74 20.94 0.93 20.95 2.24
1-wppnUwpenL

Jud wyt mipdtpuynp pununphsh wykih ks wupnibwlnipjudp pkpuynin:

dhglinwghnt opowtth nipwpwignip hwndwénd bptpuyninp nibkunud & ph-
dhwlwt npnowlh Yuqu [1], ntunh putwplynn hwpgp upbnp pwhwlnipnit niuh
pippwhwyuph owynhdwy dudljiinh &hown npnodwtt hwdwp, husp httwpwynpnipniu
Yunw hwdwyuwnuwupput dudjinnd junwpus pippuhwjuph dhgngny nitkiug wyu
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Guunupduws htwnwugnuinnipynibiitbph wpyyniipnid wuipqyty k(. 4), np guubiughu
hhnpnunuhluyh hwdwlwupgnud! dEupnih wpwbjugnyt wuwpnibwlnipnit ghndb &
ubupunbdplp wduhl (71.4 %), hul wdbkugusp yupniwympeymnis’ ognunnu wduhb (40.0
%): Pujuljwithtt hbnwppppului b quubiwght hhppnuynthiuyh wuydwiibpnd nundh
Eptipuyninh wnwybjugnyi (I b IIT hwp) b wjuqugny (I hwp) yqupnibwlnipnibitiph
puphwinip puwbwuwlut b npuljuliut hwdtdwnmpniup. wjws dudwbwljwhwin-
Justbipnud tplpuyninh wupnittwlnipjub tququuip 3.6 %) ninkygh] k tplkpuyninh
hhutiwlwb pununphstitph’ Ukupnih (40.0 %), hqnukupnih (6.4 %), Uhtp $nipwinih (3.0
%) ujugnd b F-1hunukuh (3.3 %), Ukupndniputh (13.3 %), whybtphynuh (1.4 %)
wy kpugnudp:

Bptpwninh npujuljuwt nuunidtwuhpnipiniittpn gnyg b wyky, np npyku ju-
unt Jhgbhnwghuyh tpypnpy hwpnud /ognunnu/ wnwt) hinkuhy b ppwgt; -1hdn-
Ukth, Ukipndmipuih Ykiuwuhipbqp: Uhusybn, wnijkgnuh ghupnid, ukuunbdpkphit’
Yhghnwghugh Jbponid, tjwwnyl) b ppu wwpmbwymppub jupnly wiymd - 14-16
wbqud (32.1-2.06 %):

Ujuyhuny, hhppnuynuhjuut wwppkp tnuwbwlubph Yhpundudp uwnwugdus
wnubnuyht nundh pniuwhndpp snp pwony, hhdtwluiunwd, ghpuquugnid £ hnnuyht
Uowlnypht 1.5-2.7 whqud: Sptpwninh uhtptqp wewydt) htnbkuhy b plhpwgt] 3-py
hwph dwdwtwl, hul] wpwdbjugnyu & (1.6-2.6 wuqud) Jtgbnnwughwyh pupwgpnid
wywhnyt) Eu qubuyhtt b npuuwlwb hhppnunuhjuluwbt hwdwwupgbpp:

Gptpuyninnud Ukupnih pupdp wupnibwlnipinit (71-73 %) nhwnyb) b guuiiught,
nuuwlub b hnnujhtt Upwlnyph yuydwbubpmud: Uhsnbn, hqnukupeath (app, h pbw,
Juunwugunid k Epbpuyninh npuljp) pupdp yupnibwlnipyudp (11-15 %) wsph Lu pully
wlnuughtt b hwdwwnwpwés  wwppkpuljubpp: Ukpnth wowdbjugnyt ww-
pnibwlnipmitt qqutuyhtt hhnppnwynuhjufwt hwdwupgnud phndl] b ubynbdpbp
wuht (71 %), hulj gudp upmbwlnipymip ognunnu wduhb (40 %):
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OPHUTUHKAPBAMOWITPAHCO®EPA3ZHASA U APITUHA3HASA
AKTUBHOCTDB HEKOTOPBIX OPTTAHOB KPbIC B YCJIOBUAX
JIBYCTOPOHHEN UHTPAIIEPEEPO-BEHTPUKYJIAPHOM
HMHBEKIUHN AMUJIOUJIHOT' O NEIITHUIA Ag (25-35)

A.A. HUKOSH, JI.P. TYMAHSH

Epesanckuil cocynusepcumem, xagedpa 6uoxumuu
bio_chm@ysu.am

B MO3ry KphIC, HHTOKCH(UIMPOBAHHBIX AMMIOMIHBIM NenTHaoM Ag(25-35),Ha done 00-
Hapy>KeHUsI OpHUTHHKapOamomnTpaHcdepasbl (KI04eBOro (GepMeHTa, OTCYTCTBYIOLIETO B MO3TY
OPHHUTHHOBOTO IMKJIAa MOYEBHHOOOpPA30BaHUS) HAOIIONAeTCS ABYKPATHOE YBEJIUUCHUE apruHa3-
HOHM aKTUBHOCTH, YTO MOJKET OBITH CBSI3aHO C IOSIBIICHHEM YPEOTEINYECKOH, T.€. yJacTBYyIomeH B
LMKJIe MOYeBHHOOOpa3oBanus (opmoii pepmenTa. OTCYTCTBHE B MO3TY JKMBOTHBIX, ITOIY4aBIINX
I0CJIe MHTOKCUKALMK apaTropMOH, aKTUBHOCTH OPHUTUHKapOaMomITpaHcdepassl U MaJicHue ap-
TMHa3HONH aKTMBHOCTH JI0 YPOBHS KOHTPOJISI MOXET ObITh CBA3aHO C Y4acCTHEM MapaTrOpMOHa B
crabunmsanmy Kietodroro Ca®’-romeocrasa, crocoGCTBYIONIEH NPEIOTBPAICHHIO PA3BHTHS GO-
Je3Hu AnbLreimMepa.

bonesnv Anvyeeiimepa — opruumunkapbamounmpancgepaza — apeunaza — NapameopmoH

Ag (25-35) wdhinhguyhtt whywnhgny wnwhwpws wetbntbph mngnud huwynbwpbp-
Ynud £ wpnng YEunwunt ninbnnud puguijuynn vhquiyniph gnjugdwt optthinhtiughtt ghljjh wnwg-
puyhtt $Epdkinnp’ optihnhtjwppuinhyinpubiudbpuqp: Qniquhtn wknh tnkinud wpghtwquphi
wlnhynipjub gpipk Ypluwyh pwpdpugnid, npp, htwpwynp b, wgujdwbiwdnpqus b $hpdbunhp
nipknplihl, wjuhtpt dhquiyniph gnjugdwut ghynud dwubwlgny duh h hwywn quny:
Upnnwhwpnudhg htnn wupwwnhnpdnt unwuguws Jhunwuhubph ninbinnud  oputhnhuuppw-
Unhpinpuiiubpugh puguiljuynipiniup, hywhu twh wpghtiugh wljnhympjut wilnudp, uvinnighgh
dwlwpnulh Jupny b juydws (hubp peouyhtt Ca*-hndknunnwugh jupqufnpuwb htw, npt b
htwpuynp k jutjuh Uyghwydbph hhjuunnipjut qupqugnidp:

Upghuydbph hpjulinnijeinil — oplipunpbfuppudnpyunpuiudbpug —
wpghlnug — wwpuninhnpdni

The key enzyme of urea formation in ornitine cycle, otherwise missing in the brain of
healthy rats, was observed in the brains of rats intoxicated with amyloid peptide AB(25-35).
Parallel to this approximately a doubled increase of arginase activity was taking place, which
possibly was conditioned by the emergence of the ureotelic form participating in urea cycle. The
treatment  of  intoxicated rats  with  parathormone results the absence of
ornitinecarbamoyltransferase in their brains as well as the decrease of arginase activity to the
control level. This can be related to the stabilization cell Ca’"-homeostasis, which makes it
possible to prevent Alzheimer’s disease development.

Alzheimer’s disease — ornithinecarbamoyltransferase — arginase — parathormon
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OPHUTUHKAPBAMOUWJITPAHC®EPA3HAS 1 APTUHA3HA L AKTUBHOCTb HEKOTOPBIX OPTAHOB KPBIC B YCJIOBUAX....

bonesnp Aunbireiimepa (BA) — nereHepaTHBHOE 3a00JieBaHUE IICHTPAIBHOMN
HEpBHOHM CHCTEMBI, XapaKTEePHU3YIOIIEecs] MPOrPECCUPYIOIMM CHI)KEHHEM WHTEIJUIEKTa,
paccTpONCTBOM MaMATU U U3MEHEeHUeM noBeaeHus. [Ipuunnoii BA siBisieTcs oTioxeHue
B-amMMIIOMIHOTO MENTHIA B TKAHW MO3ra ¢ 00pa3oBaHMEM HepacTBOPUMBIX (GPMOPHILI, Ha-
PYLIAOIINX CTPYKTYPY U (PYHKIIMH HEPBHBIX KIIETOK. J-aMUIIOH — TIPOIYKT H3MECHEHUS
KOH(pOopManuu Hepocnennuaeckoro Oenka, 00pa3yeTcst YaCTUIHBIM IPOTEOIH30M 00-
nee KkpymHOTO TpenmecTseHHnka — APP (amyloid precusor protein) [6,12].

K nactosmemy BpeMeHH OO0JIE3HB XOpPOIIO HM3Y4YEHA, XapaKTepH3yeTcs meped-
paypHOU aTtpodumeli, yTpaToil HEHPOHOB M CHHAIICOB, T'PaHYJIOBaKyOIAPHON IereHepa-
uneﬁ, TJIMO30M, aMHHOHL{HOﬁ aHFHOHaTHeﬁ, a TakKXKC NPUCYTCTBUEM CCHUJIbHBIX 6.]'15{11161(
U anbUreiiMepoBCKUM IepepoxkaeHneM HelpopuOpwul. Kpome rubenn HepBHBIX
KIETOK, mpu BA B MO3ry MeHseTcs YpOBEHb OJKCIIPECCHH OENKOB, CBS3aHHBIX C
IUTACTUYHOCTBIO MIIM pereHepauueid. MeHsieTcsl Takke aKTHMBHOCTh psna (epMeHTOB,
IIPUYEM 3aciy’kKMBaeT BHHMaHHMi TOT (aKT, 4TO HE BCE U3 HHUX CBS3aHBl C
OTIpEJIeNICHHBIMI HEWPOTPAaHCMHUTTEPHBIMU cHUCTeMaMu. MeHseTcs: aKTUBHOCTH psiia
mentuga3, ¢GochaTHIMINHOZUTONKINHA3E, (ochaTuammHo3uTondocarkuHaser, [3-
TIIIOKYpOHHUIA3kl W XonuHTpaHcdepassl [13]. HMccnemoBaHnme THAMHH3aBHCHMBIX
(depMeHTOB B 00pa3lax BHCOYHBIX JOJNIeH OOHAPYXKHUIO 3HAYUTEIHHOE IIaJCHHE
aktuBHOcTH [IB-mermnporenassr, oKI'-meruaporeHassl m TpaHCKETOJIA3bl y OONBHBIX.
HanpotuB, akTHBHOCTH TIIIyTaMaTAETHAPOTEHa3sl ObLIa B Ipenesnax HOpMBL. Ha
OCHOBaHHMHM 3TOI'0 aBTOPHI CAENAIH IPEIIIONIOKEHUE O BEPOSITHOW oM M3MEHEHUH B
MeTaboau3Me WK yTUIN3allii THaMHHA B pa3BuTuu bA [5].

Mamepuan u memoouxa. DKCIIEPIMEHTHI IPOBOJUINCH B COTPYIHUIECTBE C 1aO0OpaToOpu-
eil Helpo->HAOKPHHHBIX B3amMonercTuit Mucturyra ¢usmomormn HAH PA wum. axan. JLA.
Op6emu. OOBEKTOM CITY>KHIIH KPBICHI-CaMIbl THHAN AbOonHO (250420 T). f-aMIIonaHbIA nenTuy
Ag (25-30), arperupoBanHelii cormacno Maurice et al. [8] (1 Mr/mi B cTepuIIbHON AUCTHIIMPOBAH-
Hoii Bojie ipu 37° C B TedeHue 4 CyT), MHBEUPOBAIICS B JIATEPAIbHBIE JKETYT0IKH MO3ra ¢ 00ernx
CTOPOH.

Iaparupeouausii ropmon (IITI) BBommics BHyTpuMbImedro (10° M, 0,7 M) B TedeHue
MIEPBOIl MOCIEONEePAIMOHHON HEJeIH €XEIHEBHO, HAUNHAs CO BTOPOTO JHS MHTOKCHKAIwH. JKu-
BOTHBIX 3a0uBanu crycrs 15-23 nezmenu nocie BeeaeHus Ap(25-35). OpHUTHHKapOAMOMJITPAHC-
¢epasnast (OKT) n aprunasHast akTHBHOCTD OIIPEAENSIIACh B MO3TY, IEUEHH, OYKaX U CeJIe3eHKe
KOHTPOJIBHBIX ¥ MOJBEPIHYTHIX MHTOKCHKAIMU [3-aMIJIONJIOM KPBIC, a TakKe IOCJIe CHCTEMHOTO
BBEJ/ICHUS] HHTOKCUUIMpOoBaHHBIM Kpbicam [1TT .

T'omoreHu3anyst OpraHoB IPOBOIMIACH B roMorenn3arope tumna [lorrepa-OnbBeitema ted-
JIOHOBBIM TIecTUKOM. 20%-HbIiI roMoreHat HeHTpuyrupoBaics s yAaJleHus saepHoi (pakiun
u HepaspyuieHHbIX kiaeTok (3000 06/MuH, 5 MuH). B onbiTax nCmosbp30BaIach HaI0Ca 04HAs KU~
KOCTB (9KCTPAKT).

AxtuBHOCTh OKT ompenensuisich METOAOM apCeHONIN3a HUTpyrHa [1].

ApruHasHas akTUBHOCTb U3Mepsiiach 1o meroqy Pataep u Ilanmac [11]. AKTUBHOCTB BbI-
paxanack B MKM Mo4eBHHEL. MoOUeBHHY OIpeneNsull METoIoM Apumnbaibia B MOIU(DHUKAINN
Mypa [10].

Pesynemamut u 0ocyrcoenue. B psiy BBILCYIOMSIHYTHIX TaHHBIX 00 N3MEHEHUH
aKTHUBHOCTH psiia (epMEHTOB IpH BA, B TOM uuciie HE CBSI3aHHBIX C OIMpPEACICHHBIMU
HEHPOTPAHCMUTTEPHBIME CUCTEMaMH, Hallle BHIMAHWUE MPUBJICKIIO OOHAPYKEHUE IKCII-
peccun rena OKT — kiroueBoro epMeHTa 1MKIa MOYEBUHBI B MO3Ty 00bHBIX BA, TOT-
Jla KaK OH OTCYTCTBYET Y KOHTPOJBHBIX CYyOBeKTOB. OOHapy»KeHa TaKKe SKCIPECCHs
BCeX Ipyrux (epMEHTOB NUKIAa B MO3ry OonbHBIX [4]. Kpome Toro, yBenuuuBaeTcs ak-
tuBHOCTE OKT B 1epeOpOCIHHANBEHOW JKUAKOCTH. ABTOpPHI JOMYCKAIOT BKIFOYCHUE
HOBOTO ITyTH LHMKJIa MOYEBHHEI B M03ry [4]. Panee ObU10 T0Ka3aHO OTCYTCTBHE B MO3TY
OPHUTHMHOBOTO LUK [2].
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Vcxons U3 BBILIEU3II0KEHHOT0, MBI PELIMIN UCCIIE0BaTh aKTUBHOCTh IBYX (ep-
MeHTOB 1ukiaa MoueBrHbl — OKT ¥ apruHassl B MO3ry, I€U€HHM, NOYKaX U CeJe3eHKE
KpPBIC IPH MHTOKCHKALIMM aMMJIOWIHBIM NENTUAOM Ag (25-35), a Takxke mocieayomeM
cuctemHoM BBeneHuu IITI. [lpumenenue IITI" BeI3BaHO Te€M, YTO B KIIETKE MOCTYILIE-
HHe, IEOHMpOBaHKe U Bhitenenne Ca’” perympyercs BechMa CIIOKHOM CHCTEMO, Iie
cpenu Opyrux (akToOpoB BaKHAs PONb NMPUHAMIEKUT HapaTtropMoHy. Ilockonbky cy-
IIECTBEHHYIO POIlb B MaToreHese BA urpaer Hapyirenue kierounoro Ca’’-romeocrasa
(KCal') B HepBHOI1 TKaHH, BeIyIlee K MOBBIIICHHON BBHIPaOOTKE M HAKOIUICHHUIO [3-aMH-
JIOWIHOTO TENTHAA B pe3yjbrare M3MeHeHuil B moiekyine APP [7, 9], crabunmzaius
KCal” moxeT cnoco0cTBOBaTh NPEA0TBPALIEHHIO pa3BUTHs BA.

Hannbie 060 aktuBHOocTH OKT M apruHasbl B MO3Ty M APYT'HX OpraHax KpbIC IpH
MHTOKCUKAIIMM aMMJIOMIHBIM TentuaoM Ag (25-35) u mocnemyrolieM CHCTEMHOM
Beenenuu [1TT npencrapnens! B Ta0u. 1 u 2.

CornacrHo gasHbM Tabd. 1, OKT, oTCyTCTBYS B MO3TY MHTaKTHBIX KpBIC (BBHILY
OTCYTCTBHUS TaM OPHUTHHOBOTO LIMKJIA), 0OHApYKHUBaeTCs B HEM depe3 15 Hexenb mocie
WHTOKCHUKAIIMX aMIJIOMHBIM TIETITHIOM.

Tabauna 1. AxtusHocts OKT B 3kcTpakTax roMOreHaTOB pa3IMYHbIX OPraHOB KPBIC IPH
MHTOKCHKauu Ag (25-35) u nocnexyromem cucremuom seennu ITI (mkM NHs/r Tkanu).n=4

Opran K Ag Ap + IITI, Henenn
15 nen. 15 16 17 18 19 23
Mosr 0 2,30+0,08 0 - 0 - - -
Teuenn 30,50+1,30 | 9,60+0,31 12,76+0,02 | 18,80+0,02 | 11,30+0,20 | 12,0+0,21 |17,70+0,41| 28,40+0,50
IMouku 19,80+0,90 | 14,34+0,52 | 10,41+0,16 7,10+0,03 2,84+0,06 3,70+0,05 | 1,06+0,02 0
Cenesenka | 1,42+0,02 2,2740,02 5,10+0,10 6,10+0,13 5,51+0,12 6,03+0,10 | 4,94+0,06 | 1,77+0,08

OpHako B TOT € CPOK IOCII€ MHTOKCHKALUK, HO MPH MOCIEIYIOIEM BBEICHHU
IITT, T.e. B ycnoBusax cradbmwim3anuu KCal', aTo MOXeT crmocoO6cTBOBATh MpeIoTBparie-
Huto pa3sutua bA, aktuBHOCTF OKT orcyrctByeT. OHa OTCYTCTBYeT Takke uepes 17
Henenb. [l Ipyrux CpoKOB JaHHBIX HET, TaK KaK MO3T 3a0upascst U1 HaToMopQoIIoru-
YECKOro aHaln3a.

Pe3ynpTraTsl MaToMOp(HOIOrHYECKOro aHaInu3a CPE30B MO3ra KPBIC, MOJIYYaBIINX
Ap, BBIIBUIIM 3HAYUTENILHYIO JIEFEHEPALUIO KJIETOK IIOYTH BCEX OO0JAcTel THUIIOKaM-
MaJILHOTO KOMILIEKCA, a 3JIEKTPO(MHU3HOIIOTHYECKUE HCCIIEIOBaHMs 00OHAPYKMUIN OTKIIO-
HeHusi oT HOpMbl. B ycinoBusix npumenenust [ITIT naOmionanuce peaOuiMTaliOHHbIC
caBuru K Hopme [3].

AxtuBHOcTh OKT B neueHu u nouxax najfaer nocie MHTOKCUKALUY, a B CENe3€H-
ke nosbimaercs. [Ipu BBenenun I1TT akTMBHOCTH (pepMEHTA B IIEYEHU HAYMHAET ITOBBI-
mIaThCs M K KOHIY JKCIiepuMeHTa (23 Hemenn) MOCTUTAeT aKTHBHOCTH y HMHTAKTHBIX
kpsic. [TomoOHOTO MONOXuTensHOTO BiwsiHus [1TT B cimydae ¢epMeHTa moYek He Ha-
OmrotaeTcs: MOHN3UBILHUCH TIOCIIE HHTOKCUKALMH, aKTUBHOCTD €T0 MPOJIOJDKACT MaaaTh U
nociie BBeneHus 11TT 1 kK KOHIy 3KCIIEpUMEHTA JOCTUTaeT HyJIsl.

Ecnu yepe3 15 Henenb mocsie MHTOKCUKALUKM aMUIOUIHBIM MIENTHAOM U3MEHEHHUS
B YPOBHE aprHHa3HON aKTHBHOCTH II€YEHH, IOYCK M CEJIC36HKU HE3HAYHUTENIBHBI, TO B
MO3I'y OHa MOBBIIICHA MouTH B 2 pasa (91,3 Bmecto 49,5 B koHTposie) (Tadi.2). [Tono6-
HO€ M3MEHEHHE YPOBHS aKTHBHOCTH apruHa3bl coBnanaet ¢ ooHapyxxenuem OTK B Mo3-
ry gepe3 15 Henenp nHTOKCUKaIUK. B TOT e cpok, HO nmpu BBeaeHuu I1TT, 1.e. B ycno-
BUSIX, CIIOCOOCTBYIOIIMX IPENOTBPAIIEHHUIO pa3BUTHs BA, apruHasHasi akTHBHOCTbH I10-
HwkeHa (74,2 BMecto 91,3), a yepe3 17 Hexenb OHa yrKe MOPsIIKAa KOHTPOIBLHOH.
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Ta0auua 2. AKTUBHOCTb apruHashbl B 9KCTPAKTaX FOMOI€HATOB Pa3JIMUHbIX OPraHOB KPBIC IIPU
UHTOKCHKauK Ag (25-35) u nocneayromem cucremuoM Beeaennd ITTI (MkM MoueBHHBI/T

TKaHU).n=4
Opran K Ag Ay + TITT, nenenn
15 nen. 15 16 17 13 19 23
Mosr  [49,5+2,70 91,3+2,80 | 74,2+5,20 - 40,4429 - - -

IMeuens (13500422 12600498 |13100+208 [10350+155 5040+78 4050+63 3690459 141004105

TMoukn _ |640+34 756+45 460+48  W32+28 558429 403+40 378+35 532436
Cenesenka (65,2+4,13  60,7+3,80 | 59,8+2,70 162,1£3,70 50,4+2,80 | 48,2+3,10 | 47,2£2,30 | 58,5+4,10

Uro kacaeTcsi HIEYCHOYHOro (epMEeHTa, TO ero aKTUBHOCTh 4epe3 15 Henelnb noc-
Jie MTHTOKCHKAluK, Kak u npu BBegeHun [1TT nociie nHTOKCHKAnK, (GaKTHYECKH HE Me-
Hsiercsi. B Oojiee MpoAoIKUTENbHBIE CPOKH OHA IaJaeT, HO K KOHILY OIbITa JOCTUraeT
YPOBHS KOHTPOJISL.

AKTHBHOCTb aprUHa3bl MIOYEK U CEIEe3EHKH, HECKOJIBKO KOJIEOJISICh B pa3HbIe CPo-
KH, TEM HE MeHee OJin3Ka K KOHTPOJIBHOM.

Cpenu NaHHBIX MO BIMSHUIO MHTOKCHKAILMM aMHMJIOMIHBIM MENTHIIOM U IOCie-
nytomtero cuctemHoro BeeneHust [1TIT Ha akTMBHOCTB IBYX MCCIIEIOBaHHBIX (DEPMEHTOB
OPHHUTHHOBOTO LIUKJIA B PA3JIMYHBIX OPTaHaX KPbIC OCOOBIN HHTEPEC MPEICTABIISIECT MOSIB-
JICHHWE B MO3ry MHTOKCH(puimpoBanHbix x*UBOTHBIX OKT — kiroueBoro hepmenra muk-
J1a, OTCYTCTBYIOIIETO B MO3ry. [IpuMeuaTensHo, 4To napauieibHO MOYTH B JIBa pasa mo-
BBIIIIAETCS AKTMBHOCTH aprHHA3bl, KOTOPask XOTS U IPUCYTCTBYET B MO3TY, HO HE CBsI3aHa
C IMKJIOM MOYEBHHBI (HeypoTenndyeckas ¢popMa). MOKHO JOMYCTUTD, YTO YBEIUYEHHE
apruHa3Hoi aKTUBHOCTH, BO3MOXKHO, CBSI3aHO C yYaCTBYIOIIEH B IIUKIIE MOYEBHHBI YPEO-
Tenuyeckor (GopMoi (pepMeHTa, YTO COIIACYETCS C MPEIMOJIOKECHHEM O TMOSIBIICHHH B
MO3Try cTpajaromux BA HOBOro myTH IMKJIa MOYEBHUHEI [4].

OTcyTcTBHE B MO3TY XMBOTHBIX, MOJIy4aBIIMX mocse uHTokcukamuu IITI, ak-
tuBHOcTH OKT 1 naneHne apruHa3HON aKTUBHOCTHU JI0 YPOBHSI KOHTPOJISI MOXET OBITH
CBSI3aHO C ydacTHeM rnapaTropMmona B cradmimzanuu KCal', criocobcTBylomei npenoTs-
pamenuio BA.

Aemopul gbipadicaiom 61a200apHOCHb 30 NPEOOCMABIEHUE IKCHEPUMEHMATLHO20
mamepuana Unemumyma gusuonocuu um. JI.A. Opberu HAH PA u xagpedpe nopmann-
Hot puzuonoeuu EIMY um. M. I'epayu
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Uncno GakTepHabHBIX MHPEKIHH, YCTOWYNBBIX K aHTUOMOTHKAM, IIOCTOSTHHO PAcTeT, YTO
MIPUBOJIUT K HOBBIILICHUIO YPOBHSI CMEPTHOCTH. [IpeyioxkeHbl pa3Hble COCOOBI IIPEOIOICHHS 3TOM
mpo6saeMbl. Y CTOHYMBOCTD OakTepuii Kk Oera-ITakTamMaM M aMHUHOTJIMKO3WIAaM B OCHOBHOM 00yc-
JIOBJICHA IIPUCYTCTBHEM OeTa-1aKkTamas 1 MOAUGUIMPYIOIMX aMUHOIINKO3K1 bl (hepMenToB. Han-
GoJiee ylauHbIM CIIOCOOOM BOCCTAHOBJICHUSI AKTHBHOCTH aHTUOMOTHKOB SIBJISIETCS MCIIOJIb30BaHNE
ux ¢ uHruouropamu (epmeHToB. B HacTosmmeM o0030pe 00CYKHAlOTCS MOCIEAHUE TaHHBIE, Ka-
caromuecs U3y4eHUs] HHTHOUTOPOB OeTa-TakTamas U MOIU(DUIUPYIOMINX aMHHOTIIAKO3UIB (ep-
MEHTOB.

Aumubuomuk — uneubumop — bema-1aKmamasa — pepmenm,
MOOUPUYUPYIOWUL AMUHOSTUKO3UObL

Zuwphnnplutph tjundwudp Juynit hudklghnt dwuptubph phip pwpnibwl) wanud E,
husp pipnud £ dwhqub nhyptiph wah: Uyy pungph nisdwt hwdwp wowewnpygt) b nuppkp tnu-
twljukp: APEnw-jujnudutph b wdhtiwghynqhnubtph tqundwdp juyniinipniip hhdtwlwbnod
wuydwbwynpqus L puwlubphwibpnud  phunw-jwjunwdwuqutph b wdhtiwghynghnubp  un-
nhdhjuging  $tpdbunibph welunmipudp: Zwlwphnnhlubph oquuugnpénuip  $pudkunubph
wpgbjulhsubph htwn dhwuhtt hwwphnunhlubph winhymput Jpujuiqiui wowydbp wp-
pntbwybn knutwlubphg b SYuw) whtwpynud ptbwpyynud o phnw-juunudwquyhtt b wdh-
twqihnghnutp dnphdhugung $Epdkunutph wpgbjuyhsutph ntundbwuhpnipyut Jepupkpyuyg
Ytpght nnfyujlabipp:

Zulpuphnunpl] — wpgljmhs — phnw-julnunling — wdpinug plnghnilp dhunpnfung plpudtinn

The number of bacterial infections resistant to antibiotics is growing up day by day with a
significant impact on the mortality. Various strategies have been investigated to overcome this
problem. Bacterial resistance to beta-lactams and aminoglycosides predominantly occurs through
production of beta-lactamases and aminoglycoside-modifying enzymes. The most successful way
to restore antibiotics activity is the use of antibiotics together with enzymes inhibitors. In this re-
view recent data concerning the research of beta-lactamases and aminoglycoside-modifying enzy-
mes inhibitors are discussed.

Antibiotic — inhibitor — beta-lactamase — aminoglycoside-modifying enzyme

AHTHOMOTUKU 3TO NPUPOJHBIC WM CHHTETHYECKHE COCIUHEHHS, YOWBAroIHe
6akrepun. OTKPBITHE MEPBBIX aHTHOMOTHKOB MPOM3BEJO PEBOJIOLUIO B JICYCHUH WH-
(eKIMOHHBIX 3a00JIEBaHUM, NPEICTABISIONINX OOJIBIIYIO YIPO3y AJISl XKH3HU 4YellOBEKa
1 )KUBOTHBIX. OJTHAKO NP JUTUTEIIHHOM JICUCHHH aHTHOMOTHKAMH, IIPEUMYIIIECTBEHHO B
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KJIMHHMKAX, CTAJIM BBIAGIATHCS IITAMMBI IIATOTCHHBIX OakTepHii, KOTOphIE 00JaJaoT yc-
TOHYMBOCTBIO K OJJHOMY WJIHM HECKOJNBKUM aHTHOHMOTHKaM. IlosBineHue u ObicTpoe pac-
NPOCTPaHEHUE PE3UCTEHTHBIX K aHTUOMOTHKAM MH(EKIMI NPU3HAHO ONACHBIM SIBJICHHU-
€M, TIPEIATCTBYOLIMM JICYeHHIO0 MH(EKIMOHHBIX 3a001eBaHuil. MccienoBanust BBISBAIN
HECKOJIbKO MEXaHU3MOB, 00ECIICUMBAIOLIUX YCTOWYMBOCTh OAKTEPUil K aHTHOMOTHKAM.
Orto MomudUKanys MUIIEHH NEHCTBHUS aHTUOMOTHKA, HAPYILIEHHE TPOHUIIAEMOCTH MHK-
pOOHOI KIIETKH, aKTHBHOE BBIBEJICHUE aHTHMOMOTHKA M3 KJIETKH C IIOMOILBIO ClIenHalb-
HoWi cucteMsl - multi drug efflux systems [17].

Hawubonee pacnpocTpaHeHHOW NPUYMHON NPHOOpETeHUs] YCTOHMYMBOCTH OakTe-
puil K aHTHOMOTUKAM SBIISICTCS IPUCYTCTBUE (EPMEHTOB, MOIM(MHULIMPYIOIIHNX aHTH-
onotuku. C TaKUM MEXaHU3MOM YCTOHYHBOCTH OOpHOa BENETCS B CIESMYIOIINX HAIIPaB-
JICHUAX:

® CO3JaHNE HOBHIX AaHTUOMOTHKOB, HE MOABEPralolIUXcs BO3ACHCTBHIO (dep-
MEHTOB;

® [IOMCK UHIMOUTOPOB ()ePMEHTOB, NHAKTUBUPYIOIINX aHTUOUOTHKH;

® oOecriedeHre KOHTPOJIS HaJl peryiisiiuei sKcrpeccud (pepMEeHTOB, UHAKTHBH-
PYIOIIUX aHTUOMOTHKH.

OTHOCHUTEIBHO MEPBOrO HAIPaBJIEHHs HEOOXOAMMO OTMETUTh, YTO PadOTHI IO
CO3JIaHUIO HOBBIX aHTHOMOTHKOB BEIYTCSl HETIPEPHIBHO U JIOBOJBHO ycneniHo. Hecmot-
Pl Ha MHTEHCHBHBIE TIONBITKH MOIU(UIIMPOBATh AHTHOMOTHKHN, MHOTHE OaKTepualibHbIC
IITAMMBI JIOCTATOYHO OBICTPO MPUOOPETAIOT YCTOWYMBOCTh K KaKIOMY M3 HOBBHIX aHTH-
OWOTHKOB, BHEIPSEMBIX B KIMHHKH. [IepCHIEKTHBHBIM HallpaBlICHUEM SBISETCS BO3-
JNEHCTBHE Ha PEryJLLHUI0 SKCIPEcCCUH (EepPMEHTOB, MHAKTHBHUPYIOIINX AHTHOMOTHKH.
CoBpeMeHHass MEIULMHA NPEeAyCMAaTPUBACT TAaKKe KOMOMHHPOBAHHE HCIOJIB30BaHUS
AHTUOMOTHKOB, B TOM YHCIIE B [Iape C APYTUMH JIEKapCTBaMU.

®depmeHThl, paspymamnpe JMoo MoAU(UIMPYIOIUE AHTUOMOTHUKH, IIUPOKO
pacrpocTpaHeHsl cpenu Oakrepuii. B nanHOM 0030pe paccMaTpuBalOTCs BONPOCHI, CBS-
3aHHBIC C MOMCKOM M CO3JaHHEM HHTHOUTOPOB (hEPMEHTOB, MOIUPHUIUPYIOMIUX OeTa-
JIAKTaMOBBIE aHTHOMOTHKH ¥ aMUHOTJIMKO3U/IBI.

Huzubumopul bema-nakmamas

Bera-makrampl NmpuHAIIEKAT K OJHOMY W3 TpeX Hamboliee KPYITHBIX KIacCOB
aHTHOMOTHKOB. [IpencraBurenu 3TOro Kiacca MPOSBILIIOT BBICOKYIO 3(PQPEKTHBHOCTD
TIPH JICYCHUHU PA3NUYHBIX OaKTepHUANbHBIX HHOEKINH yxke Oomnee 60-TH JIeT, COCTABIAL
6omnee 65% prIHKa BcexX aHTHOMOTHKOB. OJIIHAKO MapauIeIbHO C UX IPUMEHEHHEM BO3-
HHUKaeT mpobieMa pacpocTpaHeHHs KIMHUIECKUX, YCTONYMBBIX K OeTa-1akTamam Oax-
TEepHAIBHBIX IITAMMOB.

Bakrepun mproOOpEeTalOT yCTOMYMBOCTh K O€Ta-JTaKTAMOBBIM aHTHOHMOTHKAM B
OCHOBHOM JIByMs IYTSIMH: CHHTE3 OakTepusiMH OeTa-lakramas, pa3pylIarolluX JIaKTa-
MOBO€ KOJIBIIO aHTl/I6I/lOTl/IKa u npno6peTeHI/1e MyTalli B NCHUIUWJIJIMH CBA3bIBAIOIIEM
6enke (PBP), xoTopast NpUBOANT K MOHWKEHHIO adGUHHOCTH OesKa K OOJIBLIIMHCTBY Oe-
Ta-JIAKTaMOBBIX aHTHOMOTHKOB [28]. Ha ceromHsnauii 1eHp HanOOJIee YCICITHBIM MO~
XO0JIOM K TPEOJOJICHHIO YCTOWYMBOCTH OakTepwii K OeTa-TaKTaMOBBIM aHTHOMOTHKAM
SIBIISICTCS TIOMCK HHTUOUTOPOB OeTa-IakTamas.

CyecTByeT IBa THIIa OeTa-TaKTamMas, CTPYKTYPHO OTIMYAIOIINXCS IPYT OT APYTa.

1) Cepunosvie bema-nakmamazvi. K cepuHOBbIM OeTa-lakTamMa3aM OTHOCHTCS
HIMpOoKHiA criekTp Oera-makramas (ESBL—extened spectrum beta-lactamases) u kapOare-
HeMas3bl, THAPOIU3UPYIOINE KapOareHsl, HarpuMep, kapbanenemasa Klebsiella pneu-
monia (KPC) [1].
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2) Memanno-6ema-naxkmamaszvr (MBL). Merano-6era-nakramasbl - 3TO LIUHK-
3aBUCHMBIE (DEPMEHTBI, MTOJBEPTAIOIINE THAPOJIN3Y TIOUTH BCe OeTa-I1aKTaMOBBIE aHTH-
OMOTHKH, BKIIIOYas KapOarieHeMbl. AKTUBHBIN HEHTP ATHX (EPMEHTOB CIIOCOOEH CBSI3BI-
BaThCs C OONBIIMHCTBOM O€Ta-JIAKTaMOB.

YcToiunBOCTh K O€Ta-TaKTaMOBBIM aHTHOMOTHKAM MOXKET OBITh OOYCIIOBIEHA
TaKXXe TeM, 4TO OaKTEepUH MPHOOPETAIOT TIA3MHUIBI, COACPIKAINE HECKOIBKO T€HOB, KO-
IUpYOmKX OeTa-laKkTaMasbl pa3iIMYHbIX KIaccoB. B mociennee Bpemst ObIiM BBISIBICHBI
rpaM-OTpHUIaTeIbHbIe OaKTEPUH, KOTOPbIE COAEPXAaT IUIa3MUABI C TeHaMH, KOAUPYIO-
umMu Heckoibko MBLs, Brimrouas New-Dehli meramno-6era-nakramasy (NDM-1) [6].
Taxue nazmMup1 OBICTPO PaCHPOCTPAHSIIOTCS CPEIH pa3IMuHbIX BUIOB OakTepuil. B pe-
3yJIbTaTe TMOSABISIOTCS — OaKTepuH, OOJaNarollfieé MHOXECTBEHHOHW YCTOHYMBOCTBHIO
(MDR - multiple drug resistance) Ko BceM N3BECTHBIM JIJAKTAMOBBIM aHTHOHOTHKaM [2].

Jns moaBieHust pocTa yCTOHYMBBIX LITAMMOB OBIIO IPEIUIOKEHO HCIIOIb30BaTh
HHTAOHUTOPHI OeTa-JIakTamas B Iape ¢ aHTHONOTHKOM.

KnaBynanoBast kucnora, BEIENEeHHas U3 Streptococcus clavuligerus 8 1972 1.,
OKa3aJach OJHUM M3 TMEPBBIX WHTHOWTOPOB MHOTHX CEPHMHOBHIX Oera-makramas [10].
KnaBynanoBas kucioTa, 61arogapst HAIMYUIO JIAKTAMOBOTO KOJIbLA, CBS3BIBAETCS C aK-
TUBHBIM IIGHTPOM (pepMeHTa, MPOSBIAA CBOMCTBA KOHKYpEHTHOTO MHruouropa. Ilpu
(OpMHUPOBAHNH KOMIUIEKCA MIPOUCXOUT JHOO0 BPpeMEHHOE HHTMOMPOBaHUE aKTUBHOCTH
(depmenTa, MO0 HeoOpaTuMoe MHaKTHBUpoBaHue (Gepmenta [23]. B 1984 r. kiaBynaHo-
Basi KMCJIOTa OblIa BHEJpPEHA B KJIMHUKH JJISl HCTIOJIb30BaHUs B T1ape BMECTE C aMOKCH-
LIWUIMHOM TOJI KOMMEPYECKHM Ha3BaHHEM ayrMeHTHH (Augmentin) 310 ObUI epBbIii
OTIBIT YCIIEIIHOTO MCHOJIb30BaHUsI KOMOWHAINY O€Ta-JIaKTaMOBBIH aHTHOMOTHK/UHTHOH-
TOp Oera-1akramasbl IpOTHB OakTepraibHBIX MHMekwid. B 2001 r. ayrmMeHTHH oKa3ai-
cs1 HanOoJee MpoJiaBaeMbIM JiekapcTBOM. [locne ayrMeHTHHA ObUIM CHHTE3UPOBAHBI U
JIpyTHe WHTUONTOpHI OeTa-JlakTamas, IeMOHCTPUPYIONIHE XOPOIINE Pe3yJIbTaThl B KC-
NepuMeHTax in vitro. K TakuM COEAMHEHWSIM OTHOCHTCS, HalpHMep, COCIUHEHHE
BLI-489, xoTopoe mpeacTaBisieT co00H MMHUIA307, 3aMEIICHHBIH 6-METHIHICH-TICHEM
U TpUIUKIndeckuit kapbamenem LK-157 [19, 18].

Bera-naktamoBble MHTHOMTOPHI Kilacca amaza-Ourukio-oktaHa (DBO) mosBu-
quck B cepenune 1990-x. DTo Kiacc MHTMOMTOPOB HE JIAKTAMOBOTO IPOUCXOXKIICHHUS.
Wuruburopsr knacca DBO MHruOupyIoT cepuHOBBIe OeTa-Takramasbl, BKitodas ESBLs
n KPCs, HO onM He akTuBHBI 110 oTHoweHnto k MBL [5]. [ia u3 DBO uHruoutopos -
MK-7655 u aBubakTam (Avibactam) HaXoAsTCsS Ha CTAIUU KIMHUYECKUX WCIBITAHUH.
IIpenapar MK-7655 noBblllaeT 4yBCTBUTENBHOCTE K HUMMIIEHEMY LITaMMOB P. aeru-
ginosa, conepxamux 6era-nakramasy AmpC, u K. pneumoniae, conepxamux KPC [11].
[MomoOHO ApyruM MHTHOWTOpaM OeTa-TaKkTamas, aBHOAaKTaM KOBAJIICHTHO W HEOOpPaTUMO
CBsI3bIBACTCS ¢ (pepMEHTOM. B oTimume oT MHrnOUTOPOB JIAKTAMOBOTO MPOUCXOXKICHNUS,
aBUOaKTaM, HAXOASCh C (DEPMEHTOM B CBSI3aHHOM COCTOSIHMH, HEUYBCTBHUTEINICH K THIPO-
nu3y. JleanunupoBanue KOMIUIEKCa HHIHOUTOP/(EPMEHT IIPUBOAUT K BHICBOOOKICHHUIO
HMHTAaKTHOTO aBuOakTama [8]. Kpome Toro, aBubakTaM He HHAYIMPYET CHHTE3 OeTa-JaK-
TaMa3, KaK B cilydae KJIaByJaHOBOH KHCIOTHL. Mcrnonbp3oBaHue kKoMOMHauu nedrasu-
nuH/aBubakTaM paszpeuieHo B CHIA juist neueHns: MHQEKIHMOHHBIX 3a00J1€BaHUM, BBI3-
BaHHBIX Enterobacteriaceae, ycToiuMBbIX K KapOoneHemMaM. K coxkaneHuio, HEJJaBHO B
KJIMHUKaX oOHapyxeH mramm K. pneumoniae, COAEpKalMi YCTOHMYMBBIA K LedTasu-
nuH/aBubakramy (epment KPC [27]. [lyns nedyeHus yCIOXHEHHBIX MH(MEKIHMN CEroaHs
npeasiaraeTcst Hopasi KOMOMHaNus edanocoprHa 1 HHruonTopa Oera-nakramassl Hed-
Tono3an/Tazobakram [4]. Ta3o0akTaM SBISCTCS CHIBHBIM HHIHOUTOPOM OeTa-aKTamas
knmacca ESBL, mpoaymmpyemsix Enterobacteriaceae, a Tak’ke HEKOTOPBIMH aHa3POOHEI-
MU OaKTepUsIMH.
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Cpenu nabekimii, 001a1a0MMX MHOXKECTBEHHOM yCTOHYNBOCTBIO K JIEKAPCTBAM,
npeobnanator Hocutenn (epmentoB MBLs, mostomy ocofoe BHUMaHHE ynenseTcs
MTONCKY COCTUHEHUH, MHTHOUPYIOMINX 3TOT Kiacc Oera-makramas. ®epmentst MBLs He
MHTUOUPYIOTCSl IPUMEHSIEMBIMU B KIMHHKaX MHruoOnTopamu Oera-naktamas. Bemexct-
BHe 0OJBIIOro pazHooOpasust MBLs KOHCTpyHpOBaHHE WHTHOMTOPOB K 3THUM JIaKTaMa-
3aM 3aTpyAHEHO. M3BECTHO, 4TO aKTMBHOCTh METAJUIONPOTEa3 MaJaeT B MPUCYTCTBHU
XeJaTHPYIOUINX METAIUIBI coenuHeHnil. OqHako npu moucke MHruoutTopoB MBLs cre-
IyeT TIPUHAMATh BO BHUMaHUE TOT (aKT, YTO COCIUHEHMS, XEIATUPYIOLINE METaJLIbI,
obnaznatoT HecrienupuueckuM JeiictBueM. Takue MHTMOUTOPBI MOTYT UHTHOMPOBATh HE
TONIBKO OakTepuanbHble (PEPMEHTHI, HO M METaJuIocoepKaline (GepMEeHThl X03IuHA U
TEM CaMbIM BBI3BaTh MOOOYHBIE AeiicTBUs. HenaBHO OBIIM ITPEAIOKEHBI 1Ba HOBBIX MH-
rudburopa MBLs: 2-denun-4,5-nqurunpornason-4-kapOoKCHiIbHas KUCIOTa, WHTHOH-
pytomass MBL IMP-1 u3 P. aeruginosa, n 2-(3-amunodenun)-4,5-auruaporuasoin-4-
KapOOKCHIIBbHAs KHCIoTa, nHruoupyoomas ¢epmenT Bla2 w3 Bacillus anthracis [3].

MHoroob6emaromue pe3yabTaThl JeMOHCTPUPYIOT THOI(PHUPHI AaMHHOKHCIIOT U UX
npon3BoaHble. CHHTE3UPOBAHO JIECATh HOBBIX MPOM3BOIHBIX THOI(HUPOB aMUHOKHUCIIOT,
KOTOpBIE 001aJaf0T CIOCOOHOCTRI0 HHIHOMPOBATh MeTano-0era-nakramasy L1, NDM-1
n ImiS. CornacHo pe3ynbTaTram, NOJTy4YE€HHBIM IIyTEM KOMIIBIOTEPHOTO MOAEIHPOBAHUS,
9TH COEJVHEHHUS CBS3BIBAIOTCA C aKTUBHBIM IIEHTpoM (epmenTa L1, sxcmpeccupyemoro
B E. coli [14]. OqauM U3 MOCISIHUX NOTEHIMATBHBIX HHTHOUTOpOB MBLS siByisieTcst HO-
Boe coenuHenue NOTA [21].

Huzubumoput hepmenmos, Mooupuyupyromux amunoz1uKo3uoHsle
aHmMubdUOMuUKU.

CrpenroMuIiiH ObUT BBIICCH U3 Streptomyces griseus B 1944 r. u okazaics miep-
BbIM 3(Q(EKTUBHBIM aMHHOTJIMKO3HIHBIM AHTHOMOTHUKOM, NPUMEHSIEMBIM Ul JICYECHHS
TyOepKyJe3a. AMAHOTIIMKO3HUAHBIE aHTHOMOTHKH — 3TO TPYIITa aHTHOAKTEPHATBHBIX COe-
IVHEHHH, COCTOSIINX W3 OBYX M OoJiee MOIMU(PHIMNPOBAHHBIX aMHUHOcaxapoB. llmpokuit
CHEKTP aHTHOAKTEPUATHGHON AKTUBHOCTH OOYCIIOBJIEH BMEIIATEIbCTBOM aMHHOTJIMKO-
31/I0B B IpoIiecC OMocuHTe3a Oenka. AMHHOITIMKO3HIHbIC aHTUOMOTHUKH CBSI3BIBAIOTCS C
pPHK u 6enxamu 30S cy6'eauHuBl 6akTepruambHON PHOOCOMBI | MPEMSATCTBYIOT CIETI-
nenuto amuHoatmn-TPHK ¢ anTHkoz0M. 3TO NPHBOIUT K OIIMOKAM TPaHCISLUHM H, CO-
OTBCTCTBCHHO, K HW3MCHCHHIO aMHHOKHCJIOTHOM MOCJIEA0BATCIIbHOCTH CHUHTE3UPYCMbIX
6enkoB [16]. IlpuponHble aMUHOIIIMKO3UIHBIE AHTHOMOTUKH MPOAYLUPYIOTCS OaKTepus-
MH pOJIOB Streptomyces u Micromonospora, KOTOpbIe 3alUINAI0TCS OT JeHCTBUS BHYTPEH-
HUX aMUHOITHMKO3UA0B IyTeM MetunupoBanus 16S pPHK [9]. K coxanenuro, amunoru-
KO3W/HBIC aHTHOMOTUKH 00J1a1al0T IMOO0YHBIM JIEHCTBHEM, O0YCIIOBICHHBIM CBSI3bIBAHH-
eM ¢ A-caiiToM SYKapHOTHYECKOH pHOOCOMBI, KOTOPHIA OTIMYaeTCs OT A-caifta mpoka-
PHOTHYECKOH pHOOCOMBI OTHOH Mapoi ocHoBaHuH (Hykieotun A 1408 mpokaproTHIeCKOi
pubocomer cootBercTByeT G1408 3yKaproTrdaeckoit pudocomsr) [15].

YcTounBOCTh OakTeprii K aHTHOMOTHKAM CEMENCTBA aMUHOTJIMKO3UIHBIX aHTH-
OnOTHKOB Yale obecrieynBaeTcs AHCTBHEM Ha aHTHOMOTUKH aMUHOTJIMKO3UI MOJU(DH-
uupyonmx ¢pepmentoB (AIMD).

Oo6Hnapyxeno tpu Buna AI'M®: amunormko3ua arermwirpanchepassl (AACs),
aMUHOTTIMKO3U] HyKieoTHauiTpancdepassl (ANTs) u amuHormuko3un Gochorpanche-
passl (APHs). N-anetuntpancdepassbl KaTaIU3UPYIOT alleTUIMPOBAHUE CBOOOIHBIX aMU-
HO TPYII MOJIEKYJbl cyOcTpara. DTo Haubosee pacrpoCTpaHEHHBIH cpenu OakTepuid
tun AIM®. U3 pa3nuuHbIX opraHu3MoB BbiiesieHo 6osee 50-tu AACS, BKitouasi yHU-
KaibHBIN GepmeHT Eis, KOTOpPBIi criocoOeH aleTHIMpoBaTh AMHHOTIIMKO3HU/bI B Pa3Iny-
HBIX nonokeHusx. [12]. CymecTByeT maTh kitaccoB ANT, CIIOCOOHBIX MEPEHOCHTD aie-
HO3MH-MOHO(OC(AT Ha TONoKeHus 6, 9, 4', 2" unn 3" MOJEeKyIIbl aMIHOTIINKO3UAA.
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APHs xatanu3upytot nepeHoc gocdarHoii rpymis! Ha mosoxenus 4, 6, 9. 3', 2", 3" unn
7". dnst ANTs u APHs ko-cyGerparamu siBisitotess ATO u I'TO [20].

OnHUM U3 ImyTel MPeo0IeHNs yCTORYNBOCTH OAKTEPU K aMUHOTTIMKO3UIHBIM
aHTHOMOTHKAM siBistercs “‘mu3aiiH” mHruOuTopoB AI'M®. Ilpenmomaraercsi, 9To Hc-
nojbp30BaHne MHruouTopoB AI'M® BMecTe ¢ aMHHOTTIMKO3WAHBIMH aHTHOMOTHKaMHU
MOXET 3alllUTUTh aHTUOMOTHKH OT ()EPMEHTOB U BOCCTAHOBUTH UyBCTBUTEILHOCTD OaK-
tepuid. [locae Toro xak OpUIO MOKa3aHO, uTo Ac-CoA sBisieTCsT KO-CyOCTpaTtoMm mis
AACs, B kauectBe HHTHONTOPOoB AI'M® cTanmm MCHOIb30BaTRCS OMCYOCTPAThI, COCTOS-
e u3 amuHormko3uaa u Ac-CoA. OnHaKko Takue WHTHOUTOPHI B OKCIIEPUMEHTaX in
vivo okazanuch Hed(QPEeKTUBHBIMH, MO-BHIMMOMY, H3-32 OOJIBIIMX Pa3MEPOB U OTpHLA-
TEJIFHOTO 3apsijia, He MO3BOJIIONINX MTPE0JI0IeTh MeMOpaHHbIi Oapbep [24]. anee Obl-
JI CO3/1aHbl MPO-JIEKapCTBa, COCTOSAIIME U3 aMUHOITIMKO3K/IA U MAHTOTEHOBOI'O JIMHKE-
pa. Takoii nuHKep y3HaBaeM OakrepuanbHbIMU (pepmeHTamu PanK (maHtoreHar kuHasza
K), PPAT (dpocthopudosun mupodocdar amunorpancdepasa) u DPCK (mepocho-CoA-
KnHa3a). BHyTpu 6akTepraibHOI KIETKH B pe3yibTaTe (epMEHTaTUBHOTO ACHCTBHS Ou-
cyOcTpaT aMHHOIJIMKO3HM/-TIAHTOTEH MPEBPAINAeTCsl B aMHHOTIIMKO3UA-TTaHTOTeH-CoA,
KOTOpPBIN MHrHONpyeT akTUBHOCTh AACs. VMcronb30BaHie TaKuX WHTHOUTOPOB BMECTE
C KaHaMUIMHOM IIPHBOJUT K IOAABIEHHIO POCTa YCTOHYMBOTO K aMHHOIJIMKO3HMIAM
wramma Enterococcus faecium, conepxainero AAC(6°)-1i [25].

HenaBHo mokasaHo, 4TO B KauecTBE MHIHOMTOPOB HIMpokoro cnekrpa AACs u
Eis MOT'YT CITy»KHTb COJIH LIEJIOTO psiia MeTasuios [13].

Tak xax APHs katamu3upyloT nepeHoc ¢ocdaTHON Ipynnbl Ha aMAHOTIMKO3H-
IIbl, T.C. IPOSIBISIIOT KMHA3HYIO aKTUBHOCTh, B KadecTBe MHruomtopoB APHs moryr
BBICTYNIaTh HHTUOUTOPHI OaKTEpUAIBHBIX WIN dYKapuOTHYeCKHX KuHa3. 13 6onee 80-Tn
WHTUOUTOPOB KWHA3 OBUIM BBISIBIICHBI COEAWHEHUs, O0JIafalolie MNOTeHIMAIbHON
criocoOHOCTRIO MHTHONpOoBaTh APHs. OnnH M3 HUX — KBepueTHH (quercetin) sBIsSETCS
MIPUPOIHBIM MHTHONTOPOM Ka3eWH KHHa3bl 1, KOTOpPBIH CrIOcOOCH MHTHOMpPOBATH PN
APHs xax in vitro, Tak u in vivo [7]. OmHaKo pY UCHOIH30BAHUN UHTUOUTOPOB KMHA3
CllelyeT ydecTb TOT (hakT, YTO OHHM MOTYT OKa3aThCsi MHTMOMTOpPaMM KHMHA3 4eloBeKa,
YTO MOXET MPUBECTH K HEXKETATEIbHBIM HOCIEACTBHAM.

Upe3BbluaifHO Ba)KHO HAWTH MHTUOUTOPBI, KOTOPBIE MOTYT BO3JEHCTBOBATH Ha
umpoxui ciektp AIM®. C 3Toii 1ensio ObUI0 OCYIIECTBIEHO MOJENUpOBaHHE 45-u
nHruduropos AI'M® He yrneBopHoi npupojsl. [lokazaHo, 4To rpymna HpoU3BOIHBIX
3-(IMMEeTHIaMUHO )-TIPOIIMIIaMHHA SBJISIETCS HauOosiee IEepCHEeKTHBHON Cpelnyl IOTEH-
IUaBHBIX HHTHONTOPOB Kak ANTS, Tak u APHs [26].

MHoroo6emaromumM sBisieTcsl MoucK HHruoutopos AIM® cpeau mpupoaHbIX
coennHeHui. Tak apaHOPO3WH, MPOAYKT BBIAEICHHBIN n3 Gymnascella aurantiaca, nn-
rubupyet poct ¥ MRSA, a takoxke marnoupyer AACs u APHs [22].

3aknrouenue

Pacnipoctpanenmne GakTepuif, yCTOWYHMBBIX K IIHPOKOMY CIIEKTPY aHTHOWOTH-
KOB, MPEJCTABIISET CEPbE3HYIO yrpo3y MpH JIeYeHHH HHPEKINOHHBIX 3a00neBanuit. Jis
pelIeHus 3TO¥ MPOOIeMbl MPOBOAATCS MCCIICAOBAHMUS B PAa3HBIX HANPABJICHUSIX, B TOM
YHCJIC UAET MOMCK MyTed MOJABICHUS aKTHBHOCTH ()EPMEHTOB, Pa3pyIIAONIMX AHTH-
Ouotuky. “/lu3aiiH” M CUHTE3 HOBBIX COEJMHEHUI, CTIOCOOHBIX MHIMOMPOBATh IIMPOKHUIA
CHeKTp OeTa-TakTaMa3 M aMHHOTIIHKO3H] MOAUMDUIUPYIOIUX (PEPMEHTOB ITO3BOJSCT
3¢ deKTUBHEE UCIOIH30BATh AHTUOMOTHKH B 0Oph0Oe ¢ MH(DEKIMOHHBIMU 3a00JICBaHUS-
Mu. OJHAKO B OTBET HA MPUMCHCHHE MHTHOWUTOPOB, MOSBISIOTCS YCTOWYMBBIC K HUM
¢depmenThI. OYEBHIIHO, YTO JUIA MTOJABICHUS YCTOWIMBOCTH K aHTHOMOTHKAM HEOOXOIH-
MO KOMOMHHPOBAaTh pa3indHbie MOaxo/bl. CerofHss BeIETCsl MOUCK COSAMHEHUH, CIo-
COOHBIX B3aUMO/ICHCTBOBATh OJJHOBPEMEHHO C HECKOJIKMMK MHUIIECHSIMH B KIIETKE YCTO#-
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YUBBIX K aHTUOHOTHKAM 63KT€pHI7L Taxoit noaxo/ IO3BOJIUT n30eKaTh UIH 3aMCJINTh
CCIICKIIUIO YCTOﬁqHBLIX K aHTHOMOTHKAM MYTAaHTOB.
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KOMIIBIOTEPHOE MOJEJIMPOBAHMUE ITIOBEJEHUS
ACTPOLMUTA ITPU PA3JIMYHBIX YCJIOBUAX KAJBIIMEBBIX
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[IpenoxkeHna MaTeMaTHYeCcKasi MOJICNb IOBEACHUSI aCTPOILIUTA TPH PA3IUYHBIX YCIOBHIX
KaJIbIIUEBBIX KOJCOAHUI MOCTCHHANTHYECKOrO HelipoHa. Pa3paboraHHas MOJENb acTpOIMTa MO-
JKET HMCIONB30BAThCS IS UCCICIOBAHUS JOJNTOMJISIICHCS CHHANTHYSCKON TIACTUYHOCTH B TPHU-
naptutHoM cunarnce (TIIC).

Mooenw acmpoyuma — Kajbyuesvle KOnebanusi noCmMCUHAnmu4ecKko2o Heﬁpona

Unwownpyuws k wuwnpnghunh Juppugsh dwptdwnhjuljui dngl] ynunuhbiwwynhly uly-
pnuh juyghmuh nwwnwinudubph nwppp guydwibtbpnud: Uunpnghnh dnnljp jupnn t oguw-
gnpdyl) Eodwuwbh uhtwyunid  Gpuwpunb vhtwwywnhly dyniunipyut nuuntdbwuhpdwt dw-
dwlwly:

Uuwnpnghunp unnlyp — Juyghnidh nnunnuinidblpp  wnunupliupnhly algpnanid

A mathematical model of the behavior of astrocyte in different conditions of calcium oscil-
lations of postsynaptic neuron was proposed. The developed model of astrocyte can be used to
study the long synaptic plasticity in tripartite synapse.

Model of astrocyte — calcium oscillations of postsynaptic neuron

MHorouncIeHHble HEeHpPO(pHU3HOJIIOTHYECKHE HCCIIeIoBaHMs (3a IOCIEAHUE IBa
JiecAaTrieTus) GYHKIUN TIIHATBHBIX KJIETOK BBISBHIIM CIIEAYIOlLIee: HEe TOJbKO HEHPOHBI
Y4acTBYIOT B Tepenade WH(pOpManMyd B MO3TY, HO W TJIMAJIBHBIE KIETKH HIPaOT
Oompmyto ponb B oOpabotke mHpopmanuu B LIHC [9, 10]. Cpenn pas3HBIX THIOB
TJIHAIBHBIX KJIETOK UMEHHO aCTPOLUTHI SIBJISIOTCS OCHOBHBIM MEXaHU3MOM JOJITOJUIs-
mieiicss CHHaNTHYEeCKON TUIAaCTHYHOCTH M, CIIEOBATENbHO, UI'PAIOT BAKHYIO POJIb B Kie-
TOYHBIX MpoIeccax o0yueHus u naMsTu [2].

B HacTostieit paboTe npeacTaBiIeHo MaTeMaTHYeCKOe OIIMCAaHUE ITOBEACHHUS acT-
pOLIUTA TIPU PA3IUYHBIX YCIOBUSAX KAJBIUEBBIX KOJCOAHHN MOCTCHHANTHYESCKOTO HEM-
poHa. VIMeHHO XapakTep H3MCHEHHUS KAJIBIUCBBIX KOJCOAHWN BBI3BIBACT pa3IHMUYHBIC
mpoHeCChl, MPOTECKAIOUINE B ACTPOLUTE, IPUBOAAIIUC UITU K )IOJ'IFO[U'IHHJ,CI‘/IICH IHoTeHI KA~
LM W K JOJITOUISILIECHCS IETTPECCHU B CHHAIICE.
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Mamepuan u memoouxa. Bo3mMoxxHbI 2 GpopMblI XapakTepa U3MEHEHUs KAIbLUEBBIX KOJIe-
GaHHii MOCTCHHANTHYECKOro HelipoHa. [lepBoii popMoil SBIAIOTCS BHY TPUKIICTOYHBIC KaJIbLHIEBbIS
KoJIe0aHUsI MOCTCHHANTUYECKOTO HEHpOHa, MONydeHHbIE MPU BBICOKOYACTOTHOM TETaHMYECKOi
CTUMYJISIIIMM TPECHHANTHYECKOr0 HelpoHa. COOTBETCTBEHHO IOTYYAIOTCSl JKCTPAKIETOYHBIE
KaJbIMeBbIe KOJICOAHMUs, KOTOPbIE SBISIOTCS CUMMETPHYHBIM M3MEHEHHEM KalbIMEBBIX KoIeba-
HUH TIOCTCHHanTH4YecKoro HeWpona [14]. Torma pabGora acTpomura NPOHCXOIHUT CIETYIONIHM
06pasoM: dKCTpaKiIerodnsie Konebanus Ca’  BHIBBIBAIOT AKTHBAIMIO METAGOTPOIMYECKHX Kallb-
LUH-1yBCTBUTENBHBIX perentopoB (CaRs) memOpansl actpouuta [4, 5]. AKTHBaLUs TUX peLen-
TOPOB MPHUBOJUT K 00pa30BaHUIO BTOPOTroO Meccekepa — uHosutontpu-pocdara (IP; ) [13], yro
MPUBOAUT K akTuBanuu IP; pementopoB mMeMOpaHBI 3amaca KalblUsl acTPOIMTA, KOTOPHIE SB-
JISEOTCS KATbIACBBIMA KaHANAMH [7]. AKTHBALMS 3THX KAHAIOB IPUBOAMT K BeIxoxy Ca®’ u3 3ama-
ca acTPOIMTA, YTO MPUBOIUT K aKTHBAIIMH ACTPOILNTA, T.€. 00pPa30BaHMIO KaIBIUEBBIX KOIeOaHM
BHYTpU acTpouuta [12]. 3mMeHeHue [Cay] B aCTPOLMTE MOCJIE HOCTYIUICHUS. £-Or0 HMILyJbca
OIUCBIBACTCS CIEYIOLUIMM YPABHEHUEM:

Ca_Ast(t") = Ca_Ast(ty) +K1*(Ca_Post(t)-1),

rae Ca_ Ast(t) — [Cay ] B actpormre miepen mogaueii & -oro uMItyJbca,

Ca_ Post(ty) -[Ca*" ] B mocTcuHarce nepes mojadeii & -oro HMITyiIbea,

K1- mocTostHHBIN mapaMeTp MOZENN aCTPOLUTA.

Usmenenne [Ca®* | B acTpomute 1ty < 1<ty OMECHIBACTCS CIEAYIOMINM yPABHEHEM:

Ca_Ast(t )= Ca_Ast(t, ) *exp(-(t- ty)/taul),

rae taul- MOCTOSHHBIN MapaMeTp MOJEIH aCTPOLIUTA

AKTHUBAIMS aCTPOLMTA IIPUBOUT K BBIACICHUIO TIIyTaMaTa U3 aCTPOLMTA B OKCTPAKICTOU-
Hoe mpocTtpaHcTBO [2]. KonmndecTBo mepenaTymka, BEICBOOOKAESHHOTO aCTPOLUTOM IIOCTE IOC-
TYIUICHHS K-OT0 IIPECHHANTUYECKOr0 UMITYJIbCa, ONMCHIBACTCS CIICAYIOIINM YPaBHEHHEM:

Glut_Ast(t,)= Glut_Ast(t,)+K2* Ca_Ast(t),

rae Glut Ast(t,) — KOHLEHTpauusi riiyTamaTa B JKCTPAaCHHAITHYECKOM MPOCTPAHCTBE
nepe;]| MOCTYIIEHHEM K-OTO IMITYJIbCa

K2 — mocTOsHHBIH napaMeTp MOJIENH aCTPOLUTA.

H3MeHeHue KOMMYecTBA METHATOPa B SKCTPACHHATITHIECKOM TPOCTPAHCTBE JUTA t, < t<
ty+ OIHCBHIBACTCS CICAYIOIINM yPaBHEHHUEM:

Glut_Ast(t.)= Glut_Ast(t,)* exp(-(t- t,)/tau2),

rjae tau2 — MOCTOSIHHBIM MapaMeTp MOJENTH aCTPOLUTA.

Bropoii ¢hopmoii xapakTepa U3MEHEHHs KalbLHEBBIX KOJICOAHHI SIBISIOTCS BHYTPHKIIC-
TOYHBIE KaJbIUEBbIE KONEOAHNS MOCTCHHANTUYECKOTO HEHpPOHA, MOydeHHbIe IPH HU3KOYacTOT-
HOM TETaHWYECKOH CTHMYJLSIIUM MPECHHANTHYECKOro HelpoHa. COOTBETCTBEHHO IIOIYyJalOTCs
9KCTPAKIICTOUHbIE KaJbIHeBbIe KOJECOAHHS, KOTOPHIC SBISIIOTCS CHMMETPUYHBIM H3MEHEHHEM
KaJIbIIUEBBIX KOJIEOaHUI mocTCHHaNTIHYeckoro Helipona [13]. Torga pabota acTpouuTa MpoOMCXo-
JIUT CJICAYIOMINM 00pa3oM: IKCTPAKJICTOYHBIE KAJIbIIMEBbIC KOJICOAHNS BHI3BIBAIOT aKTHBALIUIO OII-
peleseHHBIX MeTabOTPOIMYECKUNX KalIbI[MH-4yBCTBUTENBHBIX PELIENTOPOB MEMOpPaHBI acTPOLH-
Ta. AKTHBAaIMsl STHX PELENTOPOB NPHUBOIMT K oOpa3oBaHuio maparropmona [14]. ITaparropmon
BeiBouT Ca’’ M3 acTpOIHTA B SKCTPACHHANTHIECKOE MPOCTPAHCTBO IS CO3JAHMS rOMEOCTa3a B
LIHC. Ymenpmenne Ca®" BHyTpH actpouuTta aktueupyer Ca-ATd-a3a HACOC, KOTOPbIH CBA3BIBA-
ercs ¢ Ca®' 1 BEIBOZHT ero u3 3amaca [3,8]. B nanHoM ciryuae Ca* CIIy?KMT BTOPBIM MECCEIKEPOM
Ju1st BosuuKHOBeHHs Ca’ -BOIH BHYTPH aCTPOLIHTA.

Usmenenne [Ca’'] B actpomure mocme mpuxofa A-Oro IpeCHHANITHYECKOTO HMITYJIhCa
OIIUCBHIBAETCS CIIEAYIOMIUM yPABHEHUEM:!

Ca_Ast(t,") = Ca_Ast(t,) -K3*(Ca_Post(ty) -1),
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rae Ca Ast(ty) - [Ca2+] B aCTPOLMTE Mepe]] rojaueii & -oro uMItyJsbca,

Ca_Post(t,)- [Ca’"] B npecunance nepex nojaueii & -oro MMIyIbca,

K3-nocrosnHbIil mapameTp MOJAETH aCTPOLIUTA.

Usmenenne [Ca®* | B acTpommTe 1st t,~ < t< t,| OMHCHIBACTCS CICAYIOMIAM yPABHCHHEM:

Ca_Ast(ti;)= Ca_Ast(t,)*exp(-(t- t)/tau3),

rze tau3 — IMOCTOSHHBII TapaMeTp MOIENN aCTPOLHUTA.

AKTHUBAIUS acTPOLIUTA IPUBOINUT K BhIZCICHUIO afeHo3uHTpUdochata (ATD) B axcTpacu-
HanTH4yeckoe npoctpancTBo [2]. KomuecTBo nepenaTyrka, BHICBOOOXKIECHHOTO aCTPOLMTOM I10C-
JIe TIOCTYIUICHUSI K-Or0 IPECHHANTHYECKOTO MMITYJIbCa, OMUCHIBACTCS CIICAYIOIUM YPaBHEHHEM:

AT®_Ast(ty)= ATD_Ast(t,)+K4* Ca_Ast(t"),

rae K4 - mocTostHHBIH mapaMeTp MOJIENN acTpOLUUTa

AT®_ Ast(t,) - KOTHYECTBO MEAWATOpa B IKCTPACHHANTHYECKOM MPOCTPAHCTBE TEpEN
MOCTYIJIGHHEM K -Or0 UMITYJIbCa.

HM3MeHeHHe KOIMYECTBA MEIUATOPA B DKCTPACHHANITMYECKOM MPOCTPaHCTBE ANd t < t<
ty+1 OTTUCBHIBAETCS CIIELYIOIIUM YPABHEHHEM:

AT®_ Ast(tyy;)= ATD_Ast(t,")* exp(-(t- ty)/taud);
rze tau4 — IIOCTOSTHHBII ITapaMeTp MOIENHN aCTPOLHUTA.

Pezynomamut u oo6cyycoenue. B Hactosmel paboTe MpeacTaBiIeHbl Pe3yIbTaThl
MaTeMaTHYECKOr0 MOJEIUPOBAHHS TOBEAECHHS aCTPOLNTA, OTy4YEHHbIE IIPH Pa3IMNIHBIX
YCIIOBUSIX KaJIbIIMEBBIX KOJIEOaHMH MOCTCHHAIITMHUYecKoro Helpona. Ha puc.l. mpen-
CTaBJICHBI PE3YJIbTAThl MOJICIIMPOBAHUS TIOBEJICHUS ACTPOLMTA B CiIyyae IepBoil (GopMBbI
XapakTepa HM3MEHEHHs KaJbIMEBBIX KOJICOAHWH ITOCTCHHANTHYECKOTO HEeWpoHa, I0-
JIy4EeHHOM IpH pa3apa’keHnH MMPECHHANTHYECKOT0 HEHPOHA TETaHUYECKOH CTUMYJISINCH
BbICOKOH yacToTh! (30 nmmysbcoB ¢ gactoToit 100 rix).

CornacHo puc. | (cruromHas KpuBas), IIPH BRICOKOYACTOTHON TETAHUYECKOH CTH-
MyJSIIHE HAbTI0aeTcs monoxkuTenbHblii casur  [Ca®’] B mocremmance. [Ca®'](t) >
[Ca®" ] nopora- 1€M OOJIBLIIE TIOJIOKUTENBHBIN CABUT [Ca®" ] B mocTcuHarnce (TyHKTHpHAs
KpHBasi), TeM OOJIbIIIE aMILIUTY/A [Ca®" ] B acTpoumTe.

Uem GoJplie aMIuIATy 12 [Ca®'] B acTpounTe (ToueuHast KpUBAsK), TeM GOIbIIE KO-

JIMIECTBO BBIACIIEHHOI'O aCTPOILIMTOM TiryTaMara.
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Puc.1. Cnrownas xprBast — peakiysi HOCTCHHANTHYECKOTO HEHPOHA HA BEICOKOYACTOTHYIO
TETAHHUCCKYIO CTUMYISIHIO. [IyHkmupnas Kpusas — u3mMenenue quaamukn [Ca’'] B actporuTe.
Toueunas Kpusas — N3MEHEHHE KOHIIEHTPAIMH TIIyTaMara B 3KCTPAKIETOYHOM IIPOCTPAHCTBE.
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Puc.2. Cnrownas xpuBasi — peakiys HOCTCHHANTHYECKOTO HEHPOHA HAa HU3KOYAaCTOTHYIO TETaHU-
YECKYI0 CTUMYJIALMIO. [TynKkmupnas kpusas — n3Menenue aunamuxy [Ca®'] B actporure.
Toueunas xpuBas — u3MeHeHne KoHIEeHTpauu AT® B 9KCTPaKIETOYHOM NPOCTPAHCTBE.

Ha puc.2. nmpencraBieHbl pe3yabTaThl MOACTHPOBAHUS MMOBEICHUS acTPOLUTA B
ciry4ae BTOpOil (opMBI XapakTepa M3MEHEHHs KaJbIIMEBBIX KOJICOaHWIl IMOCTCHHAIITH-
YECKOI0 HEHMpOHA, NOJYUYEHHOW MpU pa3apa’KeHUH MPECHUHANITUYECKOro HEMpoHa Tera-
HUYECKOM CTUMYIIAINEH HU3KOH 4acToThl (30 MMITyJIECOB C YaCTOTOH STII).

CornacHo puc. 2 (CrutomHas KpuBasi), pyu HU3KOYACTOTHOW TETaHMYECKOI CTUMY-
nsmu HabmiosaeTest oTpuaTenbHbii casur [Ca’’] B noctennance [Ca™](6)< [Ca™] nopora:
UYem Gonblue oTpumatensHbii cupur [Ca’’ ] B mocTcHHarce, TeM GOIbIIe aMITIATy A
[Ca?'] B actpormre (myHKTHpHas KpuBas). Yem Gonbure ammmryga [Ca’'] B actpormre
(ToyeuHas KpHBasi), TeM OOJIbIIE KOJIMYECTBO BblAeneHHOro actporuroM AT®. [Tapamer-
PBI MOZIENIM aCTPOLIUTA IIPE/ICTaBIICHBI B Ta0I. 1.

Ta0auua 1. 3HaueHne napaMeTpOB MOJIEIIH ACTPOLIUTA

BpICOKOYACTOTHASI CTUMYJISIIUS Hu3Ko4acTOTHAS! CTUMYJISILIHS
K1 K2 taul tau2 K3 K4 tau3 taud
1.1 0,1 6,7 1,01 1.1 0,3 100 20

HeilipoHHbIE ceTH pa3IMYHBIX CTPYKTYpP MO3Tra, BOBJICUCHHBIE B IIPOLIECCHI 00yUe-
HUSI M IAMSITH, SIBIIIIOTCS B HACTOsIIEE BpeMsl 00BbEKTOM IPHCTaILHOTO BHUMaHUsL. [10a-
TOMY Ha CETOAHAIIHUNA JEHb PACKPBITHE MEXaHNW3MOB JOJTOMJISIIEHCS CHHANTHYECKOH
IUTACTUYHOCTH MMEET Ba)KHOE 3Ha4YeHHE. [[oHNMaHne MEeXaHW3MOB JOJITOUIALICHCS CH-
HalTHYECKOH MIIACTHYHOCTH JIaCT BO3MOXKHOCTH HCCIIEIOBAaTh pabOTy HEWPOHHBIX ceTer
B paznuuHbIX cTpykTypax [IHC, BoBIE€UEHHBIX B TIPOIIECCH O0YUEHHS U HaMSTH.

Ha ceronusinianii 1eHb MHOTHE OMOXMMHUYECKHE MEXaHU3MbI HEU3BECTHBI, I03TO-
My pa3paboTKa MaTeMaTH4eCKHX MOJIeNICHl XMMUYECKOTr0 CHHAIICA, MOACIUPYIOIIHX 101
TOJISIIIYIOCS] CHHANTHYEKYIO TUIAaCTUYHOCTD, SIBJISETCS BeChbMa akTyallbHOI. B pa3pabo-
TaHHOW HAMM MOJIETH padoTa acTpOLUTa YIPaBIIeTCS KOHIEHTPALUEeH Kalblys B TOCT-
cuHance. B pesynbrate paboThl acTpOLMT BBIAEISIET WM IIIyTaMaTr — IPHU BBICOKOYAC-
TOTHOI TeTaHm4eckoil ctumysanuy, win AT® — npu HU3KOYACTOTHON TETaHHYECKOMH
CTUMYJIALUU. BblIeneHHble acTpOLMTOM INIMOTPAHCMUTTEPHl NPUBOAAT K HU3MEHEHHIO
Xapakrepa pabOThl IPECHHANTHYECKOTO HEWPOHA, YTO NMPUBOAUT K 0Opa30BaHUIO JI0JI-
rouiimuxcs (HopM CHHANTHYECKON IITACTUYHOCTH.

B ciydae kambImeBHIX KOJEOaHWH IMOCTCHHAITHYECKOTO HEWpOHA, MOTYYEHHBIX
IIPU BBICOKOYACTOTHOW TETAaHWYECKOH CTHUMYJIALMHU (pHC.1, CIIONIHAsT KpuBasi), BbIICTICH-
HBIM aCTPOLIMTOM IIIyTaMaT BIMSET Ha paboTy NMPECHHANTHYIECKOTO HEHPOHA CIIEIYIOINUM
00pazom; riTyTamaT IPUBOAUT K YBEITHIECHHUIO [Ca’'] B mpecuHarce Bbiiie opora. YBemu-
yenue [Ca’'] BbllIe OpOra IPHBOJNT K aKTHBALIMH npoTenHKnHassl A (ITKA).
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Axtuanyst [IKA npuBoanT kK Moan(HKaMy ONepaTHBHOTO MyJia IPEeCHHANTHIeC-
KOT0 HEWpOHa, T.€. MEPEMELIEHUI0 ONPEIEIEHHOTO0 KOJMYECTBA MEAUATOpa U3 3alacHoro
IyJ1a B OTIEPaTUBHBIN ITyJ1 B MOMEHTHI ITOJ]a49X PECHHANTHYECKHX UMITyIbcoB. Kommuect-
BO TEPEMEIIEHHOTO MeauaTopa 3aBHcHT oT akTiBHOCTH [IKA mepex mpuxomom Kaxmoro
MIPECHHANITUIECKOTO MMITyiIbca. Yem Oombie aktuBHOCTH [1KA, Tem Oomnbie Mennaropa
MepEMEIIIAeTCs] M3 3allaCHOTO ITyJia B OIEPAaTWBHBIM IIyJ, YTO W IPUBOAUT K MOI-
rojyrsiielicss moteruuarmm [11].

B ciy4yae kanbLMeBbIX KOJIeOaHUI MOCTCHHANTHYECKOTO HEHpOHA, MOIY4eHHBIX
IIPU HU3KOYACTOTHOH TETaHWYECKOW CTHUMYJAIMHU (pHUC.2, CIUIOLIHAS KpHUBas), BBIAEIEH-
HbIi actporToM AT® Biusier Ha paboTy MPECHHANITUYECKOrO HEWPOHA CIEAYIOIIMM 00-
pasom: AT® npusoauT K ymenbimennio [Ca’ | B IpecHHAICE HIDKE OPOTa, UTO IPHBOIUT
K ymeHbIeHuto aktuBaimu [1IKA. Yvenpmenue aktupaimn [TKA npuBomut k Moudurka-
LY ONEPAaTUBHOIO MyJla NPECUHANTHYECKOT0 HEIPOHA, T.€. MEPEMELLEHUIO OIIPEAEIeHHO-
ro KOJMYECTBA MEAMATOPA M3 ONEPAaTHBHOTO ITyJla B 3allaCHOW Iy NPECHHANTHYECKOTO
HEHWpOHa B MOMEHTHI MOJa4X MPECHHANTHYECKUX HUMITyJIbcoB. KonmmaecTBo mepemMenieH-
HOTO MeanaTopa 3aBUCHT OT akTuBHOCTH [IKA mepen mpuxomoM MpecHHANTHYECKUX HM-
mynbcoB. Yem MeHbIe akTHBHOCTH [IKA, TeM Oombliie MequaTopa MepeMeniaeTcsi U3 ore-
PaTHBHOTO IyJ1a B 3allaCHOI IMyJl MPECHHANTHYECKOTO HEHPOHA, YTO MPUBOIUT K JOJITO-
msimeiicss aenpeccuu [11]. PazpaboTanHas Mojienh MOBEASHHUS acTPOIUTA NPU pa3iind-
HBIX YCJIOBHUAX KaJIbIIUEBBIX K0ﬂ66aHHﬁ MOCTCHUHAIITHYCCKOI'O HeﬁpOHa B COBOKYITHOCTH C
MIPEATIOKEHHON paHee MoJenbo [1] MOXKeT OBITh MCMOJIB30BaHA I HCCIIEAOBAHUS MPO-
rieccoB, nporekaembix B TTIC.
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This study was carried out in Babadillimani Bight from May 1999 to April 2000. A total of
16 Lessepsian fish species (Apogonichthyoides pharaonis, Cynoglossus sinusarabici, Etrumeus teres,
Leiognathus klunzingeri, Lagocephalus spadiceus, Lagocephalus suezensis, Pempheris vanicolensis,
Sargocentron rubrum, Saurida undosquamis, Siganus luridus, Siganus rivulatus, Sillago sihama
Sphyraena chrysotaenia, Stephanolepis diaspros, Upeneus moluccensis and Upeneus pori) were
identified from monthly trawl sampling. Monthly mean Catch Per Unit Effort values of Lessepsian
fish species ranged from 2.47kg/h (June) to 24.81kg/h (August), and the proportion of them in total
catch were calculated as 23.68%, 19.15%, 18.98% and 36.91% on spring, summer, autumn and
winter, respectively. Overall mean CPUE was calculated as 7.47kg/h and mean percentage of
Lessepsian fish species in total catch was estimated as 26.69% for one-year sampling period. When
the distribution of Lessepsian fish species in deep layers are taking into consideration, it was
presented that Lessepsian fish both in catch and number species were gradually decrease from
shallow to deeper waters. 77.91% of total Lessepsian fish was caught from 0-50m depth layer,
17.01% from 50-100m depth layer, and 5.08% from water deeper than 100m.

Lessepsian Fish — Babadillimani Bight — Northeastern Mediterranean —
bottom trawl catch composition

Zhknwgnunnipiniup juwnwpyt) bt fupunhihdwith Pugph dnin (Bnipphwgh hjntuhu-wpbbjui
Upgbpypuénjui wi) 1999p. dwihuhg 2000p. wwphpp: Zknwqnnjus tojkubthupnt dyukph
punwukun 16 wkuwly (Apogonichthyoides pharaonis, Cynoglossus sinusarabici, Etrumeus teres, Leiognathus
klunzingeri, Lagocephalus spadiceus, Lagocephalus suezensis, Pempheris vanicolensis, Sargocentron rubrum,
Saurida undosquamis, Siganus Iuridus, Siganus rivulatus, Sillago sihama Sphyraena chrysotaenia,
Stephanolepis diaspros, Upeneus moluccensis W Upeneus pori) djunpumipjult wdkiudjwm tdnipiiph
puwnpuithhg: Mumdtwuhply B (kulthupntt dubph puginuip junp gpkipnud: 8nyg b wpdky, np
huswbu wyn dhukph npup, wyiybu b wkuwljubph phyt wunh&wwpup tJugqnd Eo vwljuduyphg
uplish junpp opkpp: Cuny npnud, (kukthuhnt Ahukph piinhwinip pwbwyh 77,91 % npuly tp 0-50 U
Junpmipywb Jpu, 17.01%  50-100 U unpmipjul Jpu 1 5.08% 100 U funpp opkphg:

L&ubhupnl 84LGn — Pwpwnpihdwlp Puwye — @nipphuwih hntupuwnlibywl
uhgtnynwondywl wih — hwwnwlyh dyunpuwguwlgny dyunpunipynil

HccnenoBanue nposoaunu B babagmuimmany bailT (ceBepo-BOCTOUHOE CPeIM3EMHOMOP-
ckoe noodepexbe Typuun) ¢ Mast 1999 no anpens 2000 rona. Mzyueno Bcero 16 BUIOB jeccern-
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CHOHHBIX PBIO (Apogonichthyoides pharaonis, Cynoglossus sinusarabici, Etrumeus teres, Leiog-
nathus klunzingeri, Lagocephalus spadiceus, Lagocephalus suezensis, Pempheris vanicolensis, Sar-
gocentron rubrum, Saurida undosquamis, Siganus luridus, Siganus rivulatus, Sillago sihama Sphy-
raena chrysotaenia, Stephanolepis diaspros, Upeneus moluccensis and Upeneus pori) u3 o0pa3sion
eXEeMeCsIYHOU BBIOOPKY Tpaia. M3ydeHo pacrpeleseHne BUIIOB JIECCEIICHOHHBIX PHIO B IIyOOBOA-
HbIX cnosx. [Toka3aHo, 4TO KaK MX YJIOB, TaK W YKMCIO BHJOB, IOCTEINICHHO MOHMWKAIHCH OT M-
KBOZIbSI 10 ITyOokux Bof. IIpu atomM, 77.91 % ot oOImero Koau4ecTa JIECCENICHOHHBIX PbIO ObLIO
BUTOBNIEHO Ha ypoBHE 0-50 M ray6unsl, 17.01 % — Ha yoBHe 50-100 M riry6unsr, u 5.08 % u3 Box
ryoxe 100 m.

Jleccencuonnule pviovl — babaounnumarnu baiim — cegepo-6ocmounoe
cpeouzemnomopwe Typyuu — ynoe donnoz2o mpana

After the opening of the Suez Canal between the Red Sea and the Mediterranean
basins in 1869, many marine organisms from phytoplankton to fishes have been migrating
between the Red Sea and Mediterranean. This phenomenon was termed Lessepsian mig-
ration by Por [17]. According to Ben-Tuvia [4], firstly Aterinomorus lacunosus was re-
corded by Tillier [18] 33 years after opening of the canal, and now nearly 89 Lessepsian
fish species were reported from Mediterranean [6,12,13]. Lessepsian migration affected
eastern Mediterranean fish communities. The Lessepsian migration was positively affected
by the construction of Aswan Dam in 1969 [16]. Before the construction of the Aswan
Dam, water of Nile River was a natural barrier for the Lessepsian migration, low salinity
because of freshwater runoff by Nile River. There have been changing and interactions in
the Mediterranean ecosystem because of continuing migration from Red Sea to eastern
Mediterranean [5]. Some Lessepsian fish species (e.g. Leiognathus klunzingeri, Upeneus
moluccensis, U. pori, Siganus rivulatus, Saurida undosquamis) successfully settled/coloni-
zed and some of the species compose of a main component of commercial fisheries in the
eastern Mediterranean coasts [4, 7, 8].

The first Lessepsian fish was reported by Erazi [10] from Turkish waters. After
that, many authors reported new Lessepsian fish species and up until now total number
of Lessepsian fish species reached to 55 [11].

Although over 89 Lessepsian fish species have been reported from the eastern Me-
diterranean very little is known about the effects of these alien species on the area. In
addition despite its long history, and contrary to the western Mediterranean basin, the en-
tire area lacks long term fishery monitoring and similar studies in different localities [2].

In this study, monthly species composition, CPUE values, and proportion of Les-
sepsian fishes in total catch were analyzed by monthly bottom trawl survey in Babadillima-
ni Bight is a small bight located on the western extension of the Mersin Bay.

Materials and methods. This study was carried out in Babadillimani Bight (33°23°36"'-
33°32°57"'N; 36°07°00°°-36°0939"'E) located in the western extension of the Mersin Bay,
northeastern Mediterranean (fig. 1). Sampling was conducted at monthly interval using a commer-
cial bottom trawl net from May 1999 to April 2000. Fishes were caught from 0-50m, 50-100m and
100m>depth layers by using typical Mediterranean bottom trawl net in 22mm (knot to knot) cod
end mesh size, and tow duration was restricted with 1 hour. A total of 36 hauls were analyzed
during the sampling period. Samples were preserved in 4% formaldehyde solution buffered by
borax. In the laboratory, species identification was made by using the reference given by GOLANI
et al. [11]. Total weight of each species was measured to the nearest 1g. Using this data, CPUE
values and proportion of Lessepsian fish in whole catch were calculated.
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Fig. 1. Study area and sampling stations in Babadillimani Bight, northeastern Mediterranean coast
of Turkey ((1) Station I: 0-50m; (2) Station II: 50-100m and (3) Station III: 100m>depth layers)

CPUE value was calculated using a=D* h* X, equation [14]. In this equation; a= Total
dredged area by bottom trawl (km?), D= Length of dredged area (m), /= Length of the buoy mouth
of a trawl-net (m) and X,= Opening rate of buoy mouth: evaluated at 0.5.

The most abundant 10 species in total catch were considered as main catch recommended
by Bingel [5] for this purpose, elasmobranches and other organisms except fish were not evaluated
in this point.

Monthly sea surface temperature and salinity measured by YSI 6-Series multi-parameter
instrument. In order to analyze differences among stations in temperature and salinity, One-Way
ANOVA was performed (p>0.01). The relationship between total catch and Lessepsian fish catch
was estimated using linear regression analyzes and in order to analyze the relationship is
statistically important or not, t-test was performed (p>0.01).

Monthly sea surface temperature and salinity changes were given in fig. 2. Because of
there were not detected any differences among stations in temperature and salinity, (One-Way
ANOVA, p>0.05), monthly mean values were used for analysis. During the study period, lowest
mean sea surface temperature measured in March at 15.52°C. The temperature value was increased
gradually after March and the value reached the highest in August at 29.66°C. After August the
temperature value decreased gradually with the coming of autumn (fig. 2).
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Fig. 2. Monthly changes of sea surface temperature and salinity
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When considered sea surface salinity the lowest value measured as 34.83%o following the
coolest month (April). After April, sea surface salinity was increased coincide with increasing
temperature and reached the highest value in July at 37.92%o0. After July, sea surface salinity
changes were untidy and the level ranged from 35.5 to 36.1%o.

Results and Discussion. A total of 96 teleost fish species belonging to 46 families
were caught during study period. Lessepsian fish species represented 16 species belonging
to 13 families among the total fish fauna as follows; Apogonichthyoides pharaonis, Cynog-
lossus sinusarabici, Etrumeus teres, Leiognathus klunzingeri, Lagocephalus spadiceus, La-
gocephalus suezensis, Pempheris vanicolensis, Sargocentron rubrum, Saurida undosqua-
mis, Siganus luridus, Siganus rivulatus, Sillago sihama Sphyraena chrysotaenia, Stephano-
lepis diaspros, Upeneus moluccensis and Upeneus pori. C. sinusarabici, S. undosquamis,
U. moluccensis and U. pori were presented all months in the study period. L. klunzingeri
was one of the most abundant species was caught in all months, except June. S. diaspros
was caught during 10 months, except February and May. On the contrary, L. spadiceus and
L. suezensis were caught only in November; S. chrysotaenia was presented in January and
August; E. teres was caught in February, August, October and November; A. pharaonis
was presented in February, June, October, November and December.

Monthly changes in number of Lessepsian fish species was represented in fig. 3.
As can be seen the figure, the lowest number of the species almost presented in station
I11, moreover there was not detected any species in July. The highest value was presen-
ted in station I, except two months (January and April). Number of species was equal in
March and October in station I and station II. When consider monthly value in number
of species, the lowest value was presented in May with 5 species and the highest one was
October and November with 8 species. There were not presented any systematic changes
on number of species in studied months.
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Fig. 3. Monthly changes in number of Lessepsian fish species

During the study period, the lowest total catch value was presented in March with
33.02 kg/h and the highest value was in August with the value of 308.56kg/h (fig. 4). The
lowest CPUE value was 11.01 kg/h in March and the highest one was 102.86 kg/h in
August and the mean value was estimated at 31.05 kg/h during the study period. Same
trend presented for monthly changes of mean CPUE value of Lessepsian fish, the value
ranged from 2.47kg/h (in June) to 24.81kg/h (in August), and overall mean CPUE was cal-
culated at 7.47kg/h. Lessepsian fishes consisted of 23.68%, 19.15%, 18.98% and 36.91%
in total catch on spring, summer, autumn and winter, respectively, and mean proportion
was calculated as 26.69% for whole sampling period.
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Fig. 4. Monthly changes of CPUE values of native and Lessepsian Fishes

When the consideration of proportion of Lessepsian fishes in total catch, the
lowest percentage was presented in June (8.01%) and the highest one was presented in
December (48.75%) (fig. 4). Generally the highest proportions were detected during the
months of winter and spring. This value was decreased gradually after spring and the
lowest values were presented the months in summer and autumn.

According to stations, monthly changes of Lessepsian fishes in CPUE were
presented in fig. 5. As can be seen the figure, the highest CPUE value was gained from
station I (0-50 m depth ranges). Except in August, CPUE value in 50-100 m depth range
(station II) was higher than that of waters deeper than 100 m > depth (Station III). 77.91 %
total of Lessepsian fish yield was obtained from Station I, 17.01 % from Station II and
5.08 % from Station III. Proportion of Lessepsian fish catch obtained from Station I ranged
from 52.11 % (March) to 94.00 % (October). The highest and the lowest Lessepsian fish
catches were presented in August and June, respectively. The profiles of monthly changes
in mean Lessepsian fish CPUE value showed great similarity with between CPUE value
changes in station I (fig. 5).
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Fig. 5. Monthly changes of CPUE value of Lessepsian Fishes in stations

The relationship between mean total CPUE value and Lessepsian fishes CPUE
value was represented in fig. 6. As can be seen figure, It was determined that there has
been apositive and linear relationship between the total catch and value of the Lessepsian
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fish catch which has been statistically significant (p>0.01). According to this relation-
ship, the Lessepsian CPUE increased parallel to the increasing mean total CPUE during
the study period.
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Fig. 6. Relationship between mean total CPUE and Lessepsian fish CPUE values

Monthly changes of Lessepsian fish species proportion in main catch was listed in
tabl. 1. As can be seen the tab. 1, 4 Lessepsian fish species were represented in the most
abundant 10 species (main catch). The proportion of Lessepsian fishes in main catch
ranged from 4.9% in June to 47.58% in December. The most abundant species S. undos-
quamis represented in main catch with in all sampled months, U. pori was in main catch
generally the coolest months, except August, in contrast U. moluccensis was in main
catch the hottest months, except December. Other species belonging to main catch is
L. klunzingeri was main component of main catch on 6 months.

Table 1. Monthly changes of Lessepsian Fishes proportion in main catch
(rank of the fish in main catch in parenthesis)

Months S. undosquamis _|U. moluccensis U. pori L. klunzingeri
January 12.23 (3) - 22.13 (1) 347 (1)
February 19.54 (1) - 19.29 (2) 5.24 (5)
March 21.53 (1) - 7254 3.66 (10)
April 1322 (2) - 7.89 (4 -
May 7.52 (4) - - -
June 4.90 (5) - - -
July 22.59 (1) 1.38 (10) - -
August 8.81(2) 3.72 (9) 4.34 (1) 6.59 (3)
September 5.35(5) 4.71 (6) - 4.62(7)
October 9.30 (2) 15.81 (1) - 3.04 (9)
November 17.32(1) - - N
December 11.66 (2) 3.79 (6) 32.13 (1) -

Proportion of Lessepsian fish species were estimated as 21.84%, 21.31%, 21.36%
and 44.89% in total catch on spring, summer, autumn and winter, respectively, and the
mean value was calculated as 26.69% for all months. Proportion of Lessepsian fish in
summer were reported as 62% for Iskenderun Bay, as 34% for Mersin Bay and as 27%
for coastal area between Incekum and Anamur where can be representative for studied
area. Indeed there were big similarity between presented value (26.69%) in this study
and the value (27%) reported by Giicii ef al. [15]. Generally Lessepsian fish abundance
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in the eastern Mediterranean gradually decreases from east to western coasts [8, 11]. The
values given by Giicii et al. (1994) support this finding. Babadillimani Bight is western
extend of Mersin Bay, therefore the lowest proportion of Lessepsian fish in the study
area was not surprise compared to values reported by Giicii ef al. [15].

The highest total fish catch was obtained in August. At the same month, the highest
Lessepsian catch was presented from station III. On the other hand, when the lowest catch
was caught in June, there was not obtained any Lessepsian fish species from station III. It
can be claim that same as reported by previous studies Lessepsian fish preferred to
inhabiting shallow waters in Babadillimani Bight. However, if the catch reaches high level,
Lessepsian fish distribution can be extent from shallow waters to deep one. Likewise,
Watanabe ef al. [17, 18] reported that, when Japanese Sardine has high annual catch value,
because of carrying capacity, spawning ground where normally coastal areas, can be extent
to oceanic deep waters.

Some of Lessepsian fish species (E.teres, S.undosquamis, U.moluccensis, U. pori,
S. chrysotaenia, S. shima, S. rivulatus and S. luridus) presented in this study are commer-
cially important species [3]. According to this finding, half of the Lessepsian fish species
have economically important.

Some Lessepsian fish species were reported consist of main catch in previous stu-
dies. S. undosquamis [4, 7, 9], U. moluccensis [4, 7, 15], U. pori [4, 7, 9], L. klunzingeri [4,
7, 9] and S. rivulatus [4]. It can be claim that there were great similarity species composi-
tions in main catch among this study and previous studies.

Lessepsian fish generally inhabits shallow and warm coastal area in the eastern
Mediterranean [3]. Similarly almost the highest catch and CPUE value were presented
from station I which located on 0-50m depth layer. Both most of Lessepsian catch and
number of species were obtained from shallow waters (Station I). Indeed, Many author
reported that, Lessepsian species generally distributes shallow waters [4, 9, 17]. BenYa-
mi and Glaser [5] also indicated that, in shallow water bottom trawl operations Lessep-
sian fish catch is one of the main components of catch; while Lessepsian fish abundance
decreases with increasing dept.

However, there was not find any positive correlation between sea surface tempe-
rature and catch. On the contrary, surprisingly the highest Lessepsian fish catch was ob-
tained during the months detected low sea surface temperature and salinity.

REFERENCES

—_

Avsar D., Fisheries Biology and Population Dynamics, Nobel Press, Adana, 332 p, 2005.

2. Bariche M., Al-Zein R., Sadek, M., Diversity of juvenile fish assemblages in the pelagic
waters of Lebanon (eastern Mediterranean). Hydrobiologia, 580, 109-115, 2007.

3. Ben-Tuvia A., Red Sea fishes recently found in the Mediterranean. COPEIA, 2, 254-275,
1966.

4.  Ben-Tuvia A., The impact of the Lessepsian (Suez Canal) fish migration on the eastern
Mediterranean ecosystem. In: Moraitou-Apostolopoulo, M., Kiortsis, V., (Eds.).
Mediterranean Marine Ecosystem, Plenum Press, New York, 367-375 pp., 1985.

5. Ben-Yami M., Glaser T., The invasion of Saurida undosquamis (Richardson) into the
Levant Basin-an example of biological effect of interoceanic canals. Fishery Bulletin,
72,359-373, 1974.

6. Bilecenoglu M., Kaya M., Cihangir B., Cigek, E., An updated checklist of the marine
fishes of Turkey. Turkish Journal of Zoology, 38, 901-929, 2014.

7. Bingel F., Project report of artisanal fisheries in east Mediterranean coasts. ODTU,

Erdemli Institute of Marine Science, Erdemli, Turkey, 312 pp., 1987.

49



10.

11.

13.

14.

15.

16.

17.

18.

19.

20.

E. CICEK, D. AVSAR

Cigek E., Study on the potancially economical important species trawled from Karatas
(Adana) coasts. Cukurova University PhD Thesis, 146 pp., 2006.

Cigek E., Avsar D., Concurrency and distribution of Lessepsian fishes off Karatas
coasts in 2002-2003 fishing season. International Symposium on Fisheries and Zoology
(Ord. Prof. Dr. Curt KOSSWIG's 100" Anniversary), 24-26 October 2003, Istanbul,
Turkey, 2003.

Erazi R A.R., Leiognathus mediterraneus nov. Sp., Comptes Rendus des Turq et Science
de Physique, 10, 49-53, 1943.

Ergiiden D., Filiz H., Turan C., Revision in 2013 and gateway of Lessepsian fish species
in Turkey’s seas. XVI. Meeting on Underwater Science and Technology, 2-3 November
2013, Iskenderun, Turkey, 2013.

. Fricke R., Bilecenoglu M., Sar1 H.M., Annotated checklist of fish and lamprey species

(Gnathostomata and Petromyzontomorphi) of Turkey, including a Red List of threatened
and declining species. Stuttgarter Beitrdge zur Naturkunde Ser. A. 706, 169pp, 2007.
Golani D., Massuti E., Quignard J-P., Orsi-Relini L., CIESM Atlas of Exotic Species.
Vol. 1- Fishes. Electronic publication, CIESM.
http://www.ciesm.org/atlas/appendix1.html, 01.07.2014, 2014.

Giicii A.C., Giicii G.M., Why Lessepsian immigrants are so successful in colonizing the
defenders of the native ecosystem? Workshop on Lessepsian Migration Proceedings, 20-
21 July 2002, Gokceada, Turkey, 75-82, 2002.

Giicii A.C., Bingel F., Avsar D., Uysal, N., Distribution and occurrence of Red Sea fishes
at the Turkish Mediterranean coast-northern Cilician Basin. Acta Adriatica, 34, 103-113,
1994.

Halim Y., Morcos S.A., Rizkala S., El-Sayed M.K.H., The impact of the Nile and the Suez
Canal on the living marine resources of the Egyptian Mediterranean waters (1958-1986),
in Effects of riverine inputs on coastal ecosystems and fisheries resources. FAO
Fisheries Technical Paper. No.349. FAO, Rome. 133pp, 1995.

Por F.D., Lessepsian Migration. The influx of Red Sea biota into the Mediterranean by
way of Suez Canal, Ecological Studies: 23, Springer-Verlag, Berlin, 228p, 1978.

Tillier J.B., Le Canal de Suez et sa faune ichtyologique. Bulletin de la Société
zoologique de France, 15, 279-318, 1902.

Watanabe Y., Zenitani H., Kimura R., Offshore expansion of spawning of the Japanese
Sardine, Sardinops melanostictus, and its implication for egg and larval survival.
Canadian Journal of Fisheries and Aquatic Science, 53, 55-61, 1996.

Watanabe Y., Zenitani H., Kimura R., Variations in spawning ground area and egg
density of the Japanese Sardine in Pacific coastal and oceanic waters. Fisheries
Oceanography, 6, 35-40, 1997.

Received on 20.04.2015

50



LwywuwnwOh Qhwnngnibitph Uggquyhl Ugwnbdhuw <wjwumwbh YEtuwpwliwlywh <wOnbu
HauuoHaAabHas AKkaaemus Hayk ApmeHuu BuoAoruueckuu XypHaa ApmeHuu

National Academy of Sciences of Armenia Biological Journal of Armenia

- Onpdwpwipwilywl U inbGuwlywl Anpdwélibn «Jxcnepumenmanshsle u meopemuiecKkue CIamsu®
*Experimental and theoretical articless

Biolog. Journal of Armenia, 4 (67), 2015
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The investigation of the effect of CdCl, different concentrations (20, 50, and 100 uM Cd)
on growth of germs of winter wheat (Triticum aestivum L.) has been carried out for 12 days. The
influence of Cd*" ions on lipid peroxidation and antioxidant system function of wheat shoots cells
has been also studied. It has been shown that increasing Cd supply decreased shoots growth (fresh
weight) and induced oxidative stress as was indicated by the enhancement of lipid peroxidation
rate (MDA-level). Activities of antioxidant enzymes —catalase (CAT) and guiacol peroxidase
(GPX) also have been changed under Cd-stress; CAT activity was less affected and even lowered,
in case when GPX activity was markedly increased. The role of plant age on formation of
biosystem reaction was also discussed in present work. The very high peroxidase activity in wheat
shoots, probably may be an important part of Cd-resistance machinery of wheat. The obtained
results indicated that Cd-tolerance of wheat may be related with the activation of the antioxidant
system to avoiding the toxicity of heavy metal.

Triticum aestivum L. — Cadmium — Antioxidant system — Shoots weight —
Catalase — Peroxidase — Plant age

Nuunidtiwuppyby £ CdCL: wwpplp Ynugkuinppughwubtph (20, 50, b 100 U4U Cd) wqntgnt-
pniup gnpkuh (7rticum aestivum L.) Shikph wé&h, npuugnid (hyhnutph wkpopuhnuyht opup-
nugdut b hwjwopuhnubnuyht $Eputnbtph winpynipjut Jpu: 8nyg & wpdl, np Cd* wn-
Yuympjudp wgkgyws poyubph Shikph qubqusp wjuqnud k, b wdmd E hwyhyubph whpop-
uhnuguwl Jipptwlwb wpquupputphg dkyh' duynbughtt tpuynthhgh (UGU) pwbwlp: Cd?-
hunnijgdws uppbup wpunwhwynynud L twb junwjugh whunhynipuit tuqiudp b wbp-
opuhnugh whwunhynipjut tywitwlwih wény: Lutwplyynid t pnyuh wwphpuyhtt gnpénth htw-
pwynp nbpp JEkuwhwdwlupgh wwwnwupwt phwlghuyh dbwdnpdwb dbg: Nkpopuhnwqh
wlnhynipjut wdp' h wuwnwupwb swip dknwunh wqpkgnipjut, hwjwbwpwp, YEpghtthu uljuwn-
dwdp pnyuh phdwnpmipjut (Cd-nhqhunbtunnipyu) dkjwthquh Jupbnp pununphsp Yupnn k
hwunhuwbiug:

Triticum aestivum L. — Jupdpnid — hwlwopupnuwinnuypl hunfwlupg —
Op1liph quiiqyjmé — funnuijug — whpopupnwq — pnijup wuphp

Wzyuyeno Bnmsuue pasHelx koHmneHtpammii CdCl, (20, 50, m 100 mMxM) Ha pocr,
WHTEHCUBHOCTh  IIPOLIECCOB  HEPEKUCHOTO OKUCIECHWS JIMOUAOB ¥ (DyHKIIMOHMPOBAHHE
AHTUOKCUJAHTHOI cHCTeMbl MPOPOCTKOB mineHuusl (Triticum aestivum L.). YCTaHOBJIEHO, 4YTO
HCIIOJIb30BaHHbIE KOHIEHTPALMN KaJMHs MHIHOUPYIOT YyBEJIMYEeHHE OMOMAcChl NMPOPOCTKOB, a
TaKKe IPUBOJAT K HAKOIIEHHIO ManoHoBoro auanbaeruaa (MJIA) B Hux. IIpu 5TOM akTUBHOCTB
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KaTajiadbl B MNPOPOCTKaX B MNPUCYTCTBUU KaIMHA CHHXKACTCIA, a AKTUBHOCTH IICPOKCHUIA3HI
3HA4YUTECIBHO BO3PACTacT. O6cy)1<z[ae’rc;[ BOMpocC BO3MOXKHOU BO3paCTH0171 3aBUCHMOCTH OTBETHOM
p€akuyu pacTCHUsl Ha BO3JICCTBHE WOHOB TSKEJIIOrO0 MeTauia. Beicokas nepoKcuaasHas
AKTUBHOCTb, BEPOSITHO, MOXKET OBITh YaCThIO MEXaHH3MaA Cd-TOJ’IepaHTHOCTI/I HIICHUILIBI.

Triticum aestivum L. — kaOmMuym — anmuoKcuOaHmuas cucmema — ec npopoCmKo8 —
Kamanasa — nepokcuoaza — 603pacim pacmeHus

Abiotic stress is the main factor negatively affecting crop growth and productivity world-
wide. Plants are continuously confronted with the harsh environmental conditions such as soil
salinity, drought, heat, cold, flooding and heavy metal contamination [5, 9, 18, 25].

Cadmium (Cd ) is one of the most toxic heavy metals with no biological function, which
is commonly released into the arable soil from industrial processes and farming practices [9,20].
Cadmium is well known for its phytotoxicity, which is associated with number of morphological,
physiological and biochemical events [2,4, 6, 20]. Being readily taken up by roots, probably in
competition with other divalent ions, Cd restricts plant growth and development. It arrests the
plant growth and thus affects the biomass [2,10,11].

Heavy metals cause damage to plant growth in many ways. One of the possible
mechanisms is that heavy metals lead to the production of free radicals- reactive oxygen species
(ROS) in plants [5,10]. Although the mechanism of metal damaging action is not clearly
understood, there is increasing evidence suggesting that, at least in part, metal toxicity is due to the
oxidative damage [5, 6, 7,10, 11].

Although a lot of reports regarding influence of Cd are available, to our knowledge the
mechanisms high plants tolerance to heavy metal-stress remained yet not clearly understood.

Wheat (Triticum aestivum L.) is a crop plant of the Poaceae family. Increased cadmium
uptake from contaminated soils leads to altered plant metabolism and limits the crop productivity.
Keeping in view the importance of wheat as an important yield crop and the Cd-stress being faced
by the crop, the present study was designed to test effects of Cd ions different concentrations on
growth (weight), lipid peroxidation (MDA accumulation) and the activity of antioxidant enzymes
CAT and guaiacol peroxidase GPX in growing wheat seedlings.

Materials and methods. Plant Culture and Treatment -The seeds of winter wheat
(Triticum aestivum L.) of “Bezostaya” sort were surface sterilized with 0,03 % potassium
permanganate (KMnO,) solution, then moistened by water during 12 hours. These seeds were
germinated on wet filter paper in Petri dishes at 25° C in thermostat in the dark for 3 to 12 days.
CdCl, treatment was performed in Petri dishes by once adding CdCl, solution at the concentrations
25, 50 and 100 uM. The etiolated shoots of 3-, 6- and 12 days-old plants both- control and Cd-
treated were harvested and then subjected to biochemical analysis.

Extract preparation- The shoots (500mg) of both control and Cd-treated plants were
harvested at respective time period and were homogenized in Sml 25 mM cold phosphate buffer
[pH 7,0, containing EDTA (1 mM), Triton X-100 (0,5 %)] in a mortar and pestle. All procedures
were performed in cold conditions. The homogenate was centrifuged at 12.000g for 10 min at 4° C
to remove plant debris. The supernatant was used for assessing the protein content and GPX and
CAT activities using UV-visible Spectrophotometer (model SF-46, USSR). All enzymatic
activities were measured at 25°C.

The method of Lowry [12] was followed to estimate protein content in the shoots using
bovine serum albumin as a standard.

Analyses of lipid peroxidation- Lipid peroxidation in shoots was determined by
estimation of the MDA content following the method of Costa H. [3] with slight modification.
Shoots fresh samples (500 mg) were homogenized in 5 ml of 0,1% trichloroacetic acid (TCA). The
homogenate was centrifuged at 10000g for 5 min. To every 1 ml of aliquot, 4 ml of 17% TCA
containing 0,5 % thiobarbituric acid (TBA) was added. The mixture was heated at 95° C for 20
min and then cooled quickly on ice bath. The resulting mixture was centrifuged at 10000 g for 15
min, and the absorbance of the supernatant was taken at 532 and 600 nm. The nonspecific
absorbance at 600 nm was subtracted from the absorbance at 532 nm. The concentration of MDA
was calculated using the extinction coefficient 156 mM™ cm™ and expressed as nmol/mg protein.
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Catalase CAT (EC 1.11.1.6) activity — The method based on the reaction of the H,O, in a
mixture with ammonium molibdate ((NHs), .MoO,) proposed by Korolyuk M.. [24] was used to
estimate CAT activity. The change in optical density due to the emergence of complex H,0, —
ammonium molibdate is measured spectrophotometrically at 1-st and 10-th min at 410 nm. The
assay mixture contained 1ml Tris-HC1 (0,02M, pH 7.,4) 2ml H,0, (0,03 %), and 0,1 ml enzyme
sample. This was incubated for 10 min at 25°C in dark, after which the reaction was stopped by
adding 1ml of ammonium molibdate (4 %).To the blank 0,1 ml distillated water was added of the
zero time of the same assay mixture. A decrease in the absorbance of H,O, within 10 min at 410
nm (E=22,2 .10° mM'em™") was recorded.

The CAT activity was expressed in unit activity (UA). mg™ protein. UA is defined as the
change in absorbance by 1 min" mg protein.

Guaiacol peroxidase GPX (EC 1.11.1.7) activity was measured using the method of
Hemeda H. [8]. Peroxidase activity was determined in guaiacol oxidation reaction by optical
density changing measured of assay mixture every 20 s for 2 min at 25°C and 450 nm. The
reaction started since the moment of injection of 1,0 ml 0,3% H,0O; solution into reaction mixture.
The reaction mixture contained 1,5 ml of 50 mM potassium phosphate buffer [pH 6,6, containing
0,lmM EDTA], Iml 1% guaiacol, and 1,0 ml of 0,3 % H,0, and the 0,2 ml enzyme aliquot.
Instead of enzyme aliquot 0,2 ml distillated water was add into control sample. The enzyme
activity was measured by the increase of absorbance at 450 nm caused by guaiacol oxidation
(E =26,6.10° mM " ecm™).

All the experiments were performed in triplicates and values presented here are the mean
of three values + standard error.

Results and Discussion. Triticum aestivum L. plants response reaction to
Cd-stress was determined based on lipid peroxidation system activity changes in germ
cells and seedlings biomass. It has been shown that Cd-treatment effects on mass change
of germinated seed shoots during their growth.

Effects of CdCl, supplement on growth of wheat’s shoots were carried on
samples of 3-, 6-, and 12-days-old plants. Cadmium treatment did not cause visible leaf
chlorosis in wheat shoots and also did not cause significant changes in amount of shoots
mass (fig. 1) for all — 3, 6- and 12-day-old plants.
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Fig. 1. The mass change of wheat germ shoots treated by CdCl, solution during their growth

As it is obvious from represented data (fig. 1), among experimental 3-days-old
seedlings mass maximum inhibition- 16% was noticed at 100 pM Cd, when 50pM
concentration results by 4,5% mass decrease as compared with untreated plants. Similar
was the case with 6-days —old plants, grown under Cd metal stress. Their shoots mass
was decreased by 9 % and 15 % respectively for supplemented Cd concentrations as
compared with control plants of the same age. Besides, the inhibition of seedlings
growth intensity shows clear concentration dependence on the amount of the metal ions
existing in the environment (fig. 1). According to the obtained data Cd toxicity induces
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decreased shoot mass in all seedlings, but in the course of time (6-12 days-old shoots)
the growth intensity showed trend for slight increasing.

Reduced shoots length and weight in winter wheat (Triticum aestivum L.) and
canola (Brassica napus L.) plants subjected to cadmium metal toxicity have been
reported [ 10,11,13, 16, 23]. Similar was the observation in lead-stressed wheat
seedlings, in which metal application led to an increase in activities of SOD, CAT, APX
and MDA in seedling extracts at different concentrations of metall [10, 11].

Malondialdehyde (MDA) level is widely used as the indicator of lipid
peroxidation. From the data represented in fig. 2 it is obvious that in untreated seedlings
MDA amount changes according to the age of shoots. Thus, approximately the same
MDA value was recorded in 3- and 6-days-old shoots. In the case of 12-days-old shoots,
MDA level was decreased at 35 % compared to the same parameter in 3-days-old plants.

Obtained data shown, that Cd-treatment results by increase lipid peroxidation
process activity, which expressed by MDA content increasing.

So, in cells of 3-days-old shoots growing under 25 pM. and 50 pM. Cd-treatment
the MDA amount increases by 1,75- and 1,5 times as compared to control plants. At the
same time, in the shoots of 3-days-old plants subjected to 100 uM Cd increasing of
MDA amount is not observed, which witnessed that lipid peroxidation intensity does not
exceed the appropriate control (fig. 2).
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Fig. 2. Effect of Cd treatment on the level of MDA in the shoots of wheat

As it is presented from fig. 2 Cd- treated 6-days-old shoots also demonstrate high
level of MDA, but which was lower, than that of 3-days-old shoots. Thus, at presence
of 25 uM. and 50 pM CdCl, in growing environment the MDA level in these shoots
increased by 1, 55- and 1, 27- times respectively as compared with control. In the same
age shoots grown under 100uM Cd stress MDA amount was 0,13 £+ 0,021nmol/mg
protein, which was lower than the rate of the respective control.

Comparing obtained results of MDA level and catalase activity in Cd-stressed plant
shoots, we can notice that the comparatively high level of MDA in the shoots being in
early phase of their growth is correlated to the suppression of catalase activity in the shoots
of the same age. In the course of time (6-12 days), data about the increase of the catalase
activity correspond well to slowdown of MDA level in the shoots of the same age.

Our obtained data on the increase of lipid peroxidation measued by enhanced Cd
supply is in good correlation with data [2, 13, 16].

It was found, that in untreated plants catalase activity was grown according to
their age, and in 12-days-old shoots it was for 1,72- times higher than in 3-days-old
shoots (fig. 3). The presence of 25uM of cadmium in the environment causes 28%
decrease of catalase activity in 3-days-old wheat shoots compared to the control. The
further increase of cadmium amount in the environment of growth up to 100uM, causes
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decrease in enzyme activity for more than three times compared to the control shoots of
the same age (fig. 3). Parallel to the increase in supplemented cadmium concentration,
enzyme activity decreases in the tested wheat shoots of the same age. At the same time,
the catalase activity showed trend for increasing for each Cd concentration, according to
the age of the shoots.
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Fig. 3. Effect of Cd treatment on the catalase activity of wheat shoots

GPX activity was found to increase at all Cd concentrations and exposure
durations.

As shown in fig. 4, upon Cd expose, there were significant changes in GPX
activity in examined seedlings, compare with control. Activity of GPX in 3- and 12-
days-old shoots was found to increase at 25 uM Cd, which was by 1,43- and 2,53- times
higher than in control, respectively. In the wheat shoots grown in the presence of 50uM
and 100 uM of cadmium, too, GPX activity increases compared to control, however, the
highest activity was registered in 6-days-old shoots. As a result of analyzing the given
data, we can conclude that with the growing age of the wheat shoots the activity of GXP
increases. Moreover, with the increase of shoots age, the maximum amount of enzyme
transfers to the sector of the lower concentrations of cadmium. The high activities of
GPX appear to been involved in effective scavenging ROS generated by Cd treatments.
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Fig. 4. Effect of Cd-treatment on the GPX guaicol peroxidase activity of wheat.
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In plants submitted to metal stress, CAT and GPX act as a defense mechanism
which gets activated [2, 13]. The response of antioxidant enzymes differed to Cd-stress
in wheat seedlings. Thus GPX activity was distinctly high at all Cd concentrations,
whereas CAT activity was decreased (fig. 3, 4). Increase in activities of antioxidant
enzymes viz. catalase and guaicol-peroxidase under Cd-stress in present study is
consistent with the studies [2, 10, 16] in which seeds Triticum aestivum L. were grown
under CdCl, stress and antioxidative enzymes activities were found to increase in 3-7-
days old shoots.

Similar results are registered in work by Kolesnichenko V. [23] in etiolated wheat
and barley 7-14-days-old shoots at high Cd concentrations.

There is little information in literature concerning the relationship between plant’s
age and its Cd- tolerance. Now it is known that the capability of plants to accumulate
cadmium can be changed during the ontogenesis [19, 21]. Particularly, the examination
of age effects of cadmium accumulation and its distribution according to plant organs
made on barley shoots has made it clear that in more mature plants, the amount of
cadmium passing from the root to the stem decreases on account of the intensification of
barrier function [21, 22]. Probably, this can explain the obvious decrease of MDA
accumulation in wheat shoots related to the plant age.

The decrease of the wheat seedlings biomass, increase in MDA amount and in
CAT and GPX activity under cadmium stress in present investigation signifies the toxic
effects of this heavy metal. Differences of wheat shoots response to the influence of
cadmium can be related to the ontogenetic difference of resistance to the heavy metal, as
well as to non-uniform effectiveness of adaptation mechanisms of plants being in
different phases of development.
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B onbiTax Ha 85 kpoicax camkax 180-220 r uccnenoBanu BnusiHue pesekuun neyeHu (PII,
15% oT Maccel opraHa) Ha a30TUCTBIN META0O0IM3M B CENE3EHKE KUBOTHBIX C XPOHHUECKUM TETpa-
xaopmetanoBbM renatutom (CCly, 50% pacrBopa CCly Ha onmuBkoBoM Macie (0,1 mi /100 r mac-
CBI) Yepe3 CYTKH C ABYMs IBYXHEACTbHBIMU IepephiBaMu MeXIy 6-7- u 13-14 uapexkuusamn). HMc-
CIIEJOBAHUSIMHU yCTaHOBJIEHO, uTo PII ycumiiBaeT HapynIeHns a30THCTOro MeTaboIn3Ma B cene3EH-
Ke, BO3HUKAIOIIHE B Iponecce pa3BuTHs Xxporndeckoro CCly-rematura. IT0 MpOSBISIETCS IaTOJIO-
HYECKUM HaKOIUICHHEM B He€ aMMHUaKa U IIyTaMHHA CIJICHOLUTaMH [P MCTOICHUH BHY TPHKIIC-
TOYHBIX PeakIMii ero cBs3biBaHus. CTUMYJLSIIUS 00pa30BaHUs CINICHOLUTaMH MOYEBHHBI Ha 3-H 1
7-e CyTKH II0CIICONEPaLMIOHHOr0 NIepruoa npekparuaercs k 14-m cyt nocne PII u conpoBoxxnaercs
CHI)KEHHEM KOHLEHTPAllMM MOYEBHHBI B CIUICHOLUTaX, HECMOTPS HAa €& MOBBILICHHOE MOCTYII-
JICHHE K HUM C apTepHalibHOI KPOBBIO

Pe3el<uuﬂ neueHu — 2enamum — cele3éHKa — AMMUaK — obmen

180-220 q pwony 85 kg wnubwubph Ypw Juwwpduws thnpdtipmd hbnwgnugby b jupnh
ntiqklghwi (L}, opquh quuqush 15%) ppnuhy mbwnpwpnpdtpwi hbywwnhwuny (CCls, CCls,-h 50
%-wing (nwdnype dhpwuyuninh jniunny (0,1 U/100 g quiqyush Ypw) Yhunuuhutph hugdwunnmd wqnunh
ympunpnwiuljmpui Jpu' opp ubky. Lplpwpwpwlwt punlhenuditpn] 6-7 b 13-14 ukpup-
ynmulubph dholi: ZEnmwgninnipiniitbpp hwunuinkghl, np Lk mdbnugunud £ thugdunmu wgnnh
ympwhnwbumpjut  jpwpnndubpp, npnup wpwewumd  Eu ppnupl CCls,-h  hhywwhwnh
qupqug-dwt wpyniupnud: Ujtt wpinwhwyudmud £ hp dbe wdnthwlh b gimuunnudhth wwpninghy
nunwllwdp uwybinghnttpny  juydwb - Gkppeowihtt  phwlghwitph  hymédwh  phpwugpnud:
Uhquiymiph dtwynpdwt jupwinudp uyykunghnibpny htwnyhpwhwwnwlwb opgwh 3-pn b 4-py
optiphtt qunu-pigynud £ L-hg htwnn 14-py opp b minklgynud E uykunghnubpnmd dhquiyniph
Jnnippuh ifuqiudp’ wiupe Jipohtthu wikjugnng Uninphg npuiig Unin qupljkpuljught wpjub
htwn:

Ljupnp nkqlhghw — hbyunpwn — huybwny — wdnbpwl — ynipunhpnpnuinulnieyui

The influence of liver resection (LR, 15-20 % ,by weight of the organ) on nitrogen
metabolism in the spleen of animals with chronic tetrachlorcarbon hepatitis was investigated. It
was shown that LR disorders of nitrogen metabolism in the spleen arising the process of develop-
ment of chronic CCl,-hepatitis. This is manifested by abnormal accumulation of ammonia and glu-
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tamine by splenocyte during the depletion on its intracellular binding reactions. Stimulation of
urea formation by splenocyte on the 3™ an 7™ day of the postoperative period was interrapted on
14 days after LR and is accompanied by a decrease in urea concentration in splenocyte, in spite of
their increased entrance with arterial blood.

Spleen — ammonium — glutamine — urea — hepatitis — liver resection

B mporecce pa3BUTHS XPOHHYECKOTO T'eMaTHUTa HE TOJBKO HapyIIaeTcs: ooe3Bpe-
JKUBaHUE aMMHaKa B remaronuTax [9], HO W a30TUCTBIH MeTaboNM3M B CIUICHOIIUTAX
[15], npuHIMaONMX aKTUBHOE YYacTHE B MOBPEKICHUU IMEYEHHU IOCIE MPEKPAIICHUS
JIEHCTBUS HAa HEro maroreHHoro arenra [22]. OMHUM KX CIOCOOOB XUPYPTHUECKOTO Jie-
YEeHUS XPOHMYECKHX TeMaTUTOB M IIMPPO30B MeueHH sBJseTcs pesexuus nedeHu (PIT)
[7]. E€ npuMeHeHre OCHOBAHO Ha CTUMYJISILIMKM PETapaTHBHBIX ITPOLIECCOB B MOPaXKEH-
HOM OpraHe ¥ 3aIlycke pe3opOIuH H30bITKa COSIMHHTENHLHOW TKaHM, oOpasylromeiics
pu naHHo# maronoruu [18]. Mexay Tem u3BecTHO, 9yTo PIT Ha (hoHE XpOHUYECKOTO Te-
MATATa YCUIMBACT PAa3BUBAIOIIUECS MPH NAHHON MATOJOTHH [4] HapyIIeHUS aMMHAaKO-
0e3BpeXHUBAIOIICH CITOCOOHOCTH TenmaTonuToB [8]. B pe3ympraTe mporpeccupyer 3HIO-
TreHHass aMMHaYHasi HHTOKCUKaIus [11], oqHaKO COCTOSIHHUE a30THCTOTO METa0ou3Ma B
crenonuTax nocie PIT Ha (hoHE XPOHUUYECKOro renaTuTa He UCCIeI0BaHO.

Lenpro HacTosmIeH paboTHI sBUIOCH M3ydyeHne BausHUA PII Ha a3oTHCThIN MeTa-
00JIU3M CIUICHOLIMTOB IIPH XPOHUYECKOM TETPAXJIOPMETAHOBOM I'€IIaTUTE.

Mamepuan u memoouxa. ONbITH IPOBEACHBI HA 85 GECIIOPOIHBIX MOJIOBO3PENBIX OEIBIX
Kpbicax (camkax) maccoi 180-220 r. XpoHHYECKHil renaTUT BOCIPOM3BOAWIN MyTEM ITOJKOKHOTO
BBeaeHus 50 %-noro pactBopa CCly Ha onuBkoBoM Macie (0,1 mm / 100 r mMacchl) uepes CyTKH ¢
NIBYMsI AByXHEZCJIBHBIMHU HepepbIBaMu (Mexay 6-7- u 13-14 unbvexuusimu) [16]. PIT ocymectsisuiu
myTéM ypmaneHust dactu jeBoil pomm medenu (15 % -20 % ot maccel oprana) mox 3(HpHBIM
Hapko3oM Ha 65-¢ cyT pasButust CCly-rematura cpasy MOCie IOCIEAHEH WHBEKIWH TOKCHHA.
JKuBoTHBIC OBUTH pa3/ieNieHbI Ha 5 cepuii ONMBITOB: 1| — HMHTaKTHBIE )KUBOTHEIE (HOpMa), 2 — KHBOT-
HBIE, HCcciIeoBaHHbIe Ha 65-¢ cyTku BBenennst CCly (koHer 3atpaBku), 3, 4, 5 — XHMBOTHBIE C XPO-
audeckum CCly -remaTutom, MCCIeOBaHHbBIC, COOTBETCTBEHHO, Ha 3-H, 7-¢ U 14-¢ cyT moce jana-
poromun u orMeHsl CCly. DTH cepuH CIIy>KHIM KOHTPOJIEM JUIS BBISIBIEHUS “arctoro” addexra PII.
6,7 u 8 cepun- *)uBOTHBIE ¢ XpoHHYeckuM CCl, -rematuTom, UcCiIeI0BaHHBIC, COOTBETCTBEHHO, Ha
3-u, 7-e u 14-e cytku nocne PII. 3a00ii )KUBOTHBIX MpPOBOAMICA Ha (JOHE ITAMHUHAJIOBOTO HApKO3a
(40 w™r sramunana Na /kr maccel). 1 onpeneneHust a30THCTBIX METabOJIHUTOB CeNe3EHKY 3aMopa-
KUBAJIM B KUAKOM a30T€ M PACTHUPAIM [0 IMOPOIIKA, KOTOPHIH HCIIONB30BATM JJISI IPHUTOTOBIE-
HUS 10% romoreita B 60%-HOM pacTBOpe TpPUXJIOPYKCYCHOHM KHCIOTBL. I'oMoreHar
9KCTPArupoOBaIM HA X0J0/e B TeueHne 30 MUH, 3aTeM ero HeHTpudyruposain B TeueHue 10 MuH npu
3000 o6/MuH. TlomydeHHBIN CyNEpPHATAHT UCIIONB30BANIH JUIS ONIPE/ICIICHNS aMMHaKa, TTyTaMHHA
MOYEeBHHEL.  AprepuanbHyro kpoBb (AK) w11 wucciemoBaHus Opaii  IpeaBapHUTEIbHO
renapuHU3UPOBAHHBIMI MHCYJIMHOBBIMH INIIPULAMU U3 a0pThl. OOBEKTOM HCCIEAOBAHUS CITy>KHIIA
JIEPOTENHU3UPOBaHHas asMa kpoBH. CozepikaHne aMMHMaka B TKAHU CENE3EHKH ONpEeAessuI
MUKpOAn(GPY3HOHHEIM MeTofoM [17], B KpoBH — (EHIITHIOXJIOPUAHBIM Metomom [21].
ConeprkaHue TIyTaMHHA B MOYKAaX M KPOBH ONpENeSUIM METOJOM KHCIOTHOTro ruapommsa [20].
ConepkaHne MOYEBHHBI B CeJe3¢HKE M KPOBH — OHAICTHIMOHOKCHMOBBEIM — MeromoMm  [23].
Coznep:xanue MeTa0OJIHMTOB B Celie3HKE BBIPAXKAIM B MMOJB/KI BIQKHOW TKaHM, B KPOBH — B
MMOJIb/JI. Pe3ynbraTel 00paboTaHbl CTATUCTHYECKH C IPHMEHEHHeM t-kpuTepust CThIOfeHTa.

Pezynomamut u oocyxscoenue. Kax BunHo u3 tabn. 1, Ha 65-e cyr nocne PII kon-
neHTpanus ammuaka B AK B KOHIIe 3aTpaBKH NpeBblIaiga HopMy Ha 90%. OTo ykaspiBaeT
Ha T0, uto PII y sxuBOTHBIX ¢ XpoHndyeckom CCly —remaTutToM mpoBOAWIACH HA (OHE pa3-
BUTHA apTepuasbHOM runepamMmonnemuu. Ha 3-u cyt nocne PII koHLeHTparus aMmMuaka
B AK yBennuuBanacek Ha 14% 10 cpaBHEHUIO C KOHIIOM 3aTPaBKH, Ha 7-€ CyT HE OTJINYa-
yack ot Heé, a Ha 14-e cyT cHmkanach Ha 14% (tabn.1). OqHAKO MO CPABHEHUIO ¢ HOPMOH
OHa OCTaBaJIaCh JOCTOBEPHO MOBHIIIEHHOH BO BCe THH HAOMOAeHM (Tabm. 1).
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Ta6auna 1. ConepxaHue a30TUCTBIX METAOOIUTOB B celle3EHKe (MMOJIB/KT

nedeHn Ha ore xporndeckoro CCly-remarura, M + m

BII&KHOHM TKaHHM) W apTePHAIBHOW KPOBH (MMOJIB/IT) TIOCTIE PE3EKIIHH

IMeTabonTEI Hopwma, 65-cyT BBEIEHHS CyTKu 1ocne pe3eKuuy He4eH!
n=15 CCly, KoHell 3aTpaBKH, 3 7 14
n=10 (n=10) (n=10) (n=10)
Cenesénka
Ammuak 1,67+0,12 2,91+0,15* 3,23+0,114% 2,09+0,18 5,1+0,55*
I'myramun 2,17+0,13 1,99+0,23 3,66 £ 0,39%4 2,12+0,17 3,35+0,36* A
MoueBHHa 331+£0,16 3,96+0,25 6,75+0,33*4 8,06+ 0,43*4 4,94+0,51* A
ApTtepuanbHas KpOBb

AMmMuax 0,098+0,006 | 0,186+0,008* 0,212+0,01** | 0,186+0,019* 0,160+0,01* A
I'myramun 0,710+0,021 | 0,585+0,023* 0,691£0,019* | 0,735£0,03* 0,815+0,034* A
MoueBHHa 3,4+0,12 7,11+0,36* 5,48+0,2%4 6,82+0,41%* 6,78+0,43*

* (p<0,05) — JOCTOBEPHOCTh PA3NUUMIA 10 CPABHEHHIO ¢ HOPMOi; 4(p<0,05) — IOCTOBEPHOCTH Pa3THUHii MO CPABHEHHIO C
KOHIIOM 3aTPaBKH. N- 9UCJIO )KMUBOTHBIX 110 CEPUSIM OIIBITOB

OTHOCHTENBHO “JTO’KHOOIICPUPOBAHHBIX JKMBOTHBIX YBEIHUYCHHE KOHLIEHTPA-
uun ammuaka B AK Ha 3-m, 7-e u 14 cyT nocne PII cocraBumno coorBerctBeHHO 27 %,
28 % u 25 % (puc.l). Eciu ydecTp, 4TO MOBBIIMIEHHAsT KOHIEHTpanus aMMmuaka B AK
coxpaHsieTcs B TedeHue 14 cyT mocie npexpamieHus 65-THeBHOTO BO3IEICTBUS Ha opra-
Hu3M ManbivMu jo3amMu CCly [13], To MOXXHO roBoputh O cuHeprusme BiusHusi PIT u
CCl4 Ha pa3BuUTHE apTepUAIBLHOM rHIlepaMMOHUEMUH. [IpHUYMHON TOMY HE TOJBKO MpO-
rpeccupyroliee HapylleHHe 00e3BpeKUBaHUS aMMIaKa B TICYCHH, BBISIBICHHOE TIOCIIEe €€
pe3ekunu Ha QoHe renaruta [§], HO ¥ HapyIIEHHE aMMHAKIKCKpETHpYIomei QyHKIuu
MOYEK ONEPUPOBAHHOTO Opranusma [5].

Ecnu y 3n0poBbix %uBOTHBIX ¢ PII mocneonepaunonHas aprepuanbHas TUiepam-
MOHHEMHUS HE COIMPOBOXKAAJIAch HAKOIUICHHEM aMMHaka B cele3fHke [14], To amurens-
Hoe aeiicTBue Ha opranm3M CCl, BBI3BIBAJIO YBENMYEHHE €r0 KOHIEHTPAIMH B CIDICHO-
LUTax, KOTOpOE He HOPMANIH30BAIOCh K 14-M cyT mocie otmeHs! TokcuHa [15]. PIT Ha
¢done xpornyeckoro CCly-remarnra okassiBajga HEOJHO3HAYHOE BIMSHHAE HA COICpIKA-
HHE aMMHakKa B cene3éHKe. Eciau OTHOCHTENbHO KOHIA 3aTpaBKH, JOCTOBEpHOE (Ha
92 %) yBenuueHue KOHIEHTPAIlMM aMMHUaKa B CEJIe3EHKE OTMEUYEHO TOJIbKO Ha 14-e cyT
nociie PII, To mo cpaBHeHUIO ¢ HOpMOH e€ yBenndyeHue HabOIoAanoch 3-u U 14-e cyr,
coOTBeTCTBEHHO Ha 93 % u 265 % (Tabi.1). DTO MO CPOKaM COBHANAIO C HEMOCPEICT-
BEHHBIM CTHUMYJHpYOmnM BiusHueM PII Ha HakomjeHHE CIUIEHOLUTAMHM aMMHaKa
(puc.1, A, B). Mexnay tem Ha 7-e¢ cyTt nocie PII oOHapyxeHO OTCpOYeHHOE MHIHOH-
pytomee Bimsiue PI1 Ha HakoruleHne amMmMuaka cruieHonuramu (puc.l, B), B pesynbrate
Yero MPOMCXOAMIA KPAaTKOBPEMEHHAsi HOPMaIN3alisi ero KOHIEHTPAIMU B Cele3EHKe
(tabm.1). ComocraBieHne TOTYYEHHBIX Pe3yIbTaTOB yKa3eiBaeT Ha To, uto PII Ha ¢done
xpormdyeckoro CCly -rematura ycyryOnseT HapymieHHS a30THCTOTO MeETa0oim3Ma B
CIUICHOLINTAX, BBI3BAHHbIE AJIMTEIbHBIM AeiicTBueM Ha opraHusM CCly, 9To mposBis-
€TCs aKTHBALMeil B HIX aMMOHHOTeHe3a B paHHeM (3-u cyT) u mo3aaeM (14 cyT) mocie-
OTIEPAIIIOHHOM IIepHojJe. B Mmoib3y 3TOro ykaspIBa€T HECOOTBETCTBHME NMPHUPOCTA KOH-
ueHrpanuu aMmuaka B AK u cenesénke, BbISIBJIEHHOE B yKa3aHHbBIE CPOKH UCCIIEOBAHMUS
(puc.1, A.B). Uto kacaercs HOpMaJH3alUH COJIEp)KaHMsI aMMHaKa B cene3éHke Ha (oHe
apTepHajbHONW TUIepaMMOHHEMHH (7-€ CyT), ecTh BCE OCHOBaHMS T'OBOPUTH O COIpS-
sxeHHOM ¢ PII akTuBanuu B yka3aHHBIM NEpUOJ peakUUil HEHTpalu3alnuy aMMHaKa B
CIUICHOLINTAX, Onarosapsi 4eMy ero KOHLEHTpAaIHs B HUX CHH)KAEeTCsl, HECMOTPS Ha yBe-
JIMYEHUE ero nocryruieHns K auM ¢ AK.
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Puc.1. lunamuka comep kaHus a30TUCTBHIX METa00JNTOB B CEJIC3EHKE KMBOTHBIX C XPOHUUECKUM
CClg-renarurom Ha 3-u (A), 7-¢ (Bb) u 14-e (B) cyTt mocie pe3eknuy ne4eHH.

* (p<0,05) — TOCTOBEPHOCTD PA3TUYHiA IO CPABHEHUIO C COOTBETCTBYIOIIMM KOHTPOJICM.
Kontpons [ “noxHoonepupoBaHHbie” )KUBOTHBIC ¢ XpoHnueckuM CCly-renaturom,
HCCIIeI0BaHHBIE COOTBETCTBEHHO Ha 3-1 (3 cepus), 7-e (4 cepus) u 14-e (5 cepus) cyT mocne
ormensl CCly u nanaporomuu. B cepusix onbitoB [ mo 10 >KUBOTHBIX.

BHyTpukieToyHoe conepkaHHe aMMHaKa OIPEAENsieTCs He TOIBKO COOTHOIICHH-
€M MeTabONIMIECKUX PeaKIiii ero 0Opa30BaHuUs U CBA3BIBAHUS, HO M CKOPOCTHIO OOMEHa
aMMHaKa MeXITy KIETKOW U OKpy»xKarotieit cpenoii [3]. BaxkHast pois B KHHETHKE aMMHa-
Ka OTBOJUTCSI COCTOSTHHUIO OPTaHHOTO HMJTM TKaHEBOTO KpoBoToOKa [24]. UTo kacaercs ce-
JIE3EHKU, TO OCOOEHHOCTBIO €€ IeMOJMHAMHKHU SIBIISIETCS 3aBUCHMOCTh OT JIABJICHUS B
BOPOTHOH BeHe [6]. B HacTosmmee BpeMsi yCTaHOBJICHO, YTO TOCIE PE3EKIUU 3J0POBOM
neueHu [25], kak 1 npu e€ xpoHndeckoM Audy3HOM nopaxkeHuH [16] mporcxoauT pas-
BUTHE NOPTaNbHOU runepreH3ud. I1o3ToMy €cTb BCE€ OCHOBaHUsS 0XUJAATh €€ Iporpec-
cupoBanus mnocie PIT na ¢one xpormueckoro CCly- rematura M Kak CleACTBHE Ha-
pYIIEHHE OTTOKAa KPOBHM M3 CEJE3EHKH, KOTOpOe OyAeT COAeHCTBOBATH HAKOIUICHHIO B
Hell aMMHuaka, oco0eHHO Ha 14-e cyT mociieonepannoHHoro nepuoxa. [lopransHyto ru-
MEPTEH3UI0 MOKHO paccMaTpuBaTh Kak OJHY M3 IPUYUH HAKOIUICHUS CENEe3EHKON IiTy-
TaMUHa, oOHapyxeHHOro Ha 3-u u 14-cyTt mocne PII Ha ¢oHE OTCYTCTBUS B yKa3aHHBIC
CpokH yBenmueHus ero copepxkanns B AK (puc. A,B).
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['myramMuH HE TONBKO SBISIETCS OOpaTHMOM (OpPMOI CBSI3BIBAaHUS aMMHaKa B
KJIETKaX MJIEKONHTAaoUmX [3], HO ¥ TpaHCIIOPTHOH (OpMOH TiyTamara, KOTOPBIH, Kak
W3BECTHO [2], MIOX0 MPOXOAUT Yepes3 IIa3MaTuiIecKylo MeMOpany. B xieTke riryraMuH
MOJBEPTaeTCs 1e3aMUINPOBAHUIO IPU YIACTHU TTyTaAMHUHA3, B PE3yJIBTATE YETO BHICBO-
OoxxmaeTcs riryramar u aMmmuak [3]. I'myramMaT npsiMo M OIOCPEIOBAHHO BOBJIEKAETCS B
MHOTOYHUCIICHHbIE OMOXMMHUYECKHE PEaKIUM, TOTJa KaK aMMHAaK JIMOO BBIBOAWTCS U3
KJICTKH, JIUOO HEUTpaIu3yeTcs B Hell ¢ 00pa3oBaHUEM “COOCTBEHHOIrO” IIIyTaMUHA MPH
y4acTHHU TTIyTaMHHCUHTETa3Hl [3].

B OpraHn3Me MIJICKOIMUTAIOIMX OJHHMM K3 OCHOBHBLIX OPraHoOB, OIIPCAC/IAIOIINX
KoHIeHTpanuio rmyrtamuaa B AK, sBnsgercs medens [12]. PII ycunmuBaer HapylieHue
[IIyTaMUHOOPA30BaTeIbHON (DYHKIIMU TEHAaTOIMTOB, BHI3BAHHOC MOPAKCHHEM ICUCHU
CCly [8]. Ecnmu mpubaBUTh K 5TOMY CHW)KEHUE HHKPEINH TITyTaMiUHA U3 OIIEPUPOBAHHOMN
nedyeHu B KpoBoTok [10], To BIpaBe 0XKUAATh Pa3BUTHUS IOCIE PE3EKLUH MOPAXKEHHON
CCl, medenu apTepuansHON TanorTyTaMuaeMud. OTHAKO KaK TIOKa3aJi HaIH UCCIIEHO0-
BaHMs (Tabll.), B 3TOM cilydae HaOJIIOAaeTCsi MOCTENIEHHOE BOCCTAHOBIICHUE CHUIKEHHON
mepe]] onepanyeil KoHIeHTpanuu royramMmiuaa B AK ¢ oTcpodeHHBIM pa3BuTHeM Ha 14-¢
CYT MOCJIEOIEPAIMOHHOTO MEPUOAa apTepUalIbHOM TunepriyramMmuaemMun. [Ipu stom, B
OTJIIMYME OT BIMSHMSA HA KOHLEHTPALMIO aMMHakKa, HEMOCPEACTBEHHOTO BIMSHHS Ha
U3MEHEHHME KOHIICHTpaluu riytamuHa B AK pes3ekius re4eHd He okasbiBasia (puc.).
CrnemoBaTenbHO, yCTpaHEHHE apTepuanbHON rumormytamuHemun mocie PIT Ha done
xponunueckoro CCly-renatura 00ycIOBIEHO HCKIIOYUTEIBHO MPEKPAIeHUEM JeUCTBHS
TEeMaTOTOKCHHA, a HE 3allyCKOM aJallTUBHBIX BHETIEYEHOYHBIX MEXaHW3MOB TITyTaMHHO-
00pazoBaHusi, 00HAPYKEHHOTO Y 3[0POBBIX KMBOTHBIX mocie PIT [12].

B ortnmuune ot AK, Ha 3-u u 14-e cyt nocne PII oTMeueHO yBeln4eHUEe KOHLIEHT-
pauuy TIyTaMHHA B CelIe3€HKE OTHOCHTEIBHO ‘‘TI0KHOOIEPUPOBAHHBIX KHBOTHBIX
KOHTPOJIBHBIX CEpHUH ONBITOB, COOTBETCTBEHHO Ha 119 % u 43 % (puc. A,B). B pesynb-
TaTe OHa CTAHOBMJIACHh JIOCTOBEPHO BBIIIE COOTBETCTBYIOUIETO IOKA3aTeNsl HOPMBI U
KOHIIA 3aTpaBKH (Tadi1.). MexIy TeM, CONOCTaBIEHHUE MOJYYEHHBIX PE3yJIbTAaTOB, C NaH-
HBIMHU JTATEPaTypHI [ 14, 15] mo3BossieT rOBOPUTH O Pa3HBIX MEXaHU3MaXx, JISKAIIHUX B OC-
HOBE HaKOIUICHHS TIyTaMUHA CIUICHOIMTaMu Ha 3-u u 14-¢ cyT mocine PII Ha done xpo-
nuueckoro CCly —renarura. B nmepBom ciydae cieayer TOBOPUTH O CTUMYJSILHU 00-
pa3oBaHMs IIIyTaMHHA CIUICHOLMTaMH, TOTJa KaK BO BTOPOM pedb JIOJDKHA MITH O TIpe-
MMYIIECTBEHHOM HaKOIUICHHH MMH ‘‘apTepHalbHOTO” TIIyTaMHHA Ha (POHE TOPMOKEHHS
oOpazoBanus “‘cene3éHOYHOro” riryramuHa. HeciaydaiiHO CTONB BBIp2)KEHHOE HAKOII-
JICHUE B 3TOT MEPUO/] CINICHOLUTAMHI aMMHAaKa MPOUCXOANUT Ha (JOHE CHUXKEHHMS CTeTie-
HU apTepHaJIbHON THIIEPaMMOHHEMHHN U OTCPOUYEHHOT'O PA3BUTHUS apTEepUaIbHOM TUIep-
riyrtamuHeMu (Tadi.1). Uto kacaercst KpaTKOBPEMEHHOI HOPMaH3aluu COEPKAHHS
IJyTaMUHa ¥ aMMHUaka B ceje3€Hke Ha 7-¢ cyT nocie PII y )KMBOTHBIX ¢ XpOHHYECKHM
CCly-renaTutoM, TO 3TO MOXHO OOBSICHUTH CTHUMYJIsilIMEHl 0Opa3oBaHMs TIyTaMHHA
CIUICHOLIUTAaMU U €r0 MHKPELUEN B IOPTAJIbHBII KPOBOTOK. B CBOIO 0uepenb HECOOTBET-
CTBHE MpHpocTa comepkanus ammuaka B AK u cenes€nke (puc.l, A), BEIBICHHBIC Ha
3-u cyr nocne PII Ha ¢oHe oTcyTCTBHS apTepHanbHOW runepriyraMuHeMun (Ttadi.l)
CBHUJICTEIBCTBYET 00 aKTUBALMH B IAHHBINA MIEPHOJ 1€3aMUHIPOBAHHS B CIUICHOLIUTaX HE
rIyTaMHHa, a APYTUX aMUHOKHCIIOT.

Kak Bumao m3 puc.l A, conmepxxanne moueBnHBI B AK Ha 3-u cyt mocne PII na
¢one xponmueckoro CCly —renatura 0CTOBEPHO HE OTIMYAIOCH OT aHAJIOTUYHOTO I10-
Kazarens “JOXHOOIIEPUPOBAHHBIX® KPBIC KOHTPOJIBHOH cepur OmbITOB. OHAKO HA 7-€ U
14-e cyT oHO mpeBbIIANO €€, COOTBETCTBEHHO Ha 64 % u 25 % (puc. b,B). I1o cpaBHeHuUIO
¢ HOpMO# KOHIIeHTparwsa ModeBuHBI B AK Obuta yBenmdena Ha 3-u, 7-¢ u 14-e cyT mocie-
OTEepaIMOHHOT0 Teproja, coorBeTcTBeHHO Ha 61 %, 100 % u 99 %, Torna Kak OTHOCH-
TENBHO KOHIIA 3aTPaBKK OHA CHIKAJIACh Ha 23 % K 3-M CyT MOC/ICONepaiiOHHOTO
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Ieproia W B JAIBHEHIIAM BO3BpAaIIasich K TpeAONepalioHHOMY YpOBHIO (Tabu.l).
[Mockonpky PII Ha (hoHE XPOHMYECKOTO remaTuTa HapymaeT MOYEBHHOOOpPA30BAHUE B
nedeHy [8], To BBIIBICHHBIE U3MEHEHNS CIIElyeT pacCMaTpHUBaTh KaK Pe3ybTaT 3aIlycKa
BHETEYEHOYHBIX MEXaHU3MOB, JIETEPMUHHUPYIOIINX U3MEHEHHE KOHLCHTPALIMA MOYEBH-
Hel B AK. OHIM U3 HEX MOXKET CITy>KUTh YBEIW4YeHHE e€ peadcopOIun B Mmoykax, oOHa-
PYKEHHOE B yKa3aHHbIE CPOKH IIOCJICONIEPAIMOHHOT0 Neproza y *kuBoTHbIX ¢ PIT Ha ¢o-
He xponuueckoro CCly-renarura [4].

OtcyTcTBHE U3MEHEHHs KOHIeHTparun MoueBUHBI B AK Ha 3-u cyTt nocne PII y
KHUBOTHBIX ¢ XpoHuueckuM CCly —TemnaTUToM COMpOBOXKIAIOCH yBenuueHueM Ha 30 %
e€ coxepkanus B cene3éHke (puc.l, A). Ha 7-e cyT nccinenoBaHus yBelMYCHHE KOH-
LEHTpalMd MOYEBHHEI B NocneaHen coctaBuio 173 %, npu 3ToM NpuUpocT KOHLEHTpa-
MM MeTaboJIuTa B CceJe3éHKe NMPEeBOCXOAMI aHajlornunele e€ namenenus B AK (puc.l,
B). Ha 14-e cyt nocne PII Ha (oHE cOXpaHEHUSI CTUMYJIHPYIOMIETO BIMSHUS ONEpAIIH
Ha yBeIWYCHHE KOHIEHTparmu ModeBrHBI B AK mpoucxoamino e€ cHmkeHue Ha 17% B
creHonuTax (puc.1, B). ITomydyeHHble pe3ynbTaThl yKa3bIBalOT Ha Pa3IMUHbIC MEXaHH3-
MBI, I€TEPMUHHPYIOIINE KMHETHKY MOUYCBHHBI B CENE3EHKE IOCIE PE3CKINHU ITOPAKEH-
Hoii CCly neuenu. Tak, HaKkoIJIEHHE MOYEBHUHBI B cene3€Hke Ha 3-u cyt mocie PIT cie-
JyeT paccMaTpHuBaTh KaK Pe3yJbTaT CTUMYJALHMM €€ 00pa3oBaHMs CIUIEHOLUTaMH, IO-
CKOJIbKY YCTaHOBJICHO CTUMYJMpytoiee BiausiHue PII Ha akTUBHOCTb B CIUIEHOLIUTAX ap-
ruHassbl [19], karanu3upylomeil 00pa3oBaHie MOUEBHHBI U3 apruHuHA. J|aHHBIA OHoIo-
rudeckuit 3 QeKT, BUIUMO, COXpPaHIETCsl Ha 7-€ CYT IOCIIEONepalliOHHOTO IepHo/ia, He-
CMOTpSI Ha yBEJIWYEHHE B 3TOT MEPUOA MOCTYIUICHUS B CIUIEHOLMTH Mo4YeBHHBI ¢ AK
(puc.1, B). Onnako Ha 14-e cyT mocieonepanoHHOr0 NepHo/ia CTUMYJIHPYIOIEe BIIUS-
nue PIT Ha akTMBHOCTH apriHA3bI CIUICHOIMTOB IpeKpamaeTcs. MOXHO MPEAToI0KHNTh,
YTO OJHOBPEMEHHO C 3THM B CIUICHOLMTAX aKTHBUPYETCS IEpexXo] YacTH ‘‘apre-
pHATBHONW” MOYEBUHBI U3 CBOOOJHOTO B CBSI3aHHOE COCTOSHHE, UTO SIBJISICTCS OJHHUM M3
YHHUBEPCAJIbHBIX MEXaHMW3MOB aJaNTallid OPraHU3Ma IIPU MAaTOJOTHH, COIMPOBOKAAIO-
meiicst aktuBanuei [10JI [1]. OTuMm, Ha HaI B3SO, U OOBSICHAETCS CHIDKEHHE KOH-
LIEHTPAallud MOYEBWHBI B celle3éHKe Ha (QoHe e€ MOBBIIICHHOW KoHIeHTpamuu B AK
(puc.1, B).

Taxkum obOpazom, npumenenne PI1 Ha pone xponuueckoro CCly- remarura BbI3bI-
BaeT JajbHEHIINe HapyNIeHHs a30TUCTOr0 MeTaboJiM3Ma B CIUICHOIUTAX, 00yCIOBIICH-
HBIE JUTUTEIILHBIM JICHCTBHEM Ha OPraHU3M I'ellaTOTOKCHHA. DTO COIPOBOKAACTCS MaTo-
JIOTHYECKUM HaKOIUICHHEM CeJIe3€HKOI SHJIOT€HHOr0 TOKCHHA aMMHaka Ha (hOHEe HCTO-
IIEHUs B HUX BHYTPUKJIETOYHBIX PEAKIMH €ro CBSA3BIBAHMS, B TOM UHCIE Yepe3 o0pazo-
BaHUe ‘“‘cene3éH0oYHOro” rayramuHa. [1o Mepe pa3BUTHS MOCICONEePAIHOHHOTO TTePHOoIa
ctuMynupytomee BaustHue PI1 Ha HaKomIeHNEe MOYEBHHBI TPEKPALIACTCS U MPOUCXOIUT
CHIDKCHHE €€ COEPXKAHUS B CIUICHOLUTaX, HECMOTPS Ha COXPaHEHHUE €€ IMOBBIILICHHOTO
noctyrmienns K HuM ¢ AK.

Cuumaro c6oum 00120M 8blpa3UMb 21YOOKYIO NPUSHANENLHOCHb MOEMY YYUMENIO
npogheccopy kagheopvl HopmanbHoU Gusuorocuu Boponesccrkoeo eocydapcmeennozo me-
ouyurckozo ynusepcumema um. H.H. Bypoenxo Buxmopy Huxonaesuuy Axoenesy sa
603MOJICHOCMb NpOGedenUst ucciedosanutl 6 e2o aabopamopuu ¢ 1997 no 2003 2.e. u
yenuvle cogemvl Npu 00CYIHCOEHUU NOTYHEHHBIX PE3VIbIMAMO8.
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Yposens nospexaenuit IHK B sputpouurax ckaneHbIx simepun Darevskia raddei u3 3a-
nosenurka [llukaox u Kamxapana (PeciyOnuka Apmenus) u 3yapa (Haropuo-Kapabaxckas Pec-
my6nmka) oueHnBaau MeronoM JJHK-komer. CaMku simepun; okazaiuck 0ojiee TyBCTBUTEIBHBI K
3arpsI3HATENSM Cpelibl, YeM caMmifbl. [loka3aHa JOCTOBEpHAsS MOJIOXKUTENbHAS KOPPEISHS MEXITY
ypoBaeM noBpexaenuii JIHK y camok u conepxkanrem Cu, Mo, Pb, Cd, V u As B mouse.

Memoo /THK-komem — ckabHble sujepuybl- 2eHOMOKCULHOCHb NOYEbL

YuP-h Juwuuspubph dwjuwpnulp quuwhwwndb) k Chlijwhnnh wpghngnid, Lwywpuinid
(Zuyuunnwth Zwbpuwbunnpemnt) U Qouupnud  (Lhpbughtt Twpwpwunh  Zwbpuybungenil)
puwlynn Darevskia raddei duypuhls Unnbutikph kphppnghinibpnd’ YUE-Yndtn dkpnnny: 8nuyg k
wpykp, np kg dnptutbpp wybkih qquyni Bu oppwlju vhowuwyph wnunnuhsubph tjundwdp, put
wpnibpp: Zwjuwunh ppuljub Yophjughw b hwjnbwpbpdl) Eq Unpbutkph Yu-h Juwu-
Jusdpubtph b hnnnid Cu, Mo, Pb, Cd, V nt As yyupniuwlnipjut dhol:

PUL-Gndlwnr Ukpnn — dugnuyhll Unnpbublkp — hngh gklnupnibuyinipnti

The levels of DNA damage in erythrocytes of rock lizards Darevskia raddei from reserve
Shikahogh and Kajaran (Republic of Armenia) and Zuar (Nagorno-Karabakh Republic), were
assessed using the comet assay. Female lizards were more sensitive to environmental pollutants
than males. Significant positive correlation was found between DNA damage in female lizards and
content of Cu, Mo, Pb, Cd, V and As in soil.

Comet assay-rock lizards-soil genotoxicity

3arpsiz3HeHHe TIOYB SIBJISIETCS] OJJHUM M3 OCHOBHBIMX ITyTEH MOMa aHus B OKPYKaro-
Y0 Cpely paziuuHbIX 3arpsi3HuTesied. OJHUM U3 OCHOBHBIX METOJOB OLIEHKH T'€He-
TUYECKHUX A(PPEKTOB B IKOTOKCHKOJIOTHYECKUX UCCIenoBaHusaX smisercs meron JJHK-
KOMET, KOTOPBIi MMO3BOJISIET OLIEHUBATh MoBpexxaeHus u penapaunto JHK. s ouenku
BIIMSIHASL TEHOTOKCHYECKUX 3arps3HUTEICH MOYBHI B KadyecTBe OMOWHAMKATOPOB IIPH-
MEHSIOT PAacTeHUs, TPHI3YHOB M HOXKIEBBIX depBeil [1]. BaxkHoli 3amaduell SKOT€HOTOK-
CUKOJIOTHH siBIIsieTcs afanTarus merona JJHK-koMmeT k pa3nmudHbIM TUKAM BHIIAM, pactl-
POCTpaHEHHBIM Ha 3arpsA3HEHHBIX TEPPUTOPHUIX U MPOSBIIIOIIAX JOCTATOYHO BHICO-
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KYIO0 9yBCTBHTEIBHOCTh K MyTareHaM. B 4acTHOCTH, 9yBCTBUTENFHBIMU OMOMHINKATO-
pamu 3arpsi3HEHUS CPEbl SBITIOTCSA TPECMBIKAIONINECs, OJHAKO B HACTOSIIEE BPEMS MX
MIPUMEHEHHNE B SKOTC€HOTOKCHKOJIOTHH OrpaHiueHo [2]. Smepurisl 4yBCTBUTEIBHBI K 3a-
TPSI3HEHUIO CPeAbl, B YaCTHOCTH, TshKelbiMu MeTaymiamu [3]. Tlokazana addexTruBHOCTD
TeHETHYECKOT0 MOHUTOPHHTA Y SIIepuI] ¢ mpuMeHeHneM merona JJHK-xomer [4].

B ApmeHun pacnpocTpaHeHbl CKanbHble sitiepulsl Darevskia raddei, Bo3Mox-
HOCTb UCIIOJIb30BaHHA KOTOPBIX B KaUCCTBC 6I/IOI/IH[lI/lKaTOpOB 3arpsA3HEHUA MTOYB U3YUC-
Ha B mpejcTaBieHHON paborte. C 3TOW 11eibl0 OBUTH MPOAHATU3UPOBAHBI YPOBHHU I10-
Bpexxaennit IHK y smepun D. raddei, oduraromux B [llukaoxe, Kamxkapane u 3yape
meronom JIHK-komer.

Mamepuan u memoouxka. Ilospexxnenus JJHK onennBany B 3puTpOLIUTaX CAMOK U CAMIIOB
CKaNIBHBIX smmepun D. raddei n3 3anosennuka Illukaox (9 cammoB u 6 camok) u Kamkapana, (6
caMIoB 1 5 camok) Apmenus u 3yapa, (10 camuos u 7 camox) Haropasrit Kapa6ax. 3amoBegnux
[ITnkaox ObLI BHIOpaH B KauecTBE KOHTpONIBHOTO caiita. [TouBa B Kamkapane 3arpsisHeHa BBIOpO-
caMH MeZHO-MonuOieHoBoro komOuHara. ITouBa 3yapa oboraieHa psgoM COEAMHEHUN B CBA3M €
BBICOKMM YPOBHEM CEHCMHMUYECKOM aKTUBHOCTH B 3TOM pailoHe.

O06pa3ubl KpoBH OpanKch U3 XBOCTOBOW BEHBI OT KO AIIEpULIbl. | emapruHU3upOBaH-
Has KpoBb pazbasisiack PBS (phosphate-buffered saline) B coorHomenun 1:80. s onieHKH OB-
pexaennit JJHK npuMensimn menodnyro Bepcrio Meroga komeT [5]. Ha mpenmerHsie crekiia, mo-
KpBITBIE ciioeM 1%-Horo pacTBOpa arapossl, Kanaau cMech 10 MK KpoBH ¢ 90 MK JIETKOIUIABKOIT
arapossl (LMA). [Ipemapatsl nomernany B mm3upyrommii pactsop (2.5 M NaCl, 100 MM D/ITA,
10 MM Tpuc, pH 10.0 ¢ Tpuronom X-100) Ha 24 4 npu 4°C. Tlo oxomuammuy mH3MCA npenaparsl
norpysanu B menoynoit 0ydep (300 MM NaOH u 1 MM D/ITA) Ha 20 MuH Ui pacKpydIHBaHHsI
neneit JIHK. Dnexrpodopes nposoammu 15 mun (26 B 1 300 MA). [IpenapaTsl mpoMbIBaiy HEHT-
panuzanuonneiM Oydepom (0.4 mxr/ma Tpuc, pH 7.5) u oxpamuBany OpoMHUCTEIM 3THIUEM (4
MKr/min). Ouenky nporenra JIHK B XBocTe KOMETHl 1 MOMEHT XBOCTa KOMEThI IPOBOJMIIN C IPH-
MeHeHueM mporpammsl Comet Assay VI. Cratuctryeckyto 00paboTKy TaHHBIX IPOBOIMIIH C MIPHU-
MeHeHueM Multiple range test M KOppelsAIMOHHOTO aHaimu3a [lupcoHa MO CTAaTUCTHYECKOH Mpo-
rpamme Statgraphics Centurion 16.2.

Pezynomamul u oocyncoenue. Ananu3z nospexxknenuii JIHK y ckanbHBIX siiiepuir
D.raddei ¢ npumenenuem mynbrudaktopuanbaoro anaimmza (MANOVA) mokasail, 4To B
sarpsisHeHHOM Kamxkapane nporieHt JJHK B xBocTe kKomeThl y camok (21.22+2.18) noc-
TOBEpHO BEIIIE, yeM y camioB (15.85+£1.98, p < 0.001). B [lukaoxe mpouent JHK B
xBocte KomeThl y camok (14.60+1.68) m cammoB (16.22+1.66) mocroBepHO HE
pasmuuaercs. Takke He 0OHapY)KeHBI pa3nuuausg Mexy npoieHT JJHK B XBocTe KOMETHI
y camok (7.61£0.72) u cammoB (6.68+0.61) U3 OTHOCHTENFHO KOJOTHYECKH UHUCTOMH
Tepputopun 3yapa. [IpuHMMas BO BHHMAaHHE pa3lMYds B YYBCTBHTCIBHOCTH K
3arpsA3HATEISIM CPeAbl MEXAY MONaMHU Yy SIIEPHIl W3 3arpsS3HEHHON 30HBI, CPaBHEHHE
nospexaernid JIHK B u3ydeHHBIX caiiTax OBUIO MPOBENEHO TOJBKO Ha caMKax (Tabm. 1).

Taomuna 1. Iospexxnenns JTHK y camoxk ckanbHEIX stepun D.raddei,
obuTtaronux B 3anoseanuke [llukaox, Kamkapane u 3yape

Cpena obutanust Konunuecto % JIHK B XBOCTE KOMETBI MoMeHT XBocTa
SIEPUL]

[Inkaox 6 14.60+1.68° 2.66+0.27

Kamxapan 5 21.224+2.18*° 4.68+0.63"°

3yap 7 7.61+0.72 1.12+0.09

a- oocmogepnas pasHuya No CPasHenuIo ¢ KOoHmpoavhoim caiumom (Llukaox), p<0.01
b- 0oocmosepnas pasnuya no cpasuenuto ¢ 3yapom, p<0.01
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VY amepun Kamkapana oOHapykeHO IocToBepHOE moBbimeHne nponeHTa JJHK B
XBOCTE KOMETHI W MOMEHTa XBOCTa KaK II0 CPAaBHCHHIO C KOHTPOJBHBIM CAMTOM
(IImkaox), Tak u ¢ 3yapom. Tarke moka3zaHo, 9To ypoBeHb moBpexxaernit THK mo
napametpy nporerra JJTHK B xBocte komeTs! y stmepurt [lnkaoxa BeImIe, 9eM y AIIepHIl
3yapa. Takum obOpazom, mo mokazaremsm nospexxnennit JJHK y smepun D. raddei
tepputopuss Kamxkapana sBusercs HanmOonee 3arpsS3HEHHOM T'€HOTOKCHMKAaHTaMHU.
HecMoTpst Ha celicMOaKTUBHOCTh, YPOBEHb T€HOTOKCHYECKOW 3arpsi3HEHHOCTH B 3yape
Hxke, yeM B [1Iukaoxe.

Casi3p Mexay nospexxaenusmu JJHK y siuepun D. raddei w 3arpsi3HeHHeM 1o4yB
Co, Cr, Cu, Zn, Mo, Ag, Pb, Cd, P, V u As npoananu3upoBaHa ¢ IpUMEHCHAEM KOppe-
JSUOHHOTO aHam3a. OOHapyKEeHa OCTOBEPHAS IOJIOKUTEIbHAS KOPPEISAIHS MEKIY
mporearom JTHK B XBOCTe KOMETHI 1 MOMEHTOM XBOCTa u conaepxkanueM Cu, Mo, Pb,
Cd, V u As (Tabu. 2).

Taomuna 2. Kosddunuent xoppensunu I[Mupcona mexxny nospexxaenusmu JJHK (%IHK B
XBOCTE KOMETHI) y stmepull D. raddei v ypoBHEM 3arpsi3HUTENCH B OUYBE,
a TAKXKE COZICPIKaHKE B II0YBE UCCIICIOBAHHBIX 3JIEMEHTOB, MI/KI

3arps3HuTeN! B CoJepxaHue B IOUBE 3arpsIBHAUTENCH, MI/KT Koadpuruent
10YB€ Iukaox Kamkapan 3yap xoppensuuu Iupcona
Cu 0.02 0.54 0.04 0.64*
Mo 0.0006 0.05 0.0006 0.65%*
Pb 0.008 0.02 0.01 0.58*
Cd 0.00017 0.0002 0.00018 0.50*
\4 0.09 0.29 0.06 0.69*
As 0.006 0.03 0.007 0.64*

* — 0ocmosepras noaoxcumenvras koppeusiyus, p < 0.05

[Mony4eHHble pe3ynbTaThl CBUAETENBCTBYIOT O TOM, YTO aHAJIHM3 MOBPEKACHHUI
JHK meromom THK-komet y ckanbHBIX stmiepur] D. raddei sIBIS€TCSI 1yBCTBUTEIHHBIM
HWHAUKATOPOM T€HOTOKCHYHOCTH TOYBBI M MOXET YCIHCIIHO MPUMEHSATHCS I OICHKH
3arpsI3HEHUS] OKPYXKAFOIIEH CPEIbL.

JINTEPATYPA

1. de Lapuente J., Lourenco J., Mendo S.A., Borras M., Martins M.G., Costa P.M., Pache-
co M. The Comet Assay and its applications in the field of ecotoxicology: a mature tool
that continues to expand its perspectives. Front Genet, 4, 6, 180, 2015.

2. Hopkins, W.A. Reptile toxicology: challenges and opportunities on the last frontier in
vertebrate ecotoxicology. Environmental Toxicology and Chemistry, /9, 2391-2393,
2000.

3. Oyekunle JA. O., Adekunle A.S., Ogunfowokan A.O., Akanni M.S., Coker O.S. Agama
lizard: A potential biomarker of environmental heavy metal pollution assessment. Afri-
can Journal of Environmental Science and Technology, 12, 6, 458-463, 2012.

4. Schaumburg L.G ., Poletta G.L., Siroski P.A., Mudry M.D. Baseline values of Micro-
nuclei and Comet Assay in the lizard Tupinambis merianae (Teiidae, Squamata) Ecoto-
xicology and Environmental Safety, 84, 99-103, 2012.

5. Tice R.R., Agurell E., Anderson D., Burlinson B., Hartmann A., Kobayashi H., Miyamae
Y., Rojas E., Ryu J.C., Sasaki Y.F. Single cell gel/comet assay: guidelines for in vitro and
in vivo genetic toxicology testing. Environ Mol Mutagen, 35, 206-221, 2000.

Tlocmynuna 25.08.2015

67



LwywuwnwOh Qhwnngnibitph Uggquyhl Ugwnbdhuw <wjwumwbh YEtuwpwliwlywh <wOnbu
HauuoHaAabHas AKkaaemus Hayk ApmeHuu BuoAoruueckuu XypHaa ApmeHuu

National Academy of Sciences of Armenia Biological Journal of Armenia

o Jwilwnnwn hwnnpnnidubn e Kpamkue cooouwenusn e Short communicationse

Biolog. Journal of Armenia, 4 (67), 2015

ADSORPTION OF CATIONIC PORPHYRINS
BY NANOPARTICLESOF ZEOLITE AND SILVER

A.G. GYULKHANDANYAN

Institute of Biochemistry of NAS RA
anna.g_yan@yahoo.fr

The complexation of cationic porphyrins and metalloporphyrins with nanoparticles of
zeolite and nanoparticles of anisotropic silver in aqueous solutions is investigated. Study of
porphyrins desorption showed that under the influence of monovalent and divalent salts (NaCl and
CaCl,) a complete desorption of porphyrins and metalloporphyrins from silver nanoparticles
occurs, whereas from zeolite nanoparticles desorption does not occur.

Cationic porphyrins — zeolite nanoparticles — silver nanoparticles

Munudtwuphpyty £ junhnbughtt wnpbhphuubph b dbnwnuynpbhphuitph Ynduy tpuw-
gnjugnidp gknjhnh b wihqnupny wpswpet twindwuthljutph htn gpuyhtt (nsnypubpnud: Mnp-
$hphiukph nbunppghwjh htwnwgnunmpnibbpp gnyg wnykght, np vhwduykinm b Ephgukin
wntph (NaCl b CaClz) wqpkgnipjut il wpswpl twindwuthiukphg wknh b niukinud wnpbh-
phuttph b dbnwnuunpdyhpphuubph wdpnnowlwut ntunppghw, udhugntn ghnthnh twindwu-

uhlutinhg ntunppghw wnknh sh nitbunud:

Quunpnbhughl wnpppphbialp — gbkmphnp hwindwulipibbp — wpdwpel hwbndwuah§abp

HccnenoBano KoMIIIekco0Opa30BaHUE KATHOHHBIX IOPOUPUHOB M METAJUIONOP(HPHHOB C
HAHOYACTUIIAMHU LICOJIUTA U aHU30TPOITHOro cepedpa B BOAHBIX pacTBopax. M3yueHue necopOunu
Nop(UPHHOB TI0Ka3ajJ0, YTO MPH JSHCTBUU OJHOBAJEHTHBIX M AByXBajeHTHBIX coiieil (NaCl u
CaCl,) npoucxoaut mojHas necopOuus NOopGUPUHOB U METAIONOPPHUPHHOB C HAHOYACTHIL Ce-
pebpa, Toraa Kak ¢ HAHOYACTHUI] LIEOTIUTA IECOPOLUHU HE IIPOUCXOUT.

Kamuonnvie nOquMpqul — HaHodacmuysl yeoauma — HaHodacmuybsl cepe6pa

The search for new methods for photodynamic therapy of cancer (PDT) and the
fight against antibiotic-resistant microorganisms is one of actual problems of modern
medicine. In both directions, photosensitizers (PS) have been used with high efficiency.
In PDT [1] and for photodynamic inactivation of microorganisms (PDI) [2] PS are a
widely used as preparations, which selectively accumulates in tumor cells and micro-
organisms and exposed to light causes irreversible destruction of tumors and bacteria [2].

Currently in Armenia more than 100 new cationic porphyrins and metallopor-
phyrins are being synthesized [3] (fig. 1) and in vitro in the laboratory their high effec-
tiveness against different cancer cell lines, and against different microorganisms were
shown [4, 5].
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Fig. 1. Cationic porphyrins and metalloporphyrins and the formation of toxic reactive oxygen
species. M — the central metal atom in the metalloporphyrins, R — peripheral functional groups.

One of the promising approaches enhance the effectiveness of PDT of tumors and
PDI of microorganisms is the use of nanocontainers from nanoparticles of precious
metals (gold and silver) [6]. Selection another inorganic nanoplatform of zeolite nano-
particles was due to their special properties. They occupy a special place among other
nanoparticles due to the unique sorption capacity and high biological activity.

To enhance the effectiveness and targeted delivery of photosensitizers for PDT of
tumors and PDI of microorganisms we used zeolites and anisotropic nanoparticles of
silver. For this purpose we studied the adsorption of different cationic porphyrins and
metalloporphyrins via zeolite nanoparticles and nanoparticles of anisotropic silver as
well as desorption of porphyrins from formed nanocomposites was investigated.

Materials and methods. Study of processes sorption and quantitative description of the
binding of porphyrin molecules with the nanoparticles of zeolite and silver was carried out in vitro
in the spectral quartz cuvettes on the spectrophotometer "Shimadzu" UV - VIS 2100 (Japan) in the
range of 200-800 nm. Anisotropic silver nanoparticles were purchased from "Biovar" Co. Ltd.,
Yerevan, Armenia.

Zeolite nanoparticles. Nanoparticles of natural zeolite mineral - clinoptilolite of
nanometric sizes were obtained by mechanical crushing and subsequent sedimentation in aqueous
solution [7]. The size of nanoparticles by laser analyzer type IG-1000 (Shimadzu, Japan), range
0.5 — 200 nm, or electron microscopy was monitored.

Results and Discussion. To study the binding of zeolite of and silver
nanoparticles to porphyrins were selected 5 types of cationic porphyrins so that they
differed by hydrophobicity (various peripheral groups), by the presence of a hydroxyl
group (for studying the possible hydrogen bonding to the surface of the zeolite), by the
presence of central metal atom (metal-free and with Zn), by different positions of the
side functional group (3rd or 4th position in the pyridyl ring): TOEt4PyP; TBut3PyP;
Zn-TOEt4PyP; Zn-TBut3PyP; Zn-TBut4PyP. To achieve the maximum gain of PDT of
tumors, as well as PDI of microorganisms under photodynamic action is necessary de-
sorption of porphyrins with nanoparticles.

Since binding of porphyrins as a ligand to nanoparticles in the initial phase of
interactions is determined by Brownian motion of porphyrins, from the thermodynamic
considerations to be expected that the interaction of porphyrins with nanoparticles can be
temperature dependent. Comparison of two temperature modes (18°C and 37°C) of the
binding the metalloporphyrin Zn-TOEt4PyP, Zn-TBut3PyP and others porphyrins with
zeolite nanoparticles by absorption and fluorescence spectroscopy methods showed an
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apparent temperature dependence of such a process. Study of the action of monovalent
and divalent salts (NaCl and CaCl,) has shown that desorption of porphyrins and me-
talloporphyrins from formed zeolite nanocomposites does not occur.

Among the many types of nanoparticles-nanocontainers used to enhance the
efficiency and for targeted delivery of photosensitizers, anisotropic silver nanoparticles
occupy a special place due to a number of rare valuable qualities. We have studied the
interaction of silver nanoparticles with the above mentioned cationic porphyrins and
Zn-metalloporphyrins and had shown that the formation of nanocomposites is mainly
occurs due to the electrostatic interaction between the positively charged groups of
porphyrins with the surface of nanoparticles of the anisotropic silver (the binding more
than 70%). By absorption and fluorescence spectroscopy is shown that under the action
of monovalent and divalent salts (NaCl and CaCl,) comes a complete desorption of por-
phyrins and metalloporphyrins from silver nanoparticles. Thus, due to this as na-
nocontainers of photosensitizers anisotropic silver nanoparticles can be much more ef-
fective than the zeolite nanoparticles.
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Munudtwuhpyly b nhhh hwpwdudbphljuu ghigh (7uta absoluta Meyr.) dhwpwiwfut b
JEuuwpwiwwt  wpwidtwhwnlnipnitubpp Upwpuwnyut  hwuppwquyph  wuydwbubpnud:
Puguhuwyndt) L, np nupjuw Equtwluwiht guydwbubphg jupgws Juwuwnnth vwnduwght
qupqugnuip whmd  t 5-7, hknuwnubuwghtp' 12-14, hwpubyulhip 8-11 op: $hundugh by
ulipinh quipqugnuip wnbnud k 25-32 op: Pug gpmiinnh wjugdwbithpmud Jiwuunnmt Jhglinmghunh
nupwugpmu quipquiinid £ 5-6 ukpunny:

Lojhlp hupufudkphlpumh gkg — dhwpwinipinil — jEbuwpuinlul wpwbdiwhunnlnypiniiikp

Hsyuens: mopdosoruueckue U OHONOrHYeCKHe OCOOEHHOCTH — IOXKHOAMEPHKAHCKOM
tomatHOH Monu (Tuta absoluta Meyr.) B ApapaTckoii fonuHe. BeIABIeHO, YTO B 3aBCUMOCTH
OT IOTONHEIX YCJIOBMH TOZAa SMOPHMOHANBHOE pPa3BHTHe BpelMTeNd MIIHTCE 5-7, IOCT-
ambpuonansHoe — 12-14 cyt. Kykonka Bpepurens passusaercs 8-11 cyr. Passutme omnoro
nmokoneHus ¢urodara gmurcsa ot 25 mo 32 cyr. B ycioBuAX OKpBITOTO TPyHTa BpeIUTETIh
pasBHUBaeTcs B 5-6 IOKOJEHUAX.

TOxcHOaMepHKaHCKad TOMATHAA MOJIb — MOP@OJIOTHA — OHOJIOTHYECKHE OCOOEHHOCTH

The morphological and biological characteristics of the South American tomato moth
(Tuta absoluta Meyr.) is studied in the Ararat valley. It is revealed that depending on the weather
conditions the pest develops in embrional stage within 5-7, in larval stage — 12-14, in pupae
stage — 8-11 days. The development of one generation of the phytofag lasts 25-32 days. Under
the open ground vegetation the pest develops within 5-6 generation.

South American tomato moth — morphology — biological characteristics

Lnthlp Zujwunwih Zwipuybnmpniund  dywljyny wdktuwnwpusus b
wpdtpuynp pubipwpuinguyhtt Upwjwpnijubinhg b, nphtt yipohtt mwphubpht ks Juwu
t hwugunid |njhhh hwpwquwubphlyjub ghgp (7Tuta absoluta Meyr.): dbkpohtiu  wjuwnky
wnwohtt wiquu hwynbwpkpdt £ 2012 p.: Uyt wpdwbwgpqus b puquuphy kpypibpnod
b hwdwpynud k 1njhhh wdktwunwuquynp $hunndwgtpnhg dkyp (2, 4, 5, 6]:

Uju Juwuwwnnth hwugpus Juuup b puggpydwt wpbwp nupkg muph wbjw-
unud E, ntunh ghgh phd wppnitwdbn wuypupbnt hwdwp wihpwdbion b nrunwd-
twuhpl] wyp Juwuwinnih qupqugldut dhwpwbwlub b jEhuwpuwbulwut wnwbdbw-
hwwnlnipyniuttpp:

Ynip b Ukpnn: Zhinwgnunnipmbubpp junwpdl) B 2014-2015 pp.-htt jwpnpunnp b
nupnughtt wuydwbbpnud:

Zkinwgnunnipjut iynipe ki hwinhuwgh] (nthih hwpuwdudkphlyjub ghgh (7.absoluta) dkpp,
pprpnipubpp, hwpuiywlubpp b hwunth wpwbdywlukpp:
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Juwuwwnnith ubpniigubph pwbwlp pugwhwyngt) E Upwpwwnh dupgh S3npwyjwb qyninh
dbEpdbtpuyhtt mutnbumput  njhhh  wijupliobpod wbinugpuws juwpnut dkyniuhsubpnud,
huswybu twl $Epnunbiughtt puljuppubpnud, hul YEiuwlpyh npny wpwtdbwhwnlnipmibubpp
(wnwtdhtt  thnybkph qupquguul Rupwgpp, wunupkpnipniip)’ Utunudptpph
wijuwignipjut nnpuh phuljiph quwhwwndwt b Jbpndnipjut ghnnwljut YEuwnpnuh uph-
owwnwpwtwub jwpn-punnphuynud: Uyn tywnwlnyg Juwuwnnth hadwyuwunwujpwt tinygbpp
wbnunpyl] & nhlh wbkpbbbtph Jpu b dEynuwgdl)] juypnit dEyniuhsubpnud: Zwuniup
YEpulpdty £ 5 %-wbng pwpw-pugph opwpwlny: Shundwgh ddkpp wnbknunpl b Mkwnphh
pwubkph dke b wdkbopju nhunwp-Ynidutpny juwnwpdl) o hwojunnudubp: 2yhg nnipu Ejws
prenipukpp wpwbdiwgylyp ko 10-wwt hww, nupdju) nknunpdk) MEnphh puwutph dbe b

nhunwpyyk) npuig qupqugidui pupwgpp: @npdkpt junwpyb) B 10-wlwb hphungnipjudp:

Lnihyh hwpwduubphljjub gigh (dnt, ppentp, hwpuiyul, hwunit) dbwpwtwlwut b gduyht
swthnidubpp juunwpyt) Gt BM-100FL dwljuhoh dwipunhwnwlng [3]:

Uppynibphkp b phbwplhmd: dhwuvunnnih dbwpwbnlwl b jEhuwpuminalwh
wnwhdwhunnnipmniaiakpp:

8kgh phphnp Unjupugnylb b, qinpp swhbkph’ 5-6 Ud: Upwpd Jhdwlmu plikpp
SunJud ki dkioph Jpuwi: Eqlipp plbph pugduspny 10-12 Ud G, wpnikpp® 2,0-2,5 dd-ny
wuwlwu: EuUkpp pwg Unjupugny G, JEunpnbufub dwund” ghnwgnit pénd,
puuytuui onh Yypw wnlw Eu dh owpp uniq ull YEnhlutp: Unoth plbkph énthkpp
pug Unjupugnyt ko' ukpup Ynnuhg wybih dnig thwnny: Gplpnpg qnuyq pltipt niuku
nhntuynit dwqugnijubpny swsljyws dnthkp: dkpeohtiu plihihg tpljup E: Ukpplh dwup
dhwwnwpp Unpipugnyt b Upniubph wnglh pltinh ypw dkpntnh dwph tpluyupny ju
ull Epyuytwyh okpuniwghs: @nphyp YEphwdwunid pinbwdnjupugny k, hul winnpht
huinusnid® Unjupugniji-uyghnwly: Thwuwnnih phnhikpp ub b pug dnfupugnyi
potpny: ¥nijup Unjupwugnyt b, npp dguinud £ yupwingh niqpmpjudp: Upnibbpt
niukt Uh thnpp wdtijh Unig gniiwdnpnud:

Qi nith Hhyuw-quubwdlb wnbkup, 0,3-0,4 Ud Lpywpnipnin b 0,2-0,25 dud
Jwyunipinil, pug npupstw-ninuuwyniihg Unig ghiniwgnit tputgh: bpp swshqus b
wpuwuquunilny, hulj punuipt nitith npnywlh wbhwppnippi: o1t vwunudh qup-
quguwip qnigppwug dquitnud k:

Upwijwpnyjubiphtt Jowunid £ dhuindwgh pppnipp: Lnp gnipu tjws pppaipibpt
wbigny kb, pug Jubwswyniihg nhnbwjuppugnyt tpwugh: Bppnipp  qupgqugdwi
nupwugpnid gnitwthnpynid E ghinuuwbwswynih: Ukgph dwunid hwdwp ajuwngnud
E Jun Jupnugnyt tputg, unynpupwp htwnptph tdwt wpnwhwjndws jud juyuwulh
qnitpny:

Zwuntl pppeoipp guutwdl b, niuh juy wpnwhwyndws qpntju, 3 qnuyq Ypspuyghtt b
5 qnuq npnyuyuuyghtt nnptp Unw 9 U Epjupnipnii:

Zwpulyulp Ynbwdl £ dnjupu-fubwswynih bpabgh, niih 5-6 dd kpljupnipgnia
b 1,2-1,6 dd quyunipnil: Qupqugdwd Jbponid uyhh wdpnnenipjudp nuninmd b
owquuljugnyy:

Shuindwugh wunupbpmpniut  Upwpwunjwut hwppuduyph  wuydwbbpnud
Juqunmd E 180-220 4ni, npnup ppymud B dEjulwt Yud thnpphYy padpbpny: Cuwn
qpuiljutt ndjuiainh (n1hh gligp Yupnn E nuty 250-300 dnw [2]:

Juwuwwnnth vwndbuwghtt qupgugnidp Enubwuyhtt yuydwitbkphg Juhdus
wlnud t 5-7, hbnuwndbwght qupqugnidp’ 12-14, hwpubywlhup 8-11 op:

Qhg unp nnipu Bws ppenipubpp uygpnid pug jubwswynit b, ulb gjjuny, n-
nnup htnwquynd wunmhfwbwpup Uquiund &y, pununmd  ginwupdpudni:

Ppeniputpp dhish hwpuiywluynpytin wbhgind u qupqugdwt 4 hwuwl:
Zupuyuluyhtt oyt ppwinwd E hngnud, mbpbh  Jpu jud  swnjulnyntubpoid
wnlnd £ 9-11 on:

Upwpuwnjut huppwjuypnid $phindwgh dby ubkpunh qupqugnidp mbinud k 25-
32 op:

dhgbinwughwih plupwgpnid pug gpnitnh wuydwbtbpnud Juwuwnnit qup-
qutnid k£ 5-6 ubkpunny:

Zupulyulhg npoipu Bjws phpbeubpp skt ubdnid b jupnn Bb wypl) wdkh put
10 op: 8tpkjuyhtt dwdh nputp pupynid Eu nkp pnyuh ypu b hhdbwljwind tunnd
k. wbplhubkph uwwnphtt dwlbpbuht, wjwhquind & dwjpwdninhg hbun b
Intuwpwughtt: @niquynpnudp unynpupwup junwpynd b hwunit wpwbdyulukph p
hwjwn qunt wnwght opu pupwgpnid, npytu juink ;nruwpwught:
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Eqp &dtpp kS dwup nunud | gniqudnpnidhg hinn wowehtt tptip opdu pupwg-
pnud:

AJhg nnipu kws pppoipubpp uiybny, wtjuwint wjwitkp Bb pugnid nkplth
dwljtptuht:

U4qtih dbs hwuwlh pppnipubpp upnn Eu ubppwthwigl) mbphwlnph dk, wyn
nhypnid wnkpbt wdpnnenipjudp snpwinud b Gwbws jud hwunitt yunigubpny uudb-
1hu nputip Ynpgunid & wypuiipwyht inkupn:

Gpt pppnipp ubtynud b gnpmiuh (wbih hwdwp pudyminh) dbke, Juwuywsphg
pwpdp poyup snpunud k:

Fppnipubpny Juwudwsnipjut puinpny wpunwpht towbp Juwudws poyjuh jud
wunh dwltptuhtt wpnwpnpuiph jnunwynudu k, npp yunguws £ nunwgunyg:

UY.1. LnjhYh glgh (7uta absoluta) qupqugudwt vimppkp thoykpp
1- hwuntl, 2- &ny, 3— pppnip, 4- hwpuyul

Lnihhh ghgh hwunit pppnipp, hwputyulp Yuwd phptep ddbonid o hnnh
dwljipbuwght okpnnud, hyybu b pniuwljut vhwgnpnubph nwly:

Upwpwnjub hwppwduyph wwydwubkpnud, piywtku gnyg nykghtt Ukp htwnwgn-
wnnipiniuikpn, (n1hh ghigh Uky ubkpunh qupqugnidp mbinwd £ 25-32 op:

dhghnwughwih pupwgpnid pug gpnibnh wuydwbtbpoud Jhwuwnnit qupqu-
unud £ 5-6 ubkipunny:
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