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BIOOXIDATION OF PYRITE, SULFIDE ORE AND COPPER
CONCENTRATE BY NEW ISOLATED SULFUR
AND/OR IRON OXIDIZING BACTERIA

S. KH. STEPANYAN, A.K. VARDANYAN, N.S. VARDANYAN

SPC “Armbiotechnology” of NAS RA
stepaniansk@gmail.com, nvard@sci.am

New original strains of iron oxidizing bacteria were isolated from natural biotopes and
experimental systems of bioleaching. The highest activity in pyrite oxidation among isolated
strains showed Acidithiobacillus sp. 13Zn, isolated from bioleaching pulp of zinc concentrate.
Aacidithiobacillus sp. 13 Zn also demonstrated considerable activity in oxidation of Drmbon gold
bearing ore and copper concentrate. Growth of the strain on ferrous iron is possible in the range of
pH 1.4-2.6 with optimal pH 2.0, optimal temperature for growth is 37°C. Phylogenetic analysis
based on 16S rRNA gene sequences the isolates Tz and Dr were identified as Acidithiobacillus
ferrooxidans, strain 13Zn can be represented as a new species of the genus Acidithiobacillus.

Iron oxidizing bacteria — bioleaching of pyrite — gold-bearing ore — copper concentrate

Puwljut phnwnnutphg b mwppuynisdwi hopdwpupuljut hudwljupgbphg dEiniuwgyty
Eu Eplup opuhnwugunn pwlwubphwubph tnp ophghtwy swmwdubtp: Twwdubkphg whphwnp
opupnugiwlt wnwykjugnyh wlwnhynipmnit gnigupkpl) t ghijh wnwiyniph YEluwnwppu-
nwddwt wnywhg dbynuwgws Acidithiobacillus sp. 13Zn pwnwdp: Gunudp gnigupkpl] £ bwl
wnudh funnwiyniph b nuljpkp ynduwhtt hwapwpwph wwppunsdut pujupup wlnhynipmne:
Cuwidh wéh oyuhdwy ghpdwunh&wp 37°C &, pH-p 2,0 |k, wép  bplupdtp tpuph Jpw htw-
puwynp k pH 1.4-2.6 dhgwljuypnid: 16 S n[FLME h hwonpwljwinipjui $hinghubnhly Jpnisnipjun
hhdwt Jpu dknuugqus Tz b Dr pwnwdubpp tnybwlwbwgdly Bu npwybu Acidithiobacillus
ferrooxidans, haly Acidithiobacillus sp. 13Zn-p Qwupnn b ubkpyuywgyty npwbu Acidithiobaciilus. ghinh
unp whkuwl:

Epljupe opupnuighng pulnkphwikp — yhphup nwppuyniénid —
nullphp hwbpupup — wynbdp punwiynie

HoBble opurnHanbHbBIE IITAMMBI JKEJIE300KUCISIOMUX OaKkTepuil ObUTH HW30JUPOBAHBI M3
MIPUPOAHBIX OMOTOMOB U 3KCIIEPUMEHTAIBHBIX CUCTEM OMOBBINIeNaunBaHusA. HauBbICIIyIO0 aKTHB-
HOCTh B OKHCJICHHH THpPHUTAa NPOABIN Acidithiobacillus sp. 13Zn, M30MMpOBaHHBINA W3 ITyJBIIBI
BBIIENIAYMBAHNS [IMHKOBOTO KOHUEHTpata. Acidithiobacillus sp. 13Zn Taxke moOKazan
3HAUUTENIPHYI0O AKTUBHOCTh B OKHCIEHHH JIPMOOHCKOH 30JIOTOHOCHOH pYABI W MEIHOTO
KOHIIeHTpaTa. PocT mramMMa B MPUCYTCTBHH ABYXBAaJCHTHOTO Xejle3a BO3MOXKEH B mpenenax pH
1.4-2.6 ¢ onrTuManbHbM 3HaueHmem pH 2.0, omruMansHoii Temmeparype pocra 37°C. Ha
OCHOBaHUH (DUIIOTEHETHUCCKOTO aHaIM3a HYKJICOTUAHOW mocienoBarenbHocTH rera 16S pPHK
BbIJeIeHHbIe mTaMMbl Tz u Dr Obutn uaeHtuduimpoBansl kak Acidithiobacillus ferrooxidans,
mramM 13Zn MoxeT OBITh IPEACTaBICH KaK HOBBIN BUI pona Acidithiobacillus.

}Keﬂesooxuc/miowue 6al<mepuu — eblujeraduearHue nupuma —




BIOOXIDATION OF PYRITE, SULFIDE ORE AND COPPER CONCENTRATE BY NEW ISOLATED SULFUR AND/OR IRON...

Bioleaching is an alternative resource saving and environmentally friendly
method for metal recovery from ores and concentrates [3]. It is based on the abilities of
acidophilic bacteria and archaea to oxidize sulfide minerals.

Previously, bioleaching of metals was more often associated with mesophilic
bacteria from genus Thiobacillus (now Acidithiobacillus): Acidithiobacillus ferrooxidans
and Acidithiobacillus. thiooxidans. Later on, studies have shown that Leptospirillum and
other thermophilic and thermotoleratnt bacteria are dominating in bioleaching niches [2,
4, 7-9]. The exceptional diversity of eco-geographical conditions of Armenia and the
richness of metal ores provide great possibilities to isolate and study iron oxidizing
bacteria perspective for metal biotechnology.

In this paper we have carried out investigations for studying communities of
chemolithotrophic bacteria in different natural ecosystems and technological conditions,
as well as revealing physiological peculiarities of isolated original and active strains. The
potential of isolated original and active strains and their communities for the application
in bioleaching of pyrite, gold-bearing ore and copper concentrate has been evaluated.

Materials and methods. Strains of iron oxidizing chemolithotrophic bacteria (Tz, Dr, CC,
15 and 13Zn) were isolated from natural and technogenic biotopes (acid drainage water, ore
dumps) of Tandzut polymetallic, and Drmbon copper gold-bearing ores of Armenia as well as
from experimental systems of bioleaching. To isolate iron oxidizing bacteria, Mackintosh medium
[5] with ferrous iron as a source of energy was inoculated with acid mine drainage water, ore
dump or bioleaching pulp samples and incubated at 30, 37 and 45°C for 7-10 days.

Pure cultures were obtained by transferring the yellow and yellow-brown colonies growing
on Manning [6] and FeTSB, [4] solid media to the above mentioned liquid medium. Isolation,
cultivation and characterization of iron oxidizing strains were performed in our previous work [10].

DNA extraction, PCR of 16S rRNA, phylogenetic analysis. DNA extraction was carried
out according to the method described by [1].

PCR amplification was performed in 25 pl reaction mixture which contained 10 pg of the
genome DNA, 5 pl buffer (GoTaq®Flexi DNA Polymerase M8291), 2 mM MgCl,, 100-200 pM
dNTPs, 10 pmol of each primers (27F-AgA gTT TgA TCM TGG CTC Ag and 1492R-TAC ggY
TAC CTT gTT Acg ACT T), 1 unite tag-polymerase (PROMEGA"™), nuclease-free water.

Extraction and purification of PCR-product from agarose gel were done using Zymoclean
™ Gel DNA Recovery Kit (ZYMO RESEARCH). The purified PCR products of approximately
1,400 bp were sent to Korea (MACROGEN) for sequencing. Sequencing was performed using Big
Dye terminator cycle sequencing kit (Applied BioSystems, USA).

The 16S rRNA gene nucleotide sequences of isolated strains were analyzed using BLAST
(http://ncbi.nlm.nih.gov/BLAST). Construction of phylogenetic trees was done by MEGA 6.06
software using neighbor-joining method. Bootstrap analysis was carried out on 1000 replicate
input data sets.

Bioleaching of pyrite: The bacterial strains were grown on Mackintosh medium contai-
ning Fe(I) as an energy source [5]. In the logarithmic phase of growth the cells were collected by
centrifugation at 6000 g for 10 min, washed with acidified Mackintosh medium and resuspended
in the same medium without iron. Pyrite (FeS,) from Shamlugh ore, copper concentrate (Armenia)
and Drmbon gold-bearing ore (Nagorno Karabakh) ground to 45-63 pm were placed into 250 ml
Erlenmeyer flasks and sterilized. Then 50 ml of Mackintosh medium without Fe(I), pH 2.0
adjusted by H,SO, and washed bacterial suspension (10® cells/ml) were added to the flasks. The
bioleaching experiments were carried out at 37°C in shaking conditions (180 revs/min). The pulp
density was calculated as pyrite or sulfide ore ratio to the volume of the medium. Sampling was
performed at 24 h intervals and pH, ferric Fe(Ill) and ferrous (Fe(Il)) ions in the medium were
analyzed. Concentration of copper and total iron were determined by atomic absorption spectro-
meter AAS 1IN (Germany).

Results and Discussion. Original strains of iron oxidizing chemolithotrophic
bacteria (CB) were isolated from natural biotopes of polymetallic (Tandzut) and copper
gold-bearing (Drmbon) ores in Armenia and from experimental systems of bioleaching
7
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and studied. At first screening of isolated strains in respect of pyrite oxidation was
performed. The strains were tested for oxidation of pyrite (FeS,) from Shamlugh ore
(Armenia).

Comparative activities of isolated cultures of iron oxidizing bacteria in pyrite
oxidation (Shamlugh, Armenia) are presented in fig. 1. As seen from the fig. 1,
Acidithiobacillus sp. Tz and Leptospirillum sp. CC showed similar activities in pyrite
oxidation. Efficiency of Acidithiobacillus sp. Dr and Acidithiobacillus sp. 15 was inferior
to its above mentioned strains. The highest activity in pyrite oxidation showed
Acidithiobacillus sp. 13Zn. Pyrite oxidation activity of Acidithiobacillus sp. 13Zn exceeded
that of Acidithiobacillus sp. Tz and Leptospirillum sp. CC about 2.1-2.3 and 2.4-3.0 times
respectively (fig.1).
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Fig.1. Bioleaching of pyrite by isolated iron oxidizing bacteria Acidithiobacillus sp.
Tz, Dr, 15, 13Zn and Leptospirillum sp. CC (PD- 4%, t 30°C, pH 2)

Thus, further investigations were carried out with Acidithiobacillus sp. 13Zn. The
main physiological properties of the mentioned strain were revealed. Optimal
temperature for growth was 37°C. Growth of the strain on ferrous iron is possible in the
range of pH 1.4-2.6 with optimal pH 2.0 (fig.2).
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Fig 2. Influence of temperature (a) and pH (b) on oxidation of iron by Acidithiobacillus sp. 13Zn

16S rRNA gene sequences analysis. The 16S rRNA genes of isolated strains
were amplified and the PCR amplification product was detected by 1.0% agarose gel
electrophoresis. Preliminary analysis of 16S rRNA gene nucleoide sequences of strains
was done wusing BLAST (http:www.ncbi.nlm.nih.gov/blast). Construction of
phylogenetic trees was done by MEGA 6.06.

According to dendogram pesented in fig. 3, Isolate 13Zn was clustered into
At.ferrooxidans and possessed 91% sequence similarity with the type strain
Acidithiobacillus ferrooxidans. Thus, according to phylogenetic analysis based on 16S
rRNA sequences, the strain 13Zn can be presented as a new species of the genus
Acidithiobacillus.
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w4 1 Acidithiobacilius ferrooxidams strain ATCC 23270 (WE_074193.
Artdittobaciifus ferrooxtdans POS06 (LME50T04.10
2 Acidifiiobacillus ferrooxidars strainél (KME19692.1)
Acidiffiobacillus ferrooxidans strain Tz (KIME1P6P1.17
Isolate 13

54

Stifobacillus thermosulfidooxidans strain OL12-1

(KF336023.1)

Leptospirillum ferriphilum strain ML-04 (ME_074594.1)
100 Leptospirilium ferrooxidavs strain C2-3 (ME_074963.1)
ECODMATE Escherichia coli Dnall (dnalkd) (M12544.1)

e
0.l

Fig. 3. Phylogenetic tree of isolated strain Acidithiobacillus sp. 13Zn. The evolutionary history was

inferred using the Neighbor-Joining method. Evolutionary analyses were conducted in MEGAG6.

Isolated strains Dr, and Tz were clustered into At.ferrooxidans and possessed 99%

sequence similarity with the type strain Acidithiobacillus ferrooxidans ATCC 23270 and
were identified as At.ferrooxidans [10].

Isolated bacteria were deposited in the Microbial Depository Center of the SPC of

“Armbiotechnology” of NAS of Armenia and got the MDC numbers (Dr-MDC 7042,
Tz-MDC 7043, CC-MDC 7047, 13Zn —-MDC 7054).

Bioleaching of gold bearing ores and copper concentrates. Acidithiobacillus sp.

13Zn was also tested in respect of Drmbon gold- bearing ore (Nagorno Karabakh). As
shown in fig. 4, Acidithiobacillus sp. 13Zn accelerates oxidation of the mentioned sulfide
ore approximately 5.3 times in comparison with uninoculated control (chemical oxidation).
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Fig. 4. Bioleaching of iron from Drmbon concentrate by Acidithiobacillus sp. 13Zn (PD 10%, t-37°C)

Biooxidation of copper concentrate by Acidithiobacillus sp. 13Zn is presented in

fig.5. Data obtained indicated that extraction of copper and iron from copper concentrate
by Acidithiobacillus sp. 13Zn increased about 7-8 and 3 times respectively (fig. 5).

5 = Control1
=1
4 = Control 2
w3
s B
e S B
=
(@) -
1 -
0 = ! : -
6 10 13 Days

Fig. 5. Bioleaching of iron (1) and copper (2) from copper concentrate by Acidithiobacillus sp.
13Zn (PD 10%, t-37°C)
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Thus, we can conclude that new isolated strain Acidithiobacillus sp. 13Zn may

serve as an efficient candidate for development and performing high efficient bio-
oxidation process of pyrite-containing ores especially gold bearing ores as well as copper
concentrates.

10.
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2015p. Yuwwwpyk] t Upghdh gqhiwph dpunnyjubuntughtt hwdwljignipjut hbnwgnunipnit: fuguhwyngl] tut hwdwlignipjut
ghipulju nbkuwlutpp, numdbwuhpyt) b imbuwlughtt juquh hothnjodwb ophtiwswthnipiniibpp: Mupqyly B np hwdwlkgnipmiinud tnupu-
swlhwl b dudwiwljuyhls wenudny nhuk) £ nkuwljughts juquh dks tdwinieiniy, husp Yupnn b Jiugt; Upghdh ghnh hwilbdwnwpup fuyniy
Eyninghuljuit wyuydwikph vwupl: Zudwljkgnipjub nkuw-ught juqdh dbunpdwi dke qquih wqnkgnipinih k mikgk) hnuph wpugnipmiin:

Shunnyublnnbughl hwdwlkgnipnt i — gkpuluyny wkuwlakp — hnuph wpwgnieinil

B 2015 r. 6p110 MCCIEAOBAaHO (PUTOMIAHKTOHHOE COOOLIeCTBO p. Aprudu. BeIgBIeHbI JOMUHAHTHbIE BUIBI COOOILIECTBA, U3yIEeHBI
3aKOHOMEpPHOCTH HU3MEHEHMs  BHJOBOTO COCTaBAa. BBIACHUIOCH, YTO C TOYKM 3peHUA IPOCTPAHCTBEHHO-BPEMEHHOTO pPa3BUTHIL
¢buTONIAHKTOHA HAGII0fAeTCs GOJIBLIAs CTEIIEH CXOCTBA BUOBOTO COCTaBa, YTO MOXKET CBU/IETEIbCTBOBATH O CPAaBHUTENHHO CTAGMIBHBIX
9KOJIOTHYeCKUX ycraoBuax peku. [lokasaHo, 4TO B GOPMHPOBAHUY BHUAOBOTO COCTaBa (PUTOIUIAHKTOHA GOJBIIOE BIWSHYE NMEET CKOPOCTh
TeYeHUs.

PuronraHKTOHHOE COOOLECTBO — JOMHHAHTHBIE BHJBI — CKOPOCTh TEYCHHA

The phytoplankton community of Argichi River was studied in 2015. The dominant species and changes of species composition of
phytoplankton community were revealed.

The large degree of similarity of species composition was registered in terms of space-time development of phytoplankton
community of Argichi River, which may indicate the relatively stable ecological conditions of the river. It was revealed that the flow
velocity has considerable effect on the formation of phytoplankton species composition.

Phytoplankton community — dominant species — flow velocity

Qnuyhtt Eynhwdwlupgtph hblnwgnuunipjnituipnid jupbnp tpwbwlnipeinit niibt hwdwlEgnipnitutpnid ophuninutph
nbkuwluyht juquh dtwdnpuul, quhywidw b thnthnjadwt gnpéplipugutph ntuntdbwuhpnipiniiubpn [13, 14]:

Shunyuujunth  wbuwfuyhtt  Yuqdp qquymb  YEhuwpwiwluwb  gnighs k' npt wpdwquiupmd L o9puyht
Eynhwdwlupgbpnid  jEtuwwyuydwbitbph  vnwpwpinype  thnthnjnipnibibpht, wjt wpnwhwjnynd £ yuulunbwgh
onhuninubph nkuwluyhtt juquh b pubwuwlui gniguhoubph thnthnpunipjudp: Qpuyht Eynhwdwlupgtpnid hudwlkgnipjui
nkuwluyhtt Yuquh hnhnfunipniabtp B ghudmd hiswybu ubqniught $iojnniughwitph dudwimy, wyjigbu b duppush
wnunnnjudnipjut yuydwbtb-poid:
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Munudtwuhpnipjutt opjkjn £ puwnpyl] Upghdh gbwp, Ubwbw 1§h ophwjup wjuquih wdbktwepunwinp, nph
Epjupnipiniup 51 Yu k hul ophwup wduquith dwltptup® 384 Yu? [1]: Upgh&htt wisph k pljunid wjwbynntwghtt 9oppuninubph
wnbkuwluyht Uks puquuqutnipyudp [2]:

Ushiwnwiiph tyywunwljt t hwinhuwgk] Upghdh ghuinud $hunnyjjuuljnntiughtt hwdwlbgnipjut nkuwljught juquh
nwpwswududwibwluyhtt wpwtdtwhwnlnipniu-ubph nuunidbwuhpnipniittpp b gndhtwtn Yndyipuh puguhwynnodp:

Ui b UEpnn: Upjuwinwiiph hudwp ymp Eu Swnwgky 2015p. quptwup b wotwmup Upghgh qlinh 4ipht, dhohtt b uinnphtt hnuwputphg
Ytpgyws thnpdwtidniputipp:

Onpdwtidnipibph twtwljut b hbnwqu jupnpunnp Wywlnudubpp junwpgl) ko opuljiiuwpuinipmnionid punniidws dbpngutpny [3]:
Mumdtwuhpyty £ $hunnypubjnnughtt hwdwljignipyut npujujut b putujuljut juqdp: Qppdninubph nkuwluyhtt juquh npnonudp Yu-
wnupyl] E wkuwfubph npnodwt hudpuinhwinip fwbwgnid quuus npnohsutiph b mintignygutiph oqunipjudp [8, 9, 12, 16]: Skuwljuyhtt Yuquh
lwimpniip giwhwin]by k puin Unpkuukith gmighsh [15]:

Uppymiiphkp b phlhwploid:  Qupuwup Upghsh ghnh Shunyjuuluntughtt hwdwlbgnipjui hbnwgnunipjut
wpryniipnmid wpdwtmgpyly b wjwljnntughtt gphuninikiph 26 ghinh 54 wkuwl;: @kpuljuyty i phunndwghtt gphuninubpp® 47
wnbkuwl: Updwtwqpyl] b juyunuwlubwy oppuninutphg 6, hull bqituwghubphg’ 1 nbuwly: Zudbdwnwpwp juyt mbuwfugh
puquuquunipjudp wsph tu pulky Cymbella (7), Navicula (6), Nitzschia (5), Pinnularia (5), Gomphonema (4) W Fragilaria (3) gknkpp, n-
pnug qquih dwup, punn JEtuwdlp, phupnuughtt b ypujuntwpbiupnuughtt mbuwfubp Bu [4]: 9bpohtuubphu wpjuwynipiniup
wubljunninmd hujwbwpup qupdwiwynpjus E ghnh opupuiului phdhdm] dwubudnpuybu hnuph pupdp wpugmpyudp:
Epyniwlub mbuwly b wpdwbwqpyty Diaroma, Achnanthes, Cyclotella, Surirella W Oscillatoria, Ukljujwut wnbuwly’® Ceratoneis,
Amphora, Meridion, Cocconeis, Stephanodiscus, Rhoicosphenia, Hantzschia, Melosira, Stauroneis, Aphanothece, Microcystis, Spirulina,
Gleocapsa, Phormidium i Trachelomonas gkntpnid:

Munudtwuhpnipniiibph phpwgpnid ghnh YyEphtt hnuwbpnud qpugyly b wjmbljunntuwghtt ophuninutph 44 wbkuwl,
npniughg 40-n' nhwwnnduyhy,4-p' juyuuwlubws (wn. 1): Shunnyjuinnh pughwinp pupwiwlp Yuqdt) L 2 430 000 pe/|,
huly YEuuwquinquép' 11.8 g/u3: Lutmjuljut gnigwuhoubph qquih dwutwpwdhiip wuwnuik) E ghunndwhtt ophuninttpht
(97%" puwnn pyupwtwlh b 98%" pun Yhuuwquiqush): Untunpnuhttwbin L hwinhuwgl] ghwnndwght ophuninutinhg Ceratoneis
arcus phupnuuyhtt wkuwlp (51%° pun pyupwtwyh b 41%° pun YEtuwquigush), npp punpny b uwep b hnunn opkpht [4, 5]:
Qquih putwulwt qupqugnid ku niitgky wwb Fragilaria construens, Meridion circulare i Cymbella ventricosa nkumljubnp:

Unjniuwly 1. Upghdh ghnp $huinuygjujunniiughtt hwdwljkgnipjui
nuuwlupgnid pun ukgnuubph

npuninukph Qupnil Uopnil

pudhuubp 1* 2* 3 1 2 3
Bacillariophyta 40 30 37 23 33 31
Cyanophyta 4 5 3 3 3 2
Chlorophyta - - - - - 3
Euglenophyta - - 1 1 1 1
Cunhwnipp 44 35 41 27 37 37

*- I-ykphl hnuwip, 2-upohl hnuwbp, 3-unnphl hnuwlip

Qtwnh dhoht hnuwipnid nhwndl] b bhuinyuiljunnuh wbuwfuwhtt puquuquinipyut 35 wnbkuwl) b pwhwjulub
gniguiithpikph (1 008 000 po/q ki 4.6 q/u3) qquith wulnud: Ujt hudubwpwp wuydwbwdnpws b nk) $hinnujutjnnith qupqug-
dwl Yypw hnuph pupdp wpugnipjui (1.1d/4]) mgpbgnipyudp: YUpyht nnuhtiwbin kb bnk) nhuwnndwghtt gphuninubpp (81%° puwn
pYwpwiwlh b 90%" puwn Jhuuwquuqush): Shpuuyt) b Ceratoneis arcus (punn Yhuuwquuquwsh) b Fragilaria construens
(punn pYwpwtiwalh) nk-
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uwljubpp, npntg pwbwlwlwb gnigwhoubpp wju phinwlbnnud bjuqbk] B Lwpunpy phunwibnh hwdbdwn ghundt b
ohpdwunh&wih npnowlih pupdpugnid [wy. 2], nph wpyniupnid hwdwlkgnipniinud bjundl) £ juynulwiws ophuninubph
pwiwlulwh gnigwihpubph wg (19%° pun puwpwbwlh b 10% pun Jhhuwquiqush): Zudwlt-gnipniihg nnipu b dngt
nhwnnduwghtt oppuninubph npnp wbuwlubn' Stauroneis anceps, Cymbella prostrata, C. helvetica, C. lanceolata, Hantzschia
amphyoxys, Gomphonema parvulum U wyjju:

Unyniuwly 2. Upghgh ghnh hnuph wpwgnipjui b ghpdwunhdwih wpdpubpp

Thunwlbkwnbp* Qupnih Uontil
znuph wpwgnt- |QEpdwunpdwl, | Znuph wpugni- | Qepdwunhgul,
P, U/ t°C P, U4 t°C
1 0.7 11 0.2 14
2 1.1 13 0.4 145
3 0.3 13 0.6 14

*Yhunwllnkp  1-JEppl hnuwip, 2-uhohl hnuwip, 3-uunnphl hnuwip

Updwtwgpyty t ophuninutipnh 41 wmbkuwl, npnughg 37-p° nhwwnndwght, 3-p° juyunuwlwiws b 1-p° Eqkuught (wy. 1):
Uwnphtt hnuwipmd oipdwumnhguh thnthnpumipinit sh nhwngby, hulj hnuph wpugmpiniup Euipunpydt) £ qquih tququui® 3.5
wiquu: Updwtwgpyt) £ $hunnyyjujuinih npujuljui b puwtwuljulwh gniguithpubkph npnpwlh wg: BJupwwlp dedwgh) k1.8,
huy jEuuwquiqquép® 1.9 waquu: Lubwljuljut gniguihptbpny swpnitwyl] bu gipwljuyt] phuwnndwhtt oppuninubpp (91%°
pun pyupwtwlh b 94%" pun Jhuuwquiqqush): Zudwlbgnipjut gnuihtwbntbpt b int) Ypyht Ceraroners arcus & Fragilaria
construens whuwljutpp, npnug pubwjulwh gnigwhoubpp qquihnpk pupdpugl) i Znuph gusp wpwgnipniup tywunk)
dhinyubljnnughtt hwdwybkgnipmibinid npny wjwblunntughtt b yuujunbwpbkiupn-uughtt mbuwfubph, huywhuhp L'
Stephanodiscus hantzschi, Cyclotella comta, C. kuetzingiana, Rhoicosphenia curvata, Melosira varians, Cymatopleura solea, Aphanothece
clathrata, Microcystis aeruginosa v Oscillatoria geminata puutwjuju gniguthoubinh pupdpugdwin:

Quptwup Upghdh ghwnh tplip phunwltnbph dhunyjuinnuh nbuwfuihtt juquh hwdbdwnnipyut wpyniipnud
nhuyt] E hwdwlbgnipnibubph dbs tdwnieni (wr. 3): Skuwljuyhtt juquh wowyl] ks tdwinipni phngl) b ghnh yepht b
Uhohtt hnuwptbpnid (0.65): Qtwnh nn9 hnuwlpht punpny tu tnty Gomphonema olivaceum, G. angustatus, Diatoma vulgare, D.
hiemale, Fragilaria construens, F. capucina, F. sp., Ceratoneis arcus, Rhoicosphenia curvata, Achnanthes tainiata, A. minutissima, Melosira
varians, Surirella robusta splendida, Meridion circulare, Cocconeis placentula, Cyclotella kuetzingiana, Cymbella ventricosa, Nitzschia
dissipata, N. sp., N. kuetzingiana, Navicula radiosa, Aphanothece clathrata, Microcystis aeruginosa, Spirulina sp.  w wmkuwlukp, hisp
Jupnn b JUuyl] ghunud mwpwswluwi wenudng wphnnhly gnpénutbtph ny qquih thnthnjumpmoiiitph dwuehl: Unwidhv
nhnwltntpmd bhinnyutljnniuh wkuwluwihtt juquh hudbdwwnnipmniipn gnyg b wdby, np wowyly) dks L wy phunwljinkph
tdwnipinitp, npuntin hnuph wpwgnipjut wpdtputpt wpwyty dnwn u (wn. 2, 3):

Unyniumly 3. Upghsh ghinh Eptip phunwlinbkph $hunnyjutljnnith nkuwlught
Juquh hwdbdwwnnipjub wpyniuputpp (pun Unpluukuh gnpswlgh)

Unpkuukuh gnpduljgh wpdbpukp
Yhunwlbnbp® Qunpnil Uonil
1-2 0.65 0.7
1-3 0.63 0.68
2-3 0.6 0.73

*Yphunwllinkp 1-Jkpph hnuwbp, 2-upghl hnuwbp, 3-unnphl hnuwip
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Uptimtip Upghsh ghinh  $huinnujjubiljinninid gpuigyty & ophuninbph 24 ghintiph 44 wnkuwl, npnighg 37-p nhunndwyghb,
3n' juyunwlwiws, 3-p° Jubtwg, 1-p* Ejqitught: Unwdb) hwpniun nbuwluyhtt juqdng wsph Bu pulky Navicula (7), Nitzschia
(7), Gomphonema (4) Achnanthes (3) & Fragilaria (3) gintipp: Ukl b tpynt nbuwl wwpnitwlng ghintpp uqdt] Bo hwdwlbgnipjut
nbkuwluyht puquuquinipu onipg 54%-p: Fupbwb hwdbdwn hwdwlbgnipmiip hwdwpdt t jubws gphuninubpny, npnig
qupgquguuip hwjwiwpwp tyuunk) k obipdwunhguth pupdpugnidp (wy. 2):

dhphtt hnuwbpnmd wpdwiwgpyly b ophuninubph 27 wbuwl: Zwinhwl o ghwnnduyght, juyunwluiwy b bqkiught
onpuninutp, ghipuluyl) i phwnndught gphuninubpp (85%): Shunnyuulnnuh pqupwiwlp Juqub) & 404 000 pe/|, hul Yhu-
vwquiqiusp 1.5 ¢/ Cun plwpwbwlh ghpulugk; kb juupunwulwiws ophuninibpp (56%), puwn Yhiuwquibqush®
nhwwnndughutpp (51%): Uju nhinulbnnid juynwlwubwy gphuninubph qupqugdwip, hwjwbwpwp, tywunky k hnuph gusdp
wpwqgnipniup (wr. 2): Zwdwibgmpmniind hwdbdwnwpup dbs pwhwljuuwb  bbhpppoud Bu nibbgl] Juyunwlwbws
ophumnubphg Spirulina sp., fhunnntwhitbphg Rhoicosphenia curvata, Gomphonema sp.« Cocconeis placentula wkuwljubpp:

Unpghgh glinh dhohtt hnuwtipnid yEpht hnuwiph hwdbdwn nhnygt) L pubtw-Juljub (962 000 pe/y b 3.7 ¢/UB3) b npuljuljut
(37 mbuwl)) gnigwuhpubtph npnpwlh wd: hpuwluyl] b ghwnndwhtt gphdnnubpp (75%° pun pdupwbwlh b 83%" puwn
YEuhuwquuquéh), nnuhtiwtnty & Melosira varians-p, npp hwunhuwinud £ yjutjunbwpkipnuughtt nbkuwly [5]:

Uwinphtt hnuwtpnid gpuiigt) b ophunintkph 37 mbuwy (wy. 1): dhunyjjuiunntughtt hwdwljkgnipmniip hwdwpgt) &
Closterium ehrenbergi, Characium naegelii W Dictyosphaerium pulchellum Jwtiwy onhunintibpny: Fthudby £ wb pwbwljuljub gni-
guithptiph Yplwhh ws: Cwpnibwlby ko ghpuljwyb] ghunndught gppumnitpp juquting plupwiuyh b jEiuwqubqyush
96%-n: uhuwtwn mbuwy k. tnky Melosira varians-p, npp puwbwljuljub gniguwithpubpp twjunpy ghunwltnh hudbdwn wgk) B
Unwn 7 whqud: Fupdp putwluwlwut gniguhpubpny wpdwtwqpyty B twb Diaroma vulgare W Fragilaria capucina nkuwljubpp:

Ustwtip ghnh tptp phuwlbnbtpomd bhunyujunuh hwdbdwnnipniup bphwil) B wbuwlughtt juqdh dbs
tdwlnipinit (wn.3): Puyybu quptwtt tp ghndb), dhnnyjuunnuh nkuwuhtt juquh hwdbtdwnwpup UGS tdwnipmniutbp
gqpuiigyt] Eu wytt phnwljbnbpnd, npntn hnuph wpugnipyut wpdtpubpp tnky o wnwybt) Unwn (wy. 2; 3):

Zudbdwundl) b bwl ghnph $huinyubuniughtt hwdwljbgmpyut qupbwt b wpbwt nbuwluhtt juqdtpp, high
wpyniipnid nhingb] b puduljuitht dbs idwtnipmni’ 72%, vwljuyt mwuppbpnipinit £ nhndb] pndhttwn ndwyy ipuh jurnigyws-
pnud:

Ujuyhuny, Upgh&h ghwnh $punnyjuluntughtt hwdwlbignipmniunud hhdtwwind  ghpuunud Eu ghwnndwght
ophunintbpp, hsp punpny E (kntiughtt gknkph bhuinnuyjubljinnhi [6, 7, 10, 11]:

Stuwuyhtt juquh gonuhtiwtn Yodwpup dhwdnpynud b Ukbwdwuwdp Ceraroneis arcus, Fragilaria construens, F. capucina,
Melosira varians, Rhoicosphenia curvata, Cocconeis placentula, Diatoma vulgare, Meridion circulare, Cymbella ventricosa wkuwljubpny,
pun npnud wyu pojnp wbkuwlubkpp Wnwuybu weju bu hwdwlbgnipniund b tpwughg npny wkuwlubph  ghpuluynidp,
hwjwbwpup, jpnud | incjuniughnt punyp, husp ghndl) bp twb twjuhtt hbnnwgnunipniutbph wuphtbph [2]:

Zudwljigmpniinud nuwpuswlut b dudwbwuluihtt wentdng ghuynd £ wbuwluyhtt juqdh dbs tdwbinipmni, husp
Jupnn b yyuyt) wphninply gnpéntutph ny qquith thnthnpumpinitutiph b glnh Juynit Byninghwuljut yuydwitbph dwuhie

Stuwuyhtt Juquh dbwdnpdwt ke pudujutht Ukés wqpbkgnipinit nith ghwnh hnuph wpwgnipmnitp: Ujt byuwunnud ©
twl dhunnuyutjinnughtt hwdwlgnipniunid phipnuwghtt b wiwbljunuwpkipnuuwhtt gphuninubph downwljut wnljuynipjuuh
ni pwlwuluwh wpwybnipjuip:
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CHANGES IN SPHINGOMYELIN AND PHOSPHATIDYLCHOLINE
CONTENT IN RAT LIVER NUCLEAR STRUCTURES DURING THE
INVIVO ACTION OF CISPLATIN

E.S. GEVORGYAN, ZH.V. YAVROYAN, N.R. HAKOBYAN,
A.G. HOVHANNISYAN, E.G. SARGSYAN

Yerevan State University, Department of Biophysics
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The content of sphingomyelin and phosphatidylcholine in rat liver nuclear membranes, nuclear
matrix and chromatin was studied during the in vivo action of cisplatin. It was shown that the action of
antitumor agent lead to decrease of content of both sphingolipids in all studied nuclear structures. At
the same time the sphingomyelin: phospatidylcholine ratio was also significantly (nearly twice)
decreased.

Cisplatin — sphingomyelin — phosphatidylcholine — nuclear membrane —
nuclear matrix — chromatin

Znwuqnngby Ewntiknh jupgh Ynphqupunuiph, Ynphquht dunphpuh b ppodwinhtih uhb-
gnuhbkhth b $nudpwnhnhjjunihth pununpmipmiip hwlwnienigpughtt thwgnipnit ghuwjjuwnpth 7n
vivo wqnlgnipjut nhwpnud: 8nyg L wpyws, np ghuwjuwhth wqpbgnipniip phpnud £ niund-
twuhpqwé Ynphquyhtt juenygubpnud tpdws udphugnihpyhnubph pununpnipju qquih tuqlwi:
Uhwdwdwbwl] qquihnpku (Unwn tpynt wiqud) thnppunid | twl uphugnuhtijht: dnudwnhnhijunihe
puthwjuljwt hwpwpkpnipniip:

Shuwgjunpli — uppligniplypl - pnupunnpypypungpl - hnphqupunuiye -
ynphquypl unnpppu - ppndwinpl

V3y4eHo in vivo Bo3JeHCTBHE NPOTUBOOINYXOJIEBOrO Mperapara LUCIUIaTHHA Ha COACpPIKaHUe
counromumuaa u ¢GochaTuIWIXOJIMHA B IperapaTax SAEPHBIX MeMOpaH, SIEPHOTO MaTpuKca H
XpOMaTHHa KJIETOK IedeHH KpbIc. [Toka3aHO, 4TO IMCIUIATHH IPHBOJUT K 3aMETHOMY CHIDKEHHIO
comepxaHusg O0OMX C(QUHIONMIHAOB B TpeX H3YUCHHBIX SIEPHBIX CTPyKTypax. OTHOBpEeMEHHO
3HAYUTENIFHO (IIPUMEPHO BJJBOE) YMEHBIACTCS TAKXKE KOJMYECTBEHHOE COOTHOIICHHE CHUHTOMUEITHH
: hochaTumuIxouH.

Lucnnamun — cpuneomuenun — pocghamuounxonun — sdepnas memopana —
A0EPHbIIL MAMPUKC — XPOMAMUH

It is well known that the sphingolipids are very active biological compounds and
important components of various membranes which are participated in many processes such
as cell proliferation, differentation, intracellular signal tranduction and cell death [1, 5, 15,
19]. They also occupy the principal position among the apoptotic regulators [15, 19], taking
into account that the sphingomyeline metabolites such as ceramide and sphingosine
16
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are proapoptotic poisons [2, 3, 15]. The phosphatidylcholine-sphingomyelin metabolism cros-
stalk inside the nucleus was also well investigated and the alteration of phosphatidylcholine :
sphingomyelin ratio during the cell cycle was clearly demonstrated [3].

These above-mentioned facts confirm the importance of investigation of sphingolipids
content alterations in various nuclear structures (nuclear membranes, nuclear matrix and
chromatin) caused by in vivo action of antitumour factor cisplatin in rat liver cells.

Materials and methods. The experiments were carried out on albino rats (120-150 g weight).
Cisplatin was injected peritoneal in concentration of 5 mg per 1000 g animal weight. Rats were
decapitated after 24 hours of cisplatin injection. Rat liver nuclei preparations were isolated by the
method of Blobel and Potter [10]. Nuclear membranes were isolated by the method of Berezney et al
[8], nuclear matrix preparations were isolated from purified nuclei by the method of Berezney and
Coffey [7] and chromatin was isolated by the method of Umansky et al [20]. Phospholipid extraction
was carried out by Bligh and Dayer [9]. The fractionation of phospholipids were carried out by micro
thin layer chromatography (micro TLC) using L silicagel, 6 x 9 sm” plates with the thickness of
layer 5-7 mcm, using chloroform-methanol-water in ratio 65:25:4 as a dividing mixture. After the
chromatography the plates were dried up at 20°C and were treated by 15.6 % CuSO, in 8 %
phosphoric acid. Then the elaborated plates were heated at 180°C for 15 min. The quantitative
estimation of separated and specific died phospholipids was carried out by special computer software
FUGIFILM Science Lab 2001 Image Gauge V 4.0, which was destined for densitometry. Obtained
results were treated by statistics.

Results and Discussion. The high metabolic activity in nuclei is preserved by the pre-
sence of numerous different enzymes including those that regulate the lipid metabolism. Many
of these enzymes are targets for cisplatin action so as this chemotherapeutic agent is able to act
on various pathways of lipid metabolism in nuclei [18]. The decrease of total phospholipid
quantity under the in vivo action of cisplatin in rat liver nuclear membranes, nuclear matrix and
chromatin was demonstrated in our previous studies [12, 13, 14]. Those results demonstrated
that cisplatin in vivo action provoked quantity changes almost in all individual phospholipids in
rat liver nuclear fractions. Taking into consideration the above-mentioned literature data we
concentrated our attention especially on alterations in sphingolipids content in nuclear
membrane, nuclear matrix and chromatin fractions of liver cells (tabl.1).

Table 1. The content of phosphatidylcholine and sphingomyelin (in micrograms per gram of tissue) and
the sphingomyelin : phosphatidylcholine ratio in rat liver nuclear membrane, nuclear matrix and
chromatin fractions before and after the cisplatin in vivo action.

. . The sphingomyelin:
Sphingomyelin content Phosphatidylcholine phosphatidylcholine
Nuclear fractions content ratio
Baseline Cisplatin Baseline Cisplatin Baseline | Cisplatin
Nuclear membrane fraction 217,50+£9,23 [*111,00+5,13500,25+21,22 466,20+21,55 0,435 0,238
Nuclear matrix fraction 14,11+ 0,42 || *7,00£0,20 || 14,78+0,44 | *12,00+0,34 0,955 0,583
Chromatin fraction 13,7240,36 | *7,64+0,25 | 29,40+0,78 | *25,60+0,83 0,467 0,298
*p <0.01
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These results showed the different measure of decrease in sphingomyelin and phos-
patidylcholine amount in all studied nuclear fractions caused by cisplatin treatment. The
sphingomyelin content considerably decreased (nearly twice in all studied nuclear frac-
tions), while in case of phosphatidylcholine the diminution was less than 20 %
(tabl. 1). It means that cisplatin in vivo treatment resulted a new status of nuclear lipid me-
tabolism. This new metabolic state may be the consequence of some processes which con-
cern the sensitivity of some nuclear enzymes such as sphingomyelinase or sphingomyelin-
synthase to cisplatin. Changes of activity of these enzymes may lead to increase the tranfer
of phosphorylcholine group from sphingomyelin to phosphatidylcholine to a certain extent.
At the same time it is well-known that the major metabolic product of sphingomyelin is
ceramide, which is generated by nuclear sphingomyelinase and triggers apoptosis and other
metabolic changes [3, 4, 6, 16]. Finely, the significant decrease of sphingomyelin :
phosphatidylcholine ratio (tabl. 1) may affect on fluidity of nuclear membrane which in its
turn may lead to appreciable metabolic exchange between nuclei and cytoplasm.
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ULLVTULNRONRSEP LSNP ESUL UTESNRE3NPULE CALLISIA FRAGRANS
TEN\ULNP3SUDP UMM8NRLUYESNRE3UL YU
UuzNn, UcUunNk3eh MUSUULLEMNRU

U.U. 9Urunessuy

22 QUU Q.U. Muypyubp winjul hhppnuynbhlugh wpnppbdikph piunpunnin hydropinstitute@gmail.com

Uuhnn dpwlnyph wuydwbtbpnid ntuntdbwuhpdby £ Ywdpjuith uvbinunidnyph wwuppkp fpnnipniautph (0,51, 0,75
U, 1,0°L, 1,25 U) wqnbgnipniup Callisia fragrans nhnupnyuh wpnibwybnnipjub Jpu: Zknmwgnunipniiiph wpyniipnud
wkih tnup ubiiqpumsnypny utnigdws poijubph Unin gpuibigyt) i ninwhnuiph pupdp wpyniiu]binnipeinit b $hghninghw-
Qb gnps-pupwugubph wlnhjugml: Yhnuhnudph pupdp wpynibudbinnippui ounphhy tpunpulnhy Wmpbph b
nupunuiynmpbph wpwybjwgnyh &) wywhnyty £ 0,5 U inmwppkpuljp bt gbkpuquigk) dniuitkphtt hwlwwywnwupowbwpwn 1,1-
2,411 1,4-2,2 wquud:

Callisia fragrans — wihny Wpwlniype — ubbinuyniénye — uwnnyenii— wpynibunfEwnniyenti

B ycmoBusix 6eCrioYBeHHOM KyJIBTYPbI H3Y9€HO BIIMSHYE Pa3TUIHbBIX KOHI[EHTPALIUI (0,5H, 0,75H, 1,0H,
1,25 H) nurarensHoro pacreopa [laBrsHa Ha IIPOZYKTHUBHOCTD JeKapCTBeHHOro pacrenus Callisia fragrans. B pesymsrare
WCCTEfOBAHUN Y pacTeHWi, IOANUTHIBAEMBIX Oojiee CIabbIM IUTATEIbHBIM pACTBOPOM, OTMEYAIMCh BBICOKASL
IIPOLYKTUBHOCTD JIEKAPCTBEHHOTO CHIPhSI ¥ aKTHUBU3ALUA (U3HOTIOTMYECKUX IIPOLIECCOB. Biarosaps BEICOKOM IPOYKTHB-
HOCTH JIEKAPCTBEHHOTO CHIPhs, MAKCUMAJIbHBII BBIXOJ, SKCTPAKTUBHBIX U AyOIIIBHBIX BelecTB obecreunsan Bapuast 0,5 H,
KOTOPBIi1 IIpeBbIIIai ocTarbHble B 1,1-2,4 1 1,4-2,2 pa3a cOOTBETCTBEHHO.

Callisia fragrans — 6ecmoyBeHHAA Ky/IbTYpPa — IIHTATEIBHBIH PACTBOP — KOHI[€HTpaI[HA — IPOZYKTHBHOCTB

The influence of different concentration of Davtyan’s nutrient solution (0.5 N, 0.75 N, 1.0N, 1.25 N) on
the productivity of herb Callisia frangrans has been studied in soilless culture conditions. In the result of investigations
high productivity of raw medicinal material and activation of physiological processes has been registered in plants
nourished with more dilute solution. Due to high productivity of raw medicinal material, 0.5 N variant has provided ma-
ximum output of extractives and tannins, and which has exceeded the others by 1.1-2.4 and 1.4-2.2 times, respectively.

Callisia frangrans - soilless culture — nutrient solution — concentration - productivity

Uthnn dowlnyph wuwydwbbbpnud, htwpwynpnipnit nitktwny wwupqupwil) pnyubph hwipugh
ullipuemipjutt  pupn  fuunhptbpp, Jupbh b pugwhwynb] npubg wppymibwdbnnipiut  pupdpugdwi
Ubkjuwuthquubpnp [4, 6, 9, 12, 13]: Qnynipejnih niikh onipg 1000 ublipunidnyputp, npnip dhdjwighg wwpphpdnud
tlu ny vhuyt juquny, wy] twb vbiqupup mwuppbiph hwpwpkpmipjudp: Upgnibwpbpuljut hhnpnuynuhuynid
Yhpwnynn utigunisnyphtphg wewyt] hwjnih b Yupjuih, YWunwh, 2ZEphgqbih, Mpyuhothynygh, 2Qkutnlyngh
b Puqhphtigh, Unbjubph, AEuwnhh b wy) jnwsnypubp (3, 4,
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8, 11]: Utiinunisnyph puwnnipnibp juplnpugnyb gnpént E hwinhuwinud wpdwinttph Yandhg utinupup
wnwppbph Jubdwb gnpépipwgnid: Swppbp dowlwpnyubph hwdwp vbingundnyph owwuhdw) junnipniup
wnupptp k, b wiqud dhbiinyt pnyuh hwdwp wyt Jupnn E infjugl) otinnglitkqgh plpwgpnid: Uttnunisnyph
Juinnipniihg £ jujudws tpw oudnwnhly guonidp, npp whwnp E wykjh thopp (hth, pwt ppowhmiph oudnwnply
Luonudp: Zwjwowly nhwpnd htwpwynp E ny dhwyt poyubph Ynndhg oph b hwpuyhtt mwuppbph fubdwi
punhwwnnd, wyy tnyuhul] wpdwnitph dhengny onp htiinhnup nbwh wpnwphtt thowquyp [4, 6]: 8nipwpwisnip
towljupnyup hwdwp owwhuw] uttnunidnyph punpmpniip b jhpunndp Jupnn b tyuwunt) poygubph
ynquhg hwbpughtt uppbph woufbjugnyt Jubdwip b mpugdwip pudupupkny prygup wpu jud wyi
dhlpn b dwlpniwpph tjundwudp yquwhwben: Uju wdkup Yupwuh pnyuh wsh b qupqugdwi, hyybu hwb
Yhuuwuptptnhly ypngkuubph tnpdw) pipwugpp:

Unyu wopuwwnwtiph twywwnwlu b hbwwqnuty Callisia fragrans (Lindl.) Woodson phnupnijuh wdkgdut
wpynibu]bnmpmip  pugopyu  hhnpnynbhjuymd’ Ywypjuih ubbguinsnyph nwpplp  onmpmatkph
Yhpurdwt yuydwibkpnud:

Ynip b dEpnp: Onpduplyl) ki wlwnbdhlnu U, Yudppuih Ynndhg dowluws ubinunisnyph [3] wwppbp
Junmpnibikp’ 0,5 G, 0,75 U, 1,0 U, 1,25 U: Whpunby b pnyup hhgpnuyniihl dwbuguiphng winwug]ws nbluigmphpp: @npdkpp
Yt Bl 0,16 U? udwl dwltiptu niikgnn hhypnunuhfjulwb Jighnughnt winpubpnud (ntluplh 12pngu/ @ jonngeyudp): Qp-
whu wdkgdwt dhowyuyp Yhpunydly £ 3-15 dd dwuthyubph wpwdwgsny quupwuph b hpwppiughtt jupdhp wpudh 1:1
Swyuwqughtt hwpwpbpnipjudp fowntnipyp: @npdtpp npdlp i 5 Yplunnmpudp: Ywwnwpdl) Bo hghninqujun b
nhinwphuhwlwt htnlyw) hwdwhp gipnsnipyniibpp. jubws quiqyusnid npnoyky £ oph dpuiljghntt Yuqdp, peowhiniph
outnnhl] &uponudp’ punn Gnuubh (2], $nunupiiptnhl gmbuiympbph Wupmbuympmop pun dhngnugih [14], snp ghnu-
hnudpmd’ qupunuiympbph, tpunpulunhy] gopbph b unbwymppuot gupmbwympmip (1, 10): Unwugdws wpyymbplkpp
Lipwplyt] b dwpkiunhulub dywldwl’ GraphPad Prism 6 hwdwljupgsuyht Spugpn:

Upgyniphkp b pabwpynid:  Shuwhnpdbph wpynipmd wupgqyly) &, np tnup ubbpugnisnypny
ulinigyud pnijubiph dnn nhingty Ewykih hunbbupy wé b qupgugnid: 0,5 G, 0,75 L b 1,0 U wwwppbpulbph thol’
nun phnuhnidp hwdwpyny pudninubph b wbphubph pwupd b snp quiqusubtph, twwb twppkpnipnit sh
qpuiigyty: Uhtsntn 1,25 U nupphpulp nkplubkph (pupd® 2,1 b osnp' 1,9) b phdgmnbbph (pupd® 2,3 b snp’2,4)
quiguény kuytu qhety kE hwdwywwnwupwwpwp 0,75 L 1 0,5 U wiwp-phpuljubpht (wy. 1):

Unjniuwy 1. Ubtinuynidnyph tmwppbp fnnipiniuubph wanbgmpniup Callisia fragrans-h wpnynibu]bnnipjut ypw, g/pniju

Swppkpuljukp, wnkpl pudjniy pudynin
U (ntinuithnudp)* (pnunhwiinip)
pupd snp pupd snp pupd snp
0,5 920,72 56,5% 576,6° 36,2 928,7 53,9
0,75 1142,3 68,8 495,40 30,7 1067,3 57,8
1,0 890,3 57,2%® 487,5% 27,7% 935,8 48,7%
1,25 533,6° 35,9 251,10 15,30 446,9° 25,4°

a Tukey's Multiple Comparision Test (p<0.05)
* plnuhnidp kb hunfwpynud poyup 9 b unfbyh hubigniyghbp mbkgny pupsbudwbnipulugnyh phdmybkpp [7]

Shqhninghwljwt Ybpnisnipinitutph hwdwp Jtpgyt) £ dhohtt tdniy hhdtwljut pnyuph b gputthg uljhqp
wnunn Ynnuyht pudjninubph wnkplubphg: dbpnsnipnibubph wpyniupnid wwipqyty E np pughwinip oph
wupnibwlnipniup pwwn phy thothnjunipeinit k Ypt) thnpdwpws pnjnp nuppkpuljubpnud, dhtygbn ubbnunt-
Snyph nnipyub Ukdwgdwip qnigpupwug nhngt) £ wquun oph wupnittwlnipjut tJugnid b juwyws onh
wupmbulmpyul wd nunwiykny, hulwyuwnwupwbwpwap, 57,4-65,1% b 28,7-36,2%-h uwhdwbkpnud:

Zuyunith &, np poyjubiph tnpdw) wgh b qupqugdwi hwdwp Juplnp kng dhuyb pighwinip oph wyupnibwlne-

U.U. 9ULUNESSUL
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pintup, wyjh bpw owpdniunipju wunh-&wbp. nppwt UES £ pnyjubtipnud htpwn nnipu phpdnn oph dwubiwpwdhunp,
ugyipwtt pupdp b wmbphubkph dhqhninghwlwmb wnhynipimiup [4, 5]: Uquun oph wnwykjugnyu wwpni-
twlynipniu (65,1 %) qpugyty k0,5 U nupphpuynid, npp ghipuquigl) £ djniu wwpplpuljutphi 3,8-11,8 %-ny:
Uttnuniényph fuinnipiniup wqptgnipnit | niukgl) tub ppowhiniph oudnunhl Lupdwt Jpu: Utinuniényph
Junnipjut dkbwgdwiup qnig-ptpug wyt wgk) b Reowhimiph oudnwnnhly £uodwt tJuqugnyt wpdtp qpugyly b
0,5 U nwpplpwynud, npp qhely k niutikphl 16,2-62,8 %-ny: @mibwuhptnhl hnipkph’ pnpndhih b jupninh-
unhnutph uhtiptqh mbuwtlyniihg nplk ophiwswthnipini sh gpuigyty (wy. 2):

Unniumly 2. Utinuynisnyph inwppkp nmpinibitiph wonkgnipiniip
Callisia fragrans-h $hqhninghwjwt gniguwhputiph Jpw

8mguthouikip Swppkpuljubp
051 0,75'u 1,0u 1,25V
Cunhwinip oph yupnitwlnipiniip, % 93,8 93,9 94,2 93,6
Uquu oph wyupnibwlnipiniip, % 65,1 62,6 61,1 57,4
Guuyyws oph yupnibwlnipiniup, % 28,7 31,3 33,1 36,2
Ugqun onip/juugdud onip 2,3 2,0 1,8 1,6
Poowhiniph oudnwnhly Lupnud, Upl 1,48 1,72 1,96 2,41
L1nnndhy (a), Uq% 23,2 33,0 24,4 34,5
L1npndhy (b), Uq% 10,5 14,3 10,2 14,3
L1npndhy (a+b), Uq% 33,7 47,3 34,6 48,8
YQupnuhunhnyubp, g% 14,8 13,4 12,4 13,4

Mnuphdhwlui JEpnwsnipmniiitph hwdwp opyiljunn Eu hwiinhuwgt) payuh onuisnp pudgninubpp. Yhpundty
ki phdgmintph’ plquhnudp hwdwpdnn hundusbpn [7]: 1,0 U ubbiquynisnygpn] uimgws pogubph dnin gpabgyly
k Epunpuljinpy Wnipbph wnwybjugnyt yupnitwlnipeinil, npp dniu jpnmpniaitphtt gbpuquigl) k1,2 wquad:
Nwpunuiyniptph Yninuljdwt nbuwblnithg wsph b pult) vbttiqunisnyph wdkuwbnup® 0,5 U b wdkwpuhn®
1,25 U wnuppbpuyubpp, npuinbn nupunuigniptph yupniiulnipiniip juqul) B huwdwyuwnwuppwtwpun 1,1 0 1,2
%: Uhwdudwiwl ninuhnidph gudp wppynibwdbnnpjui yuwndwnny 1,25 U niuppbpuyh dnn gusdp b gk by
poyuhg unwgynn Wniph Ep: Gpipoppuyght Swquwt yniptph wnwdbjugnyt ) wywhnydty £ 0,5 'L wnwppkpuyp:
Loyws wnwpphpulp nupunuigmiptph End gqbhpuquigh) b dmu wwp-pipufubpht 1,4-2,2 wiqud, phuly
Epunnpuljinpy Wyniptph Eng 1,1-2,4 wiqud: Hequ-phdhwlwb Jepnwsnipinibibph wpyniipnud wwipgqyty E op Yp-
punqus ubtinuynidnyph mwppbp jonnipmnititpp buljut wqpbgmpmt sk niubgh) antwdnipjut nnuught
wuwpnibwynipyut Jpu (wy. 3):

Unpniuwly 3. Utinuynidnyph inwppkp nmipinibtiph wgnkgnipinip
Callisia fragrans-h ipypnppuyht Swquwb ynipbph uhtptqh Ypu

Swppkpwljukp, U Epunpuljnpy yniphp TNwpunuiymplp Tuntiwnipini
% q/pnyyu % q/pniju %
0,5 32,6 11,8 1,1 0,40 10,3
0,75 32,0 9.8 0,9 0,28 8,7
1,0 39,7 11,0 0,7 0,19 9,6
1,25 33,0 5,0 1,2 0,18 8,8

Ujuyhuny, ptinuhnidph wpynibwdbnnipjudp 0,5 L, 0,75 L b 1,0 U wmupphpuljutph dhol kwub
wnwpphpnipinit sh gputigdl), uwluyb  uvbinumsnyph  funnmpput  dkdwgdwip qnigpupwug tjwql; k
$hqhninghwljut gnpépupwgubtnh wnhynipmniup: Ywpunuiyniptph b lpunpuljnhy yniptph wewdbjugnyu b
wwuwhnyly £ 0,5 U nnuppbpulp b ghpuquigl) dniubkpht, hwdwywnwujpwbwpwp, 1,4-2,2 b 1,1-2,4 whquud:
Tupjuith 1,25 U ubigunisnypp  pugwuwpwp b owinpunupdl] giqubnidph  wpymbwdbnnipyui b
dhqhninghwljut  gnigwuhpubph Jpu: Okl Jipnuoyuy  wwppbpulp  Epypnpnpughtt - SwgUwt  Wnipbph
wupnitbwlnipjudp npny phwplpnud ghipuquugl) b dnuatbpht, vwuyt ipphuubphu dnn ginuhnudph pupdp
wpynibwybnnipjut hwoyhtt pupdn Eunwugyt) twb wyn Wnipbph b
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EFFECT OF EXTREMELY HIGH FREQUENCY EMI ON LIPID
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The investigation of the electromagnetic irradiation (EMI) with extremely high frequencies
(EHF)- 41.8 GHz, 42.2 GHz, 50.3 GHz and 51.8 GHz and low intensity flux capacity (0.6
mW.cm?) of seeds and growth of germs of wheat (Triticum aestivum L.) has been carried out. The
effect of EMI on lipid peroxidation and antioxidant system function of wheat shoot cells has been
also studied. It has been shown that at irradiation of germinating seeds the increasing of wheat
germ mass as well as lipid peroxidation rate is observed. At the same time EMI-induced oxidative
stress was indicated by the markedly change of catalase (CAT) activity depending on EMI
frequency used and exposure duration.

Extremely high-frequency electromagnetic irradiation — Triticum aestivum L. —
wheat germ shoot mass — catalase activity

Munidtwuhpyly E dwypwhtn pupdp hwdwpwjuinipjui (OR2)- 41.8 @2g, 42.2 @29, 50.3
Qg 1 51.8 @2g b guwdp hnuph unnmpudp’ 0.6 ddw.ud? LEjupudugihuwlul dunuquyplui
(EUX) wqnkgnipinitp gnptuh (7riticum aestivam L.) $hitkph wéh ypu: Zkwnwgnunyk) E bwb EUK
wqnlignipniip  gnplth Shikph  pohgubpmud (hwhnubtph whpopuhnuyht opupnugdwt htnkb-
uhynipjutt U hwljwopuhnuiwnuwihtt hwdwlwpgh $niujghwitiph Jpu: 8nyg k wpdk, np &nn
ubipdtiph dwnwquypuhwpnudp phpnud © Shikiph qubqush, npubignid (huwhnibph wkpopuhnuyhu
opupnugiwt hnnkuhympjut wsh: EUL-hunnygws opuhnuinhy uppbup wpiwhwjnynud k
twl  Juuwjugh  whunhimppub  wbauh  gogoumppuedp qupdus Ghpungws
hwdwhwljuunt-pjntuhg b fwnwquypwhwpdwi nbnnnipniihg:

Owjpwhiky pupdp hwdwpiuwlubnippui GEnpuduqihuulul Sunuquypnid - Triticum
aestivum L. — gnpkih Spkph qubqyus — juwnwjugh whnpdnipmnel

UccnenoBanocy Biausaue OMU KBY-muanaszona (41.8 I'Tu, 42.2 I'Tu, 50.3 I'Tu u
51.8 TT) ¢ mWIOTHOCTBIO MOTOKA MomHocty 0.6 MBr.cM™ Ha poct cemsiH mueHuns! (7riticum
aestivum L.). 3ydanoce Takxe Bo3zaeicTBue DMV Ha HHTEHCHBHOCThH MPOLECCOB MEPEKUCHOTO
OKHCJICHUSI JHIUAOB ¥ (YHKIMOHHMPOBAHHE AHTHOKCHUIAHTHOW CHCTEMBI KIIETOK INPOPOCTKOB
MIICHUIBL. Y CTaHOBJIEHO, YTO OOIy4eHHEe MPOPACTAIOMINX CEMSH MIPUBOIUT K YBEINUYECHHIO MACCHI
MIPOPOCTKOB M K YCWJICHHIO TEPEKHCHOTO OKHCICHUS JHUNUIOB. [IpH 3TOM WHIYIUpPOBAHHBII
OMMU OKCHAATHBHBIA CTPECC MPUBOAMI K ONPEIACICHHOMY U3MCHCHHIO aKTUBHOCTH KaTayasbl B
3aBUCHUMOCTH OT YacTOThI U JuiuTesibHOCTH DMU-BO3IeHCTBYSL.

OMHU KBY-ouanasona — Triticum aestivum L. — eec npopocmxoé —akmueHoCms Kamaiazbvl

24
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Nowadays the increasing number of artificial sources, structures and appliances
that emit in EMI range of the electromagnetic spectrum, as well as using the radio-
frequency part of spectrum, make the investigation of EHF irradiation influence on
living matter very important.

The majority of researchers have shown that all membranes of different objects
serve as the main location of influence for radiation in mm range: primary mechanisms
which determine final effect of radiation in mm range influence are developed in the
membranes [see for review [1] and references therein and [10]. It has been shown that
EMI leads to changes of membrane properties: to acceleration or suppression in active
ions transport, to changes in biological membranes permeability due to proteins
conformation changes and by means of membrane lipid peroxidation [4-6, 9, 13].

Although a lot of reports regarding influence of EMI EHF are available, to our
knowledge the mechanisms of induction of biological effects of high plants are not clear
yet. Keeping in view the importance of wheat as an valuable yield crop and MM-waves
as an environmental factor, the present study was designed to test effects of different
EMI frequencies on growth (mass), lipid peroxidation and the activity of catalase in
growing wheat shoots.

Materials and methods. Plant Culture and Electromagnetic Irradiation Procedure: The
seeds of winter wheat (Triticum aestivum L.) of “Bezostaya” variety were used in experiments.
The germination of seeds was released in thermostat at 25°C on wet filter paper in Petri dishes asit
is described in [8]. The non-irradiated germinating seeds and seedlings were taken as control
samples. Experimental samples- 2-, 3- and 4-day-old seedlings were irradiated every day 20 min
with coherent electromagnetic waves of 41.8, 42.2, 50.3 and 51.8 GHz frequencies using a
generator G4-141 type with working intervale of 37.50-53.57 GHz (State Scientific-Production
Enterprise “Istok”, Russia) and power flux density 0.6 mW-cm™.

Plant Extract preparation: The procedure of the plant extract preparation can be found in
[8]. The supernatant of shoots homogenate was used for assessing the protein content by [11] and
CAT activity using UV-visible Spectrophotometer (model SF-46, USSR).

Analyses of lipid peroxidation: Lipid peroxidation in shoots was determined by estimation
of the MDA content following the method of Costa H. [8] with slight modification [12].

Catalase activity assays: Catalase CAT (EC 1.11.1.6) activity was measured by the
method of Korolyuk M. [3], which is based on the reaction of the H,O, in a mixture with
ammonium molibdate ((NH;3), .MoOy,).

Results and Discussion. EMI effects on the growth of wheat plants: Effects of
EHF EMI on growth wheat’s shoots were carried out of 2-, 3- and 4-day-old plants.
Growth intensity defined by mass of beforehand irradiated seeds shoots showed
significant differences as compared with control, especially at the higher frequencies of
EML

In case of irradiation with 42.2 GHz frequency the mass of germ shoots increases
by 30% in the 3-day-old plants after seeds irradiation compared with the 2-day-old
plants and by 74% in the fourth day after irradiation compared with the third day. At
irradiation with 50.3 GHz these parameters were 30% and 74% and at irradiation with
51.8 GHz- 38% and 91% respectively. Besides, the activation of seedlings growth
intensity showed the most magnitude value in 4-day-old plants at 50.3 GHz and 51.8
GHz frequencies, which are the water resonant frequencies as it is known well [1]. These
and earlier data [14] coincided well.

EMI effects on wheat seedlings cell lipid peroxidation content. It has been
revealed that multiple irradiation of germinating seedlings of control seeds induced lipid
peroxidation activity increase in germ cells the change magnitude of which depends on
irradiation frequency and duration (fig. 1).

Obtained data showed, that EMI results by increase lipid peroxidation process
activity, which expressed by MDA rate increasing. So, in case of wheat seedlings’
irradiation by 41.8 GHz and 42.2 GHz frequencies MDA concentration showed trend for
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increasing for each EMI duration according to the age of the shoots. Thus, in cells of 2-
and 3-day-old shoots exposed to EMI by 41.8 GHz frequency the MDA amount increases
by 44% and 55% for EMI 60 min summary duration and by 55% and 50% for 80 min
duration, correspondingly as compared to control plants. At the same time, in shoots of 4-
day-old experimental plants increasing of MDA rate was not observed, which witnessed
that lipid peroxidation intensity does not exceed the appropriate control (fig. 1a).
Approximately the same phenomenon were observed for 2- and 3-day-old wheat seedlings
multiple irradiation with 42.2 GHz frequency (fig. 1b). But, for 4-day-old shoots MDA rate
increased by 1.52- and 1.68-fold respectively for 60 min and 80 min EMI duration as
compared with control. As it is obvious from fig. 1 (fig. 1, c, d) the greater responses of
lipid peroxidation were recognized in case of wheat seedlings EMI by 50.3 GHz and 51.8
GHz frequencies. According to obtained data MDA content significantly (P < 0.01)
increased in all the expose EMI and this increase reached its maximum at 60 min
compared to control. On the other hand, the further irradiation for 80 min results by
significant decline of MDA rate in all three ages experimental seedlings studied (fig. 1c, d).
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Fig. 1. The dependence of MDA rate in wheat seedlings during their growth on EMI duration
with 41.8 GHz (a), 42.2 GHz (b), 50.3 GHz (c) and 51.8 GHz (d) frequencies.

Influence of EMI on catalase activity: It has been revealed that the irradiation of
germinating seedlings induces catalase activity increase in them the change magnitude of
which depends on EMI frequency and expose duration, as well as on plants age (fig. 2).

From the data represented in fig. 2, it is obvious that in case of irradiation with 41.8
GHz frequency catalase activity noticeable decrease was observed in the 3- and 4-day-old
shoots, moreover this fact depends on irradiation duration. Interestingly, in case of EMI
with 20 min duration in above mentioned age plants the catalase activity decreased by
13.4% and 6.4% and for 60 min irradiation- by 23.4 % and 13.1 % respectively. The
further increase of irradiation duration up to 80 min causes a significant activation of
catalase: more than 1.5-times compared to the 60 min duration EMI and by 13% compared
to control 3-day-old plants. For the 4-day-old plants the same criteria were 1.33-times and
18% correspondingly. As it is obvious from represented figure (fig. 2c, d) the same
regularity was observed during growth of irradiated shoots with 50.3 GHz and 51.8 GHz
frequencies, moreover in case of last two EMI frequencies response was grater.
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As it is obvious from represented figure (fig. 2, ¢, d) the same regularity was
observed during growth of irradiated shoots with 50.3 GHz and 51.8 GHz frequencies,
moreover in case of last two EMI frequencies response was grater.

1.2 a 1.2 b

C
# 20 min
# 60 min

= 80 min

(o}
=20 min
= 60 min
= 80 min

Catalase activity (u.a./mg, protein)

Catalase activity (u.a./mg, protein)

# 20 min

60 min

Catalase aclivily (u.a./mg, prolein)

® 80 min

Fig. 2. The dependence of catalase activity in wheat shoots during their growth on EMI duration
with 41.8 GHz (a), 42.2 GHz (b), 50.3 GHz (c) and 51.8 GHz (d) frequencies.

So, based on obtained data it is possible to conclude: in all age-plants exposed to
EMI decrease of catalase activity is registered for 20- and 60 min exposure duration.
Besides, parallel to the increase of EMI duration up to 80 min, enzyme activity increases
in tested wheat shoots of the same age. At the same time, the catalase activity showed
trend for increasing for each EMI duration, according to the age of the plants. The
increasing activity of catalase appeared to be involved in effective scavenging ROS
generated by EMI treatments.

The results of our study revealed the stimulation effects of EMI on wheat plants
growth and the role of antioxidant defense system in organism’s response to external
physical field. According to obtained data one-fold EMI of wheat presoaked seeds
induces increased shoot mass in all-age studied seedlings, but in the course of time
(3-4-day-old shoots) the growth intensity was increased, especially at EMI 50.3 GHz and
51.8 GHz frequencies. This fact indicates that the biological effect of MM EMI on orga-
nism level is performed mainly at water resonant frequencies that show a certain role of
water in biosystem response reaction [1, 7]. Increased shoots length and weight in winter
wheat (Triticum aestivum L.), barley (Horderum vulgare L.) and maize (Zea mays L.)
plants subjected to EMI have been reported [2, 14]. The results of present study are in a
good conformity with these data [2, 14].

Obtained data indicated that there was a significant (p < 0.04) increase in MDA
concentration of EMI exposed plants cell, and this increment was more pronounced at
50.3 GHz and 51.8 GHz, compared to control. In this concern, authors [3, 13] stated that
the use of EMI at 42.8 GHz and 50.3 GHz frequencies leads to an accumulation of free
radicals such as O, and H,0, which unbalance the system of free radical elimination and
thus induce MDA level. Increase in MDA content and antioxidant enzyme- catalase
activity under EMI —stress in present study is consistent with the studies [2, 4, 6], in
which wheat, barley and maize seeds were grown under EMI and TBAS values and
antioxidative enzymes activities were found to increase.
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Compering obtained results of MDA level and catalase activity in irradiated plant
shoots we can notice that the comparatively increasing rate of MDA parallel to the
duration increase for each applied EMI frequency is correlated to the suppression of
catalase activity in the shoots of the same age. In the case of 80 min EMI multiple
expose data about the sharp increase of catalase activity correlated well to slowdown of
MDA level in the shoots of the same age. In plants submitted to external physical field
SOD, CAT and GPX act as a defence mechanism which gets activated. The results
obtained in current study also demonstrate that catalase protects wheat plant cells from
the destructive effects of ROS and constitute key component of the cellular antioxidant
defense system.

In conclusion our study showed that increases in mass, lipid peroxidation and
catalase activities in Triticum Aestivum L. seedlings could been attributed to EHF EMI
stress. MDA level change at plants irradiation indicates external physical field’s effect
on cell membrane properties. The grater response of plant organism was observed at
water resonant frequencies which confirms that the primary element of EMI is water. In
addition, the results may also suggest that increasing the activity of catalase plays an
important role in ROS scavenging process and protect wheat plans against stress.
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HccnenoBaH ypoBEeHb T€HOTOKCHYHOCTH TOYBEHHBIX 00pa3noB ¢ Tepputoprn CIOHUKCKOTO Map3a ApPMEHUH ¢
npumeHenueM tectoB Tpan-BTH u Tpan-MS mopensHOro Tect-o0bekra kioHa 02 TpageckaHIWH. YCTaHOBIICH
BBICOKMI YpOBEHb IeHEeTHYeCKHX 3((PEKTOB IO JaHHBIM 000MX OMOTECTOB B HOuUBeHHBIX BapuaHTax N1 m N5 no
CPaBHEHHUIO C KOHTPOJIEM M APYIMMHU BapHaHTaMu. BbLiBiIeHa IpsiMasl 3aBUCUMOCTh MEXJYy 4acTOTON MapKepHBIX
kputepues Tecta Tpan-BTH u tecta Tpan-MA.

[lomydyenHble pe3ynpTaThl IOKa3bIBAIOT, YTO TecT-CHCTeMa TpaieckaHiusa (kiaoH 02) MoxeT ObITh
HCTIONB30BaHa B KAYECTBE HAAEKHOTO OMOMHIMKATOPA TCHETHIECKOTO MOHUTOPHHTA 3arPSI3HEHNUS TIOYBBI TEXHOTCHHO
HapyUIEHHbIX TEPPUTOPHUH.

Tpaoeckanyus (knon 02) — cenemuueckue sghghpexmol — cucmema noy8a-pacmenue
— 3aepsA3HeHuUe nouBb

NMuunudbwuppdlp £ Unithph  dwpqh  wwwpwspubph  hnnquyhtt tdnpubph  ghinpnibw-pubwlut
Uwjwpnuyp npunkuuighugh (02 Yint) wetgwpbitph dwghukph b dhypn-Ynphqubph phun hudwlupgkph
Yhpundwdp: Zuunwnyly b ghutbnhjulut EpEiniutph pupdn dwupnuy N1 b N5 hnquyhtt mupphpulyutpnud
hwiubdwinws uinnighsh b Uniu mwppbpwljukph htwn: Zupnbwpkpdt) E ognulh jupduénipmit jhpunyws
Epynt phuntph dwpltpuyght swthwithpubph hwdwpuwiniejut vhel:

Uwnwugqus ndjuubpp gnyg kb wiwjhu, np wpupgbujuighwt (02 Ynb) jupnn £ jhpundl] npybu
hntuwh YEuuwhunghuwwunnp mkjpbwsht wwpwspubphg yipguws hnnbph ghubnhjuljut donwughnwpdut
hudwnp:

Spwpkuljubghw (02 [nl) - qEhlnplulul Epblnakp -
hnp-pnyu hwdwlwpg — hnnh winunnunnid

The genotoxicity level of soil samples from arears of Syunik Marz with application Trad-SH and Trad-MN
bioassays of model test-object Tradescantia (clone 02) was investigated. The higher level of genetic effects on the both
biotests data in the N1 and NS5 soil variants was revealed as compared to the control and other studied samples. The
positive correlation between marker criterions frequency of Trad-SN and Trad-MN tests was disclosed.

The obtained results show that Tradescantia (clone 02) test system can be applied as efficient bioindicator in
genetic monitoring of technogenic territories soil pollution.

Tradescantia (clone 02) — genetic effects — soil-plant test system — soil pollution
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ITouBa siBiseTCS Hamboiee YyBCTBUTEIHFHBIM WHANKATOPOM 3KOJIOTO-T€OXMMUYECKOH 0OCTAaHOBKH
TEpPUTOPHUH, TaK KaK B HEH MEPECEKar0TCs MyTH MUTPALMH MHOTHX XMMHYECKHX 3JIEMEHTOB, B TOM YHCIIE
¥ TOKCHKAHTOB. MOHHUTOPHHI' 3arps3HEHMs] MOYBBI TEXHOTCHHBIX W IPUPOJHBIX TEPPUTOPHUH SBISIETCS
Ba)KHEHIIIEH YaCThIO CHCTEMBI 3KOTOKCHKOJIOTHYECKOTO TECTUPOBAHMS COCTOSIHUS OKPY Karomen cpensl [1,
3]. /s OLEHKHM aHTPOIOTE€HHOTO U TEXHOTCHHOTO BO3JEHCTBHS Ha MPHUPOIHBIE TEPPUTOPUH BECbMa akK-
TYaJIbHO HCIIOJIb30BaHHE BBICOKOMH()OPMATUBHBIX PpACTHTENBHBIX TecT-cucteM [7,8]. B cucteme
TEHETHUECKOTO MOHMTOpHHra TpaaeckaHius (xioH 02) wucmone3yercs Kak —4YyBCTBUTENBHBIN
OMOMHIUKATOpP YPOBHS TEHOTOKCHUYHOCTH M KJIACTOT€HHOCTH 3arpsi3HUTENICd BO3IYIIHOW, BOJHOH U
IMOYBCHHOMU Cpeabl. IIaHHa)I TECT-CUCTEMA IMPUMCHACTCA MJII OLCHKHU BOSHCﬁCTBHH KCGHO6I/IOTI/IKOB
OKpYXaroleld cpeabl HE TOJbKO Ha COMAarHYecKWe, HO M Ha CIIOPOTCHHbIE KIETKH B MEpHOA
MHKPOCIIOpOTEHE3a.

Ilenpro HacTOsIEH pabOTHI SBHIIACH OIEHKA YPOBHS T€HOTOKCHYHOCTH HEKOTOPBIX ITOYBEHHBIX
00pasnoB ¢ tepputopur CIOHHKCKOTO Map3a (OkpecTHocTH T.KamaH W Mpuierarommx TeppUTOPHil)
MIPUMEHEHNEM TECT-CUCTEMBI BOJOCKOB THIMMHOYHBIX HUTEH (TecT Tpan-BTH) m mMukposmepHOro Tecta
(tect Tpan-MSI ) tpaneckannuu (kiaoH 02).

Mamepuan u memoouxa. MatepualoM HCCICIOBaHUS CIYXXWIN IOYBEHHBIE 00pas3lbl C TEPPUTOPUH
CIOHHMKCKOTO Map3a ApMEHHH, paclolOKeHHOH B okpectHocTsx r.Kaman. Ha wm3ywaemoii Tepputopum, riue B
OCHOBHOM IIPe00JaJaloT TOPHO-JIECHBIE, TOPHO-KOPHYHEBBIE BS3KO-TOP(sHBIE TMOUBBI, Haxozarcs Kamanckue
MeJHble, MeJHO-MonuoOaeHoBble U [laymsaHckue monaumerauinueckue pyaHuku. Ha 3Toil Tepputopun HaxoxsTcs
HeOoJbIINe PYAHUKN U3BECTHAKA, 0a3asibTa, KAOJIMHHUTA U IUIACTHI 3aJIe)Kel Turca u anruapuia [2].

B kagecTBe 00BEKTa H3YyUCHHUS B CUCTEME “TIOYBA-PACTCHUE’ MCTIOIB30BaNH KiIoH 02 TpagecKaHIIUU, pacTCHHS
KOTOpPOTO BBIPAIIMBATNCH B Ba30HAX C MCCIEAYEMBIMH IOYBCHHBIMH OOpa3laMH B OAMHAKOBBIX ycloBmsX. Jlis
MIPOBEAEHHS BETETAllMOHHOTO SKCIIEPUMEHTa HCCIelyeMble 00pa3Iibl ITOYBHI OBUTM COOTBETCTBEHHO MapKHPOBaHbI: N1
— OtBan-1, N2 — OtBan-2, N3 — Bonoxpanunmme, N4 — [Tnonepckas namba, N5 — paiion c.lllaymsn, N6 — Bonusu c.
3anrenan (6eper p. Boxun), N7— Bonusu c. [laB (Illukaxoxckuii 3aroBeHUK).

B kauecTBe YCIOBHO KOHTPOJIBHBIX HCHOJIB30BAINCH IOYBEHHBIE 00Opasubl co creiutaxeil terumnsl EIY.
YcnoBHO (hoHOBEIMH ciyxuinu oOpasipl ¢ Teppuropun LIIMKaxoXCKoro 3amoBeJHUKA. BbUT MpoBeneH XUMHYECKUHA
aHaJIN3 MCCIIeTyeMbIX MPOO MOYBHI HA COAEPKAHME XUMUUECKUX 3JIEMEHTOB M Tshkembix Metaiuio (Na, P, K, Ca, Mg, Cr,
Mn, Fe, Co, Cu, Zn, Ag, Mo, Cd, Pb).

Jlns ompeneneHus ypoBHS I'€HOTOKCHYHOCTH HCCIEIYeMBIX OOpa3IoB IOYBBI HCIOJB30BAIN TECT-CHCTEMY
BOJIOCKOB THIYMHOYHBIX HUTEH Tpameckannmu (6morect Tpan-BTH), roe B kauecTBe MapKepHBIX TECT-KPUTEPUEB
YYUTBIBAINCH W3MEHEHUsI OKPAaCKH KIJIETOK-BOJIOCKOB THIYMHOYHBIX HHUTEH € roNyOBIX Ha pPO30BHIE (PEIeCCHBHEIC
myTaruonHsle coosTust (MC) — PMC), a Takxke MosiBlIeHHEe T'eéHeTHYeCKH HeornpeaeneHHbx OecrerHbix MC— BMC.
IIpu TecTupoBaHUK TaKKe (HUKCHPOBAIKCH MOP(HOIOrHUECKUE U3MEHEHHSI BOJIOCKOB — KapJIMKOBBIE (HEBBDKHBIINE —
HB) u passernennsie (PB). B kaxnom Bapumanrte Obuto mpoananuszupoBano 10-22 teic. BTH B 3aBucumoctu ot
MOYBEHHOTr0 0o0pasma. PacdeTsl 4acTOTHI MyTallMOHHBIX COOBITMH MpoBOIWIM B cpeaHeM Ha 1000 BomockoB mo
o0menpuHATOH MeToauKe [5].

Jlns ompenmeneHusl KIACTOTEHHBIX 3((EKTOB C MPHUMEHEHHEM MHKPOSICPHOTO TeCTa YYHTHIBAINCH IBA
OCHOBHBIX TECT-KPHTEPHS: 4aCTOTa 00pa30BaHUs MUKPOSAEP U MPOLCHT TETPaj] ¢ MUKposiapaMu. B kaxxmoM BapuaHTe
65110 TpocMoTpeno 1o 3000 terpax. PaccunTsiBamm nporeHT Mukposizep Ha 100 TeTpasn mo oOUIepUHSATOI METOUKE
[6]

VYpoBeHb HAKOIUICHHS XUMHYECKHX DJIEMEHTOB B H3y4YaeMbIX ITOYBEHHBIX 00paslax ONpenessiiii MEeTOIOM
CONOCTaBJICHHs (DAKTUUECKUX BAJOBBIX COJEPXKAHMH METAUIOB C YCIOBHO KOHTPOJBHBIM (MM (DOHOBBIM)
comepxanueM. llpm 3ToM paccumThiBaeMblii cyMmapHblii ko3 duuuenT koHueHtpauun — (CIIK) sBusercs
KOJIMYECTBEHHBIM HHTETPAIbHBIM IIOKa3aTelneM OOIIed TEeXHOTEHHOW HAarpy3Ku M YPOBHS COACPXKAHHS TSIKENBIX
metauioB (TM) M XMMHYECKHX JJIEMEHTOB B HCCIEAyeMOW MOYBCHHOW Cpese, a TakkKe — OIHUM H3 KPUTECPHEB
TEXHOI'€HHOM aHOMAaJILHOCTH U3y4aeMoil Tepputopun [4].

JIns BBIABIICHUS YPOBHSI TEXHOTE€HHOTO 3arpsS3HEHUSI HCCIEIYeMBIX ITOYBEHHBIX 00pa3loB OBUIM ITOCTPOCHEI
KaueCTBEHHBIE TEOXMMHUYECKHE PSIBI 10 BCEM M3YUCHHBIM BapHaHTaM CO CPEIHUM COZEPIKaHHEM B HUX HCCIIEIYEMBIX
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XMMHYECKHUX 3JIEMEHTOB M TSKEJIBIX METAJIOB IyTeM HOPMUPOBAHHS 3JIEMEHTOB B M3y4YEHHBIX 00pa3lax Mo YCIOBHO
KOHTPOJIbHOMY 3HaueHHI0. [Ipu sToM ObIT paccunTan ko3¢ ¢unueHT TexHorenHoi konuenTpauuu (K, = C/C , roe C —
cozepykaHue siaeMeHTa B cpene, C, — YCIOBHO KOHTPOJBHOE COACP)KaHHE), a TAKKe CyMMapHbIH MOKa3aTellb
KOHIEHTpallMM Ui KaKIOTO BapHaHTa — CyMMa HOPMHPOBAHHBIX [0 YCIOBHOMY KOHTPOJIIO COJCpKaHUH
XMMHYECKHUX JIEMEHTOB B HCCIIelyeMOH IIOUBEHHOIT pobe.

Bce nosydeHHble pe3ylsibTaThl 00pabaThiBalii CTATUCTUYECKU C HCIIONb30BaHUEM f-Kputepus CThIOZeHTa U
HNpUMEHEHHEM KOMIBIOTepHOH nporpammel Statgraphics 16.2 Centurion.

Pe3ynomamut u oécysycoenue. IlomyueHHple pe3yiabTaThl MO y4YETy COMATHYECKHX MYyTalWd y
TpaJieCKaHIIMM Ha OCHOBaHWM JaHHBIX Onorecta Tpaa-BTH BeIsIBUIM MTOCTOBEPHOE MOBBIIICHHE YaCTOTHI
kak PMC, tax 1 BMC Bo Bcex HccleIyeMBIX BapHaHTaX IO CPABHEHUIO C YCIOBHO KOHTPOJBHBIM
BapuanToM. MakcuManbHbli Beixoa PMC, npeBblmaroniuii KOHTPOJIbHBIH YpOBEHb B 3 pa3a, HalOJrojalcs
B mo4BeHHBIX oOpasiax N1 u N5. Taxxke ObuT OTMEUEH 3HaUMTENIbHBIN ypoBeHb BMC B Bapuantax NI,
N2 u N3, KOTOpbIil MpeBLICKI KOHTPOJIb B 2,5—-7,5 pa3 cOOTBETCTBEHHO (pHuc.l).
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Puc. 1. Yacrora po3oBeix (PMC)— (a) u 6ecusetnbix (BMC)— (6) MyTalioHHBIX COOBITHI
B COMaTHYECKHX KJIETKaxX TPaJACCKAHIIUK

Kpome storo, Bo Bcex MccineayeMbIX BapHaHTax HAaO0AaJICs BBICOKAH IPOLICHT Pa3BETBICHHBIX U
HEBBDKHUBILIHUX BOJIOCKOB, YTO CBHJICTEIBCTBYET O TEPATOTCHHOM JICHCTBHM HAXOJSIIUXCS B ITOYBEHHBIX
o0pa3max 3JIeMeHTOB Ha TpaaeckaHuu. Hanbompmmit 3¢ ¢exT, mpeBpImaommid KOHTPoiIs B 22,5 pa3sa,
M0 TaHHBIM MOP(OJIOTHUECKUM HapyIIeHUSIM, Habmoancs B BapuaaTtax N5 u N6. Cienyer Takxke oTMe-
TUTh, YTO B HayaJie BereTalMd pacTeHUs oOpasma N4 BBICOXJIM, YTO MOXKET OBITh OOYCIOBIEHO
COOTHOIIEHHEM B JAHHOM NMPO0e TOKCUYHBIX IS POCTA PACTEHHUS XUMHUYECKUX JIEMEHTOB.

Kpome Toro, B TedueHHe Bcell BereTanyy NporuCXOAMIO OAABIEHHE POCTAa U LIBETCHUSI PaCTEHHUH B
BapuaHTe ¢ obpasmom N2, rae Opun ompeneneH Hambosee Boicokuil ypoBerb CIIK mo cpaBrenuio c
JIpYTHMMH BapUaHTaMHU.

Nzyuenne kmactoreHHbix 3((GeKkToB Ha OCHOBaHMHM Oworecta Tpaa-MS mmokasano MOBBINICHHE
4acToThl 00pa3oBanus kak MS B Terpanax, Tak u Terpan ¢ M5l Bo Bcex M3YUeHHBIX MOYBEHHBIX MPOOAX I10
CPaBHEHUIO C KOHTposieM. MaKkCHMalIbHBIN YpOBEHb MHIYKLIMK ObLI BbIsIBIEH B 0Opasuax N1, N5 u N6, rae
3HaYeHUsI 000MX MAPKEPHBIX TECT-KPUTEPUEB MPEBBICHIIN YPOBEHb KOHTPOJIS B 2—2,5 pa3 B 3aBUCUMOCTHU OT
BapuaHra (puc. 2).

Ha ocHOBaHMM TIOCTPOEHHBIX Ka4EeCTBEHHBIX TI'C€OXHMHUYECKHX pSAIOB OBUIM  BBIJEIICHBI
JOMHHAHTHBIE 3arps3HUTENN B KaXIOM IIOYBEHHOM O00pasle, a TaKKe OINpelesieHa MO KaXKIOoro
XUMHYECKOTo 3JieMeHTa 1 TM B o0meit cymme 3arpsi3HeHus (tadom. 1).
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Puc. 2. Yacrora po3oBeix Mukposiaep (MS) B Terpanax u terpan ¢ M5
B CIIOPOTCHHBIX KJIETKaX TPaJeCKaHINH

Tadauuna 1. ['eoxuMudeckue psiibl ¥ CyMMapHBIH [10Ka3aTeslb KOHIEHTPALU
XMMHYECKHUX JIEMEHTOB B HCCIIEyeMbIX TOYBEHHBIX 00pa3nax

[podkt Teoxumiieckuii pag” CITK
Ho1e
N1 | Moo~ Cugn- Cdesy- Zne sy Ag.PasFeos -Kos- Mgy~ Crios- Mgo2y- Capy 47,1
N2 | Cdgos-ZnasorMgass-Cun -Agsa-CausFes n-Kas -Mng n-Mogg -Pa,o-Croy 114.0
N3 | Cupyy- Cans - Mo.Zngps) - Fe,MiLPos) - Mg.Cdoy- Kag - AZoa - Cron 9.8
N4 | Cugos-Cdass-Ags.o-Zne-Mog o TFeq 6 Ko s-Mnpo 5-Pro.4-Cros-Mgo -Cap,py 57.7
N5 | Cdgssy-Zngs 3)-Cas 0P 4y-Cug - Mo 0y Ko s-Mea s-Agq s-Feg o-Mig s)-Crio 7y 32.1
N6 | Mogogy-Cuai7-Cdee-Zng, i-Age,0-Pa sy Ka g-Feq 5-Cros-Mn Cag 1-Mgp og 43.7
N7 | Pug- Feqs- MgCags) - Agos)- MnKp 7 - Cd.Zn.Mo,Crpg- Cugs 9.8

B N
IIpumeuanue: 6 ckobkax npugedeHo 3nauenue KodIpPuyuena mexHo2eHHou KOHYeHmpayuu
1O OMHOWEHUIO K KOHMPOTIIO

Bbi1 mpoBesieH KOPpeIAIMOHHBIA aHAIM3 MEXAY YpoBHeM comartmdyeckux myraumii (PMC), a
TaKke MNPOUEHTOM MSl M KOHIEHTpauusAIMH XHMHYECKHX OJIEMEHTOB M TSDKENbIX METaJUIOB B
HCCIIeyeMbIX TIOYBEHHBIX 0Opa3nax. Ha ocCHOBaHMM MOJyYEHHBIX JAHHBIX BBIIBIICHA ITOJIOKHUTEIbHAS,
HO HEJIOCTOBEpHas KOppessius Mexkay KoHueHTpanusiMu Cu, Mo u P B mouBeHHBIX 00pa3nax u o6onmu
TECT-KPUTEPUIMU MUKPOSIEPHOTO TecTa (Taba. 2).

Ta6muna 2. KosdhuumenTs! Koppensnnuy Mexxy KOHIEHTPAUIMI XUMUYECKHUX 3JIEMEHTOB M 3HAYCHHSIMH
KPUTEPUEB MUKPOSIEPHOrO TECTa

[Tapamerpsl M1 B Terpanax Terpanst ¢ M5
DneMeHTHI
Mens (Cu) 0,55+0,36 0,48 £ 0,40
Momnu6aeH (Mo) 0,56 +£0,37 0,59 +£0,36
Docdop (P) 0,59 £0,35 0,70 £0,32

[TpoBeneHHBII KOPPENAMOHHBIN aHAM3 MEXIY YPOBHAMH MyTaunoHHbBIX coObitHii (PMC, BMC,
HB, PB) u dactoToli 000HMX TECT-KpUTEPHEB MHKpOSIACPHOTO TECTa IOKa3al HAIWYHE JOCTOBEPHOM
ronokutenbHoH cBs3u Mexay PMC u BMC (r = 0,67, ipu p< 0,05 ), a Takcke — mexxy PMC u gactoToit
M4 B Terpanmax u terpan ¢ MA (r = 0,61 u 0,62 cootBercTBeHHO, 1pH p< 0,05). Kpome Toro, BBIsABICHA

33



P.O. ABAJISIH, D.A. ATAJDKAHSH, A.JI. ATOSHI], A.JI. TEBOPKSH, A.5. CHAMOHSH

TIOJIOXKHUTENbHAS MIPAMasi 3aBUCUMOCTh Mexnay 3HaueHmsiMu HB u PB (r =0,82, mpu p< 0,01), a Taxxke —
MEXK1y 4acTo-

toit M B Terpamax u manabME napamerpamu ( 11t HB —r = 0,72, mpu p< 0,01, a g PB — r = 0,70, mpu
p<0,01).

ITomy4eHHbIE HAMU JAaHHBIE 110 U3YYCHUIO T€HOTOKCMYHOCTH MCCIIEyEMBbIX MOYBEHHBIX 00pa3IoB C
Tepputopuu CIOHHKCKOTO Map3a ¢ IPUMEHEHHEM 000MX OMOTECTOB MOKa3aiM yBEIMYEHHE KaK 4aCTOTbI
PMC, tak u M B TeTpasax BO BCEX ONBITHBIX BapHAHTaX IO CPAaBHEHHIO C KOHTPOJHHBIM YPOBHEM B
3aBHCHMOCTH OT ITyHKTa HcciienoBanus. Hanbounbimii BbIXo/] reHeTHdeckuX 3(pQEeKToB 1Mo JaHHBIM 000HX
TECTOB MposBuWiIcad B BapuaHTtax NI u N5, 4TO CBHIETEIBCTBYET O BBIPAKEHHOW I'€HOTOKCHYHOCTH
JAaHHBIX TIOYBEHHBIX 00pasnoB. Kpome ToOro, maHHBIMHM KOPPEISIIMOHHOTO aHAJIM3a IIOKa3aHa IpsMast
3aBHCHMOCTh MEXIY YPOBHEM NpOSBIECHHUS MapKepHbIX kpurepueB tecta Tpan-BTH (PMC, HB u PB) u
kpurepusimu Tpaa-MS tecra.

Ha ocHOBaHMM NpOBEICHHBIX HAMH HCCIICAOBAHUM ITOKa3aHa IEIeCO00pPa3sHOCTh U BO3MOXKHOCTD
NPUMEHEHNST MOJENBHOM CHUCTEeMBl TpajeckaHIuu (kiaoH 02) i OMOMHIMKAIMK W TEHETHYECKOTO
MOHHUTOPHHI'A COCTOSIHUS TIOYBBI TEXHOTEHHO HAPYIICHHBIX U IPUPOAHBIX TEPPUTOPHIA.
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GROWTH POSSIBILITY OF JAPANESE BASIL
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As a result of preliminary research, the possibility of obtaining organic plant raw material
in hydroponic conditions has been confirmed. It was found that among organic fertilizers added to
volcanic slag and gravel mixture, application of manure was the most effective. And when using
two doses of manure and guano, maximum yield of fresh leaves of Japanese basil and essential oil
output was observed. Identical results were also obtained when the plants were nourished with two
doses of manure, guano and biohumus. Under these conditions, the yield of the leaves exceeded
the other variants 1.5-3.5 times, but was inferior to soil plants 1.9 times. Minimum essential oil
content was observed in control variants and when nourishing the plants with only gunao.

Volcanic slag — gravel — manure — guano — biohumus — essential oil

Luibwlwl hbnwgninmpinibitbph wpyniipnid hwuwnwnty E opqubnaljut hhnpnunih-
Yuyh wuydwbtbpnud pniuwhnudph unwugdwt htwpwynpnipiniup: Mupqyty E np hpwppuwght
hiwpuwdh b qupwph fpwntnipnhtt wdkjugyws opqutwljut yuwpwpunwiynmipiphg wpynibwdtn k
tnk) gndwnph Yhpwenudp, huly gnuwnph b postunph Yphuwyh swihwpwbwlukph Yhpuodwh
nhwypnid ghudl] B fwynbwluwt nkhwih pupd wkpbubph wewdbjugnyu phppuwnynipni nu
Eptpuyninh &: Unyuwwnhy wpyniip b qpuiigyl) twb gndwnph, posbwunph b fEuuwhnidniup
ynyuwuyh pwbwlutpny pnyubpp ubtnighjhu: Uju nliypnud, mbplhutph pippp qipuquigt) E dmniu
wmwpphpuljubphtt 1.5-3.5 wbqud, uwluyi qhok] E hnnughtt pnyubphtt 1.9 wbquud: Uhwju
prstwnpny pnyubph uimgdwt phwypnid b unnighy mwppbpwlubpnid nhundbp £ nbkpbbbpnod
Eptpuyninh tuqugny wupnibhwlnipyni:

Zpuiphiughl prnupund — guupwp - gniwnp - posbwnp — Ehuwhnidnia - Eplpuyniy

B pesynbrare mpenBapHTENBHBIX HCCIEIOBAHHI yCTaHOBIEHAa BO3MOXKHOCTH ITOTYYCHHUS
PacTUTEIBHOIO CHIPbsI B YCIOBUAX OPraHUYECKON TMAPONOHUKH. BBIACHUIOCH, UTO U3 OpraHudec-
KHX yJnoOpeHuH, JOOaBICHHBIX B CMECh BYJIKAHHYECKOTO IIUIAKa M TpaBus, 3(G(PEeKTUBHEIM OBLIO
npuMeHeHne HaBo3a. [Ipy ncronabp30BaHUM ABOWHOI 03Bl HABO3a M NTHUYBETO IMOMeTa HalIIoaa-
Jlach MaKCUMalbHasl yPOXKAHHOCTh CBEXKUX JIMCTHEB SIIOHCKOTO 0a3uivKa ¥ HauOOJbIINI BBIXOJ
s¢pupHoro macna. MIeHTHYHBIN pe3ynbTaT MOIy4eH TaKXKe IpU MOANUTHIBAHUK PaCTEeHMI
JIBOMHBIMH JI03aMH HaBO3a, NTHYbEro MOMeTa W Ouorymyca. B sTux ycnoBusx ypoxaiHOCTb
JIICTBEB IPEBOCXOMIIA APYTHe BapHaHTH B 1.5-3.5 pas, HO ycTymana MOYBEHHBIM PacTCHUSIM B
1.9 pa3. Ilpu moammTKe pacTeHMil TONBKO HNTHYBUM IMOMETOM M B KOHTPOJBHBIX BapHaHTAaX
Ha0JII01JI0Ch MIHUMAJIBHOE COJIeprKaHue H(UPHOTo Macia.

Bynxanuyeckuii winax — epaguii — Hago3 - nmMuduli nomem — OUO2YMyc — dhupHoe mMacio
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Organic agriculture is aimed at producing ecologically clean plant raw material,
as well as improving and promoting agricultural production from environmental, social
and economical viewpoint. Organic fertilizers such as manure, guano, compost,
biohumus, ash, peat, as well as green fertilization are used instead of mineral fertilizers
[1,7, 10, 14].

In the countries of the European Union the priority is given to creating
appropriate legal basis concerning organic agriculture. In December, 1999 a regulation
(Ne2092/91) came into force by the European Commission according to which organic
products grown in the territory of the EU must be labeled [1]. The regulation aims at
providing fair competition both for consumers and farmers.

Economically developed countries such as the USA, Canada, Australia,
Argentina, Italy and others are among the leaders in the field of organic agriculture.
They are major producers of food obtained without chemicals. The number of both
producers and consumers of organic food is increasing rapidly in the world. According
to many consumer studies, people generally buy organic food because it is seen to be
healthier and more natural than its non-organic equivalents. For example, a recent study
by the NZ Vegetable Growers Federation (VegFed), found that nearly 40% of people
who purchase organic food do so because they believe it is pesticide-free [4].

There are almost 13,000 certified organic farms in the United States with a sales
value of over $3.1 billion. In the northeastern United States, more than 3,200 farms are
certified organic and have a sales value of over $300 million [11]. In terms of organic
sowing areas the first place in the unit weight of lands suitable for agriculture belongs to
Liechtenstein — 26.4%, the second is Austria 11.6%, the third is Switzerland 10.0%, then
Italy 8.0%, Finland 7.0% and Denmark 6.6% [1].

Organic hydroponics. The main advantage of soilless culture or hydroponics is
that the plants are easily provided with all macro- and micro-elements, which they obtain
from the soil. The worldwide market value of hydroponically produced food will show
sustained strength with a 6.5% compound annual growth rate (CAGR) over the five-year
forecast period 2013-2018, beating the IMF estimated growth forecast of 3.6% for 2014.
Producer value will increase from $17.7 billion to $24.3 billion [9].

Hydroponics is an ideal growing method for producing culinary and medicinal
herbs. Not only do hydroponic herbs grow faster, they have significantly more flavor and
aroma than herbs grown in soil [3]. According to research performed at the University
of Minnesota, it is a known fact that herbs grown hydroponically have 20-40% more
aromatic oils than field grown. Therefore, a small hydroponic herb garden can provide a
continuous harvest of gourmet-quality produce in a relatively small space [12].

Hydroponics has the opportunity to fill the gap between traditionally grown
produce and organics. It’s the alternative to traditional field cropping and uses IPM
(Integrated Pest Management) to its maximum [6]. Unlike traditional hydroponics,
organic fertilizers such as manure, guano, compost, biohumus, etc. are used in organic
hydroponics.

Geoff Wilson reports there are 800 million people practicing urban agriculture,
and that inorganic and organic hydroponic technologies can play an increasing role in
feeding the world’s poorest countries, as well as the mega cities: “In my view, future
urban agriculture will be based on space-saving, water-efficient food production systems
that use both inorganic and organic hydroponics” [15].

The objective of the work — cultivation peculiarities of common basil (Basilicum
sativum L.) in soilless culture — are very well studied [5, 8]. Japanese basil
(Perilla frutescens v. crispa) has been introduced to soilless culture recently. It is a herb
of Japanese extraction and is commonly cultivated as a vegetable in Japan. The green
leaves can be served as tempura, in salads and with sashimi. It is also ground and used to
flavor sauces, added to ponzu (a soya sauce, dashi (fish stock) and daidai juice sauce),
used in nabe (Japanese stews) and Japanese-style spaghetti dishes.
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The leaves can be soaked in soya sauce for a year and wrapped around rice to
make a tasty onigiri (Japanese rice ball), or chopped up, boiled in soya sauce and sugar
and left to ferment to make tsukudani, which is eaten as a side-dish to accompany rice.

Taking into account the wide use of Japanese basil in food, our objective is to
study the production possibility of this new culture in organic hydroponics, to reveal the
optimal conditions for productivity, high yield and high quality of biomass for food.

Materials and methods. Seedlings grown by us with hydroponics method have been used
as planting material which were planted in 0.25 m? hydroponics pots (fig. 1) with 20 plants/m?
planting density. 3-15 mm diameter particles of volcanic slag and gravel mixture with 1:1 ratio
have been used as a hydroponic substrate.

Fig.1. Japanese basil in organic hydroponics (a) and in soil (b)

Different quantity of manure, guano, biohumus was used in the experiments (1 dose of
manure (M) — 800g, 1 dose of guano (G) — 75g, 1 dose of biohumus (B) — 300g). Water streaming
(75 ml water/plant) was done 5-6 times a day. At the same time root and foliar feeding of plants
was done. Root nutrition was done with Bio (Dunger Universal-Germany, Sml /L water, 50ml
nutrient solution was given to each plant) and AZC (Azoceovit-1, Armenia, Sml/L water, 50ml
nutrient solution was given to each plant) and foliar feeding with BPF fertilizers (Bioplantflora,
Russia, 2.5ml/L water). The frequency was once in 12 days for each fertilizer, with 4-day
intervals.

The content of essential oil in dried leaves was determined with steam distillation method
[2]. A statistical analysis of collected data was carried out using GraphPad5 software program.

Results and Discussion. The research results have shown that organic fertilizers
have a significant influence on biomass accumulation of plants and biosynthesis inten-
sity of essential oil in the leaves in case of separate or combined application (tabl. 1).

A minimum yield of Japanese basil leaves was observed when the plants were
watered with only water and obtained foliar feeding, as well as in case of applying 1 or 2
doses of guano.

Gradual increase of manure dose promoted yield increase of the leaves. In case of
2 and 3 doses a relatively high yield of leaves was observed which exceeded control
variants (C1 and C2) 2.0-2.3 times and guano variants (1G, 2G and 3G) 1.4-2.3 times. It
should be noted that in case of applying 3 doses of only guano a significant difference of
leaf yield was observed compared to control variants (C1 and C2).

In case of combined applying 2 doses of manure and guano (2M2G+FF)
maximum yield of leaves was observed, which exceeded the control variants 3.1-3.4
times. Maximum yield was also obtained in case of combined use of manure, guano and
biohumus 2 doses (2M2G2B+FF).
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Table 1. Scheme of the experiments

No | Variants No Variants

1. |C1 —control 1 (only water) 8. 3G + FF — 3 doses of guano + foliar feeding

IC2 + FF — control 2 (only water +foliar feeding) | 9. IM1G+FF — 1 dose of manure + 1 dose of
guano + foliar feeding

3. [IM + FF — 1 dose of manure + foliar feeding 10. | 2M2G+FF — 2 doses of manure + 2 doses of
guano + foliar feeding

4. M + FF -2 doses of manure + foliar feeding 11. | IM1GI1B+FF — 1 dose of manure +1 dose of
guano + 1 dose of biohumus + foliar feeding

5. BM + FF - 3 doses of manure + foliar feeding 12. | 2M2G2B+FF — 2 doses of manure +2 doses of
guano +2 doses of biohumus + foliar feeding

6. |1G + FF — 1 dose of guano + foliar feeding 13. | S-soil

7. RG + FF —2 doses of guano + foliar feeding

Maximum yield was also obtained in case of combined use of manure, guano and
biohumus 2 doses (2M2G2B+FF). It should also be noted that adding 1 dose of
biohumus to manure and guano (1M1G1B+FF) has considerably increased the leaf yield
(1.6 times compare to IM1G+FF), however, adding 2 doses of biohumus (2M2G2B+FF)
was not essential compared to 2M2G+FF variant.

Table 2. Productivity of Japanese basil (fresh mass) in organic hydroponics and soil

Above-

No Variants Leaf, Stem, Root, ground 0 plant, Essential
- g/plant g/plant g/plant mass, g/plant oil, [

g/plant
1. | CI 23.0° 12.1 13.4 35.1 48.5 0.6+0.03
2. | C2+FF 21.3° 16.1 20.1 374 57.5 0.83+0.05
3. IM + FF 27.9% 17.1 16.4 45.0 614 0.69+0.04
4. | 2M+FF 45.6° 21.0 23.5 66.6 90.1 0.92+0.05
5. | BM+FF 48.6° 22.0 21.2 70.6 91.8 1.0£0.05
6. 1G +FF 20.7° 13.1 14.4 33.8 48.2 0.48+0.03
7. | 2G+FF 24.6 12.5 20.3 37.1 574 0.58+0.04
8. | 3G+FF 31.5° 15.1 17.0 46.6 63.6 0.6+0.04
9. IMIG +FF 28.4™ 13.2 16.8 41.6 58.4 0.67+0.04
10. | 2M2G +FF 72.0° 37.1 29.6 109.1 138.7 0.83+0.04
11. | IMIGIB +FF 46.3° 223 21.5 68.6 90.1 1.0+0.06
12. | 2M2G2B + FF 72.1¢ 27.6 19.1 99.7 118.8 0.88+0.05
13. [ S 135.4° 67.8 34.8 203.2 238 0.92+0.05

abedeykey's Multiple Comparison Test (P<0.05)

As supposed the leaves of soil plants considerably exceeded all the tested
organic hydroponics variants: 1.9 times the best variants (2M2G+FF and 2M2G2B+FF)
and 2.8-6.5 times other variants.

It turned out that FF nutrition promoted only root system development which
however didn’t lead to leaf weight increase (C2+FF). In these variants, as well as in case
of separate application of guano and manure 1 dose (IM+FF and 1G+FF) the least
percentage share of leaves was observed in the whole plant and above-ground biomass
(fig. 2 and 3).

Minimum content of roots was observed in the whole biomass of the plant in
the best variants of organic hydroponics (2M2G+FF and 2M2G2B+FF) and in soil. The
amount of active roots was probably high in these variants (fig. 2).
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Fig.3. Ratio of stems and leaves of Japanese basil above ground mass, %

The results of biochemical analysis of the leaves have shown that a minimum
content of essential oil in dry leaves was registered in the control and only in case of
applying different doses of guano (1G+FF, 2G+FF and 3G+FF).

Plants nourished with 2 and 3 doses of manure as well as 2M2G+FF,
IM1GI1B+FF and 2M2G2B+FF variants had maximum amount of essential oil in the
leaves.

It turned out that essential oil biosynthesis was more intensive in plants nourished
with manure. The essential oil content in the leaves of the variants which were nourished
with only manure exceeded those nourished with only guano 1.4, 1.5 and 1.7 times. It
also turned out that adding biohumus also promoted essential oil synthesis. Adding 1
dose of biohumus intensified biosynthesis of essential oil by about 40% and in case of 2
doses by more than 10%.

The same content of essential oil was observed in the leaves of the best variants
of organic hydroponics 2M2G+FF and 2M2G2K+FF and soil plants.

Plants of control variants and plants nourished with only 1 and 2 doses of guano
excelled with minimum essential oil output.

2M2G+FF and 2M2G2K+FF variants are notable for maximum output of
essential oil, however they conceded soil plants about 2.3 times.

It should be noted for comparison that in classical hydroponics conditions
(nourished twice a day with normal Davtyan’s nutrient solution) the yield of Japanese
basil fresh leaves was 270g/plant, with 8.5% essential oil content. Essential oil output
was 377mg/plant [13]:
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Fig.4. Essential oil output of Japanese basil in conditions of organic hydroponics, %

The results of preliminary investigations have shown that production of plant raw

material in organic hydroponics is possible and can be very promising. In case of
combined application of manure and guano, it is possible to grow biomass which is not
inferior to soil plants with its quality.

12.
13.

14.

15.
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W3ydeHo BIusHUE MPEATIOCEBHOTO 3aMAaYMBAHUS CEMSH B PACTBOPE MHAMMCKOTO MUKOPH3HOTO
npenapata MUKOHET Ha BCXOXECTb, POCT, Pa3BUTHE M yPOXKAHHOCTD THIKBBI. Y CTAHOBIICHA CTHMYJISIIHS
BCEX MPOLECCOB XHU3HEACATEIBHOCTH, OCOOCHHO YCHJICHHE POCTA OIBITHBIX PAcTeHUH, yCKOpEHHE
CO3peBaHUs IUIOJIOB ¥ IIOBBIMICHHE YypoxkalHOcTH. IloBBIMIEHHME OMOXMMHYECKHX IIOKa3aTeleil
CBHUJETENILCTBYET 00 MHTCHCH(HUKALIMH METa0O0IM3Ma ONBITHBIX PACTCHHH.

Muxonem — meikea — 6ecemayuisi — ni00 — yPoOACAUHOCTL

Munudowuhpylp £ ohuguijuwt Uhinubkn  dhynphquyhtt wwwpwuwnniyng nydh  ubpdbph
twhwguipwyhtt dpwliwt wqpkgnipniin poyubph wddwl, qupqugdwi b phppuwnynipyut Jpu:
Updwiwgpyt] E  Uhiynubnh jpwihy wqpbgnipmitp poyubph  Jhuuwgnpdniubnipyut  pnnp
gnpépupwgutph b hwnjuwwbu pnyutph wdh b wumnubph hwunttwgdwt wpuqugdwb  Ypus:
Uwnwgdws wpyniupubipp Jiuynud ko dpwljqus pnyubiph iyniputhnwbulnipjut nidinugdwut dwupl:

Uplnikwn — popnid - kglunughuw — wjinniy - pkppunni/nipni i

The influence of pre-sowing soaking by solution of Indian Mykonet mycorrhizal preparation on
seeds germination, plant growth, development and crop capacity of two kinds of pumpkin was studied.
The stimulating effect of Mykonet on all life processes of plants, especially on plants growth and fruits
maturation and enlargement, rise of yield was detected. The increase in the biochemical indices proves
the metabolism intensification in the treated plants.

Mykonet — pumpkin — vegetation — fetus — yield

B coBpeMeHHOM PAaCTEHUEBOJCTBE PACIIUPSETCS PUMEHEHHE MpPeraparoB, MOJyYeHHBIX Ha
OCHOBE pacTeHW#, TpuOOB, MHUKPOOPTAHM3MOB WIH UX MeTabonmuTtoB. OCHOBHBIMH
NpeUMYIECTBAMUA OSTHX OHOIPEnaparoB SIBISIOTCS HMX MPHUPOJHOE MPOHCXOXKACHHE,
ObICTpOE pa3pylleHHe B MOYBE U HKOJIOrnYecKas 0€30MacHOCTh IS YenoBeka. B ocHoBe op-
TaHMYECKOTO 3EMJIC/ICNUSL JISKUT WCIIONb30BAaHUE TOJIBKO OHOIIpenaparoB, CIyXKallnux
CTUMYJIATOPAMH POCTA, YIOOPESHUSIMH U CPEICTBAMHU 3aIUThI PACTCHHIA.
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CpaBHHTEIBHO IIHPOKO CPEIH HUX yXKE HUCIONB3YIOTCS M Pa3pabaThIBalOTCsl HOBBIE IIpe-
naparbl Ha OCHOBE MHKOPH3HBIX T'pPHOOB, YTO OOYCIIOBJIEHO OTPOMHON pOJBI0 MHKOPH3bI
(cuMOmo3a TpuOOB M KOPHEH BBICIIMX PACTEHHIA), KOTOpas KU3HEHHO HeoOXomuma Jjisi HOp-
MaJbHOTO pa3BuTHsi Ooinee yeM 90% pacrenumil. brnaromapss pa3BUTHIO MHKOpPH3BI, BCAChI-
BAIOIIasi MIOBEPXHOCTh KOPHEBOW CHUCTEMBl YBEIHMUYMBACTCS B JIECATKU pa3, YTO 3HAYUTEIBHO
MOBBIIIAET YCTOMYMBOCTH PACTEHHWH K HEOJIArONpHUATHBIM IOTOMHBIM YCJIOBHSIM, HEPEIKUM B
HaIMX ycloBUsAX. OXHOBPEMEHHO TH(bI TpHOOB NEPEBOMAT HENOCTYIHBIE UL PAaCTEHUH
¢ocdate! B ocTynHyIo GopMy Kak JUIsl OIBITHBIX, TaK U JUIS PSIIOM PacTyIINX pacTeHHM, ONTH-
MH3HPYs MAHEPAIBHbIA COCTAB MOYBBI 1 MOBBIIIAS €€ II0JOPOANE.

Cpenu MHKOpHU3HBIX OHonpenapaToB Hanbosnee n3BecTHel Mukomiant (OPI), Mu-
uedur (Poccus), Tpuanym (Ionnanams) U ceildac B psijie CTpaH YCIEIIHO HCIBITHIBACTCS
UHIWACKUIT npeniapatr MukoHer, mnpousBoauMblii ¢upmoit Elegant India. Ilepsbie 2
npenapara Ha kadeape Mukpoobuosnorun u 6unorexnonoruu EI'Y ucnbITaHbl U IPOSIBUIIHN BBI-
cokyto sddektuBHocTh [1, 5]. Muxoner (MH) r00e3HO mpenocraBieH Kadeape IMpo-
W3BOJUTENIEM UISl €TO UCIIBITAHUS B YCIOBUSIX ApMEHHH. MH NpencTaBiseT co00i XOpOIIo
pacTBOPHUMBIN B BOJIE CYXOW YEpHBIH IMOPOLIOK CO CHOPaMH OSHIOMHUKOPH3HOTO Tpuba
Rhyzophagus irregularis, cmemanHoro c npeBecHbIM yriieM. IIpemapar coxpaHser mpu-
TOJHOCTH B TCUCHHUC 3 ner IIpyu XpaHECHUU B CYXOM MECTC.

B cBsA3M ¢ KIMMaTHYECKUMH OCOOEHHOCTSMH PErnoHa MH MOXET CTHMYJIHpPOBAThH
POCT U pa3BUTHE PACTEHUU IIyTEM YCUJICHHOI'O Pa3BUTHsI KOPHEBOM CUCTEMBI, a 4epe3 HEE U
HAJ3¢MHOM 4YacTH, YTO IOMOXET IEPEHECTH IIMTEJBHYIO >Kapy B IEpHOJ CO3PEBAHUS
YpoxKas gJaxe B He6ﬂaFOle/IﬂTHbIX IMOTOAHBIX YCJIOBUAX.

TpIKBa — LIEHHBIM W MOJE3HBIM NPOAYKT HMUTAHUSA, U3BECTHBIA YEIOBEKY C APEBHUX
BpeMéH. Ilo comepkaHuio yIJIeBOJOB, BUTAMUHOB M MMHEPAJbHBIX COJIEH THIKBA IIpe-
BOCXOJIUT MHOTHE OBOIIHBIE KyJIbTYphl. IInoapl €€ OoTnHYaroTcs BBICOKOW JUETHYECKOH H
MUTATENbHON [IEHHOCTHIO.

B ApmeHnn pacnpocTpaHEHBI TPW BHAA THIKBBI — KPYIHOIUIOJIHAS, TBEPAOKOpAs H
MYCKaTHasi, OTJIMYarolinecs pa3mepoM, Gopmoit, okpackoil mioga u chepoil TpUMEHEHUs.
Hmerorcst Taxke copra ¢ NPUYYUIMBHIMH (popMaMu, HCHOJIB3YEeMBIMH B JEKOPAaTHBHBIX
LETsIX.

Eme B cpegHue Beka cTalo U3BECTHO, YTO HE MEHEE, YEM MSKOTb IOJE3HbI U CEMEHa
TBIKBBI, COJIeprKaIye B cBoeM coctase 10 40% MUIeBoro Macia, B TOM YHCIIE TaKUX KHUPOB,
Kak omera-3 u omera-6. CemeHa THIKBBI, KaK M APYIMX OaxX4eBBIX KyJBTYp, OOJIalaioT
6oBIION cocymIell CHIION M MOTYT IIpopacTaTh JaXxe B TOBOJBHO CyXoif mouse. C pa3BUTHEM
OOJIBIION JIMCTOBOM IOBEPXHOCTH TIOTPEOHOCTH pAcTeHWH BO Biare yBEIWYHMBACTCS,
0COOCHHO B NEPHOJ MAacCCOBOTO IIBETCHUS M 00pa3oBaHus IUIOAOB. Jlake KpaTKOBpEMEHHas
3acyxa IPUBOJUT K OIaIaHMIO 3aBs3€il 1 IPUOCTaHABIMBAET OIUIOJOTBOpeHHE. [1oBbIICHHAS
MOTPEOHOCTh PACTEHMI THIKBBI BO BIIare OMPEAEIAET BaKHOCTb PAa3BUTHA KOPHEBOM cHuc-
TEMbI, KOTOpas BIIMSET HA pa3BUTHE HAJ3€MHOW MacChl, I[BETCHHWE, 3aBS3bIBAHUE U
CO3pEBaHHE IIOAOB. DTUM OOBSICHSIETCSl UCIOIB30BAHUE PA3JIMYHBIX CTUMYJISITOPOB POCTa,
0COOEHHO HMEIOUIMX OHOJIOTHYECKOE IMPOMCXOXKICHUE, NPU BBIPAIIUBAHUKM STOM LIEHHOM
KYJBTYpPHI [4].

Ienpto MPOBEICHHBIX KCCIICAOBAHUI OBUIO M3YyYCHHWE BIUSHHS MPEANOCEBHOrO 3a-
MauyuBaHUs ceMsH B TedeHue 3 4 B pactBope MH (0,01%) Ha pocrt, Omoxumudeckue mo-
Ka3aTeNly U ypo)KaifHOCTh 2 COPTOB THIKBBI: bepkanyin u Apapatu Bapaaryiit.

Mamepuan u memoouka. OubiTsl TpoBeaeHs! B 2014-2015 rr. Ha SKCHEpUMEHTAIbHOM y4YacTKe
Hayunoro nentpa oBome0axueBelx M TexHHUeckux KyiasTyp MCX Apmenun. [loceB mposenen
JIBYCTOPOHHE-JIEHTOYHBIM criocoboM 1o cxeme 200+80/2x70 cm. OOpasipl U3y4annuch IO METOIHUKE
T'ocynapcTBeHHOro COPTOUCHBITAHUS CEJIBCKOXO3AHCTBEHHBIX KYIbTYD [2].

B Tedyenue Beretanuu npoBeAeHb! GeHomornyeckre HabIrIoAeHNsI, MOP(HOIOrHIECKHE OIHCAHUS
pacTeHuii, OMOXMMHYECKUE aHAIU3BI IUIOJOB, y4EeT TOBAPHOI'0 U O0IIEro ypoxKasi.

ITpu npoBeieHNN XUMUYECKUX aHAJIM30B HCIIOIb30BAIH OOIIEIPHHITHIC METOIUKH:

- CyXHe pacTBOPHMBIE BelllecTBa onpenesuii peppaxromerpom "MPD-45462M";
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HCIOJIb30OBAHUE MUKOPU3HOI'O ITPEITAPATA MUKOHET KAK CTUMVYJIATOPA POCTA J1J11 PASHBIX BUJIOB THIKBbI

- caxapa (obumme) — mo meroay beprpana;

- putamuH C — o Metoxy Myppu [3].

ATpOTEXHHKA BO3/ENBIBAHUS ObITa OOMENPHHATOW I KyJIbTYPhI
ApapaTckoil paBHUHBI.

TBIKBBI B YCJIIOBUAX

Pesynomamut u obcyrscoenue. Copt bepkaHyl OTHOCUTCS K MyCKaTHBIM TBHIKBaM H,
Onarozapst BHICOKOMY COJIEP)KaHWIO KapOTHHA, OTJIMYAETCSl OPAH)KEBBHIM ILBETOM MSKOTH,
CJIAJIKUM BKYCOM M HCIIOJB3YETCS B OCHOBHOM JJISI MPUTOTOBJICHHUS Kalll, COKa U AETCKUX
cmeceil. CopT ApapaTH BapiaryilH COJEp)KUT MEHbIIE caxapoB M KapoTWHa W Oiaromaps
IUIOTHOM KOHCHUCTEHIINH, TUI0JIA UCTIONIB3YETCS JJIsl IPUTOTOBJICHHS BAPEHBSI.

Kak BugHO M3 TaOn. 1, ONBITHBIE pacTeHMs MO JJIUTENHFHOCTH (eHodas onepexanu
KOHTPOJIb U PaHbIIE NEPEILTH K [[BETEHHUIO U 3aBA3BIBAHHIO ILIOJIOB.

Taoauna 1. Xo3siicTBEeHHAs OLICHKA THIKBBI

[IpoaomxuTenbHOCTh
Bapuants! epuoa, CyT O6H5HH Cpennsist Macca
BCXO/IbI- BCXOJIbI- yposkai, 11/ra UT0/a, KT
L[BETCHHE cO3peBaHue
APAPATH BAPIAI'VH
KonTpons 35 110 425,0 6,0
O6paboTaHHbIE 30 08 4515 6.5
cemena /Mu/
BEPKAHVYIII

KonTposb 40 115 390,0 4,7
Ob6paboTaHHbIE 38 110 4109 52
cemena /Mu/

VY THIKBBI copTa ApapaTH BapJaryiiH I[BETEHHE HA4aJoCh Ha 5, a CO3pEeBaHUE IJIOJOB
Ha 12 nmHeW paHbpIe KOHTPOJ, T.€. PACTCHUS MPOXOAMIHN (peHo(a3bl B 0ojee cKaTble CPOKH.
Y MmyckaTHOTO copra bepkaHyin cTUMYJISIUS BCEX MPOLIECCOB ObLIa BBIPAXKEHA B HECKOJIBKO
MEHBIIIEH Mepe — Te K€ ITOKa3aTeJIM: Hayalo LBETEHHs y OINBITHBIX PAaCTEHHH OIepenuiio
KOHTPOJIb Ha 2 JTHS, CO3pEBaHNE Ha 5 JHEH.

Hammm wmccnenoBanus BRISSBWIM BIIMSIHUE ITpenapata MH Ha MaccCy, YpO)KaiHOCTb H
KadeCTBEHHBIE TIOKa3aTeNn IUIOAOB. Tak, cpeqHss Macca Ioa y copra ApapaTi BapAaryiH
Ha 0,5 xr, a o0mas ypoxaiHOCTh Ha 26,5 m/ra win Ha 6,2% mpeBbICHIa KOHTPOJb.
YpoxaiiHocTs copTa bepkanym mpeBbicuia KoHTponb Ha 20,9 m/ra min Ha 5,3 %. Ilo
NPUHSTHIM B OBOILIEBOJICTBE ITOKa3aresisiM HauMeHbInas cpensis pasnuna (HCP) cocrauia
9,5 w/ra, a OTHOCHTENbHBIN mHpoueHT omnoku (Sx%) — 1,3.

Hamn ormedeHo BozneiicTBue mnpernapata MH Ha OMOXMMHUYECKHH COCTaB IUIOAOB.
Kak BumHO U3 puc.l, y copra Apapatu BapIaryiH cofep)kaHHe CyXOTo BEIIecTBa, 00mero
caxapa M KapoTHHa IpeBBICHIIO KOHTpoJb. OqHako y copra bepkaHymn copepixaHue cyxoro
BEIIECTBA M ACKOPOMHOBOHM KHUCIIOTHI OBIJIO CPaBHUTEIHLHO 3aHIKEHO, a OOIIMU caxap H
KapoOTHH MPEBBICKIM KOHTPOJb coorBeTcTBeHHO Ha 0,5 % wm 0,7 mr/% (puc.2). Ilo
COJZIEPKAHNIO ACKOPOMHOBOM KHCIIOTHI 00a COpTa HECKOJIBKO YCTYIAIH KOHTPOIIIO.

ITorogusie ycnoBus jera 2015 r. — mMrTenbHas BBICOKas TeMIlepaTypa —HETaTHBHO
OTpPa3WJIUCh Ha Pa3BUTHUH pacTeHHd. B Ooiee ONIarompwATHBIX YCIOBHSIX IJIS pocTa U
CO3pEBaHMsl IUIOJIOB CTHMYJISIIMSL BCEX IPOLECCOB Obuia Obl OoJiee OIIYTUMOM, Kak 3TO
HAOJIOaJOCh B AHAJIOTHYHBIX OIBITAX, MPOBEACHHBIX B palioHax ¢ Ooiee MpoXJamHBIM
JIETOM, Harnpumep, B MapTyHu.

B nmpyrom ombiTe, MpOBEAEHHOM B 3TOM palOHE, 3aMayMBaHUE CEMSH 2 COpPTOB
BblOIIEiics (acomu B pacTBope MH yCKOpsUIO I[BeT€HHE M Hadayio oOpa3oBaHusi 0000B, B
KOTOPBIX 3aBsi3bIBANIOCH Ha 1-2 cemeHu Oojiblle, MPHYEM IO pa3Mepy CEMEHa OIBITHBIX

pacTeHHit MPEBOCXOAUIN KOHTpOJbHbIEe HA 10-15%.
K.I'. A3APSIH, P.C. BAJIASIH, JI.M. TAJIEBOCSIH
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e CHLA

CyX/e BEWRCTSA
ofme caxapa
KapaTHH 1

BKOHTPOND OMH

Puc. 1. Xumuueckuii cocTas IIIOJO0B cOpTa Puc. 2. XuMudeckuil cocras IJI010B COPTa
Apaparu Bapaaryitn Bepkany

KOHTPOJIb

MukoHeT

Puc. 3. IInoas! THIKBBI copTa ApapaT BapaaryiH

Ha puc. 3 rpsaxa ¢ ONBITHBIMH pacTeHHMSMH U HArsiqHOCTH cdoTorpadupoBaHa ¢ OOJbIIETO

pacCTosgHusd, Mpu 3TOM 3aMETHO, YTO OIIBITHBLIC IIOABI CO3PCIN U npn06penn JKCJITYIO OKPACKy paHbLIC
KOHTPOJIBHBIX.

Hamm wccnenoBaHus — MMOKasaly, YTO MPUMEHEHHE IpenapaTta MHKOHET CrocoGCTBOBAIO

MPOXOXKICHUI0 (QeHoda3 pa3BUTHSA pacTeHHA B Ooiee CXKAThle CPOKH, YBEIUYCHUIO YPOXKAHHOCTH H
MOBBIIIEHUIO KadecTBa 1m1070B. Co3peBaHNe IJION0B THIKBEI COpTa ApapaTh BapAaryiH Ha4ajochk Ha 12 cyt
paHbllle KOHTPOJIS, YTO B COYETAHUHM ¢ OOJIbIIEH Maccoil IJI0/1a O3BOJISLIIO C BBIMOAON PEealM30BaTh PaHbIIE
CO3PEBILNE IO

kv
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SYNTHESIS SODIUM, POTASSIUM SILICATESFOR
THERMOREGULATING COATINGS SPACE VEHICLES BY MICROWAVE
METHOD

V.V.BAGHRAMYAN?! A.A. SARGSYAN? V.V. HARUTYUNYAN?®
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3 A.Alikhanyan National Laboratory (YerPhl)
v_bagramyan@mail.ru

Systematic investigation of the possibility of using microwave (MW) energy for obtaining of
silicates as pigments for the thermoregulating coating for the first time has been carried. Were obtained
sodium and potassium silicate solutions different composition by hydrothermal microwave (HTN MW)
treatment diatomite. Kinetic regularities were studied and were revealed the conditions obtaining of sodium
and potassium silicates solutions using MW heating. The effect of various factors on the degree of SiO,
recovery and the reaction rate was studied. The optimal conditions of HTMW processing of diatomite to
produce silicate solutions with maximum reaction yield were determined. The behavior of sodium and
potassium silicates after UV irradiation was investigated. The studies demonstrate the efficiency of
microwave heating for obtaining of silicate solutions from silica-containing rocks. It has been established
that microwave heating leads to an acceleration of the process and energy savings.

Diatomite — sodium and potassium silicates — hydrothermal microwave (HTN MW) treatment

Unwohtt wbquu nunudtwuhpdly & dhipnuhpuyht (UU) Eubpghwjh  oquuugnpsdwtn huw-
puynpoipniip  ohipdwlwpqunphy  Swdynyputph hwdwp  uphthjuwnughtt whqdbunubp unwbiunt
tywwnwlny: Unwgyk] o wwppbp pununpnipjuin bwnphndh b Jujhnwh upjhunwghtt nisnypubp
nhwnndhwnibph  hhngpnetpduyht dhypnuwjhpught (2QUU) dowfuwtt vhgngny: Muumdtwuhpdl) ko UU
nwpwgdudp  twwuphnwdh b Yujhnwdh  upjhunughtt mdnypubph unwgdwt fhubunhjulut
opptiwswthmpniuutpp b npnpdlp owwhuwy wuydwitbpp: Qunduwuhpyl] B wwppbp  gonpdnuubph
wqnlignipmniip SiO2-h Ynpquutt wunhdwh b nhwlghwubph wpwgnipjut Ypu: Npnpykp i nphwwnndhwnh
22U U dpwljuwl junfugnyt yuydwbikpp wnun]bjugnyi kjpny upihljuninughn jnisnypikph uvinugdwt hundwp:
Zhnmwqnuly ko twuphnwdh b Yuwjhnwdh - uhthuntbph hwnlne-poiiiipp MU fwnwquyenidhg htun:
Munultwuhpmpmittpp  gnyg ko wdlp  dppnwjhpught mwwpugdwdp  upjhjunught  wywpubphg
uhjhjuunughtt  nsnyplutph  unwgdwb  wpgmbwybnne-poiip: Zwunwngl] k onp dhypowhpugh
wnuwpwugnidp hwiiqiginud £ wpnghutbph wpuqugdwp b Futipghugh jptuynnmpyuip:

Fhwnndpun — hwwnppnidh b juyhnidh upppuniabp —
hpppnobpduyplt Uhhpnughpughll (ZQUG) dowlnid

Briepbie ucciaenoBaHa BO3MOXKHOCTh HCIIONIB30BaHUS MHKpPOBONHOBOH (MB) sHeprum c¢ nenbio
MOTyYEeHHUs] CHIIMKATHBIX MUTMEHTOB ATl TEPMOPETYIUPYIOIUX MOKPbITHiL. ITomydeHbl pacTBOPHI CUITNKATOB
HATpHUs M KaJIus Pa3MYHOTO COCTaBa TMApoTepManbHO MUKpoBoiaHOBoU (I'TMB) 06paboTkoii quatoMuTa.
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W3ydeHpl KHHETHYECKHE 3aKOHOMEPHOCTH M OIPEICICHBI YCIOBUS IOMYyYCHHS DPACTBOPOB CHIIMKATOB
HATpHs M Kallusl ¢ McIoib3oBanrneM MB Harpesa. VccieoBaHO BIHSHUE Pa3IMYHBIX (AKTOPOB HA CTEIICHB
u3BiedyeHus: SiO, ¥ CKOPOCTh PEAKIIUH.

Onpenenensl onTuManbHbie yesioBus ['TMB 00paboTku auaToMuTa Ui TONYYCHHS CHIMKATHBIX
pacTBOpPOB C MaKCHUMAaJIbHBIM BBIXOJOM. M3y4eHbl CBOWCTBa CHJIMKATOB HATpusi U Kaiusi rociie YO
obnydenus. VccnemoBanusi mokazanud 3((EeKTHBHOCT, MHKPOBOJIHOBOIO HarpeBa  JUisl IOJYYEHHs
CHJIMKaTHBIX PacTBOPOB M3 KPEMHE3EMCOAEPIKAIUX MOPOA. YCTAHOBICHO, YTO MHKPOBOJIHOBBIM Harpes
MPUBOIUT K YCKOPECHHUIO H YHEPTrOCOEPEKESHHUIO IPOIIECCOB .

Jluamomum — cunuxamol Hampus u Kaaus — 2UOPomepmanvro mMukpoeoanosas (I'TMB) obpabomxka

Thermoregulating coatings are used in space vehicles (SV) for the purpose of maintenance
of their thermal regime. Nowadays it is provided with enamel and ceramic thermoregulating
coverings of “solar reflectors” type on the basis of oxide pigments. Our analysis of scientific and
technical information, experience and investigations in the field of synthesis of high-purity
materials have shown that nanopowders of silicates of zirconium and zinc, doped with atoms of
rare earth elements (REE) — yttrium, cerium, etc. — can be successfully used as pigments for solar
reflectors [2-5, 10]. Preliminary studies indicated TRC on the basis of these materials will ensure
their long-term operation in space. The use of silicate pigments for TRC is limited due to
complicated technology of their obtaining. The stated materials are obtained on the basis of
expensive high-purity chemical substances modified by nanopowders of definite compositions at
high temperatures. The process of obtaining of nanocrystalline powders, as well as highpurity si-
licates of zirconium, zinc, etc. is multi-stage and prolonged, carried out at high temperatures. We
have developed a hydrothermal-microwave (HTMW) method for the synthesis of nanocrystalline
silicates that is more effective compared to solid phase or sol-gel methods. The aim of work is
development of new compositions of thermoregulating coatings for space vehicles (SV) and new
technology of their obtaining by original and perspective method — method of hydrothermal-
microwave synthesis. Microwave heating provide contactless delivery of energy to the reacting
fluids, high energy density possible, and short heating times in the range of minutes instead of
hours. Microwave chemistry of obtaining silicate scarcely been studied. Developed method of
obtaining of silicate by hydrothermal-microwave treatment is an effective method in comparison
with the solid phase or zol-gel methods.

The first step is to develop a method of obtaining precursors from rocks for TRC. The
essence of the method is the HTMW treatment of siliceous rocks by alkali solution to obtain
sodium and potassium silicates. The developed method makes it possible to use siliceous rocks as
a raw material for obtaining solutions of sodium and potassium silicates at low-temperature (90-
200°C) for synthesis of silicates zinc and zirconium. In the mass industry traditional methods for
production of sodium and potassium silicate solutions include a two step process: a) melting of
silica rock and sodium/ potassium carbonate mixture at 1450-14700C in the glass furnace to
obtain “silicate blocks”; b) dissolution in water of “silicate blocks™ in rotating autoclaves at high
pressure and temperature of 170-1800C for 5-6 hours [1, 6-9, 11]. Disadvantages of traditional
methods of the production of alkaline silicate solutions are: high energy requirements, expensive
and multistage production process and release of carbon dioxide and sulphuric anhydride to the
atmosphere. One of the directions of intensification and improvement of
ecological cleanness of the production of alkaline silicate solutions is the development of efficient
methods for their production. This goal could be reached using a hydrothermal microwave ap-
proach which excludes high-temperature melting.
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As a raw material were used diatomites from Armenian deposites. The sodium silicate
solutions (with silica module 1) will be used to obtain silicates of zirconium, zinc and pigments
on their basis. Potassium silicate solution (with silica module 3-4) will be used as a binder when
forming TR coatings. There is not any information about rock use in production of silicate
pigment. The analysis of references has shown that for production of pure silicates the use of rock
is consider impossible because of the high content of coloring impurities. The patent-literary
analysis shows that known methods of clearing silicates and their solutions from coloring
impurities do not ensure necessary minimum content of iron compound, as these systems are
difficult to clear. The obtaining of pure silicate materials by HT MW method synthesis of silicate
pigments for TRC on the basis of rocks has not been described in the scientific literature.
Meanwhile, our study on obtaining high-purity silicates testify to possibility of expansion of a
raw-material base for production of pure silicates from natural siliceous rocks. Diatomite is
chosen for obtaining different silicates.

Materials and methods. As a raw material for the production of solutions of alkali silicates some
diatomites from Armenian deposites were used with the following content of basic components (in wz.%):
Si0, — 84.24; Al,O; — 3.65; TiO, — 0.31; CaO — 1.80; MgO-1.05; Na,O +K,0 — 0.36; Fe,O; — 1.75; loss at
calcinations and moisture — 6.84 (moisture — 3.30). Externally, diatomites are loose or lightly compacted
deposits of white, light gray, yellowish or pinkish floury and easily pulverized porous material. Diatomites
are easy sedimentary rocks consisting mostly of amorphous silica in the form of microscopic (0.002-0.3 mm)
frustules of diatomic algae. Bulk density of diatomites is 300-800 kg/m?®, specific surface is 5-6 m*/g. X-ray
analysis has shown that diatomites are mainly amorphous substances. To heat diatomites by microwave
radiation, its dielectric properties should be determined. Dielectric parameters of diatomite (dielectric
permeability €' = 7.42, tgd = 0.525) allow performing MW heating for chemical reactions. High silica con-
tent in diatomites and its amorphous structure enable to use diatomite for obtaining silicate solutions.

Synthesis of sodium and potassium silicates from ground diatomite (particle size < 1.0 mm) was
performed in "Samsung" CE1073AR microwave oven in an open glass. Synthesis was carried out at a
frequency of 2.45 GHz and microwave power of 900 W. In parallel, synthesis at similar ratios of the initial
components was carried out in a thermostat at the boiling point of the solution and mechanical stirring.
Heating time of the reaction mixture to boiling point at microwave treatment was 3-4 minutes at a power of
900 W.

The concentration of initial solutions of sodium hydroxide in terms of Na,O made 40-150 g/1
of Na,O, and the ratio of moles of sodium oxide solution and silicon dioxide was 0.1-1.0. The weight
ratio of the liquid (alkaline solution) and solid (rock) phases (L:S) was 4.0 to 6: 1.

Potassium silicate solution will be used as a binder when forming TR coatings. For this purpose it is
necessary to have the potassium silicate solutions with silica module 3-4.

The concentration of initial potassium hydroxide solutions was 40-50 g/l of K,O, and the ratio of
moles of potassium oxide solution and silicon dioxide in the rock was 0.1-1.0; L: S = 4.0 - 6.5: 1. Heating
time of the reaction mixture to boiling point at microwave treatment was 3-4 minutes at a power of 900
watts.

The process kinetics was controlled by changing the silicon dioxide concentration in the solution and
precipitation depending on time, the initial amount of alkali and microwave power. The quantity of SiO, in
the sodium/potassium silicate was determined by gravimetric method.

X-ray analysis the solid phase (after filtration and grinding below 20 pm) were registered using
diffractometer "DRON-2" (CuKa radiation).

Figs. 1-4 show the kinetic curves of diatomite interaction with sodium/potassium hydroxide at
hydrothermal and hydrothermal-microwave treatment when obtaining sodium/ potassium silicates. As it is
seen from fig. 1, 2 when preparing sodium/potassium silicate solutions
under identical conditions, the rate of MW processing of diatomite using alkali solutions is higher by a factor
of 2 - 3 as compared with the conventional method of heating, where as the reaction yield is practically the
same.

47



V.V.BAGHRAMYAN, A.A. SARGSYAN, V.V. HARUTYUNYAN

When preparing solutions of sodium metasilicate, SiO, yield is 90%, and when preparing potassium
tetrasilicate — 80% of the rock silicon oxide.
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Fig.1. Degree of dissolved SiO, diatomite in Fig.2. Degree of dissolved SiO, from diatomite in
obtaining Na,0-SiO, vs. the treatment time for: obtaining K,O- 4510, vs.the treatment time for:

1-MW-heating; 2— conventional heating. 1— MW-heating; 2 — conventional heating.

An important determinant of the properties and functional activity of a particular type of
sodium/ potassium silicate is Silica Modulus, M, which indicates the ratio of SiO, and Na,0/K,0O
moles. Maximum silica modulus of the potassium silicate reaches 4.0 and that of sodium silicate — 3.3.
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Fig.3. Silica Modulus, M Fig.4. Silica Modulus M
(Si0,/Na,0) vs. the treatment time (t). (Si0,/K,0) vs. treatment time (t)

The rate of the reactions producing silicate solutions depends on the type of alkali:
treatment of rock by NaOH solution is faster than by KOH solution. On the basis of the obtained
results, the following optimal conditions of HTMW processing of diatomite were determined to
produce silicate solutions with maximum reaction yield. For obtaining sodium metasilicate: Na,O
concentration of 130 — 150 g/1, the ratio of liquid and solid phases (L:S) of 5.5 — 6.0, microwave
oven power 900 W, T-100°C, reaction time 15 min diatomite particle size less then 1 mm, reaction
yield 90%.

When obtaining potassium liquid glass with modulus 4: K,O concentration of 50 g/, the
ratio of liquid and solid phases (L:S) of 5.0, microwave power 900 W, T-100°C, treatment time 40
min, diatomite particle size less then 1 mm, the reaction yield 80%.

The behavior of sodium and potassium silicates after UV irradiation was investigated:
Some transmission spectra were measured in the wavelength range from 1 to 2.2 mkm for the
samples subjected to UV radiation. Before the irradiation, the potassium and sodium silicates
obtained by HTMV treatment of diatomite were dried. UV irradiation was carried out using
various exposures UV radiation cycles: 30 to 150 min. After UV radiation the measurements of
transmission/absorption spectra were carried out. The sample, powdered test substance was mixed
with KBr in the ratio of 30 to 130 mg. Then the mixture was milled and pressed in tablets 20 mm
in diameter using a special molding tool. The measurements of transmission/absorption spectra
were carried out at regular intervals after UV radiation.
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Results and Discussion. Thus, for the first time systematic investigation of the
possibility of using microwave energy to produce silicate solutions from diatomite was
carried out. Kinetic regularities were studied and the conditions for obtaining solutions
of sodium and potassium silicates using MW heating were revealed. The rate of the
reactions producing silicate solutions depends on the type of alkali: treatment of rock by
NaOH solution is faster than by KOH solution. This is due to the fact that sodium ion
(ion radius Na' is 0.102 nm), in aqueous solutions is more active than potassium ion
(ion radius. K* is 0.138 nm). The ionic strengths of solutions of these cations are
different because of different ionic radii at the same charges. Experimentally, the rate of
heating of the reaction mixture and the exposure time for obtaining silicate solutions of
given compositions were determined. The optimum parameters of HTMW processing of
diatomite were identified. It was found that the compositions of intermediate and target
products of synthesis of sodium/potassium silicate solutions are identical regardless of
the heating method — microwave or convective. It was revealed that the use of
microwave energy can significantly intensify the process of hydrothermal treatment of
diatomite compared with conventional heating methods.

The carried out experiments have shown the effectiveness of the microwave
heating in the preparation of silicate solutions from silica-containing rocks — diatomite.

The transmission (absorption) spectra of sodium and potassium liquid glass
obtained from diatomite show that the UV radiation contributes to a defect formation in
the crystal lattice and, thus contributes to an increase of the resistance of materials with
respect to radiation sources.
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BrepBble ¢ MCIOJIB30BaHUEM SIBIICHUS] HECTAOMIBHOTO KOMILIEKCOOOPAa30BaHUS MEXKIY IeMo-
rnobunom 1 NADPH oxcnpasoi, (Nox) nokanu3oBaHHOI B MeMOpaHHBIX (OPMUPOBAHMSIX HKPHI
PyubeBOil (opeiH, KEeNTKa KypUHBIX SUIl U SK30COM KOPOBBEr0 MOJIOKA, BbIIENCHBI (pakiuu H30(opm
Nox, pacueTHOE yIenbHOe ONTHYECKOe NoriomeHne Kotopbix mpu 530 um coctasnser 0,35, 0,15 u 0,24
ONTHYECKUX €IWHHMI] (0€) COOTBETCTBEHHO. M30popMbl NOX, BBIIEICHHBIE U3 JKEITKA, MOJOKA U HKPBI,
MMEIOT TOBBIIICHHOE COJep)KaHHEe MAJOHOBOrO auanpaeruga (hochomumuaaeix octatkoB): 10,8+1,3;
12,3£2,0 u 14,6+2,1 pM/mr Nox, p<0,05, n=6 coorBercTBeHHO. [IpencraBneHHbie NOX HMEIOT
XapaKkTepHble ONTHYECKHE CHEKTphl morjomenus. HaOmomaercss mpsMO — IPONOPIMOHAIBHASL
3aBUCUMOCTD MEXIY cojepkanueM (Gocdonumuanbix ocTatkoB u yaenabHoi NADPH-3aBucumoit O, -
NPOAYIMPYIOIEH aKTUBHOCTHIO 3THX Nox. Ilo cpaBHeHWo ¢ yuaenbHoi O, -IpoaylupyrOIEi
aKTHBHOCTBIO NOX U3 KJIETOYHBIX MEMOpaH MJIEKONHUTAIOIIHX, 3Ta aKTUBHOCTb Y NOX M3 HKPBI, MOJIOKA U
JKeNTKa MOBbIIIeHa B 3-4 paza. OTH OMOXMMHYECKHE IOKa3aTeNH MOTYT OBITh HCIIOIB30BAaHBI UL
OLICHKH KauecTBa IHIIEBHIX MIPOIYKTOB, 8 TAK)Ke KaK HOBBIE ¥ UyBCTBUTENIBHbIE JUAarHOCTUUECKUE TECTHI
IIpH 3a00JIeBaHUSAX JOWHBIX KOPOB, PBIO H KyP.

NADPH oxcudaza — MOI0KO — AUYHBIL HCETMOK — UKPA PblObl

Unwgohtt wiqud oquiuqnpstiny htiungnphuh, (dwlughtt dnpkh d4ulhph b hugh phninigh pw-
nutpughtt juquunpnuditbipmd & Yuph Eygnundibpmd nbnujupws VUYPH opuhnuigh (Nox) hhin
wiuymt  Ynduybpuwgnjugdwn  Eplnypp  wbowwnydl] Eu Nox-h hgqndlkp, npnig  hwodupluyht
mbuwupup oyunhljulut Juinwdp 530 wd-nid juqunud £ hwdwyuinwupwbwpwup 0,35, 0,15 n 0,24
oyuhljulwt dhwynp: Yhnunighg, Yuphg b dYujhphg wiowwmws wyu Nox-tpp niukl Jwintwght
nhwinkhhnh  ($nudpnhyhnughtt  duwgnppubph) pwpdp wuwpnibwlnipmt, hwdwywnwupwiwpup
10,8+1,3; 12,3+2,0 u 14,6+2,1 UjU/dq Nox-nud, p<0,05, n=6. Lkpljuyugyws Nox-kpp niukl punipugpuljui
oyunhljuljutt Juidwt uwyklnpubp: Uju Nox-tph $nudnihyhnuyhtt dbwgnpnubph wwpnibwlnipyut b
nbuwlupup VUYPH-Juhyu) O27-gnjugdwin wjnhynipjutt dhol nhunynud E minpn hwdbdwinwlut
Juhjwénipmni: Guplhwuntuibph peowpunuipttnh Nox-tiph O27-gnjugdwt wljnhynipjut hudbdwn
Ayuyhph, Yuph b phinunigh Nox-tph wluhynipmitp wykh b 3-4 wiqud: Uju Yhuuwwphdhwuljwh
suthwithotlipp Jupnn L oqunugnpéty npybiu ipdws ubiudplpputph npulh ghuhwindwi tinp dhong b
npyku Yndtph, Ajukph ot hubph hhjuiinmpiniiibph puguwhwpndwi qquyni whnnnpnohy phunbp:

UVUMPH opupnuuq — Juyp — dyh nkninig —4§alpe
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For the first time, the fraction of isoforms of Nox were isolated by using the phenomenon of the
formation of nonstable complex between hemoglobin and Nox, localized in the membran formations of the
trout fish roe, hens egg yolk and exosmes of the milk. Their calculated specific optical absorptions at 530
nm were 0,35, 0,15 and 0,24, respectively. The isoforms of Nox from egg yolk, milk and caviar has
increased content of malonic dialdehyde (residues of phospholipids): 10,8+1,3; 12,3+£2,0 and 14,6+2,1
uM/mg Nox, p<0,05, n=6, correspondingly. These Nox has specific optical absorption spectra. The straight
proportional dependence between content of the phospholipid residues and the specific O, -producing
activity of these Nox is observed. In comparison with the specific O, -producing activity of the Nox from
cell membranes of the mammals, the activity of the Nox from caviar, milk and egg yolk increases to 3-4
times. These biochemical indices can be used for evaluation of the quality of these food products, and as
new and sensitive diagnostic tests for the diseases of dairy cows, fish and hens.

NADPH oxidase — milk — egg yolk — fish caviar

B nacrosmiee Bpems nurepaTypHble gaHHBe 0 Hanmuud NADPH okcmmasHoil akTHB-
HOCTH B WKpE PBIO, JKENTKE KypHHOTO AWIa M KOPOBHEM MOJIOKE OTCYTCTBYIOT. C Apyroi
CTOPOHBI, M3 MOJIOKa KOPOBBI METOJOM yibTpaueHTpudyrupoBanus [6, 10] BblaeneHs
9k30coMBl pasMepoM 40-100 HM. DK30COMBI SBJIAIOTCS HAHOYACTUI[AMU, CEKPETHPYEMBIMHU
kietkamu. OHM JIOKIN30BaHbl B OMOJIOTHUECKHX JKUJIKOCTSAX M 00ECIIeYnBAIOT HOPMAJIbHOE
(YHKIIMOHUPOBAHUE SKCTPALICILTIOISIPHON UMMYHHON CHCTEMBI [9]. DK30COMBI JIOKAJTN30BAHEI
B CBIBOPOTKE KpPOBH, JKHJIKOCTSX AaCOUTHBIX KAPIIMHOM H  COJCPXAaT HU30(OPMEI
skcrpanerntroisipaoiit NADPH oxkcunaser (eNox) [8]. Llempto paOGoThI SBISUIOCH BBIICICHUE
¢pakouu m3odopM NOX U3 IK30COM MOJIOKA KOPOB, JKEJITKOB KYPHHBIX SIHII, PHIOBEH UKPHI 1
ONPEJEICHUE UX CBOMCTB.

Mamepuan u memoouka. Bvioenenue ¢paxyuu Nox uz uxpol ¢openu. IlpencrapieHnas panee
[10] mpouenmypa BeineneHust NOX M3 HKPBI HECKOJIBKO BHAOM3MeHeHa. [locie romorern3anuu ukps (10 T) B
Boze (1:20 06/06) npu 4°C B TeyeHWe 3-X MUH K HEMY J00ABIAETCS reMOTIo0nH ((heppUreMorioOnH witu
¢epporemornodns — 50 uM, BBIIETIEHHBIH U OYHIIEHHBIA U3 SPUTPOLMTOB JOHOPCKOH kpoBH) npu pH 7,4-
8. Tocne wHKyOamuu 310 cMecn mpu 37° C B Tedenwe 2-X 4 ee pasbaBimsuid B 25-30 pas u mocie
unkyGanuu B Teyenue 20-25 mun npu 4°C u uentpudyruposanust npu 5000 g cynepHATAHT MOABEPray
HOHOOOMEHHOW Xpomartorpaduu Ha KOJOHKe ¢ Iemtonosoir DE-52. ®paknuio Nox smouposanu 0,1 M
kayii pocdatusM Oydepom pH 7,4 (KDB).

Buioenenue gpaxyuu Nox us kopogvezo monoxa.

Brinenenne Nox U3 cBexero KopoBsero Mosioka (50 Mi1) BKJIIOYAeT Te e MPOLEeaypbl, KOTOpbIe
MIPUMEHSJINCH TIPY BbIeNieHHd NOX U3 UKpPHI C TO# paszHuieH, uto u3 konoHku DE-52 Nox amoupoann
cHagana 0,1 M K®Bb, nanee mocie pasbasieHus 3mroara Boxoid B 30 pa3 mpoBOIMIN HOHOOOMEHHYIO
xpomarorpaguro Ha koiaouke DE-52. dpakiuio Nox amonposanu 0,04 M KOB.

Buvioenenue gpparyuu Nox uz dcenmrog KypuHwix auy.

Beinenenne Nox u3 2-x xenTkoB (35-40 T) BKIFOYAET TE K€ MPOLEAYPhI, KOTOPbIC TPUMCHSIIUCH
npy BeIIeseHH NoxX U3 HKpbI peIobl. Dmoanus Nox npoBoaunack 0,1 M KDB.

Onpeoenenue NADPH-3a6ucumoii cynepoxkcuo-npooyyupyroujei axmueHocmu @pakyuu u3o-
@opm Nox. AKTHBHOCTb Onpenessin HuTpoTeTpazoinesbiM cuauM (HTC) metonom [4]. YV aensuas O, -
MIPOLyNUpPYIOIIas aKTUBHOCTH OblIa ompeieneHa B pacuere Ha 1 M ¢ppakunu Nox, moixydeHHO# u3 1 M
MOJIOKa, 1 T kenTKa Wik 1 T UKPHI PHIOBL.

Onpeoenenue yoeavbhozo codepoicanus gpaxyuu uzogpopm Nox.

PacuerHoe yzmenpHOE comepxaHue (IDIOTHOCTh MaKCHMAIBHOTO ONTHYECKOrO MOIJIONMICHHS MPU
530 uM, B-mosioca mortomeHus ) u3ohopm Nox ObUTO ompesencHo B pacuere Ha 1 Mit NoX, BBIJICTICHHON
n3 1 i1 Monoka, 1 r ukpsl U 1 T xentka.

Onpedenenue cooeparcanuss MaroHo8o2o ouanvoezuoa (MJ/[A) 6 cocmage Nox.

AckopbaT3aBrcUMOE MEPEKUCHOE OKHUCIICHHE JIMMHUIOB (COAep)KaHHe MaJOHOBOTO IHalb-JeTHia
B 1M Nox) ompezensii ONTHIECKUM CIIEKTPATBEHBIM METO0M, IPUHAMAST MOJISIPHYIO SKC-THHKIUIO JUIS
MJA -1,56 x 10°Mlem! [1].
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Onpeoenenue monekyiapreix macc uzogpopm Nox. MonekynspHele Macchl uzohpopm Nox mnpu-
BEJICHHBIX HCTOYHHMKOB OIpPENENSId METOAOM renb-(uibTpamuu Ha cedanekce G-100 (Pharmacia,
[IBenust), mcnoms3ys B KadecTBe craHgapra muroxpom C w3 cepama ObIka, LEpYNOIUIA3MHH U
TpaHc(heppUH U3 IUTAIIEHTApHOI KPOBH JKEHIIMH U KaTajasy U3 JIETKUX ObIKa.

B xone nomyuenuss Nox ncronb3oBanack nenrpudyra K-70 (lepmanust). OnTideckue CIIeKT-
paibHBIE W3MepeHHs1 mpoBoawau Ha crekrpodoromerpe “Spercord UV/VIS” (I'epmanus) ¢ miuHON
omntuueckoro npodera — 1 cm. CraTucTHYecKyro 00pabOTKy MOIYYEHHBIX PE3YJIbTATOB OCYILECTBISIN
OOIIENPUHATHIMA METOAAMH BaAPUALIMOHHONW CTATUCTUKH.

Pe3ynomamut u oocysycoenue. Hebonmpmme BUAOM3IMEHEHHUS criocoba morydeHust Nox
[2] OpuM OCymIeCTBIEHBI ISl yOAJEHHUs BOJOHEPACTBOPUMBIX JIUIMTUACONEPIKAIINX CMECEH,
MPEISITCTBYIOIIMX MPOBEJICHUIO HOHOOOMEHHOI XxpoMarorpadun. M3 KOJOHKH ¢ LEeJUTI0I0301
DE-52 0bin >nronpoBaHbl OelIKoBbIe (paKLUy, KOTOPbIE MMENN ONTHYECKHE CIIEKTpajIbHbIC
MIOKa3aTely, XapakTepHale i n30popM Nox 13 MeMOpaH KIETOK, a TAKXKE BHY TPUKJICTOYHBIX
U BHEKJIETOYHBIX KOMIIOHEHTOB MileKonurarolmmx [8]. YkazaHHble (pakiuuy B OKHUCICHHOM
COCTOSTHMM UMEIOT ()OPMY ONTHYECKHX CIEKTPOB M MaKCUMYyMbI MOTJIOIeHHuss npu 560 HM,
530 uM, 412 aM u 360 HM, a B BOCCTAHOBJIIEHHOM JTUTHOHOTOM HATpPHUS COCTOSIHUM — Mpu 558
HM, 525 HM, 418 HM 1 365 HM (puc.l). [Tocie moBTopHOI MOHOOOMEHHOW XpoMaTorpaduu Ha
nemnonoze CM-52 u DE-52 ¢opma onTruecknx cHekTpoB moryomieHus: nzogopm Nox He
nsMensieTcs. B pesynbrare renb-unbTpanmu Ha kosoHke ¢ cedanekcom G-100 B cimyuae Nox
W3 MKPHI U SIUI BBISBICHBI 1B€ CyOBETUHHIIBI C MOJEKYISIpHOW Maccoit okoio 22 u 91 k/la
(aT0 xapaktepHO ans MeMmOpaHHBIX Nox [4]) U Tompko B cirydae NOX M3 MOJOKAa — OIHA
cyOBpeIuHALIa C MOJIEKYJISIpHOW Maccoi mo 75 k/la, uro xapakTepHO as eNOX M3 HK30COM
CBIBOPOTKH KpPOBM MIICKOIIUTAIOIINX WJIM M3 3K30COM JKHIKOCTH AaCIMTHON KapIMHOMBI
pasznuuHoro xapakrepa [8]. Ilocie renb-(uibrpanuu  ¢GopMa ONTHYECKHX CIIEKTPOB
norJyioieHust cyobenuHul n3o(opm NoOX OLIYyTHMBIX U3MEHEHHI HE TpeTepIieBaeT.

v, ¥, BT HM
g L Yo "0

Puc. 1. Ontudeckue CHeKTPHI MOTIOMEeHNs Gpakaun n30¢hopM NoX, BEIIETCHHBIX U3 UKPbI HOpeIH, BbI-
pamieHHOH B Bogoemax ApMeHni (1); U3 CBEKOro KOPOBLETO MOJIOKA (2) M U3 KEITKOB KypHHBIX sHI (3)
TI0CJIe TOBTOPHOI XpomaTorpaduu 5tux NoX Ha eJUTIoNo3e
CM-52 u DE-52. [Tocne BoccTanoBieHus (1) IMTHOHUTOM HATPUS MOSIBIISACTCS XapakTepHas hopma U
MaKCUMyMOB noriomenus 1t Nox (uroxpoma bssg) mpu 558 HM (----).
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BBIJIEJIEHUE U CBOMCTBA ®PAKILIMU NADPH OKCH/IA3bI U3 UKPbI PhIEbl ®OPEJIb, MOJIOKA KOPOBBI U JKEJITKA...

Ecmn dpaxmum Nox U3 MKpbI pbIOBI M JKENTKOB KYPHUHBIX SHI] U3 KOJOHKH C IIEJUTIO-
no3oit DE-52 amoupytorest 0,1 M K®b, To ¢pakuust Nox u3 monoka anroupyercst 0,04 M
K®B, gro xapaktepHo A 3KCTpaneunoisipHoi Nox (eNox), y KOTOpO#, Hapsiy ¢ IpyTHMH,
umeercs HeOoJbLIOe, HO XapakTepHoe aist eNox noriomenue npu 485 um [8]. [onyueHHsie
JaHHbIC CBUIACTCILCTBYIOT O TOM, YTO M3 HKPbBI U IKCJITKA MOJYYCHbI @paKunn NOX,
XapakTepHsble U1t MeMOpaHHBIX NOX, a U3 9K30COM MoJIoKa BbieneHa eNox (puc.l). OxgHako
IUIOTHOCTh MaKCHMAaJILHOTO ONTHYECKOro noriomieHus npu 360 HM y nomydeHHbsIx Nox (3To
coiictBeHHO 1151 PAJl) W3 KENTKOB WL, UKPHl U MOJIOKA MO CPaBHEHHUIO C MOKA3aTeISIMU
Nox 3 Jpyrux MCTOYHHKOB CYIIECTBEHHO ITOBBIIICHA (B cpeaHeM 1o 2-2,5 paza). C apyroi
CTOPOHBI, KOJIHYECTBO (POCQONHUITUAHBIX OCTaTKOB B COCTaB€ MOJEKYIBl ATHX NOX,
COOTBETCTBEHHO M YPOBEHBb MPOAYKTa acKopOaT 3aBUCHMOW JHIMUAHOW MEPOKCHIAINN —
ManoHoBoro aumanbaeruga (MJ/IA), mo cpaBHEHHIO C TOKa3aTelsiMu NOX, BEIIEICHHOW M3
KJIETOYHBIX MeMOpaH, 3HaunTensHO BhImE (3-5 pa3) [6]. PacuerHoe ymenpHOE comepikaHue
(pacyeTHas TUIOTHOCTH ONTHYECKOTO MOTJOMmEeHUs npu 530 HM) BBIIEICHHBIX U3 HUKPHl NOX
cocraBisiet 0,35 oe, u3 mMonoka kopoBel — 0,24 oe, a u3 xenTKOB KypuHbIX sum — 0,15 oe.
WHTepecHO U TO 00CTOATENLCTBO, 4To yaeiabHas NADPH-3asucumas O, -npoayuupyromast
aKkTUBHOCTh NOX M3 MKpBI (OpeNnu, U3 MOJIOKA M KypUHBIX SIMI cocTaBisieT 62,5 en/mi, 48,4
en/r u 39,3 en/r coorBercTBeHHO. Habiromaercss mpsMONpoNOpUMOHANIBHAS 3aBUCHMOCTh
Mexay conepxanueM (GocpoIumuaoB B coctaBe Monekyn stux Nox ¢ ux O, -
OpOAYUMpPYIOIEH aKTMBHOCTBIO. DTa AaKTHMBHOCTH B 3-4 pasza mnpesbimaer O, -
MPOAYLHPYIOIIYI0 aKTHBHOCTH M30(hopM NoX M3 MeMOpaH KIETOK TKaHEH MIIEKOIHUTAOIIIX
(Tabmn.1).

Ta6muna 1. BrnoxuMuueckue nokasarenu ¢ppakiuu n3odopm NoxX U3 KENTKOB KypHHBIX SIULI, U3
KOpPOBBETO MOJIOKa U UKpBI openu, n=6, p<0,05

Tokazatenu u3opopm Nox 1* 2 3
PacuerHoe ynenpHOe onTHYecKoe 0,15+0,03 p=,005) | 0,24+0,02 (p=,001) | 0,35+0,04 (p=,003)
rioroeHue (Assp)
PacuerHas ynenbnas NADPH- 39,3+4,1 (p=,003) 48,4+0,4,9 (p=,01) 62,5+7,1 (p=,003)
3aucuMast O, -TPOJIYLl. aKTHBH.

eJ/MT.

PacuetHoe ynenpHOE onTHYECKOE 1,04+0,1 (p=,005) 1,15+0,3 (p=,01) 1,37+0,4 (p=,001)
niorJiomeHue npu 360 HM

MJIA pM/mr Nox 10,8£1,3 (p=,003) 12,3+£2,0 (p=,002) 14,6£2,1 (p=,003)

*[Ipumeuanue: Nox u3 dcenmros Kypunvix suy (1), uz koposvezo monoka (2), uz ukpwi gopenu (3).

Takoe yBennderue O, -MpoayUMpyromel akTuBHOCTH NOX K3 IIPUBEAEHHBIX MTHIIEBBIX
IIPOYKTOB C OJIHOW CTOPOHBI, MOXKET OBITh CBSI3aHO C IOBBIILICHHBIM cozepkanneM PAJ] B
cocTaBe 3TUX (EPMEHTOB (IUIOTHOCTH ONTHYECKOro mnorjomenus npu 360 um). C npyroi
CTOPOHBI, YBEIMUCHNE YPOBHS HJIOTCHHBIX (OCOIUIHMIHBIX OCTATKOB B COCTAaBE MOJIEKYII
MPUBEICHHBIX NOX MOXET OBITh (PaKTOPOM MOBBIMICHHUS 3TOH aKTHBHOCTH (M3BECTHO, UTO
NADPH 3aBucumas O, -npoayuupyoias akTHBHOCTh NOX IIOBBIILAETCS 0] BO3AEHCTBUEM
9K30reHHbIX pochommumon) [4, 5, 9].

Takum 00pa3oMm, BIIEpBBIE C HCIIONB30BAHHEM SBIICHUS HECTAaOMIBHOTO KOMILIEKCO-
00pa3zoBaHusl MEXIy I'€MOIrJIO0OMHOM M JIOKAIW30BAaHHONH B MeMOpaHHBIX (HOPMUPOBAHUSIIX
UKpbl (HOpETH M HKENTKOB KypHHBIX SIUIl BbIAEIEHBl M30(popMbl NOX, a M3 3K30COM MOJIOKa
kopoBel — eNox. OxmHoBpeMeHHO ¢ yBenuueHueMm copaepkanus PAJ[ u dochorumumaHbIx
OCTaTKOB B COCTaBE MOJICKYJ 3THX (pepMeHTOB HaOogaercs peskoe nopbimeHrne NADPH-
3aBuckMOii O, -NPOAYUUPYIOIIEN aKTHBHOCTH 3TuX NOX.
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OTH OMOXHMHYECKHE TTOKa3aTCIIH MOT'yT OBITH MIPUMECHCHBI JJId OLICHKU Ka4€CTB IIPU-

BEJICHHBIX IHIIEBBIX INPOIYKTOB, a TaKkKe KaK HOBBIE M YYBCTBUTEIBHBIC THATHOCTHYECKHE
TECThI IPU 3a00JICBAHUSX JIOWHBIX KOPOB, a TAKIKE PHIO U Kyp.
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Radioprotective properties of copper complexes with Schiff Bases derived from L-Tyrosine aromatic
amino acid and 2-, 3-, or 4-pyridinecarboxaldehydes (Cu.2-Tyr, Cu.3-Tyr, and Cu.4-Tyr) were investigated in
rats subcutaneously or orally treated with metallocomplexes at 10 or 40 mg/kg doses 1 or 24 hours before X-
ray irradiation at 650 R that composes LD50/30 for untreated control irradiated animals. According to the
study results, at all the applied schemes of animals preventive treatment Cu.2-Tyr failed to manifest
radioprotection. However, Cu.3-Tyr and Cu.4-Tyr demonstrated expressed radioprotective activity that might
be mainly related to their respective support of endogenous non-enzymatic antioxidant defence system of the
organism.

It is concluded that the position of carboxaldehyde group with regard to nitrogen of pyridine ring, viz.
3 or 4, is of great importance for manifestation of radioprotective activity of Schiff Base copper complexes

derived from pyridinecarboxaldehydes and L-Tyrosine.

lonizing radiation — copper — complex — L-Tyrosine — pyridinecarboxaldehyde —
radioprotection — antioxidant

Untubwnbtph Jpu juunwpjuws thnpdbpnd htnwgnudt) o L-phpnghtt wdhtwppyh & 2-, 3- b 4-
uhphnhujuppopuwynkhhnubph wswugyuy Thdh hhdptiph htin Cu(ll) Ynduy kputkph (Cu.2-Tyr, Cu.3-Tyr, b Cu.4-
Tyr) &wnuquypuuyupnuyuihs hwnlmpnitbbpp: Ubnunquijut Ynduybputbpp tbpdnsyl) ko opquithqd
Eupwdwoluyht fud opuy 10 jud 40 dg/lq npnquiswithng 1 jud 24 ¢ 6500t nnquuny wnwquypuwhwpnidhg wnwy,
hisp Juqumu & UN50/30, wyuhtipl' wyli nnquits, npp 30 optjur phipugpmiu ppmd k uinmghy fudph Yhbguihibph
50%-ng dwhwugmpyubp: Zudwduyt unugus wpynibpbtph twulwlub dhpdnsdwh popnp Yhpuogws ujub-
dwikph nhwpnd Cu.2-Tyr-p sh npulinpl] Swnwqujpuyupnywihy wonkgnipmni: Uuuyu Cu.3-Tyrp b Cu.4-
Tyr-p gnigwpbpl] ki wpnwhwjnjws gunwquypuuyuonuyuithy wlnhynipmnit, npp jupnn b juwyyws (huk
opquihquph pluwshtt’ ny Phpdkunnughtt hwlwopuhnuunuwhtt Wuonmwyuwinipyut hwdwupgh hwdwwyw-
nuuiut dwljupnuljp yuwhwywknt ipwtg nttwlnipyut htwn:

Glukny unwgjws wjjuyubphg, Jupkih b hgpuijmguk, np L-phpnghtth b 2-, 3- b 4-uh-
phphtljuppopuuynkhhniitph wéwbgiuy Shddh hhupkph htwn wnudh Yoduytpukph furuquypuywonuymithy
wljnhynipjut ppubnpdut hwdwp Jupbnp bpwbwlnipnit nibh Juppopuwynthhnughtt judph wiknuiuynudp,
wyt £ whphnhtught onulh wgnunh dundundp 3 b 4 nhppbpp:

Pnluuglng dupwquypnid - wnhbd, nidw)kpu - L-phpnghl - whppphbluppopuwynlhpn -
dwnuquypuuupnyuifhs — huljwopupnuinn

B ombITax Ha KpbIcax OBUTM HCCIENOBAHBI PaJHONPOTEKTOPHBIE CBONCTBA KOMIUIEKCOB MEAU C
[udpoBEIMH OCHOBAaHHUSAMH, POU3BOTHBIMH apOMAaTHYECKOW aMHHOKHCIOTH L-THpo3uHa u 2-, 3-, wim 4-
nupuanHKapookcansaeruaoB (Cu.2-Tyr, Cu.3-Tyr u Cu.4-Tyr). MeTalIOKOMIUIEKCH BBOIWIIM B OPTaHU3M
MIOAKOKHO MM ITepopanbHo B 1o3ax 10 n 40 Mr/kr 3a 1 1 uim 24 4 iepesi peHTTeHOBCKUM 00JIydIeHHEM B J103€
650 P, uro cocrasimster JIJI50/30 my1st KOHTPOIBEHO 00ITY-
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YEHHBIX HEJICUEHBIX >KMBOTHBIX. COITacHO pe3ysibTaTaM HCCIENOBAHMS, NPU BCEX NMPUMEHEHHBIX CXeMax
npeBeHTHBHOTO BBenAeHus: Cu.2-Tyr He oka3biBas paauo3ammrtHoro aeiicteus. Ognako Cu.3-Tyr u Cu.4-Tyr
MIPOSIBISUIN BBIPAKEHHYIO PaJHONPOTEKTOPHYIO aKTHBHOCTB, YTO MOXET OBITH CBS3aHO C MX CIIOCOOHOCTBIO
MOJICPKUBATE COOTBETCTBYIOIINI ypOBEHb SHIOTCHHOW CHUCTEMBI HE()EpPMEHTATHBHOW aHTHOKCHIAHTHOU
3aIIUTHl OPTaHU3Ma.

Hcxonss W3 MONYyYSHHBIX MAHHBIX, MOXHO 3aKIIOYHTh, YTO BAXKHOE 3HAYCHHE B IPOSIBICHUN
paauo3aluTHOW aKTHBHOCTH KoMIulekcoB Meau ¢ [uddoBeiMu ocHOBaHHAMH, TPOU3BOAHBIME L-THpo3nHa
u 2-, 3-, win 4-nMpuANHKapOOKCAIbACTHIIOB, HUMEET PACIIONOKEHHEe KapOOKCaIbICTHIHON TPYIIIBI, @ IMECHHO
3 1 4, OTHOCHTENBHO a30Ta MMPUANHOBOTO KOJIbIA.

Honusupyrowas paduayus — medb, KOMNIEKC — L-mupo3un — nupuouHKapboxkcanboe2uo — paouo3auuma —
anmuoKcuoanm

The increased use of ionizing radiation in various aspects of human life has necessitated
development of effective and non-toxic radioprotectors against harmful effects of radiation
exposures. Despite the substantial amount of research aimed at development of radioprotectors,
there is still a need in reliable and efficient radioprotectors. Experimental findings demonstrate that
prophylactic treatment with essential metalloelement chelate complexes provides radioprotection
and facilitates tissue repair processes required for recovery from radiation injury [7, 8].

Many small molecular mass Cu organic complexes have been reported as SOD-mimetics
enabling them to prevent accumulation of toxic metabolic products, promote biochemical, cellular
and tissue repair processes required for recovery from radiation injury [1, 2].

Apart from the metal ion, the biologically relevant ligands coordinated to metal also prede-
termine the biological activity of metallocomplex [4, 5]. Schiff bases, the condensation products of
primary amines and aldehydes, have high chelating ability and therefore are an important class of
ligands. Because aromatic aldehydes and aromatic amino acids play an significant role in chemical
and biological recognition [3, 10], their Schiff base derivatives are interesting for use as ligands.
Pyridinecarboxaldehyde isomers bearing the carboxaldehyde group at 2-, 3- or 4-position with
regard to nitrogen of pyridine ring are useful precursors for complex forming Schiff bases, because
they might have similar physiological effect with pyridoxal-amino acid systems, which are
significant in many metabolic reactions intermediated with amino acid and pyridoxal.

In this study the radioprotective properties of copper complexes with Schiff Bases derived
from L-Tyrosine aromatic amino acid and isomeric 2-, 3-, or 4-pyridinecarboxaldehydes (Cu.2-
Tyr, Cu.3-Tyr, and Cu.4-Tyr) were investigated, and the role of aldehyde group location in
pyridine ring in the aspect of manifestation of radioprotection was ascertained.

Materials and methods. 1. Experimental design. Albino Wistar rats weighing 180-200 g were used
in the study. RUM-17 roentgen facility was applied for animal radiation exposure in 2 experimental sets. In
the 1% set of experiments, animals were subcutaneously or orally treated with tested copper complexes at 10
or 40 mg/kg doses 1 or 24 hours before X-ray irradiation at 650 R that composed LDs 3o for untreated control
irradiated rats, i.e. the specified dose level was lethal for 50% control animals by Day 30 post irradiation. The
radiomodifying effects of the substances were evaluated on the base of animal survival and their average life-
span (ALS) in 30 days after irradiation.

The 2™ set of experiments was designed to reveal some biological effects of the titled copper organic
complexes that might be responsible for their radioprotective properties. With this aim animals were
subcutaneously administered 10 mg/kg of the copper complexes 1 hour before irradiation at S00R dose. On
days 3, 7, 14 and 28 after exposure the intensity of lipid peroxidation (LPO) processes in blood plasma and
the integral antioxidant activity (AOA) of endogenous non-enzymatic water-soluble low molecular
antioxidants NEWSLMAO) were analyzed.

56



STUDY OF L-TYROSINE AND PYRIDINECARBOXALDEHYDES DERIVED SCHIFF BASE COPPER COMPLEXES AS POTENTIAL...

2. Blood plasma LPO activity was measured based on determination of malone dialdehyde (MDA)
content [11]. Briefly, the mixture of 0.1 ml blood plasma with 2.5 ml of 20% trichloroacetic acid solution and
1 ml of 0.68% solution of sodium thiobarbiturate was placed in a boiling water bath for 30 min. After cooling
and adding 4 ml of butanol the mixture was shaken for 30 min and then centrifuged at 3000 rpm. MDA
content was determined spectrophotometrically on UNICO 2100 UV-VIS spectrophotometer using its molar
extinction coefficient: € = 1.56 x 10™ molesecm™. The results were expressed as nanomoles MDA per 1 ml
of blood plasma.

3. The integral AOA of NEWSLMAO was analyzed using photochemiluminescent analyzer
PHOTOCHEM and the ACW kit (Analytik Jena, Germany). The method is based on determination of the
degree of inhibition of photochemiluminescence detector signal produced by 10 microliters of blood serum in
comparison with the activity of ascorbic acid as Standard. AOA of the sample studied was expressed in
conventional units (c.u.) equal to quantity of Standard in nanomoles with the equivalent activity [6].

4. Statistical analysis. The results of blood biochemical analyses were expressed as mean + S.E. The
Student’s t-test was used to make a statistical comparison between the groups. The significance level was set
at p<0.05.

Results and Discussion. According to the results of radioprotective studies, at all the applied
schemes of animals preventive treatment Cu.2-Tyr failed to manifest radioprotection. Moreover, at
40 mg/kg dose level both at subcutaneous and oral administration Cu.2-Tyr revealed
radiosensibilizing effects and induced enhanced rats mortality rate in comparison with control
irradiated group: in the treated groups survival made 30 %, while in untreated irradiated group this
index achieved 50 % (tabl. 1).

In opposite to Cu.2-Tyr, the copper complexes containing 3- or 4-pyridinecarboxaldehydes,
namely, Cu.3-Tyr and Cu.4-Tyr demonstrated expressed radioprotective activity. Thus, by Day 30
post irradiation in groups of animals either orally or subcutaneously given Cu.3-Tyr at both
considered doses 1 hour before irradiation 100% survival was observed. The same results were
registered at subcutaneous treatment with 10 mg/kg Cu.3-Tyr 24 hours prior to exposure (tabl.1).

In case of rats prophylactic treatment with Cu.4-Tyr pronounced radioprotective effects
were obtained at 40 mg/kg dose level both at oral and subcutaneous mode of administration 1 hour
before irradiation that facilitated animal survival increase up to 90%-100% and extended rats
average life-span (tabl. 1). It should be noted that at lower dose level Cu.4-Tyr was non-effective
as radioprotector.

According to the results of biochemical analyses, in animals of the Control group exposed to
irradiation at 500 R a high level of LPO intensity along with a significantly decreased activity of
NEWSLMAO were registered in all study days post exposure (tabl. 2).

In rats treated with 10 mg/kg copper complexes the index of LPO activity tended to be
maintained within normal values during almost the whole observation period being at significantly
lower level compared to Control. As to NEWSLMAO, the preliminary administration of copper
complexes to rats before irradiation did not prevent a radiationinduced decrease in the level of this
parameter during the early post-exposure period. In case of pre-treatment with Cu.2-Tyr and Cu.3-
Tyr the significantly raised NEWSLMAO activity was registered on days 14 and 28. In the late
post-exposure period, namely, on day 28, in rats treated with Cu.2-Tyr, Cu.3-Tyr, and Cu.4-Tyr the
significantly high level of NEWSLMAO activity was recorded in comparison with Norm and the
Control irradiation group as well.

Copper Schiff base complexes, Cu.3-Tyr and Cu.4-Tyr, can be considered as potent
radioprotectors equally effective both at oral and subcutaneous treatment prior to radiation
exposure. Apparently, the position of carboxaldehyde group with regard to nitrogen of pyridine
ring, viz. 3 or 4, is of great importance for manifestation of radioprotective activity of the specified
copper complexes derived from pyridine-carboxaldehydes and L-Tyrosine.
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Table 1. Survival rate and ALS of animals in 30 post-irradiation days after total body irradiation
at 650 R on the background of preliminary subcutaneous or oral administration of 10 and 40/mg/kg copper
complexes 1 h or 24 h before exposure
(Irradiated Control: 50% survival and 18.7 days ALS)

Time and mode of Survival, % ALS, days
the metallocomplex
ccc?r];’lf)?;x admini'strati'on' to rats rlr?g kg i?g ke 10 mg/kg 40 mg/kg
before irradiation
Ih subcutaneous 60 30 234 17.8
oral 60 30 23.0 16.7
Cu.2-Tyr 2%4h subcutaneous 50 30 24.7 16.8
oral 50 30 20.9 16.5
Ih subcutaneous 100 100 30 30
oral 90 100 27.4 30
subcutaneous 100 80 30 25.5
Cudyr | 24h oral 70 70 26 247
Ih subcutaneous 70 100 24 30
oral 80 90 26.7 28
Cu.4-Tyr 4 [ubcutancous 60 90 24.8 27.6
oral 50 60 21.8 222

Table 2. Blood plasma LPO processes intensity and integral AOA of endogenous NEWSLMAO on days 3, 7,
14 and 28 after rats irradiation at 500 R performed on the background of 10 mg/kg copper complexes at
preliminary subcutaneous administration

Indices Davs Control: Cu.2-Tyr Cu.3-Tyr Cud-Tyr
Y 500 R +500R +500R +500R

LPO 3 *1.70+0.04 1.1120.04%** 1.12+0.08%* | *1.48+0.03%*
Norm: 7 *1.71£0.05 *2 39401 8%* 0.87+£0.06** 0.850.02%*
1.10£0.11 nM 14 #1.95+0.05 1.41£0.07** 1.01£0.07** | *1.46+0.04%*
MDA/ml pl.

28 *1.64+0.09 0.97+0.07%* 1.32+0.06** 1.24+0.05**

3 *4.56+0.25 *5.91+0.06 ®5 44+0.19%* | *5.1320.04%*
AOA of
NEWSLMAO 7 #2.66+0.034 #3.1240.02%*% | *4.88+0.10%* | *3.47+0.196%*
Norm: 14 *#5.43+0.12 *761£0.10%* | *8.4+0.0.15%* | *4.89+0.15
6.84+0.11 c.u.

28 *6.09+0.17 #0.82+0.11%*% | *9.6+0.0.16** | *8.23+0.18**

Note: * - statistically significant changes compared to Norm; ** - statistically significant changes compared
to indices in animals of Control group in the same time intervals after irradiation

Efficient radioprotective properties exhibited by copper organic complexes might be mainly
related to their respective support of endogenous non-enzymatic antioxidant defence system and
their known SOD- and Catalase-mimetic activities [1, 2, 9].
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MAO-WHT MUBUPYIOIIUE CBOMCTBA HEKOTOPBIX
HOBBIX 3BAMEIIIEHHBIX INPUMUJINHOB 1 KOHAEHCUPOBAHHBbIX
A3SATETEPOLIMKJIOB

A.A. APYTIOHSIH*, P.C. CYKACSH, A.C. TPUT'OPSIH

Hayuno-mexnonoeuyeckuii yenmp opeanuyeckoi u papmayeemuueckoui xumuu HAH PA, *Hncmumym
monkou opeanudeckoti xumuu um. A.JI. Muoowcosna, HAH PA harutyunyan.arthur@yahoo.com

W3yueHo BIUsIHHE HEKOTOPBIX HOBBIX 3aMEIIEHHBIX MMPUMH/MHOB, a TAKXKE TPH-, TETpa-, IEHTa-
1 TeKCAIlMKIMYECKHUX a3areTepOLUKIOB Ha aKTUBHOCTH MOHOAMHHOKcuAa3bl (MAQ) mMo3ra KpbIc in vitro.
B xauectBe cyOcTpara ucnomnb3oBanu cepoToHuH (5-OT) kpeatunun cynsdar. AxtuBHOCTE MAO
ompenensinu B 50%-HOM roMoreHaTe Mo3ra. YCTaHOBIEHO, YTO HEKOTOpPBIC M3ydYCHHBIC 3aMEIICHHBIC
MUPUMHUIAHBI 1 KOHAECHCUPOBAHHBIC MUPHMHUIUHBI 00HApYKHUBarOT aHTH-MAQO-a3Hble CBOHCTBA, TPUIEM
B TpyHIC 3aMCUICHHBIX OCH30MMH-IA30XWHA30JIMHOB MPEIBAPUTEILHO YCTAHOBIEHB  KOPPEISIHU
MeXJy cTpoeHreM U aHTUMAO-a3HOI aKTUBHOCTBIO.

EeH3wwu0a30ﬂuﬂnupwwu0qul - nupmuduﬂuﬂduapuwemaﬂbz - KOHOEHCMPOGGHHE)IQ aszaecemepoyuxibl —
MOHOAMUHOOKCUOA3A — AHMUMOHOAMUHOOKCUOA3HASL AKMUBHOCMb

Munudtwuppyly E npny unp whphdhphutkph b wph-, mbnpw-, wktnw- b hkpuwghlyihly
Ynuntkuiumgdus wquhbtwnbkpnghljukph wgntgnipniup UUO-h wljnhynipjut Jpu wntbnubph ninknnud
in vitro yupdwtubpmud: Npybu untpunpun ogquiugnpdyty k ubpnuinuhu (5-OT) Yphwwnhuht unyduwwn:
UUO-h whwnhynipniip hbnwgnundt) k50 %-ng hnungbuwwnnid: Mwpqyty b, np nounidbwuhpdws npny
thnpwpdus b Ynunkhuugyus whphdhnhtubp odndws ki hwjuwdnunwdhiopuhnuquyhtt wljnhyne-
pjudp, h by, hnpowplus pugnhuhnugnjuhtiw-qnihuubph fpdpnud twppbwjuwi wywgnigyt) E dhwgnt-
prut junnigdusph b huljuUUO-wquyhtt wljnh-Jnipjut juwp:

Llbqhdpyugnipypphlpnpbibn - whphdpnhbhmpuphdepubiip - wnipynbyEhugfus
whphuhnhibkp — uninwdhinopupnug —
hwlunninudhliwopupnuquypll wilmpyniginti

The antimonoaminoxidase (antiMAQO) properties of newly synthesized pyrimidines and
condenced azaheterocycles on the rats brain have been investigated. Serotonine (5-OT) creatinine sulfate
serves as a substrate. MAO-activity was estimated at 50% brain homogenates. It is now shown that some
of the substituted pyrimidines and condenced pyrimidines posess antiMAO activity and activity
correlations have been established with respect to benzoimidazoquinazoline derivatives the preliminary
structure.

Benzimidazopyrimidines — pyrimidinyldiarylmethanes — polycondenced
pyrimidines — monoaminooxidase — antimonoaminoxidase activity
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W3BecTHO, 4TO OJJHUM M3 CIACACTBUIl Mpoliecca ro0aau3aliy, IPUBE/IIIET0 K Pe3KOMy
YBEJIMUYCHUIO CTPECCOTCHHBIX BO3ACHCTBUII Ha 4YeNOBEKa, SIBISIETCS POCT 3a00JIieBAEMOCTH
MICUXUYECKUMH PacCTPOHCTBAMH, BKIFOUAsl pa3HdHbIe (GopMbl aerpeccuit [6]. CoBpemeHHas
MEJHUIIMHA pacrojiaraeT OOJNBIIMM apCeHAIIOM aHTHUICTIPECCUBHBIX IPENapaToB pPa3In4HOTO
CTPOCHHS, B TOM YHCIIE B TPYIIIE HHTHOUTOPOB MOHOaMHHOOKcHAa3bl (MAO) [7,8], koTopsre,
OIHAKO, He Bceraa 3(PQPEKTHBHBI M 00IaTar0T PAAOM MOO0YHBIX 3()(EKTOB, B CBA3M C YEM
IIOUCK HOBBIX COC[[I/lHeHl/Iﬁ C yKaSaHHOﬂ AKTUBHOCTBIO MNPEACTABJIACTCA O6OCHOBaHHblM.
HCOGXOD,I/IMO OTMCTHUTD, 4qTo 3aMCLICHHbIC MAPUMHIUHBI )44 KOHACHCUPOBAHHBLIC
a3areTepouurKIbI, ABJIASACH CTPYKTYPHBIMU aHAJIOTaMU NPUPOJHBIX TUPUMUANHOB U IIPOABJIAA
LIIMPOKUH  CIEKTp  OMOJOrn4ecKon aKTUBHOCTH, BKIIIOYAas  aHTHAIUIEPTUYECKYIO,
MPOTHBOBOCIIAIUTEIIEHYI0, HEHPOTPOIIHYIO W psSd  JOPYTHX, pacCMaTPUBAIOTCS — Kak
MIEPCIIEKTUBHBIE KJIACCHI B IOWCKE HOBBIX COEAMHEHMI OMOMEAMIIMHCKOTO NpHMeHeHHs [9].
Ienpto  Hacrosiield  paOOTBI  SIBISCTCS ~ WCCICNOBAHHE  BIUSHUS Ha  aKTUBHOCTB
MoHoamuHOKcHIa3sl (MAQ) HOBBIX TPHU- U TeTpa3aMeIIeHHBIX mupuMuarnHoBla-d, 2 a-d [1-3]
1 TIPOU3BOJIHBIX MATOM3YYEHHBIX TPH-, TETPa-, IEHTA- M F'eKCAIIMKIMYECKUX a3areTepPOIMKIIOB:
6en30[4,5][1,3]ruazono[3,2-a|nupumMuarHa (coenuHeHMst 3a-e),
6enzo[4’,5 Jumugazo[2’,1°:6,1 Jmupuno[2,3-djuupumuauna (4a-c), OGenso[4,5]umumaso[1,2-
c]xunazonuHa (Sa-e-8) [5,6],0eH30[4,5]umunazol1,2-clnupumuao[S,4-eJmupumuauna  (9),
6en3o[4’,5’ lumunazo[1°,2°:1,6Jmupuno[2,3-djnupuno[ 1,2-a]nupumugraal 0 u
6en3o[4,5umunazo[ 1,2-aJnadro[2,1-g][1,8Hadtupununa 11 [3,4]:

R. _R! <

oy
» e

s N

) ] ¢
HN N HN N/ o N‘
gy H Py ‘ RN = N R
R N (¢) N R INig

4a-c
4:R=CHg, R' = H (a),
R =R = CHs (b),
2:R=H,R'= CH3()R H,R'= C2H5(b) R =OH, R!= CH;, (c)
R = CHg, R!= =CHjz (c), R = CHs, R =C,Hs(d)
3! R = (CH);CHj3 (a), (CH,)eCH3 (b), CH,CeHs (c),
CH3(4-OCH3-CeHy) (d), CHy(4-OC,Hs-CeHa) (€),

la-d 2 a-d 3a-e
1: R= CHg (a), NH, (b), OH (c), SH (d)

\ NY s
//
NN S
N %N
! | Sely
N Ar N ZN 8
\ ©‘\/L/ | N s
@l\;\s) NJ\S \N)\NHZ . -
5a-e 6 @T y
= 2-Cl-CgHj (a), 4-F-CgH, (b), N

" 4'-Me,-CqHs (), 3-NO,,4-OMe-CqHs (d),
2,4',6-CgH (€)

HNiN A Y Q
s X %U@
9

10

Mamepuan u memoouxa. Vicrounnkom MoHoamuHookcuaazsl (MAQO) ciryxwun 50 %-Helit romore-
HAT MO3ra KpbIC, KOTOPBIil NOJTyYasH ITyTeM TOMOI'CHH3HPOBAHHS MO3Ta B CTEKJITHHOM F'OMOTCHH3aTOpe
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¢ paBHBIM (110 Becy) o6beMoM 2,5 %-Horo pactBopa “apkonan’. B momydennom 50 %-HOM romorenate
omnpenensuid akTuBHOCT MAO [5]. Onbrrabe npo0Os! copepkamu 0,2 mir romorenata, 0,18 mi pactBopa
uccnenyemoro coenunenus u 0,18 mi pactBopa cyberpara. O6beM mpo6sr qoBoxw ao 1,8 mi 0,1 M K-
Na-docharueiv Oydepom a0 pH 7,4. B kauectBe cyOcTpaTa ucrnonb3oBainu ceporonuH (5-OT) kpeatnHuH
cynbdaT MOHOTUApPAT, KOTOPBIA J00aB/sUIM K Hpobam mocie 30-MHUHYTHOH HpenHKyOarmu (epMmeHTa c
HCCIIEAyeMBIM BEIIECTBOM IIpM KOMHAaTHOH Temmeparype. CopepxaHue cepoToHMHa B mpode — 10
MKMOJIB/Tpo0a. Hacellienre KuCIopoaoM MpoBoawik B Tedenwe 5 muH npu 37 °C u nanee mpoOsi
nHKyOupoBamn B Teuenne 45 mumu npu 37 °C B atmocdepe kucnmopoma. Peakimro ocTaHaBIMBAIH
nobasnerneM 0,2 mit 50 %-Hol TPUXIOPYKCYCHON KHCIOTHL. benok ocakmamy HeHTpru(yrupoBaHueM HpH
3000 o6/muH. B 0e30e1koBoii HaTOCaJOYHOM KUAKOCTH ONPEACISUINA COACPKAHNE aMMHAaKa METOJIOM H30-
METPHYECKOH OTTOHKHM B TedeHHe 24 4 ¢ MociIexylomel Hecenepu3anueii 1 (oToMeTpHpoBaHUEeM Ha (OTo-
Metpe-Hedenomerpe POK-56-2. AktuBHOCTE MAO BBIpakeHa B IPOLEHTaX K KOHTpoiro. Kaxnoe coenu-
HEHHE UCIIBITAHO B 3-4 ombITax (CpeiHHe JaHHBIE 4-X OIBITOB), KOTOPBIE IPUBEICHHI B Ta0M. 1.

Ta6auua 1. BiusHue rccne10BaHHBIX COSIUHEHUN Ha JIe3aMUHUPOBAHHE
cepotonntna (5-OT) moHoamuuokcuaasoit (MAQ) mo3ra in vitro *

CoennHeHne Wurubuposanue aktuBHOCTH MAO B % K KOHTpOIIO P
la 3343 <0.05
1b 165 |k
lc 5943 <0.05
1d 19+6 _
2a 20 _
2b 45+1 <0.05
2c 57+8 <0.05
2d 0 _
3a 12 _
3b 19 _
3¢ 30 <0.05
3d 12 _
3e 15 _
4a 7 .
4b 7 _
4c 36 <0.05
Sa 28+3 <0.05
5b 37+4 <0.05
5d 5443 <0.05
Se 0 _

6 2147 _

7 0 _

8 40+3 <0.05
9 3244 <0.05
10 5244 <0.05
11 20+5

*Konyenmpayus coeounenuii — 1 Mmkmoav/mn npobul, cyocmpam — cepomonun (5-OT).
3a 100% npunama unmencusHocms 0e3aMUHUPOBAHUS CEPOMOHUNA 8 KOHMPOIbHBIX NPOOAX.
**B cnyuae HeakmMueHuIX cOeOUHeHUll OaHHble He YCPEOHEHbI.

Pezynomamut u o6cysncoenue. CoriacHo MONYYSHHBIM JaHHBIM, CPEIH 3aMEIIeH-HbIX
5-(6eH3uMmIa301-2-1I1) MTUPUMHIUHOB 1a-d M NMPUMUIMHOBBIX aHAJIOTOB TPH-apUIIMETAHOB
2a-d TonbKO mpou3BOAHOE 6O-MeTwnypauuna 1le¢ u ypauuna 2b mposiBias-toT aHTUMAO-
a3HyH0 AaKTHBHOCTb, yrHeTas ne3amuHupoBanue 5-OT nHa 59 u 45% cooTBeTCTBEHHO
(cMm.1abm.1). [IpousBoAHBIE TPH- U TETPALUKINYECKUX [€TEPOLIUKIIOB
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(coemuuenns 3a-f, 4a-c) B KoHIeHTpauuud | MKMoOIb/MI obOnanmatoT cmaboit (7-36%)
aHTEMAOQO-a3H0#1 akTHBHOCTBIO. ClemyeT OTMETHTh, YTO B pSAAY S-apHIMETHICYIb(da-
HUOen30[4,5 J[umunazof 1,2-c]xnHa3omuHOB ~ Sa-e, 7, 8 BEBIABIEHa 3aBUCHMOCTh MEXKIY
crpoeHreM U aHTUMA O-a3HOM aKTHBHOCTBIO.

Tak, MpoU3BOAHBIE C ANEKTPOHOOTPHLIATEIBHBIMU 3aMECTUTEIISIMUA B OCH3WIILHOM rpyIi-
e yKa3aHHOH TeTePOLMKINYECKOH CHCTEMBl TMPOSBIIIOT OINpENeNeHHBIE aHTHMOHO-
aMHHOOKCH/Ia3HbI€ CBOWCTBA, NPUYEM MapauIeIbHO C POCTOM AIIEKTPOOTPULATEILHOCTH
3aMecTUTeNnel aHTUMOHOAMUHOKCHIa3Hasi akTUBHOCTh COEJMHEHUI Bo3pacraeT oT 28% y 2-
Cl-poussonuoro 5a mo 37% y 4-F-mpoussomnoro 5b u mocturaer 54% TopMOKeHUS y
coequHeHusi ¢ 3-NO,-4-OCH;-6en3unbHoil Tpynmoii 5d. B To e Bpems NIpuCYTCTBHE B
OCH3WIBHOI TpyIne ABYX W Tpex 3MeKTpoHoNoHOpHBIX CHj-rpymm, mpossisiommx —+I-
3¢ deKT, pe3ko OocnadiseT MHTHOUPYIOIIME CBOWCTBA COCAWHEHHWHA 5¢ © 5e  BIUIOTH 10
ncue3HoBeHnss aHTUM AO-a3HOW aKTHUBHOCTH.

Eme Oosee pe3koe pa3nuire aHTHMOHOAMIHOKCHAA3HOW aKTHBHOCTH OTMEUYCHO y JBYX
S-3aMeIeHHBIX MMO3UIHUOHHBIX H30MEpOB 5,6-muruapodenso[4,5ummunasol 1,2-c|xuHa3zommH-6-
TtHoHOB 7,8: or 0% y opTo-3amemenHoro numepa 7 mo 44% y mapa-3amenienHoro aumepa 8. B
3aKJIIOUYCHHE OTMETHM, YTO TPEICTaBHTENN TPEX HOBBIX TETpa-, MEHTa- M TeKCAITMKINYECKUX
TeTePOLMKINYECKIX cucTeM (coemmHenus 9, 10, 11) Taxke 0OHApYXHBalOT HEKOTOPHIE
aHTUMOHOAMUHOOKCH/Ia3HbIE CBOWCTBA (TOPMOXKEHHE akTMBHOCTH (epmenTa Ha 32, 52 u 20%
COOTBETCTBEHHO).

Takum 06paszom, B pe3ysbTaTe NPOBEICHHON PabOThl CPeIy HOBBIX 3aMEIIEHHBIX
5-(2-0eH3MMHIA30TMIT) IUPUMUIMHOB ¥ TUPUMHIMHII-5-THapUIMETaHOB BIEpBbIE OOHA-
PYXKEHBI COCIUHEHHMS C aHTMMOHOAMHHOKCHIA3HOW aKTHBHOCTHIO. Takas K€ aKTHBHOCTB
OTMEYCHA B PsNY HOBBIX KOHICHCHPOBAHHBIX IMUPUMHUANHOB, KOTOpas OoJiee BEIpakeHa y S-
apunMeTwiIcynbhaHmtoen3o[4,5 lumuaaszo[ 1,2-c|XMHA30IMHOB, COACPKALINX IEKTPOHOOTPH-
LaTeNbHBIC TPYIIEI B OCH3MIIEHOM OCTaTKe.
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MODIFICATION OF GROWTH CONDITIONSBY MM-WAVES OF
WOOD-DECAYING MUSHROOM’S CULTURES

I.A. AVAGYAN

Yerevan State University, department of botanics and mycology
inesa.avagyan@ysu.am

Basidial macromycetes are not only value food, but can be used as source of such biological
active compounds as the genistein, 3 -glucans, glioxal-oxidase et al. In this work we used different
frequencies of extremely high frequency of electromagnetic irradiation (EHF EMI) with the aim of
obtaining mushroom cultures with increased fermentative activity by the modulation of its growth
conditions during growth on the peptone media. We investigated the influence of the non-thermal
extremely high frequency electromagnetic waves in the interval of 45-53 GHz on B-glucosidase
activities of two species of wood-decaying mushroom.

In this study we examined the most popular edible wood-decaying mushroom Pleurotus
ostreatus, which is wide-spread in the forests and commercial mushroom Lentinula edodes, under
influence of such an abiotic factor as the extremely high frequency waves in the interval of 45 GHz —
53 GHz during 20 and 40 min on the 7™ day of mycelial culture's growth. After the treatment of
cultures we continued their growth and on the 3™ day we examined the influence of these waves on
fermentative activity of mycelial extracts. The some conditions of such treatment led to significant
rising of B-glucosidase activities in the extracts of mycelial cultures.

Basidiomycetes — betta-glucosidase — Lentinula edodes — mm-waves — Pleurotus ostreatus

Puqhnhuy duljpndhgbnibpp odndus ki ny vhuy pupdp ubiinuyhtt hwnlnipiniuubpny, wy
twlb Swpwnid Eu npwbu wpdbpudnp hnudp wyiwhup YEuuwwwlnh] Jhwgmpmniubph  hudwp,
huswhuhp &t ghikunpt B-gnijuiitpp, gihojuw-ojuhnugp bt wyjt: Upluwnwtipnid oquiugnpdyty Eu
qbppupdp  hwdwpmpnibibph  HEjunpudugihuwjul fwnwquypbtph nwuppkp hwdwmpoibibp
tyuunwl ntbktuny vnwbu)  ubybEph Ynygunipuikp (wlnyputp), odnjws wydkih  pupap
dbputtnught wnhynipjudp, thnthnpubng Jdhghjhnudh wsh pupwugpnid yhywunbwhtt dhpwquypnid
wuydwitbpp: Nuunudtwuppdus t ony obpduyhtt ghippupdp hwdwpnipudp  bEjupuduquhuuui
Sunuquypuul wgnkgnipniup 45 @2g —53 @2g dhpwluypnid kpynt wkuwlh thwyn puygpuynn ulybph p-
quninghnuq $Epdbunh wlnhyniput Jpu:

Uphuwinwiipnid hkinwgnuindws b nunbijh thwpn pugpuynn ubifkp' Pleurotus ostreatus, juyinpkl
nupudjwd (wjiwnbph whnwebkpnud, b wolnpughtt uniy Lentinula edodes, wjiaghuh wphninhly
gopdnuh tbppn, husyhuhp L gippupdp hwdwnipjut ijunpudwugqihuwlut funuquyptbpnp 45 @2g -
53 @zg dhowluypnid® 20 pnwk b 40 pnybt wbnmmpyudp dhghhnwdh wsh 7-py opp: Uhghjhnuwdh,
Upwljnulhg htwnn 3-pn opp htwnwgnudly t @2 EUK wqpbgmpniup dhghjhwy nswdqniyubph
dtpukunughtt wljnpymipjniup: 8nyg t wpdk), np dywldwd npnpwlh wuydwbbbpp upwbnd Eu p-
quniuynghnuq dtpdtunh gnpwthtiih wg dhghjhw iniswdgniljubpnud:

Fughnhmipglwnilp — pkunnw-qynignghnug — UU-uyppllp —
Lentinula edodes — Pleurotus ostreatus

64



MODIFICATION OF GROWTH CONDITIONS BY MM-WAVES OF WOOD-DECAYING MUSHROOM’S CULTURES

BazunnanpHble MaKpOMHUIIETH! 00TaqalOT HE TONBKO OOJNBINON MHUTATENBHON IEHHOCTBIO, HO
CITyKaT TaKkKe MCTOYHHKOM TaKHX OMOJOTMYECKH aKTHBHBIX COSAMHEHMH KaK I'MHECTHH, B-
TJIIOKaHBI, TJIMOKCATb-OKCHIA3hl U Ap. B paboTe ObUIM HCIIONB30BaHBI Pa3IMYHBIE YaCTOTHI KpaliHe
BBICOKHX YacTOT 3JIEKTPOMAarHUTHOTO U3JIy4EHHS C LIENbIO ITOIYYeHHs KYJIbTYPbl IPHOOB C MOBBIIICH-
HOM aKTHBHOCTBIO (pEpPMEHTOB, MOAYJIHPYS YCIOBHS BBIpAIIMBAaHMS B TEUCHUHM POCTa MHILEIHS Ha
NEeNTOHHOU cpene. VccnenoBano BO3AEHCTBUE HETEIIOBBIX KpaiHE BBICOKOUAC-TOTHBIX 3JIEKTpOMAr-
HUTHBIX BOJAH B HHTepBane 45-53 I'T Ha akTHBHOCTH P-IUIIOKO3UAAa3 IBYX BHUJOB J[epeBOpa3-
pyLIalOIUX TPUOOB.

B nanHOlf paboTe wmccnenoBaHBI CHhEJOOHBIE JAepeBopaspymaromue TpuOsl:  Pleurotus
ostreatus, IIAPOKO PAaCIPOCTPAHEHHBIN B IMCTBEHHBIX JIecax, M KoMMepueckuil rpubd Lentinula edodes
TI0J] BO3/IIICTBHEM TaKoro abMOTHYECKOTo (pakTopa Kak 3JIeKTPOMarHUTHEIE BOJHBI KpalfHe BEICOKUX
yactoT B uHTepBasie 45 I'Tu - 53 T B Teuenne 20 u 40 MmuH Ha 7 JAE€Hb pOCTa MHLEIHAILHON
KynbTyphl. [Tocne 00paboTKH KyJIbTYphI MBI IIPOIOJDKAIM KyJIbTHBHPOBAHHE M Ha 3 neHb
mociae o0pabOTKM HCCIENOBaIM BO3JACHCTBHE 3THUX BOJH Ha (DEPMEHTATHUBHYIO AKTHBHOCTH MHU-
LETHaNbHBIX IKCTPaKTOB. HeKoTophle 3KCHO3MLUM Takoi 00pabOTKM MPUBOAMIHN K 3HAYUTEIBHOMY
BO3PAaCTaHUIO AKTHBHOCTH [-TUIIOKO3M/A3 B OKCTPAKTAX MHIEIHAIBHBIX KyJIbTYP.

bazuouomuyemor — bema-eniokozudaza — MM-eonmbi —
Lentinula edodes — Pleurotus ostreatus

Cellulose is the main polymeric component of the plant cell wall, the most abundant
polysaccharide on Earth, and an important renewable resource. Basidiomycetous fungi
belong to its most potent degraders because many species grow on dead wood or litter, in
environment rich in cellulose. Fungal cellulolytic systems differ from the complex
cellulolytic systems of bacteria. For the degradation of cellulose, basidiomycetes utilize a
set of hydrolytic enzymes typically composed of endoglucanase, cellobiohydrolase and f3-
glucosidase [3]. B -glucoside glucohydrolase commonly called B-glucosidase catalyzes the
hydrolysis of alkyl and aryl- B-glucosides such as diglucoside and oligosaccharides. These
enzymes are widely used in various biotechnological processes, including the production of
fuel ethanol from cellulosic agricultural residues [4] and used for the synthesis of f-
glycosides. In the production of flavors in food, B-glucosidase is also a key enzyme in the
enzymatic release of aromatics glucosidic precursors present in fruits and enzymatic
products. On the contrary, many aromatic organic compounds such as monoterpenols, C-13
norisoprenoids, shikimate-derived compounds accumulate in fruits as flavorless precursors
linked to mono- or diglycosides and requires enzymatic or acidic hydrolysis for the
liberation of their flavors [11]. Finally, B-glucosidase activity may also improve the
organoleptic properties of citrus fruit juices, in which the content of the bitterness caused
by glucosidic compounds, for example of naringin for hydrolysis of which requires the
sequential processing by p-rhamnosidase and - glucosidase [10].

It has been established that certain monoterpenoly grapes (linalool, geraniol, nerol,
citronellol, P -terpineol and linalool oxide) connected to diglicosids such as 6-O-B-L-rham-
nopyranosyl, 6-O-B-L-arabinofuranosil and 6-O-B-D-apiofuranozil-p-D-glucosides, which
define the quality of the wine flavoring [5]. For the enzymatic hydrolysis of these com-
pounds are required sequence of reactions cleave 1...6 bond, and then, aromatic compounds
are released from the monoglucosides by influence of B-glucosidase [9]. In contrast to acid
hydrolysis, enzymatic hydrolysis is very efficient and does not lead to a modification of
aromatic character. However, grape and yeast glucosidase show up least activity on
glucosides- monoterpenes in the wine industry, and most aromatic fractions predecessors
left untreated. Addition of exogenous B -glucosidase during or after the fermentation is
more effective to improve hydrolysis glyucose-binding aromatic components to improve
the flavor of the wine. Addition of exogenous B-glucosidase during or after fermentation
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proved to be more effective for improving hydrolysis of the glucose-binding of aromatic
components in order to improve the flavor the wine. Ideal B-glucosidase should operate and be
sustained at low pH values (around pH 2.5 to 3.8) and should to keep activity at high glucose
concentrations (10-20%) and in the presence of 10-15% ethanol. However, most of the
bacterial B-glucosidase are very sensitive to inhibition by glucose and glucono-B-lactone, and
to compounds produced by the grapes-striking mushrooms [9].

The aim of this study was to identify and obtain the optimal exposure of processing
of edible mushrooms™ cultures by mm-waves for increasing the activity of the enzyme B-
glucosidase in mycelial extracts of mushrooms. Such cultures with increased activity of the
enzyme will be a good source for obtaining an activity and stability enzyme for further use
in the food and wine processing.

Materials and methods. Treatment of mushrooms  mycelial cultures. Culture of a mushrooms
treated with low intensively coherent extremely high frequency of electromagnetic irradiation (EHF
EMI) duration of 20 and 40min on the 7™ day of growth mycelial fungal cultures of Pleurotus
ostreatus and Lentinula edodes. The source of irradiation served as a high-frequency signal generator
G4-141 EMI (Russia) in the range 45 GHz - 53 GHz. Irradiation was carried out during 20 and 40 min
with irradiation power 0.64 mW/em?. Culture continued to grow in the thermostat after a single
exposure. On the 3rd (10 days mycelium) days after irradiation of cultures obtained intracellular
extracts of the fungus for further their studies. As a control used unexposed culture extract of the
mushrooms.

Obtaining mycelia extracts. For intracellular extract mycelium gently scraped from the agar
surface in a Petri dish, weighed, and triturated in a pre-cooled mortar (to prevent inactivation of
peroxidases) with glass beads by adding 0.15 M Tris-HCI buffer, pH = 8.0 [7]. The buffer was added
at the rate of 0.2 ml buffer per 100 mg of mycelium. The extract was separated by centrifugation on
the cold for 20 min at a speed of 18,000 rev / min in a centrifuge Mechanika Precyzyjna (Poland). For
further analysis of the protein amount and enzymatic activity of the mycelial extracts was used
supernatant.

Determination of activity of p-glucosidase. The enzyme activity of mycelial extracts of cultures
was determined in a reaction mixture, containing 1 ml of mycelia extract, 2 ml 5 mM nitrocellulose
prepared in 100 mM acetate buffer pH = 5.0. The reaction was initiated by incubating the homogenate
for 15 min at 50°C and stopped by cooling on ice or by addition of 1 M Na,CO5 [9]. The reaction was
followed and estimate absorption at A =400 nm on spectrophotometer.

Statistical analysis of the data. The graphs show the average arithmetic value and a standard
deviation of four biological replicates of each. In processing the data by the method of the t-test of
Student's determined confidence intervals for the average impact of EHF EMR at 5% significance
level.

Results and Discussion. The need to find B-glucosidase enzymes with preferred pro-
perties has led many researchers to find new suitable sources. Recently it has been shown that
extracellular glucose-stable and pH-resistant f-glucosidase activity can be produced by strains
of Aspergillus [9]. However, the enzyme having interest is consist only a minor fraction of the
entire B-glucosidase activity, and a large fraction of highly sensitive to inhibition by glucose.
As shown Aspergillus orizae has proved effective producer of the minor form of glucose-
tolerant B-glucosidase enzyme when grown on quercetin, phenolic flavonoid found in plant
cell walls [9]. Researches and searching for other sources of plant and mushroom -
glucosidase, tolerant to glucose inhibition, continues. Perhaps modifying the growth
conditions also can lead to producing resistant forms of the enzyme.

The need for more suitable enzymes had led us and other workers to search for novel
B-glucosidases with desired properties. In view of the foregoing by the facts it was initiated
search for suitable fungal cultures that rich in -glucosidase enzyme by modulating the growth
conditions to achieve increasing of enzyme activity. It allows using such crops as a raw
material for producing an enzyme required in many areas of the food industry. Our selection
was focused on wood-destroying fungi, because they contain two major enzymatic system-
cellulolytic and ligninolytic. Basidiomycetes are the most potent destructors of
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cellulose, since many of them grow on dead wood — in an environment rich in dietary fiber.
Classic range of mushroom cellulolytic enzymes consists of endo- and exolytic enzymes ac-
ting on cellulose. Obtaining cellobiose further processed by B-glucosidases till produce
glucose, is illustrated in the scheme (fig. 1).

Cellulose (crystalling)
Enido-1 4-F-rjucanase

Cellulose {non-crystalling)
Brg-<elobonydolase TkEndu—Lﬂ-ﬁ-gucanas Evo- 1 4-B-glucosidase

Cellobiose

Calbiase
D-glucose

Fig. 1. Outline of the relationship between the enzyme activities in the hydrolysis of
cellulose. || represents inhibitory effects. Endo-1,4-b-glucanase is the rate-controlling
activity and may consist of a mixture of enzymes acting on cellulose of different
degrees of crystallinity. It acts synergistically with both exo-1,4-b-glucosidase and
exocellobiohydrolase. Exo-1,4-b-glucosidase is a product-inhibited enzyme.
Exocellobiohydrolase is product inhibited and additionally appears to be
inactivated on binding to the surface of crystalline cellulose.

The enzyme B-glucosidase was detected by us in the wood decaying fungi Pleurotus
ostreatus, which is also serve as an important taxonomic index in determining the sys-
tematic affiliation of wood Basidiomycetous fungi [5, 8].

We used different frequencies EHF EMI to modulate the growth conditions of the
oyster mushroom and shiitake cultures in order to obtain optimal high enzymatic activities
of the mycelial extracts in response to stressful impact of external abiotic factors. In our
experiments we were obtained oyster mushroom culture with a high activity of the B-glu-
cosidase enzyme by changes in growth conditions. Thus, in the diagram presented on fig. 2,
shows that at frequencies of 49 GHz treatment during 20 min the B-glucosidase activity is
maximized — increasing by 2 times relative to the control culture. To the increase of the
enzyme activity also results treatment at frequency of 51.8 GHz, with an exposure of 20
min (1.2-fold) and a frequency of 46 GHz, 40 min (1.5-fold) relative to the control. The
smallest value of B-glucosidase activity reaches at 53 GHz for 20 min and 45 GHz for 40
min, among all of the studied exposures.

200 1

150

100 -~
Baliile
0 ’
konpoAs 45 % 19 503

518 53 MMy

Actlvity of B-glucosidase, %

20w 540 mun

Fig. 2. Dependence of -glucosidase activity in mycelial extracts of P.ostreatus
from frequency and duration of mm-waves treatment.
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In addition, all biological systems producing hydroxyl radicals based on cellobiose
dehydrogenase, quinine redox cycling or glycopeptides—based Fenton reaction are involved in
the degradation of several plant cell wall components, including cellulose. The complete
cellulolytic complex used by a single fungal species is typically composed of more than one of
the above mechanisms that contribute to the utilization of cellulose as a source of carbon or
regulation of cellulose degradation differs among wood-rotting, litter-decomposing,
mycorrhizal or plant pathogenic fungi and yeast due to the different roles of cellulose
degradation in the physiology and ecology of the individual groups [11].

We examine influence of mm-waves on B-glucosidase activity and on commercial
Chinese medicinal mushroom Lentinula edodes, or better known as shiitake. Data on the
changes in B-glucosidase activity in extracts of shiitake culture are presented in fig. 3. Studies
have demonstrated positive effects on the culture of the fungus at mm-wave frequencies of 53
GHz for 20 min by increasing the activity of this enzyme is almost 2 times. Increasing
exposure time to 40 min resulted in more sustained beneficial effect: at frequencies of 45 GHz,
49 GHz and 53 GHz was observed an increase in enzyme activity is more than two times.
Processing mm-wave frequencies at 50.3 GHz and 51.8 GHz for 40 min also led to an increase
in enzyme activity of about 1.5 and 1.2 times, respectively.

200 7

150 17

100 7

[i-glucosidase activity, %

control 45 49 50,3 51.8 53 GHz

= 20min W40 min

Fig. 3. Dependence of -glucosidase activity in mycelial extract Lentinula edodes
from frequency and duration of mm-waves treatment.

It has been previously shown effects of mm-wave in the same range of frequencies
on the peroxidase activity of mycelia extracts from three types of wood-decaying mush-
rooms, as the peroxidase enzyme is part of the ligninolytic system of fungi. The most
sensitive effects have been obtained en treated by mm-waves on culture of wood-destroying
fungi P.ostreatus [2]. Processing cultures of the fungus is not only increased metabolic and
fermentative activities, but also enhanced the anti-inflammatory activity of studed extracts
[1].

Researches and searching for other sources of plant and mushroom B-glucosidase, to-
lerant to glucose inhibition are continuing by many researchers. Perhaps such modifications
of conditions during growth of wood-destroying mushrooms™ culture can also be a good
source for resistant forms of the enzyme. However, these studies need to continue to
identify the optimum conditions of treatment by mm-waves to produce highly tolerant to
inhibition by glucose -glucosidase.

Thus, the obtained changes in the metabolic activity of the cultures we studied
wood-destroying fungi under the influence of external abiotic factors that are expressed as a
change in biomass and the increase of enzymatic activity of two studied fermentative
complexes — ligninolytic and a cellulolytic.

The data of our study can be used for resolving the problem of the bioconversion -
for utilization of hard degradable polymers of the wood cell walls, and as an enzyme-rich
raw materials for use in the food industry and pharmaceutics [1, 2].
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PAZPABOTKA ®®EKTUBHOI'O CIIOCOBA BBIIAEJEHUSA CJIAIKHUX
I'VIMKO3U 0B U3 JIMCTBEB CTEBUMU (STEVIA REBAUDIANA BERTONI),
BBIPAIIIEHHOM B PECITYBJIMKE APMEHHMS 1 HATOPHOM KAPABAXE
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IMpemnoxen sxoHOMHYIECKH >()(HEKTUBHBIH CHOCOO IOJIyYEHHSI CYyXOro OYHIIEHHOTO JKCTpaKTa W3
macteeB  Stevia rebaudiana Bertoni.  [lokazaHo, YTO ONTHMAQJIBHBEIMH YCIOBHSMH JUIS 3KCTPAKIUH
JMTEPIIEHOBBIX IIHMKO3UI0B sBisiiorcs pH-3,5 wu  rtemmeparypa 65°C. C  mpuMEHEHHEM MeETofa
BBICOKO()(PEKTHBHOI KHUAKOCTHOM Xpomarorpaduu ONpENeNeHO COIEepIKaHWEe OPraHMYECKUX KHUCIOT B
pa3HBIX JKCTpakTax JIHCTbeB Stevia rebaudiana Bertoni. IlokazaHo, 4to Hauboiiee NPEAIOYTUTEILHBIM
CBIPbEM JUIS IIOJyYEHUS AUTEPIICHOBBIX IVIMKO3UIOB SIBIAIOTCS JIMCThS CTEBHH, BbIpalleHHble B HaropHom
Kapabaxe.

Cmesuo3uo — pebayouosud A — Stevia rebaudiana Bertoni —
Oumepnerosvle 2IUKO3UObL — IKCMPAKYUs — 2UOPONOHUKA

Unwownyyty & Stevia rebaudiana Bertoni pnijuh wmkplubphg' dwppjws snp niswdqusph unwugdwt
wpynituybn Enubwl: 8nyg b wpyk, np ghubkpybuuht qhynqhnubph mswdquut hwdwp oyuhduw
wuydwbkp ko hwinhuwinud pH-3,5 1 65°C obhpuwuwnmhdwip: Fwpdp wpymbwbinmpub  hbnnily
ppndwinngpubhugh Ubpnnh Yhpwndwidp npnoylky b Stevia rebaudiana Bertoni pmijuh wnbkphlbph wwpphp
uswdquspubpnid - opqumut  ppniubph  wwpnibwlnipeniip: 8nyg E wpdk, np dbppujununp
nhunbpybkuughtt gihynghnubph vnwgdwi hwdwp wpwyt) gipunwubih hnwdp £ hwiinhuwinid Lhntwghtt Nw-
pupunnud unwugus friuwquiqusdp:

Uwnlihnghn — pkpuninhnghn — A — Stevia rebaudiana Bertoni —
phunkpybiuyhl qhinghnikp — nidwdqnid — Ahnpnynaplw

The economically efficient method for the production of dry purified extract from Stevia rebaudiana
Bertoni leaves has been proposed. It was shown that the optimal conditions for the extraction of diterpene
glycosides were pH-3.5 and 65 °C. The content of organic acids in various extracts of Stevia rebaudiana
Bertoni leaves was determined by high-performance liquid chromatography. The most preferred raw materials
for production of diterpene glycosides of stevia were shown to be leaves grown in Nagorno-Karabakh.

Stevioside — rebaudioside A — Stevia rebaudiana Bertoni —
diterpene glycosides — extraction — hydroponics
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B HacTosiiiee BpeMs M3BECTHO MHOT'O PACTEHHMM € COAEpXaHUEM COEIMHEHUH, 10 CIaJ0CTH
MIPEBOCXOIAIINX Caxapo3y B COTHH W TBICSYH pa3, TaKuxX Kak nuockopedenym (Dioscorephellum
cumminsii), mmnnus (Lippia dulcis), xemcnes (Hemsleya panicis-scandens), cuHCenamy
(Syncepalum dulcificum), momopnuxa (Thladiantha groswenorii, syn. Momordica groswenorii).
Kommepueckoe HCIoNIb30BaHUE UX KaK ChIPhS JUIS MPOU3BOJICTBA CaXapO3aMEHUTENICH OTPaHUYCHO
au00 TPYTHOCTHIO COOpa IUIOMOB M HETEXHOJIOTHYHOCTBHIO IMEpepabOTKH, JTHOO TOKCHYHOCTHIO
JKcTpakra [6-7].

Cnankue OUTEPIICHOBBIE TIHMKO3HMIBI CTEBHH (CTEBHO3WH, pebaymmo3un A W Ap.) Ha-
TypaJIbHBIC TOJCIACTUTEIN, KOTOPhIC HAKAITUIMBAIOTCS B PACTCHUH CTeBUs Stevia rebaudiana Ber-
toni, p. Stevia cem. actpoBbix (Compositeae). Pon Stevia nHacunteiBaeT 154 Buga, HO TUIIb B IBYX
W3 HUX HAKaIUTMBAIOTCS CIIaJKUE TJIMKO3MIBI, TPUYEM COJEp)KaHHE X MAaKCHMAlbHO B HAI3E€MHOI
yactu S. rebaudiana Bertoni — ot 8 mo 15% B mepecduere Ha cyxoil Bec [8]. Pomunoii creBuun
cuutaetcs I[laparBaii. IlaparBaiickume uHAcHIbI HasbpiBalOT ee Kaa-xee, 4To O3HA4YaeT MeI0Bas
TpaBa. lllupoko kynsTuBUpyercs B crpaHax lOxxnoit Amepuku, fAnonun, Kopee, TaiiBanu, Mana-
3un [2-5]. B mocneaHne roIsl CTEBUIO HAYaIHl KyJIbTHBUPOBAaTh B APMEHHUH METOJIOM THAPOTIOHUKH
u B Haropaom Kapabaxe [1].

OKCTPaKT CTEBHUH COACPKUT CMECh DPA3IUYHBIX JWTEPIICHOBBIX TJIMKO3HIOB, KOTOPHIE
UMCIOT CJMHYK) OCHOBY — CTEBHOJ M OTIHYAIOTCS COJCPKAHUEM VYIJICBOAHBIX OCTATKOB B
mojoxkeand C13 u C19. U3 akcTpakTa CTEBHM BBIACICHB M HIACHTU(MHIIMPOBAHBI CTCBHO3HI,
pebaymmosunet A, B, C, D u E, nmymkosumg A, pyOy3o3uag u creBuonOHo3ua. OCHOBHBIM
KOMIIOHEHTOM Cpein HuX sBisiercsi creBuosun (5-10% wm./m.), pebaymmosun A (2-4% m./m.),
pebaymmosun C (1-2% m./m.) u nynko3un A (0.4-0.7% m./m.) [12-15]. Bee BbIeneHHBIE TIHKO3H BT
00amaroT TMOBBIMIEHHON CNAaJOCTRIO II0 OTHOLICHHWIO K caxapose, KOTopas M CTEBHO3WIA
cocranisier 200-280; pebayauosuna A — 400-450; pebayauosuaa B — 300-350; pebayaunosuma C —
50-120; pebaymmosuma D — 250-450; pebaymmosmma E — 150-300; mynkosmma A — 50-120;
pyOy3o3una — 120-200 u s creBuonduo3una — 100-125 [11].

CTeBHO3U/ U IpyTUe TNIMKO3UIbI CTEBHH, KPOME HHTEHCUBHOM CIAIOCTH, 00JIaIal0T HU3KOM
KaJOPUAHOCTBIO, 2 TaKXKE YHUKaIbHBIMH OMOJIOTHYECKUMU cBoiicTBamu [9, 10, 12, 18, 19]. TIpu
€ro PeryJsIpHOM YTIOTPEOJICHUN CHIDKACTCS COMEpKAHNE caxapa, PaJUOHYKIHIOB U XOJIECTEPHHA B
OpraHu3Me YeJ0BEKa, YJIy4IlaeTcs pereHeparysi KICTOK U KOaryJisius KPOBH, TOPMO3HUTCS POCT
HOBOOOpA30BaHUH, YKPEIUIIIOTCS KPOBEHOCHBIE cocyAbl. OH MPOSBISAET TAaKXKe >KEITUErOHHOE,
MMPOTUBOBOCHAJIUTCIIBHOEC U AUYPETUYCCKOC CBOﬁCTBa, MPEMnATCTBYCT O6p830BaHl/I}O j3B B
JKETyIOYHO-KUIIETHOM TpakTe [3].

3amava HacTOAIICH pPabOTHl COCTOsUIA B Pa3pabOTKe Croco0a MOJIyueHHsT CYXOro OYH-
MIEHHOTO AKCTPaKTa W3 JHCTHEB CTEBUH, BEIpAIIeHHBIX B ApMmenun u B Haropaom Kapabaxe.

Mamepuan u memoouxka. B KkauecTBe ChIPbsi HCIOJIB30BAIUCh JIUCThsI CTEBUM, BBIPAILICHHBIE Kak
METOJIOM THIpPOIIOHMKH, TaK ¥ B HouBe Apaparckoil paBHuHbl, Haropnoro Kapabaxa, a Taxke JIUCTbs,
NpuBe3eHHbIE W3 YKpauHbL. PaGoTbl 10 BEIPAIIMBAHUIO CTEBHM IIPOBOAMIINCHE B paMKax IIPOEKTa
Tematndeckoro ¢uHaHcupoBanus 13-10072 MunuctepctBa obpasoBanHus u Hayku PA T['ocymapcTBeHHOTO
KOMHTETa 10 Hayke. BIaXHOCTh HCXOJHOTO ChIpbs cocTaBisiaa 4,2%. UucToTa u MOIIHMHHOCT MOTYUEHHBIX
00pa31oB NOATBEPIKAAINCH METOIOM TOHKOCIOWHHOH XxpomaTorpadun (TCX).

TCX ocymectsisuicst Ha miactuHax TLC cummmnkarens 60 F254 (Merck, I'epmanus). Ha craproyio
muamo mwactuHKY 11t TCX mukponmnerkoit Hanocunu 0,01m uctsityemoro pactsopa u 0,01mi 1%-Horo
pacTBopa CTaHIApTHOro oOpaslja CTEBHO3HMIAa B METAaHOJIE, BBICYIIMBANIM HA BO3AyXe B TeueHue 10 MUH H
xpomarorpadupoBaii BOCXOASIIUM CIIOCOOOM B KaMepe ¢ CHCTEMOH pacTBOpPHTENeH: XI0pohopM-MeTaHOI-
Boza (60:30:6). B xauecTBe nposiBUTENS HCTIONB-30BAIH 50%-HBIH pacTBOP CEpHOI KUCIOTHI [4].

OKCTpaKThl JINCTEB CTEBUM YNApHBald Ha BaKyyMHO-HCIIApHTEIBHOH YycTaHOBKe Laborota
4000/HB/G3 (Heidolph, I'epmanust). ComepkaHue OpraHHYECKUX KHCIOT ompenessuin mMeromoM BOXKX Ha
npubope “Water Separations Modul 2695” (CIIA). Pemyumpyromue BemecTBa ONPEICISUTA METOI0M
[lomoau-Henbcona [16-17].
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Pe3ynomamut u o0o6cyyncoenue. B KadecTBe OSKCTPAareHTOB MJisi BBLIEICHHS CHAJIKUX
JUTEPIICHOBBIX TJIMKO3MJOB Hallle BCETO HCIIOJIB3YIOTCSI OPTaHMYECKUE PAaCTBOPHUTENH, TaKHe Kak
METaHOJI, 3TaHOJI, TUATHIIOBBIN 3(HUp, alleTOH, M30IPOIMIOBEINA CIUPT U aneToHUTpwiI. OIHAKO mpH
WCTIOB30BaHUH ATHX PACTBOPHUTENEH B AKCTPAKT MEPEXOIUT OOIBIIOE KOITUIECTBO OPTaHUICCKUX
BEIIIECTB, MPEXKIEC BCETO NMUTMEHTOB, INMPEMATCTBYIONINX AalbHEHIIEMYy OCBETIICHHIO SKCTPAKTa.
[IpuHMas BO BHEMaHUE JedeOHO-TPOPMIAKTHICCKYIO [IEHHOCTh TIIMKO3UI0B CTEBUH, B KA4eCTBE
SKCTpareHTa HaMH HCIIONB30BalaCh BOJA, Ojaromaps KOTOPOH MAaKCHMAalbHO CHIDKAIOCh
COJIepKaHNE COMYTCTBYIOUIMX NPHUMeEced. DKCTPAKIHIO TUTEPICHOBBIX TNIMKO3UIOB ITPOBOIHIH
npu paznmmaasix pH (7,05 6,5; 6,0; 5,5; 5,0; 4,5; 4,0; 3,5; 3,0) ¢ 1enpio onpeaeeHns OnTAMAIbHBIX
ycnoBuid. [lodydeHHblE pe3ynbTaThl MOKa3ald, YTO C yMeHblleHneM pH moBbIIaeTcs BBIXOM
TIIMKO3U0B, oxHako rpu pH-3,0 u H1ke HaOJIIOAAaeTCsT YaCTUYHBIN THIPOJIU3 CTEBHO3MIA. B remsax
OIITHMM3AIMU TIPOLIECCa SKCTPAKIMH JUTEPICHOBBIX TJIMKO3HMIOB HAMH OBLIO HM3y4YEHO BIIMSIHUE
TaKMX MapaMeTpoB, KaK CTENeHb W3MENBYCHUS CBIPbs, COOTHOIIEHHE ChIPhE-IKCTPATeHT,
TeMIeparypa 3KCTpareHTa W IIPOJOJDKUTENBHOCTh mporecca. s onpenesneHus ONTHMAaIbHOMN
TEMIIEpaTypbl W TPOAOIDKUTEIHHOCTH TIPOIEcca HSKCTPAKIMI0 MPOBOAWINA TIPH  CIEIYFOIIIX
temriepatypax (30; 35; 40; 45; 50; 55; 60; 65; 70°C). Haubonbliee H3BICUCHHE JTUTEPIICHOBBIX
TJINKO3UIOB W3 PACTHTEIFHOTO CHIPhsI OOecIieunBalia SKCTPAKINSA JECITUKPATHBIM 00BEMOM BOIBI
(pH-3,5) B Teuenne 3 4 mpu TemrepaType 65°C. OnTuManbHbIi pasmep dacTuir chipbst 0,5-1,0 MM.
Tocse skcrpakimu pactop GuisTpoBan u ¢ nmomoinsio Ca(OH), pH ¢unsrpara moBoammu a0 10.
BrimaBmmii ocanok otaessuin neHTpudyriupoanueM. HamocagouHyro sKUAKOCTE 00ECIIBEUMBAIIH aK-
TuBHpOBaHHBIM yriaeM (10-15 r yrs Ha 1 1 sxuakoctn) npu 70°C ¢ nepemenpannem B Tederne 30
MmuH. [lonydany 3KkCTpakT TeMHO-KOpH4HEBOro LBera./ls oOecconmBaHus MOTYYEHHOIO SKCTPAKTa
UCIIOJIB30BAI MIOHOOOMEHHBIH METOJ]. DKCTPAaKT MPOIYCKAIN 4Yepe3 1B NOHOOOMEHHBIE KOJOHKH,
3anosiHeHHble  cynb(okareonutom B H' — dopme u cpenneocHoBHbIM anuonutoM B OH™ — dopme.
JluHeliHast CKOPOCTh IIOTOKA pacTBOpa IO HANpaBJIEHHWIO CHH3Y BBepx cocrasisiia 0,05 cm/c. Ha
BBIXOZIC M3 KOJIOHKM PACTBOP KMEN JKEJITOBATHI IIBET. 3aTeM BOJHBIA PAaCcTBOP yHapHBald Ha
BaKyyMHO-UCTIAPUTEIBHON yCcTaHOBKE Aocyxa. [lomydann CyXxoil MOPOIIOK TUTEPIICHOBBIX TIIMKO3HU-
JIOB CTEBHH >KEJITOBATOrO I1BeTa. [Iporecc SKCTpakIuy MpeACTaBiIeH B BUIE CXeMHI (puc. 1).

Jncrba creun

CYIIKA, H3MENBYeHne
Boja pH-3,5

3465 'C
unnTpanma

IKCTpaKT
Ca(OH),
l‘t’il(i‘lh'l’P-‘llll(ﬂ
“!KTlHinn]h‘llI]INﬁ Yroib
"
I - —
posp » TEMHO-KOP# IKCTPAKT

obecconipanne
BAKYYM MCTApPEHHE

(:)’X:IH CMECh IHTEPNEHOBLIX TTHKO3HI0E CTEBHH
AHENTOBATOTO UBETA

Puc.1. Cxema TIOJIy4Y€HUA CMECHU TUTCPIICHOBBIX TJTIMKO3UIO0B U3 JIMCTHEB CTEBUN

BoIxoa quTepneHoBBIX TIUKO3UI0B cocTaBisul 69-83%, conepkaHue B HEM MOHOCAXapHI0B
BapbupoBaio ot 0,05-0,12% B 3aBUCHMOCTH OT UCIIOJIL30BAaHHOTO 00pa3na (Tabum. 1).
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PA3PABOTKA D®OEKTUBHOI'O CITOCOBA BBIJAEJIEHWA CJIAJKHX I'TMKO3U/10B 13 JIMCTHEB CTEBUM. ..

Tadauua 1. Berxon qUTepreHOBBIX TIIMKO3UI0B U3 PA3IHMYHBIX 00PA3LOB JIMCTHEB CTEBUU

OGpas1ibl JIUCTHEB CTEBUM BBbIX0Z JUTEPIICHOBBIX CopiepxaHne MOHOCAaXapHaIoB
TIIMKO3U/10B, % (0T B KOHEUHOM IPOJYKTE, %o
COZIEPYKaHUsI B CHIPBE)
1. I'mapononuka 76 0,07
2. | Iousa (Apaparckas paBHHHA) 81 0,09
3. | Tlousa Yxpauna (Kpeim) 69 0,12
4. | Ilousa Haropnoro Kapabaxa 83 0,05
(AckepaHCKHH paiioH)

OpraHuyeckue KHCIOTHI — Ooiblliasi W pa3HooOpa3Has IO CBOMM CBOMCTBaM Trpymma
BEIIIECTB, CoJiepKamasics B OOJNBIIMHCTBE MUIICBBIX M JICKAPCTBEHHBIX pacTeHuid. Hamboiree gacto
BCTPEYAIOTCS TAKHE OPTaHUYCCKUE KHCIOTHI, KaK siOOYHAs, JTUMOHHAS, SHTapHas, MIaBelieBasd,
YKCyCHasi, BHHHAs1, MOJIO9Has. OHM OKa3bIBAIOT HAa OPTaHU3M YeJIOBEKa JOCTATOYHO pa3HOOOpa3Hoe
JIeicTBUE: coAepiKamIiecs B IBETKAaX POMAIIKH, B Kope Oeroi MBBI OCH30WHAs M CaJHIMIOBAs
KHCJIOTHI - aHTUCETITHYECKOE ICHCTBHE; COAEPIKAIINECS B JINCTHAX ITOJAOPOKHUKA, MAaTh-H-MaYeXH,
moderax TOMMHAMOYpa IMPOU3BOIHBIE KOPEHHOW M APYTHUX OKCHKOPUYHBIX KHUCIOT - )KEITIETOHHOE,
MIPOTHBOBOCTIANINTENIFHOE JIEHICTBHE; YPOHOBBIE KHCIOTHI M MX NPOW3BOAHBIE 00JaJal0T JETOKCH-
MUPYIOIIUMHI CBOHCTBAMHM, BBIBOAST W3 OPraHW3Ma NMPOAYKTHI OOMEHA BEIIECTB, CONU TSKEIBIX
METaJUIOB, PAAHOHYKIHIBL, XoiecTepuH. OrpaHudecKkne KHCIOTH ATroA, (PPYKTOB, IUTOIOB
CTUMYJHPYIOT COKOOTACJICHUC B KCIYAOYHO-KHUIICYHOM TPAKTC MU YJIYUIIarOT NHUIICBApCHUC,
aKTUBHU3HUPYIOT IEPHUCTAILTUKY KHIIEYHHKA, YMEHBIIAs PHUCK Pa3sBUTHS MHOIHX JKEIyIO4YHO-
KHMIIEYHBIX 3a00JICBaHHH.

Bo Bcex 3KCTpakTax JHCTHEB CTEBUU OIPEICIISUTH HATMINE OPTaHUIECKUX KUCIOT METOIOM
B3XX. Ucnonp3oBanu komoHky Altima C-18, 5u, 250mMMm X 4,6MM cO CKOPOCTBIO ITOTOKA | MJI/MHH,
(merextop YO 210HM, 31m0eHT Boga-MeTaHOI-aleToHUTPII 99:0,5:0,5 06./00.) (Tabm. 2).

Tadmamua 2. ConepxaHue OpraHMYECKUX KUCIOT B 3KCTPAKTaX JIMCTHEB CTEBUH

KoHuenrpanysi, Mr/mi
OpraHnyecKkue KHCIOTHI ITouBsr
I'unponionnka Apaparckas Ykpanna Haropnsiii Kapabax
paBHHHA (Kpbim) (AckepaHCKHi
paiioH)
1. AcnaparuHoBas 3,66010,52 2,13010,27 0,93110,07 4,55010,03
2. [llaBeneBast 14,59011,87 5,53000,54 3,84110,25 16,52(11,64
3. BunHast 2,76110,42 2,23010,12 0,91010,09 3,46110,58
4. Sl6nounas 45,96112,36 61,0413,82 13,52011,05 52,26113,48
S. JInmoHHas 3,43110,26 - 0,21010,08 4,72110,57
6. Dymaposast 0,020,001 0,020,001 0,00810,000 0,008(10,005
5

HccnenoBanust MOKa3alld, YTO M3 YETHIPEX THIIOB HM3YYaeMbIX OOpasLOB JIUCTHEB CTEBHU
HauboJiee MPOAYKTHBHBIM CBIPHEM IS ITOTYyUYCHHS CIIaJKUX TIIMKO3HIOB SIBIISIOT-

Csl JINCTBS pacTeHus, BblpanieHHoro B Haropnom Kapabaxe, riae BIX0O IUTEPIEHOBBIX TIIMKO3UI0B
coctasisieT 83%.

Takum 00pazoM, MpeAokeH CIoco0 IMOJy4YeHHsS CyXOro IMOpOIIKa CMECH IAMTEPIEHOBBIX
TJIMKO3U/IOB U3 JIMCTHEB CTEBUM, KOTOPBHIM MCKIIOYAET HCIIOJIb30BAHME TOKCHY HOTO METaHOJIa M
BBICOKOTOKCHYHOT'O JIOPOTOCTOSIIIIEro Xjopodopma, Onaromapsi yeMy OH O3KOJIOTHYECKH OoJiee
0e3omaceH U 9KOHOMUYECKH AP PEKTHUBEH.
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Uhpjuyugqus t Ununlt b Zwjund gqhnbph ot gpuig wjuquihtt ywnjwing wowbdht Juulyubph
Ayjuwohiuphh Yuqup, hsywhu twlh tjupugpws bu wyn ghknbph Jpu juenigqus thnpp hhppnbEjupuluywuutph
opwrh hwigqnygubpnid nbknulupgws dyuninhubpp: Pugwhwyndt) k, np Jhpngpuy djuninhubph bwjwb dwup sh
huwdwyuwunuwupwind  wyy  ghnbpmd dpnwpbwly, huswbu  twlb  wwpphpwpwp  dhgpughwibkp  Juwnwpny
Ajuwnbuwlubph JEuuwuwt guwhwiguniupubphtt b $hghjulju htwpwnpoipniuutpht: bpudhdulp snljlint hwdwp
wnwowplynud k owhwgnpst) dAjunignt unp Unply, hust bwljut tkpgpnud upnn E ntbibtw) glnbtph djuughtt upwpubph
b JEuuwpuqluquiinipjut wwhywidwb qgnpénid:

KRphnminphlp — djhwppnuph — thnpp hhppnkEnpulupubbbp — Unuink b Zupunid glnkp

IIpencraBmen BHIOBOM COCTaB PHIGHOTO HAceJIeHHS HEKOTOPHIX pek Gacceifma p. Kypa m mx HmpuTOKOB Ha
teppuropuu Pecny6iuku ApMeHus, IaHO ONKCAHUE PHIGOIPONYCKHBIX COOPYXKeHui Ha Manbix I'DC, mOCTpoeHHBIX
Ha OTHUX BOJOTOKaX. BEIABIEHO, UTO OCHOBHASA YaCTh STHX COOPYXX€HHI He COOTBETCTBYeT GHOJIOTMYeCKHM
IOTPeGHOCTAM ¥ PU3MIECKMM BO3MOXKHOCTAM KAK OCEJJIBIX, TaK M NMePHOAMYECKM MUTPUpYomux prib. Mcxoas us
IaHHOM CHTyaIluy, Ipe[jaraeTcs SKCILIyaTHPOBaTh HOBYIO MOZENb PHIOOMPOIYCKHBIX COOPYXKEHHUH, UTO MOXKET
BHeCTH 3HAYMMBIH BKJIaZl B COXpaHeHHe GMOPa3sHOOOpasus M PHIOHBIX 3aIIaCOB B M3YYaeMBIX PeKax.

Prroonpormyckrsie coopyxeHHA — HXTHOPAyHa — MaJIble THAPOSIeKTPOCTAHI[HH —
pexr Arcres u Axym

The paper presents the ichthyofauna of separate rivers and their tributaries that belong to Kura River basin
and flow through the territory of Armenia. It also describes the fish ladder situated in water hubs of Small
Hydropower Plants built on those rivers. It has been found that the majority of the above mentioned fish ladders do
not meet the biological requirements and physical capabilities of both resident and migratory fish species of those
rivers. On the basis of this situation it is expected to operate the new model fish ladders that can make a significant
contribution to the conservation of biodiversity and fish stocks in the studied rivers.

Fish ladders — ichthyofauna — small Hydropower Plants — rivers Aghstev and Hakhum
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U.v. 1hNN8UYL, U.U. UNULEL3UY, L.4. QULUSSUL, b.U. ®ULUSUL

Zhngpnkubkpginphjut hwdwpynud | Jkpujuiqiynn Bubpgbuhugh jupbnpugnyg &nig, b wyt nne
wopuwuphnid hwdwpynd £ wyjptnpuwupuyht, Eynnghwybu dwpnip nt ppuywhywbwljuwt wenwdny phy
phuljuyhl: 22 Junrwdwupnipjub 2014 p. hniyhuh 31-h 836-U npnodwdp hwunwwnyly] k «Zuyuunwith Zwubpu-
whunnpjub Eukpgbnhjujut wijunwignipjutt wywhndwt huwyiguljupgh gpoypubph hpujubwgnidu
wwwhnynn 2014-2020 pp. dhongunnidubph spwghp-dwdwbwlwugnygp»: dhpngpuy  hwybgu-Jupgnyg
Zuyuwunnwith hwdwp hpwdwjwlwi b hwdwpdl] bubpghugh JEkpuwiqudnn wypnipubph juybwdwduy
oquiuugnpdnidt nt jhwjuwnwp tkpwonidp Eplpph quekjhpwkiubpgbinhl hwydtlorh dke, nph wywhnddw
hwdwp Jbkpngpuy dpughp-dudwbwlugnygny twhwwnbudl) b bwb hhgpohjupuuywitbph (2EY)
Jupnigdwt vhgngunnidubp: 22 wnwpwsdpnid wpnb gnpdnud k169 thnpp ZEY (®2EY), hulj onipe 60-p
qgnijnmud ki juenigdwt  thnynud: Ukplugnud - ©ZEY-Lptt wpnwnpnud - Bu ZZ-nud - wipnwunpynn
LEYyunpwtukpghuyh wwhwbewplh onipge 10 %-p, hugp quihp nmwubwdjulh pupugpnid wdknt dhnnwd k ni-
ubkbwnt [2]: Uwuyu 22 O2ZEY-bph qnpéniubnipjut wpmyniupnd wpnku hul b huyn Bu Ghkp dh pwpp
jinhpubp b funsplipnnukp, npntp UkSwginid ki ®ZEY-tph  phuljuyiimpmitp  phuwyuwhywbului
mbuwulnithg: Ujuybu, dbp twpbwlwt ghnwupnudiutph hadwdwyn @2EY-bph opunh gjlumdwuwghe
Junnygubpp, nputinhg giwnh gnipp dnbnd £ £uonidwghtt junpnjuijupwp b hnumd nyh ®2EY-tph puthw-
uhyubp (mnipphuiikp), ghknh hnibp unynpupup yunitbkgws b phnnuk jud dbnunujut yqungwupny:
Upmyniupnid thnpp ghwnwjubph onipp (dwtunid E, hull opp Eyninghwljut ponph vwhdwtwsé swduyp b
Ajuninhutph Jupmigwépp hwdwju skt wyuwhnynmd ghund puwlynn dAjuwnbuwlubph nt dmnwu
opquithquutph wquun nknuowpdp ghnh h hwndwshg dintup: Pugh wyy, @2ZEY-tph opurh gjluwdwuwh
Junnygubpnd  Ajuwwyuonuutn gubugkph  puwguuynippiup jud  welw  wnpnpuhy guugkph
huwdbdwwnwpup Ubs gbnptpp wpghjp skt hwunhuwinid gbwnh Ybiphtt hnuwbpnid puwlyny dyutph,
huwnjuytu dwipwdlubph, hwyunidbnit ®2ZEY-tph {uoniduyghtt junnnjuljupwpbpnid b wyunthbnb
pwthwtphdubpnud, npnbn bpwip Eupwplynud G dhjuwbhjujut wdbbwnwppbp wqpbgnipniuubph:
Pusybu Jyuynud ki wnwtdhtt ntuntdiwuhpnipnitinkp, ZEY-tph winipphutibph dhony wighbint pupwugpnid
ujuunynd Lt AYubkph ppenipubtph b dwbpwdlubph quuqubughtt nsywgnd dhwyt (nputhwdthnionh
Suonidught Juwudwspubph wpmyniupnid [6]:

Blukn] Jtpngpuhg, dkup Ubkp wnel juunhp Lup nplp tjupugpt) Ununb b Zwpunid glnbph n
npuig wjuquiht ywwujwing wpwbdhtt Juulikph Jpu juonigjus O2ZEY-tph Ajuninhubpp b
Ayuwywonwulb wy upnygitpp Jpmstng npubg ywhwympmibp Yhpnbppuy ghnbpmd phwlgng
Ajbwnbuwljubph ptwljuint jEhuw-qnpsniubnipiniit wyywhnybtint hwdwnp, hst b hwinhuwinud £ uny
wpliwnwbiph hyywwnwlp:

Ynip b UEpny: Mumdtwuhpdwt hudwp yne Eu sweuygl) dkp Ynnuhg 1998-2015 ppe. pupugpnid Unuinl b Zwunud
ghnbiph n1 npug wjuquiht Wunljubng opuljunibph Yunwljubph djuwohiuphh juquh mundwuhpnipinitiubpp, npnig
pupwgpnid 1.5 U ppuwly b 0.5 4 mpudwghs nitkgnn dkinph djunpuwljut guwgh, 0.8 U mpudwghs nitkgnn Jtphwb guugh b
Ajunpuwljutt Yuppbph oqumipjuup npuylp tu 15 dAjuwnbuwlh wuunlwing 642 wpwbdbyuly: Quubkph npuh, npuig
Upwljiuitt b wkuwlughtt npnpnufubph pipugpmud wuwhwwin]ly ko djiwpwtnipjut dke pinniinfws dkpnnubpp [4, 5]: Pugh
Jtpngpyuiphg, 2015 p. dwjhu-ognuinnuh pupwgpnid dnuhpnphiquyhtt phinwpynudubp o hpuwljutugdt] Ununb qgknh Jpu
Junnigyws «Ununl 1», @knply ghnh n bpuw wewdht Juujubph Jpu junnigdus «Ephlyy, «@ngys, <vuswpdwiy, b Zuunud
gbnh Ypu Jupmgqus «Uppwpthh» @ZEU-Lpnud: Fhunwpynudubph pupugpnid wnwtdiwlh nipwnpoipinit © nupddby
®ZEU-tph gpwn hwignygubpmd dAjiwygupnuut junnmgyuspubph (AYuninh, djtw-yupnyut gubg) wepljumnipjuip b
quuhunndly] £ npubg hudwyuinuuputinipiniip kpuppuw-ynpjws sunhwtthpibphtt o1 ndjuy ghinnud pwlpdnn djunnk-
uwljutinh $hqhjului b YEuwpwbwlut yuwhwigdniupubtpht [1, 2, 4]:

Uppyniiiphkp b phlnuphnid: Ununl b Zwhnud ghnbpt punhwinig wodwdp hwpniun sk
Aytwnbuwlutpny: Zudwduyt bwjujhinid junwpdws ntunidbiwuhpnieiniubph, wjuntn £ hwinhwynod
Zuyjuunwtth gpuljuibpnid gpuiigyus onipg 40 Ajuwwnbuwlutinhg 15-n [3, 4]: £ wdbih phy
Ajtwnbuwlukp o hwinhynd wyt nknudwubpnud, npuntn juenigqus bu ghuwnpyynng @2ZEY-tph Uk
dwuh opwunh gjjuwdwuuyghtt jurenygutpp: Ujuybu, Ununb ginh wyt hwngusnud, npuntn junnigqus £
«Unuunli 1» ®2EU-h opun hwbgnuygp (ynnpphtiwntbpp’ 44944'20.5"E-40042'58.6"N, nh dwjupryulhg pup-
dppmipynitp’ 1630 U, £upmuuyghtl unnnyulwowph kpljupnipymip 5428 U), hwinhynid kb jupdpujuownp
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Salmo trutta fario L., 1758, Uniph phinwdnilyp Barbus cyri De Filippi, 1865, wplubpwu wwwnkhlp Alburnoides
eichwaldii (De Filippi, 1863), Ulwuh Ynnwlp Capoeta sevangi De Filippi, 1865: ®2ZEU-h opwun hwugnignid
wnlu £ 20.5 d bpjupnipjudp, 1.64 d juyunipjudp (wdkitwunnphtt dwunid) b 10 wpwtidht hwndusutipnhg
Juqujws phunub djuninh:  Uju Jupnigqws b Yhuwjwphphtipnuughtt dogbjh hhdwb Jpue Ldwb
Jwpnigyusdpp pudupup k ghnmd phwlynn hwdbdwnwpup junonp b dhehtt swihbph dukph jupdpwpew-
wmh, Ulwth Ynnquyh qunph hwdwp, vwfjuyt npny ndwpmpiniutp jupnn b hwpnighy wygbih dwip
Ayuwnbuwlbph’ Ymph phnwdljwi U wplbjub wwekjhh ginh dh hwngwshg dnup nknutnugbng
pupwgpnud: Thnwpynudutph pipwgpnid wju @2ZEY-h gpunh qiluwdwuughtt jupnygnud djuuwyuonuuh
guiigp pugujuynid kp: Ujuntn wnlw £ twb By wy) jpughp, husp yipwpkpnud £ ginp hniing hnunn oppi:
Yhunnwpluwb wwhht (hnithuh 14, 2015 p.) ghinh twjuhtt hnitip opunhg hinn hwdwpw pt 1phy snpugus
En, hul djuninny hnunn onipp pujupup dwywyukp skp Jupnn wywhnyt] ghinh uwinnphtt hnuwtphg ntuyh
Jtp &Jungpdwt pupdpuignn djtwntuwlutph vhgpughnt ptwqn wpptwgutint hwdwp:

Unuunli ghinh Juul] hwunhuwgnn @knhl qhnh dtipht hnuwtpnud, npntn junnigws b «Ephly»
®2EY4-h  opun hwhgnugp (ynnpphtwnbbpp  45°1525.41'E - 40°39'51.48'N, snifh  dwluprnulhg
pupdpmpiniip 1668 U, &uondwjht  funpnjwluowph  bpupnipgmip 2050 ), hwighynd kb
JupUpwjuwynp, Yniph phinwdniyp, Uhwbh Ynqulp, wpbbjul wwnkuhlp: @hnh whbphtt junnigws
Ajughtt munbunmpnibibphg wjuntn wwppkpwpwp huyniynd E iwb Shwewhwhwynp Oncorhynchus
mykiss (Walbaum, 1972): 2jutph nnknuowpdt wywhnybnt hwdwp @2ZEY-h gpwn hwignygnid junnigyws &
phnntb Ajunigh’ 11.2 U bpljupnippudp b 1.20 € juyintpyudp: 2Eumnhl juqijws tp 170 ud bpljupnipgnia
niukgnn 5 wpwtdhtt hwwnywsubphg, npnup hpwp htw hwnnppulgynd G 20 ud juyunipinit b dnwn 25 ud
pwpdpnipinil niutgnn knphpny: Qpun hwugnygnid puguljuynid £ djuwyupnuyui guugp, nph thnpawupki
wnlju £ fwnuyuiunuluyght wnpnpuhsy: dtpngpuy Ajuwwupnuut junmgyuspukph
wnwidtwhwwnlnipnibubpp (hwpdtp skt wmywhnynid qghinnd pwlynn djukph phwjwint mknuowpdp
gbknh hnuwtpt h ykp, hull wnpnpupsh Swnuyuinuliubph Jpu wbwlwinpbt hwjupqués wnpp b
Jkigunuyhtt wy puhnbiibpp puguwuwlub kb wqymu Jpht phidh oph npulh Jpu’ whpupbiyuun
wuydwtbp unbnsting wnunbn hwunhwnn Ajtwnbuwlubph, hwnjuybu pputg dwbpwdlukph
puwjutint JEuuwgnpéniibnipjut hwdwn:

Qny qninh dhony hnuny Qhwhl ghnnph Any Juuulh Jpuw gopdnd L «@np» ®ZEY-p, nph 9pwin
hwlgnygp  (Ynnpphtiwnibpp’ 45°0'1.09'E-40°43'44.41'N, $nJh  dwlwppuhhg pupdpmpmbp 1188 4,
Supnuduyhti unnnyuljwowph Epupnipnip’ 2990 U) qnipy b djuniymg b djbwgwonyui gughg: Upu
hwbqudwpp @2EY-h swhwgnpénnubpp puguwnpnud Eu tpwing, np @noh unnnphtt b dhghtt hnuwipnid win-
Juw Lu ptwfub gpykdutin nt uvwhwpubp, hyybu hwb phnntwywn Junnygubp, npnig yuwwngwnny npbik
Ajbwwnbuwl sh upnn pupdpwbiug ghnh hntung h dbp: Zupl b gk, np @not hp opujbiuwpwtmfui
wnwbdtwhwnnipniiubpny hwdwywwnwupwind t jupdpujuuginh ptubgdwt yuhwbeubpht b hw-
dwyuwwnwupjumt dAjuninhutp jupmighint o1 nputp pwhwgnpstint nhypnd wyn Ajuwnbuwlp Yupnn £
puwljkgut] @ny qghnp ypht hnuwbpubpn:

«hrhowl» wqquihtt ywuplh wwpwépny hnunn QEnhl ghnh vwsywpdwt Juulh Jpu gnpénd k
«vuswpdwiy GZEY-p: Junulnid hwinhynid Eu jupdpuwjuwynp, Uniph pinudniyp, wplbjjut wunkhln:
®2EY-h gpwin hwlignygmu (Ynnpphtunibpp’ 45°02'36.8"E-40041'44.9"N, nh dwljupnulhg pupdpnipyniip’
1144 d, ghpmuuyhti funnnyuluwpwph kpljupmpgnibp’ 1740 U) wnluw k9 wunh§wbibikphg punjugus phnntk
Ayuninh’ 11.20 U kplupmpyudp, 1.10 U juyinipyudp b dhish 1.5 ¢ pupapnipyudp: Ghnh hnuwlpny nhwh
Jtp pupdpugnn ajukpp yhwnp L hwunpwhwnkt wptiuqt 50 uwd pupdpnipmnit niikgnn wnwghtt wunhdwnp,
hulj htwn' Uhbsh 30 ud pupdpmpmit nbkgny mp wunhdwbwdl vwhwbpbtp: Qqunine wlwh -
nnigyudpp ]_pmgmghz ndqupnipnibibp £ unbndnid ghnnud ptwljynn djutiph, hwnljuwbu thopp zunhhp
nikgnnbkph Yniph phqualwi b wpbbpjui nwekuhyh hwdwp: Uhudwdwbiul wjuntn welw E dwbp' 1-
1.5 ud npudwghsd niikgnn whgpkpny wnpnpups, husp Yupng L tub djutuyuonyui gumugh ghip junwpby:

Zwpnid ghnp wyt hwndwsénwd, npunbtn  Juonmgdwsd b «Uhpwpthh» ®ZEY-h opun hwugnygp
(Ynnpnhtwnbkpp’ 45019'14.58"E-40°55'40.83"N, snih dwlupnwulhg pwpdpnipmitp’ 810 U, &hpnidwghl
funnnywluowph Eplupnipgnip’ 2700 U), hwinhymd b jupdpuuwpnp, Ymph phqudndyp, wplibjub

wnwnkjuhljp, Uhwih Ynnulp, wpswpwithwy Yupwup Carassius gibelio (Bloch, 1782): ®ZEY-h opwun hwhgniy-
gnid wnlw E wthwpp ghnwpwpbpnjuuuplqus 6.7 U tpjupnipjudp b 1.1 djuyunipjudp phinntbk djunigh:
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Qiuninnt wdwtt Juonigquspp pudupup boghunud ptwlnn djubph phwfwint wnbnuowpdh
wwywhnyuwtt hwdwp: Unjw b twb wnpnpuhy guwbg, npb wdhpwwbu qubynud b Lupnidught
Junnnjuljuwnwph dnunph pu: Swljwih Yihukp, np bdwb wypnpuhs guig gpdtp twb phinnthg junnigjws
opwwwnh uljgpmid, hisp djutwyuonuut guugh thnpjuwpkt poy; juwup guwhywil] wowdt) dks pyny
dwbipwdljutph:

Unuul b Zwjnd ghnbph nt gpuig quuuljubph hoith Jpuw jupnigqus wnwbdht @ZEY-tph
Aljuninhubph mkuwlukph b jurnigquspuyghtt jnisnidutinh ybpnisnipiniup gnyg k wmiwhu, np djuninhukph
twuwt dwup sh hwdwywunwupwind wyy ghnbpnd ptwydnny W/jwd wyuppbpwpup dhgpughwikp
Juuwpnn ponp djtwnbuwlubph jEuuwlut gwhwigdniipubphtt nt $hqhjujub htwpwnpnipnii-
ubpht [2]: U hdwunny pputp dbbwdwuwdp huptwtyuwunwl B m skt hwdwyuwwnwujuwiind
wdwbwnhy Junnygubph tjundwdp dudwbtululhg ywhwieubpht, hst k| hwinhuwind k gputg ny
1hwpdtp gqnpstnt hhdtwjut yuwwndwenp: dkpngpyuy juunhpp nusknt hwdwp wnwdht hilmwgnunnnukph
Ynnuhg dowlyty b juphphuipnuuyhtt mhwh djuninnt tnp dnpk], nputn hwydh h wntwsd Zujwuwnwih
Ajiwmnbuwlukph dwpduh wnwybjugnyl swthbpp u opwljuiukph nbknupwfudw
wnwidtwhwwnlnipnibutpp [1]: Ldwlt dnpbh hhdwb Jpuw juenmigws djuninhubpp Jupnn Eu hpkug
twwb tbkpypnudt mubkbwy gbhwnbph djuwghtt yuwowpubpph b Jhuwpuquuquinipyutl ywhywidwb
gnpénid: Uhwdwdwbwl wihpudbion b Zujwunwih ghnbph Jhtuwpuquuquinipyut b djuught
wwowplbkph Unthpnphtiquyhtt nuunidbwuhpnipnitiph juquuytpynd @2EY-tph  gnpéniiknipjub
htwpwnp wqpbgnipnibutpp dogpubkint b dwdwhwlhtt hwdwywnwupwit dhgnguenidubp dowllnt nu
hpujutwgubint bywwnwyny:

Unyt wojpwnwtpp Juwnwpyt) b «Upwljgnipinit thopp ZEY-tphtt Jipwpbkpnn pupbthnpnudubpht’
ghnughtt Eynhwdwljupgbph Juynit oguugnpsdwt bywwnwlng hwipnipjut b 22 ptwwywhywinipyui
twhwpupnipjub Epljjununipyut dhongny» spugph pppwtwubpmd” UULO-QEZ @npp ppudwpbnphibph
Spugph wowlgni pyudp:

GUYULNRE3NRL

1. Uwdyjbjui U.L. @npp hhnpnbEjupwluyuittph djuninh jupniguspubph hudbubpuljut wwywhngnudp
intught - wuydwibbkpnud:  Ubknuwghp  wbjuthjulut  ghwn.  phit. ghwn. wuwn. huygdwb  hwdwp
wwnkltwnunipyub, Gplhwl, 22 ke, 2015:

2. Uwlybkywi U.L., Qupuywi @.U., Mhynyul U v, Qiuunbuwlubph dwpduh swhbpp npybu Ajuninh jurnigwsph
swihtpp npnpnn qopént. Swpnwpuwbuniput b ohtwpupnipyut Zwjuwunwih wqquyht hwdwjuwpuih
wkntlwghp, 44 6, k9 31-38, 2014:

3. Jlesurn b.A., Pyberusm A.P. O HOBBIX HXTHOJOTMYECKMX Haxofkax B Apmenun. Poccuiickuit »xypHar
6uosorndyeckux uHBasuu. 1, c. 39-45, 2012.

4. [Tumogr C.X. Vixtnodayna Apmenun: stamsl GOpMHPOBaHUA U coBpeMeHHOe cocrosHue. ISBN 978-3-8473-9977-
3, c. 548, 2012.

5.  Ilpapguu H.®. PykoBoactso o usydenuto ps6. M.: ITum. mpom-crs, 376 c., 1966.

6. Penxue u ucuesaromue >xuBoTHble. Pri6pr: CrpaB. moco6bue. ITaBnos [I.C., CasBauroBa K.A., Coxonos JIL.U.,
Asexcees C.C.; moz pez. B.E. Coxonosa. M., Bsrcmr. mk., 334 c., 1994.

Uwnugyky k 18.09.2015

78



HauyuoHaAbHan AKaaemus Hayk ApmeHuu BuoAaoruuyeckul XypHaan ApMmeHuu

D,
Lwjwunwbh Shinneeniblbph Ugquyht Uywnbdhw  TARARA  <wjwunwih YEtuwpwliwwb <whnbu
National Academy of Sciences of Armenia é—%b Biological Journal of Armenia

cOnpéwpwpwlwl b inbuwlwl hnnwdGhp «Ixcnepumenmanshvie u
meopemuuecKue cmamou®
*Experimental and theoretical articlese

BuoJor. :xypH. Apmenuu, 1 (68), 2016

BJIUAHUE THIIOKCUUN HA AMUINPOBAHHOCTbD
BEJIKOB I'OJIOBHOT'O MO3T'A KPBIC IIPU CTAPEHUH

HN.A. BAJAJISAH, C.B. APYTIOHAH

Epesanckuii cocynueepcumem, kagheopa o6uoxumuu
badalyania@mail.ru

HccnenoBannch aMUIUPOBAHHOCTE OEIKOB TOJIOBHOTO MO3Ta MHTAKTHBIX H
MOABEPTHYTHIX THIOKCHU MOJIOJBIX M CTaphIX KPBIC, @ TAKKE M3MEHEHNE COJCPIKaHUS
AMHUIHBIX TpyHn OEIKOB IpH WHKyOMPOBaHWM TOMOTCHAaTOB TOJIOBHOTO MO3ra.
IToka3aHo, YTO TpH CTapeHUH CHIDKAeTCsS aMHIUPOBAHHOCTH OENKOB MO3ra 3a c4eT
JIETKOTU/IPONIM3yeMol (pakiuuu. B yclIoBHSX T'MIOKCHH NPOHMCXOIMUT CBOWCTBEHHOE
npoleccaM TOPMOXKEHHSI aMUIMPOBaHUE OEJIKOB MO3ra, NPUYEM y CTapbIX KpBIC B
OonplIel CTENeHH, YeM y MOJIOJBIX. B TeueHne TpexuyacoBoil MHKyOaluy roMoreHa-
TOB B OOEMX BO3pACTHBIX TIpymnax HaOM0ganoch Ie3aMUAUPOBaHUE OENKOB,
MPOUCXOAAIIEE 3a CYET JETKOTHUIPOIN3yEMBIX aMUIHBIX TPYIIT OEIKOB MO3Ta.

T'unokcus — amudnvie epynnvl 6eIK08 — 1e2Ko- U MPYOHOSUOPOAUZYEMbLE AMUOHBLE
epynnul

Munudtwuhpdly b qunininh uyhunwlnigubph wdhnugnida hinwljn ot
hhuyopuhuyh Eupwplyqué bppunmwuwpn b skp weubkwnubph Unwn, hyywhu twb
uyhunwymgubph wilhnuyhtt jadpbph wwpnibwnpyuit hotnpunipmniap glunigtinh
hnUnghuwntpb hynipugubjhu: 8nyg b wpjws, np skpugdwt dudwiwy tjugnud £
qiuminbnh uyhunwlnightph wlhpugdui wunhdwl' h hwohy hton hhypnihqyny
dpwlyghugh:  Zhwopuhuyh wuwydwbubpnd  whknh b mbbind  wpghjuluwi
gnpdpupwgubphtt punpny qlunintinh uwhwnwlnigubph wdhnugnud, puy npoud stp
wnubwntbph Unn wykh dbs swhny, pwb Gphrnwuwpnubph dnwn: Zndngkwntubph
Epbkpdwdju huljnipugdwit pipwgpnid Eplnt wwwphpughtt judpbpnud B phudnud tp
uyhinwymghtph nhiquuihpugn’ qfuninnh uuhinwymgitph htow hhgpnihqng
whnuyht judpiph hwpdht:

Zhyopupw — uyhunwlnighlkph wdhnuyhl pulpkp -
hlpun b pdijmp hhnpnjhqyny wilhnpuyhl fadplp

Brain protein amidation of intact and hypoxia impscted young and old rats as
well as changes in the content of protein amide groups during incubation of brain
homogenates have been studied. It is shown that at aging brain proteins amidation
level decreases at the expense of weak hydrolysable fraction. Under hypoxia
conditions the amidation of brain proteins takes place, which is typical for inhibition
processes, furthermore, in case of old rats, the amidation level is more than in case of
the young ones. During three hours incubation of homogenates in both age groups it is
observed deamidation of proteins at the expense of weak hydrolysable amide groups
of brain proteins was observed.

Hypoxia — protein amide groups — weak and hard hydrolyzable amide groups
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B mexaHnm3max aMMuaxkooOpa3oBaHMs U 00€3BPEKMBAaHMSA aMMHaKa
OmpeJiefieHHass pOJib MPHUIHUCHIBaeTCsl amuAHbiM rpynnam (Al) OenkoB
tTkaHed. [lpeanonaranoch, 4TO NpU WHKYOaliM TOMOI€HATOB TKaHEH B
NpoLlecCe HMHTEHCHBHOIO aMMHMakooOpa3oBaHUs, Hapsgy C W3BECTHBIMHU
HUCTOYHHUKAMH, MPUHUMAIOT Y4YaCTUEC W aMHUJHLIC T'PYIINbL GCHKOB. O[lHaKO
OBUIO MOKa3aHO, YTO NMPH MHKYOAIlMM TOMOTEHATOB T'OJIOBHOTO MO3Ta CyMMa
aMHMIHBIX Tpynn OeNKOB OuHIIeHHOro TpuxjopykcycHoro (TXVY) ocanka
roMOreHaTa He IIpeTepleBacT H3MEHEHHH, HEeCMOTpsi Ha HaOiromaeMoe
nepepacnpeielieHue MEXIy JIETKO- M TPYJHOTHAPOIN3YEMBIMH (paKIHIMU
aMHIHBIX TPYNI, B pE3yJbTaTe dero OBUIO CHENaHO 3aKJIOYEHHE O
HETPUYACTHOCTH aMHIHBIX TPYTI OEJIKOB K ITPOIECCY aMMHAaK00Opa3oBaHUs
IpU UHKYOMPOBAHUU TOMOTEHATOB [2].

HeocnopumbiM ~ (pakToM SIBISIETCST W3MEHEHHE aMHIMPOBAHHOCTH
0€JKOB TOJIOBHOTO MO3ra B 3aBHCUMOCTH OT (DYHKLIHOHAJIBHOTO COCTOSHUS
OpraHu3Ma, a TaKKe ero peakuuid Ha JEHCTBUE JKCTpeMalbHBIX (DaKTOpPOB
oKpy»xatouie cpensl. JlokazaHo, 4To npouecchl BO30yK/IeHH s, TPOTEKAIOIINE
B MO3T€ JXKMBOTHbBIX, BBI3BIBAIOT, HApsAAY € HHTCHCHUBHBIM PAaCXOAOBAHHEM
SHEPreTUYECcKHX CyOCTpaTOB, TaKKe pacIleIICeHHe aMUIHBIX TPYHIT OENKOB
roJIOBHOTO Mo3ra. Tak, pesamuaupoBaHue O€JIKOB MOJOBHOTO MoO3ra HaOJro-
JIaeTCsl TP AJIEKTPHUUECKOM Bo30yxeHuu [7], mpu runepokcu [9], mpu an-
KOTOJIFHOW WHTOKCHUKaIuu [4], B moctpeannmMarmoHHOM nepuone [10], B
pe3ynbpTaTe BBENEHHSI B OpPTraHH3M WHCynHHA, kamops! [7]. Ilpu pa3BuTin
K€ TOPMO3HBIX IIPOIIECCOB B MO3Ty — BO BPEMsI €CTECTBEHHOI'O CHA, 3UMHEH
CIISTYKH, aKKJIMMAaTH3aLUH )KUBOTHBIX K Xonoxy [5], mpu aeiicTBun BUOpannu
[13], rumokcuu [3], BBeaeHun HemOyTana W MenuHana [7], HaoOOpOT,
MPOMUCXOJUT aMUANPOBAHUE OEIIKOB TKaHH.

Lenpto HacTosiLel paOOTHI SIBISUIOCH W3Yy4YEHUE aMHIMPOBAHHOCTH
0EJIKOB TOJIOBHOI'O MO3ra HpPW CTAPEHUM, a TAKXKE BIMSHHUE THIIOKCHU Ha
aMHJIHbIE IPYIIIBI OEJIKOB CTApBIX KPBIC M UX JUHAMHKY IIPH WHKYOHPOBaHUHU
TOMOT'€HAaTOB TKaHEH.

Mamepuan u memoouxka. ViccnenoBanus IpOBOIUIN Ha MOJIOABIX (4-6 mec.)
U crapbix (24 Mmec.) OenbIX KpbIcaXx B HOPMAJIBHBIX YCIOBHSIX M YCIOBHSIX THUITOKCHH,
CO3IaHHEIX B OapokaMepe ¢ JaBieHHeM 335 MM pT. CT., COOTBETCTBYIOIIEE BBICOTE 6
KM HaJ ypOBHEM MOps, C KPaTKOBPEMEHHOW BBHINEP)KKOH B TeueHue 20 MuH
KHUBOTHBIX Ha 3ToH BbicoTe. Cpa3y 1ocie CIycka JKMBOTHBIX IIO/IBEpraiu
JeKanuTanny, roToBian romoreHar mosra B 0.05 M K-docdarnom 6ydepe, pH=7.4.
Jlo u mocine TpexyacoBoil MHKyOanuu romoreHatoB B TXVY-ocamgkax, OUMIIEHHBIX OT
A30TCOJACPXKAINX COSIUHEHNII W JHMNHIOB, ONpEASNSUIM OENKOBBIH aMHUI0a30T
METOJIOM KECTKOTO KHCIOTHOTO THAPONM3a 10 KOJIWYECTBY BBIJCIHBINETOCS
ammuaka. [Ipu onpenenennn cymmer amuiusix rpynn (CAD) ocanku moasepraimuch
runpoiusy B 1 N H,SO,4 B reduenue 180 MuH, pu onpeeneHuu JIETKOTUAPOIN3Y EMBIX
amupebix rpynn (JIAD), npuHamiexamux acmaparusy, — 30 muH.
Tpyauoruaponusyemsle amuansie rpynnsl (TAD), npuHamiexamue riiyTaMuHy, OIl-
penessinu no pasHoctu CAI u JIADL [11]. CogpepikaHue amMMuaka OIpeAessuIn
MHEKpoanddy3HoHHBIM MeTogoM 3enuHrcona B Moaubukammn CunmakoBoit [12].
Craructiyeckass 00paboTKa MOMYYEHHBIX AAaHHBIX IPOBOIMIACH C HCIIOIb30BAHHEM
kputepusi CTpIOCHTA.

Pe3ynomamur u o0o6cysycoenue. B mnpouecce crapeHus oOpraHusma
MIPOMCXOJUT U3MEHEHHE CBOMCTB OEJIKOB, B TOM YHCJIE M MO3Ta, B PE3yJIbTaTe
NpOrpaMMbl CHHTE3a MJIM HOCTTPAHCISIUUOHHBIX MOJU(MHUKALMH, KOTOpPBIS
IOJDKHBI  3aTPOHYTh HamOojee TaOWIbHBIE (YHKIHOHAJIBHBIE TPYIIIEI,
YYaCTBYIOLIME B TPAHCKOH(QOPMAMOHHBIX H3MEHEHMsX OenkoB. K wymcmy
(YHKLIMOHAIBHBIX TPYIII, UTPAIOLIMX BAKHYIO POJIb B POPMUPOBAHUH CTPYK-
TYpPbI U aKTUBHBIX LIEHTPOB OEIIKOB, OTHOCATCS aMHUJHBIE TPYIIIIBL.
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BJIMAAHUE 'MIIOKCHUY HA AMUJIMPOBAHHOCTD BEJIKOB I'OJIOBHOI'O MO3I'A KPBIC ITPY CTAPEHWN

Pe3ynpTaThl HAIMX HCCIIEAOBAHUN MO COJICPKAHMIO AMHUIHBIX IPYII
6enKOB MO3ra KpBIC IIPU CTAPEHUH, a TAKKe JUHAMHMKA aMUAHBIX TPYMII IPU
TPeX4acoBOil MHKYOAaI[ TOMOT€HATOB MO3ra IPHBE/ICHBI B Ta0I. 1.

CornacHo npuBeneHHbIM AaHHbIM, CAI' GelkoB MO3ra cTapbiX KpbIC
coctaBisier 20,5 MKM/r, 4TO CBHAETENBCTBYET O CHW)KEHHU COJAEPIKAaHUS
aMHMIHBIX rpynn Ha 5,13 MKM/T 110 CpaBHEHHIO C MOJIOJBIMH >KUBOTHBIMH.
Taxoke BbIsIBIIEHO cHIDKeHUe coneprkanns JIAT nva 3,46 MM/t u TAT Ha 1,67
MKM/r. TlonydeHHBIE pe3yibTaThl CBUICTENLCTBYIOT O TOM, 4YTO IpH
CTapeHUHM OpraHW3Ma IPOUCXOJWT CHIDKCHHE aMHIWPOBAHHOCTH OEIKOB
TOJIOBHOTO Mo3ra mouTtH Ha 20 % ® 3TO yMeHbIIeHHEe 00yclaBiIMBaeTCsi B
Goxpmieii crenienn 3a cuet JIAL, mpuHaanexxamux acnaparudy. Y MEHbBIICHNE
COJIepKaHMsl aMHUJHBIX TPYNI B OeslKax psaa TKaHEW B MpoLEcce CTapeHUs!
MOKa3aHO M APyTruMH aBTopamu [1, 6, §].

Tadmuua 1. Coneprxanre aMUIHOTO a30Ta OEJIKOB FOJIOBHOI'O MO3Ta MOJIOJIBIX
U CTapBIX KPbIC JI0 U MOCIIE TPEXYACOBOH HHKYOAIIMH TOMOI¢HATOB
(MKM/T cBexeit Tkanu, n=8, p<0.05)

CyMMa aMMIHBIX TPYIIT Jlerkoruaponusyemblie TpyaHoruapoau3yemsle
Venosmst (CAT) amunblie rpynmsl (JIAT) amuanbie rpymis! (TAT)
oIbITa Nukybanus
Jo Ilocne |Pasnocts| o TTocne Pas- Ho Tlocne Paznocth
HOCTb
Moio- 25.63+ [25.75+ 1475+ | 18.0+ 10.88+ 7.55+
JibIe 1.03 1.01 0.12 1.38 1.53 3.25 1.12 0.89 -3.33
Cra- 20.50+ [20.12+ 11.29+ | 9.07+ 9.21% 11.05+
pbie 1.12 1.10 -0.38 1.04 1.20 -2.22 1.32 1.19 1.84
CHmxe-
HHE CO- 5.13 3.46 1.67
nepx. Al

IIpn Tpex4yacoBoil HMHKyOamMHd TOMOTEHATOB MO3Ta CTAPBIX KPBIC
HOJIy4eHBbl cliefylolmue naHHble: conepkanue CAI' OenkoB o M mocie
uHKyOaiuu octaercs 6e3 namenenuii — 20,50 MM/t no u 20,12 MxM/r niocinie
nHKyOaiu. Habmonaetcs nepepacnpeelieHie aMuiHbIX rpymn Mexay JIAT
u TAT": JIAT ymensinaercs Ha 2,22 MkM/r, Torma kak TAI' yBenumuuBaercs
Ha 1,84 MxM/r. Ilepepacnpenenenue Mexay (QpakuusiMu aMHIHBIX TPYII
NPU Pa3iNyYHbIX (PYHKIMOHAIBHBIX COCTOSHHSX MO3ra B Pe3yJibTaTe TpaHC-
KOH()OpMaITMOHHBIX U3MEHEHUH OEIKOB OBIIIO OTMEYEHO psiioM aBTopos [10].
W3 npuBeneHHBIX HAMHU IaHHBIX BHJHO, YTO KaK B ClIydae C MOJIOJBIMH, TaK U
CO CTapblMH KpbICAMH TIpM HHKYOMPOBaHMM T'OMOTI€HaTOB MO3Tra
MPOCTIEXKMUBACTCSA Ta K€ AWHAMUKA, YTO CBUJETENBCTBYET O TOM, YTO HpPH
CTapeHUH OpraHM3Ma aMHIHBIC TPYIIEI OEIIKOB MO3ra TaKKe HE yJacTBYIOT B
Iporeccax aMMHaKo00pa30BaHUs PU HHKYOAaIlMl TOMOT€HATOB.

Pe3ynbraThl MCCIeOBaHUN 1O BIMSHHUIO TMIOKCHHM Ha aMUAMPOBAH-
HOCTH O€JTKOB MO3Ta CTaphIX KPBIC IPUBEIECHBI B TA0J. 2.

CornacHo NoJy4eHHbIM JaHHBIM, IO AEHCTBUEM T'MIIOKCHH MPOUCXOIUT
amMuaupoBaHue OeJIKOB MO3ra, CBOMCTBEHHOE Mporeccam TopMoxkenusi. CATT
OCJIKOB B YCIIOBHSIX TUIIOKCUH yBenuuuBaercs 10 28,02 MkM/T, 1o
CPaBHEHUIO C COJIEPKAHNEM aMUIHBIX TPYIIT MHTAKTHBIX CTapbIX KpbIC (Ha
7,52 MKM/r). 3HauuTENbHOE YBEIIMUECHHE aMUIMPOBAHHOCTH HAOI01aeTCsl B
JerKoruapoau3yeMoit ¢ppakiym 6enkos (16,91 MkM/T), 1 IpeBOCXOANT ee
coJllepKaHre B HOPMAIBHBIX YCIOBUAX Ha 5,62 MKM/r. B TpyaHOTHIpomm-
3yeMoi (pakIuy yBEIMUCHHUE CONEPKAHM aMUIHBIX TPYTI TPOUCXOANT
yums Ha 1,9 MKM/T. Pe3ynbraTel mpencTaBlIeHHON cepry CBUACTENBCTBYIOT O
TOM, YTO I10J] BO3JEHCTBIEM I'MIIOKCHHU YBEINYCHHE aMUAHBIX TPYII OEIKOB
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MO3ra CTapblX KpBIC TaKXe KaKk W MOJIOABIX [3] MPOHMCXOIUT 3a CYET
JIETKOTHPOIN3YyeMOit (hpakiiu OenKoB.

I[Ipy  WHKYOMpOBaHMM TOMOIEHAaTOB  MO3ra  CTapblX  KpBIC,
MOABCPTHYTHIX TUIIOKCHUU, BBIACHHUIIOCH, YTO aMUAHWPOBAHHOCTH 6eHKOB HE
OCTacTCA HeH3MeHH0171, KaKk B cCjydyac C HWHTAKTHBIMU JKUBOTHBIMH, a
camxkaercs Ha 3,02 MkM/r. OpHako mpoHcxosinee Je3aMUANPOBAHUE
OCITKOB TOMOTCHATOB MO3Ta CTAPBIX KPBIC MPOUCXOAHUT HE TaK WHTCHCHUBHO,
KaK B TOMOTe€HaTaX MO3ra MOJIOIBIX KPBIC, H aMUIUPOBAHHOCTH OCITKOB TIOCIIC
WHKyOaIim HE CIyCKaeTcsl [0 YPOBHSA HWHTAKTHBIX KpPBIC, Kak 3TO
HaOMIOMaIOCh B OKCIEPUMEHTaX C  MOJOIBIMH  JKMBOTHBIMH  [3].
[Ipoucxonsmee ae3aMuaupoBaHHE OEIKOB IMPH WHKYOAIlMM TOMOTEHATOB
npoucxomut 3a cyer JIAT — 2,88 MxM/r, npu atom yposerb TAI noutu He
MEHSETCS.

Tadmuua 2. ConepkaHre aMHIHOTO a30Ta OEJIKOB TOJIOBHOTO MO3Ta
CTapbIX MHTaKTHBIX U TOABEPTHYTHIX THIIOKCHH KPBIC
(MKM/r cBexelt Tkanm, n=8, p<0.05)

CyMMa aMHU/IHBIX TPy Jlerkoruaposn3yemsie TpyaHOrHIPOIH3YEMbIE
T S—— (CAD) amuzanbie rpynmsl (JIAD) amuansie rpynnsl (TAD)
OIbITa Nukybanus
Jo Ilocne |Pasmmma| o Tlocne | Pa3nuna Jo Ilocne | Pasnuma
WHTak- 20.50+ | 20.12+ 11.29+ | 9.07+ 9.21+ | 11.05+
THBIC 1.12 1.10 -0.38 1.04 1.20 2.22 1.32 1.19 1.84
Tonxsep-
28.02+ 25.0+ 1691+ | 14.03+ 11.11£ |10.97+
THYTBIC 1.38 125 | 302 T2 | o097 288 | 09 1.12 -0.14
THIIOKCHI
CHike-
HHE CO- 7,52 5.62 1.9
nepx. AI'

Ha ocHoBanuu MPUBCACHHBIX NJAaHHBIX MOXHO 3aKJIIOYUTb, YTO IPU
CTapeHUH  YPOBEHb AMHUIUPOBAHHOCTH OEJKOB TOJIOBHOTO MO3ra KpbIC
CHIDKaeTcs. B yCJIOBHSAX THIOKCHHM B MO3LY CTapbIX KpbIC HAOIOIaeTCs
aMUIMpOBaHNE OCJIKOB, CBOWCTBCHHOE TMpOIleccaM TOpMOxeHus. llpu
WHKYOUPOBaHWHA TOMOTCHATOB MO3ra KpBIC, IOJBEPTHYTHIX THMITOKCHU,
OTMEYEHO, UTO NIe3aMHUINPOBAaHHE OSIKOB MO3Ta CTAPBIX KPBIC MIPOUCXOIUT B
MEHbIIEH CTETIeHH, HeXXeH Y MoJosIX. CyIIecTBEHHO, UTO BO BCEX CITydasx
HaOIrogaeMble M3MEHEHHS aMHIMPOBAHHOCTH OEITKOB MO3Ta MPOUCXOIAT 32
cuet JIAL', mpuHaIeKANNX acIapariHy.
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Opquiuhquutpnid $hghjuphuvhwlju gnpépupugubpht gniquhbn dbwynpyniud ki bwlb nwppkp
punyph hudnplwughntt wqnuipwttp, npnup opquuhquh wwppkp dwwpnuyutph $niulghntiug
hwdwlwupqgtph (UniEynyughly, peouyht, hntujwspuyht, opquiiughtl) thnjuwqpbgnipjub wpynitp B
Uy wgnuipwbbpp opquihquph dwlbtpbnyphtt npnowlh htnbkgpuunpy nupwn b wnwewgunud, npp
htwpwynp £ gputigh] hwwnntl uwpph' «Bhnuynuh» dhengny: Zhwopuhl wqptgnipjut phttwdhfuynid®
wnwpphp  «updpnipnibubphy  Jpu perqusth  dwubwlwb  Lupdwt  hntinjunieniitbphtt hwudw-
wuwunwuhiwb, thnpynd £ bwb opquihquh $nihghntiuy Jhdwlp, hbwnbwpwp, twb tpw pnipop

dbwfnpynn  Jbpntigyuy qupnh  pimpwghpp, npp Yupnn bhwbinhuwbog wypbnpubpught ng
nunwlunuiht vhong jEtuwpwbiwlui hwiwlwupgtph $niughniuy yhgwlubph quuhwndw hwudwp:

Pyjwstupuing — «Fhnulnuy — plinkgpuinpy nuipwnp wenulpwl

B >xuBBIX OpraHM3Max IapajUIeJbHO C MPOUCXOIAMMMY (PU3NKO-XMMUYECKAMH IIPOLeCCaMU
dopmupyiorcs nHGOPMAIMOHHbIE CUTHAIBL PAa3IMYHOM IPUPOABI. DTH CUTHAIBL 00pa3yloTCsA B pe-
3yJbTaTe B3aMMOZEHCTBUA (PYHKITMOHAJIBHBIX CHCTEM OpraHH3Ma PasHBIX ypoBHe#l. B mamnHOM mc-
CJIeJOBaHUH M3y4YeHbl M3MeHeHUs ITOKa3aTejnell MHTeIrPaTHMBHOTO CHUTHAJA, PETHMCTPUPYEeMOro Ha II0-
BEPXHOCTHU TeJla XMBOTHOTO B YCJIOBHAX OCTPOrO THIOKCHYECKOTO BO3ZEMCTBHA Ha OPTaHH3M C II0-
MOIIBIO CIIEIMaNbHO Pa3paboOTaHHOM ammaparyps! ‘Buockom”. Pe3ynsraThl OIBITOB ITOKa3aau, ITO
JAHHBIN CHTHAJI OYeHb YyBCTBUTEJIEH K TAKOMY CTPeCCOTeHHOMY (PaKTOpY, KaK THIOKCHS.

Kucropogras Hegocrarourocrs — “Bruockon” — HHTETpaTHBHBIH CHIHAT

We studied the influence of hypoxia on the organism’s integrative signal registered on the
surface of rats body using the apparatus complex “Bioscope”. This signal is generated as a resalt of
interaction between organism’s functional systems of different levels. The experiment results suggest
that the integrative signal is sensitive at oxygen deficiency conditions.

Hypoxia — “Bioscope” — integrative signal

Opquithquh huwnbgpuinpy nuownp dbwynpynud bt dnikynyubph, poheutnh, hyniu-
Judpubph, opquitkpnh b opqu-hwdwlwupgbph thnpwgnlgnipjub wpynibpnud:




OrauuLPQUP PLSERUSPhY HYUTSh @NONANNRESNRULE EEFIUOLULUNSE NUSUULLEMNRU

dhqhninghwuljut nwppkp Jhdwlubpnid uwyn thnpuowgnbgnipmnibibph b tpdws hwdwlwupgbph
Uholi wnwowgus Yuwbpp npnowlh thnthnjunipmnibibph B Bupwupyynud, opquithqunud
nwuppkp hwpdwpynqujut b hnjphwnnignqujut ykjuwhqdutp dbwynpbnt btyunwlng
[3, 5, 8]: Uy dkjwuhquutinh dbwynpdwi gopdptpwugutpp gujnnit wpinwhwynynud Eu
hwunljuybu swypwhtn hpwyhdwlubpnid, wyny pynwd bwb ppYustuhtt wipwjwpupnipui
wnwppbp wunhdwhbph wuydwbubpnid: Unyb hbnwgnunnipyut byguwnwljy £ pugwhwynty

opquiuhquph hunmbkqpuunhy nuownh thnthnpunipniuubph ophtiwswihmpinitutpp  ppYwustw-
pungh nhtudhljuynud:

Ynip I dpng: npdlpp Juwnwpylk) Eu 150-200 ¢ pwony uyhwnwl wntiknbbph pu: @npadbpnud
wrptbwnibph $hghnnghwljw Jhdwlp quwhwwndt) t «Phnulnuyh» dhongny: Zudwduy dpwlyws
Spwgnph’ qpuiigynn wjujutpp hhoynid B 3BM- nud hhinwqu Jipmnisnipjut huwdwp: Unubwnubph b
«Phnuljnuh» Uhol hbkpwnpnipjuit (10-15 Ud) withnthnjy wwhywidwb bhudwp  YEunubhubpp
nbnunpyl) kit hwnntl quiunulynud, huly hinn fupwjugnid: Qpugdnn wqpupwutph YEpndnipniup
Juwwpyt) k ,Origin-8”  Spwgpujhtt thwpkph Yhpwndwdp: $nipkh wpwq dbwdnpdwt dkpnnny
quuhwuty t «phnunyh» wonuipwbtph vybunpught fonnpenian [12, 13]:

Snipwpwynip thnpdh ulgqpnid Juwwpgl] b jkinuine $nitljghnw) dhdwyh  Epldudjm
uwnnighy qpuignid, nphg htinn wntbkwnp 30 pnyk Eupwplyl) t hhyopuhl] wankgnipju: Lupwpugnid
wippqusuuyghtt Jhdwl uwnbndyk] t onwunhy wndwyh dhengny onh npnipu dndwl fwbwwwphng:
Nuumubwuppdny  gmguihpubph gpuigmup Yuwwwphy t dhby Yhigubhibph  «pupdpugniips
unpdopuhuyh wuydwbbkpnud (PO2 = 142 . ulig. u.), suthunnp hhwopuhwyh wwydwbkpnud® 4000 U
«pupdnnipjuiy Ypu (PO2 = 95-85 Uu. ulin.u.), unip hhyopuhwyh wuydwitbpnud® 6000 U «pupdpnipjuis
Ypu (PO2 = 64-58 Ud. utip.u.) b «holigniulhg» htnn' tnpuw dptnnpuughtt ghpdwh wuylwbikpnuod:
Kwowjugnid Yhunuthubph «pupdpugnudpy b «hoignidpr Juwwpyly L 15-20 /] wpugnipjudp:
Zhwopuhly wqpkgnipiniihg htwnn tpyne duddu pupwgpnid swpnitwlyl) b jEunuunt htwnuppbuught
Jh&uwljh gputignidp:

Upmyniliphkp b phlnupynid: Zwynuh b, np ppyuwstwpungh wuydwbtbpnud thnfugnid
Eu opquuhquh pnnp $ntuljghwkpp  [1, 2, 6, 7, 14]: Puwubwpwp, wn wuydwbbbkpnud
thnjuynid £ twl opquuhquh pughwunip Jhd&wyp: Opquithquh hhkpwphluhy wwppbp
dwupnuljubph  gnigwuhpubpp gnidwpuyhtt dbind wpuwhwjuynid bBu  «Phnuljnuh»
qpuigws wqpuipwtbpnud b gnyg ki mwhu opquithquh $hqhninghwlju wjnhynipju
Uwjwpnuljp: Ophtmy, pupkgjus YEunwhubph Jpu junwupjws hnpdkphg wwpqty £ np
ubdpnipwh dwhwgnt swhwpwdht tkpupybnig htnn hnppwinid t gpuitgynn wqpupwh
Uhohtt wpdbpp: tw pny) E viwhu ipwugpting, np «Bhnulnyh» gniguthpp wpunwhwjnnud |
htnnwgnuynn  opjjunh  YElwwpwiwljut winhmput yupdwiwluwt  dwuupguln:
Zhnlwpwp, wyn gniguthoh munwbtwuwhdwh stnnudhg (uinnighy dwupnuyh) Yupbh b
nuunk] opquthqup $nijghniwy Jhdwlh dwuhl:

«Phnuljnuh» dhengny qpuiigyty L 11 wnwetught b 5 tpypoppuyht gniguthputp
hwdwywwnwupwt hwdwlwpgsuyhtt dpwgqpny Bupwplyl] Jbpnsnipjut: Fojnp wntbin-
ubkph dnwnn dhwidwb thnpdbpny uwykljnpuyhtt hqnpmipjut ppnnipniup (FFT) dhohtimgyty b:
Zupyunlyby b «Fhnuljnuh» wgqnupwbbph FFT-h mwuppbp hwdwhinipjut vhowluyptph vh-
ohtt mjuutipp: 8Snigmuthpubnh puguwnpnipiniup b pyuwghtt wpdbpubpp ubpuyugyws tu wn.
1, 2, 3-nud:
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Unjniuwlyl. «Phnuljnuh» wqpuipwubph Jhdwljugqpuljub gniguihoubp

Unyniuutly 2. Untibnbiph ypw junwpws thopdbph gniguithoutiph dvhohtiwgdus pugwpdwly wpdputpp

Unyniuwly 3. Untibintikph ypu junwpws thnpdkph gniguithpbph dhohtimgyws pugupdwl] wipdbplitpp

N | Zuyuniditkp | Nuwpqupwimud
Unwglughti gniguithpbip
1 | <BB> (pnuhk) BB uhgwljuyjptiph dhohtt wpdtipp
2 | Std_BB (pnuhk) BB dhpwljuyypbph nupuwpwdwinid(phuybpuhu)
3 | CV (%) BB uhouyptiph Juphwghwbbikph gnighy
Luwnwlniup wpdwwn BB dhpwluyptph hwgnprulju
4 | RMSDD_BB (pnujt) an]ql:]'Lml]l ﬁmpghpmp]ulh l;guniluﬂ]llrgnﬂghhp]% EI?UI?DPIIQ
5 | Max-Min (pugk) BB thgwiljuyjptiph wpw]kjugniy b iuqugnuyys wpdbputiph
wnwppkpnipniip
6 | Max/Min BB dhowljuyptph wnwykjwgnyt b ijuqugniy wpdtputph
hwpuwpbpnipniup
7 | AM. %) BB Uhgwljuyplph hhuwnngpbph unpuyh
nunwbwuwhdwip(wdyjhnnipui)
8 | M, (pnuihk) BB dhpwljuyyptph hhuwnngpbph dnpuit
9 | F_BB=1/<BB> Ugpuipwtitph nunwidwi dhphtt hwdwhinipiniip
«Phnuljnuh» mqnuipwibph hqnpnipjut vy knpuyg
10 | FFT
Junnipyniiip
11 | FFT_BB BB uhouwljuyptiph hgnpnipjul uybjupuy funnieiniip
Epypnppught gniguthoibip
12 | A=AM./( Max-Min)
13 | B=1/(M.*( Max-Min))
14 | C=AMJ/(2*'Mo*(Max-Min))
15 | D-Amo-h tjwwndwdp BB dhpwljuyptiph pughwinip pwbwyp
16 | E=AMJ/Mo

swthwynp hhyopuhuyh (4000 U) wuydwbtbpnid

N | 8niguihoubip unpuopuhw 4000 U «holtigniu»
1 | <BB> (pnuk) 0.27+0.06 0.22+0.03 0.22+0.03
2 | Std_BB (pnuyhk) 0.22+0.06 0.14+0.03 0.21+0.03
3 | CV(%) 77.1£7.9 61.2:4.3 97.7+8.1
4 | RMSDD_BB (pnuh) 0.27+0.09 0.18+0.04 0.26+0.06
5 | Max-Min (nnuk) 1.1:0.2 0.9:0.2 1.2+0.1
6 | Max/Min 24.9+:8.8 17.1£2.1 28.7+5.1
7 | AMs (%) 5.3+1.4 3.6+0.6 4.2:0.4
8 | M. (pnuyh) 0.13+0.05 0.10+0.02 0.09:0.01
9 | F_BB=1/<BB> 4.1:0.7 4.8+0.9 4.7:0.7
10 | FFT 0.07+0.02 0.08+0.01 0.09:0.01
11 | FFT_BB 0.057+0.025 0.031+0.019 0.058+0.031
12 | A 5.0+£1.0 4.8+1.5 3.410.1
13 [B 11.5+3.7 19.6+8.8 9.4+1.5
14| C 24.9+7.3 30.7+14.0 19.2+15
15| D 23.9+5.5 33.0+5.3 25.8+1.4
16 | E 47.4+8.2 37.9+4.1 46.1+2.6

unip hhyopuhuygh (6000 U) wuydwuubpnid
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N 8nigwlihpukp unpdopuhw 6000 «hglignuu»
1 <BB> (pnuyk) 0.19+0.02 0.14+0.02 0.17:0.02
2 Std_BB (pnuyk) 0.12+0.01 0.09+0.01 0.15+0.02
3 CV (%) 63.615.7 64.6:4.0 89.1:9.8
4 RMSDD_BB (pnuk) 0.13+0.01 0.12+0.02 0.14+0.01
5 Max-Min (nnujk) 0.61+0.07 0.59+0.08 0.90+0.15
6 Max/Min 15.2+2.2 19.8+3.3 31.1+7.5
7 AM. (%) 2.9+0.3 3.5+0.8 3.120.3
8 Mo (pnugk) 0.10+0.02 0.11x0.02 0.07+0.02
9 F_BB=1/<BB> 5.3+0.6 7.6+1.3 6.1x1.1
10 | FFT 0.08+0.01 0.07+0.02 0.08+0.03
11 | FFT_BB 0.011+0.002 0.006+0.002 0.036+0.014
12 | A 5.0+0.6 6.9+2.8 3.8+0.8
13 | B 17.7+3.5 19.0+6.4 19.0+3.7
14 | C 24.7+3.2 40.3+22.9 30.3+8.2
15 | D 30.6:1.6 29.6:1.1 33.5£1.3
16 | E 29.4+2.8 38.2+15.4 58.1+22.6

ZEnwgnuinipjut wpyniupubpp JYuynid G, np b’ swhwynp (4000 U), b" unip hhw-
opuhuyh (6000U) yuydwbubpmd  hunkqpuunhy nuownh gnigwthpubpp Ypnud G npnowlh
thnthnjunipynibibp, npnig pyuwyhtt wpdbpubpp tkpjuyugdus tu wrn. 2,3-nud: Lwjuljhunud
Juwnwpws dkp hbnwgnumipniutbpp® peouyhtt (ubjpnuughtt wjnhynipnit), hwdwlwp-
quht (upnh gnpéniitnipinil, sswnnipnit) dwwpnuyitpnud Yyuynid &b, np gqpubgdus
gniguiihobpp jupd dudwbwl wig Yhpununinid B juljtnughtt dwupnulh [1, 2]:

Uju thnpdbipnud gpuigyué hunbgpuunhy pguowp, hwighuwbwind wyn wdbkuh
gqnudwpuhtt gniguthop, wpunnwhwynnid £ opquthquh punhwinip $hqhninghwljw Jhgwyyp:
Uwjuyt wyu nuonh Juppwghédp ppduwstuwyht wipwjupupmipjut guydwtibpnid buybu
wnwppbpynud k pohoutinh U hwdwlwpgbph dwwpnpuljubpnd gpuigus gniguwthoubphg: Gph
Jtpohuikpu, wyt E wpwdht ulypnuutph Eynpuljut wijnhynipniup b upnh wppwnwph
nL ouswnnipjul hwdwjunipniitt nt junpnipniip hhwyopuhuwyh wqnlgnipniithg htwn Jh
pwih pnwth (15 pnuk) pupwgpnid Jepuljwiqunid i hpkug Guybwnughtt gniguhoubpp,
wyw hunbkqpunhy nuowh npny gnigmuthputph thothnpunipenibtpp hhyopuhuwyh wqnptgni-
pintthg htinn swpniwlynid i nlin Epjup dudwbwl (2 ¢ pupwgpnid): Zknwgnunnipyui
wpmyniupubpp gnyg ki nyby, np Yeuguuhubph $hqhninghwljut Jhwlhhtt hwdwyunwuppw
thnpuynud k «Bhnulinuh»  $nunnpunnitihsh wqnubowp, npp pny; £ wwjhu Gipunpbng, np
pyws uwppp odnjws b wwppkp gnpénuubph wqpgmpjut wuwydwbtbkpnud opquthquh
Jhutwpwtwlut wjnhynipniup qputgknt tquijh ntbwlnipjudp: Ukppht opquuttph L
unyuhull peouyhtt wnwudht judpkph Jhdwlh dwuptt nbnbinipjut gpubgnidp dwpduh
dwkplnyphg puduljut hwinghs wywgnyg k opquthquh $hqhninghwjuts Jh&wlh dwuht:
Unwugdws wpnniupubph hwjwunhmpiniip poyp E wwhu kqpujugubng, np «Fhnunyh»
Yhpwepndp phpk) Edhwiqudugi inp tpinypubph b dEpwthqlubph puguhwyndwi, npnup
Juplnp ghp nibkt opquithquh JEhuwgnpéniubnipjut ypngkutbpowd [9,13]:

Opquihquh guwulugws hhquunnipmit wuydwiwynpqus L pohoutinh Wnipw-
thnfjumttwlnipjutn pknnidutpny, npnup hpwhpmd Eu $niuyghntiu) JEpuguuwynpnidutp
npuig htn juuyyws ubkthwljwt wihpwjhtt Swnwquypnidutph thothnjugws nwuppbpulutn,
npnup uljqphwuit ppownid wpuwphtt whnwhoubp skt gpubinpnud [10]: Epdusth
wipwjupupmpjut dudwtul opquithqUnid wjnhyuinud ki hjntujwsputph b opquiiiknh
dniughniiw) wlnhynipniip wwhywing hwpdwpnnujut wy kuwthqdubpp,npnip
Juwpdws tu Yhhuwkubpgbnply dbjuwthqiubph tinjphwnnignquljuit htwpwnpnipnii-
utphg b pohoikph npuwiuwynpuuyhtt hwdwlwpghg: Pusybu gnyg ku k) hknwgnunipnii-
ubpp, opquihquh dhghwdwlwpquyhtt pudnpiughnt juybpp qquynit u ny dhuyn hhyubi-
nnipniuttiph, wy) twb uppbuwghtt Swipwpknijwsnipniuutph tfundwdp, nph dudwtiul

87



U.U. 4UruMnessuy, u.3Nk.uruusuvu

wnwohtt htippht jpwbiqupymud Eu ubppepuyhtt Unjyniyuyhtt juwbpp® wpwphthg nhnliu
wiluwwn thnthnjunipnibubpng [4]: dbpohutbpu inthnjudnud B twb wnwpwbulwi
qupqugnidubph dudwbwl [11]: tw Jupng £ wpwowbw) jEuuwpuwtwjut hwdwlwupgtph
ukppgguhtt U pohg-hymujwépuyhtt dwuwppuljibpmd pupwugnn dhqhjuluwib, $hahljw-
phthwlju b pJwin-whpuyhtt thnthnjunipnittpny [10]: Zbwpwynp &, np ppydwshwpungh
wuydwbbpnud hnkqpunhy nupwnp sbnmudutpp v wuwyjdwbwnpjuws tu dnikynyught
dwjuppuyh thothnjunipmnibubpny: Uju hupgp hbnnwgqu nuumdbwuppnipyu juphp niuh,
uwluyt npybu wytwnwpuwhtt yupyws Jupbih k pignitky, np htnkgpunhy nquownh mw-
tnwtunfubpp opquithqunud ppwugnn whnwpwtulub qupqugnidubph whwqubg G Uy
hdwuwning «Phnulnyp» Yupkjh k oguuugnpst) npybu wyjptnputpught ny Ynunwlunwght
vhong Jhuuwpwtwljut hudwlupgbph dnituyghntiwy Jpdwljutiph qguwhwndwi hwdwp [9,
13]:
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INFESTATION OF DICE SNAKE NATRIX TESSELLATA
(LAURENTI, 1768) BY HELMINTHSIN ARMENIA

N.H. SARGSYAN, M.S. ARAKELYAN, F.D. DANIELYAN
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sargsyannelli@rambler.ru, arakelyanmarine@yahoo.com, fell 938@mail.ru

One Trematoda species (Telorchis assula) and two Cestoda species (Ophiotaenia europea
and Spirometra erinacei europea) of helminthes were found and described for widespread Dice
snake Natrix tessellata (Laurenti, 1768) in Armenia.

Natrix tessellata — helminthes — Telorchis assula — Ophiotaenia europea —
Spirometra erinacei europea

Zuwpnbwpkpyty b tqupugpyl) b Zuywunwind juyinpkh wwpusyws gpuyhtt jnpuine Naz-
rix tessellata-h (Laurenti, 1768) 3 wkuwljh htjdhuputp® 1 86nn b 2 duwywtuwdl npnbp (Zelorchis
assula, Ophiotaenia europea 1 Spirometra erinacei europea).

Natrix tessellata — hkjuhtplkp — Telorchis assula — Ophiotaenia europea —
Spirometra erinacei europea

OG6Hapy>keHO U onHcaHo 3 BUIa re’dbMUHTOB: 1 Bux tpematonsl (Telorchis assula) u 2 Bu-
na uectonnl (Ophiotaenia europea u Spirometra erinacei europea) y IIAPOKO pacrpoOCTPAHEHHOTO
BOJISIHOTO yka Natrix tessellata (Laurenti, 1768) B ApMeHuUH.

Natrix tessellata — eenomunmor — Telorchis assula — Ophiotaenia europea —
Spirometra erinacei europea

Dice snake N. tessellata is widespread species in Armenia. It inhabits damp
places in various habitats from semi—desert zones to mountain meadows. This snake can
be observed also far from water. Usually it is found on riverbanks, channel banks,
swamps, mountain streams, lake shores and reservoirs, isolated populations in mountain
steppe are also known near small ponds [1]. The color of snake may vary from grayish
green to brownish or almost black, with dark spots on the back. The belly is sometimes
vividly colored in yellow or orange, with black spots, very similar to dice. Individuals
from mountains are usually darker than those found at lower altitudes. Animals are
active from mid March to mid October. N. fessellata from vicinity of Sevan Lake mostly
preys on fish. while snakes living in smaller water bodies - mainly on frogs and toads.
Far from water bodies N. tessellata preys on lizards (Ophisops elegans and Lacerta
media) and rodents [2, 3].

Very limited information about helminthes of Dice snake in Armenia is available.
Only few studies have examined its helminthofauna [4, 5]. In the present paper the
helminthofauna of N. tessellata living in Armenia was studied.
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Materials and methods. A total of 16 snakes were collected from various regions of
Armenia during the years 2009-2012. They were transported alive to the laboratory and examined
for helminthes. Helminthes found in the gastrointestinal tract, lungs or body cavity were placed in
70% ethanol for later identification. For species identification Cestoda and Trematod were stained
with carmine, washed in water, three times dehydrated by ethanol solutions series (70%, 80% and
96%), put in pink balm for brightening and mounted in balm.

Morphology of the parasites was examined under a dissection microscope at 40x and 100x
magnification. Identification of helminthes was carried out according to Sharpilo [5].

Results and Discussion. In helminthofauna of Natrix tessellata the following three
species of helminthes were found: Telorchis assula, Ophiotaenia europea and Spirometra
erinacei europea.

Description of helminth species is given below.

1. Telorchis assula Dujardin, 1845 (Trematoda: Telorchidae)

Type host: Natrix tessellata

Site of infection: small and large intestines

Description (based on 5 specimens): Body elongate, 4-4.9 mm long, 0.3-0.4 mm
wide. Maximum wide is near acetabulum (ventral sucker). Tegument is spinose. Oral
sucker subterminal, nearly round, 0.11 mm long, ventral sucker 0.09 mm. Oral
suckerventral sucker ratio: 1:0.81. Distance between oral sucker and ventral sucker
centers 0.14 mm. Esophageal bifurcation in the middle of suckers. Testes are
postacetabular. Anterior testis is 0.24 mm long, 0.16 mm wide. Posterior testis is 0.27
mm long, 0.16 mm wide. Distance from posterior testis to posterior end of the body is
0.4 mm. Cirrus is elongated, curved and closely to ovary. Ovary is nearly round, 0.15
mm long, 0.147 mm wide. Vitelline fields are lateral. Uterus has raised branches. Eggs
are small, 0.02 mm long, 0.16 mm wide.

o Sy o Surgyn
Fig.1. Telorchis assula Dujardin, 1845 (Trematoda: Telorchidae)
a. General view b. Testes c. Ovaries

2. Spirometra erinacei europea Rud, 1819 (Cestoda: Diphyllobotriidae),Larval stage

Type host: Natrix tessellata, Macrovipera lebetina

Site of infection: body cavity

Description (based on 3 specimens): Larval stages of this Cestoda called
plerocercoides are parasitizing in reptiles. Its color is milky. Body length is 5-7 mm.
Helminthes 3-8 times are shortened and width considerably rises in saline. In scolex
situated bothridial fissure, which have 0.2 mm width and 0.4 mm length. Cuticle is well
developed. Its thickness 0,007-0,008 mm. Willus in cuticle are absent. Long time can live
in water and saline.
3. Ophiotaenia europea Odening, 1963 (Cestoda, Ophiotaeniidae)

Type host: Natrix tessellata, Macrovipera lebetina
Site of infection: small intestine
Description (based on 3 specimens): Body length of mature worm is 330-450
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mm, the maximal wide 2.3-3.2 mm. Scolex is spherical and has 0.18-0.2 mm wide.
Suckers are oval (0.09x0.09 mm). The longest proglotide is 4.2x1.5 mm.

S

Fig.2. Telorchis assula Dujardin, 1845 (Trematoda: Telorchidae)
a. b.

Sexual paths are in in the middle of mature segment and divides testes into rigth
and left fields. Total amount of testes is 170. There are oval 0.06x0.07mm. Invaginated
bursae is 0.02x0.12 mm. Ovaries are oval 0.4x0.2 mm and have two wings. Vulvae is
0.1 mm. The number of uterine branches is 32-65. Eggs are oval or round 0.05x0.07 mm.

Fig.3 Ophiotaenia europea Odening, 1963 (Cestoda, Ophiotaeniidae)

a. Scolex b. Mature segment c. Gravid segment
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APMEH AMBAPIITYMOBHUY TPUYYHSIH
(x 60-neTrto co AHA POKICHHUS)
Y4eHbIH-010JI0T, IEAror, OPraHnu3aTop HAYKH H 00pa30BaHH

IIpnéanzkaercst 00uIell KPYIHOro y4eHOro-01oJiora, u3BecT-
HOT0 Mearora, BUIHOT0 OPraHu3aTopa HAyKH M 00pa3oBaHusl, YieHa-
KoppecnonaeHTa HanuonanbHoi akagemuu Hayk Pecnydiuxu Apme-
HHUs, JOKTOpa 0MOJIOTHYeCKHX HAayK, mpodeccopa ApmeHa AmOapuy-
moBu4a TpuyHsina.

A.A. TpuynsH ponwics B r. Epeane. B 1973 r. okoHumn c
30J10TOM Menanblo EpeBaHckylo pycckyro cpenHioro mkony N 132, a B
1978r. — ¢ ornmumuem Ouosnornueckuit ¢axynprer EpeBaHCKOro rocyHH-
Bepcurera (ET'Y) no crneunansHocTH “OModu3nka”. 3a roasl y4eObl OH
MIPOSIBUJT BBIAAIOIIMECS] CHOCOOHOCTU K TBOPUECKOH IEATENbHOCTH, OBLI
JIeHMHCKUM CTHUIIEHINATOM, a eT0 AWIUIOMHAs paboTa ObUIa OTMEUYEeHA MaMITHOH Menanbio MUHBY-
3a pecmyONHMKH Kak Jydllas HaydHas paborta crygeHtoB. B 1982 1. A. TpuyHsH 3ammruia
KaHAUOATCKYIO0 auccepTanuio, B 1990 r.— mokropckyro, B 2002 r. eMy OBIJIO MPHCBOCHO YYEHOE
3BaHHeE Ipodeccopa.

Hayunas nestensHocts A. TpuyHsHa Havasnack Ha kadenpe OnodU3MKH OHOIOrMYECKOTO
¢axynsrera EI'Y, T1e oH ObUT acmupaHTOM, paboTall MOCHe OKOHYAHHUS acHHPaHTyphl, a B 1993-
2011 r. — mpodeccopom kadenpsl. B mocnemyromem oH pa3BepHyJI CBOU Hay4YHbIE HCCIICIOBAHMS Ha
kadeape MUKPOOUOIOTHH M OHMOTEXHOJIOTHH PACTEHUH U MUKPOOPraHu3MoB, rae ¢ 2011 r. sisiercs
3aBeyIOIUM Kadeapoil u pyKoBoauT 06a30Boii sabopaTopueid MUKpOOHOIOTHH, OMOIHEPIeTHKU H
ounoTexnonornu HaydHo-mccenenoBaTenbckoro nHCTUTyTa ononorun ET'Y.

Ero Hay4HBIC HHTEpECH CBA3aHBI C N3yUYE€HHEM HOHHOTO TPAHCIOPTA M €r0 POoNH B (usmo-
noruu kietkd. A. TpuyHsSHOM 00OCHOBaH HMPHHIIMII IIPSIMOTO B3aUMOACHCTBHS MEMOPAaHHBIX CHC-
TeM, IPeI0KEHa MOJIENIb IIPOTOHHO-KAINEBOTO Hacoca y OakTepHid, peAronararonas npsmyo me-
penady SHEpTUH OT OJHOTO OeJika K IPyroMy BHYTPHU CYIEPKOMIUIEKCOB, KOTOPasi Cpa3y MpHUBIIEKIIA
BHHMaHUE M CTajla 00CY)KAAThCsl PA3IMUHBIMU HAyYHBIMU Ipynrnamu OHodHepreTukoB. Emy yna-
JIOCh TTOKA3aTh MEXaHM3M TaKOW Mepeqauy SHEPTUU depe3 JUTHON-TUCYTb(UIHbIE TEPEXOAbl MEX-
ny Genkamu. A. TpuyHsiHOM chOpMyJIHpOBaHa COBEPILICHHO HOBas rumore3a npoToHHoit ATdas3sl,
UTPAIOIIEeH KITIOYEBYIO POJIb B TPaHC(OPMAIH YHEPTUH B KIIETKE, a IPH OPOXKCHUH, B3aHMOAEHCT-
By C IPYTHUMH MeMOpaHHBIMH O€JIKaMH, BBITIOJTHSIONIECH HOBbIE (GYHKINH y OaKTepuii.

Oco0oe 3HaYeHNEe TPHOOPETAIOT NEePCHEeKTUBHbIE HOBATOPCKHE HCCIe0BAaHMA J1abopa-
Topuu A. TpuyHsina B 06/1acTH 00pa3oBaHus MOJIEKYJISIDHOT'O BOI0OPO/AA y DaKTepuii — OH Ha-
e HCKIIYATEILHO BaKHYIO 00J1aCTh HCCIE0BAHMI H 0YeHb CKOPO CTaJ OJHHM H3 MHPO-
BBIX JINePOB B 3T0ii o6aacTu! V3yyas MexaHU3Mbl 00pa30BaHMs BOAOPOJA U UX PETYISILHMIO, A.
TpuyHsiHOM pa3paboTaHa TEOpHs PETYJISALUK OaKTEPHAIBHOIO MeTaboIM3Ma C MOMOIIBIO OKHCIIH-
TEJNbHO-BOCCTaHOBUTENBHOTO noTeHnuana. CosmectHo ¢ I'. CoBepcom (yHuBepcurer MapTuna Jlio-
tepa B ['amne-Butrenbepre, ['epmanus) mpeaioxkeHO B3aMMOICHCTBIE POTOHHOTO W BOJOPOJHOTO
IUKIIOB B OaKTEPHAX KaK BOKHEHIINX MPOIECCOB B KIIETKe. Pa3paboTaHbl HOBBIE METOBI OTIPEAEIIe-
HUS BOJIOPOJa ¥ H3yUYCHBI ONTUMAIBHBIEC YCIIOBHS M MEXAHH3MBI €T0 BBIACICHHUS C yIaCTHEM THAPO-
reHas; BBIIEJICHB! HOBBIE IITaMMBI MHKPOOPTaHH3MOB, T€HEPHUPYIOMNX BOJOPO, Pa3padaThBAIOTCS
IYTH MX NPUMEHEHHs, Ba)KHBIE B pealn3alliy TOILIMBHO-YHEPreTHYECKOH MporpaMMel. Baxken Ho-
BB ()EHOMEH - MPOU3BOJICTBO BOJOPOa OaKTEpUsIMU IPH COpayKMBAaHWH TJIMIEPOJIa U APYTHX IO-
GOYHBIX MPOJYKTOB POM3BOJCTB U OPraHMYECKUX OTX0/O0B. [TosrydyaT npuMeHeHHe TaKkKe CMeLIaH-
HbIE UCTOYHUKU YIJIepoAaa, (pOoTOCHHTE3MpYIOLIME HECEpHbIE OAKTEPUH U3 MUHEPAIbHBIX HCTOYHH-
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KOB APDMEHHUH U MX aCCOLMAIMU C IPYTUMH OAaKTEpUSIMH, a TAKXKE POJIb TSDKEJBIX METAUIOB. JTH
paboTHI yrKe HOoTyYrHiIn OOJIBIIOe MEXIyHAapOJHOE TIPU3HAHUE, Ha KOTOPBIE CCHUIAIOTCS BEIyIIUE
CIEIHANUCThl OMOBOAOPOAHON SHepreTHkH. Ha OCHOBaHMM NOIYYEHHBIX OPUTMHANBHBIX PE3YIib-
taToB A.TpuyHsHY NpHCYyJIeHA IMPEMUs 3a BBIJAIOIIUECS 3aCIyrd MexIyHapoaHOH accoluanuu
Bonpopoanoit sHepretuxu (CILIA, 2014r.), HeTaBHO IPUHATO PEIICHUE O TPUCYKICHUH Takke Mex-
IyHapoIHOH Hay4yHO# mpemun Axupsl Mutcyu (CLIA, 2016r.).

Kpyr Hayunsix uHTepecoB A. TpdyHsSHa NOCTaTOYHO HIMPOK, €My YAAETCSl HAXOIHUTH OCT-
pBle U IIpUBJICKAaTeNIbHBIE IPOOIEMBI U IIpejiaraTh CMelble PEeIICHHS: BBISIBICHa COBMECTHO ¢ X.
KoGasmm (yauBepcuter UnOsl, SInoHus) posb BTOPOH KajJHeBOH TPaHCIOPTHOH CHCTEMBI B KHCIIBIX
cpezax; 0OHapy)XEHO yCHUIICHHUE YyBCTBUTEIBHOCTU OAaKTEPHH K OCMOTHYECKOMY IaBJICHHIO, CO3/1a-
BaGMOMY HATPUEBBIMU COJISIMH; YCTaHOBJICHBI MEMOPaHOTPOMHbIE 3()(PEKTHI 3IEKTPOMarHUTHBIX
MHJUTUMETPOBBIX BOJH M YBEJIUUEHUE UyBCTBHUTENBHOCTH OakTepuil k aHTHOMOoTHKaM. OH man
MIPE/ICTABICHNE O OAKTEPHANBHBIX MUIICHSAX 3JIEKTPOMArHUTHBIX BOJH, BKJIIOYAIONIUX MPOTOHHYIO
AT®dazy. bonpmioit o0beM uccaenoBanuii mpoBoautcs A. TpuyHSHOM O MEXIYHAPOIHBIM IPOEK-
TaM, ¢uHaHcHpyeMbIM HayuHbiMH ¢Gonnamu CIIA, Benmnko6puranun, I'epmannu, @pannuw, Smo-
HUH, Ap. CTPaH, U B paMKaxX MeXIyHapoIHOTo coTpyxHudecTBa. Ham mpuxoauTes MHOTAa yaUB-
JIITHCSL €0 TAIAHTY H HCKJIIOYUTETLHOMY TPYA0JI00HI0, 0C000MY YMEHHIO HAYTHOT0 AHAJIN3A
M 00JILIION OTBETCTBEHHOCTH Iepe] HAYYHbIM coo0mecTBOoM. A. TpuyHsiHa Kak “y4yeHOro-
npogeccuoHala BLICOKOr0 YPOBHS”, “NPOJIYKTHBHOI0 HCC/I€I0BATeJIsI HALLIET0 BpeMeHu” xa-
pakrtepusyiot akagemuku B.II. CkynaueB u M.A. OcTpoBCcKHii, MHOTHE IPyTHe YYeHbIe € MU-
POBBIM HMEHeM.

A. TpuynsaHn — aBrop 6osiee 550 Hay4HBIX paboT, B OOJBIIMHCTBE OIMYyOJIMKOBAHHBIX B aBTO-
puretHbIx xypHanax B CIIIA, Aarmun, ['epmannn, Hunepnannax, Poccun u np. Cpenu 5Tux paboT
— KpHuTHUYeckre 0o030pbl B BEAyIIMX JKypHalaX C BBEICOKAM HMITAaKT-(akTopoM; kKHHra “Bacterial
Membranes”, nuzgansas B Mamun (2009r.). OH - yyacTHHK GoJiee 75 MeXIyHApOIHBIX HAYYHBIX (o-
PYMOB B pa3HbIX CTpaHax, Ha KOTOPBIX BEICTYyIWI ¢ Goiee 4eM 30 JeKIUSIMHU M yCTHBIMH JOKJIaza-
M. [To npurnameHuio HeoJHOKpaTHO Beledkan 3a rpanuny (CLIA, Anrmwms, ['epmanns, Uramns,
Kanana, Hopserus, [lonsma, Poccust u ap.), rae B 27 yHUBEpcUTETaX YUTAJ JIEKIUH U IPOBOIUI
Hay4YHbIE CEMMHApBI, BHIMONHSI HaydHbIE MCCIENOBAHUSA. 3a LUK paboT MO M3y4eHHI0 MeMOpaH
Oaxrepuit A. TpuynsH ynoctoeH npemun [Ipesunenta PecyOnuku ApMeHHs B 00JIaCTH €CTECTBEH-
HBIX Hayk (2003r.); 3a y4iryro HaydHyo paboTy — nmpeMuu MexIyHapoaHOTO coro3a apMsH, Mu-
nucrepcrBa quactopsl 1 HAH Apmenun (2010r.). OH momyuywna HaydHYIO IPEMHIO OTJIMYHS
(CIIIA), narpaxkzeH takke opaeroM Ilouernoro Kpecra u MenansiMu HIMEHH BBIIAIONMIUXCS OHOJIO-
roB (P. Bupxos, P. Kox, B. Herosckuit) EBponeiickoii akagemuu ecTecTBeHHbIX Hayk (I'epmanus),
menainbio uMenu H. Cucaksna.

Oco0yto 3HaUUMOCTh UMeeT pabota A. TpuyHsHa Kak SKCHEepTa HAIIMOHAJIBHBIX HAYYHBIX
(OHIOB M COBETOB psia eBporeickux cTpaH. OOBeKTUBHBIN M TpeOOBATEIbHBIA, OH MPH3HAH Kak
BBIJAIOIIUICS SKCIEPT M OTMEYEH OIarofgapCTBEHHOW TPaMOTOH H3BECTHOTO MEXKIyHapOJHOTO
Hay4yHOTo m3marenscTBa Elsevier. OH sBIsieTCS pemakTopoM 2 MEXIyHApOAHBIX JKYpPHAJIOB, H3a-
BaeMbIX B IlIBefinapun u MHmuy, 4IeHOM peAKOUIETHH NBYX IECATKOB MEXyHApOIHBIX U HAINO-
HaJIBHBIX )KypPHAJIOB.

A. TpuyHsH ycHenHo BeAeT Hay4yHo-Tenarorudeckyro pabory B EI'Yu Poccuiicko-Apmsn-
ckoM (CnaBsinckom) yHuBepcutere (PAY). Ero nekiuu OTIHYAIOTCS COBPEMEHHBIM IMOJIXOJOM H
MOMYJISIPHBL CPeIM CTYIEHTOB M acmupaHToB. OH — aBTOp ydeOHOro mocodus ‘“buonormueckue
MeMOpansl” (2001 r.), aBTOp U peAaKTOpP MHOTHX KHUT, y4eOHUKOB M METOAMYECKHX mocoouit. [1po-
BOJHT aKTHBHYIO pabOTy IO MOATOTOBKE KaJpOB B APMEHHUH: TIOJ €0 PYKOBOJCTBOM 3aIIUIIECHBI 23
JIOKTOPCKHE M KaHIuAaTckue auccepranui. Co3aan MpeKpacHylo HAYYHYIO IIKONY; MOJOIBIE COT-
pymuuky naboparopun A. TpuyHsHa — Takoke JlaypeaTsl MeXIyHApOAHBIX ¥ HAMOHAIBHBIX KOHKYP-
COB, TIOJYYWJIM TPAHTHl M Harpajsl, MHorue pabotaior B yHuBepcurerax CIIA m eBpomeiicknx
crpad. OH yZOCTOEH 3BaHUH ModeTHOro npodeccopa PAY u np. yHuBepcuTeTOB. 3a BBIAIOIINECS 3ac-
JIYTH B IIPENOJaBaHUU ¥ MOATOTOBKE KanpoB A. TpuyHSH yJOCTOEH JIMIEPCKOTO IpaHTa JUls MEXIy-
Hapoansix npenonasateneil FOHECKO u Amepukanckoro obmiectsa Mukpobuonoruu (2009 r.) u ot-
MeueH 0J1aroapcTBEHHOM rpamMoToii atoro odmectsa (2011 r.). ITox ero pykoBoacTBoM pa3padoTaHsl
KOHIIEMIHS U IIPOTPaMMBI MIKOJIBHOTO Kypca OHOJIOTHH, OH PelaKTHPOBal, IepepadboTan U JOTIOTHIIT
y4eOHHUKHU 10 OMOJIOTHH, SIBISIETCS COaBTOpOoM ydeOHnKa “EcrectBo3Hanme” mist 5-T0 U 6-TO KIaccoB
(2013-14 rr.), aBTOpOM KHHTH “B MHpe KUBBIX KJIETOK™ IS CTapIICH IIKOJIBL.
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Axanemukn HAH Apmennn O.I'. AOPUKSIH u JILJI. OCUITSH

MHororpaHHa Hay4JHO-OpraHH3aToOpcKas AestenbHocTh A. TpuyHsHa, kKoTopas Oblia pas-
BEpHYTa Ha ITOCTaX HaYaJdbHUKA YIIPABICHUS HAYKH U MOATOTOBKH HAYYHO-NIEIArOTHUECKUX KaJpOB
MununctepcrBa odpasoBanus 1 Hayku (2001-02rr.), a 3aTem — npeaceaaTens Bricmieii aTTecTaion-
HoM komuccun PecryOmmku Apmenus (2002-10rr.). Ykazom IIpesunenra PecnyOnmku Apmenus
eMy IPHCBOEHA CTEIEeHb rOCYIAapCTBEHHOTO COBETHHKA I'PaXKIAaHCKON CIykObI 2-ro kiacca (2006
r.). OH ony0nukoBan KHUry “COBpEMEHHOE COCTOSIHAE M TCHICHIIMH Pa3BUTHS BBICHICH HAyIHOU
arrectanuu’” (2004r.). Ero Hay4HO-OpraHu3aTtopckasl ACSTEILHOCTh OCYIICCTBIISUIACH B COBETaX
EI'Y u ApMSHCKOrO TrocyJapCTBEHHOIO NENaroruyeckoro yHuBepcurera uMm. X. AOGoBsHa, Ipo-
JIOKAETCSl B MEX/TYHAPOAHBIX U HAI[MOHAIBHBIX aKaJAEeMHAX, ACCOIMAIMAX U HAyUYHBIX OOIIECTBaX.
OH uneH Yuenoro cosera EI'Y, dakymprera OMOJIOTMH M Op. MHCTHUTYTOB M HAYYHBIX IIEHTPOB
ApMeHUH, CTICHHATH3UPOBAHHOTO COBETa MO HPHUCYKICHWIO yueHbIX cTeneHeid B EI'Y. Cymect-
BEHHOH OBITa €ro MHOTOJETHSIS AESATENHHOCTh Kak wieHa KoopauHannoHHOTO kKoMuteTa Mexmy-
HapOJHOTO HAay4YHO-TEXHHUYECKoro IeHTpa u CoBeTa IO COTPYAHHYECTBY B 00JIAacTH 00Opa3oBaHUS
ctpan-yuactHukoB CHI', ormeuennas rpamoroil Mcnonkoma CHI™ u opaenom Jlomonocosa (Poc-
cusi). OH — mocon AMEpUKaHCKOro odmiectBa Mukpooduosoruu B Apmenun (¢ 2012 r.), menerat u
YJleH Irpynmnsl 1o obpazoBanuio denepanuy eBponelcKUX MUKPOOHOIOTHYECKUX OOIIEeCTB.

3a GonbIoi BKJIAA B HayKy U oOpa3oBanue A. TpuyHsH ynoctoeH braromapcTBeHHol rpa-
Mot [Ipeacenarens HammonansHoro cobpanust PecryOnukun ApMeHHs, HarpaXJIeH MaMATHOH 30-
JoTOH Menanslo MuHHCTEpCTBa 00pa3oBaHUS M HayKH, 3070TBIMH Memaimsimu EI'Y m gp. Tocy-
JTapCTBEHHBIX YHHBEPCUTETOB ApMeHnH, Menansio X. AOoBsiHa, a Takke Menanbio Mapmana bar-
paMsiHa ¥ Ap. MEAAISIMH U HarpaJaMu.

Mpbl B3sUIMCH  OXapaKTEpU30BaTh HAayYHO-NIEJAarOrHYecKyl0 ¥ OOIIeCTBEHHO-IIOJIE3HYIO
nestenbHocTh A. TpuyHsHa, HO pabdoTa OKa3zalach CJIOXHOMW: BBIAGNSETCS MHOTOTPAHHOCTH €ro
NIESITEILHOCTH ¥ €€ WCKIIOYHUTEbHAsE IPOAYyKTUBHOCTh, JOCTOIHBIE BEICOKOH oreHKH. CeplaedHo
no3npasisis ApmeHa AmOapuymoBuya TpuyHsHa ¢ roOmieeM, eimaeM eMy A00poro 3710pOBbs,
HOBBIX YCIIEXOB B HayKe M MeAarorudecKoi JeaTeIbHOCTH.

Axanemuxkn HAH Apmenunn 3.I'" AOPUKSH u JL.JI. OCUIISIH

Peoakuyua “Buonozuueckozo scypnana Apmenuu” nozopaenaem uiena peoKoJiiecuu, maiann-
UB020 PUEHO20, UHMENTIUZEHMHO20 U mpPehosamenbnozo Yenoseka Apmena Ambapyymosuua
Tpuynana c woéuneem, yeenaem emy HO6bIX YCHEX08 HA D120 HAYKU U 00PA30BAHUA.
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