\ - ' : ) ISSN 0366-5119

| Y YA Y —

ﬂﬂﬂ <Usuusuuh {uurumtsntE@suu abhsniE3NFLLENh U2aU3hL UuunsUhu
HAUMOHAABHAA AKAAEMWA HAYK PECNYBAMKWM APMEHWA
NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF ARMENIA

<Uu3uusuuvh UGuuurpULUYUL <ULGU
BMOAOIMHYECKUN XXYPHAA APMEHUU

BIOLOGICAL JOURNAL OF ARMENIA

2018

=
—



Lniju b inbuGned 1948 pywwlhg, hnnwdébbpp hpwwnwpwyyned GG hwybpka,
nniubptb Ywd whqtnptb |GgniGbpny
BbixoguT ¢ 1948 roga, ctaTby NyGNMNKYHOTCSt HA aQPMSIHCKOM, PYCCKOM
WX aHIMUIACKOM S3blKax
Journal is published since 1948, the articles are published in Armenian,
Russian or English

fuUPUGNrUGUL UNLEARU
E.U.QLunpoywl (g fuwnp fudpwafpip), 0.U.3wnpnipnibywl (g fuwnp fudpwanh
wbnwluy), U3. Guwwl (wuwwnwufuwbuwnne pwpnninun), .9, Qunpgjuia,
U.3. @nsncbywa, L.N. Uwhybyw, U.lu. Uwjpwwtinjw, d.3. dwpnwbjwb

fuUPUGNPULUL uNP3NEND
3n..0. U puwljwa, U.U. Ywdpjwd, d.b. Iwynpjwb, 4.M. IJwynpjwd,
U.3. Undupujw(, 9.3, Qwlnujwa, L.L. Ouhuyyw(

PEAAKUNOHHAA KOAAET A
O.C. 'eBOpKAH (rAasHbit pedakmop), P.M. ApymioHsiH (3amecmumens rAasHoro
pesakmopa), A.l'. EcasH (omsemcmseHHbit cexpemaps), . . [ eBOpPKSH,
A.A. TpuyHsH, A.P. MaHBensH, C.X. MaupanemsH, 2X.A. BapaaHsH

PE.AAKUMOHHBLIV COBET
I0.T. AnekcaHsaH, M.A. A aBmsH, 2. WN. AkonsiH, B.I. AkonsH,
C.O. MoscecsH, I'.A. MaHocsaH, A.A. OcunsiH

THE EDITORIAL BOARD
Editor in chief: E.S. Gevorgyan, Vice-editor: R.M. Aroutiunian,
Secretary-in-charge: A.H. Yesayan, Members of the Board: G.G. Gevorgyan,
A.H. Trchounian, L.R. Manvelyan, S.Kh. Mayrapetyan, Zh.H. Vardanyan.

THE EDITORIAL COUNCIL
Yu.T. Aleksanyan, M.A. Davtyan, Zh.l. Hakobyan, V.P. Hakobyan,
S.H. Movsesyan, G.H. Panosyan, L.L. Osipyan

Swjywuwnwbh YEGuwpwlwywb Iwbnbu, 2018
Buonoruueckuu XXypHaa ApmeHuu, 2018
Biological Journal of Armenia, 2018



Swjwuwnwuh YEUuwpwl. hwuntku 1 (70), 2018

o @npéwpwpwlwl b nGuwlwl hnnwélbp »

Wuwnnlywl WM., @npnuywl U.W., Ywpwwbuywl W.e6. Gnwyh hwdwywngbpnud
wnwppkn hunBpyuywwnnpuGph thnfuwgnbgnieintup Yufe-h hGun........ccevv . 6

Uwpquywl W.U., Pwpwywl R., Uytunpupwl U.U., Uhjpungwl W.Q., Indhwllhupwl WU,
3Inyhwllpuywl U.U. IGnknpnghywhb inbnuyuwiwé ng uwhunwyniguwihu
wUhUwpenutnpp npwtu Clostridium histolyticum-h YnpwgbUwagh wngbwypsubp... 12

QUunpquul E.U., Swypnjwl .., 3wynpywl U.N., 3Indhwlphuwl W.Q., Uwpquwl E.9Q.
Shuwwwnhuh invivo wanbgnLpintup wnubwnh nunbnh peheutinh Ynphquihu
rpwnwUph ThwhnUBnh puNUINNNLRIWU UNW. . e e neees 16

Swynpjwl U.L., Puwjwlpwmywl 9.7., Pwpwjwl 3.U. Ny stpdwjhu JhihdGinpwjhu
ElGYnpwlwqUhuwywl dwnwagwjrUwl wagnbgnie)ntup uncy Ghuwprenutph
hGwn |hquunubph Ywwdwu pEpdnnhuwdhyuwywl ywpwdGwnptph ypw.......ceeeeee 22

Quyuuywl U.3., enlywl 4.9Q., Uwlppnujwl Q.U. dSnudbnpuywl b yuihnidwywlu
wwpwpuwujniptnph $nuph ypw wgnuinwywl wywpwpunwunieh Yhpwndwu
dwdybwnubph wanbgnientup wplwlwgwl gnptuh npn gnigwuhubph Ypw........ 28

Swdpwpénidjwl W.W. dEpdGunwihu yhubinhywh yhdwywgnpwywlu yepindnieinil.
L0070 L LU0 o 35

dwpnwljwl d.3., Utuhpwpwl 3.4. %jnLuhuwnLLbqu %wJLuumluUh Ubnéwuujwh
gnunnt c‘numupnuubnn . nEunpngtunqutpp.... veeeenen 45

Ywnwwbuywl L.Q., Swpnipntlywl 3.U., Wunnbywl W.W., Swpnwl U.Q.,
Uwpnwlywt U.U. Pniuwlwl wwwnpwuwnntyutnh in vitro W in vivo

wanbgnientup nhwbwnhnhiwbwwnhnwa IV-h W wntunghunbwuhlwagh

WYINQYNLBINLUUGNN UNWL e e e et e e e e 52
Nuwlgniwgut Y.W., 3wpnipynilywl W.W., Quwnpwt U.N. Uwupghyutph puwynpniejwl
wintuwyutph hngbdhghninghwywu npn2nudp wnthgpwdh Yyppwndwdp.................. 60

UpdnywU N.U., Pwpuwywtu U.U., Uhdnlywl Q.U., 3wpnrpyntlywl W. 9., Uppwhwdjwl MN.U.,
Updnlywl U.W. Uwpnnt Gnwywihu W puyGppwjhu I-1V fudpBph wnintuhg wugw-
nwd LUNPH opuhnwgh W untwypnih dwywpnwyh W uniwtGpopuhnh-gnjugdwl

wywnhynigwl ng Untuwbdwl thnthnunL NLUUGNN. . c.ceeeeeceee e e 67
PUwmwu 4.3. Ywwwhuh ntpp nnunintinh nbgubnwghwnid thnpéwpwnwywu
Muwnyhbuunuh hhYwlnNLRIWU GUUWUUY. ... e 75

Unwdjwl U.3nL., Ywpwwbuwlu U.W., Uwpquuuwl N.C., 3uynwwbuywl S.U.

Opquitihquh huwntgnwnhy gntgwuhautinh thnthntunienip prywslwihu
wlpwywpwpniejwl wwjdwuutnnud UGdpniinwih W nupGunwuh yhpwndwdp........ 85

fwnlnuwl W.W., Meunpnuywl L.U., Cwhhlywl U.W., Pwlwpjwl Q.L. Ng stpdwjhl
ElGYnpwJwqUhuwywl wihpubph wanbgnipintup uwnpyndw-45
nLrnigehg wlgwinywé YUM[-h oEnUWYWNLUNLEBIWU UNWL..ceevee e 90

Swlynpywl N.3. IndGnwwrehwih nEuwywl hhduwdnpdwu hwjGguywpg.........ccoeceveeeeee. 95

Uwlnclywl N.r., nnnelg U.L. Ugninwwl ywnpwpwunwljniebnh wénn
swithwpwlwyutnph yhpwndwl wanbgnipiniup hwawph pGppwnynepjwl
ypw Uhuhwuh tnnwpwéwnpswuh wugpnh wwjuwUUGRNLU.......ceereiecceeece e 100

e Unp ghpptip »

Wytunpywl 4.6. «Jwintluwghwnnienil 3wjwuinwuh 3wlpwwtnnepniuncd
ulywpwlwywl ghinwywu w2huwinwUpubph (1889-2014)»....c.ivveveeieeeeeee e 104



Buouor. xxypH. Apmenun, 1 (70), 2018

COJAEPXAHUE
*JIKcnepumeHmabHbie U meopemuiecKue Cmamou®

Aumonan A.11., Topocan M.A., Kapanemsan A.T. B3aumoneiicTBUe pa3nTuuHbIX
UHTEPKAIATOPOB € JIHK B TPOMHBIX CHCTEMAX ..vviniiniiiiiiiiiiiiiiieiiieienieaeeneee 6

Capecan A.C., babasan B.I"., Asemucan H.C., Mkpmusn A.I"., Ocanecan A.M.,Ozanecsn
H.A.TeTepOliKIMYecKy 3aMeIeHHbIC HeOSIKOBbIE AMHHOKUCIOTHI KaK
uHruouTOph! KoyareHnassl u3 Clostridium histolyticum. ... 12

Tegopesan D.C., Heposan K.B., Axonsan H.P., Ocanecsan A.I"., Capecan O.1'.
In vivo neiicTBre IUCIUIATHHA HA JIMITHIHBIA COCTAB SIEPHON MEMOpPaHbI
B KIICTKAX MO3T KPBIC. .. ... eueeueeueeneesensentesessessessessassesssenensssenenensenensinensssniemnesse 1O

Axonsan C.H., Kananmapsn B.I1., babaan FO.C. BiusiHEE HETEIIIOBOTO
MHJUTAMETPOBOTO 3JICKTPOMArHUTHOT'O M3JTyUCHHUS Ha TEPMOJINHAMUYCCKHIE
MapamMeTphl CBA3BIBAHUS JTUTAHIOB C HYKJICHHOBBIMU KUCIOTAMH. ..e.viveves s vvveneesvesens 22

Lancman M.A., Tynan I'.T., Caumpocsan I'.C. BnysiHue CpoKOB BHECEHHSI a30THOTO
ynoopenust Ha GpoHe PocHOPHOTo 1 KATMHHOTO YI0OPEHHIT Ha HEKOTOPHIE
TTOKA3ATEITH O3UMOM TIIICHHIIBL. ... .eeveeteutatesiatt e eeeeeeeeee e eeeet e tateseabeseste e esenneneneesneenees 28

Ambapyyman A. A. CtaTucTudeckuil aHanu3 GepMEeHTaTUBHON KMHETHKH:

HHTHOHPOBAHHUE. ... .35
Bapoanan K. A., Mxumapsau A.K., [lpeBecHble pacTeHUS U ACHAPOLCHO3BI CyOaNbIUICKOI

30HBI CEBEPO-BOCTOTHOM APMEHI ... euveenetaeretntnaiieitenressessessesiessessessessesseseesee s 45
Kapanemsan JLI'., Apymionan A.A., Aumonan A.A., llapoan C.I., Mapoansn C.C.

In vitro u in vivo BiIMsSHHE paCTUTENBHBIX MIPEMapaToB Ha aKTHBHOCTh

MANENTAIAIITENTHAA3E! |V M aIeHO3BMHIE3AMIMHABEL. . .....e ettt 52

Tanuynazan KA., Apymionsan A.A., Acampan M.P. Tlcuxohusnonorunieckoe onpeaeacHne
THUIIOB XapaKTepa CIOPTCMEHOB C MIPUMEHEHUEM HMOTUTPADA. .......veverrereerireierreenereans 60

Cumonsin P.M., babasn M.A., Cumonsan I.M. Apymrwownsn A.B., Abpaaman P.A.,
Cumonsin M.A. HenieHTUUHBIE U3MEHEHUS YPOBHSI U CyIIEPOKCHU]I-
npoayuupyronieit aktusHocTH n3odopm NADPH okcunassr u cynpona u3
BEHO3HOH M IUTAIIeHTapHOH KPOBHU [-1V IPYII YETOBEKA. ....cvvvviiiiiiiiiiicisiicieecsn 67

Knapsan B.A. Ponp xanpnanHa B IeTeHEpallMd CIIMHHOTO MO3ra Ipu
SKCHEPUMEHTAIBHON 00J1e3HU [TapKUHCOHA. ...c.veviveviicniirciei e (D

Aoamsan H.IO., Kapaneman M.A., Capxucan P. I1I., Avupanemsn T.A. I3mMeHneHue
HWHTErPaTHBHBIX MMOKa3aTesel Oprann3mMa mpy KUCIOPOIHON
HEIOCTATOYHOCTH B YCIIOBHSIX BO3/ICHCTBUS HEMOYTANA M YPETAHA. ...vverevirveneanenne s 85

Taoesocan A.A., Ilempocan JLH., Lllacunan M.A., Kanapsu I'.JI. BiusHue HETEIIOBOTO
MHUJUTUMETPOBOTO JIEKTPOMATHUTHOTO U3ITyUIeHHs] Ha TePMOCTAOMIBHOCTD
JIHK OITYXOITH CAPKOMBI 45 .....ouviiiieriinieniinieee ettt st st sse ettt nte e e e e e e 90

Axonsan P.A. KoHIenmus TeopeTHIecKOr0 000CHOBAHHUS TOMEOTIATH . ....... ... . eveeierieaieeenene 9D

Mamnyxan P.P., Lllocyny A. b. BHenpenne a30THBIX YI0OPEHUI U UX BO3ICHCTBHE
Ha YBEJIMYCHHE HOPMBI yPOXKaHHOCTH MOJIOBI B YCIOBHAX
HEOPOIIAeMOCTH B CHCHAHCKOM PETHOHE ......c.viuviieiririeiriie e e e meeresesesneesnesesiesneens 100

o Hogvie knuzu o

Asemucsn B.E. “bubnuorpadus HaydHBIX paboT 10 MHUKOJIOTHH B
Pecy6mike ApMEHHS (1889-2014)7...c.ciiiiiiiiiiiiici e 104



Biolog. Journ. Armenia, 1 (70), 2018

CONTENTS
*Experimental and theoretical articles®

Antonyan A.P., Torosyan, M.A. Karapetyan A.T. Interaction of different intercalators
with DNA in three-component SYSLEIMS.........cccveiiiirieieririeine e seenne eeeens 6

Sargsyan A.S., Babayan B., Avetisyan N.S., Mkrtchyan A.G.' Hovhannisyan A.M.,
Hovhannisyan N.A. Heterocyclic substituted non-protein amino acids as
inhibitors of Clostridium histolyticum collagenase.............ccocoeeireerenniencieneeceeene 12

Gevorgyan E.S., Yavroyan Zh.V., Hakobyan N.R.,Hovhannisyan A.G., Sargsyan E.G.
In vivo action of cisplatin on lipid content in nuclear membranes from rat
BFAIN CEIIS.......oviiicic e 16

Hakobyan S.N., Kalantaryan V.P., Babayan Y.S. Effect of non-thermal millimeter
electromagnetic radiation on thermodynamic parameters of the binding of
ligands With NUCIEIC ACIAS .......cviveiiirieiiesie e 22

Galstyan M.H., Tunyan G.G., Santrosyan G.S. The impact of the application periods of
nitrogenous fertilizers in the background of phosphorus and potassium fertilizers
on some indicators of WINter WHeat ............cooeiviciiinscie s

Hambardzumyan A.A. Statistical analyses of enzyme kinetics: inhibition

Vardanyan Zh. H., Mkhitaryan H.K. Wood plants and dendrocoenoses of the
subalpine belt of North-Eastern Armenia............ccocvveieieiiiniciescisee e 45

Karapetyan L.G., Harutyunyan H.A., Antonyan A.A., Sharoyan S.G., Mardanyan S.S.
In vitro and in vivo influence of plant preparations on dipeptidyl
peptidase 1V and adenosine deaminase aCtiVIties..........ccovveirrnrerinersieseese e 52

Panchulazyan K.A., Harutyunyan A.A., Asatryan M.R. Psycho-physiological
definition of the character types of athletes with use of polygraph..........c.ccccoveeinnn. 60

Simonyan R.M., Babayan M.A., Simonyan G.M., Arutiunyan A.W., Abraamyan R.A.,
Simonyan M.A. Nonidentical changes of the level and superoxide-producing activity
of the isoforms of NADPH oxidase and suprol from human venous and
placental bloods Of -1V QroUPS........ccceiririeeieee e 67

Knaryan V.H. The role of calpain in spinal cord degeneration in experimental
ParkinSon’s dISCASE. ... ..cuuervierieeriiieiseeseese et ereessae e e ste e e estesreesseesteesaeenseaneesneesraesenseenes 75

Adamyan N.J., Karapetyan M.A., Sarkisyan R.Sh., Hajrapetyan T.A. The alteration
of integrative signal’s proofs on hypoxia with using nembutal and uretan............... 85

Tadevosyan A.A., Petrosyan L.N., Shahinyan M.A., Kanaryan G.L. The influence
of non-thermal millimeter electromagnetic waves on thermostability
of DNA extracted from sarcoma-45 tUMOF..........ccoevivivierereiieis s 90

Hakobyan R.H. Concept of the theoretical foundation of homeopathy...........c.cocoevirriiiiinnns 95

Manukyan R.R., Shoghunts A.B. The influence of the nitric fertilizers of the use of growing
quantity on the wheet yield in the waterless conditions of the district of Sisian...... ... 100

o New books e

Avetisyan V.E. "Bibliography of scientific works on mycology in the
Republic of Armenia (1889-2014)"..........ccoeiriieieerreeiet et 104



LwjwunwOh Ghuinnigynibbtph Uqquiyhlt Uywnbdhw Cwjwunwbih Yelhuwpwlwlwb <wOnbu
HauuoHaAbHas Akaaemus Hayk ApmeHuu BuoAaoruueckulu XypHaan ApmeHuu

National Academy of Sciences of Armenia Biological Journal of Armenia

o Onpdwpwpwlwl b inbuwlwl hnnwélbp «Dxcnepumenmanvhvie u meopemuyeckue Cmampu®
*Experimental and theoretical articlese

Biolog. Journal of Armenia, 1 (70), 2018

INTERACTION OF DIFFERENT INTERCALATORS WITH DNA
IN THREE-COMPONENT SYSTEMS
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The study of the joint binding of the intercalating compounds ethidium bromide (EtBr) and
mitoxantrone (MTX) with DNA has been carried out. Melting parameters of the three-component
system EtBr-DNA-MTX were obtained. Changes in the melting parameters of the complexes
revealed that EtBr binds by several modes with ds-DNA both in the presence and in the absence of
another intercalator. In the absence of EtBr, MTX binds to ds-DNA by semi-intercalation mode.
At the joint binding of EtBr and MTX with ds-DNA a competition between ligands emerges,
though the effect of EtBr on the melting parameters of the complexes becomes dominant.

DNA — ethidium bromide — mitoxantrone — joint binding — melting parameters
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INTERACTION OF DIFFERENT INTERCALATORS WITH DNA IN THREE-COMPONENT SYSTEMS

Study of RNA interaction with ligands that immediately bind to DNA nowadays
is of big interest and is connected to the possibility to regulate thereby the processes
taking place with RNA participation. It is known that some ligands significantly affect
the biological functions of DNA, since they are mutagens (for instance, acridine dyes) or
cancerogens, as well as inhibitors of transcription (for example, actinomycin and other
antibiotics).

It is established that this effect is determined by the ability of these compounds to
form slowly dissociating complexes with DNA. Inhibition of transcription is created by
both difficulties for DNA untwisting and practical irreversibility of the complex
formation in type of DNA-ligand [1,6,7,12-14]. From this point of view the interaction
of these compounds with different RNA (being in single-, double-, triple- or tetra-
stranded state) may have an important value.

Among ligands immediately binding to DNA the intercalators, including ethidium
bromide (EtBr), acridine orange (AO), mitoxantrone (MTX) etc. are of special interest
and have a wide application in the medicine as well [5,8-11,17,18].

One of the important problems is the study of the interaction of DNA with several
ligands simultaneously. These problems are particularly valuable from that point of view
that DNA in a cell is surrounded by different compounds that bind to it both by similar
and by various mechanisms. Nowadays some data on simultaneous interaction of
different ligands (in particular intercalator EtBr and groove binding compound Hoechst
33258, as well as two intercalators EtBr and methylene blue (MB)) with DNA are
obtained [6,13]. Taking this fact into account the comparative studies of the interaction
of wide range intercalators with ds-DNA are informative. The aim of the present work is
to investigate the binding peculiarities of EtBr and MTX as well as EtBr and AO to ds-
DNA

Materials and methods. Calf thymus DNA, poly(rA)-poly(rU), MTX, (“Sigma”, USA),
EtBr (“Serva”, Germany) were used in experiments. All preparations were used without additional
purification. Concentrations of the used preparations were determined by absorption method, using
the following extinction coefficients: €,5=6600 M™cm™ for calf thymus DNA, £45,=5800 M*cm™
for EtBr, £g50=25000 Mem™ for MTX. The experiments were carried out in water medium,
containing 0.01 M Tris buffer, 0.1 M NaCl, pH=7.4.

Melting of the complexes of DNA with ligands as well as spectrophotometric
measurements of absorption of the solutions of the preparations were carried out using PYE
Unicam-SP-8-100 spectrophotometer (England). Heating of the solutions of the complexes was
realized using program device SP 876 Series 2.

For spectrophotometric measurements quartz cuvettes were used with hermetically closing
Teflon caps, 3 ml volume, and 1 cm optic pathway length. The melting was carried out at A=260
nm wavelength for DNA corresponding to its maximal absorption. The values of the absorptions
of the complexes at the melting were performed on PC monitor using the program elaborated in
LabVIEW medium. The melting curves of the complexes were constructed as described [13].

DNA complexes with ligands were prepared taking into account the concentration ratio
r=[C]/[P], where C is ligand concentration (EtBr or MTX or joint EtBr-MTX), P — concentration
of DNA phosphate groups. The values of r change in interval 0<r<0.33. In the case of the joint
binding of two intercalators to DNA the concentration of each ligand was taken twice less to
prevent the similarity of the values of r with those values corresponding to the complexes of one
ligand with DNA in the absence of another one.

Results and Discussion. Among biologically active compounds, interacting with
DNA and significantly affecting its structural-functional characteristics, a special place
belongs to classical intercalator EtBr, which binds not only in vitro, but also in vivo and
inhibits the replication and transcription processes [5,8-11,14,17,18]. This ligand is an
appropriate object for modeling of molecular mechanisms of the interaction of various
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compounds with DNA, since the theoretical model of DNA helix-coil transition in the
complex with EtBr elaborated in [6] allows to calculate the value of heat — AH via
dependence of the change of T, and AT on the ligand concentration. This theory also
allows to carry out the complete thermodynamic analysis of DNA formed complexes
with ligands that cannot bind by several modes [6]. This theoretical model revealed that
EtBr forms three types of complexes with ds-DNA — intercalation, semi-intercalation
and electrostatic. However, these binding modes of EtBr with DNA are universal, since
their performance does not depend on the solution ionic strength, pH or other external
factors [6,13].

This fact is important for DNA-EtBr system application as a fundament in studies
of the interaction of different ligands both at separate and at joint interaction with NA.

To find out the peculiarities of EtBr and MTX joint binding with ds-DNA, the
studies of DNA-ligand complexes have been carried out by UV melting method. Melting
curves (the curves are not presented) were obtained based on which the melting parameters
of DNA-ligand complexes were determined — melting temperature T, and melting interval
width AT. Change of these parameters depending on r (r=ligand/DNA) permits revealing
the peculiarities of the binding of ligands to DNA. From this point of view the change of
the melting interval width (5(AT/T%)) depending on ligand/DNA concentration ratio is
certainly informative. Particularly, in the number of cases this parameter allows to find out
the specificity of ligand to the certain sequences of DNA [15].

Dependence curves of 8(AT/T,?) on r obtained for EtBr and MTX complexes
with ds-DNA are presented in fig. 1. It is obvious from the presented figure that this
dependence acquires a bell-like shape in the case of EtBr-DNA complexes (curve 1),
since it enhances at ligand low concentrations and attaining to its maximal value at r=0.1
starts decreasing. In the case of MTX-DNA complexes an increase of S(AT/Ty2)
dependence on r at the ligand low concentrations (0<r<0.05) takes place, at further
increase of this ligand concentration the dependence of S(AT/T?) on r comes up to
plateau (curve 2).

Another situation is observed in the case of EtBr and MTX joint binding to DNA.
Particularly, it is obvious from the presented figure that the sum curve of 8(AT/T,?)
dependence on r practically has the same form as that for EtBr-DNA complexes (curve
4). The dependence of 8(AT/T,?) on r corresponding to the complexes of EtBr-DNA-
MTX (curve 3) qualitatively differs from the rest, since in this curve two regions are
obvious: the first — in 0<r<0.17 interval, the second — 0.17<r<0.33. Moreover, it is
obvious from the presented figure that in the interval of 0<r<0.1 the dependence of
8(AT/T,2) on r in the case of EtBr-DNA-MTX complexes increases, in the interval of
0.1<r<0.17 it passes through the weakly expressed maximum, decreases, in the interval
of 0.17<r<0.33 it acquires a bell-like shape. Analogous effect was revealed at the joint
interaction of EtBr and semi-intercalator methylene-blue (MB) with DNA [13].
Similarity of the obtained data allows to conclude that the main binding mechanism of
MTX with ds-DNA as in the case of MB is semi-intercalation [2-4].

In [16] the dependencies of 8(AT/Tn2) on r of the complexes EtBr-DNA, AO-
DNA and EtBr-DNA-AO were obtained. It becomes obvious from the obtained
dependencies that in the case of EtBr-DNA-AO three-component system, the
dependence of 8(AT/Tn2) on r is bell-like shaped as the curve corresponding to the
complexes EtBr-DNA. Bell-like shape was also obtained at mathematical summation of
the values of 8(AT/T,?) for DNA-EtBr and DNA-AO complexes at corresponding values
of r [16]. These data indicate that the intercalation mechanism mainly contributes to the
stabilization of DNA ds-structure.
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Fig. 1. Dependence curves of S(AT/T) on r of the complexes EtBr-DNA (1); MTX-DNA (2),
EtBr-DNA-MTX (3) and DNA-EtBr + DNA-MTX (4).
The curve 4 is a mathematical sum of the values of 5(AT/T’) of the complexes DNA-EtBr
and DNA- MTX at corresponding values of r.

At low concentrations of the ligand the sites for intercalation are not saturated and
along with the melting a redistribution of the binding molecules from denatured regions
of DNA to still non-denatured ones takes place. It results in increasing of the melting
interval width of the complexes as compared to that of DNA. Along with ligand
concentration enhancement with the saturation of the intercalation sites the redistribution
ends due to which 8(AT/T,’) attains to its maximum. In the case of AO and MTX (as
well as MB) this effect is performed as the dependence curve of 8(AT/T,) on r comes
up to plateau, while in the case of EtBr at further increase of the concentration this
dependence starts decreasing [14]. This fact is conditioned by beginning of EtBr
molecules to bind to DNA by semi-intercalation and electrostatic modes. From this point
of view the result obtained at EtBr and AO joint binding to DNA is unexpected, since
the values of 3(AT/T,%), which are obtained for three-component system DNA-EtBr-AQ
and DNA-AO complex, less differ from each other in the interval 0.05<r<0.2. We
assume that in the case of the joint binding of AO and EtBr, the intercalated molecules
of AO block the semi-intercalation binding sites for EtBr molecules. However, at further
increasing of the concentration of both ligands (0.2<r) the EtBr molecules begin binding
with ss-regions of DNA, which in turn facilitates the helix-coil transition process. On the
other hand, the obtained data indicate that the semi-intercalation binding type of AO to
ds-DNA is not revealed (in the case of MTX as for MB the intercalation mode is not
found out at analogous conditions). By the virtue of this we assume that the bell-like
change of 8(AT/T,?) dependence on r of DNA-EtBr complexes in the absence of other
ligands is conditioned by the simultaneous performance of three — intercalation, semi-
intercalation and electrostatic modes. In the presence of other ligands depending on their
type (intercalator, semi-intercalator or non-intercalator), not all binding modes,
characteristic for EtBr, may appear [13,14,16]. For performance or suppression of one or
another binding mode of separate ligands in the presence of the other, the binding
constant K plays an important role: in the case of AO and EtBr the values of K
corresponding to the intercalation mode differ from each other by almost 5-10 times, due
to which the effect of EtBr on the melting parameters of the complexes prevails at the
high concentrations of ligands. On the other hand, the values of K, corresponding to the
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semi-intercalation mode for EtBr are less than that corresponding to the intercalation for
AO that is why this mode is suppressed in the interval 0.05<r<0.2 at the joint binding of
EtBr and AO with DNA. From this point of view, the dependence curve peculiarities of
8(AT/T,2) on r for EtBr-DNA-MTX three-component system (as well as EtBr-DNA-MB
[14]) are conditioned by the performance or suppression of the respective modes
depending on values of K.

Thus, the obtained data indicate that the joint binding of different ligands with
DNA is not a mathematical sum of their separate binding. Our obtained data also
indicate that MTX binds to DNA by the mechanisms similar to MB, i.e. in the conditions
of relatively high ionic strengths, at low concentrations MTX semi-intercalates into ds-
structure of DNA, at high concentrations — it binds electrostatically from outside of the
helix.

In the case of binding of intercalators, particularly EtBr and AO, it is revealed
that these ligands differently affect the melting interval width of DNA. Though, in the
presence of AO the semi-intercalation of EtBr molecules into ds-regions of DNA is
suppressed, while into ss-regions it is performed at high concentrations. This fact
indicates that at relatively high concentrations of both ligands and the joint binding to
DNA, a competition between them emerges.
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Optically active non-protein a-amino acids have been screened for their ability to interact
with collagenase of Clostridium histolyticum. Both structure-based drug design approach
(modeling) and that of determining enzyme activity in the presence of amino acids have been used
to identify low molecular weight inhibitors of collagenase. According to the docking analysis, a
number of non-protein amino acids have demonstrated ability to form bounds with collagenase.
Following the docking analysis, enzyme activity has been determined in the presence of
investigated amino acids. The results have indicated that (S)-B-[4-allyl-3-butyl-5-thioxo-1,2,4-
triazol-1-yl]-a-alanine, (S)-B-[4-allyl-3-(pyridin-4’-yl)-5-thioxo-1,2,4-triazol-1-yl]-a-alanine and
(S)-p-[4-allyl-3-(pyridin-3’-yl)-5-thioxo-1,2,4-triazol-1-yl]-a-alanine inhibit collagenase activity.

Non-protein amino acid — docking — collagenase — inhibitor

hpwywuwgyty £ Clostridium histolyticum-hg wlgwwnyws Ynpwgtlwagh htn upUpbnpy wdh-
Uwppenbnh  thnfuwgnbgniejwl  hwwnynienlulbnh  upphuhlg:  Unpwgtlwagh  gwépwUdnBYnLwihu
wnablwyhsutph hwjunuwpbnwl bywwnwyny Yhpwnyby £ Gpyn Uninbgnud® dnnGwynpdwl Gnuwtwyny,
ntntnph Ywnnignd U wdhtwpepnlubph wniwnyejwdp $EpdGUNWIHU wywnhyniejwl npnanud: nphlug
hGwnwagnuinupwl wpnniupubph hwdwéwu dh 2wpp wuhuwprenlubp YnwgblUwgh hbin uwybinc
hwuwnynipintt BU gnigwptbpt;: WunthGinl swihdb, £ $EpdGunh - wywhynipiniupt  hGurwgnuynn
wJlhUwpenutph wrwjnipjwl wwjdwultpnud: Upnntuglbpp gnuyg Bu wdb, np (S)-B-[4-wih(-3-
pnLehl-5-phopun-1,2,4-nphwgn|-1-h{J-o-wjwlhup, (S)-B-[4-whi-3-(whphnhu-4-hy)-5-phopun-1,2,4-
tnphwgni-1-hi]-e-wiwitihlp W (S)-B-[4-wihi-3-(whphnhU-3™-h)-5-ehopun-1,2,4-inphwagni-1-hi J-o-wiwlhup
hwunhuwunwd BU Ynwagtuwagh wngbuyhsutn:

N uwhinwlniguhl wilplwepnt — nnehliq — Ynjwqbling — wpqbjuwlps

Ocy1iecTBiIeH CKPUHHUHT CHHTETHYECKHX aMHUHOKHUCIIOT Ha CIIOCOOHOCTH B3aHMMOJEHCTBO-
BATh C KOJUTareHasou, suiaeneHuHoi u3 Clostridium histolyticum. JInst BeISsBIECHHST HU3KOMOJICKYJISP-
HBIX MHIMONUTOPOB KOJUTareHa3bl ObLIM MCIIOIB30BaHBI JIBA MOAX0/a: KOHCTPYHPOBaHUE JIEKapCTB Ha
OCHOBE CTPYKTYpBI ITyT€M MOJCIMPOBAHMS U OIpECICHHEe aKTHBHOCTH (h)epMEHTa B NPHUCYTCTBUH
aMHHOKHCIOT. COIIACHO JJaHHBIM JIOKUHT aHAJIM3a PsJl HEOCIKOBBIX aMUHOKHCIIOT TPOSIBHIIH CIIO-
COOHOCTB CBAI3BIBATBCS C KOJUIareHas3oi. Jlajee omnpenensiach akTUBHOCTb JepMEeHTa B MPHCYTCTBUH
HCCIIelyeMbIX aMHHOKHUCIIOT. Pe3ynmbrarsl mokasanu, 49to (S)-B-[4-ammmn-3-6ytmn-5-trokco-1,2,4-
tpuasosl-1-un]-o-ananun, (S)-B-[4-ammn-3-(mupuaun-4’-un)-5-trokco-1,2,4-rpuazon-1-mn)-o-ana-
HuH # (S)-B-[4-ammn-3-(nupuauH-3’-min)-5-trokco-1,2,4-tpruason-1-wn)-o-ajJaHuH SBISIFOTCS HHIH-
OUTOPaMH KOJIJIAr€HA3bI.

Hebenxosas amunoxucioma — 00KUH2 — KOJIIA2eHA3A — uHeu6umop

12


mailto:armenssargsyan@gmail.com
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Non-protein a-amino acids occupy a special place among optically active
compounds having biological activity. The biological activity of these compounds is
stipulated by their ability to interact with enzymes. Design of a number of modern
antibacterial, antiviral, antitumor and other drugs, as well as food supplements is based
on the property of non-protein amino acids and peptides either to inhibit or enhance the
activity of relevant target enzymes [1, 2].

Matrix metalloproteases (MMPs) are a major group of enzymes that regulates
cell-matrix composition. MMPs play an important role in degradation of extracellular
matrix in both norm and various pathologies [3]. Due to their active participation in
various physiological processes MMPs are suggested as targets for a wide range of
medications, including antitumor and anti-inflammatory drugs [4, 5]. MMPs are
responsible for many proteolytic processes that lead to tumor development. Involvement
of gelatinizes (MMP-9 and MMP-2) in the process of metastases and angiogenesis
formation stimulated creation of synthetic gelatinize inhibitors able to stop the
development of tumors [6]. The majority of MMPs inhibitors are zinc-chelating
compounds of a wide spectrum of action that do not have a specific effect. The search
for new highly specific compounds able to inhibit MMPs is one of the directions in
creation of drugs preventing spread of metastases [7]. Recently some low molecular
weight compounds have been described as effective MMPs inhibitors [8].

In this work the screening of heterocycle substituted non-protein amino acids as
Clostridium histolyticum collagenase (MMP-1) inhibitors has been carried out. This
metalloprotease has a high level of homology with mammals collagenases [9]. The
structure-based drug design approach was used to identify small inhibitors of enzyme.
Enzyme activity in the presence of investigated compounds was determined as well.
Some of the investigated non-protein a-amino acids were characterized as Clostridium
histolyticum collagenase inhibitors.

Materials and methods. The heterocyclic substituted non-nprotein amino acids studied in
this work were synthesized at Scientific and Production Center “Armbiotechnology” NAS RA and
the Institute of Pharmacy of Yerevan State University [10]. Collagenase from Closridium
histolyticum (EC 3.4.24.3), and miscellaneous reagents were purchased from Sigma (USA).

Collagenase activity. The screening of investigated compounds on the ability to influence
enzyme activity was carried by using 0.6% agarose gel containing 5 mg/ml gelatin and 0.05 M
HEPES buffer, pH 7.2. The mixture of CaCl, activated collagenase and amino acid was placed on
agarose surface and incubated at 37°C. The diameter of cleared spots was measured after 2-3
hours.

Collagenase activity was determined by measuring free amino groups according to o-
phthalaldehyde (OPA) method [11]. The reaction mixture contained 0.05 M HEPES buffer, pH
7.2, 10 mg/ml gelatin and 0.025 mg/ml collagenase (activated by 0.36 M CaCl,).

Modeling. Modeling was done according to the procedure described previously [12].
Docking of ligand to enzyme was done by AutoGrid 4, AutoDock Vina software [13].
Crystallographic structures of collagenase were taken from http://www.rcsb.org website (PDB-ID:
INQD, 1NQJ). The both structures of collagen-binding domain with (INQD) and without Ca?*
ions (INQJ) were considered.

Results and Discussion. Selection of collagenase inhibitors by docking analysis
(modeling). The interaction of collagenase with 50 nonprotein amino acids was
investigated by using AutoGrid 4, AutoDock Vina software aimed to select enzyme
inhibitors. AG and K, values were calculated. Based on values of AG (free energy of
binding) the compounds were selected which are able to make complexes with enzyme.
Comparing the results of docking analysis on two models it was found out that Ca*" free
1INQJ collagenase model formed stronger complexes with amino acids compared with
Ca™ INQD. In this work both results were considered. It should be mentioned that as
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the most suitable molecules which are able to make complexes with enzyme we consider
those for which values of AG are <-5.5 (K;<0.093mM) determined by docking analysis
on INQD model, and AG are <-6.2 (K;<0.025mM) determined by docking analysis on
INQJ model (tab. 1). Moreover, attention was paid (in terms of inhibition) to molecules,
which bind enzyme not at the active center. The number, position and length of
hydrogen bonds in protease-inhibitor complexes were calculated (data not shown).

Calculation results suggest that the hydrogen bonds play the main role in this
interaction. According to the calculated values of AG (K,) collagenase forms the most
stable complexes with compounds presented in tab. 1. These synthetic amino acids bind
collagenase at sites, which are not involved in the active center of enzyme.

Table 1. Interaction of non-protein amino acids with collagenase

1INQD model 1NQJ model
3 3
. . . = £
Non-protein amino acids = - = .
S 2 |3
2|y ¢ |yx
S)-B-[4-phenyl-3-(3’-hydroxypropyl)-5-thioxo-1,2,4-triazol-1-yl]-a-alanine | -5.6 | 0.07855 | -7.3 | 0.00446
S)-B-[4-phenyl-3-propyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine -5,510.09299 | -6.9 | 0.00875
S)-B-[4-allyl-3-benzyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine -6.2 | 0.02853 | -7.1 | 0.00625
S)-B-[4-allyl-3-(furan-2-yl)-5-thioxo-1,2,4-triazol-1-yl]-a-alanine -5.8 | 0.05605 | -6.6 | 0.01453
S)-B-[4-allyl-3-(2’-chlorophenyl)-5-thioxo-1,2,4-triazol-1-yl]-a-alanine -6.4 | 0.02036 | -7.6 | 0.00269
S)-B-[4-(furan-2-yl-methyl)-3-butyl-5-thioxo-1,2,4-triazol-1-yl]-o-alanine | -6.1 | 0.03378 | -6.3 0.0241
S)-B-[4-methyl-allyl-3-butyl-5-thioxo-1,2,4-triazol-1-yl]-o-alanine -5.9 1 0.04734 | -6.5 0.0172
S)-B-[4-allyl-3-butyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine -6.0 | 0.03999 | -6.3 0.0241
S)-B-[4-allyl-3-(pyridin-4’-yl)-5-thioxo-1,2,4-triazol-1-yl]-a-alanine -5.6 | 0.07855 | -6.3 0.0241
S)-B-[4-allyl-3-(pyridin-3’-yl)-5-thioxo-1,2,4-triazol-1-yl]-a-alanine -5.6 | 0.07855 | -7.0 | 0.00739

The effect of non-protein amino acids on the activity of collagenase. The preli-
minary screening of amino acids listed in tab. 1 on the ability to influence collagenase
activity was carried out on agarose gel containing gelatin, as described in section
Materials and methods. The results revealed three non-protein amino acids, which inhi-
bited collagenase activity: (S)-p-[4-allyl-3-butyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine,
(S)-B-[4-allyl-3-(pyridin-4°-yl)-5-thioxo-1,2,4-triazol-1-yl]-a-alanine and (S)-p-[4-allyl-
3-(pyridin-3’-yl)-5-thioxo-1,2,4-triazol-1-yl]-a-alanine. Then the activity of collagenase
was determined in the presence of these non-protein amino acids. According to obtained
results collagenase was inhibited by (S)-p-[4-allyl-3-butyl-5-thioxo-1,2,4-triazol-1-yI]-a-
alanine, (S)-B-[4-allyl-3-(pyridin-4’-yl)-5-thioxo-1,2,4-triazol-1-yl]-a-alanine and (S)-p-
[4-allyl-3-(pyridin-3’-yl)-5-thioxo-1,2,4-triazol-1-yl]-a-alanine. The results are presented
in Table 2. The rest of investigated compounds had no influence on enzyme activity.

According to the data obtained some amino acids despite their ability to interact
with collagenase do not have influence on enzyme activity. Only (S)-B-[4-allyl-3-butyl-
5-thioxo-1,2,4-triazol-1-yl]-a-alanine, (S)-B-[4-allyl-3-(pyridin-4’-yl)-5-thioxo-1,2,4-
triazol-1-yl]-a-alanine and (S)-B-[4-allyl-3-(pyridin-3’-yl)-5-thioxo-1,2,4-triazol-1-yl]-a-
alanine have demonstrated inhibition effect on collagenase. Thus the results indicate that
inhibition of collagenase depends not only on ability to interact with enzyme, but also on
the structure of amino acid molecule. Amino acids that inhibited collagenase have
distinct substituted moieties such as -3-butyl, 3-(pyridin-4’-yl) and -3-(pyridi-3’-yl).
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Table 2. Inhibition effect of nonprotein amino acids on collagenase activity

Non-protein amino acids AG Kl 1C50

(kcal/mol)| (uM) (um)

(S)-B-[4-allyl-3-butyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine -6,3 0,0241 2,67

(S)-B-[4-allyl-3-(pyridin-4’-yl)-5-thioxo-1,2,4-triazol-1-yl]-a-alanine -6,3 0,0241 2,1

(S)-B-[4-allyl-3-(pyridin-3’-yl)-5-thioxo-1,2,4-triazol-1-yl]-a-alanine -7 0,00739 2,2
(S)-B-[4-phenyl-3-(3°-hydroxypropyl)-5-thioxo-1,2,4-triazol-1-yl]-a-alanine -5,6 0.07855 -
(S)-B-[4-phenyl-3-propyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine -5.5 0.09299 -
(S)-B-[4-allyl-3-benzyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine -6.2 0.02853 -
(S)-B-[4-allyl-3-(furan-2-yl)-5-thioxo-1,2,4-triazol-1-yl]-o-alanine -5.8 0.05605 -
(S)-p-[4-allyl-3-(2°-chlorophenyl)-5-thioxo-1,2,4-triazol-1-yl]-a-alanine -6.4 0.02036 -
(S)-B-[4-(furan-2-yl-methyl)-3-butyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine -6.1 0.03378 -
(S)-B-[4-methyl-allyl-3-butyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine -5.9 0.04734 -

This work was supported by the RA MES State Committee of Science, (the
project No 15T-1F241), ISTC PROJECT Ne2289.
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The in vivo action of antitumor drug cisplatin on content of phospholipids and neutral lipids
in nuclear membrane fraction from rat brain cells has been investigated. It was shown, that the drug
action leads to decrease in total phospholipids and neutral lipids content by about 27.5% and 25%
respectively. In spite of these significant changes of total lipids the alterations in relative percentage
content of individual phospholipids as well as neutral lipids in nuclear membrane preparations were
negligible. These results indicate that cisplatin excites universal changes in lipid metabolism in
nuclear membranes appreciably reducing the absolute quantities almost of all individual phospholipid
and neutral lipid fractions available in nuclear membranes preparations. The significance of these
quantitative changes in development of cisplatin antitumor effects was discussed.

Cisplatin — nuclear membrane — phospholipids — neutral lipids

3tiwgnundty £ dnudnihujhnlinh W ghgne |hwhnliiph pwilwlp weltinh ninbnh pehsliinhg
unwgywé Ynphquihu pwnwleh $nwyghwntd hwywnienigewiht nnwdhgng ghuwjjwwnhUh in vivo wq-
ntgnientuhg htwn: Snyg £ windb, np ghuwjwwnhuh wgnbgnienitup bjwgbgunwd £ punhwunwp $nu-
$nhwhnubph W ¢Ggnp thwhnubph pwlwyp, hwdwwwwnwupuwlwpwn 27,5 % W 25 %-nd: QuUwjwd
punhwuntp [hwyhnubph win qquwih thnthnpunyenlllbphl, wnwUdhu $nudnihwyhnltnh, hugwtu Uwl
s6qne  |hwhnutph  hwpwpGpwywl  nnynuwiht - wwpniiwynipjwl  thnthnpuncenctllutpp - Ynphquihu
rpwnwlph wwwnpwunntyubpnd ushu Bu: Lpwd wpnyntupUbpp gnyg B wwihu, np ghuwjwwnhup
Unphqwjht  pwnwupnd wnwpwgund £ UdwUwwnhy  thnthnfunteinlulGp, qquihnptu jwgbgubing
hwdwpw  pninp wnwldht - $nudnihwhnubph W sGane  |hwhnutiph - $pwyghwltnh - pugwnéwy
pwuwyutpp: Luuwnyynwd £ wn pwlwywywl thnthnfunteinlulbph Lpwlwynipintup  ghuwwwnhbh
hwywnienigpwihU wgntgnieintlbnh npulenpdwu hwpgned:

Shuujjunnhl - Ynphquyhl punwle - dnupnihujhnltn - gaqne (hupnutnp

HccnenoBanock in ViV BO3IeiCTBIE MPOTHBOOITYXOJIEBOTO MpenapaTa LHCIUIATHHA Ha CO-
nepxanne GocoIMNuI0B U HEHTPaIbHBIX JIUMHI0B BO (PAKIMIX MPENapaToB sAepHONH MeMOpaHbI
U3 KJIETOK Mo3ra KpsbIc. [loka3zaHo, 4TO BO3/IeHCTBHE Mpenapara IPUBOAUT K YMEHBILICHHIO COJIepiKa-
HHS TOTAJBHBIX (OCHONUIUI0B U HEUTPATBHBIX JIUIUIOB COOTBETCTBEHHO Ha 27,5 % u 25 %. Hec-
MOTpS Ha 3TH 3HAYUTENIFHbIE M3MEHEHHS TOTAIBHBIX JIMIKAOB, H3MEHEHHS B OTHOCHUTEIHFHOM IIPO-
LIEHTHOM COJICp)KaHUU OTIEIBHBIX (POCHOIHUITHIOB, TAKKE KaK U HEWTPABHBIX JIUITHIIOB B IIpenapa-
Tax sIEpHOM MeMOpaHbI, He3HAYNTENbHBL. [laHHbIE pe3yIIbTaThl MOKA3BIBAIOT, YTO IUCIUIATHH TIPH-
BOJIUT K OJJTHOTHIIHBIM H3MEHEHHSIM B METa0O0NIM3Me JIMITHIIOB, 3HAUNTEIBHO YMEHbIIast aOCOIOTHEIE
3HAa4YeHHs TIOYTH BO BCeX (DpaKIUSIX OTACNBHBIX (HOCGOIMINAOB U HEHTPAIBHBIX JIMIUIOB B IIperia-
parax siepHoit MeMOpaHbl. OOCy>K1aeTcst 3HaYeHHE JAHHBIX KOJIMYECTBCHHBIX N3MEHEHHU B MPOSIB-
JICHUU TIPOTHBOOITYXOJIEBBIX 3P (EKTOB [UCIUIATHHA.

Lucnnamun — adepuas membpana — pocgonunudsl — HellmpanbHvle TUNUObL
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It is well known that cisplatin (cis-diaminedichloroplatinum 1I) is an effective
antitumor drug which is widely used in chemotherapeutic practice and reveals
antineoplastic, cytotoxic, immune-modulator actions and induction of apoptotic pathways
of the cell [7, 9, 11]. Cisplatin can overpass the hematoencephalic barrier and accumulate
in neural cells after the first injection. The efficiency of this drug is dose-depended though
its usage in higher concentrations is contraindicated because of diverse negative side
effects, such as nephrotoxicity, ototoxicity, neurotoxicity and others [8, 12, 13, 20].
Peripheral neurotoxicity is one of the widespread side effects which develop in
approximately 30-50 % of patients receiving cisplatin [3, 13]. The mechanism of
neurotoxicity caused by cisplatin administration is unclear though it is obvious that the
drug generates reactive oxygen species which interact with DNA, lipids and proteins.
These interactions lead to lipid peroxidation, DNA molecule damages and eventually cell
death [3, 13]. Taking into consideration that the cell nuclei is the main target for cisplatin
action one may suppose the involvement of metabolic changes of nuclear lipids in
manifestation of neurotoxicity. It is obvious that the large majority of nuclear lipids is
available in nuclear membranes which plays significant role in nuclear functions of vital
importance [1, 2]. Cisplatin may have an effect on lipid metabolism of nuclear membranes,
even if on functioning of signal transduction pathways via the quantitative and qualitative
alterations in their lipid content. So, the knowledge about the alterations in content of
nuclear membrane lipids (phospholipids and neutral lipids) after in vivo action of cisplatin
may contribute to better understanding antitumor action effects of this drug.

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 1000g animal weight. Rats
were decapitated after 24 hours of cisplatin injection. Rat brain nuclei were isolated by the
method of Blobel and Potter [6]. Nuclear membrane preparations were isolated from purified
nuclei by the method of Berezney et al [4]. Lipid extraction was carried out by Bligh and Dayer
[5]. The fractioning of both phospholipids and neutral lipids was carried out by micro thin layer
chromatography (micro TLC) using L silicagel, 6x9 sm? plates with the thickness of layer 5-7
mecm, using chloroform — methanol — water in ratio 65:25:4 (in case of phospholipids) and diethyl
ester — petroleum ester — formic acid in ratio 40:10:1 (in case of neutral lipids) as dividing
mixtures. After the chromatography the plates were dried up at 20°C and were treated by 15.6 %
CuSO0q,. in 8 % phosphoric acid (in case of phospholipids) and by 10 % H,SO, (in case of neutral
lipids). 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. Cisplatin in vivo action reliably decreases the total
amounts of both phospholipids and neutral lipids in nuclear membrane preparations from
rat brain cells by 27.5 % and 25.0 % correspondingly (tab. 1, fig.1). It is characteristic that
of the same kind changes were also demonstrated by us in brain chromatin preparation [14]
as well as in nuclear membranes and intranuclear structures of other tissues [14-18]. All
these results demonstrate that this antitumor agent leads to appreciable repression of whole
lipid metabolism in rat cell nuclei.

Table 1. Total phospholipids and neutral lipids content (mcg/g of tissue) in nuclear membrane
preparations of rat brain cells in baseline and after in vivo treatment of cisplatin (*-p < 0.05)

. Phospholipids in nuclear membrane from rat brain Neutral lipids in nuclear membrane
Variants - - .
cells (mcg/g of tissue) from rat brain cells (mcg/g of tissue)
Baseline 462.00+9.20 300.00+3.15
Cisplatin *335.00+7.63 *225.00+3.50
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Fig. 1. Changes in percent of total phospholipids (left diagrams) and neutral lipids
(right diagrams) content in nuclear membrane preparations of rat brain cells in baseline
and after in vivo treatment of cisplatin

The fractionation of nuclear membrane phospholipids revealed seven individual
fractions in baseline and after the cisplatin action. Phosphatidylcholine and
phosphatidylethanolamine are the major fractions among them, their portion jointly was
near 49 %, while the percentage content other five fractions jointly is a little more than half
51 % (tab. 2). Cisplatin treatment essentially changed the relative content of individual
phospholipid fractions: the content of five fractions was increased a little while the content
of two of them (phosphatidic acid and cardiolipin) was reliable decreased (tab. 2).

Table 2. The relative content (percentage) of individual phospholipid fractions in nuclear
membrane preparations of rat brain cells before and after the cisplatin action

N Phospholipids Baseline Cisplatin
% %
1 Phosphatidylserine 10,10+0,59 12,25+0,24
2 Sphingomyelin 13,82+0,70 14,55+0,34
3 Phosphatidylinositol 8,74+0,26 12,05+0,26
4 Phosphatidylcholine 27,50+0,84 28,00+0,57
5 Phosphatidylethanolamine 21,20+1,50 22,00+0,52
6 Cardiolipin 10,44+0,80 5,75+0,24
7 Phosphatidic acid 8,20+0,78 5,40+0,26
Total content 100 100

The fractionation of neutral lipids demonstrated the presence of six individual
fractions in baseline as well as after the cisplatin action (tab. 3). As in case of
phospholipids, cisplatin treatment lead to diversified changes in relative content of
individual neutral lipid fractions. The relative content of two of them (cholesterol and
triglycerides) was increased in percentage, for the other two (cholesterol esters and free
fatty acids) — was decreased while the relative content of monoglycerides and diglycerides
was not reliably changed (tab. 3).

It is obvious that the obtained changes in percentage content do not represent the
reality of alteration in real content of both phospholipid and neutral lipid individual
fractions after the cisplatin action. In order to clear up this problem the absolute quantities
of individual lipids (in micrograms per gram of brain tissue) in nuclear membrane
preparations before and after the cisplatin action were determined.
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Table 3. The relative content (percentage) of individual neutral lipid fractions in nuclear
membrane preparations of rat brain cells before and after the cisplatin action

N Neutral lipids Baseline Cisplatin
% %

1 Monoglycerides 12,00+1,26 11,86+1,00

2 Diglycerides 11,20+0,79 11,50+1,67

3 Cholesterol 25,60+1,81 32,60+1,35

4 Cholesterol esters 16,20+1,00 13,60+0,60

5 Free fatty acids 26,00+0,70 18,66=1,70

6 Triglycerides 9,00+1,30 11,78+1,34
Total content 100 100

The absolute quantities of six phospholipid individual fractions were decreased
reliably while the phosphatidylinositol quantity was not changed after the in vivo action
of cisplatin (tab. 4). The most diminution of content among phospholipid fractions was
observed in case of cardiolipin and phosphatidic acid by 60,0% and 52,2%
correspondingly, which was much more than the decrease of total phospholipid content
(27,1%). The decreases of choline-hold phospholipids sphingomyelin and
phosphatidylcholine as well as phosphatidylethanolamine content (23-27%) were as big
as the decrease of total phospholipids content (tab. 4). In all probability the latter results
testify that in brain cell nuclear membranes the cisplatin in vivo action has no specific
affect concerning the metabolic pathways where those three phospholipids have a share.
In spite of that the most notable results were demonstrated in case of
phosphatidylinositol which share in phospholipid total amount was reliably increased
(by 3,31%) (tab. 2). This indicates that cisplatin probably may affect on functioning of
phosphoinositide regulatory circle which is known exists in nuclei and which has been
widely described [19, 21]. The absence of alteration of absolute quantity of
phosphatidylinositol against the background of diminution of other individual
phospholipids content after the cisplatin action may be elucidated by cisplatin ability to
affect on phosphoinositide regulatory circle via increasing the monophosphoinositide:
triphosphoinositide ratio. At the same time the significant diminution of cardiolipin and
phosphatidic acid content boldly confirms the cisplatin influence on phospholipid
metabolic pathways in nuclei of brain cells (tab. 4).

Table 4. The quantities (micrograms per gram of tissue) of individual phospholipid
fractions in nuclear membrane preparations of rat brain cells before and after
the cisplatin action (*p < 0.05)

N Phospholipids Baseline Cisplatin

1 Phosphatidylserine 46,70+1,65 *41,04+0,80
2 Sphingomyelin 63,85+2,00 *48,74+1,07
3 Phosphatidylinositol 40,37+1,80 40,36+0,87
4 Phosphatidylcholine 127,00+3,00 *93,80+1,90
5 Phosphatidylethanolamine 98,00+1,63 *73,70+1,32
6 Cardiolipin 48,23+2 95 *19,26+0,80
7 Phosphatidic acid 37,85+2,00 *18,10+0,87

The similar situation was observed in case of neutral lipids: the absolute quantity of
four fractions was reliably decreased in a different extent while diminution of the amounts
of triglycerides and cholesterol was not reliable. (tab. 5). These alterations confirm that
cisplatin in vivo action leads to perceptible redistribution between the mono-, di- and
triglycerides as well as between the cholesterol and its esters in brain nuclear membrane
(tab. 5).
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Table 5. The quantities (micrograms per gram of tissue) of individual neutral lipids
fractions in nuclear membrane preparations of rat brain cells before and after
the cisplatin action (*p < 0.05)

N Neutral lipids Baseline Cisplatin

1 Monoglycerides 36,00+0,45 *26,704+2,25
2 Diglycerides 33,60+0,27 *25,85+1,94
3 Cholesterol 76,80+2,16 73,35+3,00
4 Cholesterol esters 48,60+3,00 *30,60+1,35
5 Free fatty acids 78,00+2,10 *42,00+1,95
6 Triglycerides 27,00+1,98 26,50+1,74

The obtained results demonstrate their accordance with our previous data
concerning the diminution of phospholipids and neutral lipids content in rat brain
chromatin [14] as well as in different nuclear structures from rat liver, thymus and kidney
cells [14-16, 21]. This indicates the comprehensive action of cisplatin on lipid metabolism
in various nuclear structures from different tissues. Although the cisplatin action is specific
in different tissues which is clearly seen in manifestations of various negative side effects
including nephrotoxicity (as the main negative effect), neurotoxicity, ototoxicity,
gastrotoxicity, myelosuppression, allergic reactions etc. The alterations of quantities of
nuclear lipids in various rat tissues, on the whole, are similar. In all probability this
similarity indicates that cisplatin displays its antitumor effects also via changes of nuclear
lipids quantity and these alterations are not directly connected with toxic effects of the
drug. So, all these results demonstrate the deep and multiform transformation of lipid
metabolism in nuclei caused by cisplatin in vivo action.
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It has been shown that intercalating (mitoxantone, doxorubicin) and non-intercalating
(netropsin, Hoechst 33258) ligands form more strong complex with nucleic acids irradiated by
resonant frequencies (64,5 and 50.3 GHz) for oscillations of water structures. Under the effect of
the mentioned non-thermal millimeter waves a dehydration of nucleotides occurs, which results in
increasing of the binding constant of ligands with irradiated double-stranded nucleic acids (NA).
Calculations showed that as a result of irradiation, the enthalpy (AH) and entropy (AS) of the
binding of ligands to NA has been changed. However the value of AH is mainly being changed for
intercalators, and the value of AS - for non-intercalators.

DNA — synthetic polyribonucleotide — mitoxantrone — doxorubicin — netropsin — Hoechst 33258

8nyg £ wnyb, np hunbGpywiwgdnn (Uhwnnpuwuwnpnl, nneunnniphghl) W shunbBpywiwgynn
(UGwnpnwuhl, Hoechst 33258) hgqwunutpp onh Ywnnigwépubph  wnwwnwunidubph  nGgnuwluwjhu
hwédwfunientuutpny (64.5 W 50.3 Q3g) dwnwaqwjeywd Untythuwpeniubnh htwn wnwewgunwd Bu
wybh wdnip Yndyteu: Laywsé ng sbpdwihu JhihdGinpwiht wiheUbph wgnbgniejwl Ubppn wnknh £
nluGunwd - uncytninhnutph  nGhhnpwwnwghw, hugsp hwugbgunud £ dwnwgwjprwhwpywéd  Gpuypnew
uny Ghuwpepeniubnh (LE) htwn |hquunutph Yuwwdwl hwunwwnniuh Jedwgdwup: Iwpdwnlutpp gnug
GU wnybl, np dwnwawjrUwlu wpryniupnd thnfudnid BU UE-h hGwn [hquunUbph Yuwwdwl Eupwiwhwl
(AH) W Eupnpnwhw (AS), uwywju hunGnpywywnnputnh juwdwl wpnyniupnid hhduwywuncd thnpugned
E AH-p, huy ng huinBpywywwnnputnph hwdwp® AS-p:

I3 — uhlptwnply wnihnhpnuncy Gninhn — dhinnpuwlwnpnl — nnpunnniphghl —
UGwnnpnwupl —Hoechst 33258

INokazaHo, 94TO MHTEPKAIHpPYIOMHUe (MUTOKCAaHTPOH, JOKCOPYOUIIMH) U HEMHTEPKAINPYIO-
mue (HerporicuH, Hoechst 33258) nuranas! ¢ HyKJICMHOBBIMH KHCIIOTaMH, OONyYeHHBIMH Pe30-
HaHCHBIMHU yactoTamu (64.5 u 50.3 I'Tu) xoneGanuii BOAHBIX CTPYKTYp, 00pa3yroT Ooiee mpou-
HbII KoMIuteke. [lon melicTBueM yka3aHHBIX HETEIJIOBBIX MHJUIMMETPOBBIX BOJH MPOUCXOIUT Jie-
rUApaTalysl HyKJI€OTHAOB, YTO M NMPHUBOAUT K YBEIMYEHUIO KOHCTAHTHI CBSI3bIBAHMS JIMTaHJIOB C
00JyYeHHBIMH JIByCIIMPAIbHBIMA HYKJIenHOBbIMU Kuciioramu (HK). Pacdersl mokasanu, 4to
BCJIeACTBUE 00IyueHHus u3MeHsAoTcs sHTanbnus (AH) u sHTponus (AS) CBSI3bIBaHMS JIUTAHAOB C
HK, onHako i MHTEpKaIATOPOB BCIEICTBHUE CBA3BIBAHUS B OCHOBHOM MeHseTcs AH, a mis He-
HUHTEPKAISITOPOB — AS.

JHK — cunmemuueckuti nOIUpUOOHYKICOMUO — MUMOKCAHMPOH — OOKCOPY OUYUH —
nemponcun — Hoechst 33258
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Numerous physical factors of environment, playing a key role in vital processes
of biological systems, have an electromagnetic nature. Electromagnetic waves of the
artificial origin and various frequency ranges have a significant effect on the living
organisms and possess a wide application [1, 2]. The topics connected to the possible
negative impacts of electromagnetic waves on living organisms as well as medico-
biological aspects of their application as therapeutic agents are actual directions of
contemporary science [3-6]. It was shown in [7-9] that non-thermal millimeter
electromagnetic waves (MM EMW) certainly affect the water-saline solutions of DNA
in vitro. At the irradiation of DNA solutions by resonant frequencies for oscillations of
water molecular structures, MM EMW penetrate deeper in water solutions [7], due to
which the thermostability of DNA increases, which in turn is conditioned by dehydration
of DNA molecules and Na* ions in the solution. It is known that many biologically
active compounds (particularly, drugs) penetrating into a cell, bind to nucleic acids (NA)
mainly [10, 11]. Taking into consideration that the hydrate layer of NA plays an
important role at the complex-formation of biologically active compounds with NA, in
this paper the binding of several low-molecular compounds with NA earlier irradiated by
MM EMW has been studied.

Materials and methods. Calf thymus DNA, synthetic double-stranded polyribonucleotides
poly(A)-poly(U) and poly(G)-poly(C), mitoxantrone (MTX), netropsin (Nt), doxorubicin (DX) and
Hoechst 33258 (H33258) were used in experiments. All preparations were purchased from
“Sigma” and used without further purification. Measurements were carried out in water solution,
containing 0.01M Tris buffer and 0.1 M NaCl, pH 7.4.

Concentration of the preparations was determined using the following extinction
coefficients (M™-cm™-L): ,60(p)=6550 for calf thymus DNA, &,60(p)=7140 for poly(A)-poly(U),
€260(P)=7900 for poly(G)-poly(C), €g50=25090 for MTX, €,95=21500 for Nt, €480=11500 for DX
and &343=42000 for H33258.

Spectrophotometric  titration was carried out using PYE Unicam SP-8-100
spectrophotometer (England). Measurements were carried out in thermostating cells using quartz
cuvettes with hermetically closing caps. For spectrophotometric titration the concentration of
MTX was approximately equal to Ce=3-10° M; Cy=7-10° M for DX; Cg=2-10° M for Nit;
Cy=3-10° M for H33258. It was shown that at the mentioned concentrations the self-arbitrary
associates of the ligand molecules can be neglected [12,13].

For the irradiation of the solutions G4-141 and G4-142 generators were used. Irradiation
was carried out in the glassy dishes. Solutions were covered by transparent for irradiation thin
chloride-vinilic layer as described in details [7, 13].

Results and Discussion. It was shown [7, 9] that under the effect of MM EMW
the density of DNA water-saline solutions and DNA thermostability increase, though the
change is the biggest at the irradiation with 90 min duration and 64.5 and 50.3 GHz
frequencies that coincide with resonant ones of oscillations of water structures. That is
why the binding of ligands with NA previously irradiated by resonant (64.5 and 50.3
GHz) and non-resonant (48.3 GHz) frequencies and 90 min duration was studied.

Interaction of ligands with NA is reflected in alteration of the absorption spectra
in visible and UV regions of the spectrum. The interaction of ligands with NA via the
absorption spectra change character in visible (for MTX and DX) and distant UV (for Nt
and H33258) regions at the complex-formation was studied. NA do not absorb in distant
UV (A>320 nm) and visible regions that is why (at complex-formation of NA-ligand) the
character of ligand binding to NA can be studied by the absorption spectra change in the
mentioned regions and the binding thermodynamic parameters can be determined.

The absorption spectra of non-irradiated and irradiated calf thymus DNA and
polyribonucleotides were obtained at some concentrations of ligands. Experiments show
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that the absorption spectra of the complexes and the character of their alteration at
titration are almost similar for non-irradiated and irradiated NA. From the absorption
spectra the concentration of free and bound ligand in the solution was determined and
the binding isotherms in Scatchard’s coordinates by the early described method were
constructed [12, 13]. The binding isotherms were described by non-linear formula,
provided by McGhee and von-Hippel [14], which more precisely describes the
adsorption of ligands on NA. It was shown [12,13,15] that in the studying conditions
MTX and DX interact with non-irradiated and irradiated NA by one intercalating mode;
Nt and H33258 interact with NA by non-intercalating mode, localizing in the minor
groove of NA and forming the ordered complex. It should be mentioned that the double-
stranded polyribonucleotides poly(A)-poly(U) and poly(G)-poly(C) are in A-form at
approximate physiological conditions [16]; the double helix parameters, hydration of
nucleotides and charge density along the chain strongly differ from those of DNA in
analogous conditions (B-form).

Table 1. Values of the binding constant (K) and saturation stoichiometry (n)
determined for the complexes of ligands with non-irradiated and irradiated NA

. N Irradiated, frequenc
Ligand | | Non-irradiated 503GHz | 645 ng y| 48.3 GHz
type Binding constant, M* n
DNA
298.15 | (5.1+0.1)-10° | (10.0+0.2)-10° (8.7£0.2)-10° (5.240.1)-10° | 2.440.2
MTX | 303.15 | (4.1+0.1)-10° (7.5+0.1)-10° (6.9£0.3)-10° (4.240.2)-10° | 2.540.2
308.15 | (3.35+0.05)-10° | (5.1+0.2)-10° (4.8£0.2)-10° (3.440.1)-10° | 2.340.2
290.15 | (6.24£0.1)-10° | (64.5+0.2)-10° (62.0£0.2)-10° | (6.9+0.1)-10° | 4.0+0.1
DX 300.15 | (5.1#0.1)-10° | (50.2+0.2)-10° (48.1£0.2)-10° | (5.940.1)-10° | 4.1+0.2
310.15 | (4.5£0.2)-10° | (39.4+0.2)-10° (38.2£0.1)-10° | (5.1#0.1)-10° | 4.0+0.1
293.15 | (5.040.2)-10° | (36.1+0.3)-10° (38.4£0.2)-10° | (6.9+0.2)-10° | 5.9+0.2
Nt 303.15 | (3.040.1)-10° | (21.1+0.2)-10° (22.3£0.3)-10° | (4.1+0.2)-10° | 6.0+0.2
313.15 | (1.940.2)-10° | (12.8+0.2)-10° (13.0£0.2)-10° | (4.1+0.2)-10° | 6.0+0.2
H332 298.15 | (5.540.5)-10" | (23.1£0.5)-10’ (24.2£0.4)-10" | (6.1+0.5)-10" | 6.0+0.1
58 303.15 | (8.5+0.5)-10" | (40.3+0.4)-10’ (50.5+0.5)-10" | (9.240.3)-10" | 6.0+0.2
308.15 | (10.5+0.2)-10" | (72.1£0.5)-10’ (81.7£0.5)-10" | (12.8+0.5)-10" | 6.0+0.2
poly(G)-poly(C)
308.15 | (9.5+0.3)-10" (1.840.1)-10° (2.1£0.1)-10° (9.640.4)-10* | 6.0+0.3
MTX | 323.15 | (5.7+0.2)-10* (1.1£0.1)-10° (1.2540.1)-10° | (5.9+0.3)-10* | 5.8+0.4
333.15 | (4.240.2)-10° | (0.75+£0.08)-10° | (0.8140.1)-10° | (4.240.3)-10° | 5.9+0.3
290.15 | (4.4+0.1)-10° (9.3£0.2)-10° (8.84£0.2)-10° (4.940.1)-10° | 6.040.2
DX 300.15 | (2.240.1)-10° (4.840.2)-10° (3.3£0.1)-10° (2.330.1)-10° | 5.940.2
310.15 | (1.740.1)-10° (3.4+0.1)-10° (2.8+0.1)-10° (1.840.2)-10° | 6.0+0.1
poly(A)-poly(U)
293.15 | (1.240.02)-10° | (3.9+0.1)-10° (4.240.1)-10° | (1.71+0.1)-10° | 8.0+0.2
Nt 303.15 | (0.7240.03)-10° | (2.3+0.1)-10° (2.540.1)-10° | (1.02+0.1)-10° | 8.1+0.2
313.15 | (0.44+0.02)-10° | (1.4+0.1)-10° (1.540.2)-10° | (0.63+0.1)-10° | 8.0+0.2
H332 298.15 | (2.1#0.3)-10" | (11.0+0.4)-10’ (11.3£0.5)-10" | (2.840.3)-10" | 6.240.2
53 303.15 | (3.330.4)-10" | (15.2%0.5)-10’ (16.8£0.4)-10" | (3.440.2)-10" | 6.5+0.2
308.15 | (5.04£0.5)-10" | (23.1+0.5)-10 (23.0£0.5)-10" | (4.940.4)-10" | 7.1%0.2

Calculations show that the studied ligands with more hydrated B-form form more
solid complex, than with less hydrated A-form (tabl. 1). It should be mentioned that the
value of the binding parameters (binding constant (K) and parameter n which
characterizes a stoichiometry of NA-ligand complex at the saturation and is equal to
number of base pairs occupied by one bound ligand molecule) correlate with the data for

24



EFFECT OF NON-THERMAL MILLIMETER ELECTROMAGNETIC RADIATION ON THERMODYNAMIC PARAMETERS OF THE...

the binding of ligands with DNA obtained by the other authors [17, 18]. The value of the
binding constant of the ligands (DX and Nt) with polynucleotide in A-form is almost an
order higher at the irradiation of the latter by resonant frequencies of water structures —
64.5 and 50.3 GHz; in the case of MTX and H33258 it is higher several times, while at
binding to A-form it is higher several times as well (tabl. 1). At the irradiation of the
solutions of DNA and polyribonucleotides by non-resonant frequency (for example, 48.3
GHz), the thermodynamic parameters, characterizing the complex-formation of double-
stranded NA with ligands in the error frameworks are unchangeable [tabl. 1 and 2]. In
the work [7] at the explanation of the obtained experimental data it was assumed that at
the irradiation by resonant frequencies for water structures, the hydration of both Na*
ions existing in the solution and base pairs of double-stranded DNA decreases.
Consequently, it is probable that at the irradiation of NA by 50.3 and 64.5 GHz the
stronger dehydration in more hydrated B-form (DNA) occurs due to which the binding
of ligands with NA becomes possible to be more solid, which in turn leads to the
enhancement of the binding constant at unchanged n.

Table 2. Thermodynamic parameters of the binding of ligands with
non-irradiated and irradiated double-stranded nucleic acids

Thermodynamic N Irradiated, frequency (GHz
param)t/eter Non-irradiated 503 | G | A 4)8.3
DNA-mitoxantrone
-AG, kcal/mol 7.8 8.0 8.1 7.8
-AH, kcal/mol 7.6 8.4 8.5 7.7
AS, cal/mol-K 0.8 1.2 1.4 1.2
poly(G)-poly(C)-mitoxantrone
-AG, kcal/mol 7.1 7.5 7.6 7.1
-AH, kcal/mol 6.7 7.3 7.4 6.8
AS, cal/mol-K 1.3 2.2 2.1 1.2
DNA-doxorubicin
-AG, kcal/mol 7.8 11.3 10.8 7.9
-AH, kcal/mol 2.8 4.3 4.1 2.9
AS, cal/mol-K 16.6 20.0 18.3 16.7
poly(G)-poly(C)-doxorubicin
-AG, kcal/mol 7.7 6.9 7.7 7.7
-AH, kcal/mol 2.6 2.7 2.8 2.6
AS, cal/mol-K 15.1 15.3 15.2 15.1
DNA-netropsin
-AG, kcal/mol 11.8 12.9 13.0 11.9
-AH, kcal/mol 9.1 9.5 9.6 9.2
AS, cal/mol-K 8.6 11.2 11.2 8.9
poly(A)-poly(U)-netropsin
-AG, kcal/mol 10.9 11.6 11.6 111
-AH, kcal/mol 9.1 9.3 9.3 9.1
AS, cal/mol-K 5.9 7.6 7.6 6.2
DNA-Hoechst 33258
-AG, kcal/mol 11.0 115 115 111
AH, kcal/mol 6.0 6.5 6.4 5.9
7| AS, cal/mol-K 56 61 63 58
poly(A)-poly(U)-Hoechst 33258

-AG, kcal/mol 10.5 11.0 11.1 10.2
AH, kcal/mol 8.5 9.2 9.3 8.6
AS, cal/mol-K 62 71 72 64
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Thermodynamic parameters of the binding: changes in Gibbs free energy (AG),
enthalpy (AH) and entropy (AS) were determined from analysis of Want-Hoff
dependence of K on temperature. For this aim the adsorption isotherms were obtained at
three temperatures, where it becomes known from the melting curves of NA-ligand
complexes that NA is in double-stranded state. For non-irradiated and irradiated
complexes the dependence of InK on 1/T was constructed. In each plot through three
experimental points a direct line was passed using the least square method and from this
curve the values of AH and AS were determined [12, 13]. Values of the binding
thermodynamic parameters for the investigating systems are presented in tabl. 2.

As it follows from tabl. 2, at complex-formation of intercalating and non-
intercalating ligands with double-stranded NA irradiated by resonant frequencies, the
enhancement of absolute value of the thermodynamic parameters of the binding (AG, AH
and AS) is observed as compared to non-irradiated complexes: the ligands form stronger
complex with irradiated NA. Despite the fact that at the binding to irradiated NA the
absolute values of AH and AS are being increased, the value of AH is mainly being
changed for intercalators (MTX and DX), and the value of AS - for non-intercalators.

The obtained results indicate the perspective of elaboration of new optimal
regimes of the application of anti-tumorous preparations in combination with millimeter
waves.

REFERENCES

1. Makar V.R., Logani M.K., Bhanashali A., Kataoka M., Ziskin M.C. Effect of millimeter
waves on natural killer cell activation. Bioelectromagnetics, 26, 1, p. 10-19, 2005.

2. Tekitskaya E.E., Baryshev M.G., lichenko G.P. Effect of low-frequency electromagnetic field
on chemiluminescence water solutions of DNA. Biophysics, 60, 6, p. 1099-1103, 2015.

3. Betskii O.V., Savelev S.V., Morozova L.A. Millimeter and terahertz waves in solution of
pharmacological agents of biological origin. Biomedical Radioelectronics, 4, p. 42-46, 2017.

4.  Moiseev V.N., Konstantinov I.V., Levikina 1.G. Results of heart ischemic disease patient
curing by electromagnetic radiation in millimeter range. Millimeter waves in Medicine, 1, p.
48-51, 1991.

5. Logani M.K., Szabo I., Makar V.R., Bhanushali A., Alekseev S.1., Ziskin M.C. Effect of
millimeter wave irradiation on tumor metastasis. Bioelectromagnetics, 27, p. 258-264, 2007.

6. Gapeyev A.B., Mikhailik E.N., Chemers N.K. Anti-inflammatory effects of low-intensity
extremely high-frequency electromagnetic radiation: Frequency and power dependence.
Bioelectromagnetics, 29, p. 197-206, 2008.

7. Kalantaryan V.P., Hakobyan S.N.,, Babayan VY.S. Influence of millimeter wave
electromagnetic radiation of nonthermal intensity on density of aqueous solutions. J.
Contemporary Physics, 52, 11, p. 52-62, 2017.

8. Kalantaryan V.P., Babayan Y.S., Gevorgyan E.S., Hakobyan S.N., Vardevanyan P.O.
Influence of low intensity coherent electromagnetic millimeter radiation (EMR) on aqua
solution of DNA. Prog. Electromag. Res. Letters, 13, p. 1-9, 2010.

9. Hakobyan S.N., Shahinyan M.A., Babayan Y.S. Stability of irradiated DNA complexes from
sarcoma 45 tumors with mitoxantrone at small fillings. Biophys. Reviews and Letters, 11, 4,
p. 139-147, 2016.

10. Aleksic M.M., Kapetanovic V. An overview of the optical and electrochemical methods for
detection of DNA-drug interaction. Acta Chem. Slov., 61, p. 555-573, 2014.

11. Karwin S.M. G-quadruplex DNA as a target for drug design. Current Pharmac. Design, 6, 4,
p. 441-471, 2000.

12. Babayan Y.S., Hakobyan S.N., Ghazaryan R.S., Shahinyan M.A. Interaction of antitumor
agent mitoxantrone with double helical synthetic polyribonucleotides poly(G)-poly(C) and
poly(l)-poly(C). Biophys. Review and Letters, 12, 4, p. 165-176, 2017.

26



EFFECT OF NON-THERMAL MILLIMETER ELECTROMAGNETIC RADIATION ON THERMODYNAMIC PARAMETERS OF THE...

13.

14.

15.

16.

17.

18.

Kalantaryan V., Hakobyan S., Ghazaryan R. Martirosyan R. Interaction of antitumor drug
doxorubicin with tumor DNA irradiated by nonionizing millimeter electromagnetic waves.
Amer. J. Med. Biol. Res., 4, 4, p. 73-77, 2016.

McGhee J.D., von Hippel P.H. Theoretical aspects of DNA-protein interactions: Co-operative
and non co-operative binding of large ligands to one dimension homogeneous lattices. J. Mol.
Biol., 86, 3, p. 469-489, 1974.

Babayan Y.S., Kalantaryan V.P., Hakobyan S.N., Ghazaryan R.S. Interaction of netropsin
with double-stranded nucleic acids irradiated with nonionizing athermal millimeter
electromagnetic waves. Arm. J. Phys., 9, 2, p. 167-172, 2016.

Saenger V. Principles of structural organisation of nucleic acids. M., Mir, 584 p., 1987.

Hag I. Thermodynamics of drug-DNA interactions. Arch. Biochem. Biophys., 403, p. 1-15,
2002.

Bhattacharya J., Basu A., Kumar G.S. Intercalative interaction of the anticancer drug
mitoxantrone with double stranded DNA: A calorimetric characterization of the energetics. J.
Chem. Thermodyn., 75, p. 45-51, 2014.

Received on 09.11.2017

27



Lwjwunwbh Ghunngynibbtph Uqquyht Uywnbdhw Lwjwunwoh YEtuwpwlwywb <wbnbu
HauuoHaAbHas Akaaemus Hayk ApMmeHuu Buoaoruueckuu XypHaan ApmeHuu

National Academy of Sciences of Armenia Biological Journal of Armenia

- @npéwpwpwlywl b wkuwlwl hnnywélbp «Ixcnepumenmanshsvle u meopemuuecKue CIamsu®
«Experimental and theoretical articlese

3wjwuwnwuhp YEuuwp. hwunbku, 1(70), 2018

dNUHNLUYUL G4 YULPAFUUYUL NULUMSULBNIREN P SNULD YrU
uansuyuuv aurursuuvante@h yhrunuUUL JuUyGsSLENrh
u2a68nk@3nrue usuuvusuu sSnrsuh NPNG 8NFSULhGLENh YrU

U.3. QULUS3UL, 9.9. @NIL3UL, 9.U. UULRMrNU3UL

Swywunwlh wqquihl wopwnpuwht hwdwuwpwl
galstyan.merujan@mail.ru

Ubnyuwjwgdwé Bu 2016-2017 pre. pupwgenid Ynnwigh Jwpgh Inwgnuuh tnwnwéwngwlh
wuwydwuubpnud $nudbnpwywt b yuihnidwwl wwpwpunwunuyetph $nup ypw wgnunwlwl wwpwp-
wnwyjneh Yhpwndwl dwdybnubph wagnbgneiniul wplwlwgwl gnpBuh  inuinGuw-Eyninghwywlu
gnigwuhpubph ypw Yuwnwngwé neunduwuhpnientubph wpnncugutpp:

Unwgywd wpnynitupubpU winwgwnyyned U Uepnut nnwpwéwppwuh $Endtnwihu inbinbunt-
rNLULENNLU Wpwyynn wpbwlwgwl gnptuh gwupbpned:

Ugnunwluwl wwpwpunwljnte — Yhpwndwl dwdybn — wplwlwgwl gnpbl —wnlnbuw-
Eyninghwluwi gnLguippubn

W3zyyanock BIHMSHUE CPOKOB BHECEHHs a30THOTO ynoOpeHus Ha (one dochopHOro U
KIMHHOTO yIOOpeHNH Ha XO3sHCTBEHHO-DKOJIOTMYECKUE ITOKa3aTeNM O3MMOI HmieHHIbl. ONbITH
npoBoawinch B 2016-2017 rr. B ycnoBusx Pasnanckoro pernona Koratikckoro map3a.

[TonyueHHbIE pPe3yJIbTaThl PEKOMEHIYIOTCS [JIsl IPUMEHEHHSI B [IOCEBAX O3UMOM MILEHULIBI,
BO3JIENBIBAEMOH (hepMEepPCKUMHU XO3SHCTBAMH PETHOHA.

Azomnoe yc)o6peHue — CPOK 8HECEeHUs — O3UumMas nuleHuya —
XO3SAUCMBEHHO-9K0I02UYeCKUe NOKA3amenu

The study data on the impact of application periods of the nitrogenous fertilizer in the
background of phosphorus and potassium fertilizers in conditions of Hrazdan province at Kotayk
region in 2016-2017 on the economic-ecological indicators of winter wheat are presented in the
article.

The obtained results are recommended to invest into the winter wheat sowings cultivated by the
farmers of the region.

Nitrogenous fertilizer — use terms — winter wheat — economic-ecological indices

Whuwphnwd  hhduwywu  wwptUwdptpputph hhdpp hwunhuwgnn gnptup hp
ullnwnpuwnnrjwdp W oguinwagnpdudwl pwgUwquunipjwdp gpuntguncd E nupniu inkn:

UpLwlwgwu gnptuh pEppwwnynipiniup hwdbdwnwé qupuwlwgwuh hGwn wybih
pwpép £ nu Yuynu: Rwpép pGppwwnynieintlp hhduwywund wywjdwUwynpwd £ wyn
dwywpnyup YEluwpwlwywl wnwlduwhwwnynipniuutpny’ ublunwuniptph Ywunwdp
Ywunwpyned £ wnwyb] Gpyun dwdwuwywhwindwénid:

PwqUwrhy whuwwnmwuputpnd Updnud £, np wplwlwgwl gnpEuh W wnhwuwpwy
hwgwhwwhywjhu  Bwywpnyubph pbppu nu npwyp Jedwwbu  wwydwluwynpywd Bl
wnunwehu vhpwdwiph wwdwuutpny W pnyubph Yeluwpwlwywl wnwuduwhwnynt-
pintuutnny [1, 2, 3, 4, 6]: Cuwn hh2jw w2huwnwluputph wlwlwgwl gnpGuh wéh nL quip-
gwguwl W ddtnGnt hwdwn hnnhg Upw yGpgpwé ulunwwnwnptph pwlwyh ypw Jedw-
wtu wannd U Jhewdwnpp, unpuiwjht wnwuduwhwwnynipynilutpp W hwwnywwbu
hwUupw)hu ullunwnniEjwl wwjdwlubpu nu ulunwwwpptph tnGuwyu ne pwlwyp:
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Gnlwpwn wplwlwgwu gnpGuh pGppwwnyniejwl pwpdpwgdwl, pwpdpnpwy nu
inunbuwwbu dGnunnt hwgwhwwhyh wpunwnpniejwl wwwhnywub ninnwé neuncd-
Uwuhpntpintblbnp swihwqwlg ywnplenn Bu, wyddbwywu W phund BU hwupwwBwnniejwlu
gjnLnuwnuntuniejwl nwquwywnniejwl wwhwugutnhg:

Unip W dbpenn:  NwundUwuhpnipiniulbpp nwngbp Gu 2016-2017 pRr. 3pwgnwuh nw-
nwéwppwuh Rwnuh hwdwjuph wwjdwulbpnid: Updwbwhwywwn ndjuwiutp unwbwint bywwnwyny
dhluniju hnnwnhwh W tnwpwédeh ynw ungu upubdwing npyty Gu Gpyne nupwnwhl thnpébp® 3-wywt
Unyunnnrejntuutnny, jncpwewlgnen thnpand wdtBu Uh thnpdwdwngh dGénieginiup Yuqutg £ 30 Uz

®npdwnuwwntph ullwhnntpp Uhgwy hnudntuwgywé Bu (4,7 %), ntubu skgnehu dnin Uhpwiywy-
nh nGwyghw (pH 6,9-7,0), htun hhnpnihqynn wgnunny pnyyp U wwywhnyywé (5,2 dg/100 g hnnnd),
aundniu $nudnpny vhewy (8,6-9,0 Ug/100 g) W thnfuwlwywjht Ywihnedny (wy (33,0-34,0 Ug/100 q)
wwwhnyywsd hnnbp U, npintn Yruwugwsé Yunhnuubph gnudwpp ugdned £ 35,4-36,0 Ug-ty. 100 g
hnnnud (wn. 1):

Unyniuwly 1. dnpdwnwntph hnntph wgpnghuhwywu gnigwuhutpp

S
5 o 53 Uwiliws Yuwnprltnp, Swndniu EUUnwanEnbnh
o ° = Ug-ty. 100 g hnnnud wwnniuwyntjnilp,
nnwinhuyp, 2 s 28 dg. 100 g hnnnud
thnpéwnupwh | & g a3
hwJi c c r
wwinn g - 53 | ca? Mg | andwpp N P,0s K,0
Ulwhnn Ne 1 | 025 | 47 69 | 260 | 94 354 515 | 86 34,0
UlwhnnNe2 | 025 | 47 | 70 | 264 | 96 | 360 | 520 | 90 33,0

IGwnwagnunientlutpp Lywwnwy Bu hGunwwunt) nunctduwuhptp $nudbnpuiywt b Yuhnedw-
Jwl wwpwnwuwunetph $nuh ypw wgnunwywu ywpwnpunwunieh Jhwiudwag (wpbwlp) W ynun-
nwywjht (wplwup L qupluwup) Yhpwndwu wgnbgnientp wpbwlwgwlu gnptuh pGppwwnynipjwl,
pGpeh pwlwyh N npwywywu gnigwuhpubph, husgwbu Uwle nunGuwywl wpnynctuwyGuniejwl ynpw:

Awpwnwiht thnpdbpp Ne 1 W Ne 2) npyby BU hGnljw) tnwpptpwyutpnyg® 1. Uninwghg (wnwlg
wwnwnpunwgdwl), 2. PegKg, 3. N12oPeoKgo, 4. NeoPaoKeo+Neo, 5. NagPgoKeo+Ngo: dnudpnpwyw W Ywihnt-
Jwywl ywpwnunwnetnp pninp tnwppBpwyubpnud tnpdt) BU wuwlp gwlpwyhg, huy wgnunwywlu
wwpwnpunwUnep Uh nbwenwd [phy Unpdwtu Jhwujwag wpbwup gwlpwyhg, Ujnwu nbwptpnid
ynnnpwywiht' wplwlp W qupuwup: Uh ntwentd wgnunh wdpnng Unpdwih Yeup wplwlp gwl-
pwlhg, Unwu Ytup guplwlp’ uunigdwdp, dintu nbwencd (5-pn twpptpwly) wgnnh Unpdwih 1/4-p
wpliwlp, huy 3/4-p gupuwlp' uunigdwdp:

8nptUuh hwwnhyubpnid Unfuph wwpnibwyneentup npnpyty £ gnp Unfupwgdwl JGennny, unt-
$bh Jwnwpwunid 450-525°C wwjdwlubpnid, punwlpwlniep' 36UGpEng-Cinndwluh dGennny, hnud
wpninkhup® YGinwih dennny, huy puwewpp npnaytp £ UGy (hupwung wwwlyjw wunpnud (gws
hwwnhyutph Yannd, wpnwhwjintiny q/i-ny [7]:

Wlwlwgwl gnptuh hwwhyh pGpeh ndjwutpp Gupwpyyt) U Jwetdwwnhywywu yepine-
6nLpjwl, thnpéh upuwih (Sx, %) L wdlwEwywl tnwppBpniejwl (WESq es, g) npnpnLuny, nhuwGpuhnu
wlwihah dtrnnny [4]:

UpmynLupubp W pUubwpynid: Yupnwihu thnpdtph wpnyniuputpp gnug Bu gt
np $nudbnpwywl L yuwihnidwywl ywpwpunwunietph $nuph ypw wgnunp ungu swithw-
pwlwyh Jhwujwg W ynunnpwywihu yhpwndwl Gnwlwyubpp npnawyh wanbgnipiniu Gu
nlubgb] wpUwlwgwl gnptuh pGpph Ywnnigdwdpwihu tnwpnbph, hugwtu Lwl hwwnhyh
nL énnwnh pbpph pwuwyubph wyGwgdwlu Yypw: dnuh ypw wgninwlywl wywpwpuwljneeh
ynunnpwywjhu Yhpwnnidhg Jhwujwa Yhpwndwl hwdtdwunn 1,9-3,5 ¢ wybwgt; £ 1000
hwwnhyh quugywdn, 3-6 g/|-ny’ puwepwyn, huy hwuyh Gpywpnientup wybiwgt; £ 0,2-0,3
ud-ny: Lnylu dnuh Jpw wgnnnh Yninpwywihu Yyhpwenedp wnwybp pwnpGpwp £ wgnby
pnijubph waéh, qupgwgdwu, pbpgh Yuwrnigwépwihu tnwpptph no pGppwwnynijwl ypw,
pwl Unyu swihwpwlwyh vhwldwg ogunwgnpéneup: Wjuwbtu, Grb PgKgy tnwnpbpwyncd
wnwlg wwpwpunwgdwl wnwppGpwyh hwdGdwnniejwdp hwnhyh pGpeh hwyGinudp
Ywaqut £ 8,2 g/hw Yud 33,3 %, www Unyu $nuh ypw wgnuinh 120 yg/hw Unpdwih
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Jhwudwag W yninnpwywihu Yhpwnnipjuwl tnwppGpwyutpnnid pGpeh hwybinudp Yuqut) £
15,2-25,3 g/hw Ywd 61,8-102,8 % (wn. 2):

Un. 2-h nmyjwiutphg vhtunyu dwdwuwy Gplened £, np PK $nuh Jpw wgnwnh Yn-
nnpwywihu Yyhpwnenwdp Jhwudwag Yhpwndwl hwdtdwwn hwinhyh pGpeph hwdGinwdp w-
yGiwgnty £ 4,1-10,1 g/hw-ny Ywd 10,3-25,4 %-ny, huy énninh ptipgh hwyGinwdp' 3,6-8,1
g/hw-nd ywd 5,0-11,2 %-ny:

Lwpnpwwnp hGunwgnunteiniulbnh wpnyntuglbpp gnyg Bu ndG, np $nudpnpw-
Jwu W Ywhnwywl wwpwpunwunietph $nuh Jpw wgnunwywl  wywpwnpunwljniph
Jhwlywa (Qwlpwyhg) W ynunnpwywihu Yhpwnnup (Gwlpwyhg W ulnigdwdp) npnwyh wg-
nGgnEnLu £ ennt wpblwlwgwl gnpBuh hwwnhyh npwywywl gnigwuhpuph dpw (wn. 3):

Un. 3-h mywiubphg Gpunwd E, np hwbpwjht wwpwnpwwUnetbnh wganbgniejntup
wyUhwyn £ hwwnhyh puwpwh, hwwnhynd dnfuph, pwnwlrwunieh W hnwd wpninGhuh
wuwpnibwyniejwl Ypw: Gpyne thnpdbph Jhght nnuiubpng Get Jhwjt  $nudnp L
Jwihnd unwgwé nwppGpwynd hwwnhyh puwpwyp Yugdt) £ 779 g/ Ywd uinnighshg 11
q/I-ny wybhu, huy unfuph wwnpniuwynigyniup Yuquty £ 1,9 %, pwnwlpwunwzhup' 3,0 %,
hnid  wpnnthuphup® 10,1 %, www Ungu $nUh Ypw wgnunwywl wwnpwnpunwlnceh
Uhpwndwl wnwppGpwyutpnud wyn gnigwuhputnp Gnb) G hwdwwwwwupuwlbwpwnp 786-
792 g/, 1,66-1,73 %, 2,7-3,0 % L 12,3-12,7 %:

Swjwinuhp E, np gnpBUuh hwwnhynd nppwu gwén £ Unfuph U puwnwupwuniph ww-
pnitbwynepyniup W pwnén  hnwd wypnunGhup, wjupwu pwpép £ gnpGuh npuywywl gnigw-
uh2utinp:

Lwpnpwwnnp hGunwagnunie)ntuubpp vhlungyu dwdwuwy gnuyg Bu wndbl, np wan-
nwywu ywpwnpunwunieh yninnpwywihu yhpwenepintup Jhwujwah hwdtdwwnnipjudp
wybh nhwywl £ wagnb) gnpBuh npwywywu gnigwuhputph pwnGiuydwl ynpw:

Gnpp PK $nuh ypw wagnunph 120 Yg/hw |phy Unpdwt wnpdb) £ wplwlp gwupwyhg
Gnwlwynd, gnpGuh puwpw)p Ywaqut) £ 786 q/, www Unylu $nuh dpw wagnnh Unpdwih
50 %-p Ywd 25 %-p wplwlp gwlpwyhg W qupuwup (phy Unpdwjh Jjnwu Jwubpp® hwdwww-
wnwupuwlwpwn 50 W 75 %-p, gupuwup uuntgdwdp tnwine nGwend gnptuh puwewp Jhw-
UJwagh hwdbGdwwnnigjwdp wdbjwgty £ 3-6 g/-ny: Iwdwudwl ophuwswihnipintt Uywwnyby £
Uwl hwwhynd  dnpuph, pwnwUepwUnyeh W hnd  wpnntGhuph  Uwwdwdp:  Ugnunp
Ynuinnpwywjhtu Yhpwendp vhwujwagh hwdtdwnniejwdp pwpépwgpty £ hnd wpnuinGhuh
U hotignt| Unfuph W pwnwlupwunieh pwuwyutnp:

Grt $nuh Yypw wagnunh 120 Yg/hw swihwpwlwyp vhwugwg wplwlp gwlpwyhg
Uhpwnbnt nbwpentd hwnhynwd Jnfuhpp Yuqut £ 1,73 %, pwnwupwuniep' 3,0 %, huy
hnd wpnuinthup' 12,3 %, www 4-pn W 5-nn tnwppGpwyuGpnud wgnunph Jh dwup wbwlp
gwlpwyhg W Ujntu Jwup qupuwup uunigdwdp yhpwntine nGwenpnd hwdwwwwnwuhuw-
Uwpwp Unpuhpp Ywaqut £ 1,68 W 1,66 %, pwnwupwuniep' 2,8 W 2,7 %, huy hnud wpn-
wnthup* 12,5 W 12,7 %:

hUswbu JGpp Ywunwpwd  hGnwgnniegniuutpp bwywwmwy B hGnwwunb)
wwnpgbint Unwnwiph Jdwngh Ipwgnwuph  tnwpwédwonpswlh  wwjdwlubpnud  hwupw)hu
wwpwpunwunietph  yhpwndwl  tnwpptp dwdybnubph  wgnbgnepniup wplwliwgwl
gnpBuh ptpph pwlwyh nu npwyh, hugwtu bwle npw nunGuwywl wprynltuwyGnncejwu
Upui:

Swpdwnyutpp gnyg GU gy, np hwupwjhu wwpwnuwujnetnh ogunwgnpdnudp wp-
LwlwgwlU gnptuh gwuptpnud wwwhnybl £ pwpan inbnGuwywl wpnnctbwyGunnegniu (wn.
4):

Un. 4-h nuubph ybppnwsnieintup gnuyg £ twihu, np nwpwnwihu Gpyne thnpdtph
wpnyntupuGpny $nudnpuywl W Yuihnlwywl wwpwpunwunietph $nup Ypw wgnunh
Ununnpwywiht Yppwenwdp Jhwujwg wpuwup gwlpwyhg oquwgnpédwl  hwdbdwin,
wnwyb] pwpGpwn wanbiny wpbwlwgwl gnpBuh pGpph pwuwyh W npwyh Ypw, Unyuwtu
wnwyb, pwpép 2whnye £ wwwhnybl: Wuwbu, Grb NiPypKgeg wnwnppbpwynid, npuintbn
wgnunwywl wwpwpunwungeh wdpnng Unpdwu wnndtbp Ep gwupwyhg wwwhndt) £ 86,6
hwg. npwd ognun W Uty dwhuudwd npwdh hwpyny' 0,61 npwd [pugnighs ogniwn, wwjw
NgoPgoKag UJZUUJUD + Ngo qUJnULUUD‘ uUnLgLIu.ILJp W N3oPgoKgo UJZUUJUD + Ngo qLUrIULUUD wnwn-
pGpwyutpnd hwdwwwwnwuhuwbwpwn unwgyt) £ 139,5 W 228,0 hwg. npwd ogniin W UGy
Swhuujws npwdh hwyny' 0,93 L 1,5 npwd pwignighs 2whnye:
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1€

Unynuwy 2. dnudpnpuwlywl b juihndwwl ywpwpunwuinieptph $nuh ypw wgnnwul ywpwpunwujniph yhpwrdwl dwdybnubph wgnbgnip)niup

wUwlwgwu gnptuh pGppwwnynipjwl Yypw

dnpé Ne 1 dnpéd Ne 2 Gnynt thnpékph vhghup
hwwhUh pENeD punn |3 = hwwhUh pENRD DU |3 s |z e |3
ynyunnnipyniultiph, |5 £ ynyunnnipniiiiph, |35, = ) hwybinwp |5
4g/100 U? i 2 lg/100 U? & G & 2 £5
g |a g |8 |2 8§ |25
3/h Swppbpwyutpp o & a = = 5 5 E"%
S = > = 5 3 €
g |5 = g |E 2 |58
| T | w515 ghw | % £ |E3
= = = = = = 33
<= S = 5 = S =
S = S = S e
2 3 2 5 2 5
1 | Ynwlg wwnwpnwgdul | 556 | 240 | 236 | 242 | 42,0 | 250 | 242 | 258 | 250 | 430 | 246 | - - | a25 | 117
(uwnnighg)
2 | PooKeo - dnU (wplwlp) | 336 | 31,4 | 32,8 | 32,6 | 526 | 340 | 332 | 31,4 | 32,9 | 542 | 328 | 82 | 333 | 534 | 1:1.6
3 | ®nl+Nuo (wolwlp) | 384 | 39,4 | 404 | 304 | 71,6 | 39,8 | 406 | 402 | 402 | 730 | 39,8 | 152 | 61,8 | 723 | 1:1.8
4 | DU+ (Neo (woUwlp) +Neo | 40 | 430 | 444 | 438 | 754 | 448 | 440 | 432 | 440 | 764 | 439 | 193 | 785 | 750 | 117
qupuwup)
g | Dnu+ Neo (Wolwlp) + Neo | 4q | 493 | 502 | 49,5 | 795 | 50,3 | 50,6 | 50,0 | 50,3 | 81,3 | 49,9 | 253 | 102,8 | 80,4 | 1:1.6
(qupuwup)
Sx, % 0.9 2,1
utSo,gs, g 1,5 3‘1

T AnNUNJYh Y94UEINSINJNL MNhNSUTN NJh YIUE 4Ja4UeNNSJINJNL T1NhNNHUYTINA ha 1NhNJUSNUS




Unntuwy 3. dnudpnpuywl b juihndwywl wwpwpunwlinietph $nuh ypw wgnnwwl wwpwpunwuinieh yhpwedwl dwdybnubph wanbgnieintup

wlwlwgwl gnptuh hwinhyh npwlwywl gnigwuhubph ypw

®nna Ne 1 ®nna Ne 2 Gnpynt thnpétph Uhghup

% % %

E 5 2 E; g 2 e =5 2
—

3h Swppbpwyutpp S e -g < g c -g' B gl c -g’ ]
3 S & =3 3 s & = 3 S & =
3| 5| 3 S | 5| 5| 3 S | § |5 3 =
5 = 3 S 5 S
=t = = =t = = =t =t =
2 £ g = 2 =
1 | Unwlg wwpwpunwglwl (unnighy) | 766 1,79 34 9,6 770 1,81 3,2 9,4 768 | 1,80 | 3,3 95
2 PgoKgo - $nU (wplwlp gwlpwyhg) 778 1,90 3,1 10,0 780 1,90 2,9 10,2 779 1,90 3,0 10,1

QULUS3UL, 9.9. @NFL3UL, .U. UULRMrNUSUL

N120PgoKeo (wpUwlp gwlpwyhg)

785 1,72 3,0 12,4 796 1,74 3,0 12,2 786 1,73 3,0 12,3

NesoPsoKao (wpUwlp gwupwlhg)+Neo
(qwpuwlp uuntgdwdp)

788 1,67 2,9 12,6 790 1,69 2.7 12,4 789 1,68 2,8 12,5

N3oPgoKgo (wpUwlp gwupwlhg)+Ngo
(qwpuwlp uunitgdwdp)

792 1,65 2,8 12,8 792 1,67 2,6 12,6 792 1,66 2,1 12,7
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Unyniuwy 4. dnupnpwywt b Yuhnidwlwl ywpwnpunwunwetph $nuh ypw wgnunwywu
wwnpwnunwljnieh yhpwndwl dwdyGunuGph tnuinGuwywl wpnynitwydGunneniup
wpUwlwgwl gnpbuh gwuptpnid

&nynt thnpatiph Uhghup
ol
=
2 L. | 8|3
> 2| 3 m; g2
2 3| 35| 3% 33z
= ~ = A
SnLguilihpt E2 | 52 35| RES 323
guiuhautipp gg &é’ E?,_ éz“%é %22
s| S| z2 | 222 | 218
33| %3 | +3| 725 +25
o o = - s = =] =0
= o S c 3 c 3
3 3| S o S o
< = =) =
3 2 E
Swnptpwyutnh hghu pGppwinynienilp, g/hw 246 32,8 39,8 439 499
Uwnnghsh hwdtdwwnnipjwdp hwwnhyh hwybywy 8.2 15.2 19.3 553
pGpep, g/hw i ' i i
Swybyw| ppph wpdtep, hwg. npwy 123 228 289,5 379,55
Rwlpwiht wwpwpunwynetph W npwug yhpwndwl — hGwn 78 140 148 149
Ywwyws swhuubpp, hwg. nhwd
wybywy ptngh pnpwhwlweh, nknwthnpudwl W . 07 14 50 55
wwhbBunwynpdwl dwhuubpp, hwg. npwd ’ ’ ’ ’
CunwdbUp dwhuubp, hwg. nhwJ - 78,7 1414 150 1515
Uwnwgyb E [pugnighs ognin, hwq. npwd - 44,3 86,6 139,5 228,0
Uwnwgyb E [pwgnighg ogniin UGy Swhuudwé npwdh hwpynd, : 056 061 093 15
npwd , , , ,

Udithnth6iny nwunwihu Gpyne thnpébph pupwgenid ywwnwpwd nuuncdUwupnnt-
pinLUUGnh wpnntugutpp Ywpbih £ hwlgbp hGnljw) hhduwywu Ggpwywgnipjwu.

Unwnwjeh Jwpgh 3pwqnwuh lnwpwdwnpwlh wwjdwluwywl nnngbih ullwhnntnh
Jnpw dowyynn wplwlwgwlu gnptuh gwuptnnd wwpwpunwgdwl wphuwnwlpeubpp hwu-
pwihU wwpwpuwuniptpny Ywwnwptihu wuhpwdtn £ $nudnpuywt b Yuhnidwywu
wwpwpuwunietph 90-wywu Yg/hw unpdwutiph hbin wgnunh |phy unpdwih 30 Yg/hw
hnn Jwngutp wplwup' gwupwyhg, huy wagnwnh unpdwjh Ujnwu dwup (N90 Yg/hw) Yhpwnbg
qunlwup® uun,gdwdp, nph wpnyniupned Yuinnwgyh 50 g/hw hwinhyh pwpépnpwy pbpe W
Swhuuywé jnupwpwlgnip J6Y npuwdh hwpdny Ywwwhndgh 1,5 npwd jpwgnighs whnyype,
npp JwulwyhnptU Ypwpbwgh twl $EpdGpwihu inunbunieiniiubph Gywdnunutbpp®
Jhwdwdwlwy pwywpwnbiny plwysnipjwl wwhwugwnyp win wpdbewydnp ne wuthnpuw-
nhubh ulunwpwn hwnyniejntuutpny odnywé Wwywpenyuh UJwwndwdp:
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STATISTICAL ANALYSES OF ENZYME KINETICS: INHIBITION

A.A. HAMBARDZUMYAN

SPC “Armbiotechnology” NAS RA
arthambardzumyan@gmail.com

Using multivariate linear regression approach, open-source scripts have been developed in
Gauss 4.0. for the calculation of the kinetic parameters and their dispersions for the cases of
competitive, none competitive, mixed and substrate inhibitions. The methods of derivation of
corresponding equations of stationary kinetics, their linearization and derivation of analytic forms
of kinetic parameters and their dispersions are presented.

Stationary kinetics — inhibition — multivariate linear regression — kinetic parameters — calculation

Uhpwntiny pwadwswih gdwihu nbgpbuhwih Uninbgnudp’ QGwniu 4.0. |Equny hwupwdwwgtih
Snwaptp U Jwyybp Upgwygwihu, wudpgwyhg, fuwnp W unpunpwwnwihl wpgGiuynduGph
nGwpetpnud  yhubnhywywl  wwpwdbnptGph W npwlg nhuwGpuhwuGph  hwpdwnpydwl  hwdwn:
Lbnywjwgyt) U unwghnuwp yhuGnhywih hwdwwwunwuppwl hwywuwnpndubph nnipu pGpdwl,
npwlg géwjuwgdwl W yhubnhywywl wwpwdbnptph W npwug nhuwtpuhwubph hwywuwpned-
Utph nnLpu pEpdwu dGennutnp:

Uwnwghnuwpn Ypubinhlyw — wpgbiwynid — pwqwswih qéuyghl nbgntupw — Yhuinhywlyw
wwpwdtwnpbn — hupywnpynid

VMcnone3yst mMoaxoA MHOTOMEpHOI! JIMHEitHOW perpeccuu, ObUiM pa3paboTaHbl MyOIMYHO
JOCTyTHbIe TporpamMmbl Ha Gauss 4.0. 11 pacueTa KHHETHYECKHUX MapaMeTpoB M UX JTHCHepCHil
IS CITy4aeB KOHKYPEHTHOTO, 0ECKOHKYPEHTHOT0, CMEIIAHHOTO U CyOCTPaTHOTO THIIOB HHTHOMPO-
BaHus. IIpencTaBiaeHpl METOBI BBIBOJA COOTBETCTBYIONIMX YPABHEHUM CTallMOHAPHON KMHETHUKHU,
UX JINHEapH3aliy ¥ BHIBO/IA aHATUTHIECKUX (DOPM KMHETHIECKHUX ITApaMeTPOB U UX JUCHEPCHH.

Cm(ll'lMOHapH(lﬂ KuHemuxka — quuGupoeaHue — MHO2OMEPHAs JUHeHAs peepeccus —
KUuHemu4eckue napamempbvbl — pacdem

In biochemical researches, mostly in enzyme kinetics, the data set concerning
stationary (steady state) kinetics is usually analyzed graphically. In studies of types of
enzyme inhibition, the dependence of 1/v and s/v on i for different substrate
concentrations are used [4, 14]. But this approach causes the strongest criticism from
statisticians and gives very unreliable values for Ky, Vmax and K. This approach did not
allow estimating the weight of the experimental point when tracing the line through the set
of points, and also it did not allow estimating the mistakes in determination of the kinetic
parameters. Therefore, the best approach in solving the problems of enzyme inhibition is
the statistical approach, namely statistical approaches based on linear regression analysis.
This approach enables to estimate the Kinetic parameters and their errors taking into
account the weights of each experimental point [4].
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Kinetic parameters of analysis of enzymatic inhibition in the case of stationary
kinetics are easily calculated solving systems of linear differential equations. However,
the method of King and Altman, based on graph theory, provides visual and familiar
formulas for a biochemist to calculate the initial rates of enzymatic reactions, in which
there are clearly distinguished parameters (maximum speed of reaction, the Michaelis
constant, inhibition constants, etc.) that are interesting to us [12].

In previous paper using multivariate linear regression approach, open-source
scripts have been developed in Gauss 4.0. for the calculation of the kinetic parameters
and their dispersions for the cases of simple Michaelis-Menten type and the bi-bi ping-
pong type enzyme Kinetics [10].

Now we intend to present to the scientific community the statistical data
processing methods and scripts calculating the relevant kinetic parameters of enzymatic
inhibition in the case of stationary kinetics. These approaches have been used in our
works concerning the enzymatic inhibition [1-3, 6-9, 11, 13].

The aim of this work is to derive equations that allow the calculation of the
parameters of competitive, none-competitive, mixed and substrate type inhibitions in the
case of stationary Kkinetics, to develop an algorithm that distinguishes among
competitive, none-competitive and mixed type inhibitions, as well as to present the
corresponding scripts in Gauss 4.0.

Materials and methods. The terms and symbols used by Cornish-Bowden in Chapter 10
[4] were used in the present work.

The equations for reaction velocities of competitive, none-competitive, mixed and
substrate type inhibitions were derived using Kings and Altmans graph theory [12].

Equations for Kinetic parameters and their variances were derived using multivariate linear
regression analyses [5].

The scripts for calculation of kinetic parameters and their variances were written on the
matrix language — Gauss 4.0. (Aptech Systems, Inc.).

Results and Discussion. Firstly, we are going to represent the equations and
scripts for calculating the steady state kinetic parameters in the case of competitive,
none-competitive and mixed type enzyme inhibitions and afterward we will discuss the
kinetic parameters for substrate type enzyme inhibitions.

The equation for initial velocity of competitive type enzyme inhibition derived
using Kings and Altmans graph theory [12] is presented in (1).

VimaxS 1)
Km
KM +K—1I +S
Where: v is initial velocity, V. — maximal velocity, S — substrate concentration,
Km — Michaelis constant and K; — inhibition constant for competitive type enzyme
inhibition.
This equation is linearized as follows:

V=

K K 1
VR ' S )
v VmZX V[]IHXF[(; ‘7171(7)(
Denoting:
S K 1
2oy, 1ox,15%,S5%x, M5, —M 5 — 55,
oY 1o o Sox g, T g o g

we can describe the linearized equation for velocity of the enzymatic reaction (2)
together with measurement errors (g) in vector form:
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y=Xp+e 3)
B-s and their variances can be calculated according the Gauss-Markov theorem
[5] by following equations:
B=(XX)IXY, V) =cd(XX)™ 4
where: X' is the transposed matrix X, (X'X)* — inverse matrix (X'X),
V(5 — variances of g, and ag — experimental variance.

When the measurements are given weights, the equations (4) are converted to (5).

B=(WXYX)(WX)y, V, =cs(WX)X) =02 =0iU (5

The experimental variance is calculated from equations (6).

SS
of=——, SS=3xwe?=3W(Y,—X/A3)° -zud? (6)
N-p

where: SS is the sum of the weighted squares, N — number of measurements,
P — number of degrees of freedom (for competitive type enzyme inhibition P=3),
e — estimate of ¢ deviation of y, d — estimate of & deviation of v, u — weight of d.

4

\' I
W =~ — were calculated by us (derivations are not presented).
S

The equations for calculating V., Kv and K; and their dispersions (variances)
are the followings:

Vmax:ir KM :ﬁ, Klzi (7)
B, Py 5,
M M BM.. B°M
vV =V _ ZA’ vV -V _ ZJ_Z 113 133 ,
(V) () =0 s (B 77, %o P £ " B ) (8)
ﬁ'l ﬁz
\Vj -V :0'5 &_2ﬂ2M23+ﬂZZM33)

U A

where: 5, fBand f; can be calculated by equations (5), 0'5 — by equations (6),

and M;; —is the (i, j) element of matrix U (5).
The equation for initial velocity of none-competitive type enzyme inhibition
derived using Kings and Altmans graph theory [12] is presented in (9).

Ve 9)

V= 1
Ky +8+ 18

where: v is initial velocity, Vi, — maximal velocity, S — substrate concentration,
Km — Michaelis constant and K, — inhibition constant for none-competitive type enzyme
inhibition.

This equation is linearized as follows:

<|w»w

\Y \" V. . K

max max ' “2

:K_M+Ls+ 1 s (10)
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Denoting:
1

S K
==y, 1%, S5X, IS5%X, L5, —>p, ——>4,
v ' ’ Y 2 VK, P

max ! Vmax

we can describe the linearized equation for velocity of the enzymatic reaction
(10) together with measurement errors (g) in vector form (3).

Here again B-s and their variances can be calculated according the Gauss-Markov
theorem [5] by equations (4).

When the measurements are given weights, the equations (4) are converted to (5).

And again experimental variance is calculated from equations (6), where in the
case of none-competitive inhibition: SS is the sum of the weighted squares, N — number
of measurements, P — number of degrees of freedom (for none-competitive type enzyme
inhibition P=3), e — estimate of & deviation of y, d — estimate of 6 deviation of v, u —
weight of d.

V4
For none-competitive type inhibition W = 5_2 were calculated by us (derivations

are not presented).
The equations for calculating V., Kv and K, and their dispersions (variances)
are the followings:

1
Vinax =~ KM :ﬂ’ KZ :& (11)’
A 5, 5,
M M AM.  B*M
Vv =V _ ZJY V) -V _ 2&_2112 1 22’
() =02) ot Vg oy =G 2T ) (12)
2 B
M BM.. M
V-V _o(—2_pr2 233
() VG

where: 8, S and f; can be calculated by equations (5), 0'5 — by equations (6),

and M;; — is the (i, j) element of matrix U (5).
The equation for initial velocity of mixed type enzyme inhibition derived using
Kings and Altmans graph theory [12] is presented in (13).

VoS (13)

— max
V=

K 1
K, +—21+5+—1s
K 2

where: v is initial velocity, Vo — maximal velocity, S — substrate concentration,
Km — Michaelis constant, K; — inhibition constant for competitive type enzyme inhibition
and K, — inhibition constant for none-competitive type enzyme inhibition.

This equation is linearized as follows:

S_ KM+ Ky | + 1 S+ 1 IS (14)
v 4 7 J(I VITIéIX 7 KZ

max max max
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S K, K,

. oy, 15 l>Xx, S—>X, IS—>X M My
DenOtIng v y X1 > > + max ﬁl‘ max” 1 ﬁz’
1 1

=B

max max’ 2

_>ﬁ4,

we can describe the linearized equation for velocity of the enzymatic reaction
(14) together with measurement errors (g) in vector form (3).
Here again B-s and their variances can be calculated according the Gauss-Markov
theorem [5] by equations (4).
When the measurements are given weights, the equations (4) are converted to (5).
And again experimental variance is calculated from equations (6), where in the
case of mixed inhibition: SS is the sum of the weighted squares, N — number of
measurements, P — number of degrees of freedom (for mixed type enzyme inhibition
P=4), e — estimate of & deviation of y, d — estimate of & deviation of v, u — weight of d.
4
For mixed type inhibition Wzv_2 were calculated by us (derivations are not
S
presented).
The equations for calculating Vpa, Ku, K; and K, and their dispersions
(variances) are the followings:

Vmax:i, KM:ﬁ, Klzﬁ, KZZ& (15),
P, By B, B,
M M M M
View) =V 11 =00 20 Vi) =V =0 Ba o8, A%,
[/73) ’83 [E] '33 'B3 ﬁs
M BM_ BIM M M. B*M
V(Kl) :V[ﬂ] =O'§(ﬁ—121—2 1,6312 + 2ﬁ422) ' V(Kz) :V[ﬁ] :o-oz(ﬁ_ia_z 3’[),334 + 3ﬁ444)
P2 2 2 2 Pa 4 4 4
(16)

where: B . s and S, can be calculated by equations (5), 05— by equations
(6), and M;j; —is the (i, j) element of matrix U (5).

The script with the algorithm that distinguishes among competitive, none-
competitive and mixed type inhibitions, as well as calculates the parameters of guessed
competitive, none-competitive or mixed type inhibitions and their variances, written in
Gauss 4.0, is presented in fig. 1.

The developed logical block distinguishes among the inhibition mechanisms on
the base of minimization of the mean of variances of the parameter (i) divided on the
parameter for each mechanism (i=1-4 for mixed type inhibition and i=1-3 for
competitive and none-competitive type inhibitions). We cannot provide the strong
mathematical evidence for this phenomenon, but in every subsequently presented
experimental example the inhibition mechanism obtained from the form of curves
1/v —land S/v—1 [4] coincided with the mechanism predicted by provided script code.

We used the presented multivariate linear regression approach and corresponding
script for study the mechanism of inhibition of horse acetylcholinesterase (AChE) and
human butyrylcholinesterase (BChE) and corresponding Kinetic parameters and their
variances with newly synthesized derivative of a,-dehydrophenylalanine (fig. 2) [1-2, 7-8].
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print "Results";

A | n=16; k=4;1=3;

fname="D:"My Documents_D''Inhib.xIs";

{datl names}=import(thame."al:c17".1)

y=datl[l:n.1]./datl[1:n3];

w=datl[1:n,3]."4 /datl[1:n,1]."2;

x1=(datl [1:n,1]/dat1[1:n,1])~(dat1[1:n,2])~(dat1[1:n 1 ])~(dat1[1:n 1 ].*datl [1:n 2]);
x2=(datl [1:n.1]/datl[1:n,1])~(datl[1:n,2])~(datl[Llin 1]);

x3=(datl [1:n.1]/datl[1:n.1])~(datl[1:n.1])~(datl[1:n.1 ] *datl[ 1:n 2]):

zl=(w.*x1)*x1: 2=(W.*x2)"*x2; z3=(w.*x3)"*x3;

ul=inv(zl); u2=inw(z2); WB=inw(z3);

bl=inv(z1)*((w.*x1)*y); b2=inv(Z2 *(W.*x2)"*y); b3=inv(z3 )*((W.*x3)"*y):
Kma=b1[1,1]/b1[3,1]; Vmaxa=1b1[3,1]; K1a=b1[1,1}/b1[2,1]; K2a=b1[3,1}b1[4.1];
Kmb=b2[1.1}b2[3.1]; Vmaxb=1/,2[3,1]): K1b=02[1.1]2[2.1]:

B [ Kme=b3[1.1]/3[2.1]: Vmaxc=1/03[2.1]: K2¢=b3[2,1]/b3[3.1];

sigma 1=(w* (y-(bl ""x1)).* (-0 1'"x1"))))/@ k);

sigma02=(w™* (y-(b2""x2))." (y-(02"x2))))/@-1):

sigma03=(w™* (y(b3"*x3).* (v-(03"x3"))))/@a-1);

s Kma=(sigma01*(ul[1,1)/61[3]2-2*b1 [1]*u1[3,1}b1[3}*3+b1[1]*2*u1[3,3)b1[3]*4))*0.5;
s Kmb=(sigma02*(u2[1,1}b2[3}'2-2*b2[1J*u2[3,1]/b2[3]"3+b2[1]"2*u2[3,3]/b2[3]"4))0 5;
s_Kme=(sigma03*(u3[1,1]/b3[2]"2-2*b3[1]*u3[2.1}b3[2]}* 3+b3[1]"2*u3[2.2)b3[2}*4))*0.5;
s_Vmaxa=(sigma0l *ul[3.3}b1[3}*4)"0.5:

s_Vmaxb=(sigma02*u2[3,3]/b2[3]"4)"0.5;

s_Vmaxc=(sigma03*u3[2 2}b3[2}'4)"0.5;

s Kla=(sigma01*(ul [1.1]61[2]"2-2*b1 [1]*u1[2,1Jb1[2]*3+b1[1]"2*u1[2.2])b1[2]*4))"0.5;
s_K1b=(sigma02*(u2[1,1Jb2[2}*2-2*b2[1 J*u2[2,1]/b2[2]"3+b2[1]"2*u2[2.2]/b2[2]"4))"0.5;
s_K2a=(sigma01*(ul[3.3]/b1[4]°2-2*b1 [3]*u1[4.3)}b1[4] 3+b1[3]"2*ul[4.4)b1[414))0.5;
s K2c=(sigma03*(u3[2,2]03[3]°2-2*b3 [2]*u3[3.2]b3[3]* 3+b3[2]"2 *u3[3,3}b3[314))"0.5;
mix=(s_KmaKma+s_Vmaxa'Vmaxa+s K 1a/abs(K 1a)+s_K2a/abs(K2a))/4:
comp=(_KmbKmb+s_Vmaxb/Vmaxb+s_K1t/absK1b))/3;
noomp=(s_Kmc/Kme+s_Vmaxc/Vmaxe+s_K2c/abs(K2c))/3;

if mix<comp:

goto mark;

elseif comp<ncomp;

print "competitive type inhibition";

prnt "Km" Kmb-~s_Kmb;

prnt "Vmax" Vmaxb~s_Vmaxb:

print "K1" K1b~s K 1b;

else;

print "nonecompetitive type inhibition";

prnt "Km" Kme~s_Kmc:

C prnt "Vmax" Vmaxc~s_Vmaxc

print "K2" K2c~s K2c;

endif;

print "criteria";

print "mix/comp/ncomp” mix~comp~ncomp;

end;

mark

if mix<ncomp;

prnt "mixed type inhibition";

print "Km" Kma~s Kma;

print "Vmax" Vmaxa~s_Vmaxa;

prnt "K1" Kla~s Kla;

prnt "K2" K2a~s K2a:

else;

print "nonecompetitive type inhibition":

|

Fig. 1. The script for calculating the parameters of Michaelis Menten kinetics and their variances.
A —data input block in the form of Excel spreadsheet for n=16, k=4 and 1=3, B — block for
calculating kinetic parameters and their standard deviations, C — data output logical block. In this
script all expressions with indices (a) concerns to mixed type inhibition, expressions with indices
(b) — to competitive type inhibition and expressions with indices (c) — to none-competitive type
inhibition.

The studied compound was found to be a competitive inhibitor of AchE (K; =
11.48 £ 0.96 uM), but a mixed type inhibitor of BChE (K; = 0.127 £+ 0.046 uM; K,
0.24 + 0.08 puM).

We used this approach in studying the mechanism of inhibition of L-aspartate-3-
decarboxylase of Pseudomonas dacunhae by D-aspartic acid and for calculation of
corresponding parameters of inhibition [3]. In this case the competitive mechanism of
inhibition was shown with following parameters: Ky = 1.14 + 0.39 mM, V.« = 3210.06
+171.39 mmol/(g.h), K; =118.44 +£5.98 mM.

40




STATISTICAL ANALYSES OF ENZYME KINETICS: INHIBITION

(Z)-2-((2-(2-methoxybenzamido)-3-phenylacryloyl)oxy)-

N,N,N-trimethylethanaminium

Fig. 2. The structure of a,B-dehydrophenylalanine choline ester — (2)-2-((2-(2-
methoxybenzamido)-3-phenylacryloyl)oxy)-N,N,N-trimethylethanaminium

Using the presented above statistical approch in studying the inhibition of bovine
trypsin by newly synthesized noneproteineous amino acids and peptides on their base
showed, that (2R,3S)-B-hydroxyleucine and N-formyl-(S)-methionyl-(2R,3S)-B-
hydroxyleucine inhibited the enzyme by competitive mechanism with K;=0.842+0.203
and K; = 0.312 + 0.085 mM, correspondingly [11].

In the case of Rhodotorulla aurantiaca KM-1 phenylalanine ammonia-lyase we
also demonstrated the competitive inhibition of enzyme by D-phenylalanine with
K;1=3.38£0.32 mM [6], using the presented above statistical approach.

We used this approach in studying the mechanism of inhibition of
aminotransferases of Erwinia carotovora by L-p-(N-benzylamino)alanine and L-p-(N-
methylamino)alanine in saturating concentrations of cosubstrate — keto acid (10 mM)
[13]. It was shown that L-B-(N-benzylamino)alanine was a competitive inhibitor with
respect to L-phenylalanine for PAT1 (K; = 0.32 = 0.07 mM, Ky = 0.45 £ 0.10 mM, V4
= 11.6 + 0.4 U/mg). L-B-(N-methylamino)alanine is a noncompetitive inhibitor with
respect to L-phenylalanine for PAT3 (K, = 138.4 £ 95.4 mM, Ky = 13.7 £3.9 mM, Vi
=18.6 £ 4.1 U/mg).

We also used this approach in studying the mechanism of inhibition of L-
aminoacylase of Rhodococcus armeniensis AM6.1 by the reaction product — acetate [9].
The results confirmed a competitive type of enzyme inhibition with the following kinetic
parameters: K; =104.7 £21.6 mM, Ky =2.5 £ 0.4 mM, Ve = 25.1 £ 1.5 U/mg.

The equation for initial velocity of substrate inhibition type reaction kinetics,
derived using King and Altman approach [12], is presented in (17).

ve o VmeS (17)

Ky +S+-——
S

where: v is initial velocity, Vi — maximal velocity, S — concentration of substrate

and Ks — constant of substrate inhibition.
This equation is linearized as follows:

K 1 1
= M, = s+ s? (18)
Vv Vv Vv
max

max max S

<|lw
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Denoting:

s K, 1 1
—5Yy, 15X, S5%,%>%x,~—2L 58 — >,
y ,

max max max* S

—> B

we can describe the linearized equation for velocity of the enzymatic reaction (18)
together with measurement errors (¢) in vector form (3) as in the case of simple
Michaelis-Menten kinetics. Here also 3-s and their variances can be calculated according
the Gauss-Markov theorem [5] by equations (4). When the measurements are given
weights, the equations (4) are converted to (5). Here also the experimental variance is
calculated from equations (6).

ot = ss=Ywe =Y ww,-xp) =Yu’  ©

Where: SS is the sum of the weighted squares, N — number of measurements,
P — number of degrees of freedom (for substrate inhibition type reaction Kinetics P=3),
e — estimate of ¢ deviation of y, d — estimate of & deviation of v, u — weight of d.

4

\ .
W ~ — were calculated by us (derivations are not presented).
S

The equations for calculating Ky, Vmex and Ks and their variances are the
followings:

K,=2 k=2 v -t (19)
B, B, B,
M M M
Vi) =V, =t (e Ay oy oy
2] #, B 5 (?J (20)
2
0_2(&_2ﬂ2M23+ﬁ2M33) V _V _02&
0 2 3 4 7 (Vi) T [Lj_ 0 4
B, B, B, A B,

where: 8, S and S can be calculated by equations (5), 0'5— by equations (6),

and M;; — is the (i, j) minor of matrix U (5).

The script code for calculating the parameters of substrate inhibition type
reactionkinetics and their variances, written in Gauss 4.0, is presented in fig. 3.

We used the presented multivariate linear regression analyses and corresponding
script for studying the substrate inhibition of aspartate aminotransferase of Erwinia
carotovora by oxaloacetate and 2-ketoglutarate [13]. The calculated Ks for oxaloacetate
and 2-ketogltarate was 3.73 + 1.99 and 10.23 + 3.20 mM, respectively, in saturating
concentrations of cosubstrate — L-phenylalanine.

We also used the multivariate linear regression analyses approach for studying
the substrate inhibition in Rhodococcus armeniensis AM6.1 [9]. We have shown that
among studied substrates N-acetyl-D-leucine and N-acetyl-DL-tyrosine inhibited the rate
of their own deacetylation with the inhibition constants of 35.5+28.3 and 15.8+4.5 mM,
respectively.
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print "Results";

n=7;k=3;

fname="D:\\My Documents D\\Data.xlsx";
{dat1.names}=import(fname,"al4:b21".3);

y=datl[1:n,1]./dat1[1:n,2];

w=dat1[1:n,2].°4 ./dat1[1:n.1].72;
x=(dat1[1:n,1]./dat1[1:n.1])~(dat1[1:n,1])~(dat1[1:n,1]).72;

Z=(W.*X)"*X;

u=inv(z);

B | b=inv(z)*((w.*x)'*y);

Km=b[1,1]/b[2.1]; Vmax=1/b[2.1]; Ks=b[2.1]/b[3,1];
sigma0=(w"*((y-(b"*x')).*(y-(b"*x'))))/(n-k);
s_Km=(sigma0*(u[1.1]/b[2]"2-2*b[1]*u[1.2]/b[2]"3+b[1]*2*u[2,2]/b[2]"4))"0.5;
s_Vmax=(sigma0*u[2,2]/b[2]"4)"0.5;
s_Ks=(sigma0*(u[2.2]/b[3]"2-2*b[2]*u[2.3]/b[3]"3+b[2]"2*u[3.3]/b[3]"4))"0.5;
print "substrate inhibition";

print "Km" Km~s_Km;

C | print "Vmax" Vmax~s_Vmax;

print "Ks" Ks~s_Ks;

end;

Fig. 3. The script code for calculating the parameters of substrate inhibition type reaction kinetics
and their variances. A — data input block in the form of Excel spreadsheet for n=7 and k=3,
B — block for calculating kinetic parameters and their standard deviations, C — data output block.

Thus, using multivariate linear regression approach, open-source scripts have
been developed for the calculation of the kinetic parameters and their dispersions for the
different cases of enzyme catalyzed reactions inhibition, including the cases of
competitive, none competitive, mixed and substrate inhibitions.
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JIPEBECHBIE PACTEHMS U IEHJIPOIIEHO3bI CYBAJBIINNCKOM
30HBI CEBEPO-BOCTOYHO APMEHUH

K.A. BAPJAHAH, A.K. MXUTAPSH

Hucmumym 6omanuxu umenu A. Taxmaoocsna HAH PA
Banaosopckuii eocynugepcumem umenu O. Tymanana
botinst@sci.am
hasmik-mkhitaryan88@mail.ru

JleHIpOKIMMaTHIECKHe YCIOBUS CyOanbIUiCKON 30HBI APMEHHH, B YaCTHOCTH, CEBEpPO-
BOCTOYHOI €e 4YacTH, HEeOJIAarompHsATHBI IJIsl NIPOM3PACTaHMs APEBECHBIX pacTeHuil. Ilostomy B
CyOaNBIIMHCKOM IOSICE HCCIEAYEeMOro HaMH PErHoHa JEeHApodIopa OTIMYAeTCsS CPaBHUTEIBHO
OeHBIM cocTaBOM — 52 Buaa u3 32 poaoB u 20 ceMEWCTB, UTO COCTAaBISACT Beero auiib 14% oT 00-
LIEro TaKCOHOMHYECKOTro pazHooOpasusi. M3 Hux 20 BUIOB HHU3KOPOCIBIE KPUBOCTBOJBHBIC JIe-
pesbst (Betula litwinowii, Acer trautvetteri, Sorbus aucuparia, Salix caprea) u 31 Bux KycTapHH-
KH, Cpefid KOTOpBIX HauOoJbluuid wHTepec mpencrasisier Rhododendron caucasicum — penukr
TPETUYHOTO Tepuoaa. MHOTUE U3 BCTPEYAIOIIUXCS B UCCIEIOBAHHBIX ACHIPOLEHO3aX IPEBECHBIX
pacTeHUH SBISIOTCS PETMKTAMU M B CBSI3H C MIX PEIKOCTHIO U YSI3BIMOCTBIO 3aHeceHsI B KpacHy1o
KHHUTY pacTeHuil ApMEHHH.

Jpesecrnoe pacmenue — d0enopoghopa — penuxm — 0eHOPOYeHO3

Rwjwunnwuh b dwulwynpwwbu Upw hjntuhuwpltbywl dwuh JGpdwiwjwl gninpu punpny-
Jnuwd E Swnwpnyubph wédwu hwdwn wupwnpGUwwun ngunpnyhdwjwywu ywydwuutpny: Yw £
wwwndwnp, nn hGnwgnunynn nwpwéwppwlh utpdwiwjwu gninne nunpndnpwl wgeh £ puyuncd
hwdtdwwnwpwp wnpwwn Juaguny'® 20 punwthph W 32 gbnh wwwywunn 52 wbuwly: WUn
inbuwyutpp Yuagund BU hwupwwtnniejwl dwnwpnyubph tnwepunundhwlwl pwquwquuntejwl
punwdtup 14%-p: Hpwughg 20—p gwén wé W Ynpwpnit Swnwwnbuwyutn Gu (Betula litwinowii, Acer
trautvetteri, Sorbus aucuparia, Salix caprea) 31-p fethtp, npnughg wnwyt] nwpwéywdp Gppnpnwywu
nwnw2ngwuh nbhywn® Rhododendron caucasicum E: SYyjw| wlwnwnwddwl wwjdwuutph ntunnpn-
gbunqutpnid hwunhwnn swnwpnyubpp nEihyunutp B W npwtu hwqywagynin inbuwyutp Uspwnywé
GU Iwjwuwnwlh pniubph Ywpdhp gppnd:

Ownwpniyu — nGunpndnpw — nbhlynn — nGunpngtung

The dendroclimatic conditions of the subalpine belt of Armenia, in particular its north-eastern
part, are unfavorable for the growth of woody plants. So, at the subalpine belt of the region, under
investigation the dendroflora is characterized by a relatively poor composition — 52 species from 32
genera and 20 families, which makes up only 14% of the total taxonomic diversity of the Republic.
Out of these, 20 species are lower and stunted trees (Betula litwinowii, Acer trautvetteri, Sorbus
aucuparia, Salix caprea) and 31 species are shrubs, among which the most interesting is
Rhododendron caucasicum, a relict of the Tertiary period. Major part of the woody plants in the
investigated conditions are relicts and, being rare, are listed in the Red Data Book of plants of
Armenia.

Woody plants — dendroflora — relict — dendrocenosis
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Kak mpaBuio, B TOpHBIX YCIOBHSX PAaclpOCTPAHEHHWE JAPEBECHBIX PACTEHHH H
JPEBECHON PACTHTENBHOCTH OOYCIIOBIICHO 3KOJIOTHYECKUMH (PaKTOpaMu, M3 KOTOPBIX
pemIaoNIMH SBILIIOTCS KIIMMAaTHYeCKHe U dadudeckue. BaxxHoe 3HaueHNE NMEIOT Tak-
xKe oporpaduyeckue: penbed, SKCIO3UINA U KPyTH3HA CKIOHOB, KOTOPBIE HAa KaXIIOM
IIary MeHsIOT MHUKPOKJIHMMAT, ITOYBY, BCIEICTBHE YEro MEHSIOTCS COCTaB M XapakTep
PacTUTENBHOTO MTOKPOBA.

3aKOHOMEPHOCTH BEPTUKAILHOW pacpOCTPaHEHHOCTH APEBECHBIX PAacTeHUi B Ap-
MEHHHU M3Y4eHBI I0CTaTOYyHO Xopouio [2, 3, 5, 7, 9]. B yka3zaHHBIX paboTax HpHUBOISTCS
JIOBOJILHO OOTaThle CBEJICHUS MO BBIABICHHUIO 3aKOHOMEPHOCTEH BBICOTHOTO PaclpoCT-
paHeHusl, B YaCTHOCTH, Ha BEpXHEM Tpe/iere (CyOaIbIMiCKuii TT0sIC) UX TPOU3PACTAHHSL.

BepxHsis rpaHnIia 0TIIMYaeTCs CypOBBIMH YCIOBHSIMU JUTSL PaCIIPOCTPaHEHHs Ape-
BECHBIX PACTEHHH U MX II€HO30B. B 3T0I1 30He opMuUpyeTcs XONOIHbII TOPHBIH KIUMaT
C KOPOTKUM (2-3 Mecsia) BereTallMOHHBIM MEePHOIOM. 3UMa 3/1eCh MPOIOIDKUTETbHAS,
CypoBasi, cpeHsis Temmeparypa Bo3ayxa B susape —10-13°C, aGcomoTHbIi MHHIMYM —
42°C. Jleto KPaTKOBPEMEHHOE, IIPOXJIaJHOE, CPEIHAA TEMIEPAaTypa aBrycra 13-15°C,
a0COIIOTHBIT MAKCUMYM OKOJIO 30-32°C, rogoBasi cymMmma ocaakoB 600-700mm. B Takmx
HEOIaronpysTHBIX YCIOBHSX [UIS POCTa M Pa3BUTHA APEBECHBIX PACTEHHH, KaK IPaBUIIO,
MIPAaKTHYECKH OTCYTCTBYIOT CMBIKAHHE KPOH JEPEBBEB B JPEBOCTOSIX U CEMEHHOE BO300-
HOBJIEHUE. J[eHPOLIeHO3bI TPHOOPETAIOT BUJI PEAKOJIECHH, IEPEBbs OTIINYAIOTCS KpaiiHe
HU3KHM POCTOM, & BO MHOTHX CJIy4asix IPHOOPETAIOT KyCTOOOpa3Hyo hopmy.

B ceBepo-BocTOUHOI ApMeHHM JApeBecHbIE IIEHO3bI (CyOanbNHUiCKHEe KPHUBO-
Jiechsl) TSAHYTCsl y3koi mosocoi — 50-150 (200)M u mpeacTaBisIOT Kak Obl BEPXHIOKO
OITYIIKY Jieca, MOCTEIICHHO MEePeXO0ISIyI0 OOBIYHO B HIDKHEANbIHHCKUE yra (OyKoBbIE,
IyOoBBIE, Oepe30BbIe, KICHOBBIE PEIKOJIECHS), BBIMIE KOTOPHIX BHICOKOCTBOJIBHBIE Ape-
BECHbIE (hOpPMAIUU MPAKTUIECKH OTCYTCTBYIOT.

Kak m3BecTHO, anbpnuiickas TpaHHIla pacpOCTPAHEHUS JIEPEBBEB M KyCTapHHUKOB
00ycnaBIuBaeTCs KOPOTKUM BETETAIMOHHBIM TIEPHOJIOM M HEIOCTATKOM TEIUIA B JICTHHH
mepuo. JTa TpaHWIAa B ApMmeHHH mnpoxomutr Ha Beicote 2500-2700M Ham yp.Mops.
OnHako Kak CBHIETEIBCTBYIOT MCTOPHUYECKUE, apXCOIIOTHIECKHE, MTaTc000TaHNIECKHE U
JIpyTue aHHbIC, JIECOMOKPHITAsi TEPPUTOPHsT APMEHHH B TPOILIOM ObLIa Moyt B 2.5-3
pasa Goublile, H ellie B EPBOM THICSYEIETHH JI0 H. 3. JIECUCTOCTh PECITyOIIMKH COCTaBIIsIIA
okotio 35% [18]. B Hactosiiee Bpemsi B C€BEPO-BOCTOYHBIX JIECOPACTUTENHHBIX paiioHax
BEpPXHSIsI TPaHUIIA JIECOB, M0 CPABHEHUIO C IEHTPATLHBIMH M I0T0-BOCTOYHBIMH, ITPOXOIUT
JoBoIbHO HHM3KOo Ha Bbicore: 1900-2000M Hanm yp.mops. B roro-Bocrounoli ApmeHUH
(3anre3yp-Merpu) oHa npoxoauT Ha BbicoTax 2500-2600 m. ITosTomy ropasno OenmHee
neHzpodIopa npeacTaBiIeHa Ha BEPXHEM IIPEENe PAacIIpOCTPaHeHHS! IPEBECHBIX [IEHO30B
— B DKCTPEMAIBHBIX YCIOBHSX MecTollpon3pactanusi Ha BbicoTax 2500-2700 m, rme
eIMHUYHbIE HU3KOPOCHBbIE JIEPEBbsl M KYCTapHUKM (KYCTApPHWYKH), YHCIO KOTOPBIX HE
npessimaer 30-35 BUIOB, 00pa3yoT cybanbnmiickie kpuBosiechs (Quercus macranthera,
Acer trautvetteri, Betula litwinowii, Sorbus aucuparia, Salix caprea) win HeGoJbIINE 3a-
POCIIH HH3KOPOCIBIX KYCTAPHHKOB M KycTapHHYkoB: Juniperus hemisphaerica, Rhodo-
dendron caucasicum, Vaccinium uliginosum, Rubus idaeus u ap. [2, 3].

Mamepuan u memoouxa. MaTepraiaoM AJsl BBIIOJHEHHS AaHHOH pabOThI MOCITYKHIH
JPEBECHBIE PACTECHUS, U3yUYCHHbIE aBTOPAMHU B pe3yJbTaTe SKCIECINIUOHHBIX BHIE3IOB B CyOanb-
MMUICKYI0 30HY ceBepo-BocTouHOW Apmenun: Jlopwiickuit m WmkeBaHckuil (uiopuctrdeckne
paioHsbI.

B teuenue BererarnuonHoro cezona (2014-2017 rr.) Hamu coOpaH repOapHbBIil MaTepHa
JPEBECHBIX PAaCTEHUH I YTOYHEHUsI U YCTAaHOBIICHUS TAKCOHOMHUYECKOro cocraBa. [Ipu aTom uc-
M0JTb30BATNCH PA3InYHbIC OTMPEACTUTEIHN U (iaopucTudeckue cBoaku [3, 8, 13, 17], a Taxke MHO-
TOYHCIIEHHbIE PA0OTHI 110 OTACIBHBIM TAKCOHAM U JCHIPOLIEHO3aM.
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HUccrnenoBanue NEHAPOLIEHO30B MPOBOAUIOCH B COOTBETCTBHH C METOIUYCCKUMHU yKa3a-
HUSIMU 110 JieCHO# Guoreonenonoruu [10, 11, 15, 16].

Pesynemamol u oocysymcoenue. Ha ocHOBaHMM COOCTBEHHBIX HCCIIEIOBAHUH IO
BBISIBJICHUIO TAKCOHOMUYECKOTO COCTaBa JIPEBECHBIX PACTEHHM CyOambIIUIICKOM 30HbI Ce-
Bepo-BocToyHOM ApMmennn—Jlopuiickoro n MmkeBaHcKoro (GpaopucTHYecKuX paioHOB
YTOYHEH M YCTaHOBJIEH COCTaB JICHIPOpPa3HOOOpa3usl, HACUNTHIBAIONIMN 52 BHJa, OTHO-
csimmxcs k 32 poxam u 19 cemetictBam (Tadi.1).

Ta6uuna 1. [leHaponorndeckuii coctaB cyO0anbIUACKON 30HBI
CEBEpPO-BOCTOYHON ApMEHUH
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Cupressaceae
Juniperus K cyOalbIUHCKHe Tyra ITouru noscroxy, Kpome 1.1-2.8
hemispaerica [Iupaka
Pinaceae
Pinus kochiana pig JIPEBOCTOH BEPXHETO OTCYTCTBYeT 0.8-2.1
npesiena jeca
Aceraceae
Acer trautvetteri A cyOanbnuiickue MerpuHckuit 1.6-2.6
KPUBOJICChSI
Betulaceae
Betula litwinowi a cyOanbnuicKue Tourtu moBcrogy, KpoMe 1.7-2.7
KPUBOJICCHSI [Inpaka
B. pendula a cybanbnuiickue IToutn noscroxy, kpome 1.4-2.6
KpPUBOJIEChSI Iupaka
P. pubescens Pl cyOanbnuickue Tlouru moBcroy, Kpome 1.8-2.4
KPHBOJIECHSI [upaka
Caprifoliaceae
Lonicera caucasica| K KYCTapHHKOBBIE 3aPOCITH Bce necucThie paiioHs! 0.9-2.3
Viburnum lantana K OTCYTCTBYET Bce secucthie paitoHbI 1.0-2.4
Celastraceae
Euonymus latifolia | K KyCTapHHKOBBIC 3aPOCIIH Bce necucTble pailoHbI 0.8-2.3
E.verrucosa K KyCTapHHMKOBBIE 3apOCiIu Bce necucrsie pailoHb 0.6-2.1
Corylaceae
Carpinus betulus I CyOanbIUicKue 3anresyp, Merpu 1.2-2.4
peaKonechs
Elaeagnaceae
Hippophae pi cyOanbnuickue Bce necucrsie paitoHb 0.6-2.3
rhamnoides peaKoIeChs
Ericaceae
Rhododendron K cybanbnuiickue OTCYTCTBYET 1.8-3.0
caucasicum KYCTapHHKOBBIC 3apOCIIH
Fabaceae
Astragalus aureus K JIYTOCTEIHbIE LIEHO3bI Be3Jie 1.0-2.4
A.lagurus K JIYTOCTETHBIE IICHO3bI Be3JIe 1.4-2.4
A.microcephalus K JIyrOCTEIHbIE [IEHO3bI BesJe 0.7-2.6
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1 2 3 4 5
Onobrychis K JYTOCTETHbIE EHO3BI kpome [lupaxa 0.5-2.7
cornuta

Fagaceae
Fagus orientalis i cybanbnuiickue Oy4rHbl OTCYTCTBYET 0.8-2.2
Quercus I cyOanbnuiicKkue ayOHIKH Tloscrony, 1.3-2.7
macranthera kpome [lupaka
Grossulariaceae
Grossularia K cyOanbnuiickue BCE JIECUCTBIE PallOHBI 2.0-2.2
reclinata KyCTapHHKOBBIEC 3apOCIIH
Ribes alpinum K OTCYTCTBYET BCE JICCHCTBIE PAOHbI 1.6-2.1
R. biebersteinii K OTCYTCTBYET BCE JICCUCTBIE PaiiOHBI 1.6-2.2
R. orientale K OTCYTCTBYET BCE JIECUCThIE PaliOHBI 1.2-2.3
Oleaceae
Fraxinus excelsior | [{ cybanbnuiickue [oscroxy, 0.6-2.4
peaxonecsest kpome [llupaxa
Rhamnaceae
Rhamnus I | cy0ambi. KycTapHHKOBBIC Besne, kpome Llupaka 0.6-2.2
cathartica 3apOoCiH
R. depressa K | cy0anbm. KycTapHHKOBBIE OTCYTCTBYET 1.8-2.8
3apocnu
R. microcerpa K | cyOambI. KycTapHHKOBBIE OTCYTCTBYET 1.8-2.3
3apociu
Rosaceae
Amelanchier K | cyOanbm. KycTapHHKOBBIE Besze, kpome [llupaka 1.8-2.2
ovalis 3apociu
Cotoneaster K | cy0ambI. KycTapHHKOBBIE Besze, kpome Illupaka 0.9-24
integerrimus 3apoCiu
B.melanocarpus K | cybanmbm. KycTapHUKOBBIE Besze, kpome Illupaka 0.9-2.8
3apocIu
C.multiflorus K | cybanbm. KycTapHHKOBBIC Hap., Merpu 1.4-2.6
3apocnu
C.suavis K Cy0asbIl. KyCTapHUKOBBIC kpome IlIupaka 0.6-2.3
3apociu
Malus orientalis Jl | cy0GaibI. KycTapHHKOBEIC kpome Illupaxa 0.5-2.5
3apociu
Padus avium I CyOanbIUicKue [ap., 3anr., Merpu 0.7-2.4
peaKonechst
Prunus divaricata a cyOanbnuicKue kpome Hlupaxa 0.4-2.3
PEAKOIEChst
Pyrus salicifolia bl cybanbnuickue kpome llInpaka 0.6-2.2
peaKonechs
Rosa canina K KyCTapHHMKOBBIE 3apOCIIU kpome Illupaka 0.7-2.2
Rubus idaeus H KyCTapHHUKOBBIE 3apOCIH BCE JIECUCTBIE PAOHBI 1.8-2.8
K BCE paiioHBbI
Sorbus aucuparia I CyOaNbIUACKHe BCE JIECHUCTBIE PAHOHbI 1.6-2.8
peaxonechs BCE paiioHBbI
Spirae acrenata K KyCTapHHUKOBBIC Besze, kpome IIupaka 0.7-2.2
3apociu
S. hypericifolia K KyCTapHUKOBBIC Besne, kpome lupaka 1.2-25
3apocIu
Salicaceae
Populus tremula Jl cy0. KpUBOJIEChS BCE JICCHCTBIC PallOHBI 1.2-24
Salix aegyptiaca Ji Cy0. KpUBOJIECHSI BesJe, kpome [lupaka 1.5-2.0
S. alba I Cy0. KpUBOJIECHSI Besze, kpome lupaka 0.6-2.2
S. caprea pil Cy0. KpUBOJIECHSI BesJe, kpome [lupaka 1.5-2.3
S. excelsa J cy0. KpuBOJIEChS Besze, kpome Ilupaka 0.7-2.2
S. pentandroides Jl Cy0. KpUBOIIECHSI Besge, kpome [lupaka 1.6-2.3
S. purpurea K KyCTapHUKOBbIE JIECUCTBIE paiiOHBI 1.1-2.2
3apociu
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1 | 2 ] 3 | 4 | 5
Thymelaceae
Daphne glomerata | K KYCTapHHUKOBbIE 3apOCIIU JlecucTeie pailoHsI 1.8-2.5
D. mezereum K KyCTapHHMKOBBIE 3apOCIIU Jlecuctsie paiioHbI 1.6-2.4
D. transcaucasica K KyCTapHHKOBBIE 3apOCIIN Jlecucteie palioHbI 1.4-2.4
Ulmaceae
Ulmus glabra pig cyOanbnuiickue Jlecuctsle paifoHbI 1.3-2.3
peKosechs
Vacciniaceae
Vaccinium myrtillus| K KyCTapHHKOBBIC 3apOCIIH OTCYTCTBYET 2.2-32

W3 yka3aHHOTo cocTaBa XBOMHBIX Beero b 2 Bua (Pinus kochiana, Juniperus
hemisphaerica), ocranbHbie 50 BUAOB JTHUCTBEHHBIE.

Kak mokassIBaroT npuBeneHHbIe B Ta0).2 JaHHBIE, COCTAB IEHAPOQIOPHI HCCIle-
JYEMOTO PETHOHA JOBOJBHO OEIHBIN 10 CPaBHEHWIO C JPYTMMH IEHAPOQIOPUCTHYEC-
KAMH paifOHaAMH PECITyOJIMKH, YTO BIIOJIHE 3aKOHOMEPHO, T.K. 9Ta 30HA SBISETCS BEpX-
HUM W HeOJIarONpUATHBIM TIPEETIOM PacIpOCTPaHEHHS IPEBECHBIX PACTEHHIA.

Tabaunna 2. TakcoHOMHYeCKHi 1 OMOMOP(HEIH CIIEKTP APEBECHBIX PACTEHUIT
cybanpnuiickoii 30usI (Jlopuiickuii n MmxeBaHckuii GpiiopucTudeckue paioHbl)

Yncjio TAKCOHOB
CemeiicTBO pox BUA | B TOM umciie no ku3HeHHbIM hopmMam
i K K,

Cupressaceae 1 1 1
Pinaceae 1 1 1
Aceraceae 1 1 1
Betulaceae 1 3 3
Caprifoliaceae 2 2 2
Celastraceae 1 2 2
Corylaceae 1 1 1
Elaeagnaceae 1 1 1
Ericaceae 1 1 1
Fabaceae 2 4 4
Fagaceae 2 2 2
Grossulariaceae 2 4 4
Oleaceae 1 1 1
Rhamnaceae 1 3 3
Rosaceae 9 13 4 8 1
Salicaceae 2 7 5 2
Thymelaceae 1 3 3
Ulmaceae 1 1 1
Vacciniaceae 1 1 1

32 52 20 31 1

BenyuM cemeiicTBOM Kak 10 YUCITy POJIOB, TaK U MO YHCITY BUAOB siBisieTcst Ro-
saceae, pmovaromiee 9 poaos u 13 BumoB. OTHOCUTEIFHO OOraToO MPEACTABICHO CEM.
Salicaceae — 7 Bui0B.

BroMopHBIM aHaIM30M BBISBICHO, YTO B TAKCOHOMHUYECKOM COCTaBE€ JICHIPO-
¢opsl nepesbs npeacrasnensl 20 Bugamu (38,2%),kycrapauku — 31 (60%), momykyc-
tapHuku —1 Bugom (1,8%). JIpeBecHble TMaHbl MPAKTUYECKH OTCYTCTBYIOT, T.K. OHH KaK
CPaBHHUTEJIFHO TepMO(MIbHBIE U ME30(QHIIbHBIE PEJICTABUTENN JIPEBECHON PACTUTEIb-
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HOCTH, PaclpOCTPaHEHBI M MPUYPOYEHBI B OINPEICICHHBIX, 0ONee NOCTYMHBIX MHKPO-
KIIMMAaTHYECKNX YIIETbIX HIDKHETO M CPEIHETO JIECHOTO Mosica JAHHOTO PETHOHA.

[IpoBenen Tarxke aHaNM3 NEHAPOMIOPHI MO TPyNIaM BEIWYHH JEPEBLEB M KyC-
TapHUKOB. [Toka3aHo, 4TO MOYTH BCE BHUJIBI KaK I€PEBBEB, TAK U KyCTAPHUKOB HU3KOPOC-
neie 1 06pasyroT cybanbmuiickue kKpuBoiechs (Betula litwinowii, B. pendula, Salix cap-
rea, Sorbus aucuparia u ap.).

Ha ocHOBe cpaBHHUTENBHOTO aHAIM3a OorarcTBa AeHAPOMGIOp CyOaTbIIUHACKOM 30-
HBI Pa3JIMYHBIX JIECOPACTUTEIBHBIX PETHOHOB ApMEHHH TI0Ka3aHo (Tabul. 3), 4To BO Beex
ClIydasaX B YKa3aHHBIX JCHAPOKIMMATHUYCCKUX YCJIOBUAX YHCIIO BUJIOB APEBCCHBIX pac-
TeHud kKonebnercs ot 40 1o 52, noxasisioniee OOIBITMHCTBO KOTOPBIX (IIPEACTaBUTEH
pozos Betula, Spiraea, Sorbus u mp.) BcTpeuaercst BO Bcex paiioHAX,0[JHAKO BHICOTHBIE
TIPEAEeNbl UX PAacIPOCTPaHEHHs B OOJIBIIMHCTBE CIy4aeB HE COBIAAAIOT.

Ta6muua 3. CpaBHUTENbHASL XapaKTEPUCTHKA JeHAPOGIIOP CyOaTbIUICKON 30HbBI
PAa3INYHBIX JIECOPACTUTEIBHBIX PETHOHOB APMEHHH

JlecopacTuTe/IbHbII pernoH Ymncsi0 TAKCOHOB
(paopucTuyeckHii paiion) ceMeiicTBO poa BHJL
obulee | B cy0. 30He | obuiee | B cy0.30He | ofuiee | B cy0. 30He
CeBepo-BocTouHast ApMEHHUs
(Jlopwuiickuit 1 U mKxeBaHcKuit 45 19 86 32 165 52
paiioHsbI)
Bacceiin 03. CeBan (CeBaHckuit 28 11 50 22 115 40
paiion)
Bacceiin p. Apna
([apanierucckuii paiion) 36 14 75 29 186 15
IOro-Bocrounas Apmenus
(3anresypckuii 1 Merpuackuit 44 17 101 37 255 49
paiioHbl)

B cocraBe coBpemeHHOH NeHAPODIOPH! pecITyOJIMKH, B YACTHOCTH MCCIIEAYeMOH
TEPPUTOPHUU CEBEPO-BOCTOUHOI APMEHHUH, COCPEAOTOUCHBI PEIMKTHI PA3IMIHOTO IIPO-
HCXOXJICHHSI, OCHOBHOE SIAPO COCTABIISIOT BHIBI M3 MPEACTABUTENCH MONTAaBCKOH, Typ-
raiickoll u cpenuzeMHOMOpCKoi (iop. B sToM oTHOmeHnn aeHapodopy ApMeHHH,
cormacHo CocHoBckoMy [14], MOXHO TpeICTaBUTh KaK MECTHOE S/IpO, O0OTameHHOe
MUT'paliusaAMHA OT MEJIOBOI'O IMEPUOaa U OJIMTOUCHA 10 HAIIUX llHeﬁ.

M3ydeHueM peTMKTOB 3aHUMAIIUCh MHOTHE OOTAHUKU — KPYIHBIC 3HATOKH (i10-
pet KaBkaza u Apmennn [6, 12]. B HexoTopsIx paboTax 3Tux aBTopoB Tepputopus FOx-
HOTO 3aKaBKa3bsl B CBSI3U C COZIEP)KAHNEM PEJIMKTOB JEJUTCS Ha JIBE YacTH: I0XHYIO (00-
Jiee KCepOpHIBHYI0), HAXOMAIIYIOCS B mpenenax ApmeHo-HpaHckoi (uopucTudeckoi
MIPOBHMHIINY, U CEeBEpHYIO (Oosee Me30(HiIbHYI0), HaXO Iy OCs 1ol BiusiHueM KaBkasz-
CKOW MpOBMHIMH. B ceBepHBIX paiioHax pecyOIuKH, IO JTaHHBIM Bapnmansmaa [3], oc-
HOBHBIE NPEACTAaBUTENN PEAUKTOB He mogHuMaroTcs Boime 1000-1200m Hag yp. Mops u
MIPECTaBICHBI (pparMeHTapHO B ymIenbsx pek Jeben, Mmexmy cr. Alipym u AxTana (He-
dera helix, Smilax excelsa), Axcree u Axym (Corylus colurna, Smilax excelsa,
Staphyleea pinnata, Taxus baccata, Acer laetum, Hedera helix u mp.).

B wmccrenyeMbIx JIpeBECHBIX I[EHO3aX PErnoHa BCTPEYAIOTCSl TaK)KE MHOTHE pe-
muktel (Daphne glomerata, D. transcaucasica, Rhododendron caucasicum, Vaccinium
myrtillus u ap.). OGIee YKCIIO PETUKTOB B COCTaBe AEHAPOMIOPHl APMEHHH MPEACTAB-
nenbl 31 BugoM u3 29 pozos [4], momasstoniee OOIBITUHCTBO KOTOPBIX, KAK PEAKHE U
rcyesatoiue 3aHeceHsl B KpacHyro kauury pactenuit Apmenuu [19]. Uto xacaetcs aH7e-
MHKOB, TO OHH TIPEZCTABICHB B APMEHHUH JI0BOJIBHO Oorato — Gombiie 30 BUaOB (0KOJIO
10% nenapodiopsl), MomaBIsIONIEe WX OONBIIMHCTBO MpeCTaBUTENN ceM. Rosaceae
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(Pyrus, Rosa, Rubus, Crataegus u zip.), KOTOpble pacipoCTpaHEHbI TIIAaBHBIM 00pasoM B
FOTO-BOCTOYHBIX apUIHBIX PETHOHAX ApMeHHH [3, 4].

O0600mas pe3ynbTaThl MPOBEACHHBIX HAMH HCCIIEIOBaHMH, MOXHO 3aKIIOYHTH,
YTO ACHIAPOKIIMMATHYICCKHUE YCIOBHS CyOaNbITUMIICKON 30HBI CEBEPO-BOCTOYHON ApMe-
HUM HE OYeHb OJNATONPHATHBI IS KU3HEAEATEIHHOCTH OOJBIIMHCTBA MpPEACTABUTENCH
abopurenHoi geHApodIopsl. IloaTOMY B 3TOM 30HE JPEBECHBIE PACTEHUS IIPEICTABICHBI
Ype3BBIYaiHO O€AHBIM COCTaBOM (52 BHIA) U OTIIMYAIOTCS KpaliHe Hu3koi (1V) Bemnuu-
Ho#l. HeMHOTOUMCIIEHHBIE HU3KOPOCIIbIE M MHOTJIa KPUBOCTBOJIbHBIE IEPEBbs (TpeacTa-
BuTenu poaos Betula, Acer, Sorbus, Salix u ap.) He 06pa3yrOT HONHOIEHHBIE M IIPOU3BO-
JUTENIbHBIE JIPEBOCTOM, a (POPMHUPYIOT DPEIMKTOBBIE AEHAPOLEHO3bI €IUHUYHBIMH 3K-
3eMIUISIpaMH WM HEOONBIIMME rpynmnaMy. Kak 1moka3slBaroT Hall MHOTOJIETHHE HaO-
JIIO/ICHUS, OTU JEHAPOLICHO3bI B CYPOBBIX KIIMMATHUECKHUX YCIIOBHSIX, HAXOSIIHECS O]
MIOCTOSTHHBIM aHIPOIIOTEHHBIM BO3/ICHCTBHEM, HE Pa3BUBAIOTCA M HE PACIIUPSIOT 3aHH-
MaeMbIe IIOIIAAH.
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Dipeptidyl peptidase IV (DPPIV) and adenosine deaminase (ADA) are multifunctional
enzymes, involved in different physiological processes. Often a problem of their regulation
appears. Particularly, the inhibition of both enzymes considered beneficial at type 2 diabetes. This
work describes the influence of ethanol extracts and constituents from several plants on DPPIV
and ADA activities. The ICs, values of extracts from pellicles of walnut kernel, rose petals,
melilot, leaves of pistacia, grape, sorrel and blackberry in the in vitro inhibition of ADA from
bovine lung were in the range of 0.23-1.25 mg/ml. In inhibition of DPPIV from bovine kidney, the
ICs, values of the extracts from blackberry leaves, pellicles of walnut kernel and rose petals were
between 0.13 and 0.63 mg/ml. The ICs, values of phenol glycoside fractions from rose petals and
grape leaves in DPPIV inhibition (0.029 mg/ml) were by one order smaller than for ADA (0.34
mg/ml). In the in vivo experiments, the increasing of ADA and DPPIV activities in the blood
plasma of the streptozotocin injected rats (40 mg/kg of body weight) was proved. In these animals
the extract from walnut kernel pellicles effectively inhibited the activities of both enzymes.

Adenosine deaminase—dipeptidyl peptidase 1V— enzymatic activity regulation— plant extracts

Yhwbwnhnhiwbwwhnwg V-p (NN 1V) L wnbunghunbwdhuwagp (W) pwgdwdniuyghn-
Lw| dGpdGunubp Gu, ubpgpwdywd wwppbp $hghninghwlywlu wpngbulbpnud: PwqUwehy ww-
reninghwutnnud gpwugyb) £ npwug wynhynipjwu wé: Niuwinh, hwwh $epdEunubph Yuwpguwynp-
Jwu puunhp E wnwewunwd, Jwubwynpwuwbu, 2-nn wnhwh wpwpwhunh dwdwlwy: Wu wp-
huwwnwlpnid LWwnwapyned £ npnp pnyubph Epwuniwhu enipdtph W pwnwnphgubph wgntgnipniup
WJwsd dptpdGunutph ypw: Snih pnph UWAU-h wynhyniejwl in vitro puyddwlu  dwdwlwy
hawnynywh, puynygh Jhentyh  pwnuwuph, Jwpnh  Swnlwebtpehyutnh, whunwyh,  fuwnnnp,
wybGintyh W Unph wnbpllltph pnpdtph 1Cs, wndbeubpp guudnud Ehu 0.23-1.25 Jdg/d| wnhpnyjenid:
Ungh wtplltiph, puynygh dhgniyh  pwnwph, dwpnh  Swnywpebnehlutph enipdtnng gnh
GphywduGph YNMIV-h wpgbjwydwu 1Cs, wndtputpp 0.13-0.63 Jg/d] Uhpwlwyenid thu: dwnpnh
Sdwnywretpehlutph W fuwnnnh wGpllubph Stunjwahnghnwihl $pwyghwltinh 1Cs wndtputinp
AMNNIV-h nGwend (0.029 dJg/d) dGY Ywpgnd wdbh thnpp Ept, pwl UAU-h  nBwenid
(0.34 Jg/dp):R3wunwwinyty £ unpbwwnngninnghu Upwpyywé (40 Jg/yg Yeunwunt Yphr) wnUGwnuGph
wnwu wwquwynud YMNV-H L UAU-h wynhynupyjwu wép: Wu ysunwupubph Jdnnn wdBlw-
wpnyntbwybwn in vivo wngbiwyhs hwunhuwgwy puynigh dhentyh pwnwleh pnupdp:

WUntUunghunbwdhlwq — nhwbwinhnhjwbwwnpnwq IV -ptpdtUunwihu whnhynpywllwnpquynpnid —
pnLuwlwl pnipdtn
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Hunentuannmnentugaza |V (AIIIIV) u agenosungesamunaza (AJIA) —MHOTO(MYHKIHO-
HaJIbHBIE (PEPMEHTHI, BOBICUEHHBIC B PAa3INUHbIe (GPHU3HOIOTHIECKHE Ipouecchl. [Ipu psge matomo-
ruil HaOJIofaeTCs 3HAUNTENFHOE YBEIMUYCHHE NX aKTHBHOCTH. BCleIcTBIE 9TOT0 4acTO BO3HHUKA-
€T He0OXOANMOCTh MHTNOUPOBAHUS aKTUBHOCTH THX (pepMeHTOB. B wacTHOCTH, KenaTensHO MH-
rubuposanue IV u AJIA npu caxapHoMm nuabeTe BToporo tumna. B nanHol paboTe mpeacTas-
JICHO BO3JEHCTBUE STAHONBHBIX 3KCTPAKTOB U KOMIIOHCHTOB HEKOTOPBIX PAaCTeHHUI Ha aKTHBHOCTH
ATV u AJA. 3uauenus 1Csq mpu invitro uaruGupoBannu akTHBHOCTH AJIA W3 Jerkux ObIka
9KCTPaKTaMH JOHHUKA JIEKAPCTBEHHOT'0, INIEHKHU sIpa TPELIKOTO OpPEXa, JIETIECTKOB PO3bI, TUCTHEB
(hHCTAIKOBOTO AepeBa, BUHOTPAaa, KOHCKOTO IABeIst M €KeBUKM HaXOAWINCH B mpexenax 0.23-
1.25 mr/mi. 1Csp 9KCTPaKTOB IIICHKH OpeXa, JIUCTHEB €KEBUKHU U JICIIECTKOB PO3bI IPH iNVitrOMHIU-
ouposanmu AV u3 mouek Opika Haxowmuch B mpenenax 0.13-0.63 mr/mi. 3uadenus 1Csq ams
(hEHONTIINKO3UIOB U3 JICTIECTKOB PO3BI U JICTHheB BUHOrpana B cirydae JAIMIIIV (0.029 mr/mir) GbI-
JIM Ha TOPSAOK MeHblie, yeM st AJIA (0.34 mr/mu). B ombiTax invivo moaTBepkIeHO Bo3pacTa-
nue aktuBHoctd IV n AJIA B mina3Me KpoBH SKCIIEPUMEHTANIBHBIX KPBIC TOCIE WHBEKIINU
ctpenTo3oTorHa (40 MI/Kr Beca). ¥ 3THX JKHBOTHBIX aKTMBHOCTh 000MX (hepMEHTOB Hambonee
3¢ (HeKTHBHO MOAABIISLIT SKCTPAKT IIIEHKH OPEXOBOT0 AApa.

Aodenozunoezamunasa — ounenmuouinenmuoaza \V — pecyruposanue ghepmenmamusHoil
AKMUBHOCHU — PACTUMEITbHbIE IKCTPAKNIbI

Adenosine deaminase (ADA, E.C. 3.5.4.4) catalyzes deamination of
(deoxy)adenosine (Ado) and plays a critical role in maturation and differentiation of
lymphoid cells, maintaining the effective immune, neurological and vascular systems
[4]. Two molecular forms of ADA are as follows: a small, intracellular SADA, and a
large LADA, formed as a complex of SADA and DPPIV/CD-26 [6]. The located on the
cell membranes and circulating LADA catalyzes deamination of Ado in the intercellular
medium. Adenosine receptors (ARs) were also identified as ADA anchoring proteins
leading to activation of T-cells [5]. The costimulatory effects promoted by the ADA-
DPPIV/CD26 complex consist in the inducing of IL-6 production, INF-yand TNF-
asecretion, enhancing the pro-inflammatory response [16].

A multifunctional dipeptidyl peptidase 1V (DPPIV; EC 3.4.14.5) is a ubiquitous
and unique serine protease removing N-terminal dipeptides from the polypeptides and
proteins, containing proline or alanine on the penultimate position. This enzyme
truncates many cytokines, chemokines and peptide hormones. It is identical to CD26, an
antigen of activated human T lymphocytes, involved in regulatory and co-stimulatory
events in the immune system [3, 10]. The clinical studies of the role of DPPIV and of the
specific inhibitors paved the way to novel therapeutic concepts in many pathologies such
as diabetes [22]. The membrane-bound form of DPPIV is expressed in many tissues on
T-, B-, natural killer, hematopoietic progenitor and stem cells and macrophages. The
soluble form of DPPIV is circulating in blood plasma and is detected in urine, bile,
semen, cerebrospinal, pleural and synovial fluids [3, 10].

The described importance of concerted and individual functions of DPPIV and
ADA in humans, their association with different vital systems forced to study of the
ways of their regulation. Particularly, this problem concerns the diabetes mellitus.

Theglucagon-like peptide-1 (GLP-1) (7-36) is insulinotropicincretin hormone and
a most potent therapeutic agent for treatment of type 2 diabetes (T2D). However, DPPIV
converted it to inactive GLP-1(9-36) [7] and the inhibition of DPPIV is one of the
strategies to prolong its antidiabetic activity [9]. At present, the inhibitors of DPPIV are
under development in preclinical and clinical studies, and several of them are marketed
as anti-diabetic drugs [17]. As it is known, the serum level of ADA in T2D patients was
increased reliably [12]. It was elevated in the streptozotocin-injected rats.
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The increase of ADA can result in decreasing of the Ado level and in
development of insulin resistance [18].

The detection of natural inhibitors of DPPIV and ADA could be beneficial for
treatment of T2D. There is preclinical evidence for the efficacy of plants as
hypoglycemic agents or in the management of diabetic complications [8]. Medicinal
herbs contain diverse bioactive compounds having positive effects on insulin production.
Metformin, a first line drug for T2D, is based on a biguanide compound from the
antidiabetic French lilac [2].

Earlier, we demonstrated the inhibition of DPPIV and ADA activities by aqueous
extracts from Armenian Highland plants [13]. The transmission and scanning electron
microscopy study [11] proved the ability of the ethanol extract of rose petals and of its
phenole glycoside fraction to hinder the fibrillation of peptide hormone of pancreas,
amylin (one of the causes of T2D development). The decreasing of amylin aggregation
and the in vitro protection of islet f-cells from death in the presence of aggregated
amylin by the ethanol extracts and fractions from several plants were demonstrated [20,
21]. These results prove the probability of usefulness of herbal constituents in prevention
and treatment of T2D.

This work describes the in vitro and in vivo influence on DPPIV and ADA
activities of ethanol extracts from several plants and their constituents. For study, we used
the plants which traditionally are used in folk medicine and/or as food in Armenian
cousin, but are not studied by researchers before.

Materials and methods.The leaves of grape (Vitisvinifera), sorrel (RumexConfertus),
pistacia (Pistacia atlanticaDesf.) and blackberry (RubusCaesius), rose petals (Rosa damascena),
aerial parts of melilot (Melilotusofficinalis) and walnut (Juglansregia) were collected from
Armenian Highland and dried in the shade. A voucher specimen has been deposited in the
herbarium of the Botanical Department of Yerevan State University (Dr. NarineZagaryan). The
ethanol extract preparation, identification of constituents, fractionation by gel-filtration and
characterization of fractions by chemical analyses, thin layer chromatography and optical
absorbance in UV-Vis region are described earlier [1].

For in vitro experiments, ADA and DPPIV were purified from bovine lung and kidney,
respectively [14, 19]. In the assay of their activities, Ado and Gly-Pro p-nitroanilide
toluenesulfonate salt, purchased from Sigma Ltd. USA, were used as substrates.

In the in vivo experiment, 30 laboratory rats were divided to six groups. One of them was
kept as untreated control. In 25 animals T2D model was induced by injection ofstreptozotocin
(STZ, AppliChem GmbH, Germany) in dose of 40 mg/kg of body weight. One group was kept as
STZ-control. The animals of four groups were fed orally three times per a week with the ethanol
extracts from walnut kernel pellicles (WP), rose petals (RP), leaves of grape (GL) and sorrel (SL),
indose of 400 mg/kg of body weight. This dose was chosen as most suitable after preliminary
testing of doses between 150-400 mg/kg. In four weeks, per 1 ml of blood was taken
cardiopunctually using heparinized syringe. DPPIV and ADA activitis wereassayed in the blood
plasma.

Data analyses were performed using the statistical software InStat, version 3 for Windows
(GraphPad Software, Inc., SanDiego, CA, USA). Specific differences were tested using Student’s
two—tailed t—test. The data showing P<0.05 were considered as statistically authentic. Results were
expressed as mean + s.e.m.

Results and Discussion.The in vitro effects of plant preparations on the activities
of DPPIV and ADA purified from bovine kidney and lung, respectively, were studied.
From the concentration dependences, the 1Cs, valuesof the ethanol extracts and isolated
fractions from plants in inhibition of DPPIV and ADA were estimated (tab. 1). These
data evidence that 1Cg, values of the extracts from WP, pistacia and blackberry leaves in
inhibition of two enzymes are in mutual conformity. ICxgin inhibition of DPPIV by
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extract from RP is by one order smaller than in the case of ADA. The extracts from
melilot, SL and GL influenced on the activities of two enzymes differently. Their I1Cs
values in the case of ADA are in line with the other extracts, but these three extracts did
not inhibit DPPIV. Moreover, the extract from melilot somewhat activated DPPIV.

Table 1. ICsq values of plant preparations in inhibition of DPPIVand ADA activities

1Cs0,mg/ml £+ s.6.m.
ethanol extract from: ADA DPPIV
1 | walnut kernel pellicles 0.23 +0.005 0.20+0.01
2 | pistacia leaves 0.29+0.014 0.39 +£0.03
3 | grape leaves 0.36 +0.03 >100
4 | melilot 0.57+ 0.014 Light activation
5 | sorrel leaves 0.68 + 0.06 >100
6 | blackberry leaves 0.94+ 0.09 0.63+0.14
7 | rose petals 1.25+0.09 0.13£0.01
Phenolglicoside fractions from:
8 | rose petals 0.33+£0.02 0.029 + 0.005
9 | grape leaves 0.35+0.05 0.029 + 0.003

The 1Cs values of PhG from RP and GL in inhibition of the enzymes are very
close one to other. In the case of DPPIV they wereby one order smallerof that for ADA.
It should be noted that in the identical experiments, the PhGs and the emodine from SL
did not affect the activity of DPPIV.

Absorbance

230 250 270 290 310 330 350 370 390

Wavelength, nm

Fig. 1. The spectra of PhG fractions from RP, GL and SL.

Fig. 1 shows the optical absorption spectra of PhGs from three plants. It is
interesting, that the spectrum of PhGs from SL, which did not affect the activity of
DPPIV strongly differs from the spectra of PhGs from RP and GL, which inhibited
DPPIV with close effectivity (ICso = 0.029 mg/ml). Obviously, the constituents of the
last two chemically differ from those of PhG from SL. Comparison with the literature
data [15] evidence that the spectra of GL and RP PhGs are similar to the spectra of the
tannins’ class flavon-3-ole ((+) — catechin)s. The absorbance of SL PhG is characteristic
for monomeric flavonolsand oligomericprocianidins, the absorption band at 320-350 nm
evidences the involvement of phenol oxides, flavonones and flavananes.
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The dependences of DPPIV activity on the concentration of GL PhGwere
investigated at two concentrations of the substrate. The graphicalanalyses manifested the
competitive nature of inhibition with Ki equal to 1.35 pg/ml.

The in vivo effects of the water suspensions of dried ethanol extracts from WP
(150 mg/kg of body weight), GL (300 mg/kg) and SL (400 mg/kg) on the activities of
DPPIV and ADAIn the plasma of healthy rats were studied.Three groups of normal
laboratory rats, per three animals in each, were fed with these extracts for 4 weeks (twice
in a week).The doses were chosentaking into account their I1Cg, values in the in vitro
inhibition of ADA (0.23 mg/ml<0.3 6 mg/ml<0.68 mg/ml, tab. 1).

The fourth group served as a control. In the end of the experiment, the activities of
ADA and DPPIV were determined in the blood plasma of animals. In fig. 2, A and B the
results, expressed in percentage of the control animals, are presented. The activity of
ADA in the groups, fed with plant extracts, was lower than in the control group, but this
decreasing was not in the accordance with their in vitro 1Csy values. The activity of
DPPIV in the groups, fed with plant extracts, was higher than in the conrol. In spite of
low ICs value of the extract from WP (0.20 mg/ml, tab. 1), DPPIV activity in the group,
which received this extract, was the highest.

Hence, the in vivo influences of three ethanol extracts on the ADA and DPPIV
activities in blood plasma of healthy rats were strongly different and were not in the
accordance with the in vitro inhibition of the enzymes.
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Fig.2.Activities of ADA (A) and DPPIV (B) in the blood plasma of healthy rats,
fed for 4 weeks with the water suspensions of the ethanol extracts from WP, GL and SL.

In the next experiments,the in vivo effects of STZ and herbal extracts on the
activities of DPPIV and ADA were studied. Four groups of STZ-injected animals were fed
orally in the dose of 400 mg/kg of body weight for a month by the ethanol extracts from:

a) RP, which in vitro effectively inhibited DPPIV (ICs = 0.13 + 0.01 mg/ml), but
slightly inhibited ADA (ICso = 1.25 + 0.09 mg/ml);

b) GL, which in vitro inhibited ADA (ICs, = 0.36 + 0.03 mg/ml), but did not
influence on the DPPIV activity (1C5,>100);

¢) WP, which in vitro inhibited both ADA (ICs, = 0.23 + 0.005 mg/ml) and DPPIV
(IC5=0.20 £+ 0.01 mg/ml);

d) SL which in vitro moderately inhibited ADA (ICsp = 0.68 + 0.06 mg/ml), but did
not influence on the activity of DPPIV (IC5,>100 mg/ml).
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At the end of the experiment, DPPIV and ADA activities were determined in the
blood plasma. Table 2 shows the ADA activities in 6 animal groups: untreated, STZ-
control and 4 groups, which received the plant extracts. The data are presented in the
percentage of the activity in the group of untreated animals. In accordance with the
literature data [12], the activity of ADA in the blood of animals in the STZ-control group
increased relative to the untreated group by 42 % (P<0.05). In the STZ-injected animals,
which received the ethanol extracts from WP, RP, SL and GL, the ADA activity was
inhibited in vivo moderately, down to 60-80 % of the untreated group (P>0.05). These
values are significantly lower of that in STZ-control group and consist 45-55 % of it
(P<0.05).

Table 2.The activity of ADA in 6 animal groups

Group untreated | STZ-cont | RP,400 | GL,400| WP, 400 SL, 400
% of control+s.e.m. | 100+9.1 |142+12.03 | 73+7.6 78+8.3 | 64+12.3 73+8.0

P vs untreated *P<0.05 P>0.05 P>0.05 P>0.05 P>0.05

P vs STZ-cont *P<0.05 | *P<0.05| *P<0.05 *P<0.05

Tab.3 shows the activitis of DPPIVinthe same groups. The activity of DPPIV in
the STZ-control group is higher of that in the untreated animals by 24 % (P<0.05). In the
animals, fed by the extracts from GL and SL, which did no inhibit DPPIV in vitro (tab.
1), the DPPIV activities were close to that in the STZ-control group. Surprisingly, in the
group, fed by the extract from RP with the best in vitro inhibition (ICs, = 0.13 mg/ml),
the in vivo activity was higher than in STZ-control group.

Table 3. The activity of DPPIV in 6 animalgroups

Group ntreated | STZ-cont | RP, 400 |GL, 400 | WP, 400 SL, 400
% of control +s.e.m. 100+4.3 124+3.9 | 138+3.8 |106+3.7 70+10.1 12346.3

P vs untreated *P<0.05 |**P<0.01|P>0.05 P>0.05 P>0.05

P vs STZ-cont P>0.05 |P>0.05 **P<0.01 P>0.05

Only in the blood of animals, fed with the extract from the WP (in vitro 1Cs, =
0.20 mg/ml), DPPIV activity was inhibited statistically significantly, down to 56 % of
the STZ-control group (P<0.01).

The ICs, values of several plant extracts (and two PhG fractions) evidenced
moderate and significant values in inhibition of ADA in vitro. Their capabilities to
inhibit DPPIV in vitro were different.

In the healthy animals, the ADA activity under action of some of the studied
ethanol extracts in vivo was moderately lower of that in the control animals, but the
activity of DPPIV was surprisingly higher than in the control animals.

Our study proved the increasing of ADA and DPPIV activities in the blood
plasma of the STZ-injected animals. In the STZ-injected animals fed by plant extracts,
the ADA activity was inhibited in vivo significantly, down to 45-55 % of the STZ-
injected animals (P<0.05).

The extract from WP demonstrated one of the lowest 1Csq values in inhibition of
DPPIV in vitro (0.20 + 0.01 mg/ml). In the in vivo study, itinhibited the activity of
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DPPIV down to 56 % of the activity in the STZ-injected group (P<0.01). This is the best
effect observed in our study.

It is worthy to note, that the extract from WP demonstrated the lowest [1Csy values
for both enzymes (0.23and 0.20 mg/ml for ADA and DPPIV respectively). In the in vivo
experiment, this extract also demonstrated the best inhibition of ADA and DPPIV (down
to 60 and 70 % of untreated or 45 and 56 % of STZ-control groups, respectively). We
can conclude, that the active constituent(s) in this extract (contrary to those from RP) is
(are) stable against the digestion processes in the animals and inhibited the enzymes in
vivo rather effectively, in accordance with the in vitro inhibition. Hopefully, the obtained
results will allow considering usefulness of some Armenian Highland plantsin the
treatment of diabetes mellitus as co-drugs.
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Pa3paborana amanTupoBaHHAs K CIENU(HKE CHOpTa HHTETpajlbHAs MOAUHUITIPOBAHHAS
cucTeMa ICUXO(U3HOIOTHIECKOTO ONpEeIeHNs THIIOB XapaKTepa CIIOPTCMEHOB C IPHMEHEHHEM
nommrpacga. KoMIuiekcHbIH ICHX0(U3HOI0THYSCKHI ONPOC ¢ IPUMEHEHHEM MoJIHUTpada Mo3BOISIeT
BBISIBISITh HHIUBHYaJIbHBIE OHOJIOTHIECKHe 0COOCHHOCTH, (PyHKIIMOHAIBHEIE HAPYIICHHUS HEPBHOU
cucTeMBl M ()OPMHUPOBAThH IIOJIOXKUTENBHYIO NCHXO(QHU3NUECKYI0 MOOWIN3aIMOHHYI0 TOTOBHOCTB
croprcMeroB. Koomnepamus nonurpagonoradeckoil perucTpaniy Hecrnenuduueckux (HH3HoI0Tu-
YECKHUX peakIUii opraHu3Ma ¢ CHXo(pu3N0IOrHYeCKUM ONPEIeIICHHEM THUIIOB XapaKTepa CIopTcMe-
HOB CIy>KHUT YHHMBEpPCAJIbHBIM CPEICTBOM JAEKOAMPOBAHMS II0JCO3HATEIbHBIX HEBEPOAIBHBIX 3le-
MEHTOB IICUXHKU CHOPTCMEHOB.

Tcuxogpuzuonozuueckoe uccre0osanue — KOMIbIOMEPHbLIL NOAUZPAP — NOAUSPAPONOULECKAs
MemoouKa — UHOUBUOYANbHbIE NCUXOPUIUOLOSUYECKUEe OCODEHHOCMU — MUnvl XApakmepa —
CROPMUBHASL MOOUNUZAYUOHHASL 20MOBHOCITb

Uowyjwé E uynpunpt jnipwhwnniy wnwwwnwgdws, Jwpghyubph puwdnpniejwl inbuwy-
utph  hngtdhahninghwywl  npndwl - fuintgnpwy  Unnhdhywgdws  hwdwywng  wnihgnwdh - Yh-
nwnUwdp: Mnthgpwdh Yhpwndwdp Yyndwbepuwihu hngtdbhghninghwywl hwpgnudp enyp £ wnwihu
pwgwhwjinb] wuhwwnwywl YEluwpwlwywl wnwldbwhwwnyniejntllbnp, Uwpnwiht hwdwywngh
$niuyghnuw)  huwgupnidutpp W lwdnnbp Jwpghbubph npwywu hngbbhghywywu unphihqughnu
wwwpwuwnnientup:  Opqwuhquh  wlUhwwnwywl  hghninghwywl  nEwyghwltph  wnihgpwon-
Inghwywu gpwugdwl Yynnwtnwghwl dwpghyutph pbwynpniejwu tnGuwyubnh hngbdbhghninghwywl
npnuwup Swnwjnid £ npwbu dwpghyubph hngGpwuniejwl Gupwghnwygwywl ng yeppw) wnwnppkph
Jtpswldwl ntuhyGpuwy Uheng:

3nqtdhghninqhwlwl htinwaqnuinientl — Ynduyniinbpuwyhl wnihgnwd — wnihgnwdninghwlwl
utpenn — wuhwwnwlwl hngbdhqghninghwlwl wnwldluwhwwnlynipniulbn —puwynpnpywl wtnbuwlubn
— dwpqulwl Unphihqughnt wwwnpwuwnntpnLl

The integrated modified system of psycho-physiological determination of types of character
of athletes with application of polygraph is developed by adapting to the specifics of the sport.
Complex psycho-physiological survey using a polygraph allows us to identify individual biological
features, functional disorders of the nervous system and forming positive psychophysical
mobilization readiness of athletes. Cooperation of polygraph registration of nonspecific
physiological reactions of the organism with a psycho-physiological definition of the types of
character of athletes serves as a universal approach for decoding subconscious nonverbal elements
of the psyche of athletes.

Psycho-physiological definition — computer polygraph — polygraphological method —individual
psycho-physiological features —types of character — sporting mobilization readiness
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Xapakrep (rp. charactér oTinuuTenpHas 4epTa, NPU3HAK) — COBOKYIMHOCTh MCHUXO-
(PU3HOIOTHUECKUX OCOOEHHOCTEH JIMYHOCTH, TPOSBIAIONINXCS B e JEHCTBUSIX, TOBeJe-
Hun. HAMBUAYaIN3UPOBaHHOCTh ICUXOCOIMATIBHOMN NEesTeIbHOCTH YeI0BeKa OIpeens-
eTCs ero XapakTepoM. becco3HaTenbHOE W CO3HATENFHOE TIOBEACHUE 3aBUCUT OT TCHETH-
YeCKH HacJeIyeMbIX aHATOMO-(U3NOJIOTHUYSCKIX U (PEHOTHIUIECKH (HOPMUPYEMBIX HH-
JIVBHAYaTBHBIX Ncuxodusnonormdecknx ocodbenHocredl (MI1PO) maousuaa. Ilo mpesa-
JUPOBAHUIO BIFSIHHS HACIEICTBEHHOCTH WM CPEAbl Ha OPTaHU3M OIpeNesieTcs TeMIIe-
paMeHT Kak TeHOTHI B XapakTep Kak (PeHOTHIL.

Ecnu sMonnoHanbHO-BONIEBYIO chepy — TEMIIEpaMEeHT COCTABIISAIOT CHIIA, TTOBIK-
HOCTh U YPaBHOBEIICHHOCTh MIPOIIECCOB BO30YKICHUS U TOPMOXKEHHUS, TO CTPYKTYPHBIMU
KOMIIOHEHTaMHU XapakTepa SBISIOTCS 3KCTpa-, aM00- M HMHTPaBEPTUBHOCTH HAIpPaBJICH-
HOCTH MOBEICHYECKUX PEAKIUI U MCUXOCOIUANBHBIX OTHOIIEHUN JTUYHOCTH [6, 11]. On-
HUM M3 BeIyLIMX [TOKa3aTelel Xxapakrepa BbIcTynaeT Bojs (Jiat. voluntas) — ncuxogusmo-
JIOTHYECcKasi CIIOCOOHOCTh MHAMBUAA JOCTHIaTh NOCTABJIEHHBIX UM IeJied B YCIIOBHSX
MIPEOIOJICHUS TIPETIATCTBHUI, B TOM YUCIIE CIIOPTHUBHBIX [3].

AKTyampHOCTh CBSI3M THIIA XapaKTepa CIOPTCMEHa ¢ OCOOCHHOCTSMH €ro Ipe-
CTapTOBOM MOOWIM3aIMOHHOW TOTOBHOCTH, HEOOXOIMMOCTh €€ BCECTOPOHHETO TEOPETH-
YEeCKOTo M 9KCIIEPUMEHTAIBHOTO H3YYEeHUS OYeBUIHBI. B Tex Bugax crmopra, rae AeicTBIe
KaKk Obl “OHOAKTHO”, KBaHTU(HUIMPOBATH IWHAMHUKY IICHXHYECKON HANpsSHKEHHOCTH
CIIOpTCMEHa cI0XKHO. bosee ymoOHBI Aist 3THX 1eneil Te BUIBI CIIopTa, T/Ie CIIOPTCMEH He-
OJTHOKPATHO BBIXOIUT Ha CTapT (Hampumep, B A3[0J10, OOKCe MM Kapard) ajst OOpbObI ¢
Pa3IMYHBIMU 110 CBOCH CHIIE, TEXHHKE M BHYTPEHHEH NCUXO(QHU3NOJIOTHYECKON YCTaHOBKE
conepHrkaMu. Kak mpaBuiio, MOeAWHOK BBIIEPKUBAET U MO0EXKIAeT HEe CTOJNBKO “‘Chila-
TEXHHUKA-OIBIT”, OTHOCUTEIHEHO OJJMHAKOBHIE y CONEPHUKOB, CKOJIBKO Haubosee rapMoHH-
PYIOLIUI C BHJIOM CIIOpTa TPEHUPOBAHHEIH B OOpHOE CTPECCOYCTONYMBEIA OOHIIOBCKUIT
uHIUBHAYyanbHbIH “Tun xapakrepa” (TX). VIMeHHO nmeronuii (U3HOIOTHYECKYIO TOT-
peOHOCTD K COMEPHUYECTBY M TOTOBBIM K MPOJOIDKUTEIBLHOM ICHXOJIOrHIecKod Oopboe
cnoptuBHBIA TX COMAaTOTOHMKA CTaBUT MOCJIEAHION TOUKY B IIOCTHHKE.

IIpaBunbsHOe ompenenenue TX cnoprcMeHa JaeT BO3MOMKHOCTh TPEHEPY MPOIYK-
THBHO WHIVBHUIYaIN3UPOBATH €T0 TAKTHUKY W CTPATETHUIO0 OOPHOBI, 8 CHOPTUBHOMY TICHXO-
(U3NONOTY — MPH HAIWYAHA COOTBETCTBYIOIINX TMCHXO(DHU3HOIOTHIECKAX YCIOBHHA IaTh
MPaBUIIBHYIO TICHXOJIOTHYECKYIO YCTAHOBKY MOOMIIM3aLlMK M Paclpe/ieieHUs] SJHEPTHU B
MPEICTapTOBBIA W CTapTOBBIN NEPUOJBI, YIPaBIEHHE ECTECTBEHHBIM 3HIOCTPECCOM.
CnopruBHasi 60opbba HaumHaercst He ¢ “myctoro mecra”. Eif mpenuiecTByer n3aMeHeHHe
MICUXUYECKOTO COCTOSIHHS CIIOPTCMEHa Ha (OHE XapakTepa, TeMIepaMenTa, onbiTa [13].
Ha 6a3ze mpodeccnonanbHOro cOTpyaHHYECTBa | 0CyapcTBEHHOTO HWHCTHTYTa (DU3M-
4yeckoil KynbTypsl U cnopra Apmenun-I MOKCA (Armenian State Institute of Physical
culture and Sport-ASIPCS) u UuncturyTa ¢usuonorun um. JL.A. Opoean HAH PA B na-
6opaTopuy NCUX0()U3NOIOTHH YeJIOBEKa IIPOBEACHO HAYYHO-TIPAKTHIECKOE ICHXO(PH3HO-
norndeckoe nccnenosanue (IIPM) ¢ mpumeHennem kommbiotepHoro monurpada (KIT)
15-tu crynenToB-cioprcMeHOB 2-X (pakynpreToB [MOKCA 1m0 cnennanbHOCTIM 1310110,
60kc, kapatd. CTymeHTsI 1-ro 1 2-T0 KypcoB (haKyJIbTETOB CIIOPTHBHAS MIEIaroruKa U yII-
pasnenue (CIIY) u ¢usudeckoe BocHHuTaHHEe W 0310poBUTENBHBIE TexHOoNormu (OPBOT)
OTOMpaIMCh IO MPHUHIUIY JOOPOBOJILHOCTH ¥ MPEACTABICHHUIO IPEMoaaBaTelieit
T'M®KCA. Brnepsoie Ha ocHoBe MeToga ZCT muorodyukinonansaoro KIT LX-3000SW
pa3paboTaHa U IPOIYKTUBHO MPUMEHEHA aanTHPOBaHHAas K crieluduke npodeccuoHab-
HOTrO cnopra MoAM(UIMpPOBaHHAs MOJUTpadoIOrnyecKasl MeToJuKa MCUXo(u3nonoru-
yeckoro onpeneneHus (IIOO) TX no FOury [14, 15].

AnanTanyst nonurpadooru4eckoro MeToja K crenuduke MnpoeccHoHaIbHOIO
cnopta u UTI®O uccnenyeMbIX oCyIECTBINIACHE KAYECTBEHHO HOBOM MHTETPAaIbHOM CHC-
TEMOH B3aNMOIOIIOJIHSIONINX ITCUXO()U3UOIOTHUECKHX, TICHXOJIOTHYECKUX U MoJIHurpado-
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JIOTHYECKUX METOIUK KOMIUIEKCHOTO ncuxodusnonorudeckoro ompoca (KIIDO) crynen-
ToB-crioprcMeHoB ¢ npumerenneM KII. Marterpansroii cuctemoit KIIOO 3aneiicTBoBaHBI
HEeIKCIIepUMEHTAIBHBIN (HabmroneHue, Oecena, n3ydeHne U CpaBHUTEIBHBIN aHATTN3 KU3-
HEIEATENbHOCTH), IKCIEPHUMEHTANBHBIN (KBaHTU(HUIMPOBaHHAS (PH3MOIIOTHYECKAs pe-
TUCTpanusd (byHKIlI/IOHaJ'[I)HOFO COCTOSAAHHMA OpraHu3Ma B IMHAMHKE OKCIIEPUMCHTA C IIpU-
MeHeHueM KII) u skcnepTHBIM (MeTOAMKa MHAUBUIYAIbHON MCHUXOJUArHOCTUKU KOHTHU-
HyaJbHBIX OHMOJIOTHUECKUX OCOOCHHOCTEH OpraHW3Ma) METObl uccienoBanus. Omperne-
ssuicst neuxoguzuonorundeckuit craryc (IIPC) nHIMBHIA O KOPPEISIIAKN BBISBISIEMBIX
TUTIOB JINYHOCTH, XapakTepa M TEeMIIEPaMeHTa, COLMOHWYECKOro (IICMXOMH(pOpMannoH-
HBIH KOHTHHYYM) U (PU3HOJIOTHYECKOTO KOMIOHEHTOB. TX CHOPTCMEHOB OIpEessuTICh
KOHTPOJIbHOHM MHTerpaibHoi cucteMor Metoank KIIDO, 3aTeM ombITHON monurpadoio-
TMYECKOH perncrpanuer arantupoBaHHeM MetogoM ZCT.

Mamepuan u memoouxa. 110U ¢ npumenenuem KII na onpenenerne TX mo KOHTY nponnm
15 crynenToB-cmopTcMeHOB 1-To M 2-To KypcoB B Bo3pacte 18 — 20 JeT Tpex creruaibHOCTEH
T'MOKCA: 5 n3romouctoB, 5 6okcepoB u 5 kaparaucToB. [IpenBapss kaxnoe [1DOU, mapamiensHo
HaJl TeCTaMH IIPOBOJMIIACH ITOJITOTOBUTENBHAS pabdoTa — amanranust Tecta k UIIPO uccnexyemoro
U TeMe UCCIIeIoBaHMs. B KauecTBe TEXHMYECKOTO0 OCHAIICHHsS B KOMIUIEKCHOM HCCIICIOBAaHHUHU HC-
nonp3oBasicst KIT LX-3000SW nuuensuposannoii Lafayette Instrument Company-LIC (Indiana
47903, USA) ¢ nporpammusiM obecrieuennem Polygraph LX Software V.8.1.1 u anropurmom o6c-
yera pe3ynbratoB POLYSCORE®, koTopbIil peann3yeT KOMHYeCTBeHHbIH aHanu3 (usnonoruyec-
KOH MH(OpPMaLUK Ha OCHOBE COBPEMEHHOI'0 METO/Ia CHCTEMbI CTATHCTHYECKHX cpaBHeHui Objecti-
ve Scoring System (OSS) nox ynpasnernem onepannonHoi cucteMbl Windows® [17]. Tlo naHHBEIM
Applied Physics Laboratory (APL) VYuusepcurera J[[xona Xomkwmuca (CIIA), amropurm
POLYSCORE® obecmneunBaeT 1OCTOBEPHOCTh HHTEpIpeTanuy 6oxee 99% u mo3BossieT monurpa-
(onoraM KOCTHYb MPAKTHYECKH MOJIHOTO KOHCEHCyca B oleHke ToyHoctH [IOU [1]. dusnonoru-
YeCKHe CHIHAIIBI OT JaT4YMKOB M Oj0ka cOopa maHHEIX KIT onmgpoBeIBatoTcs M XpaHATCS Ha Mar-
HUTHBIX HOCHUTENSX BBICOKOH TutoTHOcTH. Cucrema 1udpoBoii o0pabotku manHbx OSS mpexacras-
JISIET SMIMPHYECKYI0 OCHOBY pe3yJbTAaTOB SKCIEPTHOW KomuuecTBeHHOH onenku (DKO) m moa-
TBEPIKIICHHSI JOCTOBEPHOCTH pe3yJibTaTa aBTOMAaTHYECKOro KommbloTepHoro aHamuza (AKA) [5,
18]. PeructpupoBanoch TakKe H3MEHEHHE HMHTETPAIbHBIX HECIENU(PUISCKHX BETETATHBHBIX
peakIuii opraHu3Ma B IpaHUNAxX “HOpMa — aKIEHTyalus — MaToJOTHs B OTBET Ha MPOU3BOJIBLHOE
BepOanbHOe (CEeMaHTHYECKOE) M HENPOHM3BOJIBHOE HeBepOatbHOE (IIPOCOIMYECKOE) pa3JparkeHue
[9]. UI®O BeiBustorcss 1o GUYKTyalMd 5 KaHaJIoB (DH3MOJOTUUECKUX HHIUKATOPOB
UHTETPAIbHOW PEaKTUBHOCTH OpraHn3Ma — o0beMa M YacTOThl MyJbca (KapAHOBACKYJISIpHAs
peakums), 3JEKTPOKOKHOro  conpoTuBineHMs-OKC  (koxHoranmpBaHumdeckas —peakuus-KI'P),
pecimpanu (rpyaHoro u auadparmanbHOro naeixanusi) B mporecce KIIDO cnoprecmena. Bee
¢m3noNIOTNUeCKNe NaHHBIE, OTHOBPEMEHHO OTOOpaXKeHHBIE M 3aperucrpupoBaHHble AKA B xome
npexsiaymux  [IOM, BocmpomsBomsarcs gt OKO u  mHTepHpeTanuy  IICHXO(H3HOIOTa-
nonurpagonora [10, 12]. Ilomurpadomoruueckre Tecthl [IPU amantupoBaHbl K CrHemU(HKE
cropTuBHBIX eanHobOopeTB, UIIDO u mHTENIEKTYyaIbHO-NIPO(ECCHOHANIFHOMY YPOBHIO Ka)KIOTO
CTy/IeHTa-CIIOPTCMEHA.

Pesynomamur u o6cysycoenue. KonnuecTBeHHbIH CpaBHUTEIBbHBIN aHAIM3 MOTy4eH-
HOU (u3nonornyeckoi MHGOPMALMK Ha OCHOBE METO/a CUCTEMBbI IIM(PPOBOI 00pabOTKH
SKCIIePUMEHTANBHBIX JaHHBIX OSS mokazan oO0mIyt0 BEepOSTHOCTh THIA XapaKTepa
(OBTX) meromom ZCT amropurma POLYSCORE®™ LIC: unrposeptusaomy TX coot-
BeTcTBYeT MHTepBal <l — 5 %, amboBepTuBHOMY TX — uHTepBan 5 — 95 % u skcTpasep-
tuBHOMY TX — nHTepBan 95 — >99 %.

[onurpagonornueckum meronom ZCT n3 5 nm3tog0ucToB, 5 GOKcepoB U 5 Kapa-
TIUCTOB MHTPOBepTUBHBIH TX onpenenen y 3 a3tomonctoB u 2 kaparauctoB (OBTX 1 —
5 %), axctpaBepTuBHBIIH TX —y 2 n3tomoncToB, 4 60kcepoB U 2 kapataucto (OBTX 97
—>99 %.), cpenHuU S5KBUBaJICHTHBIH aMOoBepTHBHBIA TX —y 1 OoKcepa-mpaBIIH C CHITh-
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HBIM JIEBBIM KPOCCOM (BCTPEUHBIH ylap, MepeceKarouii My Th ObIOIIeH PyKH MPOTHBHU-
ka) ny 1 kaparaucra (OBTX 35 — 48 %).

C nenpio coxpaHeHHs KOHQHUICHINATLHOCTH 0a3bl IepcoHaANbHBIX HaHHBIX (BIT)
ITM®KCA u omepaTuBHOH paboTHI ¢ pe3yibTaTaMH TecT-aHaimm3a ¢ nmpuMeHeHneMm KII
UACHTU(UKAIMA JTMYHOCTH, TOPSAKOBEI HOMep B Tabimue 1, daiir momurpada (OI1) u
pesynsTatel [IOM KaXkAoro HCCienyeMoro 3aKOAWPOBAaHBI B YCIOBHBIE OOO3HAYCHHS:
a3io10 —J (01 — 05), 6oke — B (01 — 05) u kapars — K (01 — 05).

B Ta6:1. 1 npencraBnens! pe3yabtatsl [IOO TX mo FOury ¢ npumenenuem KIT 15
crynentoB-cnoprcmeHoB  UDKCA dakynsreroB CITY u ®BOT.

Tabauna 1. [1OO TX no FOxry ¢ npumenenuem KII 15 cTy1eHTOB-CIIOPTCMEHOB

DUO, Dak-er BK TX OBTX

N on BH] rp ’ | CieumnajibHOCTD (mo KOHry) (%)
Kypc (kr)

cropTa
1 0021 Jo1 1998 | CIIY, 1 | Mzmomo, 1 KYU 73 HHTpOoBepT. 5
2 0022 J 02 1999 | ®BOT,] | Kunes-us, 1 KYU 90 OkcTpaBepTt 99
3 0023 J03 1999 | CI1y, 1 | dzwoao, 1 DAN 55 DKcTpaBepT 97
4 0024 J04 1998 | CIIY,2 | Jswogao, 1 KYU 60 WHTpOBEpT. 2
5 0025 J 05 1997 | CI1Y,2 | Hziomo, 6 KYU 66 WnTpoBepr. 1
6 0026 B 01 1998 | CIIY, 1 | bokc 56 OKkcTpaBepT >99
7 0027 B 02 1999 | CIIY, 1 | Bokc 60 OkcTpaBepTt 99
8 0028 B 03 1998 | CIIY, 1 | Boke 64 DKcTpaBepT 99
9 0029 B 04 1999 | CIIY, 1 | Bokc 56 AMO0BepT. 48
10 | 0030 B 05 1999 | CI1Y, 1 | Bokc 81 DkcTpaBepTt >99
11 0031 K01 1998 | CIIY, 1 | Kapara, | DAN 60 AmOo0BepT. 35
12 | 0032 K02 1997 | CIIY, 1 | Kapam, 3 KYU 73 WnTposepr. 2
13 | 0033 K03 1999 | CI1Y, 1 | Kapars, 1 DAN 70 DKcTpaBepT 99
14 | 0034 K 04 1999 | CIIY, | | Kapars 1 DAN 67 OkcTpaBepT 99
15 0035 K 05 1998 | CIIV, 1 | Kaparms, 1 KYU 64 WHTpOBEpT. 2

Yenosuvie 0obosnauenus, abopesuamypul u noscHeHUs.

®I1 — ¢aiin nonurpada.

OUO — pamunust, UM, OTUECTBO.

J (01 — 05) — m3romouctsl, B (01 — 05) — Gokcepsr, K (01 — 05) — kaparsucTsl.

I'P — rox poxnenus.

CI1Y — CrnopTiBHas IIeJaroruka u ynpasieHue ((haKyabTeT).

OBOT — ®usnyeckoe BOCIUTAHNUE U 0370POBUTENBHBIC TEXHONOTUH ((haKyIbTeT).
BK — BecoBas xareropusi (B Kr).

TX — tun xapakrepa (o K. Onry).

OBTX — o0r11ast BeposTHOCTB THIIA XapakTepa (B %).

JlomomHUTEBHO pe3yabTaTsl modurpadororudeckoro tecr-aHanusa TX mo FOHTY mos-
BOJISTIOT TAKXKE OINPEIEINTh OCOOCHHOCTH XapaKTepa B paMKax THIIa TEMIIEpaMEHTa MO
Aizenky [3]. Cormacto ocobernoctssm TX B pamkax Tumna temrepamenta (TT) mo aiizen-
Ky: UHTpoBepTHBHOMY TX COOTBETCTBYEeT MeEIaHXOIMuYeCKui wiau Quermatuueckuii TT,
3KcTpaBepTUBHOMY TX COOTBETCTBYET xojepuyeckuil win canrsuHuueckuil TT, a cpen-
HEMYy JKBHUBaJCHTHOMY amOoBepTuBHOMY TX OJMKe YCTOMYMBBIA (IMOIMOHAIBHO CTa-
OomnbHbIi) pnermarnueckuid TT [16]. DTo He 3HAUMT, yTo MpencraBureny oxHoro TT Oy-
JyT TIOXOKH JIpYT Ha Apyra Kak Oiu3Henpl. MoryT He COBNaaaTh UX XapaKTepbl, BO3PACT
nnm o0pa3oBaHWe, HO B aHAIOTHYHBIX, HAIPUMEP CTPECCOBBIX CHUTYaIMiX, OHH OyayT
JIeWCTBOBATh MOX0XKUM 00pa3oM, ONHpasich Ha CBOM BEIyIIHE, XOPOIIO Pa3BUTHIC IICUXH-
yeckue GyHKIMA. B Tabn. 2 mpencTaBieHs! Te ke 15 CTyAeHTOB-CIIOPTCMEHOB ¢ 0COOEH-
HOCTSIMM XapakTepa B pamkax TT mo AilzeHky.
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Tadanua 2. OcoGeHHOCTH XapaKTepa CTYJEHTOB-CIIOPTCMEHOB B pamkax TT mo Al3eHky.

HeycToiiunBblii (3MOIMOHATBHO JA0HIbHBIH

J 05

Jo1 B 01
. MeJs1aHX0IHYECKHUIH Xosaepuyeckuii .
HHTpOBepTUBHBII = " IKCTpPaBePTUBHDII

DerMaTHYeCKHit CaHrBHHHYeCKHIi

J 04 J02

B 04 J03

K01 B 02

K 02 B 03

K 05 B 05

K03

K 04

YcToituuBblii (3MOIMOHAJIBHO CTA0WJIbHBII)

[onurpagonorunueckoe [TOU 00beKTHBU3UPYET CYOBEKTHBHOE IICUXOJIOTMYECKOE

tectupoBanue (I1T), BBISBISET CKPBITBIE CEPIEYHO-COCYANUCTHIE, TICHX0IMOLINOHAIIBHEIE,
pecrpaTopHble 3a00JI€BaHMs, aKIEHTYallud 1 (YHKIMOHAJIbHBIE 00paTUMble NICHXHYeC-
Kkne oTkinoHeHus. JlocroBepHoe 3HaHne TX cropTcMeHa MO3BOJISIET TPEHEpaM U IpeToia-
BaTeISIM MaKCHMaJILHO IPOAYKTHBHO pabOTaTh B YHHCOH Ha HHAWBUIYaIbHOU “OMOOTH-
YecKOW dacToTe” CHOpTCMEHa Msl: 1) NpeomoNeHns] SHIOTCHHBIX IICHXOJOTHMYECKUX
6aprepoB, 2) GOpMHPOBAHNUS IICUXOJIENTHKA B CTPECCOTEHHBIX CUTYallUsIX, 3) MOAIepKa-
HUS TIOJI0KHUTENBHON CIIOPTHBHOIN MOTHBANWH, 4) BRIpaOOTKH pediiekca JIuaepa u S) mcu-
xo(hn3ndeckol (yHKIMOHAIBHOHN MPEeICcTapTOBOM MOOMIM3aMOHHOM ToToBHOCTH (MI),
nHaue “crapToBoii roroBHOCTH 10 JleBuroBy [7]. Ha 6a3e BeisBiaeHHoro TX rapmMoHHy-
HOE IICHXOCOBMEILEHUE NICHXOCOLHAIFHOTO STHOMEHTAINTETA CIIOPTCMEHa U punocodun
BOCTOYHBIX e]lI/IHO60pCTB TpEHEpaM OacT BO3MOXHOCTH KyMYJIMPOBATb BECKTOP I0JITO-
CpouHOI1 OOpHOBI HA TaTaMM U AOOWBATHCS OOEAHBIX pe3yapTaToB. CocTosiHue (POHOBOM
MI' co3pgaeTcs COPTCMEHOM HPOJO/DKUTENIBHOE BPeMs CO3HATENIBHO U IIeNIeHAIpaBIICH-
HO, ¥ YPOBEHb ITOTO COCTOSIHUS B OOJIbIIIEH CTEIICHU ONPENENISIeTCsl €T0 XapaKTepoM, JIHd-
HBIM OIIBITOM W CIIOPTUBHOM MOTHBALMEel B HacTosiee Bpems. [Ipu 3TOM ImpoHCXOIuT
MOOMIIM3aIsl CHJI yYacTHUKA COPEBHOBAHUS [UISl BHITOJHEHUS] MMEHHO JaHHOH NeSTellb-
HoctH. Hapsimy c xapakTepoMm IpeicTosmiel AesTeNbHOCTH OOJNBIIOE BIMSHHE HAa €ro
(dhopmMHIpoBaHUE OKa3bIBACT OTHOIIIEHUE CIIOPTCMEHA K TaHHOMY neiictBuio [§]. [Tockoms-
Ky 3TH CHJIBI IOJDKHBI OBITH MCIONB30BaHBI B HEOOXOANMBIN MOMEHT, TO CTPYKTYpa IICH-
XMYECKUX U (PU3NOJOTHUECKUX MpOoIleccoB M PpyHKIMI ctapToBoii MI' momkHa OBITH Ha
HanboJee ONTUMAIILHOM JUTS JAHHOTO BHJIA CIIOPTA YPOBHE.
[I®U ¢ nmpumenenuem KII mo3BomseT BBIABIATH aKIEHTyallMHd JHUYHOCTH, MPOBOIUTH
MICUXOAMArHOCTHKY (PYHKIMOHAIBHBIX HapyLICHHH HEPBHOM CHUCTEMBI (CTPECCHI, OCTPHIE
U XPOHHYECKUE JIECNPECCUH, HEBPO3bI CIIOPTHBHON ITHUOJOTUH). A TakXKe NMCUXOTPEHHHT
MIPOJIOHTUPOBAHHON TOJIOKHUTENIFHON CHOPTUBHOMH MOTHBAIlMM M NICHXOKOPPEKIHIO
MTOCTCTPECCOBBIX IICMXO0IMOIMOHAIBHBIX U TICHXOCOMATHYECKUX COCTOSIHUM CIIOPTCMEHOB
TIOCIIE TSDKETIBIX 1T00e, MOpakeHNH, CIIOPTUBHBIX TPAaBM U PEaKTHBAIMIO0 MMMYHHUTETA K
CHOPTUBHBIM 3KCTPEMaJbHBIM 5K30- M DHJIOTCHHBIM pa3Apa’kKUTENsIM METOIUKOH OHo-
morugeckoit oopatroit cBs3u (BOC). IloBrImeHe cTpeccoyCTONYNBOCTH, TTOAICPKAHHE
MTOJIOKUTETHFHON MPEeNCTapTOBOM CHOPTHBHOM MOTHBAIlMHM W (POPMHPOBAHUE IMPOJOHTHU-
POBaHHOTO IPEICTAPTOBOTO (DYHKIIMOHATIBHOTO TICUXO(PHU3NIECKOTO COCTOSIHUS MI.
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Brura BeisiBieHa Koppeminus Mexny TX, kak komnoHerTa [1OC nHanBHOa, U TIO-
JIO)KUTENBHOM WM OTPULATENBHON NCHUXO3MOLUMOHAJIBHOW CHOPTUBHOM MOTHBaLUE
CHOPTCMEHa B MPeCTapTOBbINA mepro. TX cropTcMeHa ONpeaeeHHO BIHUsIET Ha yCIIell-
HOCTh €r0 CIIOPTHBHOW JEATEIBHOCTH IOCPEICTBOM MOTHBAIMOHHBIX XaPAKTEPUCTUK
JIMYHOCTH.

[IPO TX HEOOXOOMMO TaK)Ke IS BBISIBICHHS KOMIOHEHTa TICUXOWH(OPMAIIHOH-
HOW KOPPEJSALUH JTMYHOCTH, ONPEACIISIONIEro BeAyIe Coco0bl dIHEpronH(popMannoH-
HOro oOMeHa (mpuHsTHS, 00pabOTKM, mepenadd) MHGOPMAILMH TICUXUKOW, HAIpHMeEp:
SKCTPaBEPTUBHBIN PALlMOHANBHBIA (JIOTHYECKUH HIIH 3TUYECKUH ); HHTPOBEPTUBHBIIN Hppa-
LIUOHAJILHEIA (MHTYUTHUBHBIN WM CEHCOPHBIH); aMOOBEPTHBHBINH (JIOTMKO-CEHCOPHBIH
WHTPOBEPT WM MHTYUTHBHO-3THUECKHH DKCTPaBEPT). DTOT COLHMOHWYECKUH “‘MH(pOpMa-
LMOHHBIA MeTaboIu3M” — OTpaKeHHE CTPYKTYPHBIX pa3inuuii ocoOeHHOCTeH BocHpus-
THS ¥ MBIIIICHUS JIIO/IEH, a Tak)Ke aHaIN3 TOT0, KAKHM 00pa3oM MPOSBIIIOTCSA 3TH CTPYK-
TYpHI B CKIIOHHOCTSIX, CIIOCOOHOCTSIX 1 MOBEAECHYECKUX peakiusix [4]. 3Has ocoOeHHOCTH
pearupoBaHMs U B3aUMOJAEHCTBUS C OKPYXKAIOIIEH Cpeoi CopTCMeHa, BO3MOXKHO OIpe-
JETSITh CUIIBHBIE M CJ1a0ble CTOPOHBI, IPOTHO3UPOBATh (YHKIIMOHAIBHOE U3MEHEHHUE Op-
TaHU3Ma U NTOBEJICHUE B TPEHUPOBOYHOM IIPOIIECCe, Ha yIeOHO-TPEHUPOBOYHBIX cOOpax, a
TaKXKe MOJAEPKUBAThH MOJI0KUTEIbHYIO CIIOPTUBHYIO MOTUBALMIO B IIEPHOJL NIPENCTapTO-
Boit MI" MeTonioM ncuxoduznosorniyeckoro TpeHunra ¢ npumenenuem KIl.

Taxum o6pazom, I[IOO TX no IOury ¢ npumenenuem KII nmo3Bonser onepaTtuBHO
C BBICOKOM JTOCTOBEPHOCTBIO MHOTOCTOPOHHE HCCIEN0BaTh CIOPTCMEHA KaK JIMYHOCTH B
€e aHaTOMO-(PU3NOJIOTUIECKOM, HHTEIUIEKTYIIbHO-TIPO(ECCHOHATIBHOM U IICHXOCOLUAIb-
HOM TNposiBJieHNH. KOMITBIOTEpHBIN TecT-aHalN3 C NMpHUMEHEHHeM mnojurpada sBiseTcs
MHOTOCTOPOHHEH JT0CTOBEPHON CHCTEMOW 00BEKTUBHOTO NMCUXO()HU3HOIOTHIECKOTO OMpe-
JIeTICHUs] WHAMBUYaIbHBIX TCHXO(PHU3HOIOTHIECKNX OCOOEHHOCTEH M THIIOB XapakTepa
cnoprcmeHoB. [Tonurpadonornyeckoe onpeseneHne THIIOB XapaKkTepa CIIOPTCMEHOB OTle-
PaTUBHO OMNpEEISIET KadeCTBEHHBIH BEKTOP PaOOTHI TPEHEPOB B SMIIMPUIECKOM ITPOIIEC-
ce BBIABICHUS CKPBITBIX KOMIOHEHTOB JINYHOCTH CIIOPTCMEHOB M TOBBIIICHUH PE3YiIbTa-
THBHOCTH TPEHHUPOBOK. KOMIIEKCHBIN MCHXO(MU3NOIOTHIECKUA OMPOC C MPUMEHEHHEM
nojurpada Mo3BOJISET PErHCTPUPOBATH OJHOBPEMEHHO HECKOJIBKO HECHeHU(pHYECKUX
(DU3HOIOTHUECKUX PEAKIMH TICHXO0IMOIMOHATIBHOTO TPEICTaAPTOBOrO COCTOSIHUSI Opra-
HU3Ma M OOOCHOBBIBATH IOJIOKUTENFHYIO WM OTPHULATENBFHYIO JHHAMHUKY CIIOPTHBHOM
MotuBauuy. [Tonurpadoraornieckuii TecT-aHann3 MPeACTapTOBOTO COCTOSHUS TIO3BOJISIET
BBISBJIATh AJCKBAaTHYI0 M HEaJeKBaTHYH (HOpPMAaJbHBIE WJIM MAaTOJOTHUECKUE IMOIUO-
HaJIbHBIE PeaKkIyy Ha COPEBHOBAHKE) CIIOPTHBHYIO MOTHBAILIUIO CIIOPTCMEHOB M MOOMIIH-
3aI[MOHHYIO IOTOBHOCTB. [Icuxodu3nonornueckoe uccienoBaHie ¢ MPUMEHEHHEM T10JIH-
rpada Mmo3BoJISICT ONEPAaTHBHO BBISABIATH (DYHKIMOHATIBbHBIC HAPYIICHNUS HEPBHOM CHCTe-
MBI CIIOPTHBHOH 3THOJIOTMH U IPOBOJUTH BOCCTAHOBUTENIBHYIO PETYISLUIO ICHX0IMO-
IUOHAJIBHOTO M TICHXOCOMATHYECKOTO COCTOSIHMSI OpPraHW3Ma METOAOM OHMOJIOTHYECKOH
oOpaTHOH cBsi3u. KOHTpONbHBIE JaHHBIE NMCHMXO()U3UOIOTHYECKOTO NCCIEIOBAHMS C TIPH-
MeHeHHeM THonurpada no3BoJsiFoT KOPPEKTHOE MPOBEICHUE UHUBHUIYAIBHOTO U IPYIIIO-
BOTO TICUXOJOTHYECKOT0 TPEHUHIa CIIOPTCMEHOB C LEJbI0 MOAIEPKAHUS MTOJIOKUTEIHHOM
CITIOPTHBHOM MOTHBAIIMK U CTAOMIM3AINHN MCUXO(PU3NICCKON CTAPTOBON MOOMIIM3AIIMOH-
HoW TotoBHOCTH. [lonmrpadonornyeckoe ucciaenoBaHHE OOHAPYKUBAET aJleKBaTHOCTD
(paBay) WM HEaAEKBAaTHOCTS (JI0Kb) HeCTIeU(PUIECKUX (PU3HOIOTMYECKUX PEeaKui op-
raHu3Ma ¢ MPOU3BOJIBHBIMU BepOAILHBIMH OTBETaMH B KOMIUIEKCHOM NCUXO(H3MOIOTH-
YECKOM OIPOCE.
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C HCTONBb30BaHUEM OTKPHITOIO HEJaBHO Ipoliecca M30MpaTeNbHOTr0 KOMINIEKCOOoOpa3oBa-
Hus reMoriioonHa ¢ m3sopopmamu NADPH okcrnnaser(Nox) u reMorsioOHH-HHIYITUPYIOMIETO PEen-
3uHTa N30hopM Nox u3 6momeMOpaH B pacTBOPHMYIO (a3zy ObLIa BBIAEICHA BHICOKOOUUIICHHAS U
HaTUBHas cyMMapHas ¢pakims nzopopm Nox1+Nox2 u3 3puTporUTapHbIX MEeMOpaH, SKCTpawel-
mosipHast NOX n O, -nipoaynmpyromuii JUIONPOTENH BEICOKO! INIOTHOCTH — CYTIPOJI, M3 CBIBOPOT-
KM IUTAlleHTapHOH 1 BeHo3HoH kpoBu -1V rpymm wenoeka. Y pensHoe conepkanne u O, -miposy-
LUPYIOLIAs aKTUBHOCTh TOW MPOOKCUAAHTHOW CUCTEMBI IUIALEHTAPHONH KPOBHU BbIlIE BEHO3HOM,
ocobenno kpoBu y IV rpynnsl. B [-IV rpynnax BeHO3HOH U IuianieHTapHON KpOBU HaOIIOTAOTCA
HEU/ICHTUYHbIC M3MEHEHHUS YPOBHSI, ONTHYECKUX CIIEKTPATIbHBIX MHAEKCOB U O, -Mpoaylupyroen
aKTUBHOCTH BBIIIEYKA3aHHOH MPOOKCUAAHTHOM crcTeMbl. DaKTHIECKH TAKOE YBEIHUEHHE ITPOOKCH-
JAHTHOTO CTaTyca IUIAIEHTapHOH KPOBH HEOOXOAMMO A HOPMAIbHOTO pa3BHTHA Iiozaa. [lomy-
YEeHHbIE JaHHBIE MOTYT CUMTAThCS HOBBHIMH OTJIMUHTEILHBIMHU (hAaKTOPAaMH MEXITy BEHO3HOU M IUIa-
LEHTapHOI KpoBbIo [-1V rpym.

Tpynna kposu I-\N — NADPH okcudasa — cynpon — CynepokcuoHblil paouka.

Oquwgnpstiny ytpgbipu pwgwhwjindwé* htdnginphup W LUAPH opuhnwgh (Nox) hanalitph
Uhple. wnlw pUunpnnuywl Yndwbpuwgnugdwu b YeluwpwnwurUtphg Nox-h hgnéltph® nbwh
Indblh  Swq  hGUngnphund  hwpnigqwé  wpunwqwudwl  gnpépUpwgp,  Jwpnnt Gpwywhu
puytppwiht -V fudptiph wpjwu Ephepnghnliph pwnwurltphg wugwwndt) B pwpdp Jwepnijudp
U Uwwhynipjudp odinwéd Nox1+Nox2-h gnidwpwihu $pwyghwl, wnwl phényhg' wpunwpgewihu
Nox W uniwtnopuhn-gnjugunn nL pwpén fuwnnipintt niubgnn  [hwnwpnunGhu — unwwpnip: WUn
wnnopuhnuwuwnwiht hwdwywpgh wnGuwywpwn pwlwyniejntup b O,-h gnjugdwl wywnhynipiniup
puytppwiht wpjwu Ut wybih pwpan £, pwl Gpwywihtu wpjwl Jt, hwnwwbu IV fudpnud: Uwpnnc
Gphwywhu W puybppwihtu -1V pudpbph wpwu Uty nhungnid B Updwd  wpnopuhnwUwnwihu
hwdwywngh dwywnpnwyh, oyinhjuwywl uwytyunpwihu hunteuutph nt O, ™-h gnjugdwu wywnhyntejwl
ng  Unyuwldwl thnithnfuncpynilubp: QwuwnnpBu puyGppwihu - wpwu  Jdbp  wpnopuhnwuwnwhu
Jwpqwyhtwyh wél wuhpwdtyn £ wwnh Unpdwp wéh hwdwp: REpdwd nyjwiubpp Ywpnn Gu
hwunhuwuw| npwbtu Gpwywihu W puytGpewhu 1-1V fudptnph wpjwu Unp nwppGpwyhs gnpénuutn:

Upywl pudptn 1-IV — LUPH opuhnwq — uncuynny — untwbnopupn nwnhlyw

Using the recently discovered process of selectively complex formation of the hemoglobin
with isoforms of NADPH oxidase (Nox), localized in the surface layers of biomembranes and
hemoglobin induced releasing of the isoforms of Nox to the soluble phase, the highlypurified and total
fraction of native Nox1+Nox2 from erythrocytes membranes, extracellular Nox and O, -producing
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lipoprotein from serum of the I-IV group of human venous and placental bloods are isolated. The
specific content and O, -producing activity of these prooxidative systems in placental blood is higher
in comparison with venous blood, especially in 1V group. In I-1V group of human venous and placentar
blood the nonidentical changes of the level, the optical spectral index and O, -producing activity of
these prooxidative system is observed. In fact, the increase of prooxidative status of the placental blood
for the normal development of the baby is required. These changes can be considered a new distinctive
feature between I-1V group of human venous and placental blood.

Blood group I-1IV — NADPH oxidase — suprol — superoxide radical

I/ISBCCTHO, YTO OCHOBHBLIC OTIIMYUA MCKIY I'pyIlIiaMu KpOBH CBA3aHbI C HAJTMIYHUEM ar-
TJIFOTUHUHOB (2 1 b) u arrmortrHoreHoB (A u B). C BbijeneHneM HOBOW MPOOKCHAAHTHOM
CHCTeMbI ChIBOPOTKHU KpoBH 4yeioBeka—NADPH conepixariero, O, -mpoayupyrOLIIero JIUIo-
MPOTEHHa BBICOKOH MoTHOCTH (cympoina) [6], sxcrpanemmonspaoit NADPH okcunaser
(eNox) u3 ceiBopoTkH KpoBH [9], a Tarke cymmapHoit ppakimu uzopopm Nox (Nox1+Nox2)
13 SPUTPOLUTAPHBIX MeMOpaH [8], mosBHIach BOSMOXKHOCTB ISl KOMITIIEKCHOTO OITpesierie-
HUS ¥ CPaBHEHHUS Y/IENIBHOTO cojepxkanusi, O, -poaynmpyomei akTuBHOCTH u30hopm NOX
1 CyIpoJia U3 BEHO3HOH W IUTaleHTapHOH KpoBH 4enoBeka |-IV rpynm. C ucrnonb3oBanneM
OTKPBITOTO HEABHO Tpoliecca H30MpaTeIbHOT0 KOMIUIEKCO0OPa30BaHUI MEX Iy n30(opma-
mu NOX ¢ remornobusoM, n30¢opmbl NOX BBIIEISIOTCSA HE TOIBKO U3 KIETOYHBIX MEMOpaH
1 MeMOpaH BHYTPHUKIETOYHBIX (hOPMUPOBAHHIA, HO U M3 MEMOpPAaHHBIX (DOPMHUPOBAHUI HAHO-
YaCTHI[ — 9K30COM ChIBOPOTKH KpoBHU (eNox) [3]. Cymnpos u npuBeneHHbIe H30PopMbl Nox
NpETEPHEBAIOT XapPaKTEPHLIC KOJIMYECTBEHHBIC M KAYECTBEHHBIC U3MEHCHUSA TIPU PA3IMIHBIX
MaTOJIOTHYECKUX COCTOSHUSX U 3a00JICBAHUSIX B OKCIEPUMCHTEC U KIIMHHUKE (SHOKa‘ICCTBeH-
HbIe HOBOOOpPAa30BaHMsI, T1abeT, MHTOKCHKALMS TSDKETIBIMU MeTaliaMu u T.1.) [2]. 3a cuer
npoayuupyeMbix O, TIPOOKCHIIAHTHAsI CHCTEMa PEryJMpyeT IMMYHHYIO CHCTEMY, JKCIpec-
CHIO T€Ha, MUTOXOH/IpUAJIbHOE JbIXaHHE, KUCIOPOIHBIH ToMeocTas, Mpouepalyio 1 aror-
TO3 KJICTOK M JIPYTHe BOXKHBIC MPOIIECChl a3poOHOro Metabonmsma [1]. OqHaKko K HAcTosIIe-
My BPEMEHH B JINTEpaType OTCYTCTBYIOT JaHHbIE 00 M3MEHEHUSX NPUBEICHHON MPOOKCH-
JIAHTHOM CHCTEMBI, PETYISITOPOB META0OIM3Ma aKTHBHOTO KHCIIOPO/ia B CBIBOPOTKE BEHO3-
HOH ¥ maneHTapHoi kposH -1V rpymnm yenoseka. Onpesenenne 3THX ITOKazaTeseld MOXKET
10 HOBOMY XapaKTePU30BaTh (PAaKTOPBI PasiIMiMs MEXITy TPYNIIaMi BEHO3HOH M TUTalleHTap-
HOM KPOBH YEJIOBEKA.

Hempto paboOTHl SBIATIOCH HAXOXKICHUE DPA3IMIAN MEXKIY TPYIIaMH BEHO3HOH W
IIareHTapHoit kposu -1V rpymi, accoruupoBaHHbIe ¢ XapaKTEePHBIMUA H3MEHEHUSAMH YPOB-
HSl ¥ aKTMBHOCTH cyrpoiia, eNox u cymmapuoii ¢paximu m3odopm Nox1+NOX2, BbiieneH-
HBIX U3 MPUBCACHHBIX I'PYIIIT KPOBH.

Mamepuan u memoouka. CBexxeHaOpaHHYIO JOHOPCKYIO ¥ IUIALIEHTApHYO KpoBb (110 20 M)
I-IV rpynm B oTaensHOCTH cTabmminpoBain 2 %-HeM urpatom Hatpus ¢ 0,9 %-Hol TITI0K030H.
Buioenenue cvieopomku u spumpoyumog. CbIBOPOTKY M SPUTPOLUTHI BBIACISIIM METOJOM OCaX-
neHust uentpudyruposanneM [8). Tlocne ocaxaeHNs SPUTPOLIMTOB MyTeM IEHTPU(YTHPOBaHUS KPOBH
npu 5500%g, cbIBOPOTKY oTaensuii. Tlocie mpoMbIBaHUS ocaxeHHbIX spuTporuTos 0,9 %-Hoit NaCl
(1:40 06/06) 1 MOBTOPHOTO HEHTPU(DYTUPOBAHKS B AHAIIOTHYHBIX YCIOBHSX OCEBIIHI HA TOBEPXHOCTH
OCaXK/ICHHBIX SPHTPOLUTOB OEIbIi CIIOH MIIA3MEHHBIX 3JIEMEHTOB yAasuI. Jlajgee 3pUTPOLUTHI CMe-
muBanu ¢ puspactBopoM (1:500 06/06) 1 mocie camoocaxaeHust mocneauux npu 4°C ymansim Bepx-
HHH CJION PacTBOpA, a SPUTPOLMTHI COOMPATN HEeHTPH(PYTUPOBAaHHEM B IPUBEACHHBIX yciIoBusx. [Toc-
JIe TeMoJIn3a HPUTPOIMTOB B Bozie (1:20 00/00) 1 ocakaeHUst H)pUTPOIUTAPHEIX MeMO paH (OM) neHT-
pudyrupoBanuem remonusara npu 13000xg B Teuenue 15 mun DM npomsiBanu 0,04 M kanmii-
dbocharubivM Oydepom (KOB, pH 7,4) 1o monyuenus GecrseTHoro cynepHaranta. ChIBOPOTKY KPOBH
JIOTIOJTHUTENBHO LEHTPU(YTUPOBAIN TS yJAICHHS CIIEI0B OCAXKACHHBIX PHTPOLIHTOB.

Buioenenue gpparxyuu uzogpopm NoxI1+Nox2 uz IM. V3 DM cymmapHyto GpakIuio HATHB-
HBIX m30opM NOX1+Nox2 BBl ITyTeM HOHOOOMEHHOM XpoMaTorpaduu Gppakium STHX
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6enkoB Ha nemmono3e DE-52 (“Whatman”, Aurnus). JleHaTypupyromine areHTsl (yIbTp3BYyK, Mepe-
KHCh BOJIOPOJa M JIETEPIeHT) He MPUMEHSUINCh. B mpormecce Mcnop30Bai H30MpaTeIbHOS KOMII-
JIeKco00pa3oBaHNe MEXTY TeMOITIOOMHOM M JIOKAIN30BAaHHBIMH Ha IMOBEPXHOCTHBIX CIIOSIX OMO-
mMemOpaH usopopmamu Nox. Cymmaphast Gppaxuust uzopopm Nox n3 kononku DE-52 smronposann
0,1 M K®5, pH7,4 [8].

Boloenenue cymmapnoii ppaxyuu usogpopm sxcmpayennionspruoic Nox1+Nox2 us cereo-
pomxu kpoeu. Cymmapuyio ¢paxuuio n3odopm Nox(Nox1+Nox2) u3z meMOpaHHBIX GopMHpOBa-
HUH HAHOYACTHII YK30COM, JIOKATH30BAHHBIX B CBIBOPOTKE KPOBH, BBIACIISUIN NIPUBECHHBIM JINICH-
3upoBanHBM criocobom.IToce urkyGamun (mpu 37°C, B Teuenne waca, npu pH 7,4) CHIBOPOTKH
kposu ¢ 10° M depprremornobuna i neHTpudyrHpoBaHys CyCpPHATAHT TOABEPralll HOHOOGMEH-
HOM xpoMmarorpaduu Ha KooHke ¢ cedagekcom DEAEA-50 (3x8 cm).Cymmaphyio dpakimio eNOX
snmrouposanu 0,04 M K®B u noasepranu noHOOOGMeHHO# Xxpomartorpduu Ha uemtonosze DE-52 [8].

Buvioenenue ¢ppaxyuu cynpona uz celeopomku Kpogu u ezo akmueuposanue. Cynpon u3
CBIBOPOTKU KPOBH BBIACISIN IMyTeM ocakaeHus ¢paxuuu storo HAJIPH coxepskamero aumornpo-
TemHa BBICOKOI IIoTHOCTH 06asnenneM FeCls (10°M) ¢ nanbeiimmm LEeHTpU(YyTUpOBaHUEM IIPU
5800xg 10 mun. [Ipu 3TOM HOHBI Fe™ aKTUBUPYIOT cynpod, nepeBoas anekTpod ot HAJIPH B coc-
TaBe CympoJia K MOJEKYJSIPHOMY KHCIIOpOAy, mpeBpaiuast ero B O, [6].

Onpedenenue xonuuecmea uzopopm Nox u cynpona.y [enbHOE CONEpKAHUE CyMMapHON
¢bpakaun m3opopm eNOX H Cympona U3 CHIBOPOTKH KPOBU M CyMMapHO# (pakunu m3opopm Nox
OM (mocite x 00eccoIMBaHMS M BaaKyMHOU JIMO(QMIN3AINK) ONpENesUI B pacueTe Ha 1 Mr/mi
CBIBOPOTKHU M 1 MI/MII 3pPHTPOIIUTOB COOTBETCTBEHHO.

Onpeodenenue O, - npodyuyupyrowywien  akmuenocmu usoghopm Nox u cynpona. O, -nipo-
JYIHPYIONIY0 aKTHBHOCTD H30(popM NOX ONMpEeAeIsuii METOI0M HUTpoTeTpazonueBoro cudero (HTC)
[2] ¢ noGaBnenunem k peakuuoHHO# cmecu 10 MKkM guHatpueBoii conu NADPH. Ipu onpenencHum
O, -nmpoayupyromniel akTHBHOCTH cyTposia quHatpueBas coiib NADPH k peakiimoHHO# cMecH He J0-
OaBIsieTCs, TaK KaK B COCTABE MOJICKYJIBI CYIIPOJIa yKe UMEETCsl IOCTATOYHOE KOJIMYECTBO SHJIOTCHHO-
ro NADPH [6]. IIpu stom 1M O, Boccranasiusaer 1M HTC, npesparuast ero B 1M dopmasana. 3a
emuaniyy O; -IpoaylUpYIONIei aKTHBHOCTH TIPUHAMAETCs TO KoirdecTBo u3odopm NOX wmitu cymnpo-
n1a, KoTopoe Bb3biBaeT 50 %-Hoe yBeanueHHe IOTHOCTH MaKCHMaJIBHOTO ONTHYECKOTO MOTJIOICHHMS
obpasosasuierocst popmaszana mpu 560 uM. Yaenbras O, - mpoaynupyroiias akTHBHOCTb H30(hopM
Nox u cynposa Obla onpe/eseHa B paciyeTe Ha | MT IPUBEICHHBIX OSIIKOB (€71/Mr).

OnruyecKkue CrIeKTPbl MOTJIONMICHHs PerHCTPUPOBAINCH Ha crekTpodoromerpe “Specord
UV/VIS” (I'epmaHusi) ¢ [UIHHOM ONTHYECKOTO Tpodera | ¢M mpu KOMHATHO#M TeMmIiepaType.

CrarucTidecKyio 00paboTKy MOITyYeHHBIX PEe3yJIbTaTOB MPpoBoAMTH 0 CTBIOAEHTY, C Ompe-
JIeTICHUEM KpUTepHs 1ocToBepHOCTH “P”° (M+m). Yuncio ombiToB 6 (n=6).

Pezynomamut u oocyyncoenue. IIpuBeICHHBIM JIMIICH3UPOBAHHBIM CITIOCOOOM U3
MeMOpaHHBIX (OPMUPOBAHHMI HAHOYACTHUI[ — IK30COM CHIBOPOTKH M KHIKOCTH ACIIUTHBIX
KapIMHOM TIONYYalOTCsl HATHBHBIC H BbICOKOOuHIIeHHbIE (95-96 %) wu30dopmbl
cymmapHoit dpakimu Nox1+Nox2 [4] u Nox u3 DM BeHO3HOI U IUialieHTapHo# kposu |-
IV rpymm. 3a cuer NO', 10KaIH30BAHHOIO B JHIAHIHOM OKDPYXCHHH JKeje3a IeMOBOil
rpynmsl u3odopm Nox [5, 10,11, 14], deppuremornobun u3buparenbHo obpasyer
HUTPO30TeMOTIIOOMHOBBIN KOMIUTEKC ¢ 3TUMH NOX, JOKaIn30BaHHBIMHA Ha MOBEPXHOCT-
HBIX CJIOSIX PA3JIMYHOTO XapakTepa KJIETOYHBIX MeMOpaH M MeMOpaH BHYTPHKJICTOUHBIX
(OpMUPOBAHMI MIICKOITUTAIOIINX (MUTOXOHIPHH, SIIPAa, MHKPOCOMBI M HaHOYACTHIIBI)
Nox. ITocre TAKOTO KOMILTEKCO0Opa30BaHUs HaOIrOHaeTcsa reMOTII00MH-
WHIYIIMPOBAHHBIA PENM3UHT (OTIICIUICHHE) 3THX NOX W3 TeTeporeHHoi (assr (3
6uomemMbpan) B pactBopumyro. C apyroil cTOpoHbI, mpu monydenun uzohpopm NOX He
UCIIONB3YIOTCSl  AeHaTypupytomue  u3opopMbl NoX areHTbl (IEepeKuch BOJOPOJa,
JIeTepreHT W yapTpassyk) [8, 9, 13,14], kak 3TO UMEET MECTO TPH HIMPOKO PacIpoCT-
paHeHHOM MMMYHHO3JIEKTpodopeTnueckom metoae Western-Blotting [3, 4, 11-13].

Takum oOpazoM, monyuyeHHble Hamu u30popMbl NOX Oojee HaTHBHBI H
MOJTY4alOTCSd B aHAJIMTHUYECKHX M ITIPENapaTHBHBIX LENSX B TeYeHHE Bcero 4-5 4, 4ro
HEMAaJOBaKHO JUIsl HCCIIEA0BAHUS ITPUBE/ICHHBIX C1a00CTa0MIIbHBIX MEMOPaHHBIX OEJIKOB.
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Onrtuyeckye CIEKTphl MOIIOMEeHnsT cyMMapHOi ¢pakuun u3opopm Nox1+Nox2
n3 OM BeHO3HOI 1 maneHTapHoi kposu |-1V rpynm npusenens! Ha puc. 1.

Puc.1. Ontuueckre CEKTPsI MOTIOLICHHsT cyMMapHoi ppakuun m3ohopm Nox1+Nox2 u3
OM BeHo3HOI (a) 1 manieHTapHoit (6) kposu |-1V rpymmn. Bemku pactBopenst B 0,1M K®B, pH 7,4.

B okwuciIeHHOM COCTOSTHUM U TIOCJIE BOCCTAHOBIICHUSI TUTHOHUTOM HATPHsI CyMMap-
HOW (ppakmm n3opopm Nox1+Nox2 uz memOpan spurporuroB [-1V rpymnm BeHO3HOH U
IUTALICHTApHOH KPOBH 110 (h)OpME M MAKCHUMyMaM XapaKTEPHBIX ONTHYECKHUX MOTJIOMICHUH

He oTauyarores (puc.1-2).
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Puc.2. PopMa ONTHYECKUX CIEKTPOB MOTJIONICHUS CyMMapHO# (pakiuu nu3ohopm
Nox1+Nox2 nu3 BeHO3HOH U IUTaleHTapHoi KpoBH -1V rpynm B okucieHHOM
COCTOSIHUM () ¥ MOCJIe UX BOCCTAHOBJICHHUS AUTHOHUTOM HaTpus (----) Ha

npumepe u3odopm Nox1+Nox2 u3 OM | rpymis! kpoBH (TT0KazaTenn H30hpopm
NoX OCTaNbHBIX TPYII NPETEPHEBAIOT TAKUE )K€ U3MEHEHHUS U HE IPUBOASATCS).
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Kak nokaszaHo Ha puc. 3, 1o ¢opmMe 1 MaKCHMyMaM XapaKTePHBIX ONTHYECKHX I10-
riomeHni m3ohopmel cymmaproit ¢ppakunu Nox1+Nox2 u3 MmemOpaH 3K30COM CBHIBOPOT-
ku [-1V rpynn BeHO3HOI! U IUTalleHTapHOH KPOBH B OKHCIICHHOM COCTOSIHHH () ¥ ocie
BOCCTAaHOBJICHHS JUTHOHUTOM HATPUs (----) HE OTIMYAIOTCS.

0,8 -
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Puc.3. Popma onTHUECKHUX CIIEKTPOB ITOTIIOMIEHHSI CyMMapHOH Gpakuy n30hpopM
sKcTpanetosipHoil Nox1+Nox2 u3 CBIBOPOTKM BEHO3HOMU M IUIAI[EHTApPHON KPOBU
I-1V rpynm (1-4) B OKUCTICHHOM COCTOSIHUY () ¥ IOCJIE UX BOCCTaHOBJICHHUS
UTHOHUTOM HaTpus (-----). U3odopmsr Nox pactopensi B 0,04 M KOB, pH 7,4.

[To dopme onTrUeckre CHEKTPHI HOTIIONICHHS CYIpOJia U3 CHIBOPOTKH BEHO3HOH M
rarieHTapHoit kposu -1V rpymm kpoBu He oTimgarorcs. OTHAKO CYTIPOIBI U3 CHIBOPOTKH
TarieHTapHoit kposu I-1V rpymm mpakTiyeckn momHOCTEIO pacTBopsitores B 0,04 M KB,
B OTJIMYHME OT CYNpOJia CHIBOPOTKH BEHO3HOM KPOBH IPHBEIICHHBIX Ipyil. B ciyyae chiBo-
POTKH BEHO3HOW KPOBH PacTBOPUMOCTH CYIPOJIa COXPaHSETCsl B TEUSHUE 2 CyT, Jaee Ipo-
HCXOANT caMoarperanys 1 MoTeps paCTBOPHIMOCTH CyIpoJia IpakTHdecku 6e3 notepu O -
NPOIYIMPYFOIeH akTHBHOCTH (pHC. 4).

VYaensHoe coxpepkaHue (MI/MJ 3PHUTPOLIMTOB) CyMMapHOW (pakiuu u3ohopMm
Nox1+Nox2 u3 OM -1V rpymin HecKoNbKO OTIHYAIOTCS IPYT OT Apyra. X yaensHoe conep-
yKaHue HecKoJIbKO Bhimie B OM I u [V rpymm BeHO3HO# U MiarieHTapHoi KpoBu (Tadm. 1).

OTa 3aKOHOMEPHOCThH NMPAKTHYECKH HE HaOJIfoaeTcst Iuisl CyMMapHoi (pakimu u3o-
¢opm Nox1+Nox2 u3 CBIBOPOTKH BEHO3HOH W IUIanieHTapHOW KpoBH. VX ynemsHoe conep-
KaHMS TakKe BbIme y n3opopm eNOX u3 raneHTapHoi KposH (Tabim.2).

HeunentnuHo M3MeHsIETCs yIeNbHOE COJep)KaHUe CYNpOia M3 CHIBOPOTKH BEHO3-
HOW ¥ traneHTapHi kpoBH [-1V rpymm (tabn. 3). Ha ¢done cHmkeHus ypoBHA cympoia u3
CHIBOPOTKH BeHO3HOH KpoBH |, I 1 IV rpymm, B Il rpynme Habmromaetcs cymiecTBeHHOE
MOBBIIIICHUE YJIIENBHOTO COJEpPIKaHMsl CYNpOJa U3 CHIBOPOTKU ILUIaleHTapHOW kposu |V
rpynmsl (Tabm. 3).

Vaenenas O -poaynupyromas aKTHBHOCTH CyMMapHOW —(pakiuu  u30(opm
Nox1+Nox2 n3 DM BeHO3HOW M IUIALICHTAPHON KPOBM M3MEHSETCSl B PAa3HBIX IMpejiesiax, u
9Ta aKTUBHOCTH BbImIe y nzodopm NoxX n3 OM IV rpymnmsl, 0cOOCHHO MITANeHTAPHONU KPOBH
(Tabm. 4).
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Puc.4. Ontuueckne CIeKTPHI MOTJIOMIEHHST CBEXKETIONYYeHHON (paKIiy cynposa u3
CBIBOPOTKHY IUTAleHTapHOi kpoBwu I-1V rpymm genoBeka (1-4). AHaJIOTHYHEBIE JaHHBIE
MOJTYYalOTCs ¥ 7SI CYIPOJIa U3 CBIBOPOTKH BeHO3HOHU kpoBH |-1V rpynm yenoseka

u He npuBogsatcs. dpakiun cynpona pacrsopens! B 0,04 M KOBb, pH 7,4.

Ta6auua 1.V aensHoe coaepkanne (Mr/Mi1 S3pUTPOLIUTOB) CyMMapHOi Gppakiuu n3ogopm
Nox1+Nox2 m3 DM BeHO3HOII U maneHTapHo# kKpoBH -1V rpymm, p<0,05, n=6.

HcTounuku cyMMapHoOit | 1 11 v
(bpakuun nsodopm
Nox1+Nox2
OM BeHO3HOH KpOBH 0,10+ 0,01 0,20+0,015 0,18+0,02 | 0,25+0,01
OM 1u1alleHTapHOH KPOBH 0,14+0,01 0,26+0,02 0,21+0,01 | 0,29+0,012

Tadmuma 2. YnensHoe comepkaHue (MI/MII CBIBOPOTKH) CyMMapHOH pakuuu H30hpopM
sKkcTpanestoapHoil Nox1+Nox2 U3 cIBOPOTKY BEHO3HOM U MIaleHTapHOU
kpoBH I-1V rpymn yenoseka, p<0,05, n=6.

Hcrounuku cymmapHoii ¢pakunu nzodopm | ] 1 v
Nox1+Nox2
ChIBOpOTKa BEHO3HOH KPOBH 0,02+0,003 0,015+0,002 | 0,010+0,001 | 0,023+0,001
ChIBOpOTKA IUIAIIEHTAPHON KPOBU 0,031+0,003 | 0,028+0,002 | 0,035+0,001 | 0,044+0,002

Tabauna 3. YaenpHoe copepskanne (MI/MIJI CBIBOPOTKH) (paKIMK CYIpoiia U3 CBIBOPOTKH
BEHO3HOM U mianeHTapHoit kposu I-1V rpymm,p<0,05, n=6.

VcTouHuKH (pakiuy cynposa | 1 11 [\
CbIBOpOTKa BEHO3HOH KPOBH 0,11+0,02 0,09+0,003 0,08+0,005 0,070,004
ChIBOPOTKA IUIAIICHTAPHOH KPOBH 0,15+0,001 0,13+0,001 0,14+0,002 0,22+0,003

Taomuua 4. Yaenpuas O, -poaympyroiias akTHBHOCTE (€/1/Mr) cyMMapHoit Ghpakimu uzohopm
Nox1+Nox2 n3 DM BeHO3HOH 1 TuTanieHTapHOi kposu [-1V rpymm, p<0,05, n=6.

Vcrounuku npoayimpoBanus Oy | 1 Il v
Opaknust Nox1+Nox2 n3 DM BeHO3HOH KpPOBH 47,4+5,1 | 78.2+6,3 62.4+4,3 82,7+7,1
Opakiumsi Nox1+Nox2 u3 OM mianeHTapHo#i KpOBH 56,4+3,9 | 88,2+7,7 71,6+5,4 93.8+7,9
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Junamuka msmeHeHust yaenbHol O -mpoaynupyroniell akTHBHOCTH CyMMapHON
¢pakiyn n3opopm Nox1+Nox2 n3 CHIBOPOTKH BEHO3HOH U IJIallEHTapHON KPOBH YEJIOBE-
ka [-IV rpymm (ex/mMr) Take pa3indHa. JTa aKTHBHOCTh CPABHHUTEIBHO BBIIIE Y CyMMap-
HOM (hpaxrmu eNOX U3 CHIBOPOTKH TUTANleHTapHOI kpoBH [V rpynme! (Tadm. 5).

Taéanua 5. Y nenphas O, -npogynupyromas ak THBHOCTh CyMMAapHOH (pakIuu
m3odopm Nox 1+Nox2 n3 CIBOPOTKH BEHO3HOI! U TIJIalleHTapHON KPOBH
I-IV rpymm (ex/mr) p<0,05, n=6.

HWcrounuku npoxyuposanust Oy | 1l 1l \Y
Cymmapnas ¢pakuust u3odpopm Nox1+Nox2 u3 83,4+7,3 | 140.2+10,0 | 139.4+11,2 | 155,7+12,3
CBIBOPOTKHU BEHO3HOH KpOBU
Cymmapnast ¢ppaxuus usopopm Nox1+Nox2 u3 92,4+9,1 |160,2+14.3 | 170,6+14,1 | 191.8+15,3
CBIBOPOTKH IUIALICHTAPHON KPOBH

Ha stom ¢one Habnronaercs: yenuueHue yaeabHoi O, - MPOAyLHUPYIOIIEH aKTHB-
HOCTH cymposa (e/Mr) u3 CHIBOPOTKH BEHO3HOW W IulanieHTapHoi kposu |-1V rpynm
(Tab1.6), KOTOpasi HAMHOTO BBIIIE Y CYIPOJIa U3 IUIAlleHTapHOH KPOBH.

Taommua 6. Y aenpnas O, -ipoaypyroLias akTHBHOCTb CyITpoia (e[/Mr) U3 CHIBOPOTKH
BEHO3HOI U MUTalieHTapHo# KpoBu yenoseka, p<0,05, n=6.

Hcrounuku | ] 11 v
npoayuupoBanus O,
Cymnpost u3 CBIBOPOTKH 160+10,2 174+11,1 195+14,3 211+21,0
BEHO3HOH KpOBH
CynpoJ U3 CBIBOPOTKH 210+19,2 218+19,9 | 230+22,3 280+25,1
IUIALCHTAPHOH KPOBHU

Takum 00pa3oM, B MOJABISIONIEM OOJNBIIMHCTBE YpoBeHb U Op - TIPOIYIHPYIOIas
AKTHBHOCTH MPOOKCHAAHTHONW CHCTEMBI IUIAIIGHTAPHOW KPOBHU BBIIIE, YeM BEHO3HOH, 0CO-
6enHo kpoBHu IV rpynmel. @akTUYIECKH TaKOE YBEIHUEHHUE IIPOOKCUAAHTHOTO CTAaTyca KPOBH
HE00X0AMMO JIII HOPMAJIBHOTO Pa3BUTHS TUIOJA.

MO>KHO 3aKJIFOYHTh, YTO HapsLy C OOIIEN3BECTHBIMU pazinuusiMu Mexy -1V rpyn-
IIaMU KPOBH, B TIOJIABIISIFOIIEM OOJIBIIMHCTBE CITyyaeB HAOJIIOIAIOTCSl HEUJICHTHYHBIE U3Me-
Henust ypoBHst U Op -IpoiyIpyIOIel aKTHBHOCTH MPOOKCUIAHTHOM cHCTeMbI (M30(hOpMBI
Nox OM, eNOX u cynpost u3 CBIBOPOTKH).

[NoyuenHble JaHHBIE MOTYT PAacCMAaTPHBATHCS B Ka4eCTBE HOBBIX OTIMYMTEIBHBIX
4epT BEHO3HOM U IianieHTapHoi kposu |-1V rpyrmm.
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In this review the critical role of Ca?*-dependent protease calpain in the cascade of
intracellular processes, leading to degeneration and death of spinal cord neurons in experimental
models of Parkinson’s disease (PD) is discussed. In experimental conditions parkinsonian
neurotoxins 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine  (MPTP) and rotenone cause the
activation of calpain and caspase-3, which subsequently cleave cytoskeletal protein spectrin and
axonal neurofilament light protein (NF-L). In the absence of the protease inhibitors, these processes
can lead to structural and functional alterations in neurons and axons. It has been demonstrated that
calpain inhibition provides neuroprotection in the spinal cord in experimental PD.

Parkinson’s disease — spinal cord — neurodegeneration — calpain

Wylwpynwd pULwpyynd £ Ca®*-ywhywy wpninbwgh® Ywiwwhuh wnwlgewjhu ntpp Ukp-
poowjhUu wnngbulGph Juwubwnnud, npnup  Ynpdwlwnpwp U wgnnd nnunintnh UGpnuutph Ypw
thnpéwpwnpwywu Mwpyhuunuh hhjwunnipjwu (M) dwdwuwy: MwpyhUunuhgd wnwpwgunn UGjNN-
winnpuhultGph' 1-UGph-4-96Uh)-1,2,3,6-inGinpwhhnpn-whphnhuh (U$SM) W pninBunuh wgnbgniejwu
wnryniupnud wynmhywunwd U Ywiwywhtup W juuwwg-3-p, npnup pwjpwjnid BU ppoh Ywnnigwé-
pwjhU uwhwnwynigp' uwbynphup W wpeunulbph UGPndhwdtunh rEelL uwhwnwynigp: MNpn-
inbwqubph huhhphinnputph pwgwywjnipjwl nGwentd wju wpngbultpp Ywpnn Gu UGpnuutph W
wpunuubph  Ywnnigwgpwiht thnthnfuniginiulbph W $niuyghnuw)  fuwugwpndubph - wwwndwn
nwnUuwy: 8Snig £ wnpdb, np Yuwiwwhuh wpgbuynidp wwpnwwuhs nGp ntuh nnunwnGnned:

MNwnpyhlunUp hhywlnnipintl — nnunLntn — UGpnntgbutnwghw — Yuwwhlu

B 00630pe o0cyxaaercst KiroueBasi poib Ca®*-3aBucuMoii MpoTeasbl KalbllanHa B KacKaJe
BHYTPHKJIETOYHBIX IIPOIIECCOB, BEIYIINX K BEIPOXKIECHHIO HEHPOHOB CITHHHOTO MO3Ta IpH 00JIe3HN
Iapkuncona (BIT). B skcrepuMeHTaNbHBIX YCIOBUSX HEHPOTOKCHHHI 1-meTwin-4-¢ennn-1,2,3,6-
terparuaponupuant (MOTII) u poTreHOH, BBI3BIBAIONINE MAPKHHCOHUYECKHH CHHAPOM, 3aITyCcKa-
10T aKTHBAIMIO KaJIbIIaHA M Kacla3bl-3, KOTOPbIE PAaCIICIUISIOT CTPYKTYPHBINA OeJIOK IIUTOCKeIeTa
CIEKTPUH M aKCOHANbHBIN Oenok Helipodumamenra jerkoro (NF-L). B orcytcrBre nHrHOHTOpPOB
npoTea3 TH MPOLECCHl MOTYT MPUBECTH K HApYLICHHSM CTPYKTYpHOM LEIOCTHOCTH U (YHK-
IMOHAIBHOI aKTHBHOCTH HEHPOHOB M aKCOHOB B CIMHHOM Mosre. [Toka3aHo, 4To HHrnOupoBaHHe
KaJbIanHa OKa3bIBaeT HEHPOIIPOTEKTOPHOE AEHCTBHE B CIMHHOM MO3TE.

bonesnwv Ilapxuncona — cnunHoU Mo32 — HellpodeceHepayus — KATbNAUuH

Parkinson’s disease

Parkinson’ disease (PD) is a complex movement disorder, characterized by
resting tremor, muscle rigidity, bradykinesia and/or akinesia, postural instability. The
disturbances in motor functions are predominantly ascribed to degeneration and death of
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neuromelanin-containing dopaminergic neurons situated in the A9 region of substantia
nigra pars compacta (SNpc), and reduction of dopaminergic neurotransmission in
caudate nucleus of corpus striatum [14]. Intracellular inclusions, called Lewy bodies and
Lewy neurites, comprised of abnormally aggregated filaments of a-synuclein fibrillar
protein, serve as histopathological hallmarks of damaged dopaminergic neurons [13]. It
is well documented that sporadic PD-associated Lewy bodies are distributed over the
central, peripheral, and enteric nervous systems; this indicates widespread distribution of
neurodegenerative processes, including multiple extranigral nuclei of the nervous system
[17]. Consequently, topographic distribution of the Lewy pathology can help in
explaining complex functional disturbances, differentiated as non-motor autonomic,
vegetative, sensory, and psychiatric symptoms, which are developed before or
accompany motor dysfunctions at PD.

Despite substantial evidence of nigrostriatal degeneration, spinal cord, which is
the final coordinator of motor functions, has also been considered to be implicated in the
progression of PD. It has been discussed earlier that neurodegenerative processes related
to PD and a-synuclein inclusions occur in the spinal cord as well [1, 2, 17]. In our
studies, neurodegenerative changes have been detected in the spinal cord of PD patients
(postmortem), as well as in experimental in vivo and in vitro models of PD [2, 18, 28-
32]. It has been shown that calpain plays critical role in the development of intracellular
processes leading to neurodegeneration and death of spinal neurons and motoneurons.

Calpain and its role in neurodegeneration

Calpain is a Ca’‘dependent cytosolic cysteine protease, which is widely
expressed in the central nervous system (CNS) [12, 25]. Two ubiquitously distributed
mammalian calpains have been identified: p-calpain (calpain I, CAPN1) and m-calpain
(calpain 1l, CAPN2), activated in vitro by low (2-80 puM) and high (0.2-0.8 MM)
intracellular Ca®* concentrations, respectively. Therefore, calpain is getting involved in
signaling pathways regulated by increased concentrations of Ca®". The molecules of pi-
and m-calpain are comprised of large catalytic (78-80 kDa) and regulatory (30 kDa)
subunits, C-terminals of which contain calmodulin-like Ca®*-binding domains. Glycin-
containing N-terminal domain of the regulatory subunit plays role in calpain activation,
facilitating binding of the proenzyme to the membranes. At relatively low intracellular
Ca®" concentrations (50-100 nM) calpain exists as a proenzyme, which is activated at
increasing in vivo levels of free intracellular Ca** and dissociated from inactive into
active subunits (78 kDa and 18 kDa) that have enhanced access to cytosolic and
membrane-associated substrates.

The proteolytic activity of u- u m-calpain in mammalian cells is regulated by its
specific endogenous inhibitor, ubiquitously expressed protein, calpastatin [9]. Calpastatin
prevents the calpain overactivation, providing physiologically normal environment in the
cells. On the other hand, calpastatin is a substrate for calpain, therefore uncontrolled
prolonged overactivation of the calpain leads to calpastatin proteolysis as well; thus,
imbalance in calpain-calpastatin ratio enhances the level of intracellular proteolytic
reactions. Neuroprotective role of calpastatin has been shown in calpastatin-expressing
transgenic mice, which resist experimental brain injury, demonstrating significantly less
behavioral alterations and lower level of proteolysis of calpain substrates [36]. However,
having a large molecular size of 110 kDa, calpastatin is not permeable for cellular
membranes, therefore is not considered as a potential therapeutic agent for inhibition of
increasing calpain activity in CNS disorders, including PD.

Calpain usually modifies but does not fully degrade substrates. Under
physiological conditions calpain causes limited proteolysis of proteins (break of specific
peptide bonds depending on the amino acid sequence of a protein), modifying their
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biological role and activities; the modified proteins are involved in the processes of cell
migration and differentiation, rearrangement of the cytoskeleton [24]. There are many
intracellular protein substrates for calpain, such as, receptors, kinases, phosphatases,
synaptosomal and cytoskeletal proteins. Calpain-mediated cleavage of these substrates is
essential for regulation of neurochemical processes, synthesis, release and uptake of
neurotransmitters, and also for maintenance of integrity of neuronal cytoskeleton [15]. In
some cases, proteolytic activity of calpain combined with other protein degradation
machinery (proteosomes, lysosomes, etc.) leads to the breakdown of a complete peptide
into amino acids, which is essential in detoxification of harmful proteins.

At pathological conditions, uncontrolled calpain activation along with other
proteases causes breakdown of essential cellular proteins (e.g., spectrin), DNA
fragmentation, leading to programmed cell death. Calpain is involved in activation and
migration of inflammatory mediators, including astrocytes, microglia, T cells, and
macrophages [4]. In neurodegenerative processes, associated with mitochondrial
dysfunction and imbalance of intracellular Ca®* levels, calpain activation triggers
cascade of apoptotic reactions, leading to neuronal cell death [41]. Calpain activation is
regulated by its intracellular protein substrates, particularly those, directly associated
with cell degradation mechanisms. These are mitochondrial membrane proteins (Bax,
Bcl-2), receptor inositol triphosphate protein (IP3), calmodulin-binding G proteins and
calcineurin), myelin basic protein (MBP) and myelin proteolipid protein (PLP),
cytoskeletal  proteins  (o-spectrin, actin, mictotubule-associated  protein 2,
neurofilamentous proteins, tau protein, a-synuclein), apoptosis-inducing factor (AIF),
signal transduction enzymes (phospholipase C, proteinkinase C, proteinphosphatase
I1b), transcription factors (c-Fos, c-Jun), calpastatin and numerous structural signaling
and cytosolic proteins [41].

Calpain upregulation has been implicated in neurological disorders, such as
cerebral ischemia and traumatic brain injury [3, 8, 36], spinal cord injury [34],
demyelinating disorders, amyotrophic lateral sclerosis and multiple sclerosis [26, 35,
38], chronic neurodegenerative disorders, including Alzheimer’s disease, PD and
Huntington’s disease [41], experimental optic neuritis [37], and several non-neuronal
disorders (muscular dystrophy, cataracts, arthritis, and others) [44]. Increased calpain
expression has been demonstrated for the midbrain of PD patients postmortem [23].
Importantly, a-synuclein, the component of Lewy bodies, is the essential substrate for
calpain in the brain of PD patients [21]. Through a multiple step process, calpain
mediates a cleavage of a-synuclein, generating high molecular protein chains, aggregates
of which are accumulated in Lewy boodies. This calpain-mediated mechanism of Lewy
body formation plays crucial role in PD neuropathology. Moreover, detection of
calpain-cleaved fragments of a-synuclein in the brain neurons and their colocalization
with active calpain suggested direct involvement of calpain I in a-Synuclein aggregation
process at a-synucleinopaties [10].

Overactivation of calpain and subsequent cleavage of its intracellular substrates in
CNS has detrimental effects, which destroy structural and functional integrity of neurons,
axons, and myelin. Particularly, calpain | cleaves cytoskeletal protein a-11-spectrin, which
plays important role in maintenance of plasma membrane integrity and cytoskeletal
structure, producing spectrin breakdown products (SBDP); the latest are considered as
biomarkers of the degenerating neurons damaged through proteolysis [20, 43].

Calpain-mediated mechanism for structural protein degradation of neurons and
axons has been implicated in experimental cerebral ischemia and traumatic brain injury
[3, 27], spinal cord injury [34], and demyelinating diseases [35]. In experimental optic
neuritis early calpain activation and calpain-mediated cleavage of main downstream
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target collapsing response mediator protein-2 (CRMP2) resulted in acute axonal
degeneration of the optic nerve; however, calpain inhibition and/or CRMP2
overexpression rescued impairment of axonal mitochondrial transport, preventing
fragmentation of proximal axons [45].

Calpain is involved in apoptotic pathway of cell death in association with initiator
and effector caspases; cross activation of proteases at early stages of apoptosis may
occur. According to this scenario, active calpain cleaves pro-caspase-3 with formation of
active caspase-3, which in turn breaks calpain inhibitor, calpastatin. Imbalance of the
intracellular calpain and calpastatin ratio results in uncontrolled calpain overactivation
[42]. Since caspase-3 is also involved in regulation of calpain activity, we have
simultaneously studied the active subunits of these two proteases in our work.

Calpain and its role pathogenesis of PD

There is a growing amount of evidence that PD pathology is associated with
consistent systemic mitochondrial dysfunction and aberrant Ca®* homeostasis, which
lead to activation of cell signaling cascades and generation of the environment that is
highly conducive to upregulate Ca** dependent proteases, i.e. calpain and caspase-3 [16,
33]. The impairment of mitochondrial function and unregulated elevation of intracellular
Ca®* can be induced by mitochondrial toxins, 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP) and rotenone. In vivo MPTP is converted to active
metabolite 1-methyl-4-phenylpyridinium ion (MPP®); rotenone is a naturally occurring
substance, known as a pesticide. These compounds are accepted parkinsonian
neurotoxins, which affect mitochondrial function of dopaminergic neurons in the
substantia nigra pars compacta (SNpc), and therefore are widely used to generate
experimental in vivo and in vitro PD models, where mitochondria play key role in cell
death mechanisms.

The mechanisms of MPTP/MPP* and rotenone toxicity in CNS have been
thoroughly investigated. Both, MPP* and rotenone are accumulated in dopaminergic
neurons and bind to NADH dehydrogenase and coenzyme Q, inhibiting NADH:quinone
reductase (complex 1) activity in the mitochondrial respiratory chain. Subsequent chain
reactions - inhibition of oxidative phosphorylation, loss of mitochondrial membrane
potential, release of mitochondrial cytochrome ¢, ROS generation, resulting in
sustainable mitochondrial dysfunction and oxidative stress, are characteristic for
nigrostriatal degeneration at idiopathic PD as well in experimental PD models [22, 39].
The critical event is elevation and accumulation of intracellular free Ca®*, inducing
activation of proteases [16, 19]. It has been demonstrated that MPTP-induced caspase-3
activation mediates apoptosis of dopaminergic neurons in SNpc in mice [40]. Perhaps,
activated caspase-3 can sustain calpain activation in PD [11]. However, timing for active
protease induction is different, depending on certain experimental conditions. For
example, rotenone-induced early activation of calpain in primary cortical neurons in
vitro precedes caspase-3 activation, culminating in neuronal apotosis [5]. Thus, cross-
communication between calpain and caspases has been suggested as a possible
mechanism of apoptotic neuronal cell death [30].

The role of calpain and caspase-3 in the spinal cord degeneration in experimental
models of PD was studied. The results of the study are briefly presented in this review.
The expression of proteases and their active subunits were determined by Western
blotting (immunoblotting) of spinal cord samples, using antibodies against inactive and
active calpain (80 kDa and 76 kDa, respectively), and caspase-3 (proenzyme 32 kDa and
active subunits). Neuronal localization was assessed by in situ double
immunofluorescent staining of spinal cord slices with antibodies against calpain or
caspase-3 in combination with NeuN (neuronal nuclei immunomarker). Neuronal cell
damage and DNA fragmentation was evaluated with TUNEL (terminal deoxynucleotidyl
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transferase (TdT) recombinant-mediated dUTP nick-end labeling) immunofluorescent
assay.

Calpain-mediated spinal cord degeneration in experimental Parkinson’s disease
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Fig.1. Schematic presentation of the calpain-mediated pathway of spinal cord degeneration at PD.

Exposure to parkinsonian toxins MPTP/MPP* and rotenone (in vivo, in vitro) causes mitochondrial

dysfunction, oxidative stress and consequent increase in intracellular Ca®* level, leading to calpain
and caspase-3 activation. In absence of calpeptin (-), a calpain inhibitor, activation of proteases
converges to cleavage of intracellular substrates, culminating in neurodegeneration and axonal
degeneration. Inhibition of calpain by calpeptin (+) provides neuroprotection in the spinal cord.

Rotenone-induced calpain activation in the spinal cord

We have explored the rotenone-induced in vivo model of PD and studied the
activation of calpain and caspase-3 as possible intrinsic mechanism, mediating cell death
and neurodegeneration in spinal cord [29]. Rotenone was injected to adult male Lewis
rats (total 25 mg/kg over 21 days, s.c.). Sections from upper (cervical) and lower
(lumbar) segments of spinal cord from rotenone-injected and vehicle-treated Lewis rats
were isolated, sliced (5 uM), and then used for in situ double immunofluorescent
staining of TUNEL combined with NeuN (neuronal nuclei immunomarker) or ChAT
(choline acetyltransferase, cholinergic motoneuron immunomarker). Microscopic
observation of immunofluorescent samples revealed TUNEL-positive damaged neurons
and motoneurons in cervical and lumbar spinal cord slices of rotenone-injected rats
compared to controls. Damaged neurons (NeuN) and motoneurons (ChAT) were
identified in dorsal and ventral horn areas of the spinal cord, respectively. Western
blotting of protein samples showed significant (p<0.05; n>4) elevation of the active
calpain (76 kDa) levels in cervical (by 86%) and lumbar (90%) spinal cord tissues from
rotenone-treated rats compared to controls. Meanwhile, the level of inactive calpain
(80 kDa) in the spinal cord had not changed either in control, or rotenone-injected rats.
These findings have been additionally confirmed by double immunofluorescent staining
of cervical and lumbar spinal cord slices by antibodies against proteases. Colocalization
of positive immunoreactivity for active calpain and caspase-3 along with NeuN-
immunoreactive neurons in rotenone-treated rats, but not in controls, demonstrated
neuronal localization of the active proteases. Besides, presence of two active proteases in
neurons disclosed their parallel participation in proteolytic pathways leading to neuronal
damage.
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Rotenone-induced activation of calpain and caspase-3 in spinal cord caused
proteolysis of a-1l-spectrin (270 kDa) into calpain-specific 145 kDa SBDP and caspase-
3-specific 120 kDa SBDP, which were assessed by Western blotting. The levels of
calpain- and caspase-3-specific SBDP significantly (p<0.05; n>4) increased in cervical
spinal cord by 55% and 60%, and in lumbar spinal cord — by 35% and 30%, respectively.
These results substantiated the calpain- and caspase-3-mediated damage of the
cytoskeleton and degeneration of the neurons in response to rotenone neurtoxicity in the
spinal cord [29].

MPTP neurotoxicity in spinal cord and neuropotection via calpain inhibition

The calpain-mediated pathway of spinal cord neurodegeneration has been studied
in MPTP-induced in vivo model of PD [2, 28, 32]. MPTP was injected to linear
C57BL/6N mice (2 x 25 mg/kg, i.p., 6 h interval). Degenerated neurons in the spinal
cord were assessed through double TUNEL and NeuN immunofluorescent assay,
mentioned above. The results of microscopic observation of slices showed that MPTP
induced neurodegenerative processes in both, midbrain SNpc and spinal cord. Numerous
positive TUNEL-NeuN neurons in the spinal cord slices of MPTP-injected mice, but not
in controls, indicated degenerating neurons in the spinal cord. Obtained proof of the in
vivo metabolic conversion of MPTP to the active MPP* ion in the spinal cord
additionally demonstrated the direct impact of MPTP/MPP* on the development of
neurodegenerative processes in the spinal cord [28]. It has been suggested that
mitochondrial dysfunction, oxidative stress and imbalance of intracellular Ca?* lead to
calpain upregulation with concomitant activation of signaling pathways, leading to
neuroapoptosis. The earlier reports from the same laboratory had shown MPTP-induced
increase in expression of calpain in the neurons, as well as in microglia and astrocytes,
suggesting calpain-mediated activation of inflammatory reactions [6].

The critical role of activated calpain in PD pathogenesis impelled investigations
toward discovery of calpain inhibitors, which could be considered as potential
therapeutic agents to slowdown and/or to prevent neurodegenerative processes [24]. For
example, inhibition of calpain by MDL-28170 or increased calpastatin expression had
protective effects on dopaminergic neurons in the midbrain and prevented behavioral
deficits in an MPTP mouse model of PD [7].

To elucidate the calpain-mediated neurodegeneration of spinal cord in MPTP-
induced mouse model of PD, we studied the neuroprotective efficiency of a calpain
inhibitor, calpeptin [32]. Calpeptin is a synthetic cell-permeable peptide aldehyde,
cytoprotective effects of which have been explored in vivo and in vivo. We found
significant decrease of TUNEL-NeuN colocalization sites in the spinal cord of MPTP-
injected mice pretreated with calpeptin (25 pg/kg), then in merely MPTP-injected mice;
these data signified that neuroprotection in the spinal cord occurred via calpain inhibition
by calpeptin, and additionally confirmed calpain involvement in spinal cord
neurodegeneration induced by MPTP. Immunofluorescent assay with antibody detecting
dephosphorylayted neurofilament protein (deNFP) showed increased level of deNFP
immunoreactivity, indicating that effects of MPTP are not limited, but extended beyond
neuronal bodies, targeting and damaging axons in the mice spinal cord. Nevertheless,
pretreatment of mice with calpeptin significantly reduced deNFP immunoreactivity
about to the control level. Neuroprotective efficiency, provided by calpeptin via calpain
inhibition, extended all through ventral and dorsal areas of the cervical and lumbar spinal
cord regions. In these studies we also demonstrated that inhibition of calpain mitigates
MPTP-induced alterations in symptomatic for PD gait parameters - stride length and
stride frequency, measured with DigiGait videography. Thus, calpain inhibition by
calpeptin protected spinal neurons and axons against MPTP-induced neurotoxicity in
vivo, whereas in absence of calpeptin neurodegenerative processes steadily developed,
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resulting in neuronal and axonal damage, and significant impairment in gait dynamics
[32]. Importantly, in PD postmortem studies immunofluorescent staining showed that
immunoreactivity of axonal 62 kDa neurofilament light protein (NF-L) in the cervical
spinal cord was significantly lower (by 29%; p<0.05) than in normal cases [31]. Axonal
degeneration was further confirmed by increased deNFP immunoreactivity in the spinal
cord of PD patients than in normal cases (by 53% and 55%, p<0.05, higher in cervical and
thoracic sections, respectively). These findings indicated the involvement of calpain in
axonal degeneration at PD. These data suggest calpain as a therapeutic target to prevent
processes of neurodegeneration and axonal degeneration in the spinal cord at PD.

MPP* and rotenone toxicity in motoneurons and cytoprotection by calpeptin

We have studied in vitro the mechanisms of MPP*- and rotenone-induced calpain
activation using hybrid ventral spinal cells (VSC 4.1) differentiated into spinal
motoneurons and possible cytoprotection via calpain inhibition [30]. Incubation of
motoneurons in the presence of MPP* (25 and 100 uM) and rotenone (10 and 50 nM)
dramatically reduced viability of these cells. A cascade of intracellular events had been
triggered by neurotoxin exposure, including DNA fragmentation, rise in TUNEL
immunofluorescence, and increase in the ratio of mitochondrial membrane pro- and anti-
apototic Bax:Bcl-2 proteins, respectively. Such intracellular processes are characteristic
of intrinsic mitochondrial signaling pathway activation, culminating in apoptotic cell
death. The critical step in this machinery is increasing Ca* level, which drives activation
of proteases.

Calpain and caspase-3 were diversely upregulated by MPP* and rotenone
depending on the neurotoxin dose and time of exposure, with concomitant formation of
active subunits of calpain (76 kDa) and caspase-3 (12 and 20 kDa). Induction of active
proteases promoted proteolytic cleavage of spectrin with formation of calpain-specific (145
kDa) and caspase-3 specific (120 kDa) SBDP, respectively. However, preincubation of
motoneurons with calpeptin before exposure to neurotoxins markedly suppressed
neurotoxic effects of MPP* and rotenone. The positive outcomes of calpain inhibition
included increased cell viability, decreased levels of active proteases and hence, reduced
SBDP formation; the latter is essential to preserve structural and functional integrity of
motoneurons. Thus, neuroprotective efficacy of calpain inhibition by calpeptin in vitro
confirmed the role of calpain in degeneration of spinal motoneurons [30].

Taking together, the results of our studies suggest calpain inhibition as a
prospective tool to preserve structural and functional integrity of spinal neurons and
motoneurons, and to prevent and/or slow down development of neurodegenerative
processes in the spinal cord at PD.
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W3MEHEHUE WHTETPATUBHBIX IOKA3ATEJENA OPTAHU3MA
IPU KU CJOPOJHOM HEJOCTATOYHOCTH B YCJOBUSX
BO3JIEVCTBUS HEMBYTAJIA U YPETAHA
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HccnenoBanoch U3MEHEHHE OOIIET0 (GU3HOIOrMYECKOro COCTOSIHUSA OpraHM3Ma 0[] BIIMS-
HHEM HapKOTHYECKHX BEIEeCTB (HEMOyTall M ypeTaH) B YCIOBHUSIX OCTPOH KUCIOPOJHOW HeIOoCTa-
TOYHOCTH. J[JIs1 OLIEHKH LEJOCTHOIO COCTOSIHHS OPraHM3Ma MCIIOJIB30BaH alapaTypHbIH KOMILICKC
“buockon”. IlokazaHo, 4T0 KOMOMHUPOBAaHHOE BO3/EICTBHE TMIIOKCHU M HapKO3a JOCTOBEPHO YT-
HETaeT 3HaYeHMs] MHTErPAaTUBHBIX IOKa3arenell opranusma. [locine CHATHS THIIOKCHYECKOro (akTo-
pa y MHTaKTHBIX KUBOTHBIX (TOJIbKO THIIOKCHS) IapaMeTphl CUTHAJIa CTAHOBSITCS BBIIIC HOPMBI, a Y
HAapKOTH3HUPOBAHHBIX — HUKE.

Tunokcus — unmeepamueHvlll CueHa — ypemaw — Hemoymarn

NruntdUwuhnyby £ opqwlhguh punhwuncp $hghninghwywl dhéwyh thnthntunieinup pUntg-
unn Unietbph (UGdpniew) W nipbGunwl) wgnbgnipjudp prwdlwhl wupwjwpwnnigjwl  wwj-
Jwuutpnwd: Npwbu punhwuncp yhdwyh gnigwuh ncuncduwuhpyby £ hunGgpwnhy wgnwlpwlup, npp
dlwynnynud £ opgquuhquh Yuguwynpdwl wnwppbp Jwywpnwyutnph $ncuyghnw) hwdwywpgtnh
thnfuwgnbgnipjwu  wpnyniupnud:  Ipwopuhwih W pUpwUnyetnh hwdwygdwd  wagnbgnipintup
hwywuwnhnptu dupnud £ hunbgpwwnhy  wgnwlpwuh nunwdUwuhnpynn  gnigwuhubnp: Iphwopuhy
gnpénuh YBpwgnudhg hGnn hunwywn Ysunwuhubph (Uhwjiu hhwopuhw) gnigwuhpubpp Unpdwihg
pwnpén BU (huncd, huy pUptgywdlubphu® gudn:

3hwopupw — hunbgnwiinpy wqnuwlpwl — UbdpnLpw] — nipbuwl

We studied the influence of acute hypoxia and anestethetics (nembutal and uretan) on the
organism’s integrative signal registered on the surface of rats body with the use of apparatus
complex “Bioscope”. The experiment results suggest that the integrative signal is sensitive in the
case of oxygen deficiency conditions and an drugs. It is shown the combined use of hypoxia and
narkotics redouble the inhibition effect of both factors.

Hypoxia — integrative factor — Nembutal — uretan

Panee Hamu OBIJIO MCCIIEIOBAHO BIMSHUE OCTPOIM KHUCIOPOAHOW HETOCTATOUYHOCTH
Ha (PyHKIMOHAIBHBIE CHCTEMBI KJIETOYHOrO (IJIEKTpHUYECKas aKTHBHOCTh HEHpPOHOB
HEKOTOPBIX CTPYKTYp MO3Ta) W CHCTEMHOTro (3IEKTpo3HIedarorpaMma, IhIXaHHUE,
cepeuyHas JIeATEeNbHOCTh) YpOoBHeW opranuzma [2-4]. Bce 3T  3KCHepUMEHTHI
MIPOBOAMIINCH B YCIOBHAX OCTPOTO OIBITA C TPUMEHEHHEM HaPKOTHYIECKUX BEIECTB.
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B Hacrosimee Bpemsi paspaboTaH —anmaparTypHbIH KomIuiekc “buockom”,
MO3BOJISIOIINI IPOBOIUTH HEMHBA3HUBHYIO OLIEHKY IEJIOCTHOTO COCTOSIHMS OpraHusma [7,
8]. C wucmonp3oBaHMEM YyKa3aHHOW ammaparypbl HaMH OBUIO HCCIIEIOBAHO BIIUSIHUE
KHCJIOPOZHOTO Ae(UINTA Ha HHTETPATHBHOE COCTOSIHNE OOAPCTBYIONINX XUBOTHBIX [4].

OueBugHO, YTO M TIONydeHWs Oojiee IOMHOW KapTHHBI aJalTallMOHHON
JeATeNbHOCTH (DYHKIIMOHATIBHBIX CHCTEM pPAa3JIMYHOTO YPOBHS OpraHU3alnd u (yHK-
LMOHAJIBHOTO COCTOSHHS OpPTraHW3Ma B IEJIOM IPEACTABISIETCSI HEOOXOJUMBIM H3yUCHHUE
XapaxTepa U3MEHEHUS (PU3MOJIOTHIECKOTO COCTOSIHUS IIETIOCTHOTO OPTraHu3Ma KHUBOTHBIX,
MOJBEPTHYTHIX BO3ACHCTBUIO HAPKOTHYECKHX BEIIECTB B YCIOBHAX KHCIOPOJHOM
HEJOCTaTOYHOCTH.

['maBHO#i 11€71pI0 HACTOSIIEH PabOTHI SBIAIOCH U3YyYCHUE BIMSHHUS HeMOyTana u
ypeTaHa Ha MHTETpAaTUBHBIE MTOKA3aTeIN COCTOSHUS KMUBOTHBIX MIPHU KHCIOPOAHOI Hemoc-
TaTOYHOCTH, a TAaK)Ke MPOBEIECHUE CPAaBHUTEIBHOTO aHAIN3a UX BJIMSHHUS Ha IEJOCTHOE
COCTOSTHHE OpraHU3Ma.

Mamepuan u memoouka. C UCTIONH30BAHHUEM aIIapaTypHOTO KoMIUlekca “bruockomn” mpose-
JIeHBI SKCIIEPUMEHTHI Ha 12 GoapceTByromux 0enbix kppicax Maccoit 180-200 r. YtoObr obecrieunTs He-
H3MEHHOCTh PACCTOSIHUS OT KMBOTHOTO 110 Jardrka 6rockora (15-20 MM), KpbICHI IOMEILIAIUCH B CIie-
[HAIBHO CKOHCTPYHPOBAHHYIO KaMepy, OrPaHUIMBAIONIYI0O BO3MOXHOCTh UX IepeMelerus (puc. 1).
Kamepy ¢ >KMBOTHBIM 10 YCJIOBHSIM SKCIIEPHMEHTa ITOMEILAIH B JIabopaTopHyto 6apokaMepy.

B Hauase kaxl0ro sKCIepHMeHTa MpoBoawiachk 20-MUHYTHAsE KOHTPOJIbHAS PETHCTPALUs
(GYHKIHOHATIBHOTO COCTOSIHUS KUBOTHBIX (pO,=142 Mm prt.cT.). [Tocie 3Toro )KUBOTHBIE “HOAHIMA-
nuce” Ha BbicoTy 7500-8000 M (pO,=64-58 mm pr.ct.) 1 B Teuenue 20-T MHUH MPOBOAMIACH pe-
THCTPALMS UX COCTOSHUS B YCIOBHSAX TMIOKCHYIECKOTO BO3ZAEHCTBHA. J[Isl OLCHKH IOCTCTpeccop-
HOTO COCTOSIHHS KpBIC Cpa3y Iocie “‘CHycka’” Takxke MpoBoauiaach 20-MHUHyTHasl perHCTpals HX
COCTOSIHUSI B YCIIOBHUSIX HOPMaJIbHOTO atMocepHoro masieHns. KuciaopoaHas HEJOCTaTOYHOCTh B
OapokamMepe co3JaBanach IyTeM OTKAauMBaHUs Bosayxa. “Tloxbem” U “ciryck” »KMBOTHOTO B Oapoka-
Mepe MPOM3BOIUIIH CO CKOPOCThIo 15-20 M/c.

Puc. 1. [lucranimonHas peructpanust GU3H0IOTHIeCKOTO COCTOSHUSA OOIPCTBYIOMIEH KPBICHL.

Hewm0yTan BBomum n3 pacuera 30 mr/kr, ypera — 1 r/kr. CoH HacTymaet depe3 4-5 MUH
nocJie BBeieHus [6]. [l aHaM3a MOMyYeHHBIX JAaHHBIX HCIIOJIb30BaJIach KOMITIIEKCHAs IIpOrpamMMa,
paspaGorannas B cpene LabView. Onpenensiiuce mocienoBareibHblE MEXKIUKOBBIE BPEMEHHBIE
uHTepBajbl curHanoB (BB-unrtepsaibr). MerogoM ObicTporo mpeobpaszoBanusi Oypbe CTpOMIUCH
CIEKTpPaIbHbIE PacIIPeIeNICHUs ISl HCXOAHBIX CHUTHANIOB “Brockona” U pacCUNTHIBAICH UX MOTHAS
moutHocTs (FFT) u cpenusis wactora ocumrsnuii (F).

Jns ananuza B3aThl 20-MHUHYTHBIE OTPE3KH 3alUCH. JIOCTOBEPHOCTH Pa3iM4Msl PACCUUTaH-
HBIX TOKa3aTelel 10 MoAbeMa, Ha BBICOTE M MOCIE CITyCKa OIEHHBANACh C HCIIOIb30BaHUEM KpH-
Tepus CTbroJIeHTa IIpH ypoBHE 3HauuMocTH p<0,05.
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Pezynomamut u 0o6cyncoenue. I3BeCTHO, UTO B pe3ynbTaTe B3aMMOJEHCTBUS UH-
(OpPMaIIOHHBIX CUTHAJIOB, BO3HUKAIOIINX B (DYHKIIMOHAJIBHBIX CHCTEMax Pa3HBIX YpOB-
Hel opraHu3anui, oOpa3yloTCs OIpeeIeHHbIe CUTHAJbI, Hecyne nHdopmanuio o0 1H-
TErPaTHBHOM COCTOSIHHU OpraHu3Ma [7,8]. OTu CUTHAIBI 09€Hb YyBCTBUTEIBHBI K PA3IIN-
HBIM IKCTpEMaJIbHBIM BO3JeiicTBUAM [1]. BrIACHMIIOCH, YTO HEKOTOpBIE MapaMeTphl AaH-
HOTO MHTETPaTHBHOTO CHTHAJa B YCIOBHUSX OCTPOH KHCIOPOAHOW HEIOCTATOYHOCTH He-
CyT ollpeJieNieHHbIe U3MEeHEeHUs [4].

Y 6ompcTBYIOMUX KPBIC B HOpME (10 “TIorbeMa’) CpemHssl 9acTOTa OCHWIIIINN B 2
pasa BbIllIe, YeM y JKMBOTHBIX N0/ HapKo3oM (Tabum. 1, puc. 2). [Ipu octpoii runokcun — Ha
“BeIcote” 7,5-8 ThIC. M y 3THX KHUBOTHBIX JTaHHBIHA TTOKA3aTEeNb TOBBIIIAETCSA M TIOCIE “CITyC-
Ka” (B YCJIOBUSIX HOPMAJILHOTO aTMOC(EPHOTO JIaBJICHHUS) CYILIECTBEHHO HE MEHSETCSI.

Ta6muma 1. CpenHsist 9acToTa OCHMIIIALNNH curHainoB 6rockomna (F) u MomHOCTE HX
cnekrpansHOro pactpenenenus (FFT) y 60apcTByIOmiX *KUBOTHBIX, a TAKKe IPH
HEMOYTalOBOM M YPETaHOBOM HapKo3e.

BOJAPCTBYIOIIUE | To “noxbema” |Bbicora 7,5-8 thic. M | ITocae”cmycka”
F (1/muH) 4.1£0.5 4.8+0.4 4.7£0.6

FFT 0.037+0.002 0.019+0.004 0.054+0.002
HEMBYTAJL

F (1/muH) 2.240.3 1.1+£0.2 1.9+0.4

FFT 0.057+0.004 0.01140.002 0.045+0.003
YPETAH

F (1/mun) 2.1+0.3 0.9+0.2 1.2+0.3

FFT 0.065+0.003 0.024+0.002 0.035+0.003

Jpyroii moka3aTens — MOITHOCTh CIIEKTPAIbHON IUNIOTHOCTH CUTHANIOB “‘brockoma”
OOAPCTBYIONIMX KPBIC HAa “BBICOTE” MOYTH B 2 pa3a MCHBIIE, YeM JI0 “‘TOoAbeMa’, a Mocie
“cmycka” ctaHOBHTCS OOJIBIIIE, UeM B HOPME.

VY KpbIC IO HAPKO30M (¥ IIpH HEMOYTaJe, ¥ IPU YpeTaHe) B HOPMaJIbHBIX yCIOBH-
SIX 9aCTOTa OCHMJULAIIUH ITOYTH B 2 pa3a HIDKe, 4eM y OoapcTByrommx. Ha “Beicote” cpea-
HSISl 4acTOTa OCUMWULALMKA M MPH HEMOYTaJIOBOM, U IIPH YPETAaHOBOM HapKO3€ Iajaer
mpuMepHo B 2 paza. [locne “cirycka” y )KHBOTHBIX O] HEMOYTAIOBBIM HApKO30M HAOIIO-
JlaeTCsl TeHJCHIMS K BOCCTAHOBJICHUIO HOPMATHBHBIX 3HAYEHHH ObICTpee, YeM Y >KHUBOT-
HBIX TIOA YPETaHOBBHIM Hapko3oM. llox HapKO30M MOIIHOCTH CIIEKTpa Ha BBICOTE
7,5-8 ThIC. M pe3Ko majaeT — npu HemMOyTalle MPUMEPHO B 5 pas, a MpH ypeTaHe Mo4TH B 3
pasa. [Tocie “crrycka” BOCCTaHOBJICHHE MOIIHOCTH CHEKTPa MPOUCXOIUT MEUIEHHEE, YeM
y 0OZIpCTBYIOMMX KpbIC: uepe3 20 MUH mociie “crycka’” 3TOT MoKaszaresb Mpu HeMOyTae
octaetcs B 1,3 pa3a Huxe, 4eM 10 “oabeMa’, U B 1,8 pa3a HUKe 4eM IIpU ypeTaHe.
N3BecTHO, 4TO B YCIOBUSAX OCTPOM KUCIOPOJHOW HENOCTATOYHOCTU YTHETAETCSl 4acTOTa
CepACYHBIX COKpAIIEHUH W ABIXaHWS, MaJaeT dJIEKTPUUECKas aKTHBHOCTh HEHPOHOB H
CyMMapHasi aKTHBHOCTh KJIETOK Mosra [2, 3]. OmgHako HEKOTOphIe IOKa3aTeld WHTeET-
PaTUBHOTO CHTHAJIA B 3TUX YCJIOBHSAX WIM aKTHBHPYIOTCS (YacTOTa OCUMIIISALNK), WITH yT-
HETaTcs (MOLIHOCTh CIIEKTPa CUTHAJIOB). A KOMOMHHPOBAHHOE BO3JICHCTBHE THIIOKCUH
W HapKo3a JOCTOBEPHO YIHETAET 3TH rokaszarenu. CliesyeT OTMETHTh, YTO 1TOCTIe CHATHS
THIIOKCUYECKOTO (JaKTOpa Y MHTAKTHBIX )KHUBOTHBIX (TOJIBKO TMIIOKCHS) HapaMeTphl CHI'-
HaJla CTaHOBSITCS BbIIIEe HOpMBI. Hamm mpeablnyIiye OImbIThl MOKa3ald, YTO M3MEHEHUS
MoKasareJyiell JaHHOTO CHTI'Hala 00JaJaroT ONpe/eIeHHON MHEPLUUOHHOCThIO. B naHHOM
cllyyae y HAapKOTH3MPOBAHHBIX JKMBOTHBIX JAaxe depe3 20 MHH IIOCIE THIIOKCHU 3TH
MOKa3aTeNu OCTAIOTCs HUXKE, 4eM 70 “mogbeMa’. CpaBHEHHE TaHHBIX MPU HEMOYTAIOBOM
U YpPEeTaHOBOM HapKO3€ ITOKA3bIBAET, YTO BEKTOP M3MEHEHHMH II0J BO3JCHCTBHEM TH-
MOKCHYECKOTO CTPECCOTCHHOro (hakTopa He MEHsETCs, HO BIUSHUE yperTaHa OoJjiee BbI-

PaKEHHO.
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Puc.2. Vzmenenue cpeaneil 4acToOTh OCIMIULALNH CUTHATIOB Onockomna (F) u MomHocTH nx
criektpanibHoro pacnpesenenus (FFT) y 60pCTBYIONMX )KUBOTHBIX IPU HEMOYTAJIOBOM U
ypeTaHoBOM Hapko3e: 1-1mo “moxbema”, 2-Ha BeicoTe 7,5-8 ThIc. M, 3-mocie “cirycka”.

B nayuHoOli nuTepaType yHHBEpCAJbHOTO OTBETa Ha BOIPOC O MEXaHU3ME JIeHCT-
BHUS BEIIECTB, BHI3BIBAIONINX HAPKO3, HET. McclenoBaTeny CYMUTAroOT, 9TO OOIIME aHecTe-
THUKH MOTYT OBITH PA3/ICJICHBI Ha JIBE TPYIIIBI: BEIIECTBA, B3aNMOICHCTBYIONIHE C MEMOpa-
HaMM HEHPOHOB 3a CUET CBOMX (PM3MUECKUX CBOWCTB, M BEIIECTBA, OKa3bIBAIOIIIE M30Mpa-
TCIBHOC XUMHYCCKOC HeﬁCTBHe Ha ONPEACICHHBIC KJICTOUYHBIC PECUECIITOPEI, YHaCTBYIOIIHUC
B (opMupoBanuu ouryuienus: 6onu. HesicHoctelt ocraetcst jocrarouno. Tak u He pelieH
BOIIPOC O TOM, KaKUM 00pa3oM CTOJIb Pa3HOOOpa3Hble BEIECTBA U BO3AEHCTBUSA CIOCOO-
HbI BBI3bIBATH IPAKTHUCCKU HEPA3TMINMYIO KapTHHY Hapko3a [5].

Takum 00pa3om, y HAPKOTU3UPOBAHHBIX )KUBOTHBIX KHUCIOPOJIHAS HEJOCTATOYHOCTD
TIPUBO/IUT K JIOCTOBEPHOMY CHIDKEHHIO TTOKa3aTeNeil MHTErPaTHBHOTO CUTHANIA OpPraHU3Ma,
OECKOHTaKTHO PEruCTPUPYEMOro ¢ MOBEpXHOCTH Tena. CpaBHEHHE MaHHBIX, ITOTYYCHHBIX
TIpU HeMOyTalle ¥ ypeTaHe, I0Ka3ano, 4To B 000MX ciIydasx OCTpasi TUITOKCHsI yTHETaeT yac-
TOTY ¥ MOIITHOCTB CTIIEKTpa CUTHAJIOB “brockorna”, a mocie CHATHS CTPECCOTeHHOTO (aKTo-
pa BO3BpAIIEHNE K HOPME MPONUCXOANT MEJICHHEE, YeM Y OOAPCTBYIOIINX KMBOTHBIX. Cire-
JIyeT OTMETHUTh, YTO HAOII0AaeMble N3MEHEHNS IIPH ypeTaHe 0oJiee BHIPaKECHBI.
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HccnenoBanoch BIMSHEE HETEIUIOBOIO MIJUIMMETPOBOTO 3JIEKTPOMAarHUTHOTO M3ITyYeHUS
Ha BOxHO-coieBod pactBop JIHK, BBIIeNCeHHBIX U3 TEYEHH 3[J0POBHIX JKHBOTHBIX M C CapKOMOI
45. U3 xpuBbIX IUIaBleHUs] HeoOmy4yeHHo# 1 o6iayuenHoi JJHK ompenensnm napamerpsl 1iaBie-
Hus. B 3aBucuMocTtH oT anmurensHocTH 00aydeHus (1o 110 muH) ¢ pe3oHaHCHbIMU 64,5 I'Tn u
50,3 I'Tu yacToTamMu MHTEpBAJ IJIABIEHHUS MPAKTUUECKHA HE MEHSETCS, a TEMIepaTypa IIaBICHUS
JIHK w3 omyxomi capkoMmsl 45 yBemmunsaercs Ha ~1.5°C. TIpemnonaraercs, uto Gomee CHIbHOE
yBenuueHne TepmocradbunbHocTH omyxoieBoit JJHK mo cpaBuennio ¢ IHK HOpMBI 00yciioBneHo
€€ CTPYKTYPHBIMU OCOOCHHOCTSIMH.

Hemennosvie MUTTUMEMPOBbLE DJIEKMPOMACHUMDbLE 60JIHbL —,ZZHK—MemwmpoeaHue

Whiwwnwupnid nuuncduwupndtb) £ ng 9Endwihu UhihuGunpwihu EU wihpubph wanbgnieniul
wnnn® wnlutwnh ywpnhg W uwpyndw-45-hg wuswnygwé Yufe-h ypw: Iwdwu Ynpbphg npnpytp Gu
twnwawjrywsd W gdwnwawjpywséd Yul-h hwidwu wwpwdtnpbpp: NGgnuwluwihu (9ph UniEynih
hwdwp) 645 Q3g L 54.3 Q3g hwoewhnipntutpny  dwnwqwjedwl ntwenwd, Ywhjws
dwnwaqw)jrUwu wnlnnnieintlhg (110 pnwb), hwidwu Jhpwwiep (AT) gnbrb sh thnthnfuynid, huy
uwnyndw-45-hg wuswingwé Yue-h hwidwl sbpdwunhéwlup (Th) dkdwund £ ~1.5°C: Gupwnpynd
E, np nt-AUER-h gEpdwlwiniuniejwl UGdwgnudp hwubdwwnwd w-Yu@-h hbn wwjdwlwynpJwsd
Upw Ywnnigwépwihu wnwuduwhwnynipjntuutpny:

Ny sEpduyhl Uphdtinpuwyhl b EyunpwdwqUpuwlwl wipplubn — M — dGphjwgnid

The influence of non-thermal millimeter electromagnetic waves on DNA from the liver of
healthy rats and Sarcoma-45 was studied. The melting parameters of non-irradiated and irradiated
DNA were determined from melting curves. The melting range (AT) of DNA from the liver of
healthy rats and Sarcoma-45 under the influence of resonant (for water molecules) 64.5 GHz and
54.3 GHz frequencies as well as duration of irradiation (110 min) were not altered within the
experimental error, while the melting temperature T, of tumor DNA increases. These results
assumed that the increase in thermostabiliy is more profound in case of tumorous DNA than in
healthy rat DNA due to structural peculiarity of DNA.

Non-thermal millimeter electromagnetic waves — DNA — methylation
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BJIMAHUE HETEIJIOBOI'O MUJJIMMETPOBOI'O DJIEKTPOMATHUTHOI'O U3JIYUEHW A HA TEPMOCTABUJIbHOCTD JHK ...

MHorouncieHHble Gu3ndeckne (HaKkTOpbl BHEIIHEH CpeJbl, UTPAOIINE Ba)KHYIO
POJIb B IPOLIECCAX JKU3HEACATENbHOCTH, UMEIOT 3JIEKTPOMArHUTHYIO IPUPOY. DIEKTPO-
MarHuTHBIE TIOJSI MCKYCCTBEHHOI'O IPOHMCXOXKAEHHUS Pa3HBIX YaCTOTHBIX HAIa30HOB
OKa3bIBAIOT BBIPA)KEHHOE BO3/IEHCTBHE HA KUBBIE OPTaHU3MBI M HAXOAAT IIHPOKOE MpaK-
THyeckoe npumenenue [7,8,10,11]. CpaBHUTENFHO HEAaBHO ObLIO MOKa3aHo [4,7], 4To
HETEIUIOBbIE MUJTUMETPOBBIE dJIeKTOpoMarHuTHeIe (MOM) BOJIHBI ONIpeNeNIeHHBIX Yac-
TOT 00JIaZaloT MPOTHUBOOITYXOJIEBOH aKTHBHOCTBIO. [IpH 00yueHHH KphIC ¢ capKOMOii
37 MBOM Bomaamu vactoroir 53,5 I'Tu exxenneBHO B TedeHne 30 MHH POCT OIyXOJH
ymensbmaercs Ha 33,5%, a crenens MetuimpoBanus JJHK onmyxonu ymensimaercs mpuo-
JMU3UTENHHO B 2,5 pasa [4].

Y4uThIBast, YTO BCIEACTBHE OOIydEHHS KPBIC POCT OIMYXOJH 3aMeUIeTCsl U CTe-
e metwmpoBanus JJHK ymensmaercs [4,7], B maHHON paboTe MCCIEI0BAIIOCH BIIH-
Hue in vitro MOM BounH Ha TepmoctabmwibHOCTE JIHK, BRIIEIEHHO U3 Oy XOIH.

Mamepuan u memoouka. B omnbiTax MCHONB30BaIH 3J0POBLIX U TPAHCIIIIAHTUPOBAHHBIX
capkomoii 45 Genpix OecioponHbIx Kpsic Maccoit 100-200 r. Ha 15-e cyTku onbITa )KUBOTHBIX J€-
KaNUTHPOBAIM WM M3BICKIN y HUX IedeHb W omyxonb. JJHK w3 Tkameid Belmemsimm mo Moaw-
¢unupoBanHOMy MeTony Mapmypa, 94TO TOAPOOHO omucaHO B pabortax [4, 7]. Hcmoms3oBamn
JHK, Beinenennyto u3 nedenu 310poBbix kpeic (3/IHK) m u3 omyxomm kpeic ¢ capkomoi 45
(oAHK). Conepxanune 6enka B 3/IHK cocraBmsmo 1,5 + 0,2 %, a B oJlHK — 1,3 £ 0,2 %. [{nsa
3JIHK u oJIHK cootnomenue Ay /A Haxomuinoch B obnactu 1,8-1,9, a cootHomenue Ay / Ao
Mexay 2,2-2,4. Matounsle pactBops! JIHK Opumm npurotosnens: 8 1mM pacteopa NaCl u Beaep-
JKUBAJIUCH JI0 TIOJTHOTO pacTBopeHus: HatuBHOU conn JJHK mpu 0-2°C. Konnenrtpauus JJHK B ma-
TOYHOM pacTBope npubiusutensHo 1,5 r/n. Mccnenyemslil pacTBop ObUT IIPUTOTOBJICH U3 MaTOY-
HOTO PacTBOpa 3a HECKOJIBKO YacoB [0 U3MepeHuil. Bes mponenypa ocyiecTBisiach Ipiu KOMHAT-
Hol Temmepatype. Bee obpasupl JIHK wu3ywanu B BomHOM pactBope, coxepxamniem 0,1M NacCl,
10 mM Tpuc, 0,5 mM D/TA, pH=7,4. pH cpexsr msmepsun Ha pH-673-metpe ipn 25°C.

CHexkTpbl MOTJOMEHUS] W KpPUBBIE IUIABJICHMS IIOIYYeHH Ha CHEKTpodoToMeTpax
SPECORD M40 (I'epmanwus). [{nst CHATHS KPUBBIX IUIABJICHUS (3aBUCHMOCTB IOTJIONMIEHUS TIPH
260 HM OT TemIepaTypbl) OOBIYHO HCIIOIB30BAJICS HENPEPhIBHBIN peKiM HarpeBa pactBopa JJHK
CO CKOPOCTBIO 0,3°C/mun. W3mepenus npoBOIMIM B TEPMOCTATUPOBAHHBIX SYEHKAX C UCIOJb30-
BaHueM 10 MM KBaplEeBBIX KIOBET C IUIOTHO 3aKPHIBAIOLIMMUCS KPBIIIKaMHU. TOYHOCTH onpenerne-
HUS TEMIEPATypbl iO,OSOC, a onTHYecKoi mIoTHOCTH — 107 onTHYeCKUX enuHui. Kpusble mias-
JIEHUSI KaXI0ro o0pasia CHUMAIUCh Mo 6-8 pa3. M3 kaxaol KpUBOHW IUJIABJICHUS BBIYMCISUIUCH
temneparypa (Ty) u uHTepBan (AT) muaBieHHs, 3aTe€M 3TU MapaMeTpsl ycpenHsuuch. CpenHee
KBaJpaTHIECKOE OTKIOHEHHE OIIEHNBAIOCh MO (opmyIie

rae di — OTKJIOHEHHE OT CpefHero aprudMeTHdeckoro s | -ro u3amepenus, N — KOJIUYECT-
BO M3MepeHUi. Pe3ynbTaThl mpeacTaBieHbl B BUJE: CpeHee 3Ha4YeHHE T CTaHAapTHas OmuOKa,
paccUMTaHHBIE IO N HE3aBICHMBIM JKCIIEPUMEHTAM.

OO6irydenure IPOBOAMIN B CIICLMATFHOM CTEKISIHHOM cOCye. PacTBOpBI CBepXy 3aKpbiBa-
JIACH TIPO3PATHOM /TS U3MYYESHHS TOHKOM XITOPBHHAIOBOH TuieHKoH. TonmuiHa o6myderus oopas-
na npubnusuTenabHo 1 Mm. Ins obxydenus ucrons3osanuck reaeparop ['M-142 u I'U-141 (Poc-
cusi). Unrepan wacroter s ['M-141 cocrasnsier 37,5-53,7 I'rii (INTOTHOCTH MOTOKA HA JIMCTE Ha-
XOXJIeHHs oOpasia cocrasisieT 0,6 MBT/CMZ), st [NU-142 — 53,3-78,33 I'T'i (TUIOTHOCTH MOTOKA —
50 mxBr/cm?). PactBopsl oOmyuanu pe3oHaHcHbIMH (50,3 u 64,5 I'T) u Hepe3oHaAHCHBIMU
(48,3 I'T'n) yactotamu KoseOaHUH BOJHBIX MOJIEKYJISIPHBIX CTPYKTYP.

Pezynomameul u oocyyncoenue. Boano-conessie pactopsl 3/IHK n o IHK, npuro-
TOBJICHHBIE U CHEKTpodoTOMEeTpHUIecKknX u3MepeHuit, odmydammuce 30, 40, 60, 90 u
110 mua coorBeTcTBeHHO. [loNMyUeHbl KpUBBIE TUIABIICHHUS HEOOIyUYEHHBIX U OOydeH-
HBIX ¢ pe3oHaHcHBIMH (64,5 1 50,3 I'rin) u HepezonaHcHOH (48,3 I'Ti) wacToTamu Koe-
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6annit Bogabix cTpykryp 3HK um o/IHK. Ha puc. 1 mpuBeneHsl KpHUBBIC TUIaBICHUS
3JJHK u o IHK HeoOmydenHbIX 1 00yaeHHBIX 90 MuH ¢ gactoroit 50,3 I'rr. Kak cnemy-
et u3 puc. 1, Bcinencrsue obiydenus TepmocradbminsHocTh JJHK yBenumumBaercst — yBe-
nuenne ooibie st o/JJHK.

V3 KpuBBIX IUIABICHHS ONpPEASICHBI IAPaMeTpPhl [uIaBieHus — temmeparypa (Tm)
u untepan (AT). B tabn. 1 mpuBeneHsl aaHHbie 0 mapamerpax miaasnenus 3JJHK u
o/IHK, o6nydennasix pe3oHancHoi 50,3 ITnm wacToToif B 3aBHCHMOCTH OT
JnutensHocTH obmydeHus. Kak ciemyer m3 Tabnm. 1, ¢ yBenuueHHEM IITHTENBHOCTH
o0ny4yenus ypemuuuBaetces T, oJIHK u 3/IJHK : yBenuueHwe TepMOCTaOMIBHOCTH
MIPOMCXOJUT B OCHOBHOM B MHTepBajie a0 90 muH. [Ipu obnydenusx cBeime 90 MuH
napameTpsl IUIaBJICHUs] OYTH He MeHstorcs. [Ipu obmyuennu 90 MHMH pe30HaHCHOM
gacroroit 50,3 I'Tu T, 3JJHK yBenmuuBaercs. B pabote [6] Obuto moka3Ho, uto MOM
BOJTHBI, COBITQ/IAIOIIIE 10 YAaCTOTE C PE30HAHCHBIMU KOJICOAHUSMU BOIHBIX CTPYKTYD, HE
TIOTJIOIIAIOTCS TIOBEPXHOCTHBIM CJIOEM BOZHO-COJIEBBIX PAcTBOPOB, MMPOHHKAIOT B Oojee
IIIyOOKHE CIOM >KHIKOCTH M MPUBOIAT K JETHAPATALNH MPUCYTCTBYIOIIMX B PacTBOpE
noHoB. [losTomy HaOmomaemble Ooliee CHIBHBIE W3MEHEHMS NApaMETPOB IUIABICHUS
o/IHK, Bo3MoxHO, 00ycioBieHs cTpyKTypHBIMU oTnuausiMu oJIHK mo cpaBHeHuio c
3/IHK [1,3,9], BcieactBue wero rugparanust o[lHK B ompeneneHHBIX THIIEPMETIIINPO-
BaHHBIX YYacCTKaX MOXET CHJIBHO OTJIMYAThCA OT THAPATALUM OCTAIbHBIX YJIaCTKOB
[2,7]. BenencTsue JeruapaTaluu NpUCYTCTBYIONIMX B pacTBope HOHOB Na' u Gonee
cunpHO# neruaparanuu o/IHK mpu oGiyuyeHnu pe3oHaHCHBIMHM YacTOTaMH, TEPMOCTa-
ownpHOCTh 0/IHK yBenmuunBaeTcst O0JIbIIe, YTO W HAOJIIOAIOCh HAMHU B TaHHOH padoTe
(tabmn. 1 u 2).

Kak cnenyer n3 tabim. 2, npu ob6aydeHun HepesoHaHCcHOU yacTtoToi 48,3 I'T ma-
paMeTpsl IUIAaBIEHUS TaK)Ke U3MEHSIOTCS, OTHAKO 3TH U3MEHEHHs HaXOASTCA B peenax
MOrPENIHOCTH YKCIEPUMEHTA.

1.0
1-0
0.8}
06}
04}
02t
N 70 75 80 : %
85 4 oc

Puc. 1. Kpusbie miasnenus HeobayueHHbIX (1,3) n o0nyuenHbix (2,4) 90 Mun
¢ gacroroii 50,3 I'T' s oJIHK (1,2) u 3/IHK (3,4), 9 — crenens cnupanproctu JTHK.

W3BecTHO, 4TO pe3oHaHCHBIE YacTOTHI mornomeHust 1t JJHK nHaxomarcs B 00-
macta ot 2 go 9 I'T [2,7]. CnemoBaTensHO, yBenmmueHne tepmoctradbmmsHocTH JTHK,
BeyencTBre o0mydeHns MOM BodHaMU pa30HAHCHBIX JUIA KOJEOaHMH MOJEKYISIPHBIX
BOJHBIX CTPYKTYP YacTOT, 0OYCJIOBJIEHO ONOCPEACTBEHHBIM BIMsHHEM MOM BOIH Ha
JHK, BcrnencTBre H3MEHEHUS CTPYKTYPHI CBSI3aHHOM BOJBI: IMEET MECTO JCTHIpaTaIHs
HYKJIEOTHIHBIX TIap ¥ MOHOB Na', HaXoJAUIMXCS B HEMOCPEICTBEHHOH GIM30CTH MO
otHoteHuo k Mmoyiekyiie JJHK, Benencteue yero onn 6oee 3ppekTuBHO cTaOMIH3HPY-
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10T nBoiHyto cnupans JJHK, npudyem Oonee CHIBHO IS MIJUIMMETPOBBIX BOJH PeE30-
HAHCHBIX 9acToT (Tabm. 2).

Tadmuna 1.Temnepatypa u untepsain mwiasineHus JJHK, BbIeIeHHBIX U3 IeUSHN 310POBBIX
KPBIC ¥ OITyXOJIH capKoMbI 45, 061ydeHHbIx MOM BonHamu ¢ gacrotoit 50,3 I'Tm.

JnuTenbHOCTD oJIHK 3JJHK
00TydeHHs, MUH T, °c AT, °C T, °c AT, °C
0 82.0+0.2 6.6+0.2 83.1+0.1 5.7+0.1
30 82.1+0.2 6.6+0.1 83.0+0.2 5.840.1
40 82.240.1 6.5+0.2 83.5+0.1 5.7+0.1
60 82.8+0.1 6.3+0.1 83.8+0.2 5.6+0.2
90 83.3+0.2 6.2+0.2 83.9+0.1 5.6+0.2
110 83.2+0.1 6.2+0.2 84.0+0.2 5.6+0.1

IIpumenenue: IHTEpBa IIaBICHUS ONPEJEIISIA KaK Pa3HOCTh TEMIIEPATyp B TOUKAX,
e onTuyecKas miotHocTs pactBopa JIHK nzmensercs ot 17 no 83%.

Tabauua 2. Temnepatypa u uaTepsai mwiasieHus [JHK, BriaeaeHHBIX U3 IEYCHHU 310POBBIX
KPBIC U OIYXOJIH CapKOMBI 45, 00mydeHHsIx MOM BonHaMu B TeueHne 90 MuH

Yacrora obxydenus, [T oJIHK 3JJHK
T, °C AT,°C T °C AT,°C
0 82.0£0.2 6.6+0.2 83.1+0.1 5.7+£0.1
64.5 83.540.2 6.2+0.2 84.1+0.2 5.6+0.2
50.3 83.3£0.2 6.2+0.2 83.9+0.1 5.6+0.2
48.3 82.3£0.2 6.5+0.1 83.3+£0.2 5.74£0.1

Ilpumenenue: 3Ha4eHus] IPUBEICHHBIX JAHHBIX IPECTABIAIOT CpefHNe apH(METHIECKUE U3 6-1 H3MEPEHHUIL.
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Unuu hnnjwénud wnwewnyyned £ hndGnwwphwih nbuwywu hhduwynpdwt hwjGgwywng:
QAnh Untynubph Ynnuhg gpwstwywu Ywwbnh punphhy |nwdywd Unieh Uniyniubpp Uspwnuyncd
GU npwug Uywwndwdp nwpwéwywu, EEYnpudwgUhuwywl W wy wnbuwyGwnubphg YndwGdtunwp
(UGpnwpuwy) hhnpnpjnipEnwydwunwyubph Jbe: Unwpwgwéd Ywwnmpwinubpp (gGpdniyneubn) nudtn
rwithwhwnnidhg Ynupwwngnd Bu W JdniBYnLiUGph nnipu quing W npwug yGppuwywl hGnwgnidhg
(Unupwgnid) hGwnn npn2  dwdwuwy hpBug  Yujniunigintu ne UGpnwUwynigintup - wywhwwuwd
ylwwnpwwnubnh  peynpuGpp  opgwuhgunud  hannupjwdp  hwjwednid  GU Unyuwldwlu  Unuetph
dniGyniiutnh 2nipgp W Yiwnpwwnubph inGupny wpunwgeund opgqwuhquhg:

3ndtinwwphw — gpnwélwlwl Yuw — YndwGdGUinwnpnienLl — Ywwnpunlutn

B nmanHOl cTaThe mpeyraraeTcsi KOHIENIHS TeOPETHIECKOro 000CHOBaHMS roMeomnaTiu. Mo-
JIEKYJIbI BOZBI C MOMOIIBI0 BOJOPOJHBIX CBS3eH KOMIUIEMEHTApHO ACCOLMUPYIOTCS BOKPYT MOJIEKYIT
PacTBOPEHHOTO BEUIECTBA, CO3AaBasi THAPOKPHCTAININUECKHE PEMIETKU — KIaTPaThl (CypPaMONIEKyJIbl).
INocne cnibHOTO BCTPSAXMBAHMS PEIIETKH Pa3pyIIAIOTCS, a IIOC/Ie KOHEYHOTo pa30aBIeHns B pacTBOpE
OCTAIOTCSI TOJBKO KOMIUIEMEHTApHBIE “OCKOJKH THIPOPEIIETOK, COXPAHMBIIHIE HEKOTOPYIO yCTOW-
quBOCTh. OHH JIETKO OKPYKAIOT MOZOOHBIE MOJIEKYJIBI M B BH/IE KJIATPATOB BBIBOAST U3 OPTaHM3Ma.

Tomeonamus — GOOOPOOHGR C653b — KOMNJIEMEHMAPHOCMb — KllAmpambl

The paper presents the concept of theoretical justification of homeopathy. Water molecules
are associated around the solute molecules by means of hydrogen bounds forming complementary
hydro-crystalline lattices — clatrates (supramollecules). After active shaking the lattices are
destroyed and after a final dilution only complementary fragments of the hydro- lattices, which
maintain a certain resistance, remain in the solution. They easily surround similar molecules and
discharge them from the organism in the form of clatrates.

Homeopathy — complementarity — clatrates

Rhwnypwwnp U.p.w. Unin 400 p. wnwewpynud En dwpnwfuninph  (masaparopa) wp-
dwuwnh thnpp pwlwyubp dnjwgqwnpnigjwl (manus) pniddwl hwdwn, hwpyh  wnubiny, np
Ut6 nnquijh nGwenid win wpdwwnp wowgwgunid £ Unyuwldwl wagnbgneeniu [10]:

Mwnuwgbiup (1493-1541) wunnwd En, np «Jwpnniu pnidned 6U Upw hhywunnepjwu
wwwdwn hwlnhuwgnn Unceh thnpp pwuwyutnp» [9]:

ndtnwwrhwih (hnlu. romeo-udwl, narus — hhyjwunnieinit) hhdenwd puywéd £ Uw-
Unct) 3wubdwuh (1755-1843) «udwup Uudwuny» ((wwn. similia similibus curantur) pniddwu
Unugbwghwu [5]:

ndGnwwehy ywwnpwuwnntyubph hwdwp hnwp Gu hwunhuwunwd wju Unwetpp, n-
pnug fuhuin thnpnp pwlwlubpny opgqwuhqu Ubpdniétihu wnwgwgund BU nyjwy hhywu-
NnLRjwl whuinwuh2tnp: Hwlpe Yunnn B hubp hwupwunietp, pnyutn, pnoyutn W wgu:

AYwuwywu hndGnwwpehy $wpdwynwtwinud pungpyywsé Gu Unin 1200 nbGnwuniu:
IndGnwwrehwl hwywnpynid £ nwghnuw| pdayntejwu uygpniupubphu:
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ndGnwwrhwlu ntuh Uunin 200 tnwpyw wwwndnepnil, uwywiu vhugle wydd sntup
nGuwywl hhduwynpnud: Iwdwnynud E, np hndGnwwehwjh uygpniupubpp s6U hwdpuyuncd
wnnne W hhywlun opgwuhquutph gnpéniubniejwl ghtnwywl wwwnytpwgndubph htwn:
AndGnwwrehy nbntpph W wwgbpnh  hwdtdwwnwywu  Yihuhywywl  thnpdwpynwdutph
(amrn. meta-analysis) wnpnyntupUtpnp hwodwhu (5U Lwppbpdbl, sUwjwéd gniguhtn Upnud Bu
Uwl,, np thnpabph Jbennutpp hwywuwnh sBU Bnb [11]:

IndGnwwphwjnwd Yhpwnnid GU Ujnteh tnwuunpnwywu (1:10) Ywd hwpjnipGpnpnw-
yuwu (1:100) Unupwgncdutpp, npnue Lpwuwyynwd Bu D W C wnwntpny: Gnptp wugqwd Ynpyu-
Jwd nwulnpnuywl Unupwgnidp (1:1000) Lpwlwyned Bu «3Dx»-ny, 12 wluqwd Ynpyuywén
(1:1024)‘ «12C»-ny: Iwpdwnyubpp gnyg G wnwihu, np 12C L wydbh U6 hunbpuny
Unupwgnudubph nbwend  dhpwdwipnud Unueh wugwd JGY UniGynih quuyGine hw-
Jwlwywuncejntup qtpn £ [1]: LEpYwinud ogunwignpéynid BU hhduwywunwd  3D-hg — 30D
Unupwgntuutnp:

Pwgwhwjnt] ywwnpwuwnnynud wyn Unuetph wrlwjnieiniup Ungbhuy dwdwlw-
Ywyhg JGennutpnd huwpwynp sk Wn wywwndwnny hndGnwwphwu hwdwpynud £ YyGnd
ghwnnipintl, puwptbniejnlu, wnwdb) Wu np npwuny ububght gpwndb) pwhwuniutpp,
huwptbpwubpp [3]: Iwubdwup wunnwd En, np hp ywwnpwunnyuGpnud wywpniuwyynod £
ntnh nghl (Eunghw):

IndbnwwrUENU wpnwpwunwd U «onh hhpnnnejwu» qunwthwnny: Wy puwgwwnpnt-
pntl syw: Uwlwiu dwdwlwlwyhg ghunipjuu nguiubpny opnh - $hahyw-ghuhwywu
hwwnynieintlubpp pwgwnnud U 9nh hh2nnniejwu gunuwitwnp [4]:

Pwquwphy Gpynubp wwppbpwpwn hpwdwpdnd BU hndGnwwrehwihg, uwywju
2w nBnGpnud wjbu hwdwpynud £ hGnhuwywynnp pd2yniencu:

ndGnwwrhwih wehiGujwl qupwwwpp «gph hhonnniincuu E» [6]:

£ninn thwuwnwnyubpp, h ywnwwunie)ntt oph hhpnnniejw, hhduynwd BU 26UhUp
nnyunnpwywl nhubpunwghwnd [2] Lpywéd wnbnéywdwihu pwgwinnniintlutph ypw wju
E' Gluhu [nuonypenud guuynn Unuep nluh npnpwyh EUGpghwywu Ywnnigwédp (suep-
roctpykrypy) W npnpwyh dund wannud W Ynnwdnpnud E nShsh EuGpquiywnnigdwéden:
Pwglwyh pwthwhwptihu W Unupwgltihu Unweh EuEpghwywu Ynnp thnfuwugynid E |ne-
6hsh hwenpn pwduhu W Ynnh Jhgngny wnbnh E nilBunwd pnidwywu EdGYwnh (?) thnhuwl-
gnd: Ujniep (ndnypnud pwithwhwptihu onph niGyncutpp 2wnyned Gu npnpwiyh Yungny W
nug np @G hhonud GU Gluuinieh hunhyhnniwy hubnpdwghwt: Pwjg huswtu hwulywuwy Uh
uncph pnidwywu EPGYwnp, Gpp wju opqwuhqd E wpdGp Unyu wnhwh hphdwunniejwu
whunwuh2bn wnwgwgltint UJwwnwnendny: YhubGpunwghwyned Jhwy nwghnUw wwhu wju
E, np onipl wnwpwgunwd E npnwiyh swithGph W Ywuph nlnnniejudp Ywnnigwépwihu
wnwnpkn:

«2nh hhnnnipjwuy» ynnduwyhgutpp yywjwyngnud Gu dwwnuwgh Eunnnih gpetpp
[12], npnup ghunwywUu Jwdninwd s6U hpwwnwpwyyGy:

Cuwn wwpunnuwywu ghunwywu dwdnih®  gnipp 2unphhy gpwslwywu Ywwbnh
(nLdywé Upnieh 2neppl wnwewgunid £ npnpwiyh dleny Yiwuwnbputbp W unupwgubihu Upniep
hGnwund E, huy oph nhwynuGpp Junwd GU hpwp hGn juwdwé YwuntpuGph éwny, npp
«onh  hhannniejnill E»?: Fwjg huswtu hhybwynpbp pniddwl wpngbup hwjinuh ¢k, wnwdby
Wu, np ndJwd Uniep  fuhuwn Unupwgdwl  hGinlwbpeny hGnwunwd E, huy npuw
hhonnniejntlp Junwd E: Spwdwpwuwywu £ wpryn®, np ng @G Unuep, wjp npw hh-
onnnieintll £ wgnnud: huswGu wywwnytGnpwglbp pniddwl wynpngbup:

Unynpwpwn hndtnwwprlutnp hwgnnniejwdp pnidnd 6U Jwpunnwywl, uhpwn-wln-
pwihu hwdwywnqgbph, wiGpghwutnh, Jwplwihu W pnpwjhl, dwulywywl, uyuynn nhw-
pGwnhy hhywunnepiniuutpp: shon Yhpwndwu nGwenid hndGnwwehy vhgngubpp Ywpnn Gu
thuty wuthnfuwppubh, hwnywwbu pwpn L wuhwuwluwih hhjwunnepniuutph nGwend
W, pbwywu E, \phy wudwnwug Gu:

®nnpébnp gnyg BU wndb, np hndGnwwphwl wnwytb] wpnnituwydbun £ yEunwuhubph
W gwép nwpheh GpGhuwltph pneddwu nBwened: Wu thwuwnp enyp E wnwihu Bupwnntl, np
hndGnwwrhwu UEP2UsUwU nL wiwgbpn EEYUERNY pwgwnnbip pwgwnynud E: Unwybg
Lu, np wiwgtipn Gplnyep Ypwnuwnntih st

nubnwwrehwh Eplenyeh pugwnpdwl wdtbwnwpwéywéd inbuniintlutphg Jtyh
hhdpnwd puywé E «Ujniph uhuinbdwwnhy hhpnnniejwu hhwnebqp», hwdwéwju nph ontpp
wwhwwuntd £ pnidwuynish hudnpdwghwt Unuhuy pwquwyh Unupwgndubphg htunn:
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Innwénd - UnyUuhuy  GBupwnpynud £, np hndGnwwpehy  (nudnypUbph  «YndwyGeu
nhuwJhywywu hwdwywpgbpnud» wwhwwuynwd GU Unieh EUGpghwU no npw dwuhu
hubnpdwghwt, W [nénypnd UnGyniwiht hwdwywnpgh Unipwywl YynugBEunpwghwih
Ujwquwlp  hwdwwwunwupiwl  JGéwgund  Bu  Uneh  YnugbUnpwghwu: UGY  wyl
hnnywénud hndGnwwphwih Gplnyep wphuwwnnud U pwgwiinpt, nwnhnwihpubph ogunt-
ejwdp, npnlp htpwnn rpwithwugned BU opqwuhquh onph Uhgny [8, 13-15]:

«Human Toxicology» hGnhuwlywynn ghunwywl wduwgpnd inwwagpywd £ wpnw-
Ywpg Ywplenp hnnwé, npuntn, ntuncdbwuhpgwé £ wnuBuh (As) Jwhwgnt nnquilGpny, ene-
Lwynpywd wnlbwnlbph opnqwuhquhg enyuh wpnweudwl wpnynitupUbpp wpuBuh Jhynn-
nnquutph oguniejwdp [7]: ®npdbpp Ywwwnybp U wwppbp UnupwgnudUbph  wpnynt-
LUwyGunieintup unnwgbint W «wwgbpny» EdGYnh hGn hwdbdwwnbint bwywwnwyny: 3In-
JGnwwphy ntntpp wpnniuwdbnniejwdp ne yepwpunwnpbihnipjudp wuhwdbdwn gb-
pwquugt] Bu «wwgbpn» EdLYp: Uwlhuwit inup hnnwén Yuplnp £ wju inbuwytinhg,
nn wwwgnigned £ ng gE pnllwgbpddwu Gplnyep, w) hndGnwwehy nbnwlunietph npn
Unupwgnudutph nGwpenwd  opgwuhgd  UGpdndywé  enyuh (As;Os, wyr ng R_E npw
dlwthnhunieintlubph) wpunwpudwl wuhwdtdwn wpnyniuwyGunnee)niup: Wuhugl, onupp,
npp wwhnwd £ Unueh  hudnpdwghwl, ng pE npwl Gupwpynd £ thnfuwpydwl, wyg
wpunwpeund £ opquuhquhg: Puswt°u hwulwlwg:

Mpngtul wytih wwpg k£, pwl pynwd £ Qnpp fuhun Yuplenp nbp £ Yuwnwnnod
punLejwu W Jwpnnt Ywlened: @npp Spyph Jwybpbuh W Jwpnne dwpduh quugywéh dnun
70%-U E, opgwuhquh Uhpwywipp b wwhwwwup: Wu Jénnpn2 nbp £ Juwwpnd op-
qwuhqund pupwgnn pninp wpngbultGpnud: WUnnng Jdwpnnt dGg gnincpintt ntuh 9pwijhu
pwjwlu b wndjwp opqwuhguhu punpn? 9pwhu Ywnenigwép: dwdwuwyhu dwpnnt gnwjhu
Ywnnigywédep Lu wnwl fudph Udwl YgpwlgBlu SUunwywuncd:

QAnupu odnywd £ Ubkg hwjunuh nu wuhwyin pwquwehy hwwnynienilubpny, win
rpYnd Lwl UG& qawniuncejwup W waptuhyniejwdp pninp, hwnywwtu Eygngtl UinLetph
uywwndwdp:

Ng ganinph yhdwynid onh pwlwdll wpnwhwjinyned £ (H,0)n-ny, npuintkn n-h JGénL-
pintUp Ywhujwd E dupnudhg, stpdwuwnhtwlhg, (nudywé Uinieh punyehg, EEYnpudwg-
Uhuwywl nuwpwntnh wnywjnipintuhg W wy gnpénultphg:

Qnuwdlwywu UhgdniGyniwihu (ng Yynwitunwihl) yuwwtnph 2unphhy n ryny oph Un-
(GYnLubph wungdwl htwnlbwupny vhewywpnid gunuynn gwulwgwsd Ujnieh Uniyncubph
onpgl wnwewund BU wwpptp dubph nu gwhbph® win UniGynuutphu nwpwéwyw,
ElGyunpw-dwgupuwywt, dhghninghwywu L wy  wnbuwybnubphg  YndwGdBunwn
(UGpnwuwy) hhnpnpnupGnwywunuwyutp W nEgbwwnnp-untpunpwn nbueny yGpwédynid
GU qgbpdnGynLubph  (Yuwwnpwwnlbn, cympamonexyns, wGu  UY.):  Iwdwphuwnhwihu
oyyhwunuh punpetpnd wlwbtnpnp dwuptubph gnpéniubnipjwl wpnyniupnud Yeunwlwywl
U pnuwywl Juwgnpnubph pwjpwinidhg wnwewgwé quabpp (CHs; CO, HLS, CoH,
CsHg...) nnLpu ¢6U qwithu JwyGplnye, wyp npnpwyh dupdwu (oyyhwunuph funpnipjwl) W
sGpdwunhdwuh wywydwuubpnd UGpwruynid BU oph UniGyncutph twppbp tnGuwyh wun-
gnudubphg  wnwewgwd  YndwbdGUunwp  hhnpwwnwiht pincpGnwywunwyutpnud®
Jbpwéybin ququihtu Yiwwnpwwnubph: Oyhwunuh puntpenwd gbpdniGyniubph nnbupny
JbpwUuh wwpniuwynipiniup pwgUwehy wuqud gbpwquwugnud £ Spyph ypw Enwé Junt-
(wujnch wwwnutpp W 66 Junwug £ ubpywjwgunid Gnynh ginpwi inwpwgdwl nbwpned:

LY. 1. UGpwuh UniGynp oph pjncpnuwywunwyncd
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Cuwn 3wlbJdwuh® nbnh wgnUwl nidp dGdwunwd £ puwnunipnh wwpptpwpwn pu-
wntluhy pwihwhwndwu («wynuntugnud» Yud «nhUwdhqugnid», Unyuhuy wunpp hwpyw-
66ny ubnwuhu) W fuhuwn Unupwgdwl  hGwnlewlpny:

dnpatup hhduwynptp Iwutdwuh npnyRUGNQ:

WJEBU Unupwgnidhg wnwyg (nénieh hunBuuhy fuwnudwl hGnlbwupny «pwnnynid»
GU gpnd gquuynn Upnieh UniGYnuUGph onippl wnwpwgwéd  Yiuwnmpwwnwiht - Ywnnig-
Jwépubnpp W 12C* hunbepuny Unupwgywé huwnunipnp, npp sh ywpniwynd wuqud UGy
dniGyney  (neéywd Upnie, opqwuhqu UGpdnudtithu «gwpndwly» hbinliwlpny wnwpwgwéd W
Unieh  dniGyniuGph  Uwwndwdp  UGpnuwpUwynipniup wwhwwuwéd  npnpwyh
Jujnitunipjwdp  Juwmpwnwihu  pgynpubpp UGG wpnynibwyGunigwdp oppwwwnnid W
yiwwnpwwnuGph intGupny opqwuhquhg hGnwglnwd GU wjuntn gunuynn Unyuwludwlu  EY-
qngbl UnGynLuGpp:

Undthup hwyinup £ hp gpagrhg, upwunn hwwnyniejntuubpny, uwywju hndGnwwehy
nGnwwutpnud gtpgwoénp Ynugbunpwghwutpny wju Jwdwnednd E npwbu hwuguunwgunn,
pUwptp Jhgng: huhunn  Unupwgywé  wwuwnpwuwnntyp  gnpduwywunpElu  Yndbhu  ¢h
wuwpniwynwd:  lvwnunipnp hwpuunwgwd  (huGind - bwpplwywu  Yyndthuh  Ynnuhg
huintuuhy puwnUdwu W Unupwgdwl wwydwlubpnud uinbnéJwd npnpwyh Yuyniuncpjwdp
yiwwpwwnubph  Yyndwbubunwp  pGynpukpnd, opgqwuhgund  guluygnn  tnwpwdwyw,
ElGYnpwdwquhuwywl, $hghninghwlywl W wyp nbuwytGnubphg YndGhuwudwl UnLebpp
puywihg-uncpunpwn YndwEuGUnwnpniejwl 2unphhy, yGpwénwd Bu Ywwnpwwnubph W
wpuwgeuntd opngwuhquhg:

MpnpGdp Jhwju hndGnwweUtph Ynnudhg Eygngbl uncpunnpwiwnh 6hpin punpnt-
pinlUU E: Uhunwéhuubph Udwuniejwdp Uinebph 6hpin pwgwhwjinnudp wd nhquijup
Yuwwuwnkn hndGnwwpehwih wnwgpbpwghl: Shunniejwu UepLywh Jwlwpnwyp h gnpne £
wjn hpwywuwgub:

Unwewnyynn hwjtgwywpgny Ywnbih £ ywwnwuppwutb hndGnwywphwiht yGpw-
pGpnn pninp hwipgtphu W hhdlwynptl pYwgiwl wntnéywéwihl Bplnyeutnp, hugn
Yuwwuwnh wyn ghunnipjwl wnwepUrwghl: Yjwwnpwwnwihl wnbuncejwdp hdnlupnGunh qu-
nwthwph pwgwwnpnipintup Lu wnwybl hwdnghs £, hugp hwuwnwnned £ oph gGpwyw nGpp
wjn gnpdpupwgnid: Mwwnwhwywl sk, np hhqwunniejwu nGwpenwd oqunid £ JG6 pwliwyh
htnnLyutph punncuncdp:
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@npdwnupwlwl b inbuwlwl hnnywdlbn «xcnepumenmansvuvie u meopemuueckKue CIampus
«Experimental and theoretical articless

Swjwuwnwlh YEuuwp. hwuntu, 1(70), 2018

u2nsuyuu aurursuuv3niRerh Usn1 AUeULULUYLEMh
uhruNUUL U2968NtE@3NILE IUSUrk AGMrRUSYNIE@3UL YrU
UhUhUULP SUrUBSUGruULh UL2rah MuU3UULLENNIU

n.n. yuunru3uy, Uu.,. snantus

Swywunwth wqquyhl wonpwpuwyhl hwdwuwnwl,
UhuhwUh dwuliwginin
ghazaryan_67@inbox.ru

Nruncduwuhpyty £ PeoKeo dnUp Ypw wagnuinh 30, 60, 90 L 120 Yg/hw Unpdwlbph Yphpwndwl
wantgnieintup hwdwnh Triticum boeticum pnyubph wéh, qupgugdwl, ptppwwnynipjwl W pbpeh
npwywywu npn2 gnLgwuhpubph Ynw:

Muwnqyty £, np Uhuhwuh wugpnh 2wqwlwlywagniu, ubunwwnwpnptpny wnpwwn hnnwjht wwy-
dwutpnid PgoKgg $nuh ynpw wanunh Yhpwndwl jwdwgneu Uunpdwl 60 Yg/hw-U E:

3wadwn — hwlpwihl wwpwnpunwnepbn — wa — qupqugnid — ppe

W3yyanoch BiIMsSHHE BO3PACTAIONIMX HOPM a30THBIX ynoOpenuii Ha done PgoKgy HA pocrT,
pasBUTHE, YPOKANHOCTD M HEKOTOPBIE KaueCTBEHHbIE TIOKa3aTelu moyosn Triticum boeticum.

Y CTaHOBICHO, YTO JJIsl KAIITAHOBBIX, OOTapHBIX, C1a00 00ECIIeUeHHBIX MUTATEIFHBIMHA dJIe-
MeHTaMmH nouBax Ha (one PgoKgo Harmyuieir Hopmoii a3ota siBisiercs 60 kr/ra.

Tlonba — munepanvhvie y0oOpeHus — pocm — passumue — yporcatHoCms

The influence of increasing nitrogen fertilizer rates against PgoKgo 0n growth, development,
yield and some qualitative indicators of common rye Triticum boeticum was studied.

It was revealed that in chestnut, rain-fed, nutrient-poor soils on the background of PgKgo,
the best nitrogen norm is 60 kg/ha.

Fertilizer hollow — mineral fertilizers — growth — development — productivity

Swodwpp (Triticum boeticum) hwdwpyntd £ Ywplnp hwnhywjhu, wywpBuwht, Yenw-
Jhu Jwywpnyu, npp wynwdp Iwjwunwuncd nluh  hwqwpwdjwyubph  ywwndnie)nil:
Swjwunnwunwd  hwéwph  wydwl hhduwywl  nwpwdwpppwlltphg Gu Uhuhwup W
Qnphup, npnug pwdhu t puyuntd I3 punhwunip gwupwwnwnwénLenluubph  60-70 %-p:
Swpuh wnlGiny hwdwph Yuplenp wnwlduwhwwnynipinilubpp® gnpwnhdwgyniunceniup,
ulunwunwnpptph Lwundwdp vwywy wwhwugynunienitup, npw dywydwl hwdwp hwbwpu
hwwywgynd BU ulunwuwwpnpbphg hwdbdwwnwpwp wnpwwn hnnwywnnputbp, huswhuhe
qauwih nwnpwéne)nllutp U Yuaunud Uwle UhuhwUuh tnwpwéw2npgwuncd: Wyuhwjn E, np
winwhuh hnnGnpnd wnwug wuhpwdtn wgpnnbhubhywywu dhgngwnnidubnh, wyn puncd
wwpwpuwunetph yhpwndwl, hbwpwynp £ Bpwywpniubnhg unwuw) hwdGdwwnwpwn
pwnan W inunbuwwtu wpnwpwgywsé pbne:

Ljwwnh ntubuwiny yepnhpjuip® dbp wngle puunhp £ npyty, nwpwwhu thnpdtbph no
(wpnpwwnnn hGnwgnunnientlubph Jhgngny wwngb) PsoKeo $nUp Yypw wgnunwywu ww-
pwpuwuntetph  nwnppbp  swhwepwlwyubph  wagntgniejntup  hwéwnph  pnyubph  wbh,
pGppwwnyniejwl W hwwnhyh npwywywu gnigwlhputnh ynw:
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Unp W dBpnn: Ywpnwhu thnpabpp Juwnwpygbp U Anlwyne hwdwjuph 2wgwlwywanju,
hubwpwnwjhu, Uhowy hgnn, pnLj) hnudncuwhl, uwppnuwwnwiht hnntph pw, wugpnh wwjdwulbpned:
Awwnwihu thnpadbnp Ywwnwnyb) Bu hGinlgw uubdwgny.

1. Uinnwghg (wnwlg wywpwpunwgdwl),

2. PsoKeo ($nli),

3. \‘bnh+N30,

4. Q)nU+N60,

5. $nl+Ngo,

6. q)nU"'Nuo

®npatinp Yuwnwipyty Bu Bpke Ypyunnnejwdp, thnpdwdwpagbph 50 U2 (5 U x 10 U) dwytntuny:

®npébph nbnwaéalinidhg htwnn Gpyne ypyunnneejwu (I W ) pnpnp tnnwppbpwyutphg yepgybi
GU UhghUu hnnwuunwpubn (0-25 ud) thnpdwunbnwdwuh hnntph ulUunwwwpptpny Jhwwnwppnieintup
npn2GnL Lywwnwyny (wn. 1):

Unynruwy 1. dnpéwntnuidwuh hnntph $hghywphdhwywt W
wagnnehdhwywu gnigwupputp

N Ywlywé uwnhnlubp SwndnLu

o §' -5 R dag/tyy 100g hnnnud R | ullnwuwwnptp, g
2 = X | o Q S 100 g hnnnwd
o s | 3al % | T 5
= 23| 23| o - S
5 = 3|0 | § Ca Mg 2 | N | POs | KO
It < c

o' ) ITa

2
A Jwp [0-24 48.4 24 | 7.6 29.4 4.8 22 | 36 | 54 40.4
AB 24-38 43.9 24 | 7.6 28.6 5.6 19 | 36 | 54 38.6
B 38-52 44.0 28 | 7.8 28.0 3.8 16 | 3.2 | 5.0 38.6
BC 52-66 | 38.1 | 3.2 | 82 27.2 3.6 12 124 ] 438 42.0
C 66 > 35.0 34 | 82 27.0 3.2 0.8 - - -

Pwgh wyn nnyt| £ J6Y hnnwthnu Jhusle C hnphgnup W jnipwpwlgnip hnphgnuhg ybpgytg £
uun wwnabnt $hghywehdhwywl b wgpnphvhwlwu hwnynipinilubnp: Iwlpwihu wwpwpuwljnt-
rEnp hnn BU UGnpUnLéYL| gwuphg wnwy, Ynyuwywnh nwy:

JYbgbunwghwih pupwgend Ywwnwpdt) Bu $Euninghwywl nhnwnpynwdubp W YELuwdGwnphy sw-
thnedutn: RGppwhwdwep Ywwnwpdb) £ thnpdwdwpgh pGpep hwywetbine W Ypntine uhgngny: vbpgyt Gu
hupdwldniputn hwéwnh pEpph twnptnph Ywrnigywédep nnnpGine hwdwp:

UpmynLuplubip W pulwpyncd: ®npdwnwwnhg puinpywd hnnwudnwpUubph Gppnuént-
pjwu wpryntuplubpp gnyg U wndGl, np thnpdwwnbnwdwuh hnntpu nluGlu éwup yudwyw-
qwjhu UGhuwupywywl Ywad ($hghywywl Ywyp® 49.5 %), JwppnUwinwihu Bu, npnup
ujuynd U hnnh JwytGpGuhg (CO,-2.4%), Uhgwdwinh nGwyghwl pny, hhduwihu E
(pH-7.6), Ywuywsé Ywwnhnuubph gnudwpp (Ca+Mg) Ywqunud £ 34.2 Jg/tyy 100 g hnnned,
enyl hnudntuwihu BU (2.2%), enyp Bu wwwhnyywé htwnn hhnpnihqunn wgnunnd, dhgwy
awndntu $nudpnpny W jwy’ thnfuwuwywihu Ywihndng. hwdwwwunwupuwwupwnp 3.6, 5.4
W 40.4 Jg/100g hnnnid (wn. 1):

Rwbwph wydwl wgpninGiulhywywu Jh 2wpe hwpgbp 3wjwuwnwuh Iwlnpw-
wewngntund wyu ywd wju swithny nwuncdbwupnyty 6u [1-3], huy UhuhwUh nwpwéw-
2npwuncd nplt neuncduwuppneegniu sh Yuwnwinytbl: Wn wenwdng Lpdwé nwpwédenid hw-
dwnh gwlupwwnwpwénientuutnh  ywpwpunwgdwl hwpgbph  nuncdUwuhpneeniulu wp-
nhwywu £, ntup Ywplnp ghinwywu W yhpwnwywl Lpwlwyneencu:

Utn Ynnuhg 2012-2014 pe. pUpwgpnLl PgKsy dnUuh Upw thnpadwpyyt, £ wgnunh w-
6nn swihwpwlwyubph (30, 60, 90, 120 Yg/hw) Yhpwndwl wagnbgnie)ntup hwdwnph wah,
qupguwgdwu b pGppwwnyntpjwu ypw:

JYbgGunwghwih pupwgpenid Yuwwnwnywsd $euninghwywu nhinwnynedubph W Y&u-
uwdBwnphy swithnudubph wpnyntugUubpp gnug G wwihu, np PgoKee $nUQ Upw wignuinwywu
wwpwpuwuntetph yhpwndwl swthwpwlwyubph wybwgdwup gnigpupwg, wytGwuncd
GU Uwl pnuyubph pwpépniejntup pun thniGph (unnnuywywinwd, hwulywywined, uunt-
gntu) gnnnluuGph pwlwyp 1% (punwJtup, hwuywyhp) rthwlwdwl wunhdwup
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(wn. 2): Cun. npnd wnwyblwgniu wpnyniug unwgyt £ wgnwnh 60 W 90 Yg/hw Unpdwltinh
Yyhpwndwl ntwpentd:

Unyniuwy 2. Ugnuinh wénn swthwpwuwyubnh yhpwndwl waqnbgnipintup
hwaéwnh pnyutph wéh nL qupgqugdwl gnigwlhpubph Yynpw

Pnrubph SnnnllGph pwuwyp | [Fthwywdwlu
pwpépnipncup, ud 102 Jpw, hwuwn wuwnhdwlun
=] = >
3 b= c
E S - s c s | =
= 3 = S = S =
32| = = 3 El 3 El
Swpptnpwyutnp 35 el 3 = S = S
= 3 < =] 3 =] 3
= = d r ad r
c = =
c =
2 e 5
Uwnighs /wn. wwnp./ 28.7 60.7 85.3 749.3 420.7 2.6 1.5
PesoKeo /PNU/ 30.0 65.0 | 88.1 787.0 482.3 2.7 1.5
dnU+ Njo 34.2 68.0 | 954 825.0 520.7 2.9 1.8
dnl+ Neo 38.7 71.2 | 100.2 857.7 555.7 3.0 2.1
dnU+ Ngg 41.2 73.8 | 100.8 917.0 568.0 3.2 2.4
dnu+ Ny 415 745 | 101.3 939.0 569.0 3.3 24

Ldwl wpnynituwydBuinneenitu unwgyb) £ Llwle hwswph pGpph nnwppGph Yunnigywé-
pwjhUu gnigwuhpuGpnud (hwuyhyubph pbpep Wnw hGywnwpny, hwwnhyubph Gp hwu-
UhYhg, hwwnhy : énnun hwpwptpneintup W énnuinh pGpep): AENYws ndjwilbpp gnuyg Gu
wnwihu (wn. 3), np hugwGu Jhwiu $nudnpuywu b juihnwwywl wwpwpunwunietph, wju-
wtu £ wgnuwywuh wnwpptp Unpdwutph Yhpwnnudp - EwywunpBU UwwuwntGp £ hwéwnph
hwuyhyutph W hwwnhyutph pGppwnyniejwln:

Wuwtu, Uhwju PgKee (nl) tnwuippbpwynid uinnighgh Lywindwdp hwuyhyuGph wybiw-
gnulp Ywqut| £ 28 q/u2 Jwd 2.8 ghw: Ugnunwywl wwpwnunwunietph swhwewuwyutnh
wunhtwlwywl wybwgndu nunbygyty £ pbppwwnyniqwl  pwpépwgdwdp Neo W Ngg
wnwppGpwyutnnud, hwyGinwdp Yuqut) £ hwdwwwnwupuwlwpwnp 68,0 W 73.0 q/u2 ©®8WL7.3
g/hw): Npn2 swithny uinnighgh Ugundwdp wyGiwgt) Euwl hwuyhyubph Gip hwuyhg hwulGiny
68.2-70.5 %-h: Iwwhy : 6nnin hwpwpbpwygnieintlp uinnghsh UJwwndwdp sushu swithny
UJwaby E, husp gnyg £ wwihu, np hwuyp énninh UJwwndwdp JGdwgb) £ Lnyu ophUw-
swihniejwdp UGdwgt) E Uwl dnnuinh pGppwwnynieiniup, Ywadtiny 2.3-5.7 glhw:

Unniuwy 3. 3wlpwiht wwpwpuwunietph wgntgnipiniup hwéwnh ptpeh
nwnpbnh Ywnnigywdpwhu gnigwhautinh ypw

3

SwnpGpwyutpp S = <

53| 8 52| 25 5 >

kot ] < -  C c o

28| e5 |E2|2® |28 | &

. - = [ = < i

15 L C 5 o S ol O 15

cca|l 2B TS| <o 5 clL

S| 2~ S 3 S % = o

55|38 | 32| 3+ | §2 2

F=| 35 |7 |7 35 c

mra r < 'e]
1. Uwnnwghs /wn. ywp./ 244 24.4 64.0 15.7 1.16 18.2
2. PgoKgo ipnU/ 272 27.2 65.7 18.1 1.12 20.3
3. dnU+ N3 293 29.3 68.2 20.0 1.10 22.0
4. dnU+ Ngo 312 31.2 70.2 22.1 1.05 23.2
5. dnU+ Ngg 317 31.7 70.2 224 1.07 24.0
6. dnU+ Ny 314 314 70.5 22.2 1.08 24.0
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Ldwl wpnyntuplbn unwgdt] BU bwl hwdwph npwywywu gnigwuhpuGpnud (¢np
Ujnipe, uwyhwnwynig, hwqwp hwnhyh quugyws): Unnighsh hbin hwdbdwunwé Lpwé 3 gni-
gwuhutbpu £ wybwgt| Bu (wn. 4):

Unyniuwy 4. Ugnuinh tnwnptp swthwpwlwyutph Yhpwndwlu wagnbgnipintup
hwawnh pGppwwnyniejwl W hwnhyh npwywywl npn2 gnigwuhpubph ynpw

3 REneh REnRh npwywywl
SwnpGpwyutpp < hwyGind gnLgwuhpubpp

o

cl . = o

£ = |E |Zg

a 3 s 2 ER)

= < BN =X (SN =

= S > 3 o T

S € |2 |83

7 ~ |E |=°®
1. Uwnighs wn. wuwp. 15.7 - - 88.43 | 13.41 33.2
2. PgoKeo /dnl/ 18.1 24 15.3 | 89.95 | 14.05 | 34.0
3. dnU+ Ny 20.0 4.3 27.4 | 91.10 | 1470 | 354
4. dnU+ Neo 22.1 6.4 40.8 | 91.33 | 15.44 | 38.1
5. dnu+ Ngo 22.4 6.7 42.7 | 90.66 | 14.50 | 38.9
6. dnU+ Niyp 22.2 6.5 414 | 90.36 | 14.30 | 384

Swpyh wnubiny wju hwugwdwlgp, np wgnuh 60, 90 W 120 Yg/hw swithwpwUwyutph
Uhpwnnwdhg hwéwnph Ywnrnigywépwihu gnigwuhpubnp, pGppwwnynieginiup, hbswbu Uwle
npwywywl Juaqdp Ewywu thnthnfunieinluutn s6U Ynpbp, nunh Ywpbh £ Ggpuywgutby, nn
UhuhwUh tnwpwéwppswlh 2wgwlwlywgniju, ulunwwnwnptphg, wgnunhg wnpeww, wugnnh
wwjdwuubpnud  hwéwnph  wwpwnunwgdwl ophbwybih swihwpwlwyp NgPeoKe-U £ Uju
wuwwhnynud E unnighsh Uyundwdp 6.4 glhw Ywd 40.8 % pGpegh hwybGind:

aruyuLNHe3NL

1. hwswnpwl W.n. Ugpnundhwywl  hGunwgnnneeiniulubph dGennutn: Spluwt, «Wunnhy»
hpwwnwpwysnepnlu, 238 kg, 2002:

2. Unyupuwl 6.U. Ugpnghuhwih hhdntuglbn: Spliwl, «wjwunwly» hpunwpwygnipniu, 468
Ep, 1971:

3. 3nyhwluhywl U.Y. Ugnnwywl wwpwpinwlnipbph wgnbgnieniup hwdwph peppwnygnt-
pjwl Ypw Swjwunnwlh Iwlpwwbnnyzwl wwdwlubpnwd: 3ah ghnwywl  wphuwwnne-
pinLuUGph dnnnywéne, wpwy 52, Gplewl, kp 47-49, 1994:

Unwgyty £ 26.10.2017
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Lwjwunnwbh GhunnipyntbGbph Uqquiht Uywntdhw {wjwunwih Yetuwpwlwlywb <whnbu
HauuoHanbHas Akasaemus Hayk ApmeHuu BuoAoruueckul XypHaan ApMmeHuu
National Academy of Sciences of Armenia Biological Journal of Armenia

Buouor. :kypH. Apmenuu, 1 (10), 2018

ABETHUCSH B.E.

“BUBJINOI'PA®UA HAYUYHBIX PABOT I1IO MUKOJIOT'AU B
PECITYBJIUKE APMEHMUMSI (1889-2014)”
(4émopwi: Ocunsn JLJIL., Hanazronan C.1., Coconn E.IO.)
Epesan, 2017, 480 ctp.

Bronorudeckyro oOIIECTBEHHOCTh APMEHHHU CIEAYET MO3APABUTh C BBIXOJOM B
cBeT kTN “brbmuorpadus HaydHsIX paboT mo mukonoruu B PecmyOnmke ApmeHHs
(1889-2014)” ; 2017, UznarenbpcTBo EpeBaHCKOro roCy1apCTBEHHOTO YHUBEPCHUTETA.

Ha 480 cTpanumax cOOpHHKa, [0 CKPYIYJIE3HO pa3paboTaHHOM cxeme, B 27 riia-
Bax JBYX OCHOBHBIX pa3zeioB (“Pa3zHooOpasue rpuboB ApMeHHH 10 cyOcTparam, Takco-
HOMHYECKHM, SKOJIOTHYECKUM U (DYHKIMOHAJIBHBIM rpymmam” 1 “Mopdoorus, 3Koo-
rusg u Ouosorust TpuboB”) m3noxkeHa oudimmorpadus 3261 myOiaMKauii, coaepiKalux
LIMPOKUH CIIEKTpP CBEJECHUI, Kacalomuxcsl rpuOoB ApMEHHH, UX CHCTEMBI, (puiioreHny,
OMOXMMUH, SKOJOTHH, TPAKTHIeCKoro 3HaudeHus. IlepedeHp myOnuKamuii IpUBEICH B
anpaBUTHOM TOpsAAKe (GaMUINii aBTOpPOB. BrepBble, MO MpeAnoKeHHOH aKaJeMHUKOM
HAH PA JIJI. OcunsiH cucteme, coOpaHbl BOSAWHO TPHOHBIE M IprOOIIOJ00HbIE Opra-
HU3MBI (B TOM YHCIIE JPOOKH, BO30YIUTENN MUKO30B YEJIOBEKA M KUBOTHBIX, JINIIAHHH-
KH — JIMXCHU3UPOBAHHbIE TPHOBI, IECTPYKTOPHI IPOMBIITICHHBIX MAaTEPHAIIOB), paHEE HE
YKJIAbIBAIOIINECS] B PAMKH TPAAWIHOHHOW MHKOJOTHH, KOTOpasi JOJITOE BpeMs pac-
cMaTpuBalach B paMKax OOTaHWYECKOW HayKH M BBIJEISIIACh B CAMOCTOSTENBHBIE CIie-
LUAJIbHOCTH, TaKHe KakK (DUTOMATOJIOTHUS, MEIUIMHCKAs MHKOJIOTHS, MHUIIEBas MUKpPO-
OHMOJIOTHS, MHUKPOOHMOJIOTHYECKass TOKCUKOJOTUS H Ap. Oco00 [EHHO, YTO MOMHMO
Hay4HBIX crareil 1 MoHorpaduii B “bubnmorpaduio” BitoueHsl aBTopedepars! Auccep-
Talul, MaTepraibl KOHPEPEHIMH M Che3l0B, 0a3bl JaHHBIX, repOdapui M KOJUICKLUH
KYJIBTYD, aBTOPCKHE CBUETENHCTBA U IpyTrasi LIeHHast HH(POpMAaIHs.

O6bem nHdpopmanuy, coaepxamuiics B “bubdnnorpadun”, HACTOIFKO MHOTOTpa-
HEH, YTO MOKET OBITh MCIIOJIb30BaH HE TOJBKO MHUKOJIOTAMH, HO M CIICIUAUCTAMH JIPy-
I'uX o0aacTei, MOCKOJIbKY HHOpPMAIHs, BIICICHHAS 110 (YHKIMOHAIBFHBIM ITpHU3HAKaM
YpE3BBIYANHO aKTyalbHA, KaK HAIPUMEP — MUKOOHMOTA, 3arps3HAOMIAs MHIIEBLIE MPO-
JOyKTBl 1 KOpMa; MHKOOMOTA, 3arpsA3HAIONIas JIEKapCTBEHHBIC MPETapaThl U UX CHIPHE;
MHKOOMOTa IepraMeHTa u Oymard, BeCbMa aKTyaJbHas sl COXpaHUEHHs (POHIOB ApEB-
HUX PYKOINHUCEH, MUKOOMOTA JIECTPYKTOPOB MPOMBILINICHHBIX MaTepHAaJIOB, BKIIOYAs 10-
JIMMEPbl KOCMUYECKON TEXHUKH U .

OOpamraer Ha cebst BHUMaHue UcxoHas Jara “bubmmorpadun” — 1889 rox, uto
HECOMHEHHO IMOBBIIIAET IIEHHOCTh HACTOsIIEH paboThl, BBUY TPYJHOJOCTYITHOCTH paH-
HUX IIEPBOMCTOYHUKOB JJIsi COBPEMEHHOT'O MCCIIE0BATEIS.

ITo npuBenennsiM B “Bubmuorpaduu” Tpynam CTaHOBUTCS BO3MOKHBIM JIOKY-
MEHTAJIFHO COCTaBUTh MCTOPHIO PA3BHUTHSI Pa3IMYHBIX HANPABICHUH MHKOJOTHH, OIIO-
CPElOBaHHO Yepe3 MCClieloBaHNe IprHOOB, MOPAXKAIOMINX MpeacTaBuTeNei (Gaopsr Boc-
CTaHOBUTH KapTHHY OMOpa3HOOOpa3us pacTeHUH APMEHHUH, a TAaK)Ke BOCCTAHOBHUTD CITH-
COK MHOTHUX PaHee BO3/EIBIBAEMBIX LICHHBIX PACTCHUH HBIHE HE3ACTY)KEHHO 3a0BITHIX.

Hamaune ykazareneit rpuoB, cyOocTpaToB, O0Ie3HEH MO3BOIISET MPOCIEINTH 32 U3-
MEHYMBOCTBIO OTAENBHBIX BUIOB B Pa3HBIX JKOJIOTHYECKHX Cpelax M OoJiee MOTHOLEHHO
OXapaKTepU3UPOBATH HX IKOJIOTO-MOP(OIOTHYEecKHe U HPU3U0JIIOTHYECKHE OCOOCHHOCTH.
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HOBAS KHUT'A “BUBJIMOI'PA®HSA HAYYHBIX PABOT ITO MUKOJIOTUH B PECITYBJIMKE APMEHHA (1889-2014)”

PammonansHOCTE KOHCTpYKINH “brbmmorpaduun’, a Takke HaIMIHe MPEIMETHBIX
yKa3aTenei MOo3BOJIIOT MOIh30BaTeIIM PA3IHIHON CIIENNATBHOM ITOATOTOBKH YCIIEITHO
HCIIONIb30BATh JAHHBIN TPYI.

[pemnoxxennas gnratento “bubnmuorpadus” sSBILETCS PEIKUM SK3EMIUIIPOM pe-
3yJIpTaTa AECATHIECTHH KPOIOTIMBOTO TPyJAA U OONBIINM yCHIIMSIM TI0 OXBAaTy B €IMHOE
IesIoe MIMPOYatIIero MaTepraia caMbIX PasHBIX aCHEKTOB MccienoBaHus rpuodos. He-
OCIIOPHMBI BBICOKHE 3aciayru aBTopoB “bubnuorpadguun”, Bo riaBe ¢ €€ HHUIUATOPOM U
PYKOBOAMTENIEM CTOJIb MHOTOTPYIHOHM M IienieeMKoi padoThl, Jluu JleonoBHBI OcHIIsH.
HecomueHHo, 3adMKcHpoBaHHas MU 0a3a MOCITYKHUT AalbHEHIIIEMY yCIEITHOMY pa3Bu-
THIO MUKOJIOTHYECKUX MCCIICIOBAHUI B APMEHHH.
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