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MOJAEJHUPOBAHHUE U JTUHAMHUYECKOE NCCJIEJOBAHHUE
®PATMEHTA YINPOIIEHHOW MEMBPAHBI DPUTPOIIUTA
TP IOMOIIINK KOMITBIOTEPHOI'O SKCIIEPUMEHTA

IILK. AKOIISAH, I'' A. TAPABEKSH, A.T'. IOT'OCAH,
A A. ITATUHAH

Meorcoynapoonwiil nayuno-o6pazosamenvrulii yenmp HAH PA

HccnenoBaiii AMHAMUYECKYIO CTPYKTYpY (parMeHTa MeMOpaHbl SpUTPOLIUTA
4eJIoBeKa C MOMOINBI0 KOMIBIOTEPHOTO SKCIIEPUMEHTA, a TAKKE TaKHe Ba)KHEBIC
cBOMcTBa MeMOpaHEI, Kak JaTepaibHas MupGy3us MoieKyl (HochONIUIHI0B U
Oenka rmkopoprHa A B MeMOpaHe, pacupe/eleHIe pa3InIHbIX (HOCHOIUINIOB
U JUHAMHUYEeCKHe M3MEHEHHsS KOH(OpPMAIMH YIJIEBOAOPOAHBIX Henouek (ocdo-
JIMIHAHBIX MOJIEKYJI.

Membpana spumpoyuma uenosexa - namepanvhas Ougpgysus -
gocgonunuonan membpana

Zudwlupgsuyhtt thnpdh oqunipjudp htwnwgnungl) E dwpyne Epheponghwnh
punuiph hundwsh nhtudhl jupnigyuspp b npny Juptnp hunlynipeini-ukp,
wyg  pynud - $nudpnihyhnughtt unikynyubph  qwpbpu] ghdnighugh - ophtiw-
swhmpynitbbpp, gihyndnppt U pwnuipught ughunwynigh quppp  pnupn-
lhwhnutph  puppuwénipniup, huywhu twlb  $nudpnjhyhnuyghtt  Unjkynyubph
wshuwepwstuyht onpwutph nhtwdhly Juppp punuiph tbpund b wy):

Uwpnnt Ippppnghup punubp - juplpuy ghpnigpuw -
pnupnjhwhnuypl punubp

The dynamic structure of a fragment of human eogite membrane was
investigated through the computer experiment. Sdameortant properties
including mechanisms of the lateral diffusion of oppholipids molecules,
behaviour of Glycophorin A protein molecules, dmmition of different
phospholipids and dynamic behavior of hydrocarbtwires of phospholipid
molecules within the membrane were examined.

Human erythrocyte membrane - lateral diffusion -
phospholipid bilayer

B mocnenHee BpeMsi NPUMEHEHHE KOMITBIOTEPHOTO SKCICPUMCHTA B HAYYHO-
HCCIICOBATEIBCKUX paboTax MpUOOpeTaeT Bce OOJblee U OOJNBIICEe PACIPOCTPAHCHUE.
Ero BO3HHMKHOBEHHE, B MEPBYIO OYEpElb, CBA3aHO C BBHICOKMM pa3BUTHEM HH(pOpMa-
LUOHHBIX TEXHOJOTHA: CO3JJAHMEM BBICOKOTIPOHM3BOIUTEIBHBIX BBIYHCIUTEIBHBIX KOM-
IUIEKCOB M HOBEUIIMX MHCTPYMEHTOB BBIYUCIICHHSA, & TAKXKE C PE3KHM POCTOM PacxXoJ0B
pu GU3HYECKUX DKCIIEpUMEHTax. KOMIBIOTEPHBIN SKCIIEPUMEHT TPEJCTABIACT COO0M
cMOM03 (PU3UIECKOro dKCIepuMenTa 1 Teopur. C OqHON CTOPOHEI, UG POBas MOIEITH
CHUCTEMBI CTPOUTCS IO TaHHBIM (PU3UYECKOTO IKCIICPUMEHTA, C APYrOH — CaMO UCCIICIO-
BaHUE NPOBOJUTCS IPHU ITOMOIIX BO3ACHCTBUS CHIIOBBIX IMOJIEH, OMICHIBAEMBIX (popmy-
JIaMH, Ha CUCTEMY.
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MOJIEJIMPOBAHUE U JIMHAMUYECKOE UCCJIEJJOBAHUE ®PATMEHTA YIIPOLIEHHO MEMBPAHbI SPUTPOLIUTA. ..

V4eHBIMH I0Ka3aHO, YTO METOJbl M BOSMOKHOCTU MH(OPMAILIMOHHBIX TEXHOJIO-
ruit MOXHO () (HEKTUBHO UCIIONB30BATH U JUIS HCCIICIOBAHUS MOJIEKYISPHON CTPYKTYpEI
U CBOHCTB CJIO’KHBIX MHOTOKOMIIOHEHTHBIX OHOJIOTMYECKUX M XUMHYECKHX CHCTEM B JIU-
Hamuke [1-3]. BO3HMKAIOT COBEPILICHHO HOBBIC MEPCICKTUBHBIC O0JACTH MPUMEHCHUS
BBIYHCIIUTEIbHBIX METOI0B, KOTOPBIE MO3BOJISIIOT PACCMATPUBAThH 00Jiee KOMIUIEKCHBIE 1
ONM3KHE K PealbHOCTH CHCTEMBI MOJAEIHU. Y3K€ CO3JaHbl U Pa3BHBAIOTCS CIICLUAIIU3U-
POBaHHBIE AJITOPUTMBI M1 HHCTPYMEHTHI pacyera, HauboJiee paclpoCTpaHeHHBIM U3 KOTO-
PBIX SBJISCTCS METOJ "MOJICKYIIAPHO#t AuHamMuku' [4].

B Hacrosimeit pabore MeTOJOM KOMIBIOTEPHOTO JKCHEPUMEHTa HCCieoBaHa
CTPYKTypa MeMOpaHBI SPUTPOLUTA YEJIOBEKa M JIAMEUIIPHON KUAKOKPHCTAIIIMYECKOH
(ha3el HEKOTOPHIX TIOBEPXHOCTHO-aKTUBHBIX BeecTs ([TAB).

METO/IbI MOJIEJIMPOBAHUSA 1 KOMIIBIOTEPHBII SKCIIEPUMEHT
KoMIblOTepHBIE JKCIEPUMEHTHl OBUTH MPOBEACHBI HA BBICOKOMPOH3BOIUTEIb-HOM
Apmrnacmepe HAH PA. Ha nanHbIi MOMEHT Apmknacmep SIBISETCS caMON MOIIHOM
BBICOKOIPOM3BOAUTENBHO cuctemMoll Ha KaBka3se, ¢ MUKOBO# MPOHM3BOIH-TEIBHOCTHIO
783.36I'uraduion u 2I'06 onepaTHBHOW MaMSTH Ha KaXIOM y3Jie. Y3Ibl 00bEJANHEHBI B
CETh IPH IOMOIIX BBICOKOCKOpOCcTHOU cetr Myrinet (2'6ut/c). Knacrep paboraer mox
OC Linux RedHat 9.0c mommepxkoii SMP. s BU3yalu3alMd MOJIEKY-JIAPHOM
JIMHAMKKH Kcnojb3osan naker VMD: Visual Molecular Dynamics

Hmxe npeacraBieHsl mapaMeTphl CUMYJIAPOBAHHS.

* Hcnonab30BaHHbIE HOMBI /IPOLIECCOPHI 25/50

* Tun npoueccopa: Intel Xeon 3.06GHz

*  Tum cBszu: Myrinet

» IlporpammHoOe obecnieyeHueE: Gromacs, NAMD 2.5, MDesigner

e CuJIOBBIC OIS CHARMM all27

* Temmnepatypa u JaBleHHE B IKCTIEPUMEHTE 32K u lamm
(Langevin and Nose-Hoolkangevin piston methods)

*  Mopgenb BObI TIP3

* Buosnornueckoe BpeMsi CUMYJIUPOBAHUS. 60-10Gicek.

e XHUMHYECKOE BPeMsI CHMYJIMPOBAHUS: 20-230kcek.

*  Bpewms, TpeOyeMoe st 3KCIIEPHIMEHTOB Ha OIHOM Komistotepe: 10mer

* Bpewms skcriepuMeHTOB Ha ApMKIIacTepe: 3mMecsina.

* BpeMeHHO# mar HHTErPUPOBAHHSL: 2pemmo cex.

B kauecTBe OCHOBHOTO METOJa MOJCIMPOBAaHUS OBLI HCIOJIB30BAH METOJ
«monekyspaoi guHamukm» (MJ]), KOTOpBI MO3BOJNSET MOJEIUPOBATH JETAIBHYIO
MUKPOCKOTIUYECKYI0 KApTHHY BHYTPCHHHUX IBIOKCHUN MOJEKYI (MJIM MaKpOMOJIEKYI) U
YCIELIHO HCIOJB3YETCSI B TEOPETUUYECKUX HCCIACAOBAHUAX CTPYKTYpPbl M JUHAMHUKHU
OMOJIOTHYECKUX MaKPOMOJIEKYJ, KUIKOCTEH, Ta30B M JPYTUX CIOKHBIX MOJICKYJISIPHBIX
cucreM. MetogoM MJI pacCUMTHIBAIOTCS KiIacCUYeCKre (HBIOTOHOBCKHE) TPAeKTOPHH
IBIDKCHUS aTOMOB MOJICKYJIBI B CHJIOBOM TIOJIE SMIHPHUYECKOTO AaTOM-aTOMHOTO
MOTEHINAaMa, T.6. MOJCIUPYETCS IeTalbHasi MUKPOCKOIIMYECKas KapTHHA BHYTPEHHETO
TEIUIOBOTO JBIDKEHHMS MaKPOMOJIEKYJBI B CyOHAHOCEKYHIHBIX WHTEPBAJAX BPEMEHHU.
OCHOBY METO/a COCTaBISICT YMCIIEHHOE PEUICHHE KJIACCHYECKUX ypaBHEHHMH HproToHa
ISl CUCTEMBI B3aUMOJICHCTBYIOIIMUX YaCTHIL!

O -k (,i=12.m i

rae I, - pagumyc-BeKTOp i-ro aroma, M - ero Mmacca, F - cymmapHas cuia,

JIEMCTBYIOIIAS HA i-i aTOM CO CTOPOHBI OCTAIbHBIX YACTHII;
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3necy I = {I‘l, | PP n} , aU(r) - moTeHIManbHAs SHEPIHs, 3aBUCAIIAS OT B3a-

MMHOT0 PacloJIOKE€HHUS BCEX aTOMOB; N - YMCJI0 aTOMOB.

3a;[aB KOOpPpAUHATBI U CKOPOCTHU BCCX aTOMOB B HaYaJlbHbIA MOMEHT BpPEMCHH,
YHCJICHHO pCHIAOT YpaBHCHHUA ABUKCHUS, BBIYUCIIAA HA KaXKAOM IIary BCC CUJIbl, HOBbIC
KOOpAUHATBI U CKOPOCTHU YaCTHLI. TeMnepaTypa OMPEACIACTCA KaK CpCAHAA KUHCTUYCC-
Kasl SHepTusd, Ipuxoadniasicsa Ha OAHY CTCIICHb CB060,HI)I CHUCTCMBI.

1 n 2
= Ymvr’. 3
T 3Nk, .le Vi )
_dr;
=40 4
V. at (4)

3nech N - mosHOE YuCIo cTeneHeil cBoOO0 bl MOJIEKYJIH, K, - OCTOSHHAS Boubn-

MaHa. B ciyuae nzonupoBarHoii cucteMbl N=3N-6,MOCKOIBKY COXPAHSETCS €€ TOTHbIH
UMITyJIbC 1 MOMEHT HMITyJibca. KpoMe TOro, B 3TOM cilydae coOXpaHseTcsl NOJIHas SHep-
THsl CUCTEMBI, a TeMIIepaTypa MoNy4YaeTcsi yCPEAHCHHEM ee MCHOBEHHbBIX 3HaueHuit T(t)
110 HEKOTOPOMY MHTEPBAITy BPEMEHH.

Jist MopenupoBaHusi MetogoM M/l HaM¥M HMCHOJIB30BaHBI Cieayromue (aibl:
¢aiiin KoOpIMHAT aTOMOB CHCTEMBI M (paill TONONOTHH MOJEKYJ MOJENIH, B KOTOPOM
coJieprkaTcsl mapaMeTphl BCeX KOBAJICHTHBIX CBS3€H, BaJIGHTHBIX M TOPCHOHHBIX YIJIOB U
T.Jl. aTOMOB CHUCTEMBI. 32 OCHOBY OBLIH B3STHI THIIOBBIE TOIOJOTHU (HOCHOTUITHIHBIX
MOJIEKYJI C TIOJISIPHBIMU TOJOBKaMHU (GocdaTuInIdTaHOIaMUHa U (HochHaTHAMITXOTHHA,
coJeprkaiiecss B cranmaptHoM ¢aiine tomonoruu top_all27_prot_lipid.9Otu nannsie
HMEIOTCS B Iocieaneii Bepcuu cunoBbix moseii CHARMMZ27 [5], a aist MaHUITyIsuii ¢
aToMaM# HcroJib3oBanach mporpamma VMD. Bpur Hammcan CKpUNT Ha MaKpOS3bIKE
TCL, xoTopblii B aBTOMaTH4YEeCKOM pEXHME CO31aeT CTapTOBBIH (ochonnnuaHbii
6ucioit, unu munety [TAB, ciyyaiineiM 00pa3oM Bpamas MOJIeKyJIbl GpocdonnuaoB
unu ITAB Bokpyr cBoux ocell, moMeIas KKyl MOJIEKYTTy B IPSIMOYTOJbHBIE sueiiky,
MIOCJIE YEeTo 3TH SUCHKH CIlyyalHBIM 00pa3oM paclpesieNsioTcs B MacCHBE Pa3MepoM
64Xx2 B ciayuae meMOpanbl n 256x2 B ciywae munemt. [ns cumyisiuud mMeMOpaH
spuTpoLuTa OBLI MPOBEJCH CPABHUTENBHBIN aHanu3 [6] u3BecTHbIX makeToB Gromacsi
NAMD, Ha OCHOBaHHUM KOTOPOTO OBLIO BHIOpaHO MPOTPaMMHOE OOecTIedeHHUE IS
HAIUX HccienoBaHnid. s MpoBeACHUS KOMIBIOTEPHOTO SKCIIEPUMEHTa Ha OHWOJIOTH-
yecKuX MeMOpaHax ObUI pa3pa0oTaH TakXkKe CIElUadbHbIA HakeT mporpamMm Mdesigner
[7]. TIpu MoneaMpOBaHUH UCIIOAB30BAHbI 5 THIIOB (HOCHOIMITUIOB, UMEIOLIUXCSI B MEM-
OpaHe >pUTpoLKTa YesioBeka [8].

B dochomumuaayro MeMOpaHy BBEIM TakKe BaKHBIH (DYHKIIMOHAIBHBIN OEJoK,
XapaKTePHBIN JIsl IPUTPOIIMTA: IIUKOGOPUH A.

B xauectBe ITAB wucnonp3oBanel monerwicynbdar Hatpusi-C12H25SO4Nau
nenranenmicyabdonar nHatpus — C15H31SO3NagpomemenHoi mapku E-30 u K-30.

L-manmvimont-2-oneor-cH-mrLepo-3-hochammunrasoiamut ([I0D3) — 10%;
160

18.1% I
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1-creapor-2-oneon-cH-rrepo-3-hocharimuxomms (CODX — 12%);
180

A
kY

§%

o= O

181

1-creaponi-2-apax U MHOWT-CH-ITHLIEPO-3-(hooammunranonamus (CADD)-12%;
18:0

90: 45121518 I

TranvuronT-2-oneor-CHnEpo-3-pocdammuxorH ([IODX) — 13%;

180

{n]
N

=
18:1%

O=n_ O

Xomectepon — 25%.

21 22 23 24 25 26
CHyx 20, ~CH,CH,CH,CH—CH,
H.CI8 | 271

PE3YJIBbTATBI KOMIIBIOTEPHOI'O OKCIIEPUMEHTA

Mewmb6pana spurponuta. Ha puc.1l npencraBiena Moaens paBHOBECHOTO (ocdou-
MUIHOTO OMCIIOsE MEeMOpaHbI SPUTPOLIUTA YEJOBEKAa B MPHUCYTCTBUU BOMbI, MOJy4EHHAsS
KOMITBIOTEPHBIM SKCIIEPUMEHTOM MPHU TOMOIIM MUHUMH3AIHUKA CBOOOIHOM SHEPTUH CHC-
TeMbl. AHAJIN3 JaHHBIX, MPEACTABICHHBIX Ha puc.10, MOKa3bIBaeT, 9TO B MeMOpaHe pas-
HbIC THITHI HOCQOIHUITUIOB HE CMEIITUBAOTCS.

Takum 00pa3oM, W3 JNAHHBIX KOMIIBIOTEPHOTO SKCICPUMEHTA MOXHO CJICNaTh
MPE/IIOI0KEHUE, YTO B MEMOpaHEe IPUTPOIIMTA JOJDKHBI CYIIECCTBOBATH JOMEHBI OTICIb-
HBIX (POCHOITHUITHIIOB.

Eciu 310 mpeanosnokeHue BEPHO, TO OHO JIOJDKHO CKa3aThCs Ha mporece aud-
¢y3un pochonunmuaHbIX MOJICKy B MeMOpane. C 3TOM 1enbio ObLIa UCClieI0BaHa JiaTe-
panbHas MUQQyY3UsT MOJEKYJT BCeX THMOB (OCHOIUTHIOB B MOJCIBHONH MeMOpaHe
SPHUTPOLIMTA.

s onpenenenust Kod(duipenTa narepajibHod auddysun (Mpoekims xud-
Gby3un MosieKya (GOCHOIUIHIOB B INIOCKOCTH X-Y) BOCHOJIB30BAIMCH (OPMYJIOH, OIH-
CBIBAIOILEH 3aBUCHMOCTh CPEIHEKBAIPATUYHOIO OTKJIOHEHHS IIEHTPA TSIKECTH OTICIb-
HBIX THITOB (ochonunuaoB (MSD) or Bpemenu:
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MSD=3"<|7(1)-7(0)

all

>

‘2
roel (0) ul (t) paanyC — BEKTOPBI HEHTPA TAXKECCTH MOJICKYJI B HA4YaJIC IIpoIecca ,I[I/ICI)'

¢y3uu 1 B MOMeHT t.
ITpu stom 3aBucumoctn MSD s otnenbHbIX (OCHOIMINAOB OT BpPEMEHU
cumyJsanuu (t) onmuchIBarOTCS (HOPMYIION:

D,, =MSD/ 4Lt

dochoaamEILI

Puc. 1. PaBHOBecHast Moiesib poconunuaaoro 6ucios (a) npu cooTHOLICHUH GoChOIHIHI0B:
12%TTI0DX / 13%CODX / 12%CADD / 10%ITOD/25%XOJ1. Pactupenenenne
tbochonununos B memOpane (6). IIpoekius Ha IIOCKOCTh X-Y.

Ha puc. 2 npeacraBnens! 3aBucumoctd MSD oT BpeMeHH cUMYISILUH 1L OT-
JIeNbHBIX (OChOIUITUIOB NpH JIaTepaibHON quddy3un ux MosieKya B MeMOpaHe, moiy-
YEHHBIC KOMIIBIOTEPHBIM SKCIIEPUMEHTOM.

0 R 1 s 1 . 1 .
0 10 20 30 40

BpeMsi CUMYNALMK, HC

Puc. 2. 3aBucumocts MSD ot Bpemenu cumyrsituu 11t pochoIunuaos:
CODX, I[TODX, CADD u [TADI B MmeMOpaHe 3pUTPOIIHTA.

3HaueHuss Kod3hHUIIMEHTOB JaTepalibHOW MU y3un OTAeTbHBIX (HOCHOIUTHIOB
B MeMOpaHe dPUTPOINTA TPECTaBICHbI B Ta0I. 1.

B Hacrosiee Bpemsi METo/ibl (PU3MYECKOTO IKCIIEPUMEHTA MO3BOJISIIOT U3MEPSITh
ko3¢ HHUIIMEHTHI JaTepaabHOU MU Y3UN TOTBKO ISl HCKYCCTBEHHBIX OUMOJICKYIISIPHBIX
CJIOEB, COCTOSIINX U3 oaHOro Tua pocdoumuaa [9,10].

10
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CpaBHuBas 3Ha4eHUst KOAQPUIIEHTOB naTepainbHOi 1uddy3un s 6ucioes oT-
JIeNbHBIX (GocdonnnuIoB 1 MeMOpaHbl 3pUTPOLUTA, cozxepxaiiel Bce 3T Qocdonu-
e, OOHapyXkuBaeM coBrajeHue. Takoe coBmazeHue KOd((GHULMEHTOB JIaTepaIbHON
nuhdy3un MOKET OBITh TOJBKO B TOM CIydae, €CH OTAelbHbIe (HOCHOIUTUAB B MEM-
OpaHe MMEIOT CBOM COOCTBEHHBIC apeajibl CYIIECTBOBAHHS, KaK STO IPEACTABICHO Ha
puc.16.

Ta6muma 1. Koaddunuents! narepansaoit muddy3nu ot pasHex Gpochoaunmuaos B MeMOpaHe.

Dochoaumusl CODX J8(0]0),¢ CADD [TI0O®D
Kosdpdumuent | 42x10° | 3,7x10° | 2,9x10° | 2,6x10*
nuddysuu, cm?c

B munamuke mpu cumynmpoanuu a0 100 HCek BHIHO, YTO BCE KOMIOHEHTHI
¢dochonunuaHoil MeMOpaHbBI HaxXOIATCS B COCTOSIHUM HENPEPBIBHOTO TEIIOBOTO
nBWKeHUs. [Ipu 3TOM MHTEHCUBHBIM KOH(GOPMAIIMOHHBIM W3MEHCHUSM IIOIBEPTAIOTCS
YTICBOIOPOIHBIC IIETIOYKHA MOJIEKYN (OChOTUIHI0B BHYTPH MeMOpaHsl. s n3ydeHus
YCpeAHEHHOH KapTHHBI KOH(POPMAIMOHHBIX W3MEHEHHH YTICBOIOPOAHBIX MLEMOYECK
MOJICKYJT OTACIBHBIX (OCPOTUMUIOB B MeMOpaHE METOAOM KOMIIBLIOTEPHOTO
9KCIepUMeHTa OBIIO MCCIETOBAaHO M3MEHEHHE MapaMeTpa OPHEHTAIMOHHOTO MOpsAKa
YTICBOIOPOIHBIX IIETIOYEK MOJICKYIT:

S, :/3<cos,26?i >—1'/,
4 4

rae HI - YroJI MEXIy OChI0 MOJIEKYJIBl M HOPMalu K HOBEPXHOCTH MEMOpaHBHI.
Cko0Oku 0003HaYaI0T aHCAaMOJIb M YCpeIHEHUE BO BpeMeHU. U3 mpuBeneHHON HopMyIIbl
BHIHO, YTO €CIHM YIJIEBOJOPONHAS LENOYKa WM ee¢ (parMeHT pachoJ0KEHBI
mapajyieIbH0O K HOPMalM IOBEPXHOCTH Oucimost, To Spe = 0,5, a eciau
MEPIICHANKYIISIPHO, TO Spo= 0,25.

Ha puc.3 B KkauecTBe mpuMepa MNOKa3aHbl W3MEHEHMsS! CTEICHH OPHEHTAIMU
yriieBoJopoaHbix Hernodek Moiekyn IIOPX u [IODP3 mno mepe yrioyOnmenus B
ruapodoOHbIiT 00beM OUCIIOs.

050 |- E
045 ]
0.45 |- R
2 g
@ 040 1 »
s o 040 |
: 2
g 035 1 E‘ 035 | 4
e
] g L4 N
Z 030 1 2 ool LN 1
& -] \ =
= 2 \ e
= 5 NN
025 g = oas| LI
4
. . L L L L . .
2 4 6 8 10 12 14 16 18 2 4 ] 8 10 12 14 16 18
HoMmep yriieBoiopoIHOTo aToMa HoMep yrieBo0poiHOro aToma

Puc. 3. 3aBucHMOCTb MTapaMeTpa OPHCHTALMOHHOTO HOPSIKA YTIIEBOAOPOIHBIX LIEIOYEK
Mouiekya docharunmixonusa - [IODPX (a) u pocdarnannsTanonamuna —IIODD (6)
OT IIyOHHBI HOTPYXXEHHUS B MEMOpPaHy.

Kak BUIHO W3 PHCYHKOB, YYaCTKH YTJICBOJOPOIHBIX IIEITOYCK MOJIEKYN (ocdo-
JIMIUIOB, PACONIOKEHHBIX OJNMKE K MOBEPXHOCTH OMCIOS (K TIHIEPOJIBHON TpyIIIe),
OPHEHTUPYIOTCS TPHOJIM3UTEILHO TMEPIEHANKYIIPHO K HOpMaiau. DTO OO0YCIOBIEHO,
BEPOSITHO, TEM, YTO TIIMIEPOJIbHAS TPYIINA PACHOIOKEHA MEPICHIUKYIIIPHO K HOPMaX
noBepxHocTH Oucios. [lo Mepe yaaneHus OT MIMIEPOJILHON IPyIbl BrilyOh OHCIIOS,
YIJIEBOIOPO/IHBIC LIETIOYKH CTaHOBSTCS KOH(GOPMALMOHHO 00Jiee CBOOOIHBIMHU U HAYMHA-
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IOT OPUCHTHUPOBATHCS MPEHMYIICCTBCHHO MapaJIebHO K HOPMAH MOBEPXHOCTH OU-
cnosi. [Tpu manpHeHIIeM yAaaeHUU OT MOJISAPHOM TPYMIBI MOJEKyI dochonununa us-3a
YBEIUYCHUS CTEIICHH CBOOOIBI IBIDKCHHS YIJICBOJOPOIHBIX LEMNOYCK MX OpPUCHTAIU-
OHHBIH MOPSIOK HAYMHAET YMEHBIIATHCSA, CTPEMSICh K TIOJTHOM 1€30pHUCHTAIIH.

OpHUeHTAIMOHHBINA TIOPAAO0K SKCIIEPUMEHTAILHO OBLT MccleAoBaH st Gocdoiu-
MUIHBIX OHUCIIOEB, COCTOAIINX M3 OJHOro TUia Gocdomumuga [11].

Kak BupHO u3 puc. 4, naHHple, Noixy4deHHBIe MeToqoM SIMP cnekTpockonuu u
KOMITEIOTEPHBIM DKCIIEPHUMEHTOM IS TUMTATbMUTOMI-(PochaTHAMIXOTNHA, XOPOIIIO COT-
JIACYIOTCSI.

o o —o— sn-1
0.20 O sn-2
O skcnepumenTansHbiii

Mapametp ynopsaoyexns (Sqp)

Homep atoma Bogopoaa

Puc. 4. OpueHTanMOHHBIE TapaMeTPHI MOPSKA YTIEBOJOPOIHEIX HETTOYEK MOJICKYIT
IUNaTbMUATOWI(GOCHATHIUIKOINHA, HOJYyYCHHbIE PU3UMYECKUM SKCIIEPUMEHTOM U
MOJIETTUPOBAHHUEM.

Takum oOpa3oM, B TeX cilydasx, KOTJa MOXXHO IOCTaBUTh (DH3MYCCKHI IKC-
MEPUMEHT, PE3yNbTaThl (PU3MYCCKOTO U KOMITBIOTEPHOTO JKCICPUMEHTOB JOCTATOYHO
XOPOIIIO COBMAIAIOT.

W3BecTHO, YTO ONHUM U3 HauOOJIee M3YYCHHBIX M3 MEMOpAHHBIX OCIIKOB IPHUT-
pouuTa SBISETCS TIUKOQOPHH A, MPEACTABISIOMKNA COOOW TIIMKONPOTEH I, MPOHU-
3BIBAIOIIUEN (OCHOTUIHIHBIE CIOW MEMOPAHBI U BBICTYMAIOMIAN HApYxXy. [ ukodopun
o0pa3yeT yCTOWYMBEIN AWMEp HE TOJIBKO B TPHUPONHBIX CHCTEMaxX, HO W B HCKYC-
CTBEHHBIX JINOUIHBIX Cpelax, TAKUX KaK MHIEIUIBl JoneridochaTuammxonnaa. Js
sTOro Oeyka HaleHa MPOCTPAaHCTBEHHAs CTPYKTypa amMmepa meromom SIMP-crekrtpo-
cxormu [12, 13].

Moaens ¢pparMeHTa MEMOpPaHbI 3PUTPOITUTA HAMH ObLIA MTOCTPOESHA MPH TTOMOIITH
BHEIPECHUS MEMOpaHHOTO Oenka JSpuTporura TIukohopuHa A B pPaBHOBECHBIH
THIPAaTUPOBaHHKIA (pochomunuaaeiii oucnor. Ha puc.5a mpezpcrarieHa paBHOBecHas
MoJieNb (hparMeHTa MeMOpaHbI IPUTPOLIUTA, COJCPIKALIAS IIIMKOPOPHH A.

i @/BU]IZ
e

8

8

8

g ¢
—
E—a
=
==
—
_—
=
==
=

Tankodopuua A, B rpas.

Vroa meacaya n b cnnpansvin Moseky.nt
B

= Bpein cvyamiimm, 5 neer.
a 6
Puc. 5 PaBHoBecHast MoJiens (hparmMeHTa MeMOpaHbl IpUTpoIHUTa (a).
VYron Mexay o, B cimpansiMu MoJieKyJibl iukodopuHa A (6).
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PaccmoTpuM quHAMUKY MMOBEAEHUS O H 3 — CyObeIMHHI TIIMKO(GOPHHA A B MEM-
Opane. Ha puc. 50 mpencraBieHa 3aBUCHMOCTD yIJIa HaKJIOHA MEXIy o U 3 — cyObean-
HUIIaMU OelTka BHYTPU MEMOPaHBI.

Nmerotest pabotsl, rae meronamu SIMP-CIeKTpOCKONUU W TUHAMHYECKOTO MO-
JICIMPOBAHMSI U3YYCHO BIUSHHUE CTPYKTYPBI MOJICKYN (ocdonumnuaa Ha KOH(POpMaIUio
rmuKkoQoprHa A Ui MCKYCCTBCHHOW MeMOpaHbI, COCTOSAIMICH W3 OJHOro tuma Qoc-
¢domununa [13]. UccnenoBana 3aBHCHMOCTh KOH(GOPMALUH TITHKO(QOPHUHA OT JIHHBI U
CTCIICHU HACHIIICHHOCTH YIJICBOIOPOAHBIX Lenei (ochOIMIUIOB, OKPYKAIOMIHUX TIHU-
kodoput. C nomoisio M1 u SIMP ycranosiieHo, 4To ¢ yBennueHueMm kosudectsa CH,
TPYIIT U JBOWHBIX CBSI3€H YIIIEBOOPOIHBIX Ienei GochOoINmuIoB YBEITUIHBACTCS YOI
MEXAy crupaisiMu aumepa riukodopuna. [lokasano, uto npu ysenuueHun uyucia CH,
IpyMI B YrIeBOAOPOIHBIX Iiernoykax moiekyn ¢ochomununa ¢ 14 no 18 yron mexnay
CITMpasIMK B CpemHeM ocTuraer Benmuunsl 11°. B Hamem ciydae, rie BMECTO TOMO-
reHHor (ochoTMMUIHONH MeMOpaHbl HCCISAyeTCs TeTeporeHHass MeMmOpaHa ¢ MoJe-
KynaMu GochOIUNHIOB, UMCIOIIUX YIIIEBOJAOPOAHBIC IIeNoYKH ¢ yrciaoM CH, rpymm ot
16 mo 20, B cpemHeM yrosl MMEET 3HAYCHUC MOPSIKa 3. Io Bceii BEPOSITHOCTH,
YBEIUYCHHUE yTiIa CBA3aHO C JOMHUHUPOBAHHEM TUAPOPOOHOCTH B OKPYKCHHH OCIIKa.

Bonbmioii wHTEpeC MPEeNCTaBISCT B3aUMOICHUCTBUE XOJECTEpUHA C TIHKO(OpH-
HOM A W BiusiHAEM OeJiKa Ha TUHAMUKY TTOBEICHUS MOJICKYJI BOJIBI B MEMOpaHe.

Ha puc. 6 npexacrarieH 0enok rmukoQoprH A B OKPYKCHHH MOJICKYJ XOJecTe-
puHa B MeMOpane sputpornuTa. Kak BUIHO 13 pHC., B MeMOpaHe 3pUTPOLUTAa MOJIECKYIIBI
XOJIeCTepUHA B3aMMOJICHCTBYIOT C MOJICKYJION TIMKO(OpHHA A M OKPYKAIOT ee.

BaxHo#t mpo0ieMoil sABIgeTCS NPOHWKHOBEHHE MOJIEKYN BOIBI B MeMOpaHy.
KoMmnbproTepHbI AKCHIEPUMEHT ITOKa3bIBA€T OTCYTCTBHE MOJEKYN BOIBI B THAPO(OOHOM
gacTH MeMOpaHBl B OTCYTCTBHE O€JKa M NPOHWKHOBCHHE B MEMOpaHy B IPUCYTCTBHH
rakodopuHa A.

Puc. 6. benok B okpyxeHHU XoJiecTeprHa. MOJIeKyJIIbl OCTaIbHBIX
(docdonmuIoB 1 BOJBI HA PUCYHKE HE ITOKA3aHbI

Ha puc. 7 noka3aHo cTapTOBOE COCTOSIHUE CHUCTEMBI BOJA-TJIMKOQOpHH A B
HavaJjie KOMITbIOTepHOro 3kcnepuMenTta u nocie 100 Hecek cumynupoBanus. Moekyibl
(ochoannuIoB Ha PUCYHKE HE ITOKAa3aHBl.

Kak BHIHO M3 pHCyHKa, B HENIOCPEACTBEHHOH OJIM30CTH MOJICKYJIbI O€jiKa UMeeT
MECTO TPOHMKHOBEHHE MOJIEKYJ BOJABI B MeMOpaHy, 4TO, BEPOSITHO, OOYCIOBJIECHO
ACUMMETPHUYHON CTPYKTYpOii Oernka.

TakuMm o00pa3oM, MOKa3aHa BO3MOXHOCTb IPHMEHEHUS KOMIBIOTEPHOTO
9KCTIEPUMEHTA JJISl HCCIIEIOBAHUS CJIOKHBIX OMOIOTHUECKUX MEeMOpaH.
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Puc. 7. CraproBoe cocrosinue MeMOpansl sputponura (a) u nocine 100HCeK. cuMyJIsIHm.

10.

11.

12.

13.

Mornexynbl pocdonunuma Ha PUCYHKE HE TOKa3aHbl.
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It is shown, that the methods of absorption and fluorescence spectroscopy
allow determining the binding constants of porphyrins with various types of
serum albumin (SA) and their localization on the protein globule correctly
enough. Researches testify about good binding of porphyrins with protein at low
ionic strength of solution whereas at 0,1 M buffer solution the interaction of bo-
vine serum albumin with porphyrins is considerably weak. Values of binding
constants of cationic porphyrins prove their sorption not only on the surface of
proteins but also in the globule of SA, which is confirmed also by computer
simulation of SA-porphyrin interaction.

Bovine serum albumin — cationic porphyrins — binding constants

8nyg t wipqws, np Jludwi b $nnplughinnughtt vyknpuwulnuyhuygh
Ubpnnubpp pryy) kb wwihu pujuywutht &qpphn npngkp wnpdhphutph
Juyuwt hwunwwnnibbpp ohg&nijughtt wpnidhuh (CU) wwppkp mbuwlubph
htwn b tpuig nknujiugnidp uyhwnwlnigh Ypu: Zknmwgninnipinibttkpp qhuynid
ki np gwdp hntughtt mdh phwpnid wnpdhphuubpp qwy ko Juwynud
uyhwnwlnigh hbw, dptypbkn 0,1 M poidbph mdnypnid gnyh ohdnijuyht
wpnidhth hwdwgnpswljgnipniup wnpdhphuubph htwn qquihnpkt pny; b
Yuunhntuwhtt  wnpbhphtutiph juydwt hwunwnnibibph  dESnipmniibpp
Yyuynud kb bpwibg unppghuyh dwuhtt uyhwunwlnigh hswbu dwlbkpunyph Jpw,
ugyiigbiu b qunpnyh Ukg, hiuyp tnyhwhu hwunmwnynud £ hwdwlwpgswgh
Unpjunpnidng TU-wynpdhphtt thnjumqnbgnipjut ntuntdwuhpnipjundp:

Snih shdniuypli wypnidhl - funpniughl wnpppphbibp - juwydwh hwununn bbbp
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[HU TO3BOJISIIOT JIOCTaTOYHO KOPPEKTHO OMNPENENSITh KOHCTAHTBI CBSI3BIBAHMS
NOPQUPHHOB € PA3TMYHBIMH THUIIAMHU CHIBOPOTOUHOro ansbymuHa (CA) u ux
JOKaNU3aluio Ha O6enkoBoit rio0yie. McenenoBanus CBUAETEIBCTBYIOT O XOPO-
IIIEM CBSI3BIBAHUH OPGHUPHHOB ¢ OEIKOM IIPH HU3KOH MOHHOM CHIIE, TOT/a KakK B
0,1 M pactBope Oydepa B3auMOAEHCTBHE OBIYBEr0 CHIBOPOTOYHOTO albOyMUHA
¢ mopdupHHaMH 3HAYUTETBHO cinabee. KOHCTAHTBI CBS3BIBAHUS KAaTHOHHBIX
NMOopQUPHHOB  CBUJIETENIBCTBYIOT 00 MX COpPOLMH Kak Ha IOBEPXHOCTH Oelka,
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npoBaHreM B3anmoeiictus CA [ mophupuH.
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The cationic photosensitizers (porphyrins) are the main form of compounds,
which are widely used in photodynamic therapy of tumors (PDT) and photodynamic
inactivation (PDI) of microorganisms. Photosensitizers (PS) are selectively accumulated
by malignant cells and via photoirradiation provide a means of highly specific cell
killing [19]. The high selectivity of cationic porphyrins has been used for tumor
destruction in vivo [24]. Due to their positive charge and lipophilicity, these compounds
are localized in mitochondria in response to a negative-inside membrane potential [6],
and there is evidence to suggest that the mitochondrion may be a primary subcellular site
of damage. Cationic photosensitizers also show high activity in photodynamic
inactivation of microorganisms, where they are successfully used for both Gram (+) and
Gram (-) microorganisms [21] and fungi [3].

The study of cationic photosensitizers binding and carrier is very important for
PDT. On the organism level the PS transport to tumors is done by blood carrier proteins
such as serum albumin (SA) [5, 22], low and high density lipoproteins [14], and
hemoglobin [23]. The study of porphyrins binding to proteins on molecular level will
clarify binding mechanisms and determine medium impact. In the blood plasma protein
system the serum albumin takes leading place, considering its large amount (about 60%
of plasma proteins) and its functions [20]. It posses a wide range of physiological
functions involving the binding, transport, and delivery of fatty acids, porphyrins,
bilirubin, tryptophane, thyroxin, and steroids [2, 8]. In the present work, bovine serum
albumin (BSA) is selected as protein model, because it has wider application than human
serum albumin (HSA) and is suitable not only for humans, but also for other animals,
and there is lack of information on the porphyrin-BSA binding mode [13, 15, 18]. At the
same time there are not enough studies on pH and solution ionic strength, as well as
cationic porphyrins lateral radicals’ impact on their binding to BSA. The main purpose
of present study is investigation of above mentioned factors on cationic porphyrins-BSA
binding via spectral methods.

Material and Methods. BSA (Product Number A2153), BSA Fatty Acid Free (Product
Number A6003), HSA Fatty Acid Free (Product Number A1887) were obtained from Sigma-
Aldrich Chemical Co. (USA) and used without further purification. The new water-soluble sym-
metrically and asymmetrically meso-substituted cationic N-quarternized 3- and 4-pyridyl-
porphyrins and metalloporphyrins (Zn, Ag, Co, Fe, Mn, Cu, et al.) with different lateral functional
groups (oxyethyl, butyl, allyl, and methallyl) were synthesized according to our previously repor-
ted methods [9]. The structure of the synthesized compounds was confirmed by nuclear magnetic
resonance (NMR), infrared and absorption spectroscopy methods. The following porphyrins used
in this work:

- meso-tetra-[4-N-(2'- oxyethyl) pyridyl] porphyrin (TOE4PyP), Zn-TOE4PyP;

- meso-tetra-[4-N-(2'- butyl) pyridyl] porphyrin (TBut4PyP), Zn-TBut4PyP;

- meso-tetra-[4-N-(2'- allyl) pyridyl] porphyrin (TA114PyP), Zn-TAll4PyP;

- meso-tetra-[4-N-(2'- methallyl) pyridyl] porphyrin (TMetAll4PyP), Zn-TMetAll4PyP.

The binding ability of these preparations was compared with the well-known
photosensitizer chlorine e6 [16] (Chl e6, "The enterprise on manufacture of diagnostic and
medicinal preparations", Minsk, Belorussia). All other materials were of analytical grade.

Measurements and methods. Fluorescence emission spectra were measured with ETC-273
FP-6500 spectrofluorometer (JASCO). Fluorescence spectra of BSA and porphyrins-BSA complex
were recorded from 300 to 450 nm (excitation at 295 nm). In fluorescence investigations binding
of the porphyrins to BSA were studied by titration of the protein with increasing concentrations of
the porphyrins and monitoring the changes in the florescence spectra of protein-bound versus free
porphyrin. For the quantitative analysis of the interaction between porphyrins with BSA, the
Stern—Volmer equation was used. For static quenching, fluorescence quenching can be analyzed
using modified Stern—Volmer relation [17]:

To/To-I=1/fK[Cp] + 1/f (1)
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where I and Io are the fluorescence intensities of BSA in the presence and absence of quencher
(porphyrin), respectively; K is the Stern—Volmer quenching constant and [Cp] is quencher
concentration; f is the fraction of the initial fluorescence accessible to quencher. In the linear plots
Io/To-I versus 1/[Cp]yields 1/ f as the intercept, and 1/ fK as the slope. The static quenching
interaction between cinnamic acid and BSA indicates [2], that the quenching constant (K)
decreased with the temperatures increasing. It was found that the quenching constant (K)
decreased with the temperatures increasing, which indicates the static quenching interaction bet-
ween cinnamic acid and BSA. The results interpreted as the binding constant of the complexation
reaction because static quenching arises from the formation of a dark complex between fluoro-
phore and quencher [2, 7]. Experiment results on BSA-chlorine e6 binding show that Stern-
Volmer static quenching constants K determined from data on protein fluorescence quenching
closely match to binding constants determined from polarizing measures of chlorine e6 lumines-
cence [15]. According to these results we will consider that determining Stern-Volmer constant
K we define protein-porphyrin binding constants.

UV-Vis absorbance spectra were measured with a Shimadzu UV-VISIBLE Recording
Spectrophotometer UV-2100 (Japan). In absorption spectroscopy investigations binding of the
porphyrins to BSA were studied by titration of the porphyrins with increasing concentrations of the
BSA and monitoring the changes in the absorption spectra of porphyrins-bound versus free BSA.
The binding constant K, for the interactions porphyrins-BSA was determined by analyzing the
reduced absorbances at Soret band (for example 440 nm for Zn-TOE4PyP) due to addition of BSA
to the porphyrin solution following the modified relation of Kapp et al. [12]:

Ao/ Ao-A=1/fK[Cprot] + 1/f 2)

where Ao and A are the porphyrin absorbances in the absence and presence of the protein
(BSA), respectively. In the linear plots Ao / Ao-A vs. 1/ [Cprot], 1 /{ is obtained from the
intercept on the Ao / Ao-A axis, corresponding to 1/ [Cprot] = 0.

By defining values of intensity Io (Ao) and I (A) we used “Spectra Manager for Spectra
Analysis, Version 1.53.00 JASCO Corporation, 2000 software. This software corrects fluores-
cence intensity I or absorbance A value considering asymmetric spectra and shift from baseline
(zero line). The value of K defined according to relations of Stern—Volmer (1) or Kapp (2).

The results of experiments have been processed statistically using the criterion of Student.

Results and discussion. Numerous studies on fatty acids, porphyrins and other
ligands binding done with methods of equal dialysis, fluorescent and absorption
spectroscopy as well as electron spine resonance (ESR) and X-ray analysis show that
serum albumin molecule has several types of ligands binding sites [8, 15]. From the
analysis of its primary structure, HSA appears to be formed by three homologous
domains (named I, II, and III) with two separate helical sub domains (named A and B)
for each domains [8]. According to the data obtained by X-ray analysis, nuclear
magnetic resonance, ESR, spectral and other methods, number of fatty acid binding sites
on SA molecule varies between 2 to 8 with binding constants from 10* to 5x10° M.
HSA is able to bind seven equivalents of long-chain fatty acids (FAs) at multiple binding
sites with different affinities. In sites FA1-FAS5 carboxylate moiety of fatty acids is
anchored by electrostatic/polar interactions. On the contrary, sites FA6 and FA7 do not
display a clear evidence of polar interactions that keep in place the carboxylate head of
the fatty acid, thus suggesting that sites FA6 and FA7 are low-affinity FA binding sites
[8, 10]. These studies show that five sub domains of SA apparently, except the sub
domain IA, bind fatty acids. Naturally, here emerges the question: where and how bind
multiple other ligands, particularly porphyrins? Studies of heme-SA binding show the
allosteric type of heme binding regulation with medicine (warfarin). In fact, the affinity
of HSA for heme decreases by about one order of magnitude upon warfarin
(anticoagulant) binding; likewise, heme binding to HSA decreases the warfarin affinity
by the same extent [1]. Studies on ligand binding constants definition explain this kind of
SA behavior. Spectral studies are able to show rather exact quantitative characteristics,
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comparison of which can explain mechanisms of SA interaction with such important
molecules as fatty acids, porphyrins, medicines and etc. Herein the studies with two in-
dependent spectral methods such as fluorescence and absorption spectroscopy will
complete each other.

The interaction of water-soluble cationic porphyrins with bovine serum albumin
was studied at variable ionic strength and pH of phosphate buffer solution (PBS).

Fluorescence study on interaction of porphyrins with BSA. The interaction of
porphyrins with bovine serum albumin was examined by fluorescence emission spectra
of BSA at the excitation wavelength 295 nm. We have studied BSA molecule binding
with 8 cationic porphyrins and well known photosensitizer chlorine e4 used in clinics. In
a typical experiment BSA 1,5x10°° M solution (0.01 M PBS, pH 7,2) titrated with increa-
sing concentrations of porphyrin (1,3x10° M — 2,7x10° M). As an example, in Fig. 1
shows the fluorescence emission spectra of BSA with the addition of different con-
centrations of porphyrin TAII4PyP (ratio Cpompn/Cprowein = 0,88; 1,31; 2,36; 3,77; 5,17;
9,61; 17,93).

In all experiments it can be found, that the fluorescence intensity of BSA
decreased and the maximum of fluorescence emission wavelength had a slight blue shift
(so, for porphyrin TAII4PyP from 343,5 nm to 338 nm, Fig. 1) with the increasing in
porphyrin concentration. The results showed that the binding of porphyrins to BSA, as
well as cinnamic acid [2], is associated with conformation changes in BSA, suggesting,
that after adding the solution of porphyrins the chromophore of BSA was placed in more
hydrophobic environment [25].
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Fig. 1. Typical emission spectra of the titration of BSA by different concentrations
of porphyrin (A,=295 nm, A.,=343.5 nm).
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Fig. 2. Stern—Volmer curve for quenching of BSA with porphyrin TAII4PyP. The points are
experimental data and a straight line is the theoretical curve according to equation (1).
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The typical Stern—Volmer graph in Fig. 2 is shown (the titration of BSA by
porphyrin TAIl4PyP). Here | and |, are the fluorescence intensities of BSA in the
presence and absence of porphyrin, respectively; K is the Stern—Volmer binding constant
(quenching constant) and [Cp] is porphyrin concentration. It can be found that plot is
linear. According to formula (1) and “Spectra Manager for Spectra Analysis” we have
estimated binding constants K for all 9 studied porphyrins for 3 different types of serum
albumin: BSA, BSA Fatty Acids Free and Human SA Fatty Acids Free (Table 1). For
BSA binding constant K values obtained for cationic porphyrins were approximately
from 2 to 7 times less than for chlorine e¢ (Table 1, column 1). It was determined before
[15], that chlorine e resides in inner, hydrophobic parts of BSA molecule, and has high
binding constant, more than 10° M. The results determined by us can be interpreted as
cationic porphyrins binding on the surface of BSA molecule. BSA which has negative
charged amino acid residues on the surface and negative charge in general (neutral pH)
[4], binds positive charged porphyrins on the surface of globule, preventing them from
entering hydrophobic (inner) parts of molecule. As the result binding constants generally
are compatibly smaller. However the value of a binding constant some of porphyrins
(TOE4PyP, Zn-TOE4PyP, TBut4PyP, Zn-TBut4PyP) not much more differs from a
binding constant for chlorine e, that specifies their possible binding inside of serum
albumin globule.

Table 1. Estimated values of porphyrin — SA binding constants (K) (in 0,01 M PBS, pH 7,2)

Spectrophotometric study on interaction of porphyrins with BSA. In literature
there are a lot of data on binding constants values of different porphyrins with serum
albumin (human and bovine), obtained by UV-VID spectroscopy and fluorescence me-
thods. These values were obtained in different mediums and experiment conditions, and
as a matter of fact the values differ a lot [5, 13, 15, 18]. We have made an attempt to

NN Porphyrins BSA, BSA Fatty Acids HSA Fatty Acids
K (10°M™) Free, Free,
K (10° M K (10° M
1 2 3
1 TOE4PyP 3,48 2,83 1,94
2 Zn-TOE4PyP 2,01 1,23 3,13
3 TBut4PyP 2,35 2,16 1,51
4 Zn-TBut4PyP 2,29 2,51 2,79
5 TAll4PyP 1,01 1,84 1,42
6 Zn-TAll4PyP 1,02 0,69 1,47
7 TMetAll4PyP 1,89 1,83 1,16
8 Zn-TMetAll4PyP 1,77 1,92 1,45
9 Chlorine e 6,44 - -

study in vitro medium factor (pH and ionic strength of solution) impact on porphyrin Zn-
TOEA4PyP binding to bovine serum albumin.

In the first group of experiments we have studied the influence of pH (from 4,0 to
9,5) on porphyrin Zn-TOE4PyP binding with bovine serum albumin. In all expe-riments
the ionic strength of solution was constant and quite low (measurements were taken in
0,01 M PBS, ionic strength 0,04). Proportion of protein — porphyrin was chan-ged from
0,1 to 40. The study was taken under 20°. A typical example of the absorption spectra
obtained by titration of Zn-TOE4PyP with increasing concentration of BSA is shown in
Fig. 3 (pH = 6,15). Fig. 3 shows the shift of Soret band into the area of more long waves
(batochromic effect) and also a decrease of absorption intensity (hypochromic effect).
Observed hypochromic change can be explained with appearance of complexes
BSA-—porphyrin in solution where chromophore exists in more ordered form compared
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to its free state. Intensifying titration leaded to the increase of the portion of bound
porphyrin in the solution. Therefore, the hypochromic change increases until further
increase of BSA concentration does not influence on spectra. Existence of isosbestic
point (point of intersection of curves) on absorption spectra indicates that porphyrin in
solution can be only in two states - free and bound with BSA. pH changes towards
alkaline values bring to more crucial shifts of hypochromic and batochromic effects.
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Fig. 3. Typical absorption spectra of Zn-TOE4PyP (5x10 M, top curve) titration
with increasing concentration of BSA (ratio protein/porphyrin presented at right).

Similarly to fluorescent studies, graphics according to modified relation of Kapp
(2) were built. Similar graphic dependencies were obtained like in Fig. 2, however on the
axis y instead of I / lo-| was entered Ag/ Ag-A, and on the axis x a va-lues 1/ [Cpq].
Here A and A, are the absorbance intensities of porphyrin Zn-TOE4PyP in the presence
and absence of BSA, respectively; K is the binding constant and [Cp ] is the BSA
concentration. It can be found that plot also is linear. According to relation (2) and by
running “Spectra Manager for Spectra Analysis” software we have determined binding
constants K for porphyrin Zn-TOE4PyP under various pH (Table 2) and ionic strength
of solution (Table 3). Study results of porphyrin Zn-TOE4PyP binding with bovine
serum albumin under various values pH of solution are presented in Table 2.

Table 2. Studies of porphyrin Zn-TOE4PyP binding with bovine serum albumin
under various pH of solution

NN Molarity of Binding constant,
buffer, M pH M

1. 0,01 4,0 5,95 x 10°

2. 0,01 6,15 1,38 x 10°

3. 0,01 7,2 1,78 x 10°

4. 0,01 8,25 2,59 x 10°

5. 0,01 9,0 3,42x 10°

6. 0,01 9,5 1,98 x 10°

As we can see from Table 2, the binding constant increases by 33 times along with
increase of pH from acid (4.0) to alkaline (9.5) medium. Under medium pH changes at
pH 7,2 compared to pH 4,0 takes place rapid decrease of binding constant 3 times, which
shows BSA conformation changes from globular to extended ellipsoid [11] and porphyrin
outgo from SA molecule in the medium. Under pH 9,5 takes place rapid increase of
binding constant, more than 11 times compared to pH 7,2. This reflects in grows of
batochromic effect: big shift of absorption peak for 10 nm (from 440 to 450 nm).

In the second part of study we have investigated the influence of ionic strength on
porphyrin Zn-TOE4PyP binding to bovine serum albumin. During the experiments pH
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of solution was kept constant 7,2. Experiment results of porphyrin Zn-TOE4PyP binding
to bovine serum albumin under constant pH (7,2) and different ionic strength of
solutions are presented in Table 3. As we can see from Table 3, with increase of molarity
(ionic strength) a decrease of binding constant takes place, which shows probable con-
formation changes of molecule BSA under medium changes [11]. This can be also
explained by partial neutralization of albumin molecule charge (under pH 7.4 negative
charge of albumin is 18 [4]) under increase of phosphate buffer positive ions in the
medium (increase of solution molarity from 0,01 to 0,1 M), and negative ions of buffer
probably partially deprotonize of porphyrin molecules. Under this conditions electro-
static interaction of cationic porphyrins with negative groups of amino acid residues
weakens, which reflects in decrease of binding constant. Optimum conditions in vitro
experiments is a molarity corresponding 0,01 M phosphate buffer.

Table 3. Porphyrin Zn-TOE4PyP — bovine serum albumin binding studies
under solution different molarities

NN Molarity of Binding constant,
buffer, M pH M
1 0,01 7,2 1,78 x 10°
2 0,03 7,2 1,39 x 10°
3 0,05 7,2 1,05 x 10°
4 0,1 7,2 1,06 x 10°

Thus, studies of Zn-TOE4PyP and serum albumin interaction showed not specific
and reversible nature of this interaction. This kind of interaction mechanism makes
possible the equality between porphyrin bound with albumin and porphyrin bound with
tissue elements. As a result, the porphyrin has an ability to accumulate in tissues with
high affinity to it, have a therapeutic action, and then wash away from the tissue. At the
same time electrostatic type of binding lets porphyrin to compete with other substances,
which can be transported by albumin, and particularly with fatty acids. The data obtained
can be used for further study of competitive binding of fatty acids and porphyrins with
binding sites of serum albumin macromolecule. The importance of the studies on
porphyrin binding with biological structures in the aspect of synthesis porphyrin based of
medicines for PDT should be noted.

Computer simulation of SA-porphyrin interaction. Above-mentioned results were
used for construction of computer models of SA-porphyrins (TOE4PyP, TBut4PyP and
TAII4PyP) interaction. Probable conformations of their binding have been done via 50-
step-by-step docking by means of the program AutoGrid 4, AutoDock 4 software. It is
shown, that these porphyrins are located in a "pocket" of subdomain I B of SA globule.
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VI3y4anuch MHAMBHAYAIbHBIC PA3JIMYMS B IOBEACHHM OCCIOPOIHBIX MbI-
mreii-caMIoB. TUnm3amys XKUBOTHBIX NPOBOAMIIACE IO TTapaMeTpaM IOBEICHHS B
“gepHO-Oenoii” kamepe. XKuBoTHbIe ObUTH AUQQEpPEeHINPOBAHEl HA JBE T'PYIIIHI
0co0eil ¢ BBICOKUM M HU3KUM YPOBHEM 0a30BOl TPEBOKHOCTH. Y CTAHOBIICHO, YTO
pas3nu4ys B MOBEACHUH HE MPOSIBISIIOTCS IPH TECTUPOBAHUH B KOTKPBITOM IIOJIE,
HO [IPU 3TOM OTPAXKAIOTCS B CUTHAJIaX (PU3MOIOrMYECKOr0 COCTOSHHUS KMBOTHBIX,
peructpupyembix «bHocKomom».

« (IepHo-6eﬂaﬂ» Kamepa — munusayusi Moluetl - mpegsodHCHOCNb

Nuntduwuhpygb) 6U ng gdwjhu wpne Jyubph Jwppwash wlUhwwnwywl
wnwUdUwhwwnynrejntubpp: YGUunwuhubph nwGuwlywynpndp Yuwwnwnybl £ pun
Jwppwgéwihb swithwlhubph ,ult ni uyhwnwyt hughynid: dnpdlwlwl YyGu-
nwuhubpp pwdwuyt| BU Gpynt fudph punn hhduwjhu nwgbwwh qgugnnniejwu
pwnén b gwén dwywpnwyh: Mwpqdtl £, np Juppwagdwjhu nmwppGpniejniultpp
60 nhunwpyynd ,pwg nwwnndt pEunwdnpdwl nbwpenid, uwyuwjt  win
wnwnpBpniejntlutnl - wpunwhwjndnud  BU - yGunwuphubph  $hghninghwywl
Jhdwyh wgnwupwultph ,Ahnuynwynyt gpwugdwl dwdwlwy:

Ul-uwyhinwlyl ughly 1 yubnh inGuwlwynpnid [ inwqlww

The individual differences in the behaviour of male mice were studied. The
typification of animals was out within the methods of “ light-dark” box. The
animals were differentiated into two groups according to the low or high level of
basic anxiety. It was concluded that the difference in the behaviour is not
demonstrated in «open field», but is reflected in the signals of physiological state of
animals registered by a Bioscope.

“ Light-dark” box - tipification of mice - anxiety

Pa3pabotka 3¢ GEeKTHUBHBIX CIOCOOOB OIEHKH HHIUBHUIYaTIbHO-THIIOJIOTHUYCCKUX
0COOEHHOCTEH UBOTHBIX C TIOMOIIBIO OBEJACHUSCKUX MOJIENEH MPECTABISIET OJJUH U3
AKTYyaJIbHBIX Pa3/IeJIOB HEHPOOHOIIOTHH MOBEICHHS, MMEIONNX KaK (pyHIaMEHTAIbHbBIH,
TaK W MPUKIAJHON acnekT. B 4acTHOCTH, B KAuyeCTBE MEPCIEKTHBHOTO HAIMPABICHUS
HCCIIEIOBAHNH, BKIFOYAIOIIETO YKa3aHHBIE AaCMEeKThI, OOCYKIaeTcs MpobiemMa CBSI3H
MEXIy WHIUBHIYATbHBIMH OCOOEHHOCTSIMH TIOBEIEHHS KMBOTHBIX U YCTOWIHBOCTHIO K
MaTOTEHHBIM BO3JIeHCTBUAM [6, 11].
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B Hactosiiiee Bpemsi mpeo0iiazaeT MoaX0a K HCCIACIOBAHUIO WHIAWBUIYATBHON
PCAKTUBHOCTHU KHUBOTHBLIX, OCHOBaHHbIﬁ Ha OLECHKE OIPCACIICHHbBIX 3MONHNOHAJIBHBIX
COCTOSIHUH (CKJIOHHOCTB K TPEBOTI'€, CTPaxy, IPOCTH, ACHPECCHH).

MOHO BBIACIHTH [0 MCHBIICH Mepe YeThIPEe THIA MOBEICHUYCCKHX MOJICICH,
KOTOPBIE MOTYT UCIIOJIB30BaThCSI B TTOJIOOHBIX UCCIICAOBAHUSIX.

1. Moaenu, OCHOBaHHBIC Ha 300COIHATBHBIX, OOBIYHO BHYTPHBHJIOBEIX, OTHOIIIC-
HUSX MEXIY >KHBOTHBIMH, HalpUMep, B YCIOBHSAX CIPOBOIIMPOBAHHOW arpec-
cui [4], Wn «3MOIMOHATBFHOTO pe3oHaHcay[13].

2. Mogenu, JeMOHCTPHUPYIOUINE CKIOHHOCTh KUBOTHBIX K Pa3BUTHIO JIETPECCHB-
HO-TIOJTOOHOTO COCTOSIHHSL B YCIOBHUSX HEHM30eraeMbIX aBEPCHBHBIX pa3zpake-
Huil. K Hanbonee yacTo MCHOIbp3yeMOl MOAETH JaHHOTO THIIA OTHOCHTCSI TECT
ITopconra (mOBeneHUECKHII TECT «OTHYASHHUA» WIH BBIHYXKACHHOTO ILIaBa-
Hus)[21].

3. Mopgenu, oCHOBaHHbIE Ha MPOBOLMPOBAHUU KOH(MJIMKTHON CHUTyalM OOBIYHO
IMOCPEICTBOM IOOMIPCHHUS M HAaKa3aHUs OJHOTO WM TOTO JK& YCIOBHOpE(d-
JIEKTOPHOT'O OTBeTa >kUBOTHOTO [20]. Bo3moxHa TUMM3a1Ms KUBOTHBIX 10 CTe-
[ICHU WHTUOMPOBAHUS MX MOBEACHYCCKON aKTUBHOCTH.

4. Mopenu, opueHTHPOBAaHHBIE HAa AHAIN3 CIIOHTAHHOTO IMOBEICHHS IIPH IIOME-
IICHUW XUBOTHBIX B HE3HAKOMYIO Ui HUX cpemy. K OCHOBHBIM TIIOBEIEH-
YEeCKHMM MOJICTSIM JTAHHOTO THIIA OTHOCSTCS: «OTKPBITOE TOJE», «HOPKOBAS
KaMepa», «KpecTo0Opa3HbIN MPHUIIOAHATHIN TabupuHTY, «CYOK-TECT», «4epHO-
6enast kamepay [3,5,9,10,16,19,22]. Oun 00bIYHO PaCCMATPHBAIOTCS B KAYCCTBE
9KCIEPUMEHTANBHBIX MOJENeil TPEeBOKHOCTH U IMIMPOKO HCIIONB3YIOTCS B COB-
PEMEHHOM MCcuX0o(hapMaKOJIOTHH TPU PEHICHUH 3a7a4 CKPUHUHTA JIEKAPCTBEH-
HBIX IIPENapaToB.

B mHacrosmieM cOOOIIEHUH TMPEICTaBICHB PE3YIbTAaThl UCCICIOBAHUNA WHIMBH-
JTyaTbHBIX 0COOCHHOCTEH MOBEICHUS MBIIICH B TecTe «4epHO-Oenas kamepay (UBK).

Mamepuan u memoouka: YbK mpencraBnsger coOol 3aKpBITBIN SIIUK, COCTOSIIUA H3
IIBYX OTCEKOB, Pa3IeleHHBIX Ieperopoakoi: Gompmoro ceemioro (30x26x20cMm), moa KOTOPOro
pasneneH Ha 25 kBagpaToB, ¥ Masoro TeMHoro (10x10x20cm). OTtcexu cooOmarTes Mex 1y coboit
4epe3 oTBepcTHe B neperopojxe (3x3cM), KOTOpoe MMEET BBIIBIDKHYIO BEPTUKAIBHYIO ABEPILY.

CBepXy TEMHBI OTCEK CHAO)KeH IUIOTHO MOJOTHAHHOHM OTKPHIBAIOIIEHCS HaBEPX KPBIII-
koil. Hax cBeTsIbIM OTCEKOM paciionaraercs alIeKTprdeckas Jamna MomHocTeio 40 Br.

OKcnepuMeHTs TpoBoauian Ha 10 6ecroponHbIX OenbIX MBIIIax-camuax (Bo3pact 3-4 me-
cAua).

TecTupoBaHue MPOBOAWIN B THEBHOE BPeMs, B IpoMexyTke Mexay 11 u 13 wacammu.

IIpu sxcnepuMeHTe MBIIIB OITyCKaJlach B TEMHBIH OTCEK KaMepbl, OCIIe Yero KaMmepa 3aK-
pBIBajiach CBepXy KpPBIMIKOH. [IBepHa B meperopoake Taxxke ObuIa INIOTHO 3aKphITa. B momHoi Tem-
HOTE MBI aJalTUpoBallach kK TeMHOMY oTceKy. IlpuBsikanue juimnock 300 cek., mocie 4ero Hajg
CBETJIBIM OTCEKOM 3a)KHMIalach JJIEKTPUYECKas JIAMIIOYKa M OTKPBIBAJIM J(BEPILY B IEPErOpPOIKE.
CobctBenHo TectHpoBaHue Anuiaock 300 cek., B X0Ae KOTOPBIX BU3YaJIbHO M BHICOKaMEPOil
PETHCTPHPOBAIIH TOBEJCHHE KUBOTHBIX.

B xozne sxcnepuMeHTa perucTpUpOBaIH CIEAYIOIINE TOBEACHYECKHE MOKA3aTeMH: YUCIIO U
JIATEHTHOCTh (CEK) BBITVIABIBAHMM M3 TEMHOTO OTCEKAa B CBETJBIM 4Yepe3 OTBEPCTHE B Iiepe-
TOpPOJIKE, YHCIIO BHIXOJOB B CBETIBIH OTCEK. BBITTISABIBAHIEM CUMTANIOCH YACTHYHOE MM MOITHOE
MIepeCceueHNe XUBOTHBIM YCJIOBHOTO IOpOra B OTBEPCTHH LEHTPAIBLHOW IEPErOPOAKH MEXKIY
OTCEKaAMH.

Iox BBIXOIOM HOHMUMANOCH JIFOOOE IPOJBM)KEHHE B CTOPOHY OCBEILCHHOI'O OTCEKa,
KOTOPOE COIIPOBOXIAIOCH JIBUI'ATEIbHO-MCCIEA0BATENbCKON aKTHBHOCTBIO B 3TOM oTceke. [Ipu
3TOM PETHCTPUPOBATM YUCIO MEPECEUCHHBIX KBAAPaTOB (JJOKOMOIMH) U BEPTHUKAIIbHBIE CTOMKH.
PeructpupoBanack Takxke CyMMapHas AJIMTEIbHOCTh (B C) BBHIMVISIABIBAHMI U BBIXOJOB B
OCBEIIEHHYIO YaCTh KaMEPHI.
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Uepes 7 nueit mocne skcnepumeHToB B YBK BceX JKMBOTHBIX TECTUPOBAINM B PEKUME
«otkperToro noist» (OIT). IIponexypa TecTHpoBaHHS COCTOSIIA B CIEAYIOMEM: JKHBOTHOE ITOMEIIa-
JIM B YTOJI CBETJIOTO OTCEKa IIPU 3aKPBITOM OTBEPCTHH B TeMHBIH oTcek. B Tewenme 300 c. pe-
THCTPUPOBAJIH YUCIIO NIEPECEUCHHBIX KBAPaTOB U BEPTHKAIBHBIE CTOHKH.

TlokazaTenn JOKOMOIMI M CTOEK IPEICTAaBISUIM OTHOLICHHEM a0COJIOTHOTO Yucia Hepe-
CCUCHHBIX KBAJPAaTOB WJIM CTOEK KO BPEMEHH (B C) HAXOXKACHUS KUBOTHOTO B CBETJIOM OTCEKE
(OII).

Eme omHy cepuro 3KCHEPUMEHTOB IMPOBOJMIM C HCHONB30BaHMEM Mpubopa «buockom»,
MO3BOJITIONIETO OECKOHTAKTHO OICHHWBATh (PU3MOJIOTHYECKOE COCTOSHHE >KUBOTHOTO [12,17].
OKCIEepUMEHTHI IPOBOMIN HA GOAPCTBYIONINX XKHUBOTHBIX Yepe3 CYTKH 1Mociu onbiToB B OIT.

PesynpraTtel nccnemoBaHui 00paOaTBIBAINCE C HCIONB30BAHHEM IIaKeTa IPOrPaMM
«Origin Pro 75».

Pezyniomamut u oocyscoenue. Vicionb3yemas nporeaypa TeCTUPOBAHUS OBEIC-
uust B YBK mpemocrapiser )KMBOTHOMY BO3MOXKHOCTh BBHIOOpA: MJIM AKTUBHO HCCIIEIO-
BaTh HOBYIO CHTYallHIO (CBETJIBI OTCEK), WM OCTaBaThCSA B MpejesiaX TEMHOTO Orpa-
HUYEHHOT'O MPOCTPAHCTBA (IPKOJIOTUYECKH XapaKTepHas Ui TPhI3YHOB (hopMa 3ammiuT-
HOTO TTOBCJICHHS).

HccnenoBaTenbckas aKTUBHOCTh HHUIIMUPYETCS OTPEOHOCTHIO B HOBOM HH(OP-
Mallid KaKk TaKOBOM, KOTOpasi Kak W Jpyrue MOoTpeOHOCTH opraHu3ma (Hampumep,
mOoTpeOHOCTH B THIIE, BOJE, 0COOM MPOTHBOIOIOXKHOTO IMOJIa M AP.) Y MHOTHX BHJOB
JKMBOTHBIX, B TOM YHCJIE [PBI3yHOB, HIMEET CAMOCTOSTEIbHOE 3HAYCHHE U YPE3BbIUaHO
cunbHa [10,14]. B To xe BpeMsi mOTpeOHOCTh CaMOCOXPAaHEHHSI B YCIOBHSX OIpere-
JICHHOH aBEpPCHBHOCTH OTKPBITOTO M OCBEIICHHOIO MPOCTPAHCTBA (CBETIIBIA OTCEK) IO-
6y>1<}1aeT JKUBOTHOC€ K OKHUIAAHHUKO OT HOBHU3HBI HOTeH[II/IaJ'l]:HOﬁ pr03I)I, BbI3bIBas peaK—
1uto Tpesoru [18].

Takum 00pa3om, cIBUT OajlaHCa KOHKYPUPYIOIIMX MOTPEOHOCTEH B TY WIH HHYIO
CTOPOHY OIPEIENIICT PEe3yIbTHPYIONINA THIT ITOBEACHUS IOIONBITHOTO XHBOTHOTO B
YBK.

[IpoBeeHHBIE SKCIEPUMEHThI TTO3BOJIIIN BBIICIUTh B UCCICAYEMOM MOMYJISIHN
OeTBIX MBIIIEH CIIeIYIOMIIE THITH ToBeneHus (Taom. 1).

Tabnnua 1. Tlokasatenu noseeHus Mbllleii B YepHo-Genoii kamepe

I‘llllv"“,l!’lli:l]"": B as
2 Buixoant B eserabiii oTcex
CBCT/ILII OTCEK

Obiiee = ilice Tunw
Hosos sl Moy MOBEACHHS

I M3 5 7 8 23 3 82 13 127
| M 4 29 11| 43 30| 6| 79 8 210
| M5 1| 24| 75 0] 0, 0, 0| 0] e T
| M6 3| 17 33 0] 0] 0] 0| 0]
M7 25| 12| 65 0| 0| 0| 0| 0f @ "_'..4
| MR 12 15 78 0 0] 0| 0 0

M9 14 6 27 1) (1] 0 0 0]

M10 0 0 0 0 0 0 0 0|
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Kak BUIHO M3 TaOMMIBL, NMEPBBIH M IATHIA TUIIBI HOBEICHHS XapaKTepPH3YIOTCS
COOTBETCTBEHHO MaKCUMaJIbHOW M MHHUMAJIBHON CTENEHBIO NCCIIE0BATENbCKOW aKTHB-
HOCTH B OTHOIICHHY HOBH3HHI (CBETJIBI OTCEK), AEMOHCTPUPYS TaKUM 00pa3oM Kpaii-
HHUE BAPHAHTHl pacCMaTpPHBAEMOl MOMyJsAuy. MaKkCUManbHas MCCIEA0BAaTEIbCKAsT aK-
TUBHOCTB )KHBOTHOTO XapaKTEPU3yETCsl CIEAYIOINMH IPOSBICHUSIMU: OTCYTCTBHEM BBI-
[JISIIBIBAHKS U3 TEMHOTO OTCEeKa, 3HAYUTEIbHBIM CPOKOM MpeObiBaHMs B cBeTIOM (294 ¢
n3 300), CpaBHUTETHHO BBICOKUM YPOBHEM OPHEHTHPOBOYHOH JIOKOMOLWHU (YHUCIIO
NepecedeHHbIX KBaJpaToB, BEpTUKAIbHbBIE cTOiKK) (Tadbn. M1, puc.l;a-d). Munnmanb-
Hasli aKTUBHOCTb — ITPEOBIBAHUEM )KUBOTHOTO B TEMHOM OTCEKE B TEUEHHE BCEro Mepuoja
tectupoBanus (300 c), MOTHBIM OTCYTCTBHEM pPEaKIMH BBIMJIIBIBAHUS U3 TEMHOTO
otceka (tabs. M10; puc.1,f).

AHanu3 MOBEAEHHs XKUBOTHBIX B HMCIOJIB3YEMOW MOJIENN ITO3BOJIIET Pa3leiUTh
HaOnoaeMble  THIIBI TOBEAEHHWS Ha JBa Kjacca, OTIMYAIONIMXCSA MO CTENeHH HX
OJIM30CTH K KpaifHUM BapHaHTaM Nomyssanud. [Ipu 3ToM B KadecTBe omnepanoHaIbHOTO
KJIaCCH()MKAITHOHHOTO KPUTEPHS PACCMATPUBACTCS HEPEX00 0codu & ceem.iblii omcek (¢
npeduwiecmeyiouieil peakyueil 6bleA0bl6aAHUA UU 0e3 Hee), CONPOBOIHCOAEMBLIL 20PU-
30HMAanbHOI (nepeceveHue Keaopamos) u 6epmMuUKAIbHOL (CMOUKI) AKMUBHOCMBIO.

Puc. 1. Ilpumeps! noBenenus moimeii B YbK.
a-d - uccienoBarenbcKas aKTHBHOCTD )KMBOTHOTO B CBETJIIOM OTCEKE,

€ — p€aKnus BBITJIAABIBAHUSA
f- MblIIb, JEMOHCTPUPYIOIIast MUHUMAJIbHY0 aKTUBHOCTD.

ITo nanHOMy KpuTepuro Mbi M1-M4, neMoHCTpUpYyIOLIME THUITBI HOBeAeHUs 1,
2 u meimu M5-M10 ¢ tumamu moBenenust 3, 4, 5 (Tabi.) oTHOCATCS K 0CO0SM COOT-
BETCTBEHHO C HU3KUM U BBICOKUM yPOBHEM 0a30BOI TPEBOKHOCTH.

[Tono6Hoe pa3neneHue )KUBOTHBIX HA JBE KpaifHHWE TPYMIIBI 10 YPOBHIO TPEBOXK-
HOCTH HallOMHHAaeT paHHIO0 Kiaccudpukanmto M.I1. [TaBmoBa, pa3menuBIiero sKcnepu-
MEHTAIBHBIX CO0AaK Ha «CMEJBIX» M «TPYCIHMBBIX» IO CTEHNEHH BBIPAKEHHOCTH «ped-
Jiekca OMOJIOrU4eCKOr OCTOPOKHOCTHY [8].

Tpaguunonno YBK ncnonp3yercs A SKCIePHUMEHTATFHON OIIEHKH IIPEraparos,
BBI3BIBAIOLIUX TPEBOTY (AHKCHOI'€HOB) U IPOTHBOTPEBOXKHBIX CPEACTB (aHKCHOJIUTHKOB)
[5]. IIpu 5TOM TecTUpOBaHUE XKUBOTHBIX (MBIIIH, KPBICHI) IIPEAIIOJIAraeT UCIOIb30BaHNE
0JIHOH M3 ABYX npouenyp. IlepBast mpoueaypa - ’)XUBOTHOE ITOMEIAETCS] B TEMHBIN OTCEK
C TOCJenyIoliell perucTpalyeil ero akTUBHOCTH, HAlpaBIeHHON Ha HCCie0BaHHE
CBETJIOr0 OTceKa (IIpoLeaypa, UCIIoNIb3yeMast B HacTosmlel padore). Bropas - »xuBoTHOE
[IOMEILAETCS. B CBETJIBIA OTCEK C PETMCTPALUEN HCCIEN0BaTENbCKOW aKTUBHOCTH U MPO-
SIBIICHHUSI HOPKOBOTO pediekca — yOeraHme B TEMHBIH OTcek (Hamboiee pacrpo-
CTpaHEHHasl MpOLEAypa TECTHPOBAHMS MBIMIEH B MCHXO()APMAKOJIOTHIECKUX HCCIIe-
JIOBaHUSX).
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B nuteparype mMbl He 0OHapyXWIn HcciienoBaHuid, B kotopbix UBK cnennanbao
HCHOJb3YeTCs JUId TUMH3ALUN SKCIEpUMEHTANbHBIX JKUBOTHBIX. bomee Toro, Mel He
oOHapyXmimu u TnpuMepoB ucnons3oBanuss YBK mpu ucciepoBanuu ncnxodapmako-
JIOTHYECKUX MPEenapaToB, KOTOPBIM MPEALIECTBYET TUIU3ALUs MOJONBITHBIX )KUBOTHBIX
Ha JPyTruX MOBEIECHYECKHX MOJENAX. 3aMETHM, YTO MCHOIb30BAHUE B HCCIEJOBAHUSIX
JIMHEWHBIX JKUBOTHBIX HE HCKIIOYAeT HAJINYMS BBIPA)KEHHBIX WHAWBHIYAIIBHBIX pa3s-
JUYUH B IOBEIEHUH CPEIH OTICIBHBIX ocobeii [1,2].

B cnenyromei cepuu OnbITOB HAC MHTEPECOBAJIO, B KAKOM MEpPE BBISABICHHBIE B
YBK paznuuusi B MOBEJCHUH KUBOTHBIX OOHAPY>KaTCA MPU UX TECTUPOBAHUM B PEXKUME
OIL

JlanHble OTHOCHUTENBbHO HcHoib3oBaHusA OIl 11 OIEHKM WHAWBUAYAJIBHBIX
0COOCHHOCTEH TMOBEAEHHS TIPBI3YHOB (KPBICHI, MBIIIM) HOCST HPOTUBOPEUYHMBBIN
xapakrep. [lonarator, Hanpumep, uto TecT OIl He sBIAETCS AOCTATOYHO aJECKBATHBIM
st atux ueneit [15]. C apyrodt CTOpPOHBI, JOITyCKAaeTCsl BO3MOXKHOCTb THIIM3ALUU
XKHUBOTHBIX 1O mapamerpaM mnoseneHuss B OIl  Ha mpeaMer HMX YCTOHYHMBOCTH K
SMOILIMOHANBHOMY cTpeccy ((hopMHMpoBaHME HAapKOTHYECKOW 3aBucuMocTH) [3].
PaccmaTpuBaeTcss BO3MOXHOCTh THIM3AIMK HA OCHOBE aHAIN3a AWMHAMUKHU TaOHUTyaIun
KHUBOTHOTO K ycinoBusim OIT [9].
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Puc. 2. Iloka3aTenu NOBeACHUS y MBIIIEH, TECTUPYEMBIX B pexume OI1.
A — OTHOIIICHHE YHCIIA TIEPECEUCHHBIX KBAIPaTOB KO BPEMEHH HAXOXKICHUS
Moy B OIT (B cBeTIOM OTCEKE).

B — oTHOmIEHNE YyKCna CTOCK KO BpeMeHu HaxoxxaeHus Mply B OIT (B cBeTiIOM OTCEke).
I — cooTBeTCTBYOIIME [TOKA3ATENIN XKHUBOTHBIX C HU3KON 6a30BOit
TPEBOXKHOCTBIO ITpU TecTupoBanuu B UBK
IT — 10 xe B OII
III - moxa3aTesnn )KUBOTHBIX C BBICOKOW 0a30BOI TPEBOKHOCTHIO
* - p>0,05, U- xputepwuid, npu cpaBHerud ¢ [ u 11

Kak BumHO U3 puc. 2, IOKa3aTeNn MOBEICHHS Y MBIIIEH ¢ BEICOKOW 0a30BOH Tpe-
BOXKHOCTBIO JIOCTOBEPHO HE OTIIMYAIOTCS OT MOKa3aTeJel >KHBOTHBIX C HU3KOW TPEBOXK-
HOCThI0. TakuMm 00pa3om, HHAMBHYAIbHbIE OCOOCHHOCTH ITOBEICHHUS )KUBOTHBIX, BBISIB-
neHnble ¢ omonsio UBK, He posBISIOTCS B CHTYallul «HABSI3aHHOID) HOBU3HHI (TEC-
tupoBanue B pexxume OIT). MubiMu ciioBamu, obcyxnaemast popma tectupoBHaus (OIT)
HE 4yBCTBUTEJIbHA K ITPEABAPUTENLHO KitaccuuuupoBanHbiM B UBK rpymimnam )KHUBOTHBIX.

BeSyCﬂOBHO, 9TOT BBIBOJ HC MOXET CIYXUTb AOCTATOYHBIM OCHOBAHHCM [JId
uckimoueHnss OIl u3 apceHana moBeIeHYECKUX MoJelneil, NCIOoIb3yeMBIX IS OLEHKH
HMHIIMBUIYAIBHBIX OCOOCHHOCTEH JKMBOTHBIX. JlanbHellee TEXHUUECKOE yYCOBEPILIEHCT-
BOBaHHE MOJICJIM M ONpe/ieIeHHast MOAU(UKAINS POLEAYpPhl TECTUPOBAHUS, OYEBHIHO,
YCHITAT «pa3pemaronne) BO3MOKHOCTH JAHHOTO TECTa.

Tak, HampuMep, B TOCIEAHEE BPEMsI THIIOJIOTHIECKHE OCOOCHHOCTH IOBEICHHS
KUBOTHBIX (KpbICHI) Hccaenyrorcs B OIl B KOMIIIeKce ¢ OPYTUMHU IOBEICHUSCKUMHU
TecTaMH C Toclenyromneil 00paboTKoil Bcex MONydeHHBIX MoKaszareneil MetogoMm (ak-
TOPHOTO aHanm3a [6].
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B cnenyromeii cepun SKCIIEpUMEHTOB CTaBHIICS BOIPOC O TOM, B Kakoi Mepe pa-
Hee WACHTU(PHUIMPOBAHHBIC PA3JIMYMs B MOBEICHUH OTPA3ATCSA B AMCTAHIIMOHHBIX MOKa-
3areNsax (YHKIMOHAIBHOTO COCTOSHHSI JKMBOTHBIX, PETHCTPUPYEMBIX armapaTypHBIM
komruiekcom «buockom» [17].
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Puc. 3. HopmupoBaHHast KoppelsiHOHHAs (PYHKIHS CUTHATIOB (PH3HOJIOTHUECKOTO
COCTOSTHYSI )KHBOTHBIX, PETHCTPUPYEMBIX OHOCKOIIOM.
A, B — MBI, COOTBETCTBEHHO, C HU3KOM U BHICOKON 0a30BOiT TPEBOXKHOCTHIO.
ITo ocu abcuuce - BpeMsi B MHHYTaX, 110 OCH OPAMHAT — 3HAUCHUE KOPPEISIIMOHHON (DYHKITUH.
M1, M2, M6, M9 — HOMepa MOAONBITHBIX MBIIIEH (CM. TAOJIHUILY).

[Ipouenypa TecTHpOBaHHUA HCHONB3YEMOW METOAWKH MPEAIoIaraeT MHOTO4aco-
BYIO PETUCTPALMIO JUCTAHIIMOHHBIX CUTHAIOB OOJPCTBYIOIINX KHUBOTHBIX, KOTOPBIE 110-
MEIAINCh B CIEHHAIbHO CKOHCTPYHPOBAHHYIO KaMmepy, OIPaHWYMBAIOILYI0 BO3MOXK-
HOCTh HMX IEpPEMEIIEHH. JTO OOCTOATENbCTBO IIO3BOJSIET PACCMATPUBATH CUTHAIIBI
«buockona» Kak OTpakeHHE H3MEHEHWI (HM3MOJOrMYEeCKOrO COCTOSHUS OpraHu3Ma,
BBI3BAHHOTO CTPECCOPHBIM BO3/AEHCTBUEM («MsrKas» (opMa HMMOOMIN3AIMOHHOTO
cTpecca).

PesynbraThl McclieOBaHUS MMOKa3ajid JIOCTATOYHO BBICOKYIO UYBCTBHTEIBHOCTH
KOMIUIEKCA K YKa3aHHBIM M3MEHEHUSIM. DT M3MEHEHUS OTPaKaJMCh KaK B CHEKTPaJIb-
HBIX XapaKTEPUCTHKAaX JWCTAHIMOHHBIX CHTHAJOB, TaK M B HaWOOJBIIEH CTEleHH HX
KOPPEIIIIUOHHBIX (PYHKIMSIX (pHC. 3).

Kak BumHO M3 puc.3, KoppensauuoHHas (YHKIUS CHUTHAIOB (PH3HOIOTHIECKOTO
COCTOSIHHSI TIOJIOIIBITHBIX JXMBOTHBIX OMNPENEICHHBIM 00pa3oM OTPaXaeT HWHAWBUIY-
aJIbHBIC PA3IINYMsL, IPEIBAPUTENbHO BhIsiBIeHHbBIE B UBK.

Taxkum 06pa3oM, U3T0KEHHbIE HKCIIEPUMEHTANbHbBIE JAHHBIC W UX aHAINU3 MOKa-
3aJIM BO3MOXKHOCTD OLIEHKH MHAMBUAYaIBHBIX OCOOEHHOCTEH MOBEICHNUS 1a00paTOPHBIX
MBIIIEH C TIOMOILBIO TeCTa «4epHO-Oenas kamepa». [Ipu 3TOM BBIZEJIEHBI JBE TPYIIIbI
oco0eil, 00beMHSIONINE KUBOTHBIX 110 CTENEHHU BBIPQKEHHOCTH TPEBOXKHOCTH — aHAJIO-
ra OJHOW M3 JIMYHOCTHBIX XapaKTEPHUCTHK, KOTOPYIO B KIIMHHKE CBS3BIBAIOT C PUCKOM
BO3HUKHOBEHUSI HEBpOTHYECKMX HapyueHud [7]. IIpomeMoHcTpupoBaHa AOCTaTOUYHAS
3¢ PEKTUBHOCTH METO/Ia ANCTAHIIMOHHON OLEHKN (PM3HOJIOTMYECKOTO COCTOSIHUS JKUBOT-
HBIX B COUYETaHUH C TPAAULMOHHBIMU MEANKO-OMOIOTMIECKUMH TECTaMHU.
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Cisplatin (cis-DDP)-induced modulations of activity of internuclear nick-
sensor enzyme poly(ADP-ribose) polymerase-1 (PARPI1) in rat liver cell and
thymocyte nuclei were examined. Changes in PARP-1 activity were detected in
48 hours intraperitoneal injection of cis-DDP (10 mg/1000 g body weight). It
was shown that in 48 hours of drug treatment the PARP-1 activity in liver cell
nuclei was suppressed nearly by 50%, whereas the activity of the enzyme in
thymocyte nuclei was enhanced more than two-fold. Our data revealed that cis-
DDP-induced modulations of PARP-1 activity in thymocyte and rat liver nuclei
were not coupled with apoptotic DNA cleavage.

Cisplatin — nuclei — DNA - PARP-1 activity

Munudiwuhpyby b ghuwypuwnhth (cis-DDP) wgntignipiniup ubp-Ynphquyhtu
uhi-ubtunpughtt  $kpdbtnn wnhU4d-nhpnqhp  wnjhdbpuqh  (MUNLD-1)
wlnhynipjut Ypw wetknh jupnh poheikph U phunghwnibtph Ynphqubpnid: Cis-
DDP (10 uUq/1000 q) ukpwpynilhg 48 d hbkwn jjupnh poheutph Ynphqubipnid
MULN-1-h wlnhynipniup bfuqnud E, hulj phun-ghnubph Ynphqubpnid wgnid
wgljh pwb bplmt wbqud: 8nyg Lt wpyk, np NUOAMN-1-h wlnhymipjul
thnpnjumpynitikpp - phunghwnbtph U upgh pehgubkph  Ynphqubipnud  sku
qniquygynid FUE-h mynunhly Lnpuynpnidny:

Shuwjjunnpli - §nphq - 0L - NWULN-1 wlinpynipin i

HccenenoBaHo JeWCTBUE TePaNeBTHUECKUX J103 MPOTUBOOITYXOJIEBOTO TIpe-
napara — ruciiatuia (cis-DDP) Ha akTHBHOCTB BHYTPHUSIEPHOTO HUK-CEHCOP-
Horo ¢epmenta nonu (Ad-pubdo3mn) nonmmmepassr 1 (ITAPII-1) kietok neve-
HH ¥ TUMOITUTOB KPBIC.

IMoka3zano, 4to yepe3 48 4 mocse BHYTPUOPIOMIMHHOTO BBeAeHus cis-DDP
(10 mr/1000 T Macchl KHBOTHOTO) aKTHBHOCTH ()epMEHTA B sApax THMOIUTOB
yBeIn4uBaeTcs Ooee 4eM B [Ba pa3a, B TO BPeMs KaK B SAPaX KIETOK MEYCHH
camxkaercst Ha 50%. YcraHOBIEeHO, 4TO HabIIOKaeMble U3MEHEHHS aKTHBHOCTH
ITAPII-1 He conpspkeHs! ¢ anonTHdeckoii pparmenTarueit JTHK.

Hucnnamun — siopa — JJHK - akmusnocme T1APII-1

Poly(ADP-ribose) polymerase-1 (PARP-1) is abundant nuclear enzyme and the
most elaborated member of PARP enzymes superfamily. The enzyme is implicated in re-
gulation of chromatin structure and is indispensable in a wide range of chromatin-
associated processes [11].
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PARP-1 possesses activities to cleave NAD" and transfer ADP-ribose residues
from to y-carboxy groups of glutamine or, in a lesser extend, to asparagine residues of
target proteins including itself (processes are recognized as trans- and auto-poly(ADP-
ribos)ylation respectively). These are the common types of PARP activities that account
for about 99% of ADP-ribosyl polymers in the living cells. Multiple ADP-ribose units
(usually 50-200) can form linear or branched polymers attached to proteins [4].

The PARP-1 activity significantly increases in the presence of single or double-
strand DNA breaks and PARP-1 is defined as an effective nick sensor enzyme. PARP-1
protein dimerization is found to be a requisite for high enzymatic activity. However, the
DNA-PARP-1-binding stoichiometry and further activation of the enzyme depends upon
the character of DNA strand breaks [18]. Investigations comes to show that in the ab-
sence of DNA breaks and in physiological conditions the activity of PARP-1 can be
modulated by non B forms of DNA e.g. Z conformation, hairpins and cruciforms [15,
21] and various physiologic cellular components [13]. High negative charge of
ADP-ribose polymers is responsible for dramatic changes in conformation of acceptor
chromatin -associated proteins [9]. Polyribosylation of histone H1 and other chromatin-
associated proteins eventually leads to changes in chromatin architecture and activities in
the adjacent chromatin regions [12, 14].

The main nuclear target proteins for PARP-1 are p53, NK-kB, histones,
topoisomerases, DNA-dependent protein kinase, DNA repairing machinery proteins and
endonuclease DNASI1L3 [14, 22]. Involvement of these proteins in regulation of basic
nuclear functions determines the crucial role of PARP-1 in cell response to different
genotoxic and cytotoxic agents (oxidizing and alkylating agents, UV and ionizing
radiation). In the case of moderate DNA damage the PARP-1 activation plays a central
role in acute and effective DNA repair which is essential for cell survival. In contrast,
massive and unrepairable DNA damage is caused by activation of PARP-1 which lead to
rapid depletion of intracellular NAD" [20, 23]. In effort to restore NAD content the cells
consume ATP. The ability of the cell to retain the ATP content on the level which is
sufficient for organized destruction of intracellular structures directs the process of cell
death towards apoptotic program, while the failure in ATP production lead to energetic
collapse and finally to necrotic death. Thus, PARP-1 determines the choice of death-
style of damaged cells in multicellular organisms and plays a role of a molecular switch
between different programs of cell demise [6, 8].

In addition to well known role of PARP-1 in basic nuclear functions it was shown,
that suppression of the enzymic activity sensitizes cancer cells to ionizing radiation and
to a wide range of DNA damaging agents that are widely used in anticancer therapies
e.g. cis-DDP, topoisomerase | inhibitors and DNA methylating agents [16M. Cis-DDP
is one of the most effective and broad-spectrum cytotoxic anticancer drugs. However,
arising resistance of cancer cells to the drug undermines its curative potential. To
overcome this problem the doses of administrated cis-DDP are gradually increased
which leads to manifestation of severe side effects that are originated from cytotoxic
features of the drug.

The involvement of PARP-1 in processes of determining the choice of cell death
pathways as well as cell surveillance requires the elucidation of mechanisms underlying
regulation of PARP-1 activity in response to cytotoxic stimuli. We suppose that this
strategy helps to develop new effective approaches in therapies against cancer. Thus, in
present study we attempt to examine whether PARP-1 activities in liver cell and
thymocyte nuclei of rats are affected after in vivo treatment with cisplatin.

Material and Methods. All the chemicals used in this study were obtained from Sigma,
USA. Experiments were performed on white, outbred male rats 4-6 weeks old weighting 100-120
grams. Water solution of cis-DDP was injected intraperitoneally (0.5 and 1 mg per 100 g animal
weight). Animals were decapitated in 24 and 48 hours drug injection. The nuclei of liver and
thymus cells were isolated by Hewish et al [10].
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PARP-1 activity was measured by direct quantification of NAD content [19]. The assay
was adapted to quantitation of NAD" consumed by isolated nuclei.

Briefly, the nuclear pellets were gently resuspended in PARP assay buffer (0,25 M
sucrose, 1 mM CaCl, 6 mM MgCl,, 0,15 mM spermine, 0,5 mM spermidine, 60 mM KCl, 15 mM
NaCl, 25 mM Tris, pH 7,4). The density of nuclear suspension was normalized according to DNA
content (1mg/ml). PARP reaction was initiated by addition of NAD" stock solution to nuclear
suspension in PARP assay buffer to 0,5 mM NAD" final concentration. The reaction proceeded for
8 min (at 37°C) and was stopped by removal of nuclei from reaction mixture by centrifugation at
13 000 g for 2 min. The supernatants were transferred to new tubes and was aliquot (700 ul. NAD"
quantification was performed in these aliquots by sequential addition of 2M KOH and 20%
acetophenone (in EtOH), yielding final concentrations of KOH, acetophenone and formic acid as
in original assay [19]. The PARP assay buffer which contained 0,5 mM NAD" was set as standard
and its absorbance was measured at 378 nm alongside the samples derived from nuclear
suspensions. The amount of NAD" present in samples of nuclear suspensions in PARP assay
buffer was determined by subtraction the absorbance of test sample from the standard.

DNA preparation and electrophoresis was performed by methods described elsewhere [1].

Results and discussion. 1t is well documented that very often tumorigenesis is
coupled with disability of malignant cells to undergo suicide apoptotic program.
Recently a new death pathway was established which is induced by poly(ADP-
ribose)polymers and is mediated by PARP-1 [17, 24]. Thus, PARP-1-mediated cell death
can be enhanced at several points downstream or upstream of PARP-1 activation.
Coming from this, the development of drugs that can modulate PARP-1 activity is one of
promising approaches in cancer therapy. However, one should take into account that
after in vivo drug administration the healthy cells undergo drug effects alongside with
malignant ones.

This study was devoted to the examination whether cis-DDP has an impact on
PARP-1 activity of rat thymocyte and liver cells nuclei. The data shown in Fig. 1
demonstrate that initial PARP-1 activity in thymocyte nuclei is considerably higher than
in liver cell nuclei. This data are in good agreement with early report [7], where the
highest poly(ADP-ribosyl)ating activity was determined in extracts of rethiculo-
endothelial cells, thymus and secondary immune organs.

0,3 1

0,2

PARP-1 activity

0,1 -

Liver Thymus

Fig. 1. The baseline activity of PARP-1 in liver cell and thymocyte nuclei.

It should be mentioned that the vast majority of studies devoted to cis-DDP
effects were performed on different cell lines and cultures. Common exposure to drug in
these experiments does not exceed 24-48 hours. Thus, in present study we examine the
effect of cis-DDP on PARP-1 activity of thymocyte and liver cells nuclei after 24 and 48
hours of drug treatment of the healthy rats.

According to our data the low therapeutic doze of cisplatin (5 mg/1000 g) has no
appreciable effect on PARP-1 activity in examined nuclei in 24 and 48 hours of drug
administration (Fig.2).
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Fig. 2. PARP-1 activity in liver cell and thymocyte nuclei after in vivo
administration of 5 mg/1000 g of cisplatin
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Fig. 3. Changes in PARP-1 activity in liver cell and thymocyte nuclei
induced by 10mg/1000g cis-DDP injection

Administration of 10 mg/1000 g cis-DDP doesn’t affect the activity of PARP-1 in
first 24 hours. However, in further 24 hours i.e. 48 hours of drug treatment with latter
doze of drug a drastic (more than two-fold) elevation of PARP-1 activity in thymocyte
nuclei was detected.

The changes of PARP-1 activity in liver cell nuclei in 24 hours of high doze cis-
DDP treatment were unreliable. After 48 hours of drug administration unexpected de-
crease (nearly by 50%) of the enzyme activity in nuclei from liver cells was detected (the
data shown in Fig.3).

Cis-DDP is recognized as highly effective anticancer drug which triggers multi-
factorial biochemical responses in cells. Though the mechanisms of cis-DDP cytotoxity
are complex, the binding of the drug to genomic DNA and forming of cis-DDP -DNA
adducts of different types are recognized as the most prominent steps in the chain of
biochemical events that occurred in the cells treated with cis-DDP. Generally, it is con-
sidered that the local lesions in DNA structure enhance PARP-1 affinity to DNA, which
causes activation of the enzyme. Thus, activation of PARP-1 in thymocyte nuclei, which
was detected herein, may be the result of the DNA bending or formation of kinks that
were generated by cisplatin-DNA adducts. Nevertheless, our data show that in vivo ad-
ministration of cis-DDP caused inactivation of PARP-1 in liver cell nuclei and these
results seems inconsistent to previous supposal. Taking into account that though DNA
damage may have significant impact on PARP-1 activity the final outcome is determined
by the type of alteration [13] we consider that variations in chromatin architecture of
thymocyte and liver cell nuclei can underlay this controversy.
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It is documented that the variations in chromatin architecture can maintain
formation of different types of cis-DDP-DNA adducts [2] Cepeda et al., 2007], which
can in turn, enforce different rotational settings of DNA in nucleosomes [3]. We suppose
that changes in DNA positioning enforced by cis-DDP-DNA adducts in liver cell nuclei
can differ from those produced in thymocyte nuclei and may foster PARP-1 detachment
from chromatin fiber which finally leads to inactivation of the enzyme.

It is well known that apoptosis is one of widely accepted measures of drug
cytotoxicity. One of the most characteristic features of biochemical events that underlay
execution phase of this cell-suicide program is internucleosomal DNA fragmentation and
inactivation of PARP-1 via cleavage by caspase-3, -7. In present study we were inte-
rested to examine whether cisDDP-induced suppression of PARP-1 activity was coupled
with DNA fragmentation in liver cell nuclei.

Our data show that in vivo administration of cisDDP in dozes examined so far
didn’t cause internucleosomal DNA cleavage in the liver cell (Fig. 4) or thymocyte
nuclei (the data are not shown) in 24-48 hours of the drug treatment. Taking into
consideration the fact that internucleosomal DNA cleavage is the hallmark of apoptosis
we can suppose that in vivo treatment of rats with cisDDP doesn’t cause apoptosis in
examined cells at least in 48 hours of drug administration.
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Fig. 4. Rat liver nuclei DNA after in vivo treatment of animals with cis-DDP.
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BUOJEI'PAJALIMA TPUAZUHOBBIX 'EPBUIIU/1IOB

C.II. TATUKSH, H.A. MKPTYSIH, H.B. CUMOHSIH, I'.3. XAYATPSIH

Epesancxuil puzuneckuii uncmumym,
1abopamopus paouayuoHol 6uogusuKu

HccnenoBaHa CnocoOHOCTh KyJIbTYP MHKPOOPTaHM3MOB H3 KOJUICKLHH,
coOpaHHO#l B abopaTopun paguanuoHHON Onodusuku Ep®dU, mongseprath
Ouojerpaaniy TpUa3HHOBBIE TepOUIUIBI, ITMPOKO UCIIONB3yEMbIE B CEJILCKOM
Xo3stHicTBe U1t GOpHOBI ¢ COpPHSAKaMU. BBISBIICH psi ITAMMOB, CIIOCOOHBIX HC-
T10JIE30BaTh TePOUIHU/IBI META3UH M IPONa3HH B KQUeCTBE HCTOYHUKOB yIiIepoaa
u azora. MccnenoBaHo BiusHUE pana paKTOPOB HA CKOPOCTh POCTA ITUX KyJIb-
TYp M Aerpajauuio npomnasuta. ITomydeHHbIe TaHHBIC MO3BOJIAIOT CAENATh J0-
IyIIEHHe O TOM, 4TO ()ePMEHTATUBHBIII armapar, BOBJICYCHHBIH HCCIEI0BaH-
HBIMH MUKPOOPTaHM3MaMH B HPOLIECC JETPaIaliiy, Pa3IHyCH.

Tepbuyuo — oecpadayus — memasun — NPona3uH

zhinwgnunjuws £ npny  dwbpkubph  Ynyumpuibph  Epwqhbught
htpphghnubp puypuybine niwlnipniip: Upjnwnwipubpnid ogunugnpdyty u
Nwnhwghnt  Yhuuwbhghuyh  jwpnpunnphuynid unbnsqus  dwipkubph
hwqwpwédnih Yniyyinmipwibpp: Zuynbwpkpjus ki onwdubkp, npnup punniiwy
LU oquuugnpédt) Uknwghup b wpnywghup npybiu wsjuwsh b wgnnh wnpynip:
Munidtwuhpdws t wyn Ynyuinipubph wdh b ypnywughth pugypuydw
wpuqnipjul jupunidp dh owpp wuydwbtbphg: Unwugdus wfjujiutpp poy) u
wnwhu Gupwnpl), np wy Ynyumpuwibpnud  hbEpphghnubph  puypunud
hpuuitwgung ppdkunughtt wywpuntbpp dhdjwighg wwuppbpynud Bu:

Zkprhghn ( puypuymid ( dknwqhl ( ypnyughl

The capability of some cultures of microorganisms to degradate the tria-
zine herbicides widely used in agriculture for struggling against weeds has been
investigated. In the current work the collection of microorganisms created in the
Laboratory of radiation biophysics of YerPhl was used. A number of strains
capable to use herbicides metazine and propazine as carbon and nitrogen sour-
ces were found out. The dependence of these cultures growth rate and propazine
degradation on a number of factors has been investigated. The obtained data
allow making an assumption that the enzymatic system, involved in the
degradation process by these microorganisms, is different.

Herbicide — degradation — metazine — propazine

CoBpeMeHHOE CENbCKOE XO3AHCTBO MOTPEOIIET OrPOMHOE KOJIMYECTBO MECTUIIH-
JIOB pa3JIMYHON CTPYKTYpPHI U HasHaudeHUs. Bce 3T coenuuaenus Oosee Wiy MeHee [UIn-
TEJIbHOE BPEMS OCTAlOTCS B TOYBE M MOTYT HAKaIUIMBAaThCsA B PAaCTEHHUAX WM MHUIPU-
pOBaTh Ha 3HAYUTENBHBIC PACCTOSHUS BMECTE C IPYHTOBBIMH Bojamu. IIpakTuka noka-
3bIBAET, YTO JaXK€ IPH CTPOTOM COOJIIOAECHHH TEXHOJIOTHU MPHUMEHEHUS SI0XUMHKATOB
HEBO3MOXHO MPEIOTBPATUTh 3aTrPsI3HEHHE OKPY KaroIel Ccpesibl, He TOBOPS YK€ O TAKUX
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00acTsX JesATEeNbHOCTH YellOBEKa, KaK BOWHBI M XUMHYECKash MHIYCTPHS, TIe 3arpss-
HeHue BOOOIIe He MO1aeTCsl KOHTPOJII0. B murepaType MOKHO HAiTH MHOTO ITPUMEPOB
0oOHapy)XEHUS pa3IMYHBIX IMECTHLIHAOB B BOJIE M MPOAYKTax muTtanws [2, 3, 4, 13, 15].
OdYeBHIHO, YTO TIPHPOTOOXPAHHBIE MEPOIPHUATHS HE MOTYT OTPAHUYHUBATHCS TOJBKO
YCHIICHHEM KOHTPOJIS 32 UCIIONIb30BAaHUEM SIOXHUMHUKATOB, HO TOJDKHBI BKIIFOUATh TaKKe
CO3/1aHHE W TIPHUMEHEHHE TEXHOJOTMH OYHMCTKU 3arps3HEHHBIX TOYB M BOJBI, a TaKXKe
METOJIOB SKCIIPECcC-aHaIM3a CTEeNeHH HX 3arps3HeHHocTH. [IpuMeHeHme MUKpoOmoIo-
TUYCCKUX KYJIbTYp IJIA 3THUX ueﬂeﬁ SABJIACTCA OYCHb IMNCPCICKTHBHBLIM HaAIPaBJICHHUCM.
Takue TEeXHOJIOrHH HE TPEOYIOT OOJIBIIMX YKOHOMHUYCCKHX 3aTpaT, M, Oyay4du OHOCOB-
MCCTHUMBIMU, SABJISAHOTCSA Han6onee maasaiuMu. COBpeMeHH])le METOAbI 6I/IOTCXHOHOFI/II/I
MIO3BOJISIIOT TOJIY4aTh KYJBTYPHI JUIS JErpajlallii CaMbIX Pa3HOOOPA3HBIX, JAaXe XHMH-
YEeCKH TaKuX CTaOWIBHBIX coenuuennid, kak [T [6, 10]. Heckonbko yieT Ha3a B HaIICH
naboparopun U3 JUKOH MUKPOQIIOpHI ObUIM BBIIENICHBI JBa mTamma Pseudomonas sp.,
criocoOHBIe pa3pymats 2,4,6-rpuauTpoTonyon (THT) [11]. Ham Taxke ynanocs Ha mpo-
TSHKCHUU HECKOJBKIHX JIET COOpaTh KOJUICKIIMIO MUKPOOPTAaHU3MOB, TOJIEPAHTHBIX K MIPH-
CYTCTBUIO Pa3IMYHBIX TOKCHYHBIX COCIMHEHHH.

TpuazuHOBBIE TepOMIMABI - CHMAa3WH, IPOIMA3WH, aTPa3sWH U PSR OPYTUX SB-
JISIFOTCSL HauOoJiee MIMPOKO MPUMEHSIEMBIMU TepOUIMIaMy ISl 3alUThl LEJIOr0 psiia
CeNIbCKOXO3SHCTBEHHBIX KYJIBTYp OT COpHAKOB. Hampmmep, mo mamHbM Environment
Protection Agency (EPA), romoBoe notpetieHue toapko cumaszuna B CIIIA mpeBbiiaet
2 muH ToHH [17].

B nuteparype omucana MHUKpOOHOJIOTHYECKas! Jerpajalusi HEeKOTOPbIX TPHa3u-
HOBBIX TepOMINI0B KaK OTAEIbHBIMHU KyJbTypaMH, TaK U CMEIIaHHOW MUKpodiopoil. B
OIIMCAaHHBIX CIIy4asX JEerpajalys B OCHOBHOM INPOUCXONUT C yYaCTHEM aHa3POOHBIX WIIH
(aKynbTaTHBHO aHA’POOHBIX MUKPOOPraHu3MoB [5,7,8,9,12]. B HacTosmeit pabore pac-
CMOTpPEHa MUKPOOHOJIOTHYECKasl JeTpajaus repONIruI0B TPHA3HHOBON TPYIITEI HEKO-
TOPBIMHA MUKPOOPTaHU3MaMHU poaoB Pseudomonas v Bacillus B a3pOOHBIX YCIIOBHSIX.

Mamepuan u memoowi: KyabTypbl MUKPOOPraHU3MOB. B pabore ObLIM HCHONB30BaHBI
KyJIbTYPbI MUKPOOPTaHH3MOB, B OCHOBHOM MIEHTH()HIMPOBAHHBIX /10 YPOBHS PO U3 KOJUICKIIUH
KYJBTYp, COOpaHHBIX B Ja0OpaTOpHU pamuannoHHOi Onodusuku Ep®U Ha mpoTsHKeHHH MHOTHX
JIET B XO/I€ BBITIOJHEHHS IIPOCKTOB, CBS3aHHBIX C MCCIICIOBAHUEM OKpPYIKaIOLIeil CpeIbl.

[ITaMMBl MEKpOOPTaHN3MOB BBIPAIIMBAIN HA IUIOTHBIX arapu30BaHHBIX Cpefax pasind-
HOTO cocTaBa. B kadecTBe OCHOBBI AJISI POCTOBOH Cpembl NPHMEHSUIACh COJIEBasl arapu30BaHHAS
MmuHuManbHas cpepa (MC) cnepyromero coctasa: arap-arap — 2%, KoHPO,x3H,O — 0,15%,
KH,PO4 - 0,05%, MgS0,4x7H,0 — 0,02%.

B xauectBe 00BEKTOB OMoAerpamali ObUIM HCIIOJIb30BAHBI KOMMEpPYECKHE IpernapaThl
[pOIa3iHa U METa3HHa.

Jns BBIAICHEHHS CHOCOOHOCTH KyJNbTyp moaBeprath repoununsl ('e) Omomerpamanmu
MpOBEPsUIN UX cIocoOHOCTh pacth Ha MC ¢ m00aBKOH OTHOTO JIMIIb TepOUIIa, a TaKKe B
KOMOMHAIINK C TJIIOKO30H B KAaueCTBE HCTOYHMKA YTJICPOZA, WM XJIOPUCTHIM aMMOHHEM B Ka-
YeCTBE HCTOYHHKA a30Ta.

IoceB xynbTyp Ha 4amku [leTpu OCyIECTBISUIM ABYMs OCHOBHBIMH CIIOCOOaMH: CTEK-
JISIHHBIM ILTIaTeJIeM U 0aKTepHOJIOTMYecKoil meTkoi. Bo BTopoM citydae kaxkaast KyJbTypa Ipen-
BapHUTEIBbHO PACcCEBANAch LINATEIMPOBAHUEM HA YAIIKH C MSACONCNTOHHBIM OYyJIbOHOM, 3aTeM M3
OT/ICNIbHBIX KOJIOHHWH TOTOBHMJIM KJICTOYHYIO CYCIICH3MIO Ha CTEPHIIBHOW BOJOIPOBOJIHOW BOJE,
KOTOpasi BHOCHJIACh B SUECHKH ITOJICTABKH OAKTEPHOIOTHYECKON LIETKH.

B HaIlux 9KCepUMEHTax MCIOJIb30BaIM JBa COCIAMHEHHS TPHA3HMHOBOH MPUPOIbI — METa-
3MH M Ipoma3uH. Tak KaKk 5TH COSIUHEHUS IIPAaKTUUECKU HEPaCTBOPHMBI B BOZIE, HX PACTBOPSUIU B
crupTe W J00AaBISUIM Ha TMOBEPXHOCTh YXe TOTOBOHM cpexbl B damkax [lerpu, paBHOMEpHO
pacnperensist 10 IOBEPXHOCTH arapa CTEKJSIHHBIM ILIIaTeIeM 10 IOJIHOTO uciapeHus cnupra. Ha
MOBEPXHOCTh YaIllky BHOCWIN | mim 2 mr repOununa. Ha koHTposibHEIE Yaliku 100aBIsUIM TaKkoe
e KOIMYECTBO CIIAPTA. BhIpamuBaHue MHKPOOPraHH3MOB mpoBoxma npu 28° B Teuenne 5-17
JTHEH.

B mpexBapuTensHONW cepuM SKCHEPHMEHTOB HHTEHCHBHOCTH POCTa MHKPOOPTaHU3MOB
OLICHNBAJIH MO TUIONIAM Pa3pacTaHuUs OTACNBHBIX KOJMOHHH, 00pa30BaBIIMXCSI HA MECTE OTIeUaT-
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KOB LIETKHU. JIJIst 3TOro 4amku ¢ KoJoHuAMH (oTorpadupoBanu, U 3TH PUCYHKH 00pabaThIBaIM C
MOMOIIBI0 HHCTPYMEHTapHsi 00paboTKK M300paxkeHus: nmporpammbl MatLab, koTopslit mo3Bossier
aBTOMATHIECKH BBIYEPINBATH KOHTYPHI U ONPEEIATH IUIOMIANb IOy IeHHONH KpHBOH. Y Hanbonee
MEPCIICKTUBHBIX MITAMMOB, OTOOPAHHBIX B Pe3yIbTaTe TAKOH OLEHKHU, ONPEAEIISIN TUTP.

Jnst ompeneneHnst TUTPa BBIPOCIINX KYJBTYp, OTOOPAHHBIX C HOMOIIBIO MEPBOH MeETO-
JIMKH, I0TaMMBI BbICEBaJIM Ha yallku IleTpu ra3oHoM U BbIpamuBaiu Ha npoTspkeHuu 10-15 nueit
B CTaHJApPTHBIX ycioBUsAX. Uepes kaxzble 2-3 IHA MOcCie [10CEBA U3 IUIACTUHBI arapa BbIpe3aiu
KyCKH OJIMHAKOBOI'O pa3Mepa M BBIPOCIIYIO KYJIBTYPY CMBIBAIN C IOBEPXHOCTU arapa (MKCHUpO-
BaHHBIM 00BEMOM BOJONPOBOJHOM BOAbl WK Oydepa. ONTHUECKYIO IUIOTHOCTH KIETOYHOH CycC-
MEH3HUH OIIPEJIeIIIIN CIIEKTPO(YOTOMETPUUECKH PH JUIMHE BOJIHBI 540 HM.

Omnpenenenne nponasuna. M3 arapoBoil cpepl BIpe3aid KYCKH OJUHAKOBOH IDIOMIAAN 1
9KCTPArupoBaI NpoMna3uH aneToHoM. ComepxaHue MPOoNa3uHa B AKCTPAKIMOHHON KHUAKOCTH OII-
peners TOHKOCJIOWHOM XxpoMarorpaduei Ha mactuakax Silufol. Dironuro npoBoamn cMechio
aIleTOH-TONYOJI B COOTHOMEHUHN 2:1. JIJIst IposIBIeHNS IATCH IPHMEHSUIN METOIUKY, OITHCAHHYIO B
I'OCT-30349-96 [1]. IInacTuHbl ONPLICKMBAIM PEaKTUBOM CIIEAYIOLIEro cocraBa: 1%-HbIl pac-
1B0p AgNO;3 — 0,5 M1, Boauelid ammuak — 0,7 mi, anetoH a0 10 M1, BeICYIIMBaIK U 00JTydasud
yJIbTpahHOIETOBON KBApLEBOH JaMIIOi HECKOJIBKO MHHYT, B PE3yJbTaTe 4ero 0O0pa3OBBIBAJIUCH
TEMHBIE CEPO-KOPUYHEBBIE MATHA.

Pesynomamer u ob6cyyncoenue: B Xxopne uccineaoBaHUN, MPOBOAUMBIX B
nmaboparopun pamuanuoHHOW Omodmsmknm Ep®U, Opura cobpaHa 3HAUMTENBHAS
KOJUICKIHSI KYJBTYp MHUKPOOPTaHU3MOB, KOTOPHIC OBUIM BBIACICHBI W3 BOIBI U ITOYBHI
pa3IMuHBIX PErHOHOB TeppuTOpuH pecnyonuku — EpeBanckoe o3epo, ['erap, okpecr-
HOCTH TIPOMBINUICHHBIX Npeanpuatuii, Takux kak HITO «Hawuputy», 3aBoj XUMpeakTH-
BOB, Apmsiackast ADC u T.n.

CrnocoOHOCTh KYJIBTYphl MHKPOOPTaHW3MOB pa3pyllaTb HEKOTOpOE OpraHH-
YeCKOe COCJMHEHNE, B IIEPBYIO OYepellb, NPEAIOoNaraeT TOJIEPaHTHOCTh ITOM KyJIbTyphI
K €ro NpUCyYTCTBHUIO U CHOCO6HOCTI) HCIOJIb30BaTh €ro Kak UCTOYHUK YIJIEpoJa I/IJ'II/I/I/I
azora. Mcxoxs M3 3TOrO MPEAINONIONKEHHs, Ul BBISBICHUS MHKPOOPIaHM3MOB, II0-
TEHIUAIBHO CHOCOOHBIX YTHIM3MPOBAaTh METa3MH U INPOIA3HH, MBI UCCIEJOBAIN CIO-
COOHOCTB pocTa KyJIBTYP U3 KOJUICKIIMH JIADOpaTOpHH B IPUCYTCTBUU 3TUX T€POHLINIOB.
B oT0if cepun skcnepuMeHTOB ObLTO mccienoBaHo Oonee 120 KymbTyp, B OCHOBHOM
npencraButenieit  pomoB  Pseudomonas w Bacillus. KymeTypsl BeIpamuBaiyd Ha
arapm3oBanHou cpene (MC+Ie, MC+I'e+I'm). Kpome 3Toro Obuti mpoaHaIH3HPOBAHEI
BOJHBIE BBITSDKKH W3 MPOO IMOYBBIL, B3ATHIX B Pa3lIWYHBIX pallOHaX peciryOnukw, Ha
NpeAMeT HaNW4usl B HEH MHKPOQIIOPHI, YCTOHMYMBOM K YIOMSIHYThIM repOuuuaam. B
pe3ysbTare CKaHWPOBAaHUS ObLIM OOHAPYKEHBI HECKOJIBKO KYJBTYpP, POCT KOTOPBIX B
MNPUCYTCTBUU IIpoIllasdiHa W ME€Ta3duHa OKasaJiCsa OoJstee WUHTCHCUBHBIM, 4Y€M B KOH-
TPOJIBHOH cpene. DTH KyJIbTypbl MUKPOOPIaHU3MOB OBLTH OTOOpPAaHBI IS AaJbHEUIIINX
HCCIIEIOBaHUH.

Ha puc. | npeacraBneHsl cpaBHUTENBHBIE (oTorpaduy oTneyaTkoB (OJSIIEK),
BBIPOCIIUX TP MOCEBE MCCIEAYEMbIX KyJIbTyp Ha yamku [letpu Gaxreprosornieckon
meTtkoii Ha 12-# menp Ha KoHTponbHOH (MC) m omeitHOUM (MCHI'e) cpemax. He-
3HAYUTENBHBIA POCT KyJIBTYp Ha KOHTPOJNBHOH cpene, cKopee Bcero, 00yCIOBICH
HAIMYAEM OPTaHMYECKUX IpuMeced B arape. Kpome TOro, m3BECTHO, YTO HEKOTOPEIC
KYJIbTyphl MHKPOOPTAaHM3MOB CIIOCOOHBI Pa3MHOXKATHCS JTa)KE€ B YCIOBHSX PE3KOH He-
XBaTKM MCTOYHHMKOB dHepruu [14]. YuurbiBas 310T (akT, a TakKe TO 00CTOSTEIBCTBO,
YTO KyJNbTYyphl MHUKPOOPTAaHW3MOB MOTYT OKa3aThCS IPOCTO TOJEPAHTHBIMH K IIPH-
CYTCTBHUIO TOKCUYHBIX COCHHHeHHﬂ, BCE€ OIBIThI THIATCJIBHO KOHTPOJHUPOBAJIMCH U BbI-
MOJIHAJIUCh B HECKOJBKUX TOBTOPHOCTSX, MO 2-3 mapauleNbHBIX TOCEBa B KaXKIOMW.
CrnenyeT OTMETHUTD, UTO MOBEJCHHUE 3TUX KyJIbTYyp MUKPOOPTraHU30B B IPUCYTCTBHU MPO-
nasvHa M METa3WHa JIOBOJIFHO OJIMHAKOBO M B TEX CIydasxX, KOIr/a HalIu4ue repOunnaa
IIPUBOJUT K YBEIMUEHHUIO WHTEHCHBHOCTH POCTA, W TOTJa, KOTJa €ro HaJi4yHe I0JaB-
JISIET POCT MUKPOOPTaHU3MOB (Ha PUCYHKE 00BEAEHBI ITYHKTUPHOMN JIMHUEH).
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Puc.1. CpaBHeHne oTne4aTkoB (OJSILIEK) ITPU ITOCEBE KyJIBTYp Ha Yamku [leTpu
0aKTepHOIOrMYECKOM IeTKOW Ha MUHUMalbHYI0 cpeny (MC —a) u Ha cpexy,
coJeprKallyro MeTa3uH (0) U mpomnasuH (B).

Y4uuThIBas TO, YTO 3TH COCAWHEHUS SIBIAIOTCS ONM3KMMHM aHAlIOTaMH, Takas
KapTHHA BIOJHE 3aKOHOMepHa (puc.2).

NHCH(CH3), NHCH(CH3),
NC\ N— N—<
/N—</ A\Y CI—</ Ny
_ N—
CH - <
) NHCH(CH), NHCH(CHj),

Puc.2. CtpykTypHbIe hOpMyIIEI MeTa3HHa (ClIeBa) U IpoIa3nuHa (CIpasa).

OnHaKo ¥ B TIOBEJICHUH OTIEIBHBIX KYJIBTYp HaOII0Ial0TCs 3HAUNTEIbHBIE pa3in-
YMs TIPU HWCCIEIOBAaHWU BIMSHMS KOHLEHTPALMM TI'epOMIMIOB Ha POCT MHUKPOOpra-
HU3MOB. DTO XOpOUIO BHIHO Ha MPHUBEICHHON HIDKE THCTOTpaMMe, TIe MpecTaBlIcHa
MHTEHCHBHOCTh POCTa KYJbTYp MHKPOOPTaHM3MOB B TPHCYTCTBHU PA3JINYHBIX KOH-
LEHTpauii MeTa3WHa M Tpona3uHa. [IOBBIIIEHNE KOHLIEHTPALUH METa3uHA B KyJIb-
TypanbHOH cpelie MPUBOIUT K 3aMETHOMY TOBBIIIEHUIO HHTEHCUBHOCTH POCTa HECKOJIb-
Kkux KyapTyp (Hampumep NeNe 9-11: 3mecs m ganee MPHUBOASTCSA MPOCTO IMOPSAKOBEIC
HoMepa Osmex). OcTalbHBIE KyJIBTYPBHI, XOTS U IPOSABISIOT HEKOTOPOE YrHETEHHE
pocra, TeM HE MEHee, 10 CPAaBHEHUIO ¢ KOHTPOJEM, PACTYT 3HAYUTENbHO MHTEHCUBHEE
(3a uckimoueHneM KynbTyp NeNe 6,15,16). KoHeuHO, 3TH KyJbTypbl B JajbHEHIINX
HCCIIEJOBAaHMSAX HE UCIIOJIB30BAINCH, U 31€Ch MIPEACTABICHBI TOIBKO U1l WILTIOCTPALN
OTPHLATENFHOTO BIMSHMA SOXMMHKAaTOB Ha IOYBEHHYIO MuKpoduopy. B cpeme ¢
J100aBKOH MpomnasuHa TOJBKO JUISi OJHOM KyJIBTYpPhI MOBBIIICHHE KOHLIEHTPALUH Tep-
Ounuia NPUBOAWT K YBEIWYEHHIO WHTEHCHBHOCTH pocra. IlpmmewarenbHO, 9TO 3Ta
KyJIbTYpa MHTEHCHBHEE PAcTET TaKKe B MPUCYTCTBHUH 0OoJiee BBICOKOH KOHLEHTpPALMN
MeTazuHa, a y Tex ke KyabTyp NeNe 6, 15, 16 mabmronmaercst yrHereHue pocra. Kak
BHUIHO U3 puc.l, Ne 16 mpakTudecku He pacTeT B IPUCYTCTBUH repounnmaa, a y Ne 15 npu
BBICOKOH KOHLIEHTPALMK HAaOII0AAeTCs JIMIIb He3HAYUTEJIbHBIH POCT.
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Pocr, yen. eq. Pocr, yen. en.
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Puc. 3. Bnusiaue pa3nidHBIX KOHIIGHTpaMH MeTa3nHa (a) U mpomnasuHa (0) Ha pocT HEKOTOPBIX
KyJIbTyp. CBETIIbIEe CTOIOMKN — HU3Kast KOHIIEHTPAIHS, TCMHBIE — BBICOKASL.
J1nst KaXKJI0T0 OT/ENIBHOTO CIIydasi ”HTCHCUBHOCTD POCTA KYJIBTYPBI
Ha KOHTPOJIBHOI cpejie PUHATA 32 eANHHUILY (IIyHKTUPHAS JIMHUS).
Howmepa cooTBeTcTBYIOT HOMEpaM KOJIOHHUH Ha puc.l.

Ha puc. 4 npencrasieHa AuHaMUKa pOCcTa HEKOTOPBIX KYJIBTYP B HNPUCYTCTBHU
pa3IMUHbIX KOHLEHTPALUi MeTa3uHa. 3]IeCh IMPEACTaBICHbI T€ KYyJIbTYpbl, KOTOPbIC
MOJIOKUTEIBHO PearupyroT Ha yBeJIMYCHUE KOHIEeHTpaluy repounuaa. Ha Ham B3rsn,
OYCHb TEPCIEKTUBHBIM MOXET OKa3aThcsa ITamMm Pseudomonas sp. T25 (Ne 10 Ha
THCTOTPaMMeE).

Pocr, ycn.eq.
m O Ps.T27 (9)
41 & o Ps.T25(10) -
A A Ps.Arg2 (11) /_‘_..--- L ———

2 4 6 8 10 12 14
Bpems, aHu

Puc. 4. Jlunamuka pocta HEKOTOPBIX IITAMMOB MUKPOOPIaHU3MOB B IPHUCYTCTBHUH HU3KOU
(cIIOIIHbIE TMHUM) U BBICOKOW (ITyHKTHPHBIE JIMHNN) KOHLIEHTpauuu MeTaznHa. Homepa B ckoOkax
COOTBETCTBYIOT HOMEpaM Ha puc.l. PocT KOHTpOIIS B KaXk0H TOUKE IPHHAT 32 CANHHUILY.

B TeueHue mepBBIX 5 AHEH CKOPOCTh pocTa mTamMma T 25 NMpakTHYeCKH OAU-
HaKOBa HpI/I pa3H1)1x KOHLICHTpaIlI/ISIX METasnuHa, OJHAaKO B HaﬂbHeﬁLﬂeM pOCT nux Kyl'lb-
Typhl TIPU BBICOKOW KOHIICHTPAIIMU IMPOUCXOMUT 3HAYUTEIFHO HHTEHCHBHEE. MOXKHO
MPE/IOI0KHUT, YTO B JJAHHOM Cliy4dae HaOJFOJIaeTCsS XOPOIIO M3BECTHOE SBICHUC WH-
JTyKIIMH, KOTJa IO BO3IEHCTBAEM OIPEIEIICHHOTO COCTUHECHUS MIPOUCXOTUT aKTHBAIUSL
COOTBETCTBYIOIIETO (hepMeHTaTHBHOTO ammapara. JlobGaBleHHe B Cpedy TIIFOKO3BI B
koHneHTpauuu a0 0,3% wumn xnopuga ammonus (0,1%) mpakTrdecku He MPUBOAMIA K
JIOTIOJTHUTENTFHON HHTEHCH(UKAIINH POCTa (TaHHBIC HE IPEACTABICHBI).

Ha puc. 5 mpencraBieHpl U3MEHEHHE THTpPa MUKPOOPTAHU3MOB M KOJIMYECTBA
MpomnasuHa B Cpe/ie MPH BHIPAIIMBAHUHN HECKOJBKHX KyIbTYp pona Pseudomonas. Oto
KynbTypsl NeNe 9-11 Ha ructorpamme.
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Puc. 5. M3menenue tutpa (CIUIONIHbBIE IMHUK) M KOJIMYECTBA MPOIa3uHa B CPEIE POCTa
(myHKkTHpHBIE TMHUN). KynbTypsl 1 0603HaueHuUs Te XKe, 4To Ha puc. 4.

W3 pucyHka BHIHO, YTO POCT MHKPOOPTaHH3MOB cormpoBoxgaercs 3ddek-
TUBHBIM yYMEHBUICHHEM KOJIMYECTBA BBEICHHOI'O MpONa3WHa. YYHUThIBasi, 4YTO 3TO
COCMHEHUE 00raTo He TOJBKO YIIIEPOAOM, HO M a30TOM (5 aTOMOB a30Ta B MOJICKYJIC),
MOYKHO TIPEIIOJIOKHUTD, YTO MPOIA3HH CIY)KHT UCTOYHMKOM Kak yriiepoJa, Tak U a3ora.
K COXKAJICHUIO, OTCYTCTBHUC NJOCTATOYHO YYBCTBUTECJ/IbHBIX NOCTYIHBIX METOAUK OIIpEac-
JICHWs] METa3MHa Ha JJAHHOM JTare padoT He MO3BOJIMIIO MOJYYUTh JOCTOBEPHBIE JaHHbIC
00 M3MEHEHMH €ro KOJIMYECTBa B XOJI€ BBIPAIIMBAHMS KYyJIbTYp MHKPOOPIaHM3MOB.
OTMeTHM, YTO METOJUKA, WCIIOJL30BAHHAS ISl ONPE/ACICHHS IPOMAa3nuHa, SBISETCS
BBICOKOYYBCTBUTEIbHON, HO OCHOBaHA HA HAJIMYHMU XJIOpPA B COCTABE OIMpPEeIsieMOi
MOJICKYJIBL.

Mbl OKa HE HCCIENOBald IMyTH W NPOAYKTHI NErpajalllii 3THX TepOUIKIOB.
Hwxe nmpuBOANTCS XOPOIIO W3BECTHBINH B JIMTEpaType IMyTh Jerpajaldy TPUA3HHOBBIX
repOUIUI0B, KOTOPBIHA MPOTEKAeT J0 pacmnaja kojibla u oopazoanms CO, u NH; (puc.
6.) ¢ yyactueM MOYBeHHOW MUKpodiops!l [16]. Drta cxema merpamamuu — oOmas s
MHOTUX COCJAMHCHUI TPUA3MHOBOM TPYIIbI, I/, B YACTHOCTH, aMMEIIUH W [HAHYPH-
HOBas KMCJIOTA SIBIISIOTCS IIPOMEKYTOYHBIMH MTPOIYKTaMH Paciaja.

NHCH(CH3), NH,

cl /_<N — Gl /N%\N
< -

NHCZHs NH,

ATpasuH AuaeankunarpasuH
NH OH
\ N—

OH—</ N — OH 7 \N —>» COy+NH4
N—

NH2 OH

AMMENUH LiwanypuHosas k-Ta

Puc. 6. buonerpanamys TpuasuHOBBIX T'epOUIIUIOB.
Ha cxeme mpecTaBiIeHbl TOJIBKO HEKOTOPbIE ITAIlbI.

MO’KHO MPEATIONIOKHTD, YTO HAOIFOaeMast HaMH Jierpajals MeTa3uHa | mpora-
3WHA TaKXe MPOMCXOJUT aHAJOTHYHBIM ITyTEM, OIHAKO ICTAIBHOE MCCICIOBAHUE MPO-
recca Jerpajialiy SBISIETCS TPEAMETOM ajlbHEHIIero ucciaenoBanus. Vccnemoana
CIIOCOOHOCTh POCTA PsiZia MUKPOOPTAaHU3MOB PojioB Pseudomonas w Bacillus Ha cpenax,
COJIepIKAIUX TPUA3UHOBBIC TePOUIIUIBI.
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BEIsBIIEHBI HECKOIBKO KYJbTYpP, KOTOPbIC HC TOJBKO TOJICPAHTHBI K OJOTUM

COCIMHEHUSIM, HO CIIOCOOHBI TAaK)Ke IOJBEPTHYTh MX UYaCTUYHON WJIM TOJHOW Jerpa-
nanuu. VccnenoBaHO BIMSHHE POCTOBOM Cpeabl Ha OCOOCHHOCTH POCTa HEKOTOPBIX
MHUKpPOOpPraHu3MoB. [1okazaHo, YTO 3TH KyJbTypHI MO-Pa3HOMY PEarupyroT Ha MPUPOIY
1 KOHLEHTPALMIO TepOMINAA, YTO TIO3BOJSIET MPEAIOI0KNTh HAIWYNE y HUX Pa3iInd-
HOTO ()epMEHTATHBHOTO aliapaTa, BOBJICUYEHHOTO B IPOIECC OMOAETpaJalliy.
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IIJIOAbI HIMIIOBHUKA ITIOJIYIHAPOBHUIHOI'O
(ROSA HAEMISPHAERICA) KAK
CBIPBE JJISA IEPEPABOTKH

A.H. AMUPBEKSIH
Hnemumym 6omanuxu HAH PA

Poct W ypoXKaiiHOCTh IIMIIOBHHKA mMoymapoBuaHoro (Rosa haemispha-
erica) CTUMYJUPYIOTCSI B CPaBHUTEIIBHO CYXHX JIECHBIX ycnoBusx. Conep:kaHue B
IJIOAX CYXHX BEILECTB, caxapoB, BuTamuHa C, KapoOTHMHOWIOB BBILIE B IOJY-
MyCTHIHAX W apUAHBIX penkonechsax. ComepikaHMe STHX BEIIECTB B KOHCEP-
BUPOBaHHBIX IUIOJAaX yMeHbmaercs Ha 29-58 %. Ilpemmaraercst HMCIONB30BaTh
YKa3aHHBIA BUJ B apHIHBIX YCIOBUAX B IIEMSIX IOJYYCHHS IUIOJOB M OXpaHbBI
HPHUPOIBL.

LlunosHuk nonywaposuonslil - 0eHOpoOMempudecKue noKa3amenu -
JlecopacmumensHulii patior - XUMUYECKUll cocmae - nepepabomka

Yhuwqunwdl dwupbuny (Rosa haemisphaerica) mép ' pippuwnyni-pyniup
upwidnud ki hwdbdwnwpwp snp wwnwrwhtt wwydwbbbpnud: Munngbpnod
snp Wmpbph,  pwpwpbbph,  Jhnudht C(h,  jwpnnhunhnubph
wuwpnibwlmpmitp  pupdp b jhuwwbwyunbbpnud b wphnuyghtt tnup
winwntbpnud: Mwhwsnjugyws ywnninubpnud wyn dhwgnipniuttph pwtwlp
wjugnud E 29-58%: Unwguplymu E tpgwus nmbkuwljin oqinuugnpsty wiphnuyht
wuydwbibpnud®  wunipkph  phpp wnwbwme b phwywhywiwlui
byunwlyny:

Ghuwqhnudl dwupkiap (qEappndlnphl gnigulihobbp (
whnwppniuwlub ppowl ( phupwlwi jugd (JEpunowlnid

Rosa  haemisphaerica growth and productivity are stimulated in
comparatively dry forest conditions. Contents of dry matters, sugars, vitamin C,
carotinoides in fruits increase in hemideserts and arid rareforests. In tinned fruits
the quantity of these substances are decreasing by 29-58 %. The use of this
species in arid conditions for fruit yield and nature guard purpose is suggested.

Rosa haemisphaerica — dendrometric indexes — woodvegetation district —
chemical structure — foodprocessing

dnopa ApMmeHnu Oorara MOJIE3HBIMH PACTCHHSIMHU, KOTOPBIC HCIIOJIB3YIOTCS B
MUIIEBBIX, MENULIMHCKUX, TEXHUYECKUX U APYTUX 1enax. Cpenn dTUX paCTeHUH ClelyeT
OTMETHUTh TpeAcTaBUTENs cemeiicTBa PosorBerHpix (Rosaceae) IMIMITOBHHUK MOTYIIApO-
BuaHBIN (Rosa haemisphaerica Herrm.) (puc.1). DT0o KycTapHUK BBICOTOH 1-2 M, JTUCTBs
OJIMHOYHBIE, TIEPUCTOCIIOKHBIC, C MPWINCTHUKAMH, KOTOPhIE OOBIYHO CPACTAIOTCS C Ye-
pemkoM imcTa. JINCTOYKH OOpaTHOSHIICBUIHBIE, B OCHOBAaHUM KIMHOBHIHBIC. [[BeTHI
OIMHOYHBIE, BEHUYUK COCTOUT W3 IISATH O0OpaTHOCEPIIICBHIHBIX JICIECTKOB. THIYMHKH B
OOJIBIIOM KOJMYECTBE COCOMHEHBI C THMAHTHEM. | MTIaHTWUH IMapOBUIHBIA, MSCHUCTHIH,
0e3 HIMTOB, OT OPAHKEBOTO JI0 KPACHOT'O 1IBETA.

CBeneHns O pacHpOCTPaHEHHH B NPHUPOJE II. MOIYHIAPOBHIHOTO OBUIM MOJY-
YeHbI B cepeinHe mponutoro Beka [8, 10]. beln uccnenoBan Takxe XUMHIECKUN COCTaB
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HEKOTOPHIX BHJOB IIMIIOBHUKOB ApPMEHHH, OJHAKO OCTajcs Oe3 BHHMaHHS II.
MOJTyIIapOBUIHBLH [9].

Puc. 1. IlIunoBHUK noiymapoBHIHEIN: (a3a co3peBaHUs IUIOI0B

B Hammx npexHux uccieaoBaHusX ObLIO 00paleH0 BHUMaHHEe Ha JICHIPOMETPHU-
YEeCKHE ITOKa3aTeNI, YCTOMYMBOCTh K BHEIIHUM BO3JICHCTBHAM, YPOXKAHHOCTh M XUMH-
4yeckuil coctaB 110J0B 3toro Buaa [3]. OxgHako 3T paboThl BEIKCH TOJBKO B IOJY-
ITyCTBIHHOM JiecopacTuTensHOM paiione (JIPP). Mexnay Tem, Omaromapsi cBoei »KOJO-
THYECKON MIACTUYHOCTH, 3TOT BUJA MPOU3PACTAET TaKKe B APYIHX JECOPACTUTENbHBIX
paiioHax ApMeHHH, 9TO TpeOyeT MUCCIETOBaHHUS OTMEUCHHBIX TOKa3aTellell B YCIOBHUIX
TIOCJIICAHUX. HpI/IHI/IMaSI BO BHHUMAHHC 3TO 06CTO$[TGJ'H)CTBO, HaMHu 6I)IJ'II/I MPOBCIACHBI
CpaBHHTEJIFHBIE HCCIIEOBAHMS ATHUX IOKazaTeJled B OTIMYAIOIIUXCS JPYr OT Apyra
MTOYEHHO-KIIMMAaTHYECKUMH yciIoBusMH Tpex JIPP Apmenun.

Mamepuan u memoouxa: OOBEKT UCCIENOBAHMS MPOU3PACTAET B HOJYITYCTHIHHOM (OK-
pecraoct EpeBana), cpaBHHTENnBHO cyxoM jecHOM (Exernamsop) JIPP, a Takxke B paifone moiy-
IYCTHIHHBIX peakonecuii ('apHu), MpupoIHbIe YCIOBHS KOTOPHIX onrcaHsl paHee [5]. ITocne co3-
peBaHus IIOJO0B ONpeelsUId UX XUMHUUECKUI cocTaB: coaepaxkanue suramuta C no Myppu, caxa-
poB — 110 bepTpaHy, oprann4eckux KUCIOT — 10 10JI09HOI1 kuciote [4].

Pesynvmamut u o6cysncoenue. Pe3ynbratel HCCISIOBAaHUN TTOKA3AJIM, YTO KINMa-
Tr4eckue ycnoBus JIPP cyliecTBeHHO BIHSIOT Ha IEHAPOMETPUYCCKUE TTOKA3ATENH III.
MOy IIapoBHAHOTO (Tabm. 1).

Taéauua 1. HekoTopble JeHIPOMETPUYECKUE TIOKA3aTEIH! LI IOy IIAPOBHIHOTO
B pa3ubix JIPP (cpennue maHHBIE 2-X J1€T)

JIPP
IMokasarenu Honynys - |Momynycremmsie CpaBHUTEIIBHO
TBHIHHBII 1 apUaHbIe . .
CyXOii JIeCHO
penKoechs
Beicora Kycra, M 2,17 1,98 2,26
TIPOEKTHBHOE TIOKPBITHE, M 2,06 1,64 2,70
Ocu
a) KOJIMYECTBO 12,4 15,1 11,9
6) BBICOTa,M 1,80 1,49 1,96
B) IaMETP, MM 12,2 1,11 12,5

Kak BumHO W3 HaHHBIX TaOmI.l, JEHOPOMETPHYECKHE IMOKA3aTENH ITOTYITyCTHIH-
HOTO M CpPaBHUTEIBHO cyxoro jecHoro JIPP mano ortnuuarorcsa. B 3Tux ycioBusix oHu
00pa3yroT 6oJiee BBICOKHE, HO C MAIOYHCICHHBIMHU OCSIMH KYCTHI.

B momynycteraaoM JIPP m apumHOM penkoiieche KapTUHA OOpaTHAs: 3HAYH-
TEJIBHO YBEIIMYMBACTCS YUCIIO OCCH, HO YMCHBIIACTCS UX BHICOTA U AUAMETP. DTOT (haKT
[10Ka3bIBAET, YTO BBICOTA MECTOIIPOU3PACTAHUS PUBOAUT K IEHCTBUIO MEXAHU3MOB
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KOMIIEHCAIIHOHHOTO POCTa, KOTOPOE OCYINECTBIISIETCS] KONMYECTBEHHBIM YBEIHUCHUEM
ocell M COKpallleHHEeM BEPTUKAIBHOTO POCTa.

Ha ocHoBe nosty4eHHBIX JaHHBIX MOXHO 3aKJIFOUUTh, YTO B pocte ul. [lomymapo-
BUIAHOI'O MPOABJIACTCA €ro OTBETHasd pPCaKlusd Ha YCIOBHA MCECTONPOU3pACTaHUA, YTO
OTpaXkaeTcs TAKXKe Ha yPOXKAWHHOCTH M XUMHUYECKOM COCTaBe II0A0B (Taldil. 2).

BrrsicHuIoch, 4To HamOoMbIIast ypoKaHHOCTh OJHOTO KycCTa OOecIeuMBaeTCs B
CPaBHUTENBHO cyxoM JiecHOM JIPP, a Haumensmass — B nomymyctelHHOM JIPP u JIPP
apuaHOTO penkoinechs. OQHAKO IPH MepecyeTe Ha SAWHHILY NPOEKIUH KyCTOB KapTHHA
YpOKafHOCTH MEHAETCsA. B 3TOM cirydae IpeuMyIecTBO Ha CTOPOHE KyCTOB, BEIPOCIINX
B MOJYIYCTBIHHOM pailiOHE, B TO BpPEMsS KAaK B OTHOCHUTEIBHO CyXoM JiecHoM JIPP
3apETUCTPUPOBAHBI CaMble HHU3KHE PE3YIbTaThl. JTO OOCTOATENBCTBO OOYCIOBICHO
MIPOCKTUBHBIM MOKPBITHEM KYCTOB, KOTOpOE OOJIbIIIE B CPAaBHUTEIBHO CyXOM JIECHOM U
MEHBIIE — B NTOJYIIyCTBIHHOM pailoHe M apUAHBIX PEIKOIECHSX.

Tadauua 2. YpoxallHOCTh U XUMHYECKHUH cocTaB 11008 L1,
[oJIyuIapoBuiHoro B pa3Hbix JIPP (cp. nanusle 2-x ser)

JIPP

Toxasarenn TTosymycThIHHBII TlonymycTsiHU 1 CpaBHUTEIBHO

apUIHbIE PEIKOJIECHS CyXOW JIeCHOH
VYposxaitHoCTb, T * 820,3/398,2 564,4/344,1 921,8/341,4
Cyxue BemiecTsa,% 18,34 21,39 18,42
Caxapa, % 12,50 13,41 11,54
Opranuyeckue 1,36 1,19 1,50
KHUCIIOTHI, %
Buramun C, mr/ % 225,94 268,40 214,50
CaxapoKHCIOTHBIH 9,19 11,27 7,69
ko3 dunueHt

2
*) 6 yucaumesne Ha 0OUH Kycm, 3Hamernameiie - Ha 1w NPOEKmMu6eHO20 NOKpblmus Kycmada.

W3 Tabn. 2 04eBHIHO, YTO YCIOBHUS MPOU3PACTAHUS OTPA3HIUCH HA XUMHUYCCKOM
cocTaBe IOA0B. [LITOMIBI 1. OTYIIAPOBUIHOTO, BBIPOCIIIETO B ITOIYITYCTHIHHOM U CPaB-
HUTENBbHO CyxoM JecHoM JIPP, mano pasnmuyanuce o KOJIMYECTBEHHBIM IOKAa3aTENsM
BEISBIICHHBIX BEIICCTB. JTH pa3nuuus Ooliee BBIPaKEHBI, C OOHON CTOPOHBI, Y IOC-
JIEMHUX, U C IPYTOil — MEXIY IUIOaMH, ITOyYeHHBIMH B ITOYITYCTHIHHOM M apHIHOM
JIPP.

[IprmMedaTenpHO BBICOKOE cofaepkaHHMe caxapoB M BuTammHa C B IUiomax Il
[OJIYIIAPOBUIHOTO, BBIPOCILErO B NOIyNycThIHHOM JIPP u B paiioHe apuaHOro penko-
JieChsi. B 3TOM OTHOIIIEHMHM W3BECTHO, YTO BBICOKOE coiepkaHue ButamuHa C CBH-
JCTCJIIbCTBYET O CTUMYJISIIUU O6MeHa BCIIIECTB U ﬂeﬁCTBHﬁ HpI/lCHOCO6I/lTeHLHI)IX Mexa-
HU3MOB pacTeHHH B HaNpsDKEHHBIX ycloBHAX [7]. Ha ocHOBe nuTepaTypHBIX HaHHBIX U
MTOJyYCHHBIX HAMH PE3yJIbTATOB MOXKHO YTBEPXJaTh, YTO B PallOHE IONYIYCTHIHb U
apUIHBIX PEIKOJIECHH, 0 CpaBHEHUIO ¢ nByMs apyrumu JIPP, pacrenust HaxonmsarTcs B
0oJiee HAIPSHKEHHBIX YCIOBUSX (PAKTOPOB CPEMBI, YTO U MPHUBOJUT K BEIIICONMMCAHHON
KapTHHE XUMHYECKOTO COCTaBa IUIOOB III. TTOIYIIAPOBUIHOTO.

OmHAM W3 OCHOBHBIX IHIIEBKYCOBBIX ITOKa3aTeliell IUIONOB SIBIIAETCS Caxapo-
KHUCJIOTHBIN KOA(pGUIueHT [2]. B Hammx ucciemoBaHuAX 3TOT MOKA3aTeNb OBUT BEICOKUM
B paliOHE MONYIYCTHIHb M aPUIHBIX PEIKOJIECHA M HU3KHM — B CPABHUTEIBHO CYXOM
JIPP. CnenmoBarenbHO, KIMMATHYECKAE YCIOBHSA TEPBOTO OONbBIIE OIArompHATCTBYIOT
pa3BuTHIO OoJiee KAYECTBEHHBIX B XMMUYECKOM OTHOIIECHUH IIIOI0B.

I/ISBeCTHO, YTO U3 IJIOJO0B HIUIIOBHUKA I'OTOBAT pa3Hoo6pa3Hble LHCHHBIC HAITMUTKH,
BapeHbs, HKEMBI, KUCENH U T.1. [6].
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W3BecTHO Taxxe, YTO CBEXHE IUIOAbBI IIMIIOBHUKA ChEIOOHBI U UMEIOT BBICOKHE
MUIIEBKYCOBLIC Ka4€CTBA, HO MbI IOABCPIIJIN UX nepepa60TKe. HpI/IFOTOBI/IJ'll/I JOKEM, COK,
KOMIIOT, BapE€HbE U MIope. Bce OHM UMEIOT IPUSATHBIN BUJI U BKYC.

C LCIBIO BBIABJIICHUA W3MEHEHUM XMMHYECKOI'0 COCTaBa OTMEUYCHHBIX MPOAYKTOB
B IpOILECCe KOHCEPBHPOBAHMSI MBI ITOJBEPIJIN IUIO/IBI TEPMUUECKOH 00paboTke ¢ COX-
paHEHHEM TEXHOJIOTMYECKHX CPOKOB M COOTHOLICHUS MCIOJIb30BAHHON BOABI U CHIPHSI.
Oxa3zasiock, 4To B 00pabO0TaHHBIX IUIOJAaX COJEPKAHIE UCCIEOBAaHHBIX BEIIECTB YMEHb-
IIMIIOCh, %: CyxuX BemmecTs — Ha 40-45, caxapoB — Ha 52-58, opraHMuecKux KUCJIOT — Ha
29-32, puramuHa C — Ha 36-41. DT0 00CTOATENBECTBO OOYCIOBIEHO KaK IMEPEX0J0M ITHX
COEAMHEHUI! B PacTBOp, TaK M MPOLIECCAMH YaCTUIHOrO pasnokeHus. Ilpuuem B ciydae
MOJTY4EHHBIX MPOLEHTHBIX JAHHBIX HEOCIIOPHUMO, YTO 0O0pabOTaHHBIE IUIOABI PACTEHHUH
u3 pa3ubix JIPP conepxar pasHoe KOJIMYECTBO OTMEUYEHHBIX BELIECTB.

O0o001masi BBIIIEU3IOKEHHOE, CYMTAEM, YTO WL IIOJYNIAPOBHIHBIA JTOCTOMH
Oospiioro BHUMaHusl. Vicxo/st M3 BBICOKOM MPUCIIOCOOJIEHHOCTH, HETPEOOBATEIILHOCTH K
MOYBE M IKOJOTMYECKOHM IJIACTUYHOCTH, HEOOXOJMMO paclIMpeHHe ero Iuiolnajaei, B
0COOCHHOCTH 32 CYET CyXHX, KaMEHHCTBIX, HENPUTOJHBIX K HMCIOJIB30BAHUIO 3E€MEIIb.
Oro Oyzmer crnocoOCTBOBAaTH O3EJICHEHHWIO 3THX TEPPUTOPUH, MOJIYYEHHIO BBICOKOKA-
YECTBEHHOT'0 YpO’Kast U OJIHOBPEMEHHO 00ECIIeUUT NPOTHBOIPO3HOHHYIO, TIOYBO3AIINT-
HYI0 ¥ BOJIOYAEPKHABAIONIYI0 (PYHKIINIO HacakaeHni. KauecTBEHHBIN 1 OOMIIBHBINA YpO-
XKal MOXKET PEIINTH PsIJI MPOU3BOACTBEHHBIX U COIMAIBHBIX IPOOIIEM.
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BJIMAHUE BA3UWINKA JIMMOHHOI'O
(OCIMUM BASILICUM L) HA PEI'YJIAIIUIO
TEMIIEPATYPHOI'O TOMEOCTA3A OPI'TAHU3MA KPbIC

X.0. HAT'AIIETSIH, P.A. APYTIOHSIH, M.A. BABAXAHSH,
JI.3. OAHEC/IH, JI.B.HYPBEKSH, 3.U1. MAPYEHKO

Hucmumym ¢usuonocuu um. axao. JI.A.Opberu HAH PA,
Hnemumym npobnem euopononuxu um. axao. I.C.[Jaemana HAH PA

IMToka3aHo, 4TO BBEICHHE B OPraHH3M AKCIEPHMEHTAJIBHBIX KPBIC HACTOS
0a3wiIMKa JIMMOHHOTO, BBIPAICHHOTO T'HIPONOHMYECKMM METOIOM, Oyaromaps
GonbLIOMy coaepxanuio foxa (ot 2, 6 mo 6,4 mr/100 T cyxoro BelecTBa), CIo-
COOCTBYET perysiui GU3NUECKUX U XUMUYECKUX MEXaHU3MOB TEPMOPETyJISLIHH,
0COOCHHO IIPH €ro COYETaHHOM NPUMEHEHNH C OMarHMYEHHO# BOIOH.

Basunux numonnvrii [7 omaenuvennas éooa [J mepmopeynayus

8nyg k wipyk), np hhppnynbughtt kpnnny wdkgdws Yhinpnuwghtt nkhwuh
poipup ubpunisnudp thnpdtwwb wnubknbbph opquihqd, sunphhy jnph ks
pwtwlh wwpnibwlmput (2,6-6,4 Ug/100 qp snp Wnipmd), twyuwunnd k

opquihquh obpuwyhtt hndknunwgh $hqhjufui b phthwluit dkjuwihqdubph
Jupquynpuiwip, hwnjuwybu dwqithuwgqus opp htn hwdwlgjws Jhpundw

nhypnud:
Ghupnhughi pkhwi (wqihuwmgyué onip ( okpuwlupquinpnid

It has been shown that administration of Lemon Ocimum basilicum in the
organism of rats, which is grown by hydroponic method, promotes physical and
chemical thermoregulatory mechanisms in rats, particularly under its combined
use with magnetized water, owing to the big content of lodine (2,6 — 4,6 mg/100 g
dried material).

Lemon Ocimum basilicum [7 magneting water ] thermoregulation

Bazunmuk oObikHOBeHHBIH (Ocimum basilicum 1) - omHOJETHEe pacTeHUE ce-
MelicTBa ryoouBeTHbIX (Labiata), KOTOPBIA B MEIMIMHCKONW NPAKTHKE IPUMEHSIETCSI KaK
B030y>Kaatomee cpeactBo npu yraerenun LIHC, ocnabnennn GyHKIMM IbIXaHUS M Ha-
pYIIEHHH KpPOBOOOpAIIEeHHs, a TakKe KakK OOIIEYKPEeIUISIOIIee CPEeICTBO, YTO OObsIC-
HSIETCSl COep)KaHUeM B HeM Kamdopsl U 1p. 3upHbIx Macen [5, 9]. B meannuaCcKoM
MPAKTHKE TPUMEHSIOTCA W APYTHe BHIBI Oa3WMiINKa - 0a3MIUK MATONMHUCTHBIN (O. men-
thaeformum Hochst) u ’sreHansubiit (O. gratissimum) [2, 6].

B ycnoBusx ApmeHun u Apiaxa B OTKPBITOM TPYHTE M T'HIPOIIOHHYECKHM
METOJIOM BBIPAIIMBACTCSl HOBAs PA3HOBUAHOCTh Oa3WiaMKa — OasWIMK JIMMOHHBINA
(O.basilicum L. v. citrali) [3]. B Hammx mnpeapinynmx paborax BIepBbie ObLIO
NokazaHo mnoJnoxutenbuoe Biusiaue O. basilicum L. v. citrali Ha QyHKUIMOHUpOBaHHE
CepAEYHO-COCYANCTON CHCTEMBbI Y KpBIC Kak B HOpPME, TaKk M IPH BO3ICHCTBHU
HMOIMOHAIBHO-3BYKOBOT'O CTpeccopHOro dakropa [7], a Takxke NpOTEKTOPHOE JieiicTBIE
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X.0. HATAIIETAH, P.A. APYTIOHSH u ap.

Ha BBI3BAHHYIO aKTHBHOCTH MUPAaMHUIHBIX HEUPOHOB 4-TO CJOs KOPHI MO3ra Kphic[5],
MTOJIOKUTETIFHOE BIUSHIE Ha PaHEBOU MPOIIECC MPH JICUSHUH THOMHEIX paH [§].

B Hacrosmeit paboTe mpeAcTaBIEHBI PE3ylbTAaThl H3YUYCHHS BIHSHUS BBIpa-
IICHHOTO B ApIlaxe THAPOMOHHBIM MeToa0M Oa3minka quMoHHoro (O. basilikum L. v.
citrali), a Takke OMarHUYEHHOW BOJbI HA TEMIIEPATYPHBII rOMeoCcTa3 y KpbIC KaK B OT-
JCJIbHOCTHU, TaK U IPU KX COYCTAHHOM NPHUMCHCHHUU.

Mamepuan u memoouxa: OTbBITE TPOBOAWIN Ha 12 GenbIX Kpbicax [] caMIlax, Maccoi
250-270 r, B ueThIpex cepusix, M0 3 KUBOTHBIX B Kaxkaoi. KpbIckl nepBoil cepun, KOTOPBIM AT
IIUTHS 1aBajd OOBIYHYIO HMHUTHEBYIO BOXY, CIYXXWIH KOHTposleM. Kpbic BTOpoH cepum BMeECTO
o6braHOI Boxsl mommu 10%[HeIM HacToeMm Oasmimka mmmonHoro (HBJI), Tperseit — omarHm-
4eHHBIM HacToeM Oasmimka jumoHHoro (OHBJI), a werBeproif — TONBKO OMarHW4eHHON BOJOI
(OB). JXKuBoTHBIE BCEX CepUil COAEPIKAIUCH B OJMHAKOBOM TEMIICPATYpPHOM PEXHUME M  OJHMHA-
KOBBIX yCIIOBUSIX KOPMJICHUS.

Ilocne apganTanuu SKUBOTHBIX K YCIOBHMSAM SKCIEPUMEHTa IPOBOAMIN PETHUCTPALUIO
TeMIIEpaTypHBIX IOKazaTeneil «siapa» (MelyI0YHO-KHIIEYHOTO TPAKTa M CKEJIETHBIX MBIII) U
«000sI0uKN» (epU(epHUECKUX apTepHaTIbHBIX COCYIOB) OpraHu3Ma. Perucrpanuio TeMmmneparyp-
HBIX TIOKa3aTeJeld MpOBOIWIN Ha 12-KaHAaJIbHOM CTallMOHApHOM moreHnuomerpe Tuma JIII1-09-
M3, mOAKIIOYEHHOM K BBIXOHY (QoTodnekTpudeckoro ycwmmrens tuma $-116/2 ¢
qyBcTBUTENBHOCTHIO 0,013°. JIyst peructpanuy TeMiepaTypsl KeryJ09HO-KHIIEYHOTO TPaKTa Kak
MoKa3aTessi HeCO-KPaTUTENILHOTO TEePMOIeHe3a XMMHYECKONW TepMOperysiiud pabouue Crau
MEJIHO-KOHCTaHTAHOBOM TepMOIapbl BBOJWIN B 00OJOYHYIO KHMIIKYy Ha IyOuHY 5-6 cM, a 1uist
pETHCTpallii COKPATUTENLHOTO TEPMOIeHE3a XMMUYECKOH TepMOperyisiiud pabodue crau c
MTOMOIIBI0 MHBEKLMOHHON WIVIBI BBOIWIM B TOJILY OeIpEeHHBIX MBINIIL Ha Ioyouny 1,5-2 cwm.
Temneparypy mnepupepudecKux apTepHaNbHBIX COCYJIOB, Kak IIOKa3aTels paJHalllOHHO-
KOHBEKIIMOHHOM ~TEIIOOTAaYn (U3HIECKOH TEPMOPETYISIIUM, H3MEPSUId C MOBEPXHOCTH
XBOCTOBOH apTepHy, CIy)Kallled XOPOIIMM TeIUIOOOMEHHHKOM MEXIy OpraHM3MOM M BHEIIHEi
cpenoil.

Peszynomamut u o6cysycoenue. Pe3yapTaTbl SKCIIEPUMEHTOB ITIOKa3bIBAIOT, YTO y
KOHTPOJBHOM TIpymmbl KpbIC (MIOTy4aBIIMX OOBIYHYIO BOXMY) CpeIHsS TeMIeparypa
000/10YHOM KHIIKK cocTaBisiia 36,95°, ckeneTHbIx Mbiil — 36,08°, a XBOCTOBOI apre-
pum — 29,95°.

VY kpoic, nonyuaBux HBJI, Habnmionanock akTUBHpOBaHHE KaK COKPATHUTEIb-
HOTO, TaK ¥ HECOKPATUTEIBHOI'O TEPMOTeHe3a, YTO NPUBOAMIO K HEKOTOPOMY ITOBBIIIIE-
HUIO TeMIlepaTypbl Kak “sapa” (00OJOYHOM KHIIKM M CKEJNETHBIX MBIIII), TaK H
“obomnoukn” (mepugepruuecKux apTepHaIbHBIX COCYHOB). Tak, €ClM CpemHssl TeMIle-
paTypa 000I0YHON KHIIKH Yy KOHTPOIBHON TPYIIIEI KPBIC paBHsIIACh 36,95°, TO y KpHIC,
monmyyaBmux HBJI, oHa moBemmanmace Ha 0,28° m moxommma mo 37,23°. Ilom BO3-
neiicteueM HBJI oTMeuanock MOBBILIEHWE TEMIIEPAaTYpbl U B CKEJETHBIX MBIIILAX B
cpenneM Ha 1,0°, rie ona moxoamna o 37,08° toraa kak mpu KOHTPOJIE OHA COCTaBIIsIIA
36,08°. IloBeimenne Temmeparypsl npu npuMeHeann HBJI oTmeuanock Takxke B ImepH-
(beprueckux MOAKOXKHBIX COCylaXx, U OoHa cocramisuia B cpenHeM 30,80° mpu 29,95° B
KOHTpOJI€e, T.€. 0TMEUaJoCh MOBBIIIEHNE TEMIIEPATypbl XBOCTOBOM aprepun Ha 0,85°.

Pe3ynbraTsl TpeThel cepuM SKCIEPHUMEHTOB MOKA3alM, YTO MPH MpHUEME KUBOT-
ueiMu OHBJI HabmogaeTcss HEKOTOpPOe OCIabICHUE THICPTEPMHUUECKOrO BO3ACHCTBHS
6aszmnmka JuMOHHOTO, 1o cpaBHeHnto ¢ HBJI. Tak, TemMneparypa keixymouHO-KHIIEY-
Horo TpakTta mnpu npueme OHBJI noseimanace Ha 0,22° u cocrapnsia 37,17° , npoTus
0,28° mpu mpueme HBJI, rae oHa cocrapmsina 37,23°. bauskue pe3ynbTaThl OTYICHBI
B OTHOLUEHUHU TEMIIEPATYPHBIX OTKJIOHEHWM ckeneTHbIX Mblml. Eciu npu HBJI tem-
mepaTypa CKeJeTHBIX MBI Bo3pocna Ha 1,0° Tto mpu mage OHBJI onHa cocraBisiia
Bcero 0,07° um B cpemnem noxoxmia ao 36,15°. [Ipu npumenenun OHBJI Temmepartypa
nepudepryeckux apTepraibHbIX COCYI0B Oblia Ha ypoBHe Temnepatypbl HBJI.
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BJIMAHUE BA3UJIMKA JIMUMOHHOTI'O (OCIMUM BASILICUM L) HA PET'YJIAIAIO TEMITEPATYPHOI'O TOMEOCTASA...

Pe3ynbraTsl OnbITOB UeTBEpTOM cepui (y KpbIc, noiydaBmux OB) mokasanu, 4To
pu ipuMeHeHnn Tonbko OB Takke aKTHBHPYIOTCS KakK (PH3UUECKUE, TaK M XUMHUICCKIE
MEXaHU3MBI TEPMOPETYIISAIHIH, TOAIEPKUBAOIINE TEMIICPATYPHBIA TOMEOCTa3 OpPTraHm3-
Ma, HO MeHee uHTeHcuBHO, yeM npu HBJL. Ilpu stom Temmeparypa >KemydO4YHO-
KHIIIEYHOTO TPaKTa M CKEJIETHBIX MBIIII], [0 CPABHEHHUIO C JAHHBIMU Y KPBIC, MTOTyYaB-
mux 1B, moBsimanacek, coorBercTBeHHO, Ha 0,24° (B cpeanem 37,19° mpu OB u 36,95
mpu [IB) u ma 0,12° (B cpennem 36,15° nmpu OB u 36,08° npu [1B). Temmepatypa nepu-
(depuyeckux apTepHabHBIX cocyaoB mpu nade OB moseimanacs Ha 0,29° (B cpeaneM
30,24° mpu OB u 29,95° npu I1B).

OO6cyxnast oJy4eHHbIE Pe3yJIbTaThl, MOXKHO MOJIararh, YTO THUIIEPTEPMUYECKUI
s dexT Oa3zuiInKa JMMOHHOTO CBSI3aH C TE€M, YTO TOT (pUTONpenapaT JeHCTBYeT KakK Ha
¢dusnyeckre, Tak ¥ Ha XUMHYECKHUEe MEXaHW3MBbl TEPMOPETYIISINHY, OBbIIIast OOMEH Be-
IIECTB U TEIUIONPOAYKINIO KaK B BUCIICPAIbHBIX, TaK M B COMAaTHYECKUX OpPTraHaX, I7ie B
MIepHoO OCHOBHOTO oOMeHa obpasyercst 10 u 25% Termna ot obmiero Temaoo0pa3oBaHus
B opraHusme [1,4].

B cBere monmy4YeHHBIX IAHHBIX CTAHOBHTCSA OuYeBHAHBIM, 4yTo OB  wacTuyHO
0cCJablIsieT TUIIePTEPMHUUECKOe BO3/eiiCTBIE 0a3WiiMKa JMMOHHOIO, YTO CBS3aHO C aK-
THUBAIlMe MEXaHW3MOB (H3MUECKOW TEPMOPETYISINH U YBEINYCHHEM paJHaIlliOHHO-
KOHBEKIIMOHHOM TeII00TAa4H.

Tabmuna 1. Pusnyeckne 1 XUMIUYECKHE TEPMOPETYISATOPHBIC
rokasareisiu y kpsic, nonydasmux I1B, HBJI,OHBJI u OB

Hccnenyemblrid Bo3aeiicTrByrommii paxkrop Cpennsist TemnepaTypHble

oprau TemIeparypa, KoJIeGaHusl

‘'c
IutbeBas Boma 36,95 36,93-36,97; [t +0,04
O06o010YHas KHUIIKA Hacroit 6a3unuka JI. 37,23 37,16-37,33; [1t +0,07
OmarHu4eHHbIi HacToi Oasmnuka JI. 37,17 37,13-37,21; [1t +0,08
OmaruudenHast BoJa 37,19 37,09-37,30; 11 +0,21
IutseBas Bosa 36,08 36,00-36,16; [1+0,16
CKeJeTHbIE MBIIIIIB Hacroit 6a3umuka JI. 37,08 36,91-37,25; [1t+0,34
OMmarHu4eHHbIi HacTol Oaszmmka JI. 36,15 36,00-36,29; [t +0,29
OmarHu4eHHast Boja 36,2 35,9-36,30; (140,20
Tepudepuu. TIutheBas Boma 29,95 29,68-30,23; [t +0,55
apTepuaibHbIe Hacroii 6a3unuka JI. 30,8 30,21-31,00; [1¢+0,8
COCy/bl OmarHu4eHHbIH HacToi Oasmmka JI. 30,88 30,78-30,97; [t +0,19
OmarHuueHHast Bojia 30,24 29,68-30,80; [f+1,12
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SINGLE NUCLEOTIDE POLYMORPHISMS OF THE
COMPLEMENT SYSTEM C1Q PROTEIN IN SCHIZOPHRENIA

R.ZAKHARYAN

Institute of Molecular Biology NAS RA

Schizophrenia is a complex, multifactor psychiatric disorder. Our previous
findings indicated that altered functional activity of the complement system, a
major mediator of the immune response, is implicated in the pathogenesis of
schizophrenia. In the present study single nucleotide polymorphisms (SNPs) of the
complement C1q component were investigated in schizophrenia-affected subjects.
For this purpose 103 schizophrenics and 105 healthy controls were genotyped for
Clq four SNPs (C1qA 15292001, C1gB rs913243, rs291982 and rs631090) using
PCR-SSP and Real-time PCR methods. The data obtained indicate no association
of C1gA rs292001, C1gB: rs913243, rs631090 polymophisms with schizophrenia
whereas the carriers of the C1gB rs291982*T mutant allele were significantly less
frequent in patients when compared to control (62% vs 78%, pnomi-nal=0.012,
OR=0.456, 95%CI: 0.53-0.91, pcorrected=0.048). The results of the present study
suggest the association of C1gB 1s291982 polymorphism with schizophrenia.

Clq — complement system — schizophrenia — single nucleotide polymorphisms

Chaqndpkuhw pupn, puquugnpédnt punyph hngijwt hhjwugnipniu t: Utkp
twfunpn hbwnwgnunpniiibph wpyniipubpp Juynud Bu, np ohqndpkthwi
qniqulijgynid k huntbughtt yunwupowith juplinpugnyi dhetinpnh' Yonduy kdbkunh
hudwljupgh $miljghntiuy wljnpymipjut pwpindwdp: SYjuy wphmunwbipnid
nuunidtwuhpylp Bu Ynduybdbunh Clq pununphsp Ynnwynpnn qhuph kquiyh
unij kninhnuyhtt ywnhunpdhquubpp (GLN) shqndpkuhuynyg hhjuinubtph dnwn: Uju
tyuwwnwlny 103 ohqndptuhwyny hhduinubtph b 105 wpnne wbdwbg FTuE-h
udnpbpp gitwwnhwyuwynpytkp tu Clg-h snpu BUMN-Eph hwdwp (ClqA: rs292001,
ClgB: rs913243, rs291982 UL rs631090)° Yhpwnkn] PCR-SSP L Real-time PCR
dbpnpubpp: Zudwduwyt uvnwugyus ndjuikph’ ClgA rs292001, ClgB: rs913243 U
rs631090 GUMN-kptt wunghwgdwsd skh shqndpkthuyh htin, dhynkn ClgB rs291982*T
Unuinwtinn wikjh Yponubph pwbwlp qquhnptu phs tp hhywunubph dnn® wenng
whdwtg hwdbdwwnnipjudp (62% vs 78%, pnominal=0.012, OR=0.456, 95%CI: 0.53-
0.91, pcorrected=0.048): Syju hkwnwgqnuinmipyut wpyniupubpp Jyuynd &, np ClgB

rs291982 wnihunpbhqup wunghugdws k ohqndptthwygh hbwn:

Clq ( il bttty hunfwlupg ( 2hgnppbiu ( bqui
ol Eminpnuyhl unghunpppqulikp

m3odpenns ABIsSETCS KOMIUIEKCHBIM IICHXHYECKUM 3a00J€BaHUEM MHOTO-
(daxropHOH TIpHpOIBI. Pe3ynbTaThl HamIMX HpENBIAYNINX HCCIENOBAHMI CBHIE-
TEJILCTBYIOT O TOM, YTO IIHM30(PEHHs COIPOBOXKIAETCS HApyIICHHUEM (YHKIHO-
HaJIbHOW aKTUBHOCTH Ba)KHEWILIEro MeAHaTropa MMMYHHOIO OTBETa — CHCTEMBI
KOMILIeMeHTa. B naHHO# pabote mcciieoBaHbl eqMHUYHbIE HYKJICOTHAHbIE MOJIHU-
mopdusmsl (EHIT) Clq koMIOHEHTHI KOMIUIEMEHTa Yy OONbHBIX Inu3o¢ppenueii. C

51



R.ZAKHARYAN

ato# nensto oopasus! JJHK 103-x 6onpHbIx mm3odpenneit u 105-tu 310poBbIX UL
obutn reroTunupoBansl 1o yetbipeM EHIT Clq (C1gA: 15292001, C1gB: 1913243,
r$291982 u rs631090) ¢ momomrsio metogoB PCR-SSP u Real-time PCR. Cornacao
noydeHHbIM faHHBIM, C1gA 15292001, C1gB: 1913243, 15631090 nommmopdus-
MBI HE aCCOIMHMPOBAIH C IIu30¢peHuei, Torga kak Hocureneid C1qB rs291982*T
MYTaHTHOU aJIeNl cpear OOJIBHBIX OBLIO 3HAYUTENBEHO MEHBIE, YeM CPEeIH 3J10pO-
BbIX JiuIl (62% vs 78%, pnominal=0.012, OR=0.456, 95%CI: 0.53-0.91, pcorrec-
ted=0.048). Pe3yabpTaThl HACTOSIIETO HCCIISIOBAHUS CBUICTEINBCTBYIOT O TOM, HYTO
C1gB r5291982 nonumopdusm accouupyer ¢ muzodpeHueii.

Clq — cucmema Komniemenma — wu30QppeHuss — eOUHUYHble HYK1eOMUOHble
nonumoppuzmol

Schizophrenia is a complex and severe psychiatric disorder (ICD 10 code: F20),
manifested by a disruption in cognition and emotion along with negative (avolition,
alogia, apathy, poor social functioning) and positive (hallucinations, delusions)
symptoms [20]. According to the neurodevelopmental theory, the etiology of
schizophrenia may involve pathological processes before the brain approaches its adult
anatomical state. These processes are induced by environmental factors and result in
both genetic and congenital abnormalities. They in their turn lead to disfunction of
specific neural networks that would account for premorbid signs and symptoms observed
in individuals that later develop schizophrenia [reviewed in 7]. Evidence from genetic
studies suggest a high degree of heritability of schizophrenia and point to a number of
potential candidate genes (Fig. 1) that may be perturbed early in development leading
ultimately to the development of psychotic symptoms [reviewed in 2, 7, 10]. However,
the molecular etiopathomechanisms of this disorder are still unclear.
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Fig. 1. Schizophrenia gene linkage map [21].
Candidate genes are indicated by horizontal lines; number of
candidate genes is indicated under chromosome serial number.

Recent studies performed in our laboratory indicate the crucial role of the
alterations in the immune system state in schizophrenia and provide evidence on the
implication of the alterations in the major mediator of the immune response, the
complement system, in pathogenesis of this disorder [3, 4, 8, 12-16]. In paticular,
increased levels of the complement system Clq protein, initiator of the complement
classical cascade, in schizophrenia-affected subjects has been found [8, 13]. This finding
is of special interest accounting for a possitive linkage of schizophrenia with
chromosome 1p31 loci located nearby Clq gene (1p36.12) [9, 17]. To explore whether
this alterations are genetically determined or not, in the present study we evaluated the
possible association between susceptibility to schizophrenia and C1q gene variants in
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Armenian population, by focusing on four single nucleotide polymorphisms (SNPs)
frequent in European population. This is the first study investigating association of Clq
polymorphisms with schizophrenia.

Material and Methods. Study population. In total, 208 unrelated Caucasian individuals of
Armenian nationality living in Armenia (103 schizophrenic patients and 105 healthy individuals)
were enrolled in this study. All patients (mean agetSD was 46+9.88 years) were diagnosed as
paranoid schizophrenics (F20.0) according to the ICD-10 criteria [20] by two independent
experienced psychiatrists. The affected subjects were recruited from the Nubarashen and Nork
Clinics of Psychiatric Medical Center MH RA. Healthy volunteers (mean age+SD was 37+£11.32)
without family history of schizophrenia, recruited from the Erebouni Medical Center MH RA,
served as reference control population samples. All individuals gave their informed consents to
provide 5 ml of venous blood. This study was approved by the Ethical Committee of the Institute
of Molecular Biology NAS RA.

Methods. Genomic DNA extraction. Genomic DNA samples were isolated from fresh
blood according to the standard phenol-chloroform method [18] and stored at -30°C until further
use.

Genotyping analysis. All DNA samples were genotyped for Clg four SNPs, namely ClgA
1s292001, ClgB: 1s913243, rs291982 and rs631090. ClgA 15292001, ClgB 15291982 and
rs631090 SNPs were screened by polymerase chain reaction with sequence-specific primers (PCR-
SSP) under the conditions described elsewhere [5]. All primers for PCR-SSP were designed using
the genomic sequences in the GenBank (http:/www.ncbi.nlm.nih.gov, GenelD:712, 713). The
primer sequences for three SNPs were: 1) rs292001: allele G, reverse 5’GAT GCC CGG ATG
CAA ATT AC, allele A, reverse 5’GAT GCC CGG ATG CAA ATT AT, constant forward
5"AGG CTT CAG AGA CTC ACA TTC; 2) rs291982: allele G, reverse 5’ACC TTT GCC CAG
ATC CAA ATG, allele T, reverse 5’ACC TTT GCC CAG ATC CAA ATT, constant forward
5’AGC CAC AAG TCC CAA TGA GA; 3) rs631090: allele T, forward 5"CAC GGA TCT CTT
ACC ATT AAA T, allele C, forward 5’"CAC GGA TCT CTT ACC ATT AAA C, constant reverse
5'CAT CTG TGA AAT GGG GAT GAA. The presence/absence of allele-specific amplicons in
the genotyping products was visualized by 2% agarose gel stained with ethidium bromide
fluorescence in reference to a molecular weight marker. Genotypes for C/¢B rs913243G/T SNP
were determined using TaqMan SNP genotyping assay (Applied Biosystems, Assay ID
C 3176751 _10) according to the manufacturer's instructions. Randomly selected samples (n=21;
10% of total) were amplified twice to check for confidence of genotyping, and in each case
complete concordance was obtained.

Data_analysis. The distributions of genotypes for all investigated SNPs were checked for
correspondence to the Hardy-Weinberg (H-W) equilibrium. To find potential relevance of targeted
Clg SNPs to schizophrenia, their allelic (gene) and phenotype frequencies (carriage rates) in
patients and control groups were compared. The calculations of allelic and phenotype frequencies
were based on the observed number of genotypes. Haplotype analysis and the extent of genetic
association or linkage disequilibrium (LD) between different loci on specific chromosome were
estimated as described earlier [22]. Maximum-likehood (ML) haplotype frequencies in patients
and control groups were estimated using an expectation-maximization (EM) algorithm [6]. The
significance of differences between allele and phenotype frequencies in both groups was
determined using Pearson’s Chi-square test. The odds ratio (OR), 95% confidence interval (CI),
and Pearson’s p-value were calculated. Statistical power of the present study was calculated
according to the protocol described elsewhere [11]. P values were adjusted by Bonferroni multiple
correction approach, and those less than 0.05 were considered statistically significant. Data
analysis was performed by the use of SNP analyzer [22] and SPSS (SPSS Inc, USA) softwares.

Results and Discussion. To determine whether four selected polymorphisms in
the Clq gene are associated with schizophrenia, the DNA samples of patients with
schizophrenia and ethnically matched individuals from control group were genotyped.
The genotype distributions of studied SNPs in both patients and control groups were in
Hardy-Weinberg equilibrium. Statistical power of the present study, indicating the
differences in the carriage of the C1q rs291982*T allele between the patients and healthy
controls for the odds ratios (OR) 1.5 and 2, was 93.7% and 56.1%, respectively.
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Table 1. Distribution of C1q genotypes and carriage rates of C1q minor alleles for four

R.ZAKHARYAN

investigated SNPs in patients with schizophrenia (SCZ) and healthy controls.

SNPID  Genotypel Genotype2 Genotype3  Allele 1 Allele 2 Carriage
rs292001 GG GA AA G A A

SCZ 36 (0.35) 57(0.55) 10 (0.10) 129 (0.63) 77(0.37) 65(0.65)
Control 26 (0.25) 61 (0.58) 18 (0.17) 113 (0.54) 97 (0.46)  79(0.75)
p-value 0.116" 0.069" 0.108°
rs913243 GG GT T G T T

SCZ 32(0.31) 52 (0.50) 19 (0.18) 116 (0.56) 90 (0.44) 71(0.69)
Control 30 (0.30) 57(0.57) 13 (0.13) 125 (0.60) 85 (0.40)  72(0.69)
p-value 0.282" 0.510" 0.955°
1291982 GG GT TT G T T

SCZ 39(0.38) 42(0.41) 22(0.21) 120 (0.58) 86(0.42) 64(0.62)
Control 23 (0.22) 57(0.54) 25(0.24) 103 (0.49) 107 (0.51) 82(0.78)
p-value 0.673" 0.059° 0.012°
rs631090 TT TC cC T C C

SCZ 69 (0.67) 31(0.30) 3(0.03) 169 (0.82) 37(0.18) 34(0.33)
Control 78 (0.74) 25(0.24) 2(0.02) 181 (0.86) 29(0.14) 27(0.26)
p-value 0.641° 0.246° 0.248°

The data are presented as absolute numbers along with proportions. a) p-values
for comparison of Allele 2 carriage (phenotype frequency) between SCZ patients and
control subjects; b) p-values for comparison of Allele 2 proportion (allelic frequency)
between SCZ patients and control subjects; ¢) p-values for comparison of Genotype 3

proportion (versus other genotypes) between SCZ patients and control subjects.

The frequencies of all studied Clq variants in schizophrenia patients and control
subjects are shown in Table 1. C1qA rs292001, C1gB 15913243, rs631090 variants were
equally represented both in schizophrenics and controls. By contrast, the carriers of the
C1gB rs291982*T mutant were significantly less frequent in patients with schizophrenia
when compared with control groups (62% vs 78%, pnominal=0.012, OR=0.456, 95%CI:

0.53-0.91).

100%

80% -

60% |

40% -

20%

0% -

78%

Control

rs291982

Pn=0.01; OR=0.46

0.53<CI<0.91

62%

Schizophrenia

Fig. 2. Proportion (%) of C1qB rs291982*T mutant allele carriers
(phenotype frequency) in patients with schizophrenia and healthy controls.
Pnominal=0.012 (pcorrected<0.05), OR=0.46, 95% CI= 0.53-0.91.
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In Fig. 2 the carriers of C1gB rs291982*T mutant allele are represented. The
p-value for comparison of mutant allele carriers remained significant after Bonferonni
correction for the number of loci (pcorrected=0.048). P-value for comparison of C1qB
1s291982*T mutant allele frequencies was moderately significant (41% in patients vs
51% in controls, pnominal=0.059) only before Bonferonni correction (pcorrected=0.24).
These results suggest that the C1qB rs291982*T mutant allele might be protective for
schizophrenia patients. In other words, the wild rs291982G allele might be considered as
a risk factor for schizophrenia at least in Armenian population.

To confirm the association revealed and to estimate the ML haplotype
frequencies, the haplotype analysis was performed. In total, 13 haplotypes in each group
of study subjects were estimated. Interestingly, haplotype comparison between patients
and healthy controls revealed four haplotypes, namely, G-T-G-T (pnominal=0.004,
pcorrected=0.056), A-G-T-T (pnominal=0.005, pcorrected=0.07), G-G-G-C (pnomi-
nal=0.009, pcorrected=0.13) and A-T-T-T (pnominal=0.048, pcorrected=0.67), only one
of which (G-T-G-T) remained moderately significant after the correction for the number
of haplotypes (in total, 13 haplotypes). The SNP comparison analysis confirmed
association of C1gB rs291982 variant with schizophrenia detected in this study.

There are limited data on functionality of the C1qB rs291982 polymorphism. In
order to explore possible functional role of this genetic variant, the web server
FASTSNP [23] was used for identification of the functional effects of SNPs. Cl1gB
rs291982 SNP is an intronic enhancer (alters a binding site of a transcription factor in an
intronic region). The ClgB rs291982 wild G allele contains binding site of HFH-2
transcription factor, which is absent in the mutant allele. While these types of functional
effects have low phenotypic risk [19], our finding might indicate the functionality of
C1gB 15291982 SNP since the enhancer is transcription-stimulating DNA regulatory
element [1].

Finally, the present study is the first investigation concerning the association of
Clq genetic variants with schizophrenia, and reveals the negative association of C1qB
rs291982 SNP with susceptibility to schizophrenia in Armenian population. In addition,
the results of this study provide evidence that alterations in the complement classical
pathway in schizophrenia are genetically determined.
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W3YYEHUE OCOBEHHOCTEH A30THOI'O OBMEHA
PACTEHHUM B YCJIOBUSX EPEBAHA

A.A. OTAHECHH, I'.C. HEPCUCSH

Lenmp sxonozo-noocgepnuvix uccredosanuti HAH PA

W3yyamnce 0coOOEHHOCTH a30THOTO OOMEHA B JIHMCTBSAX PACTEHUH B yCIIO-
Busx EpeBana. BpIsBI€HO, YTO HAKOIUIEHHE a30Ta B PACTCHUAX 3aBUCHUT OT BU-
JIOBBIX OCOOEHHOCTEH, (ha3bl BETreTAINH, CTEIIEHH 3arps3HEHHOCTH TEPPUTOPUI
npouspactanusi. OOHApY)KEHO yBEJIMYECHHE COJIEp)KaHHs a30Ta B PAaCTCHUSX B
30HaX CHJIBHOTO 3arpsi3HEHUs], IPUYEM Yy YCTOMUMBBIX COPTOB 3a CUET yBeEJIU-
JeHHs: KonnuecTBa OenkoBoi (opmel. Iloka3aHo, UTO KONHYECTBEHHBIE M3Me-
HeHMs conepxaHust GopM a3oTa MOTYT CIY>KMTb KPUTEPHAMH Kak Ui yCTOMH-
YHBOCTH BUJIA, TAK U CTETICHH 3arpsA3HEHHS UCCIIELyeMOH TepPUTOPUIL.

Azom — pacmenus — U0 — yCmouuugoCmb - 3a2psizHeHue meppumopuu

Muniduwuhpyl] Eut wqnup gnipuhnjuwbwlnipyutt wpwbdiwhwn-
Ynipyniutpp poyubph mbphukpnd Gphwih wuypdwiibpnud: fPuguhwyndb) b,
np ponyubpnud wgnuh nrnwlnudp jupduws o ownbuwuht wpwbdtw-
hwwnljmipniutinhg, yYkqtwnmwghnt thnybphg, wwpwsdph wnunuyjudnipjul
wunhfwihg: Mhun wnununjws gnunhbbpnud hwynbwpkpdt)  wgnunp wyu-
pntbwynipjut pupdpugnid poyubpnud, pug npoud juynit wkuwlubph dnn p
hwphy vy hwnwlniguyhtt wgninh: 8nyg k inpgdws, np wqninh dukph pubwljuljuih
tnthnfunipiniitipp Yupnn  Bb swhwihy hwighuwbw) hiywybu  poyubph
nbuwlhiubph  Yumbnpjut, wbwybu ) wwpwsph  wnununjudnipjun
wuwnhdwih npnpdwts hwdwp:

Ugnun - pnyukp - nkuwlakp - juyniiniyeinil - nwpwdph wyunnunod

The study covered peculiarities of nitric metabolism in the leaves of plants
under conditions of Yerevan city. Nitrogen accumulation in plants depends on
peculiarities of the species and the level of site pollution. On severely polluted
sites nitrogen contents in plants increase; particularly in tolerant species — due to
increasing protein forms. The article indicates that quantity variations of the
contents of nitrogen forms can serve as criteria for both tolerance of species and
the study site pollution level.

Nitrogen — plants — species — tolerance - site pollution

B ropoJICKUX YCJIOBUAX PACTCHUA IMOJABEPTarOTCA NOCTOSHHOMY TCXHOICHHOMY
BO3/ICHCTBUIO. ABTOTPAHCIIOPT, NPOMBIIUICHHBIE KPYITHBIE M MEJKHE IpeIIpHUsTHs,
KOMMYHJIFHOE X03SHCTBO, TEIIO3JEKTPOCTAHIIUH, CTPOUTEIBCTBO SIBISIFOTCS HCTOYHU-
KaMH HeTpeKpalaonierocsi NOTOKa pasJIMuHbIX TOKCHMKAHTOB B OKPYXKAIOIIYIO CPEAy.
Ha 3arpsi3sHeHHe HOYBBI, BOABI, aTMOC(Epbl 0OCOOCHHO YyTKO PEarnpyroT pPacTeHUS Ha
Pa3MYHBIX YPOBHSX CBOCW OpraHM3aliM, 4TO (UKCHPYETCs MO BUAMMBEIM (Mopdoio-
THYECKUM, (PU3UOJIOTHUYECKIM) W HEBUIVMBIM (HAapYIIeHHS MeTaboin3Ma) IMpHU3HAKaM.
BrIcOKkast 4yBCTBUTENBHOCTh PACTEHUH K BHEIIHUM BO3AEHCTBHAM IO3BOJISET HCIIONb-
30BaTh IMapaMeTPbl UX JKU3HEASATEILHOCTH B KaUeCTBE HHIMKATOPOB COCTOSIHUS CPEIIbl,
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a MCCIIeIOBAHUS UX CTPECCOBOTO METabOJM3Ma JaeT BO3MOXKHOCTh BBISIBUTH TaKXke (u-
3MOJIOT0-0MOXUMHUYECKUE KPUTEPUH DaHHEH NUarHOCTHKH TOBPEXKICHUS PacTeHUil B
TeXHOreHHoM cperne [2, 9, 10].

B merabonm3me pacTeHHI BaXKHYIO POJIb UTPAET a30THBIA 00MEH, HHTCHCUBHOCTh
Y HAINpPaBJICHHOCTh KOTOPOTO 3aBHUCHT, B MICPBYIO OYepelb, OT OMOJOTHYECKUX 0COOCH-
HOCTEHW PACTEHUH, MOYBEHHO-KIMMATUYECKUX YCIOBUH, SKOJIOTMUYECKOH MIAaCTUYHOCTU
BHJOB U cTanwii oHTOoreHe3a. OOHapyKEHBI HEKOTOPHIE PA3UYUs B a30THOM OOMEHE y
YCTOHYMBBIX W HEYCTOWYMBBIX K 3arpA3HEHHIO OKPY>KAOIIEH Cpebl BUIOB pacTeHui [4, 8].

Ilenpro naHHOH PabOTHI OBLIO BBISBICHHE OCOOEHHOCTEH a30THOTO 0OMEeHa pacTe-
Huii B ycnoBusix Epeana. [Iist 3T0oro OblI10 HEOOXOIUMO PELIUTh CIEIYIOINE OCHOBHBIC
3aa4yn:

* ONpENENNTh COJEPIKaHne 00Iero, OEJIKOBOrO U HEOEIKOBOTO a30Ta B PacTeHH-
SIX, IPOU3PACTAIOIINX B PA3JIMYHBIX palOHAX TOPOJA;

* M3YYHTh CE30HHYIO M TOIMYHYIO THHAMHUKY COJCPKAHUIA a30Ta B pa3HBIX BHIAX
pacTeHuis;

* BBIIBUTH KOJUYCCTBCHHBIC PA3INYMS B COACPIKAHUIX OOIIET0, OEITKOBOTO U He-
0eIKoBOTO (JOPM a30Ta B PAaCTEHHUAX B 3aBICHMOCTH OT BHIOBEIX OCOOCHHOCTEH W CTe-
TIEHH 3arPS3HEHHOCTH TEPPUTOPUH TIPOU3PACTAHIIS,

* 00HapYXUTh BO3MOJKHBIE KPUTEPHH ISl ONPEIENICHHsI YKOJIOTHYECKON YCTOM-
YHBOCTH BUIOB B yciIoBusaX Epeana.

Mamepuan u memoouka: OT60p Mpod NUCTHEB PAaCTCHUH MPOBOMWIM B Havaje (Mail) u
koHue (Hos10pp) Beretaruu B TeueHue 2005-2006 rr. B 20-tu pa3nuuHbBIX Toukax I. Epemana.
OObeKTaMu HCCNENOBaHUI ObUTH HauOoiee pacHpOCTPaHEHHBIE B TOPOJE BHIBI JIEPEBBEB:
pobuHus ;mxeakanus - Robinia pseudoacacia L., siceHb OOBIKHOBEHHBIN - Fraxinus excelsior L.,
tornonb Oensiit - Populus alba L., B3 Menxomuctsiit - Ulmus foliacea L., menxoBuna Gemnas -
Morus alba L., BuHOTpan KynsTypHbIH - Vitis vinifera L. Conepikanue o0iero, 6eIkoBoro u
HEOEeIKOBOrO a30Ta OHPEIENUIM B BO3IYLIHO-CYXOM PAaCTUTENIBHOM MaTepHalie IO 3KCIpecc
Meronuke ¢ mnomouibio peakruBa Heccinepa [5]. IlomydeHHble naHHBIE MOJIBEpPrajid KOM-
MBIOTEPHOI cTaTHCTHUECKOH 0OpaboTke (Statistica 6.0), a MX cpaBHEHHE MPOBOIMIN C MTOMOIIBIO
kod(durrenta panrosoit koppensuu Crnupmana [3].

Pezynomamul u oocysycoenue: Kax mokazanu npeAplaylIde HCCIEAOBaHUSA, B
nouBax EpeBana cpenHee cogepxaHue a3zoTa B UccleayeMblil nepuos coctapisiiu 0,28-
0,29%, a makcumanshoe — 0,40-0,45% [1].

PesynbraThl HamMX WCCIENOBAHWN BBISBHIM, 4YTO B JIMCTBHSIX JCPCBHCB,
MIPOU3PACTAIOIINX B TOPOJIE, CPElHEE COAEpKaHIe a30Ta BapbUpOBaIIo B mpenenax 1,16-
2,4%, mpudeM BO BCEX HCCIEAYEMBIX TOUKaX COAEp)KaHHME OOIIEro a3oTa B OCHOBHOM
ObUIO Ha TOM e ypoBHe. Hanbospiline KOHLUEHTPAMK 3JIeMEHTa HAKAIUTUBAIM JINCThS
POOMHMHK JDKEAKAIlMH U MICIKOBHIBI Oenoi. CpenHre KOHIECHTPAIMKA a30Ta B JIUCTHIX
menkoBunbl Oenmoit coctaBmwsum 1,31-2,4%, a wmakcumansable — 1,76-2,76%, a y
pobunuu jwxeakarmn — 1,48-2,50 u 1,88-2,74% cootBercTBeHHO (Ta0M. 1).

Taomuna 1. ComepxaHue a30Ta B IHCTHIX PATUYHBIX BUAOB JIEPEHEB, %o

Bun Mun. Make. Cpennee
Hlenxosuua 6enast (Morus alba) 0.82-1.84 1.76-2.76 1.31-2.41

PoOunus Jxeakarus
(Robinia pseudoacacia)
SlceHb OOBIKHOBEHHBIN
(Fraxinus excelsior)

Tonons Genstit (Populus alba) 0.82-1.68 2.02-2.52 1.36-2.04
Bunorpan kynbTypHetit (Vitis vinifera) 0.97-1.52 1.93-2.71 1.29-2.19

1.22-1.91 1.88-2.74 1.48-2.50

0.74-1.55 1.87-2.46 1.16-2.01
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PoOunnst mKkeakarust sBIsieTcsl a30TQUKCHPYIOIIUM JIEKOPaTUBHBIM BHIOM, a
IIENKOBUNA Oernas — MpeICTaBUTENb IJIOAOBBIX JEPEbEB, OIHAKO YacTO BCTPEYaeTCs B
HacaxaeHusX ynui. OJHOBpPEMEHHO 00a BHIA SIBIISIOTCS Ta30IbUICYCTONYUBBIME M XO-
POIIIO PACTYT B YCIOBHSAX TOPOJA.

M3yueHue Ce30HHON NMHAMHUKU COAEPKAHUHM a30Ta BBIABWIO HAKOIUIEHUE €r0 B
pacTeHUSX B HAadaJle BETETAllM, YTO BIIOJHE 3aKOHOMEpHO. CpaBHUTEIBHBIN aHAIN3
MOJTyYEHHBIX 3a 2 TOAa IAaHHBIX MOKa3al SBHOE YBEIMYECHHE COJCpPKaHHUSA a30oTa B
pacrenusix B 2006 rony (puc. 1).

. N
g N §
\ N |
a N N
: N SER
5 oy NN
x Iy I %
N NERNE

Puc.1. [lunamuka cpeHero coaep:kaHus a30Ta B JIUCTHSIX ICPEBBEB.

Bce Bblliecka3zaHHOE ObUIO MOTBEPIKACHO KOA(DPHUIMEHTOM PAHIOBOW KOppels-
nuu CiupMaHa Ipy CTaTUCTUYECKOI 00paboTKe JaHHBIX (pHC.2).

Relation between the start and the end of vegetation
End = 0.23+0.5823*x

24

End of vegetation

Rsp=0,59;

1.350 1.650 1.890 2140 2.390 2.640
1.500 1.770 2.015 2.260 2515 2.760

Start of vegetation
Puc.2. KoppensuuoHHbli aHAJIN3 JaHHBIX

C uenbio BBISIBIIEHHST OCOOSHHOCTEH a30THOrO OOMEHa pacTeHHH B TOPOJCKHX
YCJIOBUSIX M BO3MOXKHOT'O BIIMSIHUSI HA HErO 3arpsiI3HEHHOCTH OKpY’Karolel cpelbl HaMu
ObUTH M3YyYeHB! KOHIEHTpPALMK OOIIEero, OEJIKOBOrO0 W HEOENKOBOTO a30Ta B JIMCTHSX
pacTeHui, MPOU3pacTaroNX B 30HAX CHJIBHOIO KOMIUIEKCHOTO 3arpsi3HEHHs (TshKesble
METAaJUIbI, XJIOp, TBUIH) [6, 7].
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Kak tectoBble pacTeHus ObLIM BBIOpAaHBI NIMPOKO PACIPOCTPAHEHHBIE B IOPOJIE
POOHHUSI JKEaKalusi U BA3 MEJIKOIUCThIA. J[Jst moyueHus GoJiee sICHON KapTHHBI TPH
CPaBHEHUH JaHHBIX OeKoBast U HeOelKoBast (POPMBI a30Ta OBUIM MPEJCTABICHBI B BUIE
MIPOIICHTHOM J0JU OT 001ero (puc.3).

Bu3 MeIKOoNHCTRIHE

68.1% ' '

65.5%

PolWARA THECAKATHST I
Cpeasne 3HaYcHES Jona sarpesHenng

[

65.6%

[HeSenxoami Bl Benxommi

Puc.3. CooTHomenne 6e1KoBOro U HeGemkoBoro azora (% ot obImero)

BbIO BBISBIIEHO, 4TO B CPEAHEM Yy POOMHHMH JDKEAKaluu JI0Jsi OEIKOBOro a30Ta
cocrapisia 65,6, a HebenkoBoro — 34,4 % ot o0uiero, B TO BpeMsi Kak y Bsiza MEJIKO-
qucroro — 68,1 u 31,9 % cooTBeTcTBeHHO. B MUCTBIX 000MX BHIOB B HanboIee 3arpsis-
HEHHBIX 30HaX ropojJa COJACP)KAHHE OOIIEro a30Ta MOBBIIIAIOCH M JOCTHIAI0 MAaKCHU-
MyMa, ITpu4eM OoJibllle y poOMHUH JDKeakauu- B 1,4-2,3 pa3a. OpHako eciii y poOHMHUH
9TO yBEIMUYEHUE ITPOUCXOINIIO 3a CYET OEJIKOBOM, TO Y Bsi3a — HEOEIKOBOH (paKIH.

B ymcTBSIX pOOMHMU JDKEaKallMd B 30HAX 3arps3HCHUS JIONS OEIKOBOTO a30Ta
yBenmumiack 10 75,4 % ot olbmiero, a HeOEIKOBOTO YMEHBINMIACH HA 9,8 eauHUI] 1O
CPaBHEHUIO CO CPEIHUM 3HAUYCHUEM. Y Bsi3a MEIKOJIUCTOTO MPOICHTHAs YacTh OEIKO-
BOTO a30Ta YMEHBIIHIIACH 10 65,5 %, a HeOeTKOBOTO — yBEITMYMIIACH HA 2,6 SIMHUII.

Hamm wnccrmepoBaHus Mmoka3and, 9TO POOMHUS JDKEAKAIWs SBISIETCS Ta30IlbLIe-
YCTOHYMBBIM M METAJUIOYCTOHYMBEIM BHIOM, a B3 MEIKOJIUCTHIN MPHHAMICKUT K PALY
CpeIHEYCTONYMBBIX pacTeHui [6, 7].

[ony4eHHbIe NaHHbIE CBHICTENLCTBYIOT O TOM, YTO a30THBIH OOMEH pacTeHuit
3aBHCHUT OT UX YCTOWYMBOCTH K 3arpPs3HCHUIO. Y BEIIMYCHUE OOIIET0 a30Ta Hapsiay C BO3-
pacTaHHuEeM KOHIICHTpAIMU OCJIKOB SIBISICTCS AKTUBHOW 3allUTHO-NPHCIIOCOOUTEIILHON
peaKiiel, HampaBJICHHOW HAa METabOJIM3aIui0 TOKCHMKAHTOB W IOBBIIICHUE YCTOWYH-
BOCTH B HEOJIArOMPUATHBIX YCIOBHSAX IMPOU3PACTAHMS.

Takum 00pa3oM, pe3yJIbTaThl HAIIUX MCCICOBAHUI TO3BOJIIIN CACIATh P BBI-
BOJIOB.

Jluctes mepeBbeB, Mpou3pacTaromux B EpeBaHe MoriomaroT 1 HaKaluIHBAKOT a30T
B 3aBUCHUMOCTH OT BHJIOBBIX OCOOCHHOCTEH, (pa3bl BEreTalnH, CTEIIeHN 3arpsi3HEHHOCTH
TEPPUTOPHUU TIPOU3PACTAHUSI.

3a uccieayeMblii MEepHOJ MaKCHMallbHble KOHLEHTPAlMU a3oTa Obuid 3aduK-
cupoBaHbl B pacteHusX B 2006 roxy, mpudeM WHTCHCHBHOE MTOTJIOMICHHE M HAKOIUICHHE
a30Ta MPOMCXOIUT B HAYAJIE BETCTAIUH.

B 30Hax CHIBHOIO 3arpsi3HCHUS B PACTCHHUAX YBEIUYHUBACTCS COJICPIKAHUE a30Ta.
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Hakomienue u mepepacnpesieneHne 3JIeMEHTa 3aBHCHT OT 3KOJIOTHYECKOH yCTOi-

YUBOCTH PAacTEHHUI: B JIMCThSAX Haubojee yCTONUMBBIX BUAOB yBEIWYEeHHE O0IIEro a3ora
MIPOMCXOIUT 3a cYeT OeNKOBOI (popMBbI.

W3yueHne KOMMUYECTBEHHBIX U3MEHEHHUH pa3iyHbIX GopM azora, ocoOeHHO Oern-

KOBOT'O, MOTYT CIIY>KUTh XOPOIIMMHU KPUTEPUSAMH KaK JUIsl BBISBICHHUS yCTOWYNBOCTH BHU-
Jla, TaK U CTETICHH 3arPsI3HEHUS UCCIIEAyeMOH TEPPUTOPHH.
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OCOBEHHOCTHU AHTUKOATYJITHTHOI'O JIEMCTBUSI
CHAHTETUYECKOI'O COEJJUHEHH A KYMAPUHOBOM
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C.C. OBAKUMSIH
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E-mail kkarageuzyan@mail.ru

INokazaHa BEICOKast CTENEHb AHTHUKOATYISHTHOTO IEHCTBHUS CBEPXHU3KHX
koHueHTpanuit (10-12 M) cuHTEeTHYECKOTO Npemnapara KyMapuHOBOTO psilia TOJ
ycnoBHeIM HazBanumeMm ['1I-17, mpencrapnsromero coboir N-mopgomauiaTro-
ypeuno-3-kapbamMon Mmpon3BOJHOE KyMmapuHa. [locienHee XxapaKTepH30BaloCh
HHTHOMPYIONNM AEHCTBHEM YKa3aHHOTO (PM3HOJIOTHYECKH aKTHBHOTO COCIHHE-
HUS Ha MPOTPOMOMHOBOE BpPEMS KPOBU M TPOMOOIUIACTUUECKYIO aKTHBHOCTh
MO3rOBOM M MHMOKapAHalIbHOM TKaHEH 3KCIEPUMEHTAIbHBIX >XUBOTHBIX, 4TO
MIPE/ICTABIAET HE TOJNBKO CYILECTBEHHBIH aKaAeMHUYECKHH HMHTEpec, HO HMEeT
TaKKe BaKHOE MPHKIIAJHOE 3HAUCHHE.

IIpompombunosoe 6pems — mpomboneHus - mpomoonIacmuyecKds
AKMUBHOCHb - ANIOKCAHOBYLIL Ouabem, naasma Kposu - MO3208ds MKAHb -
MuoxapouanvHas mxans - 111I-17

8nyg k wpyws Ynudwphtughtt owpphtt yunlwing, 3C-17 wuydwbwlwul
wijuidundp, uhtiphwnhl dhwugnipyub qhpgusp suhwpwdhiukph (10-12 U) Jun
wpunwhwynyus hwljudwljupnhy wpiynitawyEnnpniip: Jdhpohtiu
wuylwignpus Eupdus dhqhnnghwybu wunpy vhwgmpyub, npt hpkthg
uhpuyugunmd L Yndwphtth N-Unpdnjhjphonipbhnn-3-juppudnh]  wswbgyuy,
wput  wpoppnud-phtughtt dwudwbwyp  Gpiupkgunn,  hswhu  bwl,
thnpdwpwpulut JEuguuhubph ninnuyht b upnwdjuwbughtt hnruduspubph
upnUpnyjuuinhttughtt - wwuhynipniup fugonn hwnlnipjudp: Unwugdus
wpiynibpubpp thpluyuginid B ny dhuyt mipe wiwpbdhwlwi
hbhwnwppppnipniy, wy) niukt twb jupbnp jhpurwut tpwbwlnipniu:

Dpnppodphiuyghl dundwinal ( ppndpnwyEapw - ppondpnyjuunpbughi
wlnpnipintl - wyjopuwhuyhl pwpwpwpnn - wpywh wpuguw - nupkyughi
Aniuywédp - upnwdwbughl hniugjwép - ¥C-17

High level of anti clotting action of super low concentrations (10-12 M) of a
synthetic analogue with cumarin nature has been shown. The functional activity
of the latter is characterized by inhibitory action on the prothrombin time of blood
as well as on the thromboplastic activity of brain and myocardial tissues of
experi-mental animals. The results of these investigations not only introduce
serious academic interest, but also have a significant practical importance.

Prothrombin time — thrombopenia - thromboplastic activity - alloxan-modulated
diabetes mellitus - blood plasma - brain tissue - myocardial tissue - GSh-17

PesynbraThl panee npoBeaeHHbIX UccaenoBaHuil I'.X. ByHsATAHA U COTPYIHUKOB
[3,4,13] noaTBepxaar0T 3aBUCUMOCTh BpeMeHH cBepThiBaHus KpoBu (BCK) ot cnBuros
npotpombuHOBoro BpeMeHu (IIB), tpomOorutactmueckoit aktuBHOCTH (TA), comepxa-
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HUSl MOHOB Kajblus, (puOpuHOreHa, KojeOaHui (pHOPHHOJUTHYCCKONH AKTHBHOCTH, a
TaKXke OT CTPYKTYPHO-(DYHKIIMOHAJIBHBIX OCOOCHHOCTEW psijia Ipyrux (GpakTopoB Mpo-
AQHTUKOATYJITHTHOTO JICHCTBHS B COCTaBe€ ()OPMEHHBIX 3JIEMEHTOB KpoBH. CoriacHo
HeosHOKpaTHO mnoctynaromeld nHpopmannn BCK BbeicTynaer B kadecTBe Haubolee
OBICTPO pearnpyromero Moka3arens Ha AeHCTBHE MaKCHUMaJIbHO HU3KMX KOHLCHTpPAIMH
aJipeHaJIMHa, KoyieOIronmxcs B npezaenax 1 y. B To jke BpeMsi OTMEUYECHHbIE BBILIE KJIac-
CHUYECKHE PETryJIATOPHI 3TOT0 Mpoliecca He MPOSIBISIIOT ITPU3HAKOB MOOMIM30BaHHOCTH 1
OKMIAeMOro aKTHUBHOTO BOBJICUEHHMs B pAa3IMYHble JTallbl pPa3BUTUSA Ipoliecca
remokoaryisimuy [14]. OnucaHHBI (EHOMEH SBISIETCS TOKAa3aTeIhCTBOM CYIIECTBO-
BaHMs MHOTOYHUCIICHHBIX, JIO CUX IOp HE BBISBICHHBIX UHI'PEIUEHTOB CUCTEMBI CBEPTHI-
BaHMS KPOBH, HAJEIEHHBIX, 110 BCEH BEPOSITHOCTH, HCKIIOUUTEILHO BBICOKON SHEpruen
PEaKTUBHOCTH IO YaCTH CBOEBPEMEHHOTO a/JE€KBATHOTO pearupoBaHMsA Ha JeHcTBUE
SHJIOTCHHBIX ¥ 9K30TE€HHBIX (JaKTOPOB XUMHIECKOW U (prznueckoit mpupoapl. Beickazan-
Hasl TOYKa 3pCHUSI COOTBETCTBYET YKOPEHUBIIIEMYCSI MHEHHIO O HEBTOPOCTEIIEHHOH ponn
Pa3JIMYHBIX JIMIHIOB, TIABHBIM 00pa3oM Qocdomnunos (DJI) HelTpaibHON 1 KHCIIOH
npuponsl (HOJI u KDJI cooTBeTCTBEHHO), BBICTYMAIOMINX B KadeCTBE AaKTHBAaTOPOB
H®JI u uarndutopo K®JI storo mpomecca [5]. B cBs3u ¢ orMeueHHBIM chopMupo-
BaJIach MPUHINIHAIGHO HOBAsl MO3UIMS O MPO- M aHTHUKOATYJISTHTHON POJH OTAENIBHBIX
npeacraBurenei rukoaunuaoB [20] u @JI [16]. OgHuM U3 4aCTHBIX MPOSIBICHUI BBI-
[IEOTMEYCHHOTO SIBIIIOTCA (DEHOMEHBI, PA3BHBAIOIIMECS C yYaCTHEM YKa3aHHBIX COEIH-
HeHUH npyu (U3NOIOTUYECKH M MAaTOJIOIMYecKH nporekaroneil oepemenHoctu [15]. Oc-
HOBHBIM META0OIMYECKHM MEXaHU3MOM IMOJKIIOYECHUS (HaKTOPOB JIMMUAHON MPUPOJIBI
MIPU3HAETCSI UX CTUMYJIUpYIOIIee BO3ACHCTBHE Ha aKTHBHOCTH (PepPMEHTATHBHBIX IPO-
LIECCOB pasnmyHON HampasieHHOCTH [10], B 9aCTHOCTH Ha ypOBHE MHKPOCOMAIBHOTO
amn-mnapara KJIeTKU [8], TpaHCAYKLUIO BHEUIHErO CUTHajla BHYTPb KJIETKHU [9], karanus
MPO-IIECCOB  KIJIETOYHOTO POCTa W Pa3MHOXKEHHS [6], pereHepauio yTpadeHHBIX
CTPYKTYPHO-OPTraHU3allMOHHBIX 3JIEMEHTOB [7].

W3 mocnenyrommx coobmernit [21], crago wW3BecTHO 00 aHTHKOATYISTHTHOM
JIEMCTBUM Psifia JIMIIONIPOTEMHOB BBICOKOM IUIOTHOCTH, OKa3bIBAIOIIUX HHIHOMpYIOILEe
BIMSIHAE HA AaKTHUBHOCTh (AKTOPOB CBEPTHIBAMOLIEH cHucTeMbl KpoBU. (Ocobo-ro
BHUMaHUs IPH 3TOM 3aciyxwuBatoT casurd [1B B Bune runonporpombunemun (I'TIE),
pa3BHBAIOIINECS T10]] BIUSHUEM Psiia U3BECTHBIX (PaKTOPOB AaHTHKOATYJIIHTHOTO Jeic-
tBus. [Ipossnenus ['TIE, ¢puxkcupyemple npu MHUIMAIMN ATOJOTHYECKUX OTKJIOHEHUM
Ha YpOBHE KIETOYHBIX CTPYKTYp, COBEPINAIOTCS INPH AKTHBHOM YYacTHH [3-2-Iiu-
KOIIPOTEHHA C BBICOKMM HHJEKCOM MMMYHOCYIPECCOPHOTo 3¢ (eKTa, KOHTPOIUPYEMO-
IO CTEPOMIHBIMU TOpMOHAMH [23] M CTaTycOM AMHAMUYECKOTO PABHOBECHS MEXKTY CHC-
TEMaMH IpO- U aHTHOKCHJIAHTHOTO JEHCTBUs. B CBsI3M ¢ OTMEUEHHBIM, IPUMEYATEIIbHEI
METOJIMYECKHE TOAXOABI 10 CBOEBPEMEHHOMY IPUMEHEHHIO AHTHOKCHIAHTOTEPAINU
Kak 3((EeKTUBHOIO MeTO/a KOPPEKLMH HapyIIEHHI Impouecca reMOKOaryJsIsLuy, oy-
YHMBIIETO LIMPOKOE PaclHpOCTpaHEHHE B ONTHMHU3AIMU COCTOSHMS MHTETPallid MHOIO-
YUCIIEHHBIX (PAKTOPOB, B TOM YHCIE U pa3iuyHbIx DJI, BKIIOYAIOMUXCS B CTPYKTYPHYIO
opranuzauuro nporpombuna (I1) [22].

Ienpro HacTOsIIEH PabOTHI SBISUIOCH MPOBEACHUE CIEHUAIBHBIX HCCICIOBAHUN
110 U3YYEHUIO OCOOEHHOCTEH NEeWCTBHS OJHOTO M3 aKTYaJbHBIX CHHTETHUYECKHX ITperna-
paToB - N-MophonunTHoypen1o-3-kapodaMons MPOU3BOAHOTO KyMapHHa MOJ KOIOBBIM
Ha3BaHueM ['11I-17 na nunamuxy I1B kpoBu u TA M03roBoi U MHOKapIUalIbHON TKaHEH
O€NbIX KPBIC B 9KCTIEPUMEHTE.

Mamepuan u memoouka: Viccnenopanus no ciasuram IIB npoBonwiu Ha okcajlaTHOH
w1a3Me KpoBH 120 GecriopoaHbIx OembIX Kpbic-camioB, Maccoi 180-200 r, mpenBapuTeIbHO TOJI0-
JIaBIIUX B Te4eHHe 12 4 ¥ comeprkaBIIUXCS B OOBIYHBIX YCIOBUSAX BUBApUSL.

3abop KpOBH MPOU3BOAMIH IIPOKOJIOM IITPHIEM MECTA CIHSIHHA BEpXHEH IOJION M MOA-
KITFOYMYHON BeH (angulus venosus) 10 MHBEKIMHU IpernapaTta (KoHTpois) u depes 10, 30, 60 mun
mocie B/B BBeaeHHs ero 1%-oro p-pa B kommuectse 0.1, 0.2, 0.3, 0.4, 0.5 mu. O6beMHBIC
COOTHOILECHUSI MeXIy 3a0MpaeMoil KpPOBBIO M IIPEIBApPUTEIbHO HAOPaHHBIM B ILNIPHI[ CTAOHMIH-
3aTopoM (OKcanaT HaTpus, remapuH) cobmronanuch B mpenenax 9:1. OtneneHHyro HeHTpUudy-
rupoBanreM mpu 6000 06/MHH ITasMy KPOBH XpaHWIH B pedpmxeparope mpu 4-8°. Pacuer I1B
MPOU3BOIMIN B C 0Opa30BaHMs KPOBSHOTO CTYCTKAa HM3BECTHBIM METOAOM C HCIIOIBb30BAHHEM
pactBopa Tpombomractuaa (T), M3roTOBISIEMOTo U3 IEIHLHOTO MO3TOBOI'0 TOMOTEHATa KOHTPOJIb-
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HBIX OesbIX KpbIC. OT YMEpIUBIICHHBIX JCKAIUTUPOBAHUEM I10]] JIETKHUM 3()UPHBIM HapKO30M KH-
BOTHBIX B MAaKCHMAaJbHO OTPaHUYCHHBIC NTPOMEKYTKH BPEMEHH Ha XOJOLY MPOM3BOAMIN H30IH-
pOBaHHUE MCCIIEAOBAHHBIX OPTAHOB, 0CBOOOXKICHHIE HX OT KPOBEHOCHBIX COCYJIOB H JIEKAICYINPO-
BaHME, a TAK)KE MHOTOKPATHOE NPOMBIBAHHE MX OXJIQXKICHHBIM (PU3MOJIOTMYECKHM PAacCTBOPOM U
00€3BOKMBAHNE MEXaHWYECKUM TPONHUTAaHHEM (MIbTpoBanbHOW Oymaroi. TA ompenensun c
HCTIONb30BAHUEM B KauecTBE HCTOUHMKA 1 KOHTPOIBHOMN IIa3Mbl KPOBU MHTAKTHBIX OENBIX KPBIC
WJIH JIFOICH-0HOPOB.

Pesynomamut u o6cyrcoenue: CoOTIIaCHO pe3ysbTaTaM, OTPaKEHHBIM B TaOuI. 1,
I'l-17 mpu B/B BBeAEHHUAX BBICTYNAET B KadecTBE d((PEKTUBHOIO MHIMOMTOPA aKTHB-
HoctH I1, 0COOCHHO TpU MCIOIB30BaHMKM MHUHUMAIBHBIX 103 — 0,1 u 0,2 mu ero 1%-oro
pacTtBopa yke Ha 10-if MUH MOCJIe UHBEKIMH, YTO BBHIPAXKAETCS] B CTATUCTUYECKH JIOCTO-
BepHOM Yy uiMHeHuu IIB mno cpaBHenuto ¢ koHtponem. IlpotuBononoxusie casuru 1B
6buTn 3apeructpupoBansl cycts 30 u Tem 6osxee 60 MHUH TMOCIIe HHBEKIINH yKa3aHHBIX
KOHIICHTpALWi Tpemnapara, KOTAa UX PacXOKICHUS OT BEIHYMHBI ATOTO ITOKa3aTels y
WHTAKTHBIX JKABOTHBIX OKAa3aJIHCh CTATUCTHYECKH HEIOCTOBEP-HBIMHU, CBHACTENHCTBYS
TEM CaMbIM O ITOJTHOM BOCCTAaHOBJICHUHM HCXOIHBIX BennanH [1B.

Wzyuenne ocobennocrei casuroB TA MO3roBoil 1 MHOKapAHAIBHON TKaHEH ¢
IIPOBEACHUEM CPAaBHUTEIBHOI OLIEHKU XapaKTepa U INIyOMHBI UX MPOSIBIECHUH B 3aBUCH-
MOCTH OT O6"I)€KT8. HccCI€A0BaHus, 1O3bl MPUMEHCHHOI'O ar¢HTa U JJIIUTCIbHOCTH €T0 9KC-
MTO3UIINAH, IPUBEIIO K YCTAHOBJICHUIO PSIIa HHTEPECHBIX 3aKOHOMEPHOCTEH.

Ha ocHoBanMM NaHHBIX, MPUBEIECHHBIX B TaOJ. 2, BeMu4unHa UcXoqHo TA oka-
3BIBACTCS HamOojiee BHICOKOW B TONIOBHOM MO3T€ M 3aT€M B CEPIEYHOW MBIIIIE, COC-
TaBissA coorBeTcTBeHHO 19,04+0,68 u 35,0+0,98. Hauunas ¢ 10-ii MuH mocie B/B BBee-
HUH BCEX WCHBITAaHHBIX KOHUEHTpauuil 1%-ro p-pa I'llI-17, rnaBHEIM 00pa3oM ero Mu-
HUMAJIBHEIX J103, 0OHAPYKHUBAIOCh CTATHCTUYECKH JOCTOBepHOE maneHue TA uccnemo-
BaHHBIX TKaHEW, Haubosee oboctpsromieecs Ha 30-i U ocobeHHO 60-if MUH AEHCTBHS
npenapara.

[HomyueHnpi HamMu (pakTUUECKUHT MaTephall CBUICTEIBCTBYET O SIPKO BBIpa-
KEHHOM W30UpaTeIbHOM WHTHOHMPYIONEM [eHCTBHM MNPHUMEHEHHBIX 03 MpenapaTa
I'lI-17, B ocobeHHOCTH €r0 HamOoJee HU3KUX KOHIEHTparuii Ha TA mcciemoBaHHBIX
TKaHEH, a TakKe O BBICOKOH CTEMEHH ero akTHBHOCTH B HOPMAIBHO MeTaboiu-
3UPYIOMIEH MO3TOBOH TKaHH, C TPYIOM TOANAIOIICHCS BO3ACUCTBUIO WHTUOHMPYIOIIETO
areHTa.

Bwmecte ¢ TeM BO3MOKHBIM OOBSICHEHHEM OCOOCHHOCTEH OMOXMMUYECKUX U MO-
HeKyJ’IHpHO-6HOJ’IOFl/I‘leCKI/IX MEXaHU3MOB pa3BUTHA OTMCUCHHLIX CABUIOB, IO Bcell Be-
POATHOCTHU, MOKET CTATh (l)l/IJ'lOFeHeTI/l‘ieCKl/I HpH3HaHHhIﬁ CTaTyC IMOCTOAHCTBA HUCKIIIO-
YUTEIHHO BBHICOKOTO CTAOMIN3MPOBAHHOTO YPOBHS B MO3TOBOM TKaHM Pa3IMYHBIX KaTe-
ropuii @JI-rmumepunoB [18], HameTCHHBIX CBOWCTBAMHM CTHUMYJIHPOBAaHHUS IPOKOAry-
JITHTHOM aKTHBHOCTH KpoBH. K 4mcIy mociemHuX NpuIucisIoTes HochaTuamiXoImHbI
(®X), muzodochatumunxomuasl (JIOX), courromuennasl (COM), a Taxxke hocdarua-
widTaHoaMuHbl (OD) U UX JIM30IPOU3BOIHEIC, BIIMCHIBAIOIIUECS B CTPYKTYPHYIO Opra-
Hu3auio T B pOJIM MOIIHBIX CTUMYJISTOPOB HX (DYHKITMOHAIEHOW aKTUBHOCTH.

Kacasice xateropum kucisix ®JI — docharuamicepunor (PC), monodocho-
nHozutHaoB (M®U), nonudocdonnozutuaos (IION), kapauonunuuos (KJI) u docda-
TuAHBIX KUCHOT (PK), akTHBHO KOMIIIEKCYIOMIMXCS C (aKTOpaMH aHTHKOAryJISHTHOTO
JIefCTBHS KaK IPUPOAHBIMHU (THUIIA TelapuHa), TaK U CHHTeTHYecKumH [12,22], cnexyer
OTMETHUTh BBICOKHH YPOBEHb MX CTAOMIM3UPYIOIIEro ACHCTBHS Ha IPOIECC TeMOKOa-
rymsimad.  [losToMy HapymeHust OalTaHCHPOBAHHS MEXIY KadeCTBEHHO-KOJINYECT-
BEHHBIM COCTaBOM (DYHKIMOHAJIBHO DPA3NUYHBIX KaTeropuid HeirpambHbix @I (DX,
JIOX, COM, ®3) u KuCIbIX mpeacTaBuTene 3tux coenunennit (OC, MOU, TIOU, KJI,
®K) upeBarhl TPYOBIMH OCIIOXHEHUSMH HOPMAJIBHOTO T'€MOKOATYJISIIIHOHHOTO CTaTyca
OopraHu3ma, BIUIOTH 10 BHYTPHCOCYIHCTOro TpomMOooOpazoBanus [19], umerommmu
MECTO TPHU PACCTPOUCTBAX €ro (PYHKIMOHAIBHOW AKTUBHOCTH, OCJIOKHSIOIIUXCS pas-
BHUTHEM PA3JINYHBIX MATOJIOTHYECKUX COCTOSHUH.

Takum o6pazom, TA uccinenoBanHbix TKaHeil u [1B mia3Mel KpOBU SKCIEPHUMEH-
TaJIPHBIX JKUBOTHBIX NEMOHCTPHUPYIOT BHICOKYIO CTENIEHb PEaKTHBHOCTH, IIPOSBIIS-
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I'I1I-17 B IIOJIHOM COOTBETCTBUH

mmeﬁCﬂ moJa ACUCTBUEM MUHUMAJIBHBIX 103 IperapaTta

¢. E.b. BypnakoBoii 00 uckito-

YHUTENLHO BBICOKON (DYHKIMOHAIBHOW aKTHBHOCTH HHM3KHMX KOHLEHTpauuid (akTopoB

C pa3BHBaeMOH B IIOCJIEZHEE BpeMs KOHIEeNuueil mpo

[1,2,6,10,11,17].
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INOYBEHHBIE BECIIO3BOHOYHBIE KAK
ITPOMEKYTOYHBIE XO35EBA 'EJIbMHUHTOB
CEJBbCKOXO3AMCTBEHHBIX ) KUBOTHBIX B APMEHUU

0.3. HATAIISH, O.B. LIEPBAKOB

Tocyoapcmeennulii acpaphwiil ynueepcumem Apmenuu

H3yyensl cocTaB U C€30HHBIE KOJIEOAHUs YHCIEHHOCTH MOYBEHHBIX OECIO3BO-
HOYHBIX — INOTEHLMAJILHBIX IPOMEKYTOYHBIX XO35€B T€JIbMUHTOB CENbCKOXO03ANCT-
BEHHBIX XHMBOTHBIX. B yCIOBHSIX ApMEHUH pa3iIWdHBIC MOYBEHHBIE OECIIO3BOHOY-
Hble (OpuOaTHIHBIC KIICIIH, KOJJIEMOOJBI, MypaBbl) OKa3aJIMCh B 3HAUYHUTEIHHOMN
CTEIEHH 3apa)KeHHBIMH JINYMHOYHBIME (popMaMu refbMUHTOB Dicrocoelium dend-
riticum, Moniezia sp. n Avitellina centripunctata, 9T0 CBUICTEIBCTBYET O HATUIUH
B Halllell CTpaHe aKTUBHBIX 0YaroB PsAJa ONACHBIX I'€JIbMUHTO30B CEIbCKOXO3SIHCT-
BEHHBIX J)KUBOTHBIX.

EeCnOS’@OHO'-[Hble-}’lO’-t6a-KO/ZﬂeM60/'Zbl-K}l€WM-}’lp0M€.?lem0'-lele xXosseesa-
uucmuuepkau0bl—eeﬂbmunmbl

Nuunmultwuppdly b gniquninbuwljut Yeunwihubph dwlwpnys nppkph
dhpwiljjuy wkpkp hwinhuwgnny hnnuyhtt winnwpwpubph wkuwluyhtt juqip b
pwtulmpjut ukqnuughtt nunwtnudibpp: Zuyjuunwth Wuydwbbkpoud: Mupgybp
L, np wwpplp hnnuyhtt winnbwowpubp (ophpwwnhnuyht mqkpp, Ynbkdpnjutpp,
Upgniiutipp) qquihnpkt Jupwlydws tu Dicrocoelium dendriticum, Moniezia sp.
Avitellina centripunctata fmjupnys npntiph pppnupuyghtt Aitpny, npp Juynud £ Jkp
Epypnud - gniquuntnbuwlut  jEunwuhukph dh owpp Juuwbquynp  £8quyht
hhywunnipnitutph qnpénn opwiibph wnjuynipjut dwupb:

Ubnplhwpwpbbp (hny - ojEdpnjabp - ngbp - dhowblyuy nkpkp -
ghuwnhgkplnhnikp - dpdnilbp

The fauna and seasonal ranges in the quantity of soil invertebrates, potential
intermediate hosts of farm animal helminthes, have been researched. Different soil
invertebrates, e.g. Oribatei, Collembola, and ants appeared to be significantly
infected by Dicrocoelium dendriticum, Moniezia sp., Avitellina centripunctata
helminthes larvae in Armenia. This fact witnesses the presence of active foci of
some dangerous helminthiases of the farm animals in our country.

Invertebrates-soil-Collembola-Acari-intermediate hosts-cysticercoids-
helminthes

Becro3BoHOUYHbBIE — MPOCTEHINNE, YEPBH, YWICHUCTOHOTHE, MOJUIIOCKH W JPYyTrHe
SIBIISIFOTCS. BAYKHBIM KOMITOHEHTOM MMOYBEHHBIX KocucTeM. Kpome Toro, HEeKOTophie u3
HUX, OCOOCHHO YICHHCTOHOTME — MHUKPOAPTPOMO/bI, MMEIOT BaXKHOE SMU300TOJIOTH-
4YecKoe 3Ha4YeHHE, BBICTYIIAasi B POJIM MPOMEXKYTOUYHBIX X035€B BO30YyqUTEINEH psifa relb-
MHHTO30B JOMAIIIHUX M JUKHX KHBOTHBIX (IMKPOIEIN03a, MOHHE3H03a, aBUTCIUINHO3A,
TH3aHue3uo3a u ap.) [2, 3,4, 6,7, 8, 9].
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B Tedenne mocnenHuX ACCITHICTHH PE3KO 000CTpUiach mpodiieMa rebMHHTO-
30B CEIIECKOXO3SICTBEHHBIX KUBOTHBIX, UTO, IPEIKAE BCETO, CBA3AHO C YXYAIICHUEM YC-
JIOBHH COJIEp>KaHMs U KOPMJICHHUS. B kKauecTBe 0JTHOTO M3 OCHOBHBIX (PAKTOPOB CIEIyeT
TaK)Ke OTMETUTH HEOJIAaroyCTPOCHHOCTh aCcTOMIII.

KomriekcHoe HCClleIoBaHHE ITOYBCHHBIX OECIIO3BOHOYHBIX HMMEET HE TOJIbKO
9KOJIOTHYECKOE M SMH300TOJIOTHIECKOE, HO W BaXXKHOE MPOTHOCTHYECKOE W MpodHiIak-
THYECKOE 3HAYCHHE, TO3BOJISAS OIEHUTh PUCK 3apayKEHUS KUBOTHBIX MAaCTOMIHBIMH
OMOTeTPMUHTAMH W CBOCBPEMEHHO MPHUHATH MEPHI IO MPEIOTBPAIICHAIO W JINKBAIAINN
3a00JICBaHMIA.

HecmoTpst Ha 3T0, MOMOOHBIX HCCICIOBAHUI B HallleH pecmyOiuKe HE MPOBO-
munochk 6omee 40 meT. YUUTHIBas BBIMICH3IIOKEHHOE, MBI IIOCTaBHIIM Tepen coOoil 3a-
a4y — U3y4YUTh COCTAaB U CE30HHBIC KOJcOaHWS YHCICHHOCTH MOYBCHHBIX OECIO3BO-
HOYHBIX — IIOTCHLMAJIBHBIX HpOMe)KyTO'-IH])lX X035€B I'SJIBMHUHTOB CeﬂbCKOXO3ﬂI>iCTBeH-
HBIX JKHBOTHBIX.

Mamepuan u memoouka: Vccnenosanus nposoawnu B 2008-2009 rr. B maGoparopuu
Mapa3suTONIOTHH Ka(eapsl SMH300TONIOTHN U NMApa3sHTONOTHH ['0CyjapcTBEHHOTO arpapHOro YHH-
BepcuteTa ApMeHHMH. MarepuanoM Uil HCCIIEIOBAaHMS MOCIYXKWIM HPOOBI IOYBBI, TPaBbl U
MOACTHIIKH, KOTOPbIe Opalii ¢ BHITYJIBHBIX IUIOIIAIO0K, MACTOHI M BOAOIIOEB, Iie Hanboiee Bepo-
SITEH KOHTAKT CEJIbCKOXO3SHCTBEHHBIX JKUBOTHBIX C OECII03BOHOYHBIMU — IIPOMEXKYTOUHBIMH XO-
3s1€BaMH I'€JIMUHTOB.

TouBeHHBIX Kiemell ¥ KOmIeMOO0T BEIACTSIN U3 MPo0 ITyTeM TEPMOIKIEKIMH C HCIONb-
30BaHHEM armapara TynbrpeHa, a Takke METOAOM oOorameHus PomaHeHKo, IIMPOKO MpUMEHS-
€MbIM TP CAaHUTAPHO-TIAPA3UTOIOTNUECKUX HCClIeoBaHUAX [5]. MypaBbeB OTIaBINBAIN HEMOC-
PEICTBEHHO Ha MacTOMIIAaX U BeITynax. s oOHapyKeHHs JIMIHHOYHBIX (JOPM TeIbMUHTOB B TENIE
MYpPaBbEeB IPHUMEHSIIN KOMIIPECCHOHHBIH METOJ, MUKPOApTPOIO MUKPOCKOIIUPOBAIIN HETIOCPE/-
CTBEHHO.

HccnenoBanus IPOBOAMIN B PA3IMYHBIX IIOYBEHHBIX M IPHPOIHO-KIMMATHIECKUX 30HAX
ApMeHHH, B CE30HHOU AUHAMUKE. B 001ieli crioXHOCTH ObLIO HCCIe0BaHO 53 mpoObl MOYBHI U 29
mpo0® TpaBbl BRITYJIBHBIX IUIOMIAAOK M mactOum, 11 mpo® moxcTwiku, a Takke 174 MypaBbs
Formica sp. n 60 — Proformica sp..

Pesynomamul u 06cysycoenue: Kak nokasaay Hallld UCCIIEIOBAHMUS, B PA3IMYHBIX
o0BeKTax BHEUIHEH cpesl npeBanupytoT ke Trombidiidae fam. (naiinens: B 18,28%
uccienoBanHbIX 1mpod) u Oribatei (20,43%). T'opa3no pexe BO BHEUIHEW cpene BCTpe-
varorcs kiemu Acaridae fam. (8,60%), Gamasoidea superfam. (2,15%), a Taxxe Koi-
nem6onbl Pseudachorutes sp. u Parakatianna sp. (8.60%).

JOMUHHPYIOIIUMHI TPYIIIaMH MHKPOAPTPOIIO B IOYBE SBISFOTCS Kieiy Trom-
bidiidae fam. (26,42%) u Oribatei (20, 75%), B TpaBe — ke Oribatei (17,24%) u Aca-
ridae fam. (10,34%), B noactuike — kieny Oribatei (27,27%) u Gamasoidea superfam.
(18,18%).

HawuGonee wacro kieum Oribatei, Acaridae fam. u Trombidiidae fam. BcTpeua-
foTcs B mouBe (cootBeTcTBeHHO 20,75%, 9,43% 1 26,42%). KomreMOombl Takxke darie
Bcero oOHapyskuBatoTcst B mouse (15,09%). Knemu Gamasoidea superfam. Peructpu-
pyIoTCs npenMyniecTBeHHO B ojctuike (18,18%).

B BBICOKOrOpHOI1 30HE OCHOBHBIM IIpEACTaBHUTENEM (hayHbBI MOYBEHHBIX MUKDO-
apTporof sBIsroTCA Kiremu Trombidiidae fam.; atu e kiemy, Hapsany c¢ Oribatei, Aca-
ridae fam., a taxxe kosuemOosnamu Pseudachorutes s. mpeBanupylOT B MOYBax pas-
HUHHOMH, IIPEArOPHON, CPEAHEIOPHOM U TOPHO-JIECHOH 30H.

Opubarugnpie kienw Liacarus coracinus, Scheloribates laevigatus n Zygoriba-
tula cognata, 3apaxxeHHble LUCTULIEPKOUAAMUA Moniezia sp., peruCTPUPOBATUCH TOJBKO
B PaBHMHHOM W MPEATOPHOHM 30HAaX; KOJJIEMOOJIbI, 3apa)KCHHbIE HUCTHULEPKOMIAMU
Avitellina centripunctata — TONbKO B pABHHHHOM 30HE.
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Knemu Oribatei u Trombidiidae fam. mOMHHHPYIOT BO BCEX THIAaX IOYB pec-
Iy OJIMKY, OHH XK€ SBJISIOTCS €ANHCTBEHHBIMH MTPEACTABUTEISIMU (hayHbI MUKPOAPTPOIIOA
B TJIMHUCTBHIX ITouBaxXx. B CYIECYaHbIX IOYBAX, IMOMHWMO BBINICYKA3aHHbIX 6eCHO3BO-
HOYHBIX, BCTPEYAIOTCS TAKXKe KOieMOousl Pseudachorutes sp., a B IeCYaHbIX TOYBaX -
kneum Acaridae fam. CyriauHUCTBIE TOYBBI OTJIMYAIOTCS OCOOBIM pazHOOOpaszueM
¢daynsr MukpoapTporon. [ToMrnMo BBIIEyKa3aHHBIX KIJEMIEH, 3[1eCh BCTpedaroTcs Aca-
ridae fam. u Gamasoidea superfam., a Taxxe KoyeMO0ibl Pseudachorutes sp., Para-
katianna sp. v HeKOTOpBIE Apyrue. B CyrIMHHCTBIX MOYBax Takke 0OHApY’KEHO MaKCH-
MaJIbHOC KOJMYECTBO 3apaKCHHBIX HUCTHLIECPKOUAAMH OpI/l6aTI/lIlHI)IX Knemef/i n KOJI-
neMO01I.

Ce3oHHbIe KOeO0aHus YUCIEHHOCTH Kieuieil u3 ceMeiicts Oribatei, Trombidiidae
Sfam. u Acaridae fam. B pa3nuuHbIX 00BEKTax BHEIIHEH Cpeibl BhIpakeHHI ciabo. Bec-
HOW BO BHEIIHEH cpejie 4acTo BCTpevaroTes Takke kiemn Gamasoidea superfam. n xoi-
nembonel Pseudachorutes sp. u Parakatianna sp..

MakcumanbHOE KOJIMYECTBO MHKPOAPTPOIOA B MOYBE HAOIIOJANOCh BO BTOPOH
IIOJIOBUHE BECHBI. HEeCKOIbKO MeHbIIee KOJIMYECTBO OECIIO3BOHOYHBIX OOHApPYKHBACTCS
B II0YBE€ BO BTOPOH TOJIOBHHE JIETA U OCEHBI0, MUHUMAJIbHOE KOJIMYECTBO — 3UMOIL.

Pe3ynbraThl HamMX MCCIICNOBAHUMA cOMIacyloTcss ¢ jJaHHbIMH MibsicoBa o
npeobyialaHii MUKPOAPTPOIOA M HanOOJBIIEM PUCKE 3apakKeHHs JKBAUHBIX MOHHE3USI-
MU B BeceHHuil nepuon [1].

3apaxxeHHble MUCTUIIEpKOUaMu Moniezia sp. opubaTHIHBIE Kiemu Habmroma-
JIMCh IPEMMYIIIECTBEHHO BECHOW M OCEHBIO, a 3apakKEHHbIE LICTHLIEpKonIaMu Avitellina
centripunctata KoJneMO0IIbl — TOJIBLKO JIETOM.

CornacHO pe3yJbTaTaM HallMX MCCIEA0BAHUM, SKCTEHCUBHOCTH 3apaKeHUs
OpHOaTHAHBIX KICIeH ucTHIepKonIaMu Moniezia sp. B Apmenun coctasisiet 16,67%,
a CpelHsisi MHTEHCUBHOCTD — 2,25+0,63 nuctuniepkonia B Kielie. IKCTEHCUBHOCTh 3apa-
KEHUs KOJIeMOOoJT IHCTHIEpKOuIaMu A. centripunctata paBHa 25%, a NHTEHCHBHOCTb
He MPEBBIIIAET 3 IUCTUIIEPKOUIOB.

Crenyer OTMETHUTh YHHKAIBHOCTh OOHApPYKEHUS IIMCTHLEPKONUIOB aBUTEIUINH B
OpraHu3Me MPOMEXYTOYHBIX X035€B - KOJUIEMOOJI, TOCKOJIBKY ITOJJOOHBIE UCCIIEOBAHMUS
MIPOBOJATCS KpalHE peaKko, a B ApMEHUM HE NPOBOAWIMCH BoBce. LlucTuiepkoumas
HaﬁﬂeHbI B KOJ'IJ'IeM6OJ'le, BbI)leJ'IeHHOfI U3 OBEYbEH MOACTUJIKKU B MEJIKOM IMOJABOPHOM
Xo3siicTBe W3 Apaparckoil obmactu, B seTHH mepwox (puc.l). JlaHHas Haxomka
MOJTBEPHKAAET IU300TOJIOTHYECKYIO POJb HOTOXBOCTOK B IHUPKYJISIIMM aBUTEUIMH B
YCIIOBUSIX HAIlleH pecITyOJIMKH, a TAKXKE CBUACTEIBCTBYET O PHCKE 3apAXKEHUSI )KBAUHBIX
ABUTCIIVIMHAMU B ApMeHI/ll/I.

Kak nokasaim Halm nccie10BaHusl, SKCTCHCUBHOCTD 3apayKeHUs] MypaBbeB For-
mica sp. metauepkapusmMu Dicrocoelium dendriticum coctaBuna 2,38%, a UHTEHCHB-
HOCTb — | MeTrauepkapun (JIOKaJIM3alyst — HaArJOTOYHBIH HEPBHBIA ranriuii). Mypasbu
Proformica sp. He conepkanu MeTaluepKapueB TUKPOLIEIHi.

Crenyer Take OTMETHUTD, YTO B XOJI€ UCCIIEIOBaHUI B MPOOAX MOYBHI, TPABbI U
MOJCTHIIKM JIOBOJBHO 4YacTO OOHApyKHBAIM SIHI[Aa T€OreIbMUHTOB, MPEICTaBIISIOIINX
CEpPBE3HYIO OITACHOCTH JJIS CEJIbCKOXO3SIHCTBEHHBIX XKMBOTHBIX. HekoTopoe KoanmyecTBO
SIAIL] TIOEJAETCSI TIOYBCHHBIMH OECIIO3BOHOYHBIMH. UacTh sIMIl B OpraHu3Me OecIio3BO-
HOYHBIX NMOTHOAeT, TOrAa KaK OCTAJbHBIE SHIA CIIOCOOHBI COXPaHATH >KU3HECIOCO0-
HOCTh U MHBAa3MOHHOCTb, MPEJCTABIAS TEM CaMbIM YIpo3y C TOUKH 3PCHHUS 3apakeHHs
KMBOTHBIX IIPY CITy4aifHOM 3arjaThIBaHUN OECIIO3BOHOYHBIX.

Takum oOpa3om, B ApMEHHH B Pa3IMYHBIX OOBEKTaX BHEIIHEH cpeabl JOMUHHU-
PYIOIIMMH TPYIIIaMH MHUKpoapTpono sBistiorcs ke Trombidiidae fam. u Oribatei.
Pasnmmunble mouBeHHBIE OECIO3BOHOYHEIC (OpHOATHIOHBIC KIEIIH, KOJUIEMOOIBI, My-
paBbM) B 3HAYMTENLHON CTENEHH 3apaKeHbl JIMUMHOYHBIMH (popMaMu renbMUHTOB Di-
crocoelium dendriticum, Moniezia sp. m A. centripunctata, 9TO CBUAETEIHCTBYET O
HAJIMYUU B pecnyOJIMKe aKTUBHBIX IIPUPOIHBIX U aHTPOIYPIHYECKUX 04aroB psja
OTIACHBIX TEJIBMUHTO30B CEJIbCKOX035HCTBCHHBIX KUBOTHBIX. ECIIM HE MPUHATH aJeKBaT-
HBIX MEp HpO(l)l/IJ'laKTl/IKI/I, HeI/l36e)KHO BOBJICUEHHE CEIILCKOXO3SIMCTBEHHBIX )KUBOTHBIX B
(YHKIMOHHPYIOIME OYaru reJbMUHTO30B C MOCIEAYIOINM CEpPhEe3HBIM yIIepOOM UIs
310POBbS ) KUBOTHBIX U CCPHE3HBIMU OKOHOMUYECKHUMU IMOTEPSAMU.
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5.

Puc.1. Huctunepkouasl 4. centripunctata B Koyiemooue.
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HUCCJIEJIOBAHUE COYETAHHOI'O JEHCTBUS
XOJIMHOBOI'O D®UPA-N—(II-METOKCHUBEH30MJI)-DL~
OEHUJIAJIAHUHA U XOJUHOBOI'O Y®UPA N-BEH30W.JI-
DL-BAJIMHA HA BHEKJIETOYHYIO ®OHOBYIO
SJIEKTPHUECKYIO AKTUBHOCTb OJJMHOYHBIX
MHTEPHEMPOHOB 1 MOTOHENPOHOB CIIMHHOI'O MO3TI'A
KPBIC ITPU JIATEPAJIbHON TEMUCEKIIUN

W. P. KAPAIIETSIH, B.O. TOITY35H, T.C. XAYATPSIH,
9. 10. APYTIOHSIH, [T.K. KWIIPUSIH]|

Hncmumym monxoii opeanuueckou xumuu um. A. JI. Muoocosna HAH PA,
Epesancxuil 6azoswviii meouyunckui konneoxnc Ne 1

OOGcy>xmaeTcsi BOIPOC MPUMEHEHHS J[BYX CHHTE3HPOBAHHBIX IIPOHU3BOHBIX
XOJIMHA: XOJIMHOBOTO 3¢upa N—(m—Mmerokcudensomn)-DL—¢penunananmna u xo-
mHOBoro 3¢upa N-Oenzomn—DL-Banuna y KpBIC ¢ JIEBOCTOPOHHEH JlaTepalib-
HOU TeMHuCeKIed CIMHHOro Mo3ra. IloirydeHHbIe pe3yIbTaThl CBHAETEIbCTBYIOT
O CTOHKOM TIPOTEKTOpPHOM 3((eKTe MaHHBIX COCAMHEHHH Ha W3MCHEHHE
BHEKJICTOYHOH (DOHOBOI IIIEKTPHYECKOH AaKTUBHOCTH OJMHOYHBIX HEHPOHOB
CIIMHHOTO MO3Ta KpbIC. Perucrpanus u aHaiu3 BEI3BAaHHON aKTHBHOCTH OJJHHOY-
HBIX MOTOHEHPOHOB CIIMHHOTO MO3Tra MPOBOJMINCH MOCPEICTBOM CHEIUATBHBIX
MaTeMaTHYECKUX MIPOTPaMM B pexuMe on—line.

CnuHHOU M0O32 — 2eMUCeKYUs — HellpOHbL — POHOBAS AKINUBHOCTb — XOIUH —
aghupul

Nuunidtiwuhpyby £ unjhuh Gpynt uhiptiqus wswugujubkph® junjhuh Gpekpp
N( (n(Ukpopuhpkiiqnhy)( DL@kuhqunuithith b hunjhth bpkph N( pkqnhy DLAuhih
hwiwlgqus wqpkgnipniup wetbwnibkph npumntnh upnuubph Eulbnwhi
hEyupujut winphynput Jpu Jtpghthu jwunbtpu] jhuwhwndwt phypnud:
Uunugqus ndjuibpp Juynid ki wndjuny dhwugnipimiiibpp uinugnn wnbiintbkph
Unnn  nnuminkinh  wpwbdht  hpnuukph Bulibunuht | wiuhynipjud
wpunwhwynjws ppuljut wpyniiph dwuht: Anunintnh ulpnuttph  wpuw-
poouhti kjuhinuyghtt wljinhynipjut qpuiignuip b Jhpnismipiniup juwnwpdl) Eu
dwpbdwnhjuljui huwnntly Spugptpny’ on(line nkdhunid:

Npaninpky (fhuwhunnmd (Glpnabkp ( Epulbnughl whnpdniemndi (
Jumppl ( Eplpikp

In these series of investigations the issue of the influence of two synthetic
choline derivates like choline N—(p[Imetoxybenzoil)-DL—fenilalnyn ester and
choline N-benzoil-DL—valin ester on extracellular background electrical activity
of spinal cord single neurons in rats with the left — side lateral hemisection of
spinal cord has been discussed. The obtained results showed the strong, protective
effect of these chemical substances in rats. The registration and analysis of the
extracellular background electrical activity of spinal cord single neurons has been
done by means of special mathematical software in on—line mode.

Spinal cord — hemisection —neurons — background activity — choline — esters
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ITpoGema BOCCTaHOBUTENBHBIX IPOLECCOB IPH MOBPEKICHUSIX CIMHHOTO MO3Ta y
MJICKOTIUTAIOIINX IIPH BO3JCHCTBUM PA3IMYHBIX BEUIECTB KaK HATYPalbHOTO, TaK H
CHHTETHYECKOTO IMPOHMCXOKACHHS, HECOMHEHHO, SBISIETCA OAHUM M3 aKTyalbHEHIINX
BOIIPOCOB COBpPEMEHHOH Onosiornu u menuiuHsl [1,2,3]. KomneHncaTopHble mpucmnocoo-
JICHUS! B TOBPEKAEHHOM OpPraHU3ME OCYILIECTBIIIOTCA OJarofapsi CI0KHOMY CHHTE3Y
MHOT000pa3HbIX B3aMMOJEHCTBYIOINX B OPraHU3ME U B OCOOEHHOCTH B HEPBHOW CHC-
TEME MPOLECCOB, K KOTOPHBIM OTHOCUTCA, B YAaCTHOCTH, PErcHEpalus HOBpe)KZ[éHH])IX
CTPYKTYp, UTO HEOJHOKpaTHO oTMedaeT AcpatsH [4,5,6]. Mexay TeM 0 HelIaBHETO
BPEMEHH CUUTAIOCh, YTO B IPOLECCE IBOJIONMH MIIEKONUTAIONINE KUBOTHBIE OE3BO3B-
paTHO yTpaTWIIM LEHHYIO CIIOCOOHOCTh pEreHepaliii HEPBHBIX BOJIOKOH B MECTE IIOB-
pexxaenus cruaHOro Mosra (CM). M3ydeHne BOCCTaHOBUTENBHON CIOCOOHOCTH CITMH-
HOTO MO3Ta MJIEKONMTAIOMINX MPOBOJMIOCE MHOTMMH HCCJIEIOBATEIsIMH Ha HPOTSKE-
Hum 6ostee 100 7er, ¥ HmoMydYeHHBIE Pe3yIbTAThl MPUBOAATCA B PAaHHUX O030pHBIX CTa-
TBAX ¥ MOHOTpaduax psiaa aBTopos [15,16,18,24]. JlocTmkeHNsT METUIITHCKON HAYKH BO
BTOpPOH MosoBuHe 20-T0 BeKa CIIOCOOCTBOBANIN CHW)KEHUIO CMEPTHOCTH IIPH TPaBMAaTH-
yeckoit 6onesan CM [13,24]. OgHaKO CTOMKOCTh COMAaTHYECKUX M BETETAaTUBHBIX HEH-
POTEHHBIX HAPYIICHUH SBISIETCS MIPUYMHON WHBAIMIU3ALUH OJABIISIFOIIETO OOJBIINH-
cTBa 0ONBHBIX ¢ MopaxkeHusMH CM, BO BpeMsl KOTOPBIX HapyIlaeTCs MPOBEACHUE HEp-
BHBIX MMITYyJIbCOB. B psine uccnenoanuit [10,13,15,16] paccmaTtpuBaroTcs BOIPOCHL O
COCTOSAHMU BOCCTAHOBUTECIIBHBIX IMPOILECCOB IMPU MOBPECIKACHUN CM Y MJICKOIIUTAOIIUX
U TIpY BO3JICHCTBUSAX B JaHHBIX Cllydasx pa3HbIX IpenaparoB. B Hammx paboTax, momu-
MO 00CyXJeHHs 0OJIBIIOTO JIMTEPATYPHOI0 MaTepHaia Mo AToH npodiiemMe, LIEHTpaIbHOE
MECTO 3aHMMAIOT JJaHHBIE SKCIIEPUMEHTOB, IPOBEJCHHBIX C IIOMOIIBIO 3JIEKTpodr3noI0-
TMYECKUX, HEHPOMOP(OIOTHIECKHX, TMCTOXMMHUYECKHX METOAMK W MaTeMaTHYECKOH
CTATUCTUKH 110 CPABHUTEIEHOMY H3y4YeHHIO 3()(heKTMBHOCTH KaK OTHAENBHBIX Ipernapa-
TOB HaTypaJIbHOTO W CHHTETHUYECKOTO NPOMCXOXKICHUS, TaK U MX Pa3HbIX COUYETAHUH U
CITOCO0OB BO3ICHUCTBUS MPH MOBpexAeHIIX CM.

W3zBectHO, uTo X0nuH (0T rped. choly — k&m4b), THAPOOKUCH 2—OKCUITHIATPUME-
tunammonusi, [(CH;3);N+CH,CH,OH] OH™. D10 GeciBeTHble KPUCTAILIBI, XOPOIIO PacT-
BOpHUMBIE B BOJIE, STWJIOBOM CIIPTE, HEPACTBOpUMBIE B ddupe, OeH3oe. X0IuH JIETKO
00pazyer coJii C CHIBHBIMH KHCIIOTAMH, €r0 BOJHBIE PACTBOPHI 00JIaIal0T CBOWCTBAMHU
CUIBHBIX I1esiodeld. Briepsbie nomyuen u3 xémun. [llnpoko pacnpocTpanéH B )KUBBIX Op-
ranu3Max. OcoOEHHO BBICOKO COJIEP)KaHME €ro B SIMYHOM JKENITKE, MO3re, IIeUYeHH, 10Y-
Kax M MbIIIE cepaua. XOMMH OOBIYHO OTHOCAT K BHTAaMHMHaM TIpymmnsl B, xors
KHMBOTHBIE ¥ MHKDPOOPTaHU3MBI CIIOCOOHBI €T0 CHHTEe3HpoBaTh. OH BXOIUT B COC-TaB
¢dochommmuno (HampuMmep, JCMUTHHA, COUHTOMHEIHNHA), CITY>)KUT HCTOYHHKOM Me-
TWIBHBIX TPYII B CHHTE3€ METHOHMHA. V3 XOonMHAa B OpraHM3Me >KHBOTHBIX
CHHTE3UPYETCS ALETUIXONNH — OJMH U3 BAXHEHIINX XMMHYECKUX MEPEIaTINKOB HEPB-
HBIX MMITyJIbCOB. XOJMH SABJISIETCS TaK HAa3bIBAEMBIM JIMIIOTPOIHBIM BEILIECTBOM, IIpe-
JIOTBpAINaeT TsDKENbIE 3a00/eBaHMs TIEUCHH, BO3HUKAIOIIME HPU €€ JKMPOBOM IIepe-
POXKACHUN. B MEOUIIUHE JIs JICUCHUS 3a6oneBaH1/1171 MECYCHU MPUMCHSAIOT XJIOPUI XOJIMHA
[14]. Ero BBOIAT Takke B COCTaB KOMOMKOPMOB CEJIbCKOXO3SIMCTBEHHBIX MKHBOTHBIX.
JIyisl aHAJIMTHYECKUX 1eJIel MCIONIB3YIOT CIIOCOOHOCTh XOJIMHA JIaBaTh IIOXO PacTBOPH-
MBbI€ coii ¢ (OCPOpHOBOILPPAMOBOH, IUIATHHOXJIOPHCTOBOJIOPOIHONH W HEKOTOPBIMH
JpyT'MMU retepornonaukucioramu [14,17,20-23].

XOJMH SIBIISIETCS] aMUHOCITHPTOM, XUMHYECKUM BEIIECTBOM, OJIN3KUM IO CBOEMY
CTpOCHHUIO K (pocaTHHOBEIM KUCIIOTAM, HarboJee IpocToi popme GochoTUmuIoB, KO-
TOpBIE, KaK M3BECTHO, CIYXAT TIaBHBIMA KOMIIOHEHTaMH OHOJIOTHIECKHX MeMOpaH [9].
OTIMYUTENBHBIM MIPU3HAKOM (OC(ATHHAOBBIX KUCIOT SBIAETCS HAIMYME OocTaTKa oc-
(OpHOIi KUCIIOTHI, KOTOPBIK 00pa3yeT CI0XKHOI(PHUPHYIO CBS3b C THIPOKCHIBHOU TPYI-
nori sn—C-3 riuuepuna. [lostomy dochonunusl, Mo KpaiHel Mepe B HEHTpaJIbHOM
obnactu pH, HecyT oTpunatenbHblid 3apsa. Haubonee npocras dpopma docdonununos,
(dochaTumoBBIC KUCIOTHI, ABJISIFOTCS (hocho— MoHOIPUpamu auarmiriuieputa. Docda-
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TUJIOBBIC KUCJIOTHI — BaKHEHIIINE MPEIIIICCTBCHHUKNA B OMOCHHTE3E KHUPOB U Pocou-
munoB. PochaTHIOBBIE KHCIOTEI MOTYT OBITH IONYyYeHBI U3 (POCHOTIUIICPUIOB C TO-
Moteio pochonnnaz. Docharumoas kuciiora (octatok hochaTUanI —) CIYKHUT UCXOJ-
HBIM BEIIECTBOM Ul chHTe3a APYrux QocomumuaoB. Octatok (GpochopHO KHUCIOTHI
MOXET 00pa30BbIBaTh CJIOKHOAI(PHUPHYIO CBS3b C THIPOKCHIBHBIMH TIPYyNIaMH aMHUHO-
CITUPTOB (XOJHH, 3TAHOJAMHH WM CEPHH) WIH MOIUCIHPTOB (MHOMHO3UT) XONHH 5B-
JIAETCA NPCAIICCTBEHHUKOM alCTWIXOJMHAa — OAHOI0 M3 NEpEeAaTUMKOB HEPBHBLIX HM-
IyJIECOB, WK HelipoMeanaTopos [17, 20, 22]. Jlns cuHTe3a HelipomenuaTropa aeTui-
XO0JIMHa HEPBHAA TKaHb MOJY4Ya€T XOJMH U3BHE, ITOCKOJIbKY OH B MO3I'C MPAKTHUYCCKU HE
CHHTE3UpYyeTCcSd M TOCTYIaeT TyJa M3 KpPOBH uepe3 remMarosHuedanndeckuil Oapnep.
YacThb XOJIMHA UCIIONIB3YETCsl ISl pECHHTE3a JISIMTHHA U YOMXHHOHA, APYrasi 4acTh B XO-
JMHEPTHYECKNX HEHpOHax — ISl CHHTE3a aleTHIXOJINHA. BHyTpHKIeTOuHOE comepxa-
HHUE XOJIMHA B TKaHM Mo3ra cocrasisieT Oosbine 50 %, ocTanbHas 4acTh 3aXBaThIBACTCS
TEPMUHAISIMH W3 CHHANTHYECKOM INENM IOCNEe THIPOIN3a M HCIONB3YeTCs MOBTOPHO.
3axBavueHHBIN XOIMHEPTUIECKUMHU TepMHUHAISIMU XoJuH (60—72 %) cpa3y mpeBpamaet-
csl B AlETHIXONHMH. BHOCHHTE3 XONMHA OCYIIECTBISETCS IMyTEM METHIMPOBAHMS N—
JUMETHIaMHHOATAaHOJIa, CHHTE3HpyeMoro u3 cepuHa [23,28].

B kopperupoBaHnM HEHPOTEHHBIX HApyLIEHUH HEBTOPOCTEIICHHA POJb 3(UPOB
XOJIMHA, B YaCTHOCTH ALETHIXOJHMHA, 3aCIy’KMBAIOIIUX CYLIECTBEHHOIO BHUMAHHS C
TOYKH 3pEHHsI 0COOEHHOCTEH €ro CHHTe3a M OMOJIOTMYECKOH aKTUBHOCTH, SIBIISIFOILIETOCS
COCTAaBHOW YacThIO CHCTEMbI HEWPOIHIOKPUHHON peryisamuu opranunima [14,17,19,25-
28]. CornacHo pe3yibTaTaMm HcciaenoBaHui nocieanux jet [19,20,23,25-28], xonuHo-
BBIMH 3(HPaMH OCYLIECTBIISCTCS PAA BaKHEHIIMX (YHKLUUHA B OpraHu3Me 4eloBeKa M
KHMBOTHBIX. BMecTe ¢ TeM npoJoInKaloT OTCYTCTBOBATh CBE/ICHHSI OTHOCHTENILHO TIPHMe-
HeHUs >(QUPOB XOJMHA TPH CIMHHOMO3TOBBIX HOBPSKACHUAX Pa3IMYHON CTEHNECHU
BBIPOKEHHOCTH W PE3YJIbTATOB MX JecTBHUs Ha MHTepHelpoHsl (VMH) m MOTOHEHpOHEI
(MH) CM.

Hcxons w3 moucka ONTHMAIBHBIX CPEICTB, CTHUMYJIMPYIOIIMX M Olaronpusr-
CTBYIOIIUX POCTY BOJOKOH MOBPEKAEHHBIX MyTeil CM M ¢ y4€éTOM BBIIIEOTMEYECHHBIX
OCO6eHHOCTeﬁ XOJIMHOBBIX 3(prOB, HaMW TOpEANpUHATA MONBITKA HCCIEA0BATHL COYC-
TaHHOE JIeHicTBHE MBYX A(HUPOB XOJHMHA: XOIHMHOBOTO 3¢upa N—(TI-MeTOKCHOCH30MI)—
DL—denunanannna (X29®) u xonunosoro 3¢upa N-o6enzonn—DL—Banuna (XOB), cun-
TE3WPOBAaHHBIX B MHCTUTYTE TOHKOW opranmdeckoit xumun M. A.JI. Mumxosaa HAH
PA mon pykoBoactBoMm 1.x.H. Tomy3siHa B.O., Ha BHEKJIETOYHYIO (POHOBYIO 3JIEKTpPHU-
4ecKylo akTHBHOCTh onuHOYHBIX TH m MH CM kpbic B HOpME U TIPH €ro 3KCIIepH-
MEHTaJIbHBIX MOBpexaeHUsX Tuna reMucekuuu (I'MC).

Mamepuan u memoouxka: IKCIEPUMEHTHI IOCTaBIeHBI Ha 50 GenbIX Kpblcax — camuax,
Maccoif (210-230 r), pa3nenéHHBIX Ha CIeIyIOUIMe MOJONBITHBIE TpyHbl: nepsas — 10 9Kk3. — UH-
TaKTHBIE KHUBOTHBIC; BTOpas — 20 9K3. — )KUBOTHBIE C JieBocTOpoHHel naTepanbaoit [MC CM Ha
ypoBHe T8-T9; Tpetbs — 20 5K3. — )KUBOTHBIE C JIeBOcTOpOoHHEH saTepansHoil [MC CM Ha ypoB-
He T8-T9, nonyuasimue B TeueHUue 1 Mecsla eKeIHEBHO coueTaHHble uHbeKIMU XO® u XOB B
Mecto nospexxaenuss CM (mo3upoBka — 100 Mxr/kr Maccs! xuBOTHOTO — XO® u 100 MKr/KT Mac-
CBI JKMBOTHOTO — XOB, Kak10€ KMBOTHOE MHIMBHAYaJbHO). [locne mpoBeneHHs KIMHHYECKUX
HaOJIIO/IEHNIT 1 a4y MpenapaToB Ha BCEX 3 IPyIIax JKMBOTHBIX OBLIM IOCTaBIECHBI 3JIEKTPOdH-
3MOJIOTHYECKHE OKCHEPUMEHTBI. MHUKPOAIEKTPO-GU3HOJIIOTHYECKMMH METOAAMU  IIPOM3BOAMIIH
9KCTPAKJICTOUYHYIO PETUCTPALIUIO BHEKJIETOUHOU (POHOBOI anexTpuueckoil aktuBHOCTH (DA) oau-
HouHbIx MH mopcansHoro pora CM u oguHO49HEIX MH Bentpansaoro pora CM kpeic. OTBeneHne
aKTHBHOCTH HCCIIEAYyEMBIX MOTOHEHPOHOB NPOBOAMIN CTEKIITHHBIM MHKPOAJIEKTPOJOM C AHa-
MeTpoM KoH4HKa 1-2 MK, 3anonHeHHbIX 2M pactBopoM NaCl. Peructpanuro ®A MH u MH mpo-
BOJMJIM C TIOMOIIBIO CHENUATBHO pa3pabOTaHHOM MaTeMaTHUeCKOH IPOrpaMMEI, 00ecredrBaro-
el B pexuMe on-line ceneKknuio criaikoB MoCPeACTBOM aMIUIUTYIHOH JUCKPUMHHALIMH CIIalKOB
U TOCIEAYIOIMM OCTPOCHUEM KYyMMYJISITHBHOH HMMITYyJIbCHOM THCTOrpaMMBbl JUIs BbIOOpa HEoO-
XOAMMOTO PeXKMMa 3aluCH BBI3BaHHOHM akTHBHOCTH oauHOuYHBIX MMH m MH CM. Ananu3 momy-
YEHHBIX JAHHBIX OCYLIECTBIISUIM 1O AITOPUTMY, HOAPOOHO OMHMCAHHOMY B HAIIMX MPEABITYIINX
cratesax [11]. Bonee moapoGHO ¢ MPOrpaMMHOIT METOAMKON HAIIMX SKCIEPHUMEHTOB MOXHO O3Ha-
KOMHTKCS B Hamei padote [12].
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Pezynomamut u obcysycoenue. Ha puc. 1 nemoHCTpupyercs mpumep KyMMyJs-
TuBHOW (puc. 1, a) m cymmupoBanHoil (puc. 1, B) ructorpamm DA ommHOUHOTO (HO-
HooaktuBHOro MH CM (rimy6una 1200 mxMm) B HOpMe (puc. 1, a, 0, B); Y KpBIC C JIEBO-
croponHeit darepansroit [MC CM (riryouna 1200 MM, puc. 1, 2, a, 6, B) 1 y KpBIC C
neBoctoponHel natepanbHo IMC CM, mony4aBmmx codeTaHHble WHBEKIMH XD u
X3B B teuenue 1 mecsa (ryouna 1200 mxwm, puc. 1, 3, a, 06, B). Kak BuaHO U3 pUCyHKa,
MOCJIEACTBHS CIIMHHOMO3TOBOTO MOBPEXICHHS NPOSIBISIIOTCA B BUie ypexeHus A onu-
HoyHoro MH CM mio cpaBHEHHIO ¢ HOPMOIA.

a 165 17
o 100 ey

| pomm e gom s

6 A T OuHbI

+wma—e¢_

Puc. 1. BHeknerouHas (oHOBas 3JI€KTpUUECKasi aKTHBHOCTH OAMHOYHOTO MOTOHEHpOHA
CIIMHHOTO MO3ra KpbIc B HopMe (1 a, 0, B); OANHOYHOTO MOTOHEHPOHA CIMHHOTO MO3ra
KPBIC NIPH JIEBOCTOPOHHEH JIaTepabHOM reMucekuu (2 a, 6, B) 1 OAUHOYHOTO
MOTOHEHPOHA CHMHHOI'O MO3ra Y KpbIC C JIEBOCTOPOHHEH JIaTepalbHON reMUCEKIUEH,
MOTyYaBIINX B TeUCHUE | Mecsma eXeIHEBHO COUEeTaHHbIE HHBEKIINU
X3® u XOB (3a, 6, B). 'myOuna orBenenus 3 mortoHeiipoHoB — 1300 MK.

Jansbiii 5 dexT XopolIo BUIEH Ha KyMYJISITUBHOM Tuctorpamme (puc. 1, 2, a, 1),
IJie IMEEeT MECTO YMEHBILIEHUE YHciia MMITYJILCOB B IAUKe; M Ha CyMMupoBaHHOH (17 ucr.)
ructorpamme (puc. 1,2, B), Ha KOTOpOH HAaOJIIOAAETCSl aHATOTHYHBIH AP PEKT.

Ha puc. 2 nemoHcTpupyercst nmpumep KyMYJIATHBHOHM (puc. 2,a) ¥ CyMMHpO-
BaHHOH (puc. 2, B) rucrorpamm @A omgmaOouHOTO (hoHOBOAaKTHBHOTO MH CM (TiTyOnHa
800 mxm) B HOpME (puc. 2, 1, a, 6, B); y KpBIC ¢ JIeBocTOpOHHEeH naTepansHoii [MC CM
(tmyouna 800 mxMm, puc. 1, 2, a, 6, B) H y KpBIC C JIEBOCTOpOHHEH naTepanbHoit [MC
CM, nonydaBmmx coderanHblie nHbeKIHH X0 n XOB B Teuenne 1 mecsma (rirybuna
800 mxmM, puc. 2, 3, a, 0, B).
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Kak BugHO U3 puc. 2, u B cirydae ¢ MH mocineacTBus CIMHHOMO3TOBOTO MTOBPEXK-
JIEHHS MIPOSBITIOTCS Takoke B Buae ypesxkeHus @A ogunognoro MTH CM o cpaBHEHHIO ¢
HOpMOH. [laHHEIHA 3¢ EeKT XOpoIIo BHAEH Ha KyMMYJISTHBHON rUcTOrpaMMme (puc. 2, 2,
a, 1), Tie uMeeT MecTO yMEHBIIEHUE YKciia UMIIYJIbCOB B MaUKe, 1 HA CyMMHUPOBAaHHOMN
(17 ucm.) rucrorpamme (puc. 2, 2, B), Ha KOTOPOW TakKe HAOIIONACTCS aHATOTUYHBIN
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Puc. 2. Buexnerounast poHOBas 3/IeKTpHUUECKasi aKTUBHOCTh OJMHOYHOTO HHTEPHEHPOHA
CIIMHHOTO MO3ra KpbIC B HOpMe (1 a, 0, B); OANHOYHOTO HHTEPHEHPOHA CIMHHOTO MO3Ta
KPBIC TIPH JIEBOCTOPOHHEH JIaTepabHOM reMucekuu (2 a, 0, B) 1 OAMHOYHOTO
HWHTEpHENHpPOHA CIIMHHOIO MO3Ta Y KpBIC C JIEBOCTOPOHHEH J1aTepaabHON TeMUCEKIIUEH,
MOTyYaBIINX B TeUEHUE | Mecsma eXeIHEBHO COUEeTaHHbIE HHBEKIINU
XO® u X9B (3 a, 6, B). ['mybuna orBenenus 3 moroHelpoHos — 800 MK.

IIpu cpaBHeHUM 3aperucTpupoBaHHoi kapTuHbEl PA y oguHounsix MH u MH CM
KPBIC MOKHO MPUATH K 3aKIIOUEHHIO, YTO B LIEJIOM IIPU CIUHHOMO3TOBOM HOBPEKICHUU
(I'MC) mposiBnsiercst peskoe ypexxenne A omunounsix MH m MH u nepexon e€ us
HOpPMAJIbHOTO PEryJIIPHOTO THIA pa3psAla AaHHBIX HEUPOHOB B IATOJIOTMYECKUI
“maveqHbrii” T paspsana (puc. 1, 2, a, 0, B).

IIpu cucremaTnueckoM KaKAoAHEBHOM BBelneHnn XO® m XOB B BrImeyka-
3aHHBIX O3UPOBKax MposiBisieTcs pe3koe yuamenue ®A kak MH, rak u MH, conpoBox-
JIAFOIIEECs] ICUE3HOBEHUEM TaU€UHON aKTHBHOCTH U BOCCTAHOBJIEHHEM MPAKTHYECKU 10
HOPMBI PETYJISIPHOTO THUIIA Pa3psijia TaHHBIX CIHHHOMO3TOBBIX HelpoHoB (puc. 1, 3, a, 0,

B; puc. 2, 3, a, 0, B), BBI3BAHHOE, BEPOSITHO, MPOTEKTOPHBIMU CBOMCTBAMH JAHHBIX
XOJIMHOBBIX 3QupoB (XOD u XOB).
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Panee Hamm mcclemoBamUCh AEWCTBUSA XOJIHHOBBIX IPOHM3BOIHBIX [7] B coueTa-
HUU C THPEOUAHBIM TOPMOHOM THPOKCHHOM IIPH TOBPESKACHUSX CIIMHHOTO MO3Tra, a
Takke gerictBre XO® Ha (OHOBYIO M BBI3BAaHHYIO aKTHBHOCTh OJMHOYHBIX MUPAMU-
HBIX HEHpOHOB IV €105 KOpBI OOJIBIIMX MOTyIIapUii TOJIOBHOTO MO3Ta KPBIC IPH JlaTe-
paserOit 'MC CM [8]. AHanu3upys JaHHBIE MTPOBEACHHBIX MCCIEIOBAHUI, MPHUILIH K
BBIBOJIy O TOM, YTO B II€JIOM UMEETCS MOJIOKHUTEIbHBIN 3PPEKT OT COUSTAHHOTO MPUME-
HEHMsI XOJIMHOBBIX NpPou3BOAHBIX (XO® u XOB) mpu opraHMYecKHX MOBPEXKICHHUSIX
CIIMHHOTO MO3Ta y KPBIC M HAONIOHACTCS HAIMYHE CTOWKUX IMOJOXKHUTEIBHBIX PE3yIib-
TaToB.

Takum 00pa3oM, pe3yIbTaThl HAIUX UCCIICAOBAHUI CBUIICTEIBCTBYIOT O IPOTEK-
TOpHOM JieiicTBUU codeTaHHOro Komruiekca XO® u XOB na @A ognrounsix MH 1 MH
CM 1npu ero opraHN4ecKuX MOBPEXKICHHUAX TUTIA JICBOCTOPOHHEH atepaipHoit [ MC.
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OKHUCJ/IMTEJBHASA MOAUPUKALIUA BEJIKOB CBIBOPOTKH
KPOBMU BEJIBIX KPbIC 11O/ BAIUAHUEM IIYMA "
U2-AAPEHOBJIOKATOPOB

JI.C. YHAHSIH', O.I. COLIKHUI1', JI.T. XAUATPSH',
3.A. IMPUHSH?, M.M. MEJIKOHSIH'

TEMTY um. M. T'epayu, *Hncmumym monxoii opeanuyecxoti xumuu HAH PA

HccnenoBana cTeNeHb OKUCICHHS CYMMapHBIX OEIKOB CHIBOPOTKH KPOBH
OenbIX KpbIC B HOpMeE, IIOJ BIMsSHHMEM InyMa U [J-aapeHoOnokaropoB. C
MOMOIIBI0 METOJa, OCHOBAaHHOIO HAa PEaKLUH B3aUMOJCHUCTBUS 2,4-AH-HUTPO-
¢enmnrunpazuna (JJH®PI) ¢ OKHUCIEHHBIMH aMHHOKHCIOTHBIMH OCTaTKaMu
0EJIKOB, YCTAaHOBJCHO, 4YTO HccienyeMble (aKTOpbl MO YOBIBAHHIO CTENCHH
OKHCIIIEMOCTH CyMMAapHBIX OEJIKOB CHIBOPOTKH KPOBU II0 JAHHOMY MapKepy
pacroararoTcsi B CJIEAYIOMIEH MOCIeI0BAaTEeNbHOCTH: IIyM, Ha30KcaH, OCAUTHH.
[Ipen-BapuTenpHOe BHYTPUOPIOIIMHHOE BBEICHHE OEAWTHHA, 2 MI/KT MAacchl, B
OTJIMYME OT MIA30KCaHa, IPEMSTCTBYET MOBBIICHUIO COACP)KAaHMsT HEHTPaJIbHBIX
OUHUTPO(EHWITHIPa30HOB B CBIBOPOTKE KPOBH  KpPBIC, MOABEPIHYTHIX
BO3JCUCTBHIO IIyMa B TeUEHHE 2 4.

Cmpecc [ okucnumenshas mooughuxayus 6enxoes /] a-aopernobiokamopot 7
OUHUMPODEeHUNSUOPA30HbL

Unpdwynud, wnuuyhtt uppbuh b D2-wgphunpinuunnpubph (hpuqnpuwb,
pinhwnpt) tkpupiuwt wuydwitbpnud, vyhwnwl wetkwnubph oh&nind niunid-
twuhpyt) E gnudwpughtt uyhnwynigubph opuhnugdw wunh&wp, nph dwuht £
Yyuynid opuhnugyus wilhtwppniutp wupnibwlng uyhwnwynigutph b 2,4-nh-
uhwnpndtupthhnpughth  (FYU92)  thnjwmgpbgnipyut wpymiipnd  wnwgwmgus
nhuthnpndkuhihhnpugnuibkph pubwlp: Zwunwngk) E np pun wpjut gh&nilind
gnudwpuyhtt uyhwnwlnmgubph opupnugdwl  wunmhdwh wjuqdul, wpjus
gqnpénibipp quuwynpnid ki hknljw) hwenpyuluimpudp’ wnunily, hyw-
qnpuwl, pinhwnht: Rinhwhth 2dg/lq swhwpwduh twhptwlwb tkpnpnduwyiwght
ubkpwpynudp, h mwppbpnipnit hpugnpuwih, Jubjunwd E Ephne dud wnduyhte
uppbuh Eupwpluwéd wntbtnubph ohdniynid skqnp nhuhwpndtuhihhnpugnuutph
wupniiwlnipju wép:

Upplu (uyghuiugnighbph opupnunny] dnghphfugnid (
l-umppEinpnfuwnnplbp, phapunpndbaphpppugnbbbn

The 2,4-dinitrophenylhydrazine (DNFH) test was used for estimating the
blood serum proteins’ oxidation level in white mongrel rats' serum in norm, under
the influence of (91 dBA, 2hr) noise and [J,-adrenoblockers (beditin and idazoxan
intraperitonial injection). It was shown that oxidation intensity of proteins,
particularly the level of dinitrophenylhydrazones, which are formed with the
carbonyl groups of aminoresidues of proteins, decreased in the following
sequence: noise, idazoxan, beditin. Preliminary intraperitonial injection of beditin
(2mg/kg), prevents the increase of the neutral dinitrophenylhydrazones content in
serum of the rats, exposed to the noise.

Stress [/ oxidative modification of proteins [/ [J,-adrenoblockers [ dinitrofenylhydrazones
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J1.C. YHAHSIH, O.I1. COLIKWH u ap.

Kak n3BecTHO, J1t000e ocTpoe BO3/ICHCTBUE HA )KUBOW OPraHU3M COIPOBOXKIAETCS
akTuBaImen cucteMm 3amuThl. OXHON M3 TaKMX CHCTEM aJaNTaldd KICTKH SBISETCS
MHOTOKOMIIOHEHTHasi CUCTEMa, BKJIIoUarolasi 00pa3oBaHHe aKTHBHBIX (JOPM KHCIOpoa
(ADK) m perymsmuio ux cojepkaHus B KieTke [6]. Ha paHHHMX 3Tamax W3y4eHus: poiu
AO®K B KIIETKE HCCIIEIOBATENN CYUTAIH, YTO CBOOOTHBIC paJnKaibl, oOpasyronmecs 3a
CYET HEIoJIHOTO BoccTaHOBIEHUSI O,, UIPAIOT OTPULATENLHYIO POJIb, BBI3BIBAsE OKHUCIIHU-
TEJILHYIO JIECTPYKIIMIO JIUMKAOB, U, YTO camoe IIaBHOe, OeJIKOB, Hapyllas uxX QyHKIHUU
[8,9,10,12,15,16,17]. B HacTosiIIee BpeMsi yCTAaHOBICHO, YTO aKTUBHBIC (POPMBI KUCIIO-
poia B pU3HONIOTHIECKUX KOHIICHTPANNAX OCYIIECTBIIIOT Mepeaady CUTHAIOB BHEIITHEH
1 BHYTPEHHEH Cpejl opraHu3Ma 4epes peryisaTopHble MeTaboyeckue kackasl [1]. Otu
JTaHHBIE U MTOCITY KM OCHOBOH JUTS paCIIMPEHHBIX HccenoBanuii o poim ADK B dyHKImo-
HHPOBaHMM OENKOB W JIMITMIOB B HOPME M HaTtoyioruu. MccnenoBanusi, IpOBOIMMEIE C Ha-
gayia 80-x ronoB B EpI' MY, mpoieMOHCTPUPOBAIA Pa3BUTHE BHIPAKECHHBIX H3MEHEHHH B
npoueccax nepekucHoro okucienus munuaos (I10JI), Hapymenne aucbananca B cucre-
Mme [1OJI- aHTHOKCHIaHTHAS CHCTEMa B YCIOBUSAX BO3IEHCTBHS IIyMa BBICOKOTO YPOBHS
(91-97 nbA), nanGonee 4acTo BCTpeYaeMOro Ha IPOM3BOJCTBAX, TPAHCIOPTE U OBITY,
3aBHCHMOCTH HX OT IPOJOJKUTEIIEHOCTH BO3ICHCTBHSA U TOJa SKCIIEPUMEHTANBHBIX JKH-
BOTHBIX. [IpeaBapuTenbHOEe OfHOPa3oBoe (MPOGHUIAKTUIECKOE, IPH OJHOPA30BOM BO3-
JISWCTBUHM IIIyMa) ¥ CUCTEMaTH4eCKOe IIPUMEHEHNE aHTHOKCHIaHTOB NpupoaHoro ([ -To-
KoepoIr) MPOMCXOXKICHUS U LEJIOro psifa CUHTETHYECKHUX MpenaparoB, 00JaJarouux
AHTHOKCHIAHTHBIMHI CBOWCTBAMHM, B YCIOBHAX XPOHHYECKOTO SKCIEPHUMEHTa ITOKA3aIo
uX pasnuuHylo 3(pQEeKTHBHOCTh B PEryJsilMK W3y4YEHHBIX mnapamerpoB. [lomydeHHbIe B
SKCIIEPUMEHTE PE3yJIbTAaThl HAIUIM CBOE IOATBEPXKACHHE TPU W3yYECHUH KPOBU pa-
OOTHHMII TKAIKOTO I1eXa KaMBOJbHOr0 KoMOMHaTa (ypoBeHs nryma 95 nbA) [4]. Bmecre ¢
TeM, INTepaTypHbIC JaHHBIE O BEICOKOM YPOBHE aTEPOCKIEPOTHYECKOTO MOPAKEHHS CO-
CYJIOB Y pabouuXx NpeIlpHsITUil ¢ BBICOKAUM YPOBHEM IIyMa, pe3yJIbTaThl COOCTBEHHBIX
nccienoBanmii nHTeHCHBHOCTH [10JI B KpoBH, TTOKa3aTenel aTepOreHHOCTH, HapYIIICHHUS
JIESITENIbHOCTH  CEPACYHO-COCYMCTON CHCTEMbl PA0OTHHUI] TKALIKOTO LieXa, MOCTYXUIIN
OCHOBaHHEM IS TIOMCKA COCTUHEHHUH, 00IamalomuX KaK COCYAUCTHIM, TaK U, BOZMOX-
HO, AHTHOKCHIAHTHBIMH CBOWCTBAMH. YUHTHIBAas BBIIIEH3JIOKEHHOE, MBI IOCTABIIU
nepen co0oH 3a7ady W3ydUTh BIMSHHUE IIyMa (OCTPBIM aKyCTHYECKHH CTPEecc) U HOBOTO
[J,-anpeHoOnokaTopa — OenuTHHA, BriepBble cuHTe3upoBanHoro B UTOX HAH Apwme-
HUHM, HAa OKUCIHTENbHYI0 Moaudukarmio 6enkoB (OMB) ceiBopoTku kpoBu. Bridop Oe-
IUTHHA B KadecTBE 00BEKTa MCCICAOBAHIS OOBSICHACTCS TEM, YTO OH 00JIagaeT Kak co-
CYJOPaCIIUPSIONIIM, TaK ¥ aHTHTMIIOKCUYECKHM, aHTHArperaliiOHHBIM U aHTHJIOTHBIM
s dexramu, B MeXaHH3MaxX Pa3BUTHsI KOTOPBIX Ba)KHAs POJIb OTBOJHUTCS MPOIIECCaM CBO-
00THOPAMKAIBHOTO OKHCIIEHHS, YTO MOATBEPIKIAETCS TAKXKE €ro BIMSHHEM Ha MeTa-
00JIM3M apaxuIOHOBON KUCIOTHI [5,13].

Mamepuan u memoouxa: DKCIEPUMEHTHI TPOBOAWIM Ha OelbIX OecrOpOIHBIX KpbIcax-
cammax Maccoir 150-180 r, comeprkammxcsi Ha CTaHIAPTHOM MUILEBOM paiuoHe. IlomonbiTHBIE
KUBOTHBIE HoApas3zaensiii Ha 6 rpynn. Kpeicel 1-if rpynnsl (MHTAKTHBIE) CIYKUIM KOHTPOJIEM.
Kperic 2, 4, 6 rpynm noaBepranu BO3ICHCTBUIO myMa ypoBHeM 91 nBA ¢ MakCcHMalIbHOM SHEpruei
B 00J1aCTH CPEeTHHUX M BBICOKMX YacTOT B TeueHue 2 4. JKuBoTHbIM 3,4,5,6 TpyIn npenBapuTeIbHO
BHYTPHOPIOIINHHO BBOIWIN [J,-aIpeHOOIOKATOpEl OCAWTHH WM HMOA30KCaH B J03€ 2 MI/KT
Mmacchl. Mna3okcan (“Reckitt Colman™ AHrmust) HCIONB30Bali B Ka4ECTBE U3BECTHOTO OIOKaTropa
[,-an-penopenenTtopoB. Uepes 2 4 MOJOMBITHBIX KUBOTHBIX AEKAIUTHPOBAIN U Opany CEIBOPOTKY
KPO-BU Ha UCCIIEIOBAHHE.

JIns OLEHKN MHTEHCHBHOCTU CHOHTAQHHOW OKHCIMTENBHOM MOIU(HKAIMH OENKOB CHIBOPOTKH
KpOBH OBLT HCIONB30BaH METOA, MOAMMHIMpPOBaHHBIA JlyOMHHHOM M COaBT. [2], OCHOBaHHBIA Ha
peaKIyy B3aUMOJCHCTBUS KapOOHIIBHBIX IIPOU3BOAHBIX OenkoB M MIM(QOBBIX OCHOBAaHMH C
2 4-muantpodenmwrunpasziunom (JIHOI') ¢ obpasoBanuem 2,4-muHuTpodeHnruapasonoB. s mpo-
BEJICHUs aHAJIM30B Opajy ChIBOPOTKY KPOBH KpbIC, NPHHATON B JaOOpaTOpHOW auarHoctuke [3], B
komuuectse 0,05 i1 Ha npoOy. OcaxaeHne OeIKOB CHIBOPOTKU OCyIeCTBISIIH  20%-HbIM pacTBOPOM
TXY. K neHatypupoBaHHbIM OenKkaM MpriHBain paBHbIA 006EM (1 M) 0,1 M pactBopa 2,4-JIHOT,
npurotosieHHoro Ha 2 M pactBope HCIL. KontponsHas nmpo6a Bmecto 2,4-JJTH®I" comeprxaina paBHbIH
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00BEM 2 M pactopa HCI. Muky6armio mpo0 mpoBowIi B TeUeHHe | 1 py KOMHATHOH TeMITepaType.
Jlns ocaxxnenus OeskoB npoOs! eHTprdyruposamy npu 3000 x g B Teuenune 15-20 mun. ObpazoBas-
mmiicss ocagoK MPOMBIBAIM 3 pa3a cMeChbo 3TaHONM-3THianeTaT (1:1) It SKCTpaKIMK JIUIUIOB U He-
MPOPEarupoBaBIIero ¢ KapOOHIWIGHBIMU TPYIIaMH OKUCIEHHBIX OenkoB 2,4-/ITHOI. TlomydeHHbIiH
0CaZloK OT OCTaBIIEHCS CMECH 3TaHoJalleTaTa MOJCYHMMBAIM TOKOM N,. BrICymIeHHBI ocaok pac-
TBOPsUIM B 2,5 Mi1 8 M pacTBopa MOYEBHHBI HA KHILAIIEH BOIIHON OaHe B TeYEHHE S MHH JI0 IOJIHOTO
pactBopetust. OOpazoBaBuimecs 2,4-IMHUTPOPEHIITUAPA30Hbl PETUCTPUPOBAI HA CHEKTPO(OTO-
Metpe CP-26 mpu crepyromux muHax BoiH: 356, 370 u 430 um. KommdecTBo 0Opa3oBaBmImxcs
2.4-muHUTPO(EHIITHAPA30HOB  PACCUUTHIBAIN, HCHONB3YS KOI(D(PHUIMEHT MOJISIPHOW SKCTHHKIIUH,
paBHbIH 21107 moms e [12].

Craructiyeckyto o0pabOTKy MOJTyYeHHBIX Pe3yJbTaTOB IPOBOAMIN C MCHOJIB30BaHHEM IIPO-
rpammbl “Statistic for Windows ver. 7.0”. J[ns KONHYECTBEHHBIX HOPMAIBHO pachpenenéHHbIX
MPU3HAKOB OLEHKY CTATHCTHYECKOH JOCTOBEPHOCTH TMPOBOAWIM TIPH IIOMOLIM KPHUTEPHs
CrelozeHra (7).

Pezynomamut u o6cyyncoenue. B tabn.1 npeacrasiens nanaeie o creneHn OMb
CBIBOPOTKH KPOBH KPBIC MHTAKTHOW TPYMITBI M TPYIII, MTOABEPTIINXCS BO3IEHCTBHIO ITy-
Ma, [1,-0JI0KaTOpOB U MX KOMOMHUPOBAHHOTO BO3/ICHCTBUSL.

N3ydenne kapOOHUIBHBIX TPOIYKTOB OKHCICHHS OEIKOB CHIBOPOTKH KPOBH WH-
TaKTHBIX JKUBOTHBIX C momorbsio JJH®I BeriBmio Hanmumne anu(aTudecKux KeTOH-IH-
HUTPODESHWITHIPA30HOB HEUTpAILHOTO (peructpanus npu 356, 370 HM) U OCHOBHOTO
(peructparust pu 430 HM) xapakrepa. BhISBICHO, 4TO coaepkaHue aar(aTHIecKux
KETOH-TUHUTPO(EHWITHIPA30HOB HEWTpalbHOro xapakrepa B 13-16 pa3 mpesbiliaeT
coJiepKaHue TUHUTPO(EHUITUIPa30HOB OCHOBHOIO Xapakrepa (Tadi.l). AHanoruuHble
JaHHBIC ObLIM MoJyuyeHbl J[yOMHMHOM M coaBT. mpu ucciaenoBannu OMB kpoBu 3110-
POBBIX Jitojeit [2]. AHanu3 qaHHBIX (Tab.1) MO OIIEHKE CTENCHH OKHCISIEMOCTH OCIKOB
CBIBOPOTKH KPOBH JKMBOTHBIX IOJ BO3JEHCTBHEM IyMma, [J,-aqpeHOOIOKaTOpPOB M HX
KOMOMHHUpOBaHHOTO AedcTBus (2, 3, 4, 5, 6 rpynmsl) MoKasai, 4To BCe ATH (hakTopbI
MOBBIIIAIOT COJIEp)KaHHE HEHUTPaIbHBIX U OCHOBHBIX KETOH-IHHUTPO(EHMITHIPA30HOB
B Pa3HOW CTENeHH, HO HE BJIMSIOT Ha WX KauyecTBEHHbIH cocraB. Hamboiee BbIcOKmMit
YpOBEHb KapOOHMIIBHBIX MTPOLYKTOB OEJIKOB, OLIEHNBAeMBIX ¢ romMouipio JJHOT', Haburo-
JIaeTCsl B CBIBOPOTKAX KPOBU )KUBOTHBIX 2-U U 6-i rpymil. [1,-AIpeHoOI0KaTOpbl TaKKe
MIOBBIIIAIOT YPOBHH ITPOIYKTOB OKMCIIEHUSI OENKOB CHIBOPOTKH IO CPAaBHEHUIO C HH-
TAKTHOM Tpynmoi, onHako 3(dexT OeauTHHA BBIpaKeH B MEHbLIEH CTENICHU, YeM Haa-
30kcaHa. Tak, ecnu mop neicTBHeM OeAWTHHA COMCpKaHWE HEUTPaTbHBIX KETOHIH-
HUTPO(QEHWITHAPA30HOB, PETUCTPUPYEMBIX IIPH JJIMHE BOJIHBI 356 HM, YBEIHIHBACTCS B
1,38 paza mo CpaBHEHHIO C aHAIOTHYHBIMHA AWHUTPOPCHWITHAPA3OHAMH HHTAKTHOH
TPYTIIEL, TO O] BIMSHUEM HOa30KcaHa - B 1.75 pa3a. Takas jxe kapTuHa HaOIogaeTcs U
IIpU CPaBHEHUH CTETICHEH MOBBIIICHNS YPOBHEH KapOOHWIBHBIX MPOLYKTOB OKHCICHUS
OETIKOB CBIBOPOTKH, PErHCTPUPYEMBIX IpH HHE BONHBI 370 HM TOJ BIMSHHEM H3Y-
YaeMbIX [1-apeHo0I0KaTOPOB. DTOT (akT CBHUAETEIBCTBYET O TOM, YTO MIa30KCaH, 10
CpaBHEHHIO ¢ O€IUTHHOM, B OOJBIIECH CTETIEHN aKTUBUPYET OKHCIUTENbHBIEC TPOLIECCHI,
U CIIEJIOBATEIHLHO C TOM TOYKH 3pEHUS sIBJsLeTCs Oosee TOKCHMYHBIM (Tabi.l). He wuc-
KJIFOUEHO, YTO OJJHOM MX NPUYMH MEHEe BBIPAKEHHOIH OKUCIUTENbHON AeCTPYKLUUH Oe-
KOB CHIBOPOTKM KPOBHM TPH BBEAECHHH OCAMTHHA, [0 CPABHEHHIO C MJa30KCAHOM, SIBJISI-
eTcsl ero CrnocoGHOCTh MOJABIATH 00pa3oBaHue CylnepokcuaHoro anuona OF [13]. 06

9TOM TaK)Xe CBHJICTECIBCTBYIOT MOIYYCHHBIC HAMU JaHHBIC 00 MHTEHCHBHOCTH IPOIIEC-
COB IEPEKUCHOTO OKUCIICHUSI JIUIMHOB B M3YYEHHBIX 00pa3max [11]. DTo MHeHue moa-
TBEPXKAACTCSA pPe3yJbTaTaMH HUCCIICOBAHUNA CPAaBHUTEIBLHOW TOKCHUHOCTH [J)-aJipeHo-
6mokaropos [7].

BaxxHO OTMETHTB, YTO MCHEE BHIpAKCHHAsI aKTHBAIUS OKHCIHUTEIBHBIX MPOIECCOB
IIpU BBEJCHUU OCOUTHHA 10 CPaBHEHHIO C WAAa30KCAHOM BBIABISICTCA W Ha (poHE mryma
(tabm. 1). Tak, y »XUBOTHBIX, HAXOJSAIINXCS IO BO3ACHCTBHEM IMyMa IIPH IpeIBapH-
TETHHOM BBEICHUH OCAUTHHA, HE OTMEYACTCS TOCTOBEPHBIX OTKIOHCHHU B CONEPKAHHUU
HEWTpaNbHBIX KETOH-IMHUTPOPEHUITHIPA30HOB OT KOHTPOJIILHOTO YPOBHSI.
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OnHOBPEMEHHO PETHCTPUPYETCS yMEHBIIEHHE MOYTH B 2 pa3a OCHOBHBIX KETOH-
JUHATPO(EHWITHIPA30HOB 110 CPAaBHEHHUIO C TPYNIION, MOABEprarouielicsi BO3AeHCTBUIO
myma. He wckirodeHo, uTo BiMsiHME OeqUTHHA Ha COAEp)KaHHE HEHTpaibHBIX anuda-
TUYECKMX KETOH-IMHUTPO(GEHWITHIPA30HOB M CHIDKEHHE COAEP)KaHUS OCHOBHBIX Ke-
TOH-JMHUTPO(EHWITHAPA30HOB B CHIBOPOTKE KPOBH JKUBOTHBIX 4-i IPYIIIBI, BO3MOXKHO,
SIBJISIETCSI PEe3yJIbTaTOM BIMSHHS OeTUTHHA Ha (YHKIMOHUPOBAHHE AHTHOKCHIAHTHON
CHCTEMBI, B YaCTHOCTH ITyTEM IOJAEPKAHUS ONPEACIEHHOTO PABHOBECHS MEXKIy aHTHU-
OKCHJIQHTHBIMH U MIPOOKCUAAHTHBIMU cucTeMami [2,7].

JpyruM BakHBIM (DakTOM, BBISBICHHBIM B PE3yJIbTaTe MPOBEIEHHBIX HCCIIEN0Ba-
HUM, SBJISETCS BHIPAKEHHOE YBEINYEHHE OCHOBHBIX KETOH-IMHHUTPO(EHUITHIPA30HOB,
peructpupyemMsix npu JuinHe BonHbl 430 HM. Tak, Hanpumep, eclM YPpOBEHb HEHUTpanb-
HBIX anu(aTHIEeCKuX KETOH-ITUHUTPO(EHHITHIPAa30HOB, PETUCTPUPYEMBIX IIPH JUIMHE
BoJiHBI 370 HM, IpH BO3JECHCTBUY IIyMa BO3PAcTaeT IPUMEPHO B 2 pa3a [0 CPAaBHEHUIO C
WHTAKTHOM TpymIoi, To OCHOBHBIX — B 19,9 pa3za. Bo3aMoHO, CTONB CyliecTBEHHBIE
CABUTH B YPOBHE OCHOBHBIX KETOH-AMHHUTPO(EHHITHAPA30HOB B YCIOBHAX BO3ZICH-
CTBHS M3Yy4YCHHBIX (DAKTOPOB CBSI3aHBI C YCHJICHHBIM TNIMKO3MJIMPOBAaHUEM OCIKOB, UTO
XapaKTepHO VISl CTPECCOBBIX cocTossHUN. [Toka3aHo, 4TO IIMKO3MIMPOBAHKE OETKOB TECHO
CBA3aHO CO CBOOOIHO-PAMKATIPHBIMU IIPOLECCAMH, ITIPH 3TOM COAEp)KaHWE MPOLYKTOB
He(epMEHTATUBHOTO TJIMKO3WINPOBAHKS OENKOB B YCJIOBUSX OKHCIMTEIBHOTO CTpecca
Bo3pacraer [14, 18].

Ta6uuna 1. Conepxanue 2,4-TUHATPO(EHIIITHAPA30HOB B CHIBOPOTKE KPOBU
OenBIX KPBIC O] BIMSHUEM LIyMa U [J—aIpeHo0I0KaTOpOB
(B eIMHMIIAX ONTUYECKOHW IUIOTHOCTH B mepecdeTe Ha 1 © Oenka, n = 6).

I'pynna Ycaosus 356 um 370 um 430 um
KUBOTHBIX OIbITOB Ha 1 r 6enxa
1. KoHTpois 30,1409 350409 22403
5 s 578+5 644+5 403+34
: Y p<0,001 p<0,001 p<0,001
R N 41,6+2,5 458+29 202+ 1,6
: A p<0,001 p<0,001 p<0,001
363+ 1,9 39.8+2,1 212+1,5
4. Beautun +1ym | p<0,001 p<0,001 p<0,001
i<0,01 p1<0,001 1<0,001
s rasorcan 52,7+23 57,5+2,7 262+ 12
: A p<0,001 p<0,001 p<0,001
[ 59+ 6,8 66,9 % 6,2 404 +472
6. mﬂ N p<0,001 p<0,001 p<0,001
Y p:>0,05 p:>0,02 p:>0,05

IIpumeuaHue: p — 110 CPaBHEHHUIO C KOHTPOJIEM
P - 10 CPaBHEHHIO C IIYMOM

AHaNoTMYHAs KapTUHA MPOCMATPUBACTCS W IPH aHANWM3C JCHCTBUS OCIUTHHA U
M/1a30KCaHa Ha UCCIIeIyeMbIe MTPOILYKThI OKHCIICHHS OEIKOB CHIBOPOTKH.

Takum 00pa3oM, NPOBEACHHbIC UCCICAOBAHUS O BIHMSHUM IyMa, [J,-aapeHoO6io-
KaTOpOB M UX KOMOMHUPOBAHHOTO BO3IICHCTBUS HAa MHTCHCHBHOCTH OKHCIICHHS OCITKOB
CBIBOPOTKH KPOBH OCJBIX KPBIC MIOKA3aJIH, 9YTO HanOo0JIee BRIPAXKEHHOE BO3/ICHCTBIE OKa-
3bIBAET LIyM, a U3 [1,-apeHo0I0kaTopoB — uaazokcad. [IpenBapuTebHOe BHYTPHOPIO-
IIMHHOE BBEACHUEC OCIUTHHA B J103¢ 2 MI/KI MacChl, B OTJIMYME OT HMJa30KCaHa, mpe-
IATCTBYET TOBBIIICHAIO COJICPKAHHUS HEHTPAITBHBIX IMHUTPO(PCHUITHAPA3OHOB B ChI-
BOPOTKE KPOBHU KPBIC, IMOJBEPTHYTHIX BO3JCHCTBUIO IIyMa B TCUCHHWE 2 U, YTO CBHUJC-
TEJIBCTBYET O €r0 PETyJIATOPHOM BO3JICHCTBUU B YCIIOBHSIX aKyCTHUECKOTO CTpecca.
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2 . . . .
POCCMMCKO-apM}ZHCKMM (CﬂaBﬂHCKMM) YHUsepcumem, Ka¢. mamemamudecKkou Ku6epnemw<u

B pabote mocTtpoeHa mareMmaTH4YecKas MOJAENb IBYXCTaIUHHONH KHHETHKU
azcopOuK MpOTsHKEHHBIX JMranaoB Ha nymiekcax JHK. Omna w3 cragmii - 3To
muddy3ns TUrangoB K ancopOIMOHHEIM LICHTpaM, ApYyras - HEHNOCPEICTBEHHOE
CBSI3BIBaHME JIMTaHAa ¢ MecToM ancopbrmu. IlomydeHa cucTeMa HeNMHEHHBIX
i depeHIMAIBHBIX YPaBHEHHUH, OMMCHIBAIONIMX IIpoLece cBs3biBaHus. Ha ocHo-
BE€ UHCIICHHOI'O PEILCHUS CUCTEMbl HEJIMHEHHBIX ypaBHEHU NoMydyeHa u3oTepMma
ancopbumn. ITokazaHo, 4TO B 3aBHCHMOCTH OT COOTHOLICHHS MEXIy KOHCTaH-
TaMH CKopocTei ancopbuuu u necop6bumu nuranmoB Ha JIHK u ckopoctsio
1ubdys3un IuraHaa B pacTBOPE MOTYT PEalNU30BbIBATHCS KaK SKCIIOHEHIHANIbHAS,
Tak U S - 00pa3Has KHHETHKa aJICOPOIHH.

Aocopbyus nuearnoos - JJHK — kunemuxa adcopbyuu 1ueanoog-
HeuHelHble YPAGHEeHUs!

Usluwtnwipnd phipjus E Yu-h Ypluwlhh wwpnyph hbwn Epljugtwdhg
(hquunubph juwdwb tplthny Yhubknhjuh dupidwnhjulwt dnnbip: Unweht
thnyu hpkhg tkpjuyuginud £ juydwt jEunpnuh Jpu hquunubph nhniqhwi,
huy tpypnpyp Yuudwh nbknhb hquinh widhgwlwh juwynidp: Unug]ws t ny
géuyht phdbptughw) hwwuwpndubph hwdwlwpg, npp  Wjwpugpnd L
Juuydwl ypngbup: Ny qgdwyhtt hwjwuwpnudubph hwdwlwpgh pyuyht pisdwi
wpiyniupnid unnugyty E juydwb Ynpp: 8nyg b wipdl), np jupgws Fue-h hbn
lhquunubph juwuwbt U woldwb wpwugnipniiibph hwunwwnnibbkph b
mwsnypnwd  (hquinubph nhdpmghugh wpwgnipjut dhol hwpwpbkpnipmnihg,
Juyuwb Jhuknhjwut jupnn thub) husybu bpuynubughw), wyiybu £ S-wal:

UL ([hquibinhlph wpunppghw ((hquibnbbph wpunppghugh Ghakunpyu (
ns géughl hujuuwpnidabp

In present work the mathematical model of two-phases kinetics of
adsorptions of extended ligands on DNA duplexes has been constructed. One of
the stages is diffusion of ligands to adsorption centers, and other stage is direct
binding of ligands to adsorption site. The system of nonlinear differential
equations describing the binding process was obtained. Based on the numerical
resolution of system of the nonlinear equations the adsorption isotherm was
obtained. It was shown that in dependence on ratio between rate constants of
adsorption and desorption of ligands on DNA and rate of ligands diffusion in a
solution both exponential as well as S - shape kinetics of adsorption may occur.

DNA — adsorption of ligands — kinetics of ligands adsorption
— non linear equations
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JIBYXCTAJIMMHASL KUHETUKA AJICOPBLUU ITPOTSXKEHHBIX JIMIAHJIOB HA JIHK

B ocHoBe Bcex MonekysipHbix JJHK-0MOCEHCOPOB JIEKHUT PeruCTPUPOBAHUE CO-
OBbITUSL BBICOKOCTIEM(PHUIECKOrO pPACIIO3HABAHMS I10CIIEI0BATEIbHOCTEH HYKIEHHOBBIX
kucnot [2,6,8]. Monekyna JIHK sBnsercs camoii moaxosiiei /sl UCIOJIb30BaHUS B
OnoceHcopax, Tak Kak B3aMMOJCHCTBHE MEXIY IBYMS KOMIIIEMEHTApHBIMH IIETISIMH
JHK sBnsiercss cnemuduyHbBIM M JOCTaTOYHO MPOYHBIM. B THnM4HO#M KoHuUrypannu
onHonenoynass JIHK-mumenr nMmMoOnnn3oBaHa Ha TMOAJIOXKKE M 00pasyer cioi pac-
no3HaBanus. Ecinu B pactBope ecth ognouenounsle JIHK, kommiementapusie JTHK-mu-
meHsaM, To oopasyrores mymiekcsl JJTHK. O6pa3zoBanne ayruiekca akTHBH3HPYET CUTHAII,
KOTOPBIH, TTPE0OPa30BBIBAsICH B 3JIEKTPUUECKUE MMITYJIbCHI, MIEPENAeTCs] PErHCTPUPYIO-
meMy ycTpoicTBy [9]. Otmernm, uto aymiekcsl JJHK, xax mpaBuio, okpyXeHbI 60JIb-
MM KOJIMYECTBOM JIMT'AHAOB Pa3HOrO THMA, agcopbums koropsix Ha JJHK mymmekcax
MOXKET CHJIBHO BIMATH Ha Ipolecc (GOPMHUPOBAHHSA BBIXOIHOI'O CHUTHana GHOCEHcOopa.
Tak kak Hpoleccy HENOCPEACTBEHHOTO CBSA3bIBAHMS JIMTaHa C aJCOPOILIMOHHBIM LIEHT-
pom Ha JIHK (kuHetnueckas cranusi) npeamecTByeT nuddy3ust JMrauaa u3 riyOuHHBIX
CJIOEB PacTBOpPA K aAcOPOIMOHHOMY HeHTPY (auddy3nonHas crajus), TO B IEPBYIO OUe-
pelb cieayeT BBIICHUTD, Kak BIUSET AU Qy3us B pacTBOPE Ha KHHETHKY aJCOPOLIUH JIH-
rarna [3,4,5,7]. B manHO# paboTre WccieoBaHA KWHETHKA CBSA3BIBAHUS IPOTSKCHHBIX
muragnoB ¢ JIHK mymmekcamy B ycOBHSIX, KOTZa CIELYeT YUHTHIBATh IU(B(Y3HOHHYIO
CTaJIHIO.

Teopernueckass yactb. PaccMoTpuM amcopOruio B cpele ¢ eAMHUYHBIM 00be-
MoM. B 3Tom ciydae umcio gactun B cucremMe OyneT paBHO ero KoHueHTpauuu. Ilpu me-
pexoie OT KOHEYHBIX OOBEMOB K IPOU3BOJBHBIM CIEIYET INEPEONpPEAEIUTh KOHLCH-
Tpanuu. Ilo aHamormwm c [4] 3anumeM CUCTeMy ypaBHEHHA, KOTOpasi ONHCHIBACT KUHE-
TUKY ancopbumnu smrannos Ha JIHK ¢ yuerom kak nuddy3roHHON cramuu, Tak U KHHe-
tnaeckor. n¢dy3nio JMrannoB B pacTBOpPE OIUILIEM CTaHAAPTHBIM CIOCOOOM C IO-
MOIIBIO HECTALIMOHAPHOTO ypaBHeHUs AU dy3un

Ocy(x,1) _ D, GZCL(jc,t), )
ot Ox

e C, (x,z) 9HCTI0 MONIEKYJ JIMraHaoB B pactope; [, -kodbdumuent auddysuu

nura"oB. KnHernueckyto craguio agcopOuuu npoTsokeHHbIX mrannos Ha JJHK npen-
CTaBUM KaK KBa3MXMMHUYECKYIO PEaKIHO CBs3biBanHus juranaa (L) u3 pacteopa co cBo-
6oxHBIM ancoporroHHbEIM MecToM (M) Ha JTHK [3]

K

L+M & (LM), @

k_y
rae (LM) — xomrutexe nauranaa ¢ AHK; & u k.| - KOHCTaHTBI ckopocTH 00pa3oBaHHs U
pacnaga xomruiekca (LM) coorBerctBeHHO. Mcxons w3 (2), MOKHO Hamucarh cClie-
Jytoniee OallaHCHOE ypaBHEHHUE, OITUCHIBAIOIIee H3MEHEHUE YHCIIa aJICOPOMPOBAHHBIX HA
JHK nurasnos C,, (x,t) B Buae

oc,,

o =t"(c ) —t (cpy), 3)
raest(C,,) u ¢ (C,,) - YMCIO JIMTAH/OB, a/ICOPOUPYIOIIMXCS W ACCOPOUPYIOLINXCS HA
JHK B enunuily BpeMeHH COOTBETCTBEHHO. Boipaxkenne uisi ¢~ (C,,) onpenensercs Jier-
ko. ITockomeky na JIHK ancopbupoBaHo C,, NUraHAOB, TO YHCIO JECOPOMpPYIOMIUXCS

JMraH/OB B €IMHUIYY BPEMEHH paBHO k_ C,,, T.€.

t(c )=k cpy, 4
Jlnst onpenenenust (- (c,,) 3amMIIEM €T0 B BUJIS
t'(c)=keM,,, ©)
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rae M,, - uucno ceoboaneix Mect Ha JIHK, ciocoOubix ceasate nurana. Ilpu ompene-
nenun M,, npeacrasum JJHK B Buae onHOMEPHOro KpucTauia ¢ N MECT CBA3BIBaHUSA, a

JUTaH/I, UMEIOIINH HAMHOTO MEHBIINE JTHHEHHBIC pa3Mephl, P aIcOPOLNHU 3aHIMAaET N
monpsin pacronoxkeHHbIx Mect Ha JIHK. B atom ciydae, cmemys pabore [1], mns
M, ,MOXHO TIOJTy4HUTb CIIEIYIOUIee BRIPAKECHHE

_ N-—nc,, ’ il
Mr&:ﬁmﬂW(”%ﬂ (6)
Honcrasus (6) B (5) wis ¢ (C,,), Mony4nM
e ymke | " ' N-(n-1 (7
(¢, )=ke, N-(-Dc | (N=(n=Dec, ).

[Moncrasus (4) u (7) B (3), mostyunM cieyroiee OKOHYATEIbHOE YpaBHEHNE, ONMChIBa-

IolIee M3MEHeHne urcia agcopoupoBannpix Ha JJHK nuranmgos €14 (%) B BUJIE

dc N —nc !
L = e, (N(nlL)AcLAj (N—-(n-Dec, )k c,,- ®)

[TockonbKy B HauaJIbHBI MOMEHT BpeMeHH Bce afcopOrmonasie mecta Ha JIHK cBobox-
HBL, T.€. HET azicopObupoBanHbIxX jurannos Ha JJHK, To HavanmsHOE ycnoBue K ypaBHEHHUIO
(8) cnemyromee

¢, (x,0)=0. )
Hcxonst n3 KNHETHYECKOM CXEMBI, JIETKO 3aMETHTh, YTO

Oy __0Ocy 10
o ot (10)

Tak kak u3MeHEHUE KOHIEHTpallX JIMTAaHIOB KaK B 061>eMe, TaK U BO BPEMCHHU IPOUC-
XOAUT B pe3yibrare Tuddy3un U KBa3UXUMUYECKOW PEaKLUH CBSI3bIBAHUS JIMTAHIA C
ancopOuronnsiM MectoM Ha JTIHK, To ypaBHeHHe, onuchiBalolee H3MEHEHHE YUucia MO-
JICKYJI JINTaH/IOB B PACTBOPE, OyIET UMETh BH]I
Oc, (x,t) -D e, (x.t)
ot booa?

an

N —nc !
—kc,| ———4— | (N-(n-1 +k .
€L [N “(n-1)c,, ] ( (n=De,, ) +k cpy

Jlnst Toro, uroObl pemmmth ypaBHeHHE (11) ciaemyer 3amaTh HadaubHOE M TPAHHYHBIC YC-
JIOBUSL. HOCKOﬂbe B HaYaJIbHBIA MOMEHT BPEMCHHU B O6J'laCTI/l, A€ HaXOIATCA MOJICKYJIbI
JIHK, He 6bu10 TUranaoB, TO Ha4aabHOE yclloBUE K ypaBHeHuIo (11) cnemyromee

¢, (x,0)=0. (12)
Ha rpanuue ¢ 06beMHbIM paCTBOPOM KOHLECHTPALMS JIMraH/(a I0CTOsHHA 1 pasHa C, , a

MTOUTOKKA HETPOHUIaeMa IS JINTaHAOB. YUUTHIBas 3TO, AMEEM CIEAYIOIIHE TPaHu4-
HBIC YCIIOBUA
((%L(x,t)j —0
ox -0 B (13)

e, (,)=c,.
Takum o0pa3oM, cucTeMa ypaBHEHHi, OIMCHIBAIONIAsI JABYXCTAAMNHHYIO KHHETHKY all-
copbunn npotskeHHbIX nuragaoB Ha JIHK, Oyzer mmers crneayromuii OKOHUATEIBHBIN
BUL:

oc, (x,t) _D 0’c,(x,1) B
L 2

ot ox
N —nc ' (112)
~he, W—IL;CLA (N-(n=Dc, ) +k c,,
de N —nc '
A i KR RN
LA
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JIBYXCTAJIMMHASI KMHETUKA AJICOPBIUU ITPOTSKEHHBIX JIMTAHJIOB HA JTHK

I'pannunble 1 HavanpHBIE yCIOBUSA CcHUCTeMBl ypaBHeHud (1la) u (8a) sBis-
torest (9), (12) u (13). [locne pemenns: cucremsl ypasuenuit (11a) u (8a) MmoxHo orpe-
JEeTHUTH U30TepMy afncopOIuu o Gpopmyie

]
e (t) = [ e,y (x ). (14)
0

Cucrema ypaBHenuit (11a) u (8a) HenmHelHa W HE MMeEET aHATUTHYECKOTO PEIICHHS.
Jns aHanmm3a KWHETWKU MBYXCTATUITHOHN ajcopOuum MpoTshKeHHBIX JurannoB Ha JJHK
cucreMy ypaBHenuil (11a) u (8a) ciemyer pemuth uncieHHo. [t 3Toro mepenuinemM
cucremy (lla) m (8a), rpanmuneie W HadanpHble ycmoBusa (9), (12) u (13) B
0e3pa3MepHOM BUJE.

oc(x,t) 626'1 (x,0)

or 64‘2
1 ) (116)
—ne, T\ .
_acl[mj (1=(m-1)c,)+ B pc,
de, _a [ d=ne, Y oo
5=y cl[l_(n_l)cj (1= (n=De,) - fe, (80)

o=cle,, ¢=cy /N, &=x/l, t=t-D, /I’

UucnenHo pemuB ypaBHeHus (110) u (80), MOXKHO onpeAelNTh KHHETHKY 3aIlOTHEHUS
ancopOronHsIx neHTpoB Ha JIHK nymnexce o gpopmyie

0(r) = jcz (&,7)dE. (15)

Pesynomamuvt u oé6cyyncoenue. IT10CKONBKY B TIOJABISIONIEM OOJIBIIAHCTBE
CIy4aeB N <¢, , TO W3 AHAIM3a CHCTEMBI (116) u (80) cnemyer, 4ro mHapamerp f,
0

MeHbIne enuHunbL. [lapameTpsr @ u £ TOJO0XHUTENBHBI U MOTYT OBITH Kak OOJbIIIe, TaK

W MeHbIIEe eIWHUNBL. IS aHajau3a BIWSHUS CTaJIUHHOCTH Ha KUHETHKY aJCcOopOLUH
surangoB Ha JIHK npumem, 4To 3a1aHbl KOHIEHTPALUH JIMTAaHJ0B B 00bEMe pacTBOpa 1
YUCIIO aJCOPOLMOHHBIX LIEHTPOB. 3adukcupyeMm mapamerp S, u OyneM BapbUpOBATh

napameTpsl @ U [ . Pe3ynbpTaThl UMCIEHHOTO UHTETrpUpoBaHus ypasHeHuit (1106) - (80)

u (15) mpencraBmenst Ha puc.l A u b. U3 puc.l1A BumHO, 9TO C YyBeIHYCHHEM
KOHCTAHTBI CKOPOCTH JeCOPOIHH (HIKHSIS KPUBas) CTEIICHB 3aII0JTHEHUS] YMCHBIIIACTCS.
JIByxcranuifHas KHHETMKa TPH  ONPEAENICHHOM  COOTHOLIEHHH  MEXIY
rnapamMeTpaMH MOXET MPHUBECTH K S - 00pa3HOW KHHETHKE 3allOjHEHHS IyIJIEKCOB
JUTaHAaMu. OTO 00CTOSATEIHCTBO TMOKa3aHo Ha puc.l b. B cimyuae OvicTpoit muddys3un
MOXKET pCain30BaTHCA SKCIIOHCHIMAJIbHAasA KUHETHUKA CBA3bIBAHHWS JIMTAHIOB C I[HK
Iloctpoennass B maHHOW paboTe MareMaThdeckas MOJENb ABYXCTaAUHHON
KHHETHKH aJcopOIMU TPOTSDKEHHBIX JMraHnoB Ha nymiekcax JIHK orHOcmTCs X
Cy4aro, KOrJa  OOBEMHBIH  pacTBOpP  HEMOCPEACTBCHHO  IPUMBIKACT K
nmMmoOmin3oBanHbpiM Mosiekynam JIHK. B 3aBucuMocTH OT COOTHOIIECHHST KOHCTAHT
cKopocTelt amcopOunu U nmecopOru mpoTsHKeHHBIX nurannoB Ha JJHK u cxopocThio
nudy3un TUTaHIa B pacTBOPE MOTYT PEal30BaTHCS Pa3IMYHBIC BAPHAHTHI aICOPOIIHH.
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. Drummond T.G., Hill M.G., Barton J. Electrochemical DNA sensors,

0l 02 0z 04 U.IS
Puc. 1. /IByxcraguiiHas knHeTHKa agcopOunu nurangos Ha JJTHK.
ITo ocu X Ge3pa3mepHoe BpeMs, T , 110 ocu Y cterneHb 3anoianenus JTHK 4 .

Ha Beex kpupbix f =0.1,n=2. HaA- ¢ =10 ,nab- ¢ =0.1.
3nauenns f Ha kpuBblx f=0.01, =1, =10 (cBepXy BHH3).
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Lwjwunnwbh GhunnipyntbGtph Ugquyht Uywnbihw <wjwumnwih Yetuwpwlwlywb <whnbu
HauuoHanbHas Akaaemus Hayk ApmeHuu Buoanoruueckul XypHaan ApmeHuu

National Academy of Sciences of Armenia Biological Journal of Armenia

‘Onpdwpumulyud b nkuwlpuh hnpgwéshkp - SxcnepuMeHTaIBHEIE H TEOPETHIECKHE CTATEH®
* Experimental and Theoretical articles *

Zuyuunuth YEuwp. hwtinbu, 1(62), 2010

U3sNkhuvhLh UUNr2AN0KU UUMOR UELSUNUSPL
ANLONPULENRESUL 2ZBSEIULLNY TrRUYU UPQUYUSI
LELUNho4Y NN, 96LUUORL SULTECk LULUTUUYUL
FPLNPEUSPIT

G.U. ¢64Nrasuy, U.U. TULhBL8uUy, U.4. ¢rhaNr3uvn

Cphwlh wknwlwh hunluyuuwpul, Finpnghuyp b phnipul wwhupmbnyeyui widppnl

Lutupyynd & Umbhph dwpgnid dwpnne Yhigunuyhtt gnpéncubmpyui
wnwidtwhwinlmpmbbbpp, wpjws ki ppuilg htnbwbtpnd opowlju dhpwduyp
ubpuméws Yhwwsht mwppbph, dwutwdnpuybu, wgqnnh b $nudnph putwljuljue
pumpugnbpp:

Cpowlju Upounjuyp - [himmdhl unuppkp

OGCY}K/I&IOTC}I 0COGEHHOCTH YeJIOBeYeCKOMH AeATEeJIbHOCTH B IIpejesax
CI0-HUKCKOTO peruoHa. PaCCManI/IBaeTCSI BeJIMYMHA BJINAHHUA aHTPOIIOTEHHOTI'O
<1)a1<—Topa, 0COGEHHO KOJIMYEeCTBa a30Ta 1 <1)0c<1)0pa, Ha OKpYJKaromyro cpeny.

OI{P)’)KHIOI[{ZLY cpeja - OHOreHHBIE 5JIEMCHTHI

The peculiarieties of human activities in Syunik Marz, as well as the value
of anthropogenic factor impact on the environment, particularly quantities of
nitrogen and phosphorus were discussed.

Environment — biogenic elements

Ujniupph dwpqp qpunbginud £ Zwjwunwih Zwutpuybnnipjub nwupusph sSuyp
hwpwjupbbjjut hwndusp: Ujtu juquuwynpyby £ 1996p. hnittwph 1-ht’ tkpunbing
Quyuh, nphup, Uhuhwtth b Ubknpnt twjuljhtt qupsulwt gpowbintbph nnupwspubpp:
Uwpqunpnip hwinhuwinud £ Yuywh punupp: Uwpgh imwpwspp Juqunud k4506
yu? [2], puwlsnipjut phyp’ 152,9 hwq. dwpn, nphg punupujht oppwttbkpnud” 103,7
hwgq. dwpn, hulj ggninulju oppwttipnid® 49,2 hwq. [1]: Uju 3 Ynnuhg ubywdl apdus
E  wplbphg’ Unppbowth, wpluninphg® tpw dwu  Juqunn ‘Lwjuhplhwlh
hwipwwbnnpwuy, hull hwpudhg' Ppwth dhol: 22 dwpqbiphg vwhdwbwlhg b dhuyl
duyng 4npht, nph hkn uwwhdwib wigind E hjmuhu-wpbununpnud: Uwhdwh
punhwimip Epupnipniip juqunud £ 472 Yd: Ujp qundwnny b Umnithpp gpbpt
wupnnonipjudp nhundnud k npyybu uvwhdwtwdbpd gnunh [2]:

Uwpqp puws E hnwuhuwghtt juyunipjut 39934-hg dhtiph 38°84° L wiplibjjul
Epuyunipyut 46956 -hg Uhtisk 45°99-1 [4]:

Uniuhpnud dubinp uuynud k, tpp onh dhohti 9bpuwunhdwmup hwununnit
htpuny hotnid £ 0°-hg b wjwpunynud £ 0%-hg Jtp pupdpwbinihu, hul) wdpwib uljhqpt nu
wjupunp Wujdwbuynpgws Eu 15%-ny: Gupnitt ot woniip quimud & 0°-hg 15%h
uwhdwbubpnud [3]:

Ujnituhph dwipgnid hnnuightt swsynypp puquuqui E npp wquydwbuynpdws |

wbnh  pwpdpnipnitiitph,  pbhtdh  Alukph,  Yhdwgh,  poiuwfubngpput b
hnpunwpwgdw Uniu gnpéntiikinh UkS mwpplpnipiniiibpny:
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Uwnpgh hwpujuyhtt dwund phwljuwbt twppwngpujutpp tywunnd o (knbw-
dbknwnipghwljut b dwuwdp hujnudywuljdwt wpnwunpnipjuip, hulj hjpluhuwgh
dwunud’ oputubpgbinhluyh b gyninunbnbunipjut qupgqugdwinp:

Unithpp dtp hwipuwybnnpjut wdkbwnippwhqugqué b wnwydl) tnup
puulkgws dwpgbphg Uk k. phwljsnipjut pnnipniip juqdnud b 36 dwpn/yd?, huly
gniquijub ptwlsnipjub jpinnipiniup” 10,6 dwpg/Ju?: Fuwljsnipiniup mknupwojudws £
lhunn wthwjwuwpuwsuth: tw wuwplwbwynpjuws E nbnbunipjut  qupqugdu
dwupnulih U Yuwonigjuwdph wwpwspughlt  wmwpphpnipmnittbtpny, plwljub
wuydwlitph b hwnjuwybu pbhtdh pinypny, nwpwsph mbnbuwlub pipugdut
wuwnhdwbngy:

Uwpgh ptwljsnipjut ks dwup wwpnid E 700-800, 1300-1400, 1500-1600 L 1900-
2000 d pwpdpnipnitubpnid quninng  hnghwniubpnd b vwpwhwppbtpnud:  Uoqus
pupdpnipmnittpp hwdpbjund Bu ghwnwhngdhnbubph b vwpwhwpptph pwpdpne-
pintubph htw, npntn jub jwjugnyt yuypdwttp jupniguyuwndwy, hyybu twb
ninbuwlub gnpéniibnipnit Swwbnt hwdwn [2]):

Ujnituhph dwpgqnud Eynhwdwljupgbph winunnundwi yuwwndwnr huinhuwinud B
twh JEugunuyht hnupwentpp, npnup wnwg dwppdwi gynid ku ghnbpp:

Nuunidtwuppnipjutt hwdwp pungpyk] Bup Upniupph dwpgh Ywwywth, 9nphuh,
Utnpnt b Uhuhwh mwpwbswopowttpp: Nunidbwuhpl) Gup dwpnpne Yhugunughu
gnpéniubnipul wpwdtwhwinynipniuubpp, b wyb) Jkpehtthu hk-nbwupny spowlju
dhpwuyp ubpdmdqus Yhuuwshtt nmwppbph' dwubwnpuybu wqnunh b $nudnph
puttwjuwlub punipwugptpp:

Ymp b0 JEpny Uwpnuht Jhugunuiht gnpsmubnipjut  hhnbwbpny dhowquyp
ubpdméynn YEiuwshls mwuppkph putwlulwbh pinipuqhpp puguwhwyjnkint hwiwp oqunly Eup
dnikijuynbph  dbkpnnhlughg: Cuwnn nph’  punupupbwl opowbbkpmud  jnipupwbgnmp  dwpnyn
nbnbuwljub gnpéniibnipjut hbnbwipn] Uk opmu dhpwduyp k wighnid 28 ¢ wgnn b 2,8 q
$nudnp [5-6], hul] gmiquljus sppwttipnud’ hwdwywwnwuppwbwpwp 14 q b 1,4 g [6]: Zkwnhwpwp,
Ukl mwupqu pupwugpnid gpgulju vhgurjuyp tkpunisynn wqnunh bt $nudnph puiwlyp hihuh'

Nun = 365 Nop 1)
Pu = 365 Pop Q):

Upgmibphbp b phbwplynid: Umuhph dwpqu niuh 113 hwdwjup, nphg
punupuyhti® 7, gnuqulijut’ 106: Uwpqh puwluwduypbph phyp 135 t, nphg' uwh-
dwtudbpd, (Enttwghtt b pupdp (Enbughtt Bu hwinhuwinid 102-p: Cuwn Uniuhph dwpgh
wqquyhtt Jhdwljugpujub Swnwjnipjut wfjujubph’ wju mwpwspnid phwljynud k
152,9 hwgq. dwpn (wn. 1):

Unniuwy 1. Upniuhph dwipgh phuljsmipjut pyupwtiulji pun
nupuswopowiikph® 2006-2009pp. (hwg. dwpn)

2006p. 2007p. 2008p. 2009p.

Swpwbw-

Jpgul pun, | qmn | piy, | pwn, | gmn | ply, | pum, | gmn | pln, | pwn, | gmn | pbg,

Ymuywmb 54,0 8,4 62,4 53,9 84 | 62,3 54,0 8,4 62,4 54,0 83 62,3
Qnphu 23,2 21,4 44,6 23,2 214 | 44,6 23,1 21,5 44,6 23,0 21,6 44,6
Utnph 9,6 2,6 12,2 9,6 2,6 12,2 9,6 2,6 12,2 9,7 2,6 12,3

Uhuhwt 17,0 16,8 33,8 170 | 16,8 | 338 17,0 16,6 33,6 17,0 16,7 33,7

ﬁi:‘i:{- 103,8 49,2 1530 | 103,7 | 49,2 | 1529 | 103,7 | 49,1 152,8 | 103,7 49,2 152,9

Cuwnn wn. 1-h mjuukph® Umnithph dwpgh poinp hudwjuptbpnud ajungnud B
phwlsnipjut pyupwiiwlh whtpow thnthnpunmipiniuubp:

Zudwduyt Inkuquynbph pwbwdlbtph hwoqupll] Gup' wju wwpudpnid
puwlsnipjut jEugunuyhtt gnpéniibnipjutn hnbwipny oppwlw dhpwduyp wgung
wqnuj b $nudnph pubwlynipniup (wr. 2):
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Lwih np, Umnithph nwpwdwoppwbibpnud 2006-2009 pe. puwlsnipjub pyuw-

pubwlp qplpt sh thnthnjully,

htwnbwpwp Ywpbh b hwodl] jmipwpubynip

nuwpwdwopowinid  phwlsynmpjutt  pupwbwlh dhohtt wpdtpp b gpudhynpki
ukiphuyugut] dwpnnt YEugunuhtt gqnpénitubnipjutt hbnbwipny dhowjuyp whgwus
wqnup b nudpnph pwbwlubpp ponp mwpwswoppwikpnid by nnupdu pupwugpnid

(. 1):

Unmuuwy 2. Upniihph dwipgh mupuswppgwtibpnid dwpnn JEugunujhtt gnpéniubnipyut

htnlwt-pny ppowljur vhpwJuyp ikpunisynn wgninh (N) b $nudnph (P) putiwmljukpp, w/Aanwph,
2006-2009pp.

N

-

N

‘\"\._/-

Ywyul

Qnphu

Utiqph

Uhuput

—o— Uqnu (N)
—a— Dnudnp (F)

Lumwupuyht QGmninuljub Cunudtup
Swpwd | Swphp opowlitkp opowliihp
wppoul | hp N P N P N P
2006 | 551,88 | 55,19 85,85 8,58 637,28 | 63,73
Yuyuh 2007 | 550,86 | 55,09 85,85 8,58 636,71 | 63,67
2008 | 551,88 | 55,19 85,85 8,58 637,28 | 63,73
2009 | 551,88 | 55,19 84,83 8,48 636,71 | 63,67
2006 | 237,10 | 23,71 109,35 | 10,94 346,46 | 34,65
Qnphu 2007 237,10 | 23,71 109,35 | 10,94 346,46 | 34,65
2008 | 236,08 | 23,61 109,87 | 10,99 34595 | 3459
2009 | 23506 | 2351 110,38 | 11,04 345,44 | 3454
2006 | 98,11 9,81 13,29 1,33 111,40 | 11,14
Utnph 2007 | 98,11 9,81 13,29 1,33 111,40 | 11,14
2008 | 98,11 9,81 13,29 1,33 111,40 | 11,14
2009 | 99,13 9,91 13,29 1,33 112,42 | 1124
2006 173,74 | 17,37 85,85 8,58 259,59 | 2596
Uhuhwl | 2007 173,74 | 17,37 85,8 8,58 259,59 | 2596
2008 173,74 | 17,37 84,83 8,48 25857 | 25,86
2009 173,74 | 17,37 85,34 8,53 259,08 | 2591
700
600 \

Ul. 1. Uwpnnt Eugunuights gnpdniubnipyut hkinbwupny dhpwuyp wigws wqnnh b
dnudnph pwwljubph mwpklwt dhohtt wpdbputpp Uniihph dwuipgh

nupuswopowiikpnid, n/inuiph, 2006-2009 pp.

Qpwdhyhg htnbind E, np dwpnnt YEigunuyhtt gnpéniubnipjut hknbwipnyg
wqnunh b $nudnph wdlbtwdks pwhwlubpp tbkpdnidynmd tu opowlju dhgwduyp
Juuywih mwpwswopewnid, hpull wdkwthnppp' Uknpnt nwpwswopowtnid: Uwpgh
wnuwpwdpnid hnupweptph hinwgdwi b dywljdwh yuwnowd dujupnul wywhnybne
hudwp wnwownplynud k.

1. Jhpwjwnnigh) qnnipnih niikignng hnupweptph dwppdwt gnpswpwbnbpp b

Junrnigk) unpkpp,

2. hpwlwbwgul) hnupwepuyht gwigkph Jepujuiqunud b wkthjulwi

YEpwuwppuynpnud, hsybu bl wohiwinwljuquh ntunignid:
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ArUguuNkhEe3NkL

22 wqquijhtt Jhguljugpuljui Swpuynipnii:

On line: http://armstat.am/file/article/nasel _1_01_09.pdf

Uwihwwwi U.2, & mphpubp, Umithph dwpq (punipnibp, pbwljsnipnibp,
wmbwnbkunipniup), Gphw: GNZ2 hpun,, 2002, 155 ty:

Ugpusyul 2.U., Zuypunybuyul $.@., Zujwuinwh pinipjub opwgnyg: Gplul,
266 kg, 1976:

"VinenTnduKanys IPUOPUTETHBIX TEPPUTOPUIl [JA co3ZaHMA OuocdepHbIX
pe3epBaToB, IIOCTPOeHHe 6a3 JaHHBIX, HOATOTOBKA THC, ¥ Pa3paboTKa IIPOEKTHBIX
JOKyMEHTOB /I CTpaH I0KHOTO KaBKasa" Epesan, 2004.

On line: /www,ecocentre,am/projects/mab/Final Report of Project,pdf

. Poccomomo JIJI, VismeHeHme JUMHUYECKUX OKOCHUCTEM TIIOJ, BIUSIHUEM

anTpomno-reHHoro dgaxropa, M. “Hayxka”, 1977.

Vollenweider R.A. Scientific fundamental of the europhication of lakes and
flowing waters with particular reference to nitrogen and phosphorus effect in
eutrophication. Teck. rep. organiz, econom, co-oper. and devel., p. 159, 1968.

Uwnugijly F 25.12.2009
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National Academy of Sciences of Armenia Biological Journal of Armenia

*@npdwpupuwljul b nkuwluh hnpywshkp © SxcrepumMenTa EHEIe H TEOPETHIECKHE CTATEH®
» Experimental and Theoretical articles *

Zuyununmh YEwmp. hwiinhu, 1(62), 2010

2ZUSUMSNUBPL UGLP'L (Taxus baccata L.)
TGRGY @GS U4 UQULNRU

d.z. 9ULTULBULY, 4L FUNULSURLS, (kUL 209 UGO3UL?

122 QUU Pniuwipwlnipyul phuwnfpunnin
222 PU Upqlnguyupluypl hwduwyghp 100Y
322 QUU Zinughunyppul I wqquignnipyul phuwnpunniu,
E-mail: badalyan_vahan@yahoo.com

Munulbwuhpoeynitbpt. hppuutugyl) o Yhphy qinh wjuquibmd
(Zunuuun  Juul): Upgnibpbbpp Jyuynud By, np wdjuy nwpuswppowtnid
hwunwwunuyhtt Yeuht (7axus baccata L) wnujuqu 300 mwpblijwt b Cughwinip
wndudp uyu nbuwljp quniynd | pigpunugqus Jhdwynud, hush Jyuympiniut tu
dwnkiph pukph thrnws b puypuyyws (hub nt ququptbph puguljuynieiniup: Fuwulju
Yipuuiqudwt  htn  juwydws unybybu welw o juughpubp, pwbh np
nuunidbwuhpmpnibtph dudwiwl hwinhyl) b dhag by 1-2 mupbjut 5 ud
pupdpmpudp  ubpduwpniuwl): Uju wbuwlh ygwhywidwt b Jepufubqudut
nunnpjudp wihpudbpn L Juwnwply gonpdmbt puyplip, wyuwbu dbp Ynnuhg
pugwhuynjws wyu inp wdkjwuyph dwuhtt yuwhywiqus dhwy Juympmniup wu
hpuywpulnudp Yjhih:

ki - wuknlwnkpl - plhlw - jEhuwpugquuquinipinti

PesynbraTel HccienoBaHWN IOKa3bIBAIOT, 4TO B OacceiiHe peku [leben
(np. Axmat) tucc sarogusiit (Taxus baccata L.) pactet e menee 300 set. B nenom
STOT BHJ HAXOIOWUTCS B ACTPAIUPOBAHHOM COCTOSIHHH, O Y€M CBHUICTEIHCTBYIOT
THWJIBIC TTHA M OTCYTCTBHE BepXylIeK. ECTh mpoOiieMbl Takke ¢ €CTECTBEHHBIM
BO300HOBJICHHEM, T.K BO BpEMs HCCIICJIOBaHUI ObUT OOHAPYKEH TOJBKO OJWH
1-2-neTHuii cesiHel| BBICOTOIO 5 cM. JJist OXpaHbl U BOCCTAHOBJIEHHUS 3TOrO BHUJA
HEOOXOJIMMbI CEPHE3HBIC MEPOTIPUATHS.

Tucc - x60s - peauxm — buopaznoodpaszue

As a result of River field investigations in the valley of Haghpat River
(tributary of Debed River), at altitudes 1000-1075 m above sea level, several
appro-ximately 300 year-old Taxus baccata trees have been recorded for the first
time. In the investigated area the Taxus trees are growing in mixed forest (with
species of Fagus, Quercus, Carpinus etc.), on slopes of various orientation. The
recorded plants are in bad situation: they have been cut for at least several times,
the most of plants lack top and the stems decay because of fungal infections
caused by many cuts. The natural restoration of Taxus is not satisfying as well;
we noticed only one 1-2 year old seedling with 5 cm height in this territory.
Above mentioned situation otherwise suggests that it is necessary to protect Taxus
baccata in this area, else this publication will remain as the last evidence of Taxus
trees growing in the middle of Debed River basin.

Yew - conifer - relic - biodiversity

Zunwwunnuyhtt Yeupht (Zaxus baccata L) wuunuwinid E jeuwgqhtbph (Taxaceae)
punwuhphtt: Zaxus ghinh vwwduphy (8 wkuwly) ukpjuyugnighstpnt niukh
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.2 QULTULBUL, ©.L. AUAULBUL, .U, 209UG0SUL
nwpuwsdwb pujulub punupdwl wpbw]’ hwinghynd o GYpnyuynud, Uplbjut
Uuhuynid b Zintuhuwght Udbphuynud:

Zuunwwunuyhtt Jeuhtt nhjhjuuwghtt swpwnbuwl k, wyb juyt nwpwsmd k
niutigh] htwgnyt dwdwbwlubpnd [3-5], vwluy Yhdwywlut thothnjunipmiutkph,
hul] htnwquynud twb dwppm wujutw ogunugnpddwtt hknmbwupny wmbnh bt kgl
wpbwih qquih Ypdwunnid:  Ukpluynidu  wihwdbdwwn  thnpp  Swoninbtpngd o
hwwnnijiun dwekpny, hwnwwywnnuyhtt YEtht wqwhywidt t Uplduyud GYpnuuygh
qplpt ponp wbnwnwyht oppwtitpnd, Udphljuyh hntuhuuyhtt dwubpnud, Tphunid,
Zhuwuyubkpnd b Unduunid:

Zujuutinwind wju nkuwlh nmwupusjusnipjut tyningn-gkuninhl] wnwudtw-
hwwnljnipniuttnht idhpywsd nunidbwuhpnipiniuitpn junwpyt) B ghinbu 20-pn nupp
40-wljubttpht Uwjuwwnwdbh b Spojhglynt Ynnuhg [11]: ZEnwuquynmd hwnwwyunugh
JEunt nuunidtwuppdwdp qpunyt] Bu Lwquynyp, Uniphowiywtp, uniponigubnp,
Uppwhwdjutp b wynp [1,2,4], npnug wpjuwwnwupttiph wpyniupubpp Jyuynud By, np
yhuht hwinhymd b Zuwjwunwind  hpuehu-wpbbput’ Yphihowth, bolwbh,
Unjtidpbpuwuh, Phpph U hwpwd-wpbbpjut’ Qwwywih  wwpwswopowtbkpnid:
Zmwhuwhtt opowutbkpnid hwiunhwynd L hhdtwlwinud hwdwpbun, hwqqunpby
Jununt b pnjunt, hul] Quiugkqnipnid’ pnjunt, Jununt, hwghkint jpwnp winwnubpnud,
npnugnud hwintu t quihu npuybu ninkignn wbuwl hwwnnijkin Swnkph Yud thnpp
hudptiph wkupny, hwqunby niukbuyny ghpulonnn nbp wyn hwdwltgnipniubpnud
(?hihowti-q. Unujuwdmup, Quiglkqnip-q.@tnuuniy):

Zunwwunnuihtt YEuht 10-25 B0)d pwpdpnipjut dhtgh 150 (250)ud  puh
npudwgdny kplunnil, hwqunby dhwnntt dwn k [3,6]: Uuknuwnbkplibpt niuku 2-3,5
ud Eplupnipniy, nponip wypoud B 6-8 wiwph: Yhknlip pupul k jupdpw-qnpowynil,
uljgpnud hwpp, wjinthtnb gupdpynwd k, whpwwnymd phptnutpny: Munupkpnd
wdbkt mwph. pug nwpwspubipnid’ uljuws 20-30, wunwond® 70-120 wwpklwuihg
dhtist gbphwunitt mwphp: ,Ownynudt E wwyphi-duyhu wdhutitpht: @npnwnnudp mbnh k
nukimd pudnt dhongny: Zwuntbwind £ ,Swniuwit nwwuphtt' ognuwnnu-ubuunbdplp
wudhutpht: Ukpdkpp dwdl G, upubwyp: Ukpduwlhgp (quunudhup) Jue Jupdhp L,
quyupwidwl, ukpdp pungpynud  dhtsh ququpn, vwljugyt wyt sh ubpunwdnid b ubkpdp
sh wupthwlynid hp dbe: ,Zwiquinht dudwiwwhwngusp ukpdtph dnwn wbnwd L 20-32
wdhu: Ykht hwighuwinid £ ywn Epjupuljjug swpwnbuwl® wypnd E dhigh 1000,
hwqunty 4000 viwuph:

Uwnykpunwp E vwluyi upnn b wdl) bwb htnkuuhy (nguh quypdwbbkpnod:

Lwy Lt hwpdwpynud pny] pedughtt b skqnp nhwlghw niukgnn Juydwghtt nu
Ypughtt hnptpmd, wwluwjt wwhwignmd bt hwpniuwn, fnbwy hnpkp: ddjup k
hwpuwpynid hnnh Swhdugdwin:

vupp wtwnwptbkpnud YEuht hhdtwlwiund hwinbu E quihu npytu ninklgng
wnbtuwl, hwqunpby hwinhynid £ twb pug mwpwspubipnid: Ykunt Swpnunbpnud
|ntuuyht wuydwbtkph wipwjupupnipjut qundwunny tipwutnnwunp gpipk pugulju-
mud E poyp b qupquiinud junwnwswslp, npp, hhpdtwwinwd, juqudus L wubpubphg,
hwguqgh (wyuwwnbpljuninwpnyubphg: Ykuht jwy b ghdwlunid onmid quqh b Sjup
wnjuynipjul, Yupny L ounpdw) wdl] mi qupqubug  25-30° uwntwdwuhpubph
wuydwbibpnud:

T poitwynp Swnwwnbuwl b, poibuwnp i hwnuwwybu wubnwnbphubpp,
pup  npnud, nppwtt  wubntwwnbpbubpp  hht B, wybpwb  tpwbgnd  payth
wupnibwlnipiniip owwn £ jhind jupnn £ dwhjub yquwngwr hwinhuwbw [3, 8]:
Uhwyt ,yyinquuphutik £, np poyt sh wwpnibwlnid:

Shunuighnubip wpnwnplne ounphhy Yhuht nith dwiipbwuwywb hwnlnieni:

Puwthwyunp swhwquig wunip k dwp (0.88 g/udl®), &4nit b dwbpuobpwn:
Puuhuwjnh nipwhwwnntl jupdpw-gnpowynit (updpw-nhntwyni) gnyih ounphhy
Jhuntth hwdwp wiuwinud Eu twb jupdpwbwne (pqtuh, ghindh), huy Ujudbkpnhnud,
nputn b junwpyt) Bu dbp niumdtwuhpnipnibiibpp, wyju Swnwnbuuyhtt wiwinad
Eu ,innunjuduphb: Zpupwih hnljynud E, swn pupdp b qwhunynud hwnuuybu pupd-
nnpul juwhnyph wpunwunpnipjub dke:
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Ymp I Ukpnp: Usjuwwnwiph hwdwp Wynip b swnugk) Yhphn qhinh Zunuun Juuulh
wywquip:  Swpwdph punpnipmoitp wuwydwbwynpjws b nwpwswopowith winwnwddwh
wuydwbbph Jipnsnipjudp’  hudbdwnwluikp i wbhg Jugdl] dmpiu mwpwspubph’
dwutwynpuybu, Unjidpkpuuh opowih Nuijtwup gninh hwpwlhg nwpwspnid quignn Yhunt
wnipuljh whnwnwddwt wwydwbttph htwn, & hwjwiwljwt hwdwpl] YEunt welumnipmnia
Jtpnhhoju hwnqusnid:

Nuunudtwuhpnipniiibpt hpuwwbwgyt) G 2009p-ht Gppnuquyhtt Gnuwbwyny, npp
hwdwnpdty  E dmpdwhpuwwpulubpn  nuundbwuhpoipyutt htn: Zbhwpuwdnpoiepjui
uwhdwbipnid nuunidtwuppyly b pugwhwjngus swunkph spowlju poyubph mbuwluwihtt uqup
[6, 10], Yuwuwpdk; E wfju) Swpnmunh wbnwnqiwhwndwlt gniguhoubph  npnodwl
wpluwwnwipubp [7,12]:

Upmynmiliphkp o phbhwplmd:  Zbnwgnugnn  wwpwsph  pupkbywun
witnnwnwddwt wuwydwbubph o2unphhy uwnbtnsdyl] L hwdwpbunt (Fagus), Jununt
(Quercus) W pnjunt (Carpinus) ghpwlppnipjudp juwpp whwwnbbp, npubn qluwynp
wbnwnuqunn nkuwlubkpht nigtlgnud Bu pluljht (Acer), hwghkuht (Fraxinus), |nphuht
(Tilia):

Zuqunby hwinhynd & twb wpnubuny (Sorbus), ghhni (Juniperus) Yhuni
wpwbdlyulubp: Zwnwuynnuyhtt YEtht wjunby hwinbu bt quihu hhdtwlwunud
thnpphy judpkph dktwswntph wnkupny (wn.1): Ungniuwuynud abpljujugqué Eu Swnkph
quuyknt Ynnpphtwnttpp, jwbgh punipwqptpp, Swntph puwtwyp jpipwpwiynip Swnh
npuwdwighst ni pupdpnipiniip: Lkpuyugdus wnfjujukph Jipinsnipiniithg Junpkh k
wuk], np YEuht hwughynd E qpbpt ponp jnqltugpmipniutiph quehpwt jwugkph
Uhoht . unnphtt hwwnquwsubpnid, npubn wojw i wju wbuwlh wddwt hwdwp
wnwyb) pupkyuwun yuydwbibp:

U1 Zwnwyunnuyht YEutht Mphy ginh wjuquind (Ognuwnnu, 2009p.)

Zuynbwpbpjws qphphk ponp YEuhubph Jpuw wlvhwyn kp wippoyngku
wqptgnipinit’ Juwudws, hwndws Swnkp 1 ququipttn:

Ouwntiph Unn wnluw kp pubph thinwdnipini, high wuwwndwneny htwpuwynp skp
doqppin npnpby nwphpp, uwluyt yhwnws hwndush dhght b ppwghy wékph
Jtpnisnipiniihg Yunkih E Euipunpby, np npudwgsh 1 ud wdp nbknh E ntukunid dnwn 10
nwpju pipwgpnid Swnkph httupwnp wnwybjugnyt muphpp Yupnn E juqudt) 300-
350 w:
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ujuwnynud:

hnuph (Cornus),

uUnoh

Munidbwuhpmipjutt opjijn E hwinhuwglk] twb wjt Swonuntbpp, npntg
Juqunid wolw thtt YEuhtbp (wn.2): Popp Swnninibpoid Gipwinwnh juqunid
hwunhynud  tht Yuunbbunt  (Sambucus),
puwwlnipjut pthtp, dhuyh gudn (phynipjudp Swnnintbpnid Unoh wnwwnnipniu kp

(Rubus) ny ukd

Unniuwyy 1. Zwnwynnuyht §Eune nkuinpndbnphly gnigwthpubipp pun
[Entwgpuljut wuwydwtbph
Fuh Ownh pupd-
Uohwuphwgpuljui Owntph wnpudw-
anpohtonntibpp Lwtigh punipughpp purtilp ahdp, pm.pg[mhp,
ul
41°04'03" I 457, 31 5.0
044042'43" pruL Enquigus, 3 2 5.0
OUR-1025 4 pubgh winnppl 26 35
hundud
41°04'01" hu 45°,
044°42'39" pny| knnqugyus, 1 32 6.5
OUPR -1050 U qwgh Uhohti hwnjwud
s ran wy 60°,
(;141:?32194" nidtn tenqugyus, 1 /puljusd/ 20 -
OUE - 1030 U |wugh unnpht 4Ugn 1.0-2.5 15-3.0
hundud
41003'46" hu - wd 40°-50°,
04494244 pny| knnqugyus, 9 30 5.0
OUE - 1050 U {wtigh uwnnpht b dhohtt 24 6.5
huwnjuwsd
41°03'40" hw - wd 500, 1 14 5.0
044042'54" pn1y) Ennqugyws, 3 n&n 26, 30, 30 -
OUPR-1075d Juigh Uhohtt hmunws | 6 Ugn. bt j4n. 2-5 2.0-3.0

Owilinpnipinil - OUR-5n)h dwwpnuljhg pupdpnipinil, hw-hwpwduyhi, hu-hjniuhuwghl,
w-wupbbpub, wd-wupbdnjul, dgn. b §&n.- dugun b §ngdnuohy:

Unjniuwl) 2. UEunt dwutwlgnipjudp Swpnuntbph nhinpndbnphly

b winnwnquwhwndwb gniguthpubpp

Ahunpndtnphly Unnwnqiwhwndwi
gniguthoibpp gniguthoibpp
Ownninh = o 5‘ Uwnquoh
Yuqup 2 | 53| 2= |4 | 2| & e
7 a2 52| Bl g 2 £ ER =
ERPS s | =5 | = g 2 =
S| FE|SE|2| 2|2 |22
“AE|a5|4| 5|5 & 4& B
i 40 14 100 B
= o
5451 vz | gl 8| s
1 36 14 100 =m &= o
#
h 48 23 140 o,
4h4)2p bq Ykuh 32 20 100 | m| o6 | T~| 8|10
P 36 20 120 2
h 48 16 140 | IV =] 8
8h2p q kuh . 32 14 20 [m | S EE] S ]!
phu 44 22 130 o
0,
5phu3plhly tiq P 28 13 70 I 06 3 § 5
Ykuh, wpnukuh h 44 22 130 &
1 16 10 40 b
' 26 16 100 =
hg 22 14 70 &
311311921}1111:1“ b 40 17 |10 [ v o5 | £F| 8|5
Ut P 30 15 100 —&
1 14 7 - 8

Owbnpaipyni & - §-unuh, h-hwdwpbh, (-inpkup, p-pnjuh, plu-pluyh, hg-hwgkuh,
n-nudh, kq-tquiyh:
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Uwwnuoh nuunidtwuppmpjut hwdwp pbupdlp Ba 1000 2 dwlkpbuny
thnpdwhpuwwpulubp, nph wdjuukpp phpduws Bu wy. 2-nud, vwluyh hwpy | wolky, np
niuniduwuhpnipniubph dwdwbwy dhuyb I-pn Swnnunnud YEunt kY ubpdwpniuwy
hwjnuwpbptghup: Ykunwuh dwslhngh wnluynipniip, wnwwnnt-pjntap b mbkuwfught
Juqup guydwtwynpjws tp vwunupph dhwigusnipjudp, nph juqdnud hwinhynd
Eu  hpdtwjwind pwpwnynywn bphubpkhuq (Coronilla varia), pnitwpwth unip
(Cynanchum acutum), tnhug wypny (Urtica urens), ywuptnwpnwn (Chelidonium sp.), Yhlj
pwnw ( Vicia villosa), uunphly (Polygonatum sp.), yynkn (Polypodum sp.) b wyju:

Munulbwuhpmpiniiibph phpwugpnid dkq wowlgh) i whwnwnwninbunipiut
twpuhhtt wjwg npuwghn dwughl Uunniyuip b tpw Jhup' Uthwhhn Ubannbyubp:
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HccnenoBana coBMecTHast ajncopOuus oOpaTMMO M HeoOpaTHMO CBSI3bIBa-
routuxcst yuragaos ¢ JHK. B obmactn Maneix 3amoiHEHHH MOMydYeHA H30TEpMa,
KOTOpasi B 3aBHCHMOCTH OT 3HA4YCHMs MapaMeTpOB aacopOLUU MOXKET ONHCaTh
KpHBBIE aficOPOIMHU C OXHHUM, ABYMS M TpeMs JHHEHHBIMU ydacTkamu. Comocras-
JIEHHE M30TEPMBbI C SKCIIEPUMEHTAIbHBIMU KPUBBIMH TO3BOJISET MOMYYUTh TaKHE
Ba)KHBIC ITapaMeTpPhI aIcopOIMy Kak KOHCTaHTa CBs3bIBaHUS, uucio MecT Ha JJHK,
C KOTOPBIMH CBSI3bIBA€TCS O/IHA MOJIEKyJa Juranja, a takke pons /JHK, koropas
TpaHchopMUpoBasIack PU HEOOPATUMOM CBSI3BIBAHUY C HEH JINTAHIIOM.

Aodcopbyus aueanoos — JJHK - uzomepma aocopbyuu - koncmanma
CBA3bIBANUSL — 0ONACMb MAIbIX 3ANOTHEHUL

Uohmunwipnid niumdwuppdby E nupdbjhnpkt b ny qupdbkhnpkl juwyng
(hquiunubph Juwnudp YuE-h htw: @npp hwghgnidubph whpnypnid unwgyt) b
hgnptpd, npp, Juydwt wwpwdbnpbiph wpdbpubphg Ywppdws, YJuwpnnp L
uupwqgpt] dbly, Gpyne b Gphp gduyghtt hwwndwsubph htwn juwydwb Ynpbpp:
bqnptpdh hwdbdwwnnipniip hnpdwpwpuwljuinpit unwgws Ynptph htn poyp £
wnwhu unwbw) juwydwt wiyhuh juplnp yupwdbnpkp, huswhuhp o juydwi
hwuwnwwnntp, FuE-h Ypu Uk dnjklny (hquunh juuydwb wtntph phyp, husyku
twl YUE-h wyt Ywup, npp dbwthnpuyty) £ ny nupdbhnpkt uunn (hquinh htwn
Juwdwb wpnyniupnud:

Lhquinbbph juwynid - 20 (Juwdwl §np (Juydwh hwunwnntl - thopp
hwgkgnibEph wppnipe

Joint adsorption of reversible and irreversible binding ligands with DNA has
been investigated in present work. In the area of small fillings the isotherm is
obtained which may describe adsorptions curve with one, two and three linear sites
depending on meanings of adsorption parameters. Comparison of an isotherm with
experimental curves allows obtaining such important parameters of adsorption as a
binding constant and number of binding sites as well as the part of DNA which was
transformed at irreversible binding with ligand.

Adsorption of ligands — DNA - adsorption isotherm - binding constant — area
of small fillings
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B OonbmmHCTBE paboT, NOCBSIMEHHBIX MpobiaeMe aacopOimn nuranaoB Ha JJHK,
HCCIIeAyeTCs afcopOIis OJHOTO THIA JTUTaHAOB [2-5]. XOTS OYEBHIHO, YTO B PeaIbHOM
KJIETOYHOHM CHCTeMe, CKOpEe BCEro, 3TO SIBIETCS MCKIIOYEHHEM, YeM MpaBHIOM. AHa-
T3 SKCIEPUMEHTANBHBIX JaHHBIX MPH COBMECTHOM aJICOPOLUH Pa3TUIHBIX THIIOB JIH-
raagoB Ha JJHK c menpro onpepeneHns mapaMeTpoB aJcopOLUHN PEACTABIACT OONBIIYIO
TPYAHOCTH. B mepByto ouepeb, 3TO CBsI3aHO C OTCYTCTBHEM NpocThiX hopmyi. Crienyer
OTMETHTb, YTO XOTs mpobieme ancopoumm smranaoB Ha JIHK mocesmieHo 6osmbiioe
4HUCI0 TeopeTnyeckux pabor [1,6-8,10,11], omHako mpUMEHEHUE PE3yJIbTATOB ITHUX
pa60T JJId aHaJIn3a SKCHEPUMCHTAJIBHBIX KPUBBIX YaCTO HE NPHUBOAMUT K KEJIATCIIbHOMY
a¢dexty. B nannoit padbote Oy/JeT moka3zaHo, 4TO B 00JACTH MAJIBIX 3aIIOJHEHUH MOXKHO
MOJIYYUTh U30TEPMY aJCOPOIMU NP COBMECTHOM acOpOIMU pa3IMuHbIX THUIIOB JIMIaH-
1o Ha JIHK, koTopas umeer oTHocuTeNbHO MpocToil BuA. ComocTaBleHUE 3TOH U30TEp-
MBI aJICOpPOLNH C SKCIIEPUMEHTAILHBIMA KPUBBIMH MO3BOJISIET ITOJIyYUTh TaKHE BasKHbBIE
mmapaMeTpsl afcopOIuM Kak KOHCTaHTa CBs3bIBaHUS, uncio MecT Ha JJHK, ¢ kotopsiMu
CBSI3BIBACTCS ONHA MOJIeKyna iuradga, a Ttaike mons JJHK, xoropas Tpancdopmu-
poBanach pu HEOOPATHUMOM CBSI3BIBAHHUU C HEH JTUTaH/A.

Teopernueckas yactb. B ciyuae, korma va JIHK agcopbupyercst HeoOpaTumo
CBSI3BIBAIOIIMICS juraHm, Hekoropas moist JIHK moxeT TpaHchOpMHPOBATHCS, W Ha
tpachopmupoBanHoM yuactke JJTHK wu3MeHsSIOTCS Kak KOHCTaHTa CBSI3BIBAHMS, TaK U
ypcio Mect Ha JIHK, ¢ KOTOpbIMU CBS3bIBaeTCS OJHA MOJIEKYJa OOpaTHMO CBSI3bIBa-
fouterocs jguragaa (3ruauym Opommna). Hampumep, B ciiydae CBSI3BIBAHUSI MOJIEKYJIBI
cis-DDP ¢ JIHK npu onpejeneHHOM COOTHOIIEHHM 4Yucia Mojiekyn cis-DDP mo otHo-
meHuro K yuciny nap ocHosanuii JIHK na JIHK oOpasyrorcs xosbpleBsle ydacTku [9]. B
oTanuMe oT padoThl [9], B JaHHOH padoTe paccMoTpuM Oonee oOwmIuMii ciydai, Koraa B
pesynbrare Tpanchopmanyu cTpykrypsl JJHK npu cBsi3biBaHNM ¢ HEOOpPAaTHMO CBS3bIBA-
FOIIIM JINTaHIOM BO3HHKAIOT JIBA HOBBIX MECT CBS3BIBAHHS C Pa3IMYHBIMHU ITapaMeTpaMu
CBSI3BIBaHMA, T.€. NMOMHMO IIaPaMETPOB CBS3BIBAHHUS Ha JHMHEHHOM (HE KOJIBIIEBOM)

ydacTke (KOHCTaHTHI cBsa3biBanus K, m uucio mect Ha JJHK, ¢ KoTOpbIMU CBsA3BIBaETCS
ofHa Monekyna nuranga #,;) Ha JJHK mossisrorcs mecra cBs3pBanust ¢ (K,,n,) u

(K5, n;). B oatom cinydae uzotepma obpatumo cesisbiaroiero suranaa ¢ JHK Gyner
HMMETh CIEIYIOIIHNNA BU]L

r :l_pz_p3+ P75 " P75
Ke, l1+aKc, l+a,7,Kc, l+a7,Kc,

)

o, =2n-1, a,=2n,-1, a;=2n-1,

7,=K,/K,, y,=K,/K,.

pb+p,tp, = 1,

rae C, - 9MCIO CBOOOJHBIX JIMTAHIOB B PAacTBOPE; 7' - HYHCIO aiCOPOMPOBAHHBIX
JMIaHIOB B pacyere Ha OOHy Mapy OCHOBaWud;, p,, p, u p, pomu HHK ¢
COOTBETCTBYIONIMMH 3Ha4eHHWsIMH mapamerpos axcopoumn (K,,n,), (K,,n,) u
(K5, ny). Ypasrenne (1) yI00HO PENINTh YHCICHHO, @ 3aTEM PE3yIIbTAT MPEACTABUTE B
koopuHatax Ckerdapua (7°/ (KICf)OT 7). Bo3MOXHO, YTO NHIIL HEKOTOpas HOJIs

KOJIBIIEBBIX YYaCTKOB, PACIHOJIOKEHHBIX BOJNM3M MecT cBsizbiBanusi cis-DDP ¢ JIHK,
TpachopMUpyeTCsl U MPUOOpPETaeT HOBbIE afcOpOLUOHHBIE cBOiicTBa. OcralibHas e
gacTh konbueBoi JJHK Oyner mmers Takume ke mapaMmeTpsl cBsi3biBaHus, Kak u JJHK Ha
JIMHEWHOM (HE KOJIBIIEBOM) y4YacTKe. B 3TOM cily4ae MOXXHO TOJNYYUThH CIEAYIOIIYIO
U30TEPMY:
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_ (p1 +p,~p,~1)chf prprSKSCf
1+(2m -1)Kic, 1+(2n,-1)Kse,”
ptp =1 @)
Putps=1
rae p, - nomwst JHK Ha nmueiinom yuactke ¢ mapamerpamu aacopoumnn (K, ,n,), p, -

nons JIHK Ha xosnbueBoM y4actke, p,, - nois JJTHK xonbLeBoro y4yacrka ¢ napamerpa-
mu ancopounn (K, 7,), p, ;- noms JIHK konbLeBoro ydactka ¢ mapameTpamu aacopo-

wan (K, ny).

Pe3ynomamot u oocysycoenue. B monaBisoneM OOJBIIMHCTBE CIIy4aeB IS
OOBSICHEHUSI HENMHEWHOCTH W “H3joMa” W30TepMbl aJIcopOLMU B 00JaCTH MallbIX
3anojHeHud npuHuMaercsi, yto JIHK copmepxwur Heckombko (1o KpaiiHell mMepe nBa)
Pa3IMYHBIX MECT CBS3BIBAHHS C Pa3MUYHBIMH TapaMeTpaMy CBSI3bIBaHUA. B ciydae c
IByMsI pa3iIMYHBIMH MECTaMH CBS3BIBAHUS MPHOIMKEHHBIH aHAJIN3 W COIOCTABIICHHE
pe3yabTaTOB 3KCIEPUMEHTa C TEOpeTHUeCKOW KpHuBOH (mpsimas B koopaumHaTtax Cker-
Yapaa) MOKHO TPOBECTH, IPEAToaras, YTo mapaMeTphl STUX MECT CBS3BIBAHUS CHIBHO
pazmmuaroTca. Torma m3oTepmy ancopOuun ¢ “u3noma’” o0pabaThIBalOT Kak JIBE CaMo-
CTOATENbHBIE TPSAMBIE M ONpPENENAoT MapaMmeTpsl agcopOruu. OnHaKo ciemayeT oTMe-
TUTh, YTO B TIOJABIIAIONIEM OOJIBIIMHCTBE CIy4acB MapaMeTphl aACcOpOIMU HA ITHX MeC-
TaxX CBS3BIBAHMSI HE CHIIFHO PAa3IMYarOTCs, M YKa3aHHBIN CIIOCO0 aHaHM3a SKCIEPUMEH-
TaTbHBIX HM30TEPM W ONpEZCTICHHE MapaMeTpoB ancopOIuM He KOPPEKTEeH. AHau3
MTOJYYCHHOH B JaHHOW paboTe HM30TepMBbI ajcopOuumu (1) mokaspiBaeT, YTO HEIMHEHHBIE
HM30TEpPMBI aCcOPOINH, BKJIIOYAOMME B ceOst W “H3JIOM”°, MOXKHO OITHUCAaTh EIUHON
KpuBOH. B 3aBHCcHMOCTH OT mapameTpoB aacopOuuu nzorepma (1) ommchIBaeT KpUBBIE
aJIcopOLMK C OJTHUM, JBYMS U TpeMsi JIMHEHHBIMU y4acTKaMu. B kauecTBe mpumepa Ha
puc.l npuBeneHa U30TepMa ¢ TPEMsI TNHEHHBIMU YIaCTKaMU.

15

1 1 1 1 1 " X

0.00 0.02 0.04 0.06 008 010 0.12 0.14

Puc.1. Usorepma agcopbuun B koopauHatax Ckerdapma () =71 / (K] c f) , X=7T),
MOCTPOEHA corinacHo (1) mpH ciIeayIomuX 3HaYeHHAX MapaMeTPOB aacopOInu:

ANn=2n=5n=9y=10,7,=9.,p =02 p,=0.7, p,=0.1
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Ananuz (2) moka3bslBaeT, 4YTO B 3aBHCHUMOCTH OT HapaMeTpOB H30TepMa
(2) mMoxeTr omucaTh KpUBBIE C OJHMM M JIByMs JIMHEHHBIMH ydyacTKaMu. Takum
o0paszoM, m3otepma (1) mo3BoIAET SAMHBIM 00pPa30M ONMHUCATh MIMPOKHNA CHEKTP IKCIIe-
PHUMEHTAJIBHBIX H30TEPM.
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FUYUSPL UNTULYN UUULPSUSUUUL BY, SLSEUUTUUL
quuuc

9.49. ULIU2Z0USUYL, U.8NE.ULNYSUL, L.E.MUUSBUL

Zuymmnulp wkmuful wepupuyhl huduyuwpul

Uuh UYndphtwwnh b uwwinwingubph pwugwlunipjut  hEnbwbpnyg
Zuywunwinud swnlly E puuyhtt dnppp: Uyt junwpynud £ wpwtg dwubwugbnh
dwubwljgnipjuity, npp UkS Juuwtg b ubpljuyuginud Jupuljhy b dwljupnisught
hhywunnipnibubph  wnwpwskint nt  wqquptwlsnipjuipn  thnpdwptitnipemnia
swigws  vhu U Gupwupkpputp dwwunighint  nigpmppudp: Pugh  wgy,
wuwndwnynid k bwb wbnbuwuwt qquih Juwu, pwth np skt oguugnpdynid

wjbyhup wpdbpun|np Upkppubp, huswhuhp &b wpjnibp, wnhpubpp, fugnypht b
dtpdbunwnnt hnwdpp, npny nhypbpnud £ dwolp b nuyptipp:

Stnkuwlul Jinuu - pulughl vuypwin - vwwinuyhl Ejniip

Y0oii )KUBOTHBIX BHE OOCHCKUX MPEINPUATHII HAHOCUT OOJIBLION IKOHOMH-
YeCcKUH ymepd HapoAHOMY XO3SIHCTBY, TaK Kak B 9TOM CiIydae MpoIagaeT 3Ha-
YHUTEIBHOE KOJIMYECTBO IIEHHBIX NMPOIYKTOB y00si (KPOBB, JKEIYyAOK, KHIICUYHHK,
KOCTH, HIKypa, SHIOKPHHHOE U (pepMEeHTaTHBHOE ChIphe). Kpome Toro, mpu He-
YMEJIOi paslienke Tyl Ha TOJBOPBSIX CHUXKAeTcs UX KadectBo. B 90-x ronmax
I0CJIe TIPUBATHU3AINHI BCETO ITOTONIOBbS CEIbCKOXO03SHCTBEHHBIX )KUBOTHBIX OBLTH
JIMKBUJIMPOBAHBI [IOYTH BCE XKUBOTHOBOAUECKUE X03siicTBa. B3ameH aToro B pec-
myOrKe Hava MPOIBETaTh NOABOPHBIN YOO, KOTOPHI HAHOCHT KOJOCCATbHBIN
CaHUTAPHBIA ¥ IKOHOMUYECKHH ymepo.

Oxonomuyeckuii yugepo - 080poswiil Yool - yOOuHbIlL 8b1X00

In our republic the number of cases causing diseases due to food poisoning
(toxins and toxic infections) is rather big. In fact, increase in number of cases of
the above mentioned diseases is noticed.

The problems in the sphere of veterinary sanitation of the republic are mainly
connected with the absence of the enterprises of animal processing (meat pro-
cessing and packing plant, slaughterhouse, slaughter block, etc). Therefore, in our
republic animal slaugther take place in the yard and causes economic damage.

Economic damage - house yard - slaughter yield

Zuyuwunnwtth hwbpwybnnipmniind onipg 16 mwph sh gnpénud Yhugwuhubph
Jhpudowljdwi ny Uh dbntwplynipnit, b JEunuuhubph vguwinp hpuuwiwgymd k
dhuyb puybpnud: Zuynth £ np puljuyhtt dnpep, npytu juint, junwpynud |k wnwig
dwubwgbnh  dwubtwlgnipjut, hisp UkS Juwbgq b ubpluyugunid Jupulhy b
dwljupniduyhta hhywunnipniuubph wnuwpwdkint nL wqquplwlsnipjuipn
thnpdwptlinipinih swigws dhu b Bupwdpbppibp dwnnighint ninnnipjudp: Pugh wyn,
wuwndwnynid £ bwlh ninkuuljub qquh Juwu, pwth np skt oginugnpéynid wjiyhup
wipdbpwynp dptppubp, husyhuhp kb wpynibp, wnhpubpp, tugnlpht b $Epdkunnumnne
hnudpp, npny ghwptpnud E° dwolyp, nulypbpp b wyjhe [1,2]:

Muwnp dbp wnel hunhp npkghtp, pugh dwppluig b YEunuuhubph hwdwp
puphwinip hwinhuwgnny (qnnwbwnpnungnung) hhquunmpniutiph dwypn-, dhlpn
htwnwgnunipiniitiph, quuwhwnk] twb, ph htiyy huh ntnbuwjub Juwu £ yungdwnnid
pujuyht uyunp dnpununbumpyup, tpp vyunh dudwtwy unnwgnud £ wpgniip,
wnhpubph sdwpuqwé wwpnibwljjup, wnhubpp, wnwdnpup, nulpbpp, ubknwlwb
opqutiikpp, owwn nhypkpnd b Yupythnidpp:

Uinie I dEpng: Npuybu hbnwgnunn tdnotbp hwinhuwghp Bo vguwinh Gupupyjus o
uyundwl tkpjuyugdus dubnhpp tpwt hwdwwywwnwujpwing ukpphtt opqutkpny  (jjupn,
pnpkp, thugdwn), hywbu twlb  Jhppwynpnipjniuubpp, gnijup, wpuyhtt  hwbgnygubpp,
dbpdkunmnhy ynipkpp, vnwudnpuunhpuyhtt nipne sdywpujws yupnibwlnipjut hin dhwuhb:
Znuwiph Jbkpwpbpuy) wduyubkpp Jbkpgdl;p o Ne 2 whwubwpnidwlub  Jiuyuljwuiiibphg:
Zhknmwgnuinmipnibbpp Juuwpdly o 2M02-h 0 whwubwpnidwluwt wwihnwphugh,
thnpdwplinipjut b qnnhhghttugh wdphnuh ghnwlwt jwpnpuwunphuynid b unpkiwgnt 64
hwugknud quninnn UUOL-nuu:
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Upmyniliphkp o phimphnnl: Zuywunwimd  puguluymd  § phinig  thnpp
Jupnmpjul wygwinuing, npubtn juighugdh uwwugh  dpkppibph  jpugmghy
opquunikywmhly b dwbpbwpwbwlwt quunwd, Yhwoquplyh bGupwdpkppubph
hinwnwinidhg wpwowgws wninbumfjub Juwubbptt nu hwpyh Junbgkt Eyninghuwybtu
wbjunwig dptpputph unwugdwt fuunhpubpp:

dhppupdwshg Hubknd' hwoytnn  dudwbwluppowinid  (01.10.2008-25.12.2008)
puljughtt uywinh b Gupupyyl] b mumdtwuhpyly 46 dwbip b 9 hnonp Enobkpuynp
YLuguithukph dubnhp: Stnbuwlju Juwup ntumdbwuehpine hwdwp twpouggbu unwptp
kup YLunwuhutph Yornud, nphg htinn hwpdunplt) wpdtpwynp vyywunuyhtt Upkppubtph
nnlnuughtt hwpwpkpnpniin:

Swppkp  Epyputph  utiinh  Juqwlibpunippiutitph b dbnbwpympniutbph
njuibpp Yyuynid By, np imtinbuwljuin Juwup wyu mnnmpjudp hwjuwuwp b gpbpt qpogh
[3: Uwljuyt dbp hbunwgnuumpnibibph wpymbpubpp tbpuyugduws b hwunwly
wuwntpny (wn.1):

Unpniuwly 1. Gkunwithubkph puljughtt vuypwiinh hkinwgnindwt wipnyniupbpp

Uwutnh Luop, Yq Updtipurynp dpkpputph
Yklpubing Lupuplpywus Pulnbphn- uhlish uuyulinhg Ynpniuwn puph bljunnuundp, %
whuwlp Ykunuuhukph uuyubinp htnn Uwnudnpu. Quupy k-
ulnyhw wpni qniju 2
phyn (fhoht) | (dhohl) |wnhpuyht mnh houlp
Unltip
ULy 46 huynynytp 35 16-17 16 45 10 1o
3 q4kun. Unwn
hwyunt. &
uwpUnub-juukp - |
JUAR 9 6 g1, bty b 195 95-100 20 5 4-5 15
unpuwy dhq.-
Yh&ulynud

Pusybu wkutnmd Eup wnniuwlhg, puughtt dnppp hwibghgind k ks munbuw-
Jwb Juwup, pwh np wyuop pnnp unwnwbiynn Eupwdpbppubtpn b wnhputpp hpkughg
ubpuyugunud B wipdtp: Zwpyh Ewndb) twl wyl, np YEuguthutph Unpehg htnn ju-
wnwpyl] k pujubphnuynyhl htnnwgnunipinil, nph wpyniupnid npny YEunwuhubph
Unwnn hwynbwpbpytg nhyninluhtt ubynhgidhw, vwjdnubpng hhwunnipniuubpp,
npnup wbwubwpniduljul vwthnwpuluit thopdwphinipjut opkupubphg bLiukny
whuwh-dwhwihwl vyundwip, Eipwulw sk
Lwpnpuwunp  hkwnwgnunipniiniphg  htnn widhgwuwybtu  dhengubp  Eu
dtntwplpdlp b dubnhpp mupldlp £ oEpphh wpnwugpudwu pupdp gbpdwght
JEpudowldwly, npp bu wwhwgnid £ phtwtuwlut swhiu:
Udthnihbny htnnuqnuinmipyniuubph wpyniipubpp® dkup hunwly upnn Bup ubp-
Juywugl) puljuyhtt uyuinh puguuwlwt Ynnutpp.
1. Jupuwlhs hhyuunnipniutbph nwpwsnud,
2. huljuuwthnwpujut yuydwibtp,
3.  uwuwnh Juwinbubph pwpunnid (Jun wpnibwpwunipni,
JEuguihtubph duh npulh wjugnud, JEuguuphubph uppbu),
4.  uwywunuwjht Gniuph Ynpniun,
5. ks munbuwlut Juwu:

Uy uLNRE8NORL
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3ACJY)KEHHBIA YUYEHBIN U TEJATOT

(K 80-1eTuio co nus poxaenus: akagemuka HAH PA JLJI. Ocunsin)

Hcnonuunocs 80 net co ausa poxxaenus Jlun JleBoHoBHB! OCHIISH - BUAHOTO
O0oTtaHuMka U MuKosora, akanemuka HAH Apmenun, 1okropa OMOJOTHYECKUX HAyK,
npogeccopa, TOYeTHOTO 3aB. Kadenpoi 6oTaHukn EpeBaHCKOTO rocymapcTBEHHOTO
YHUBEPCUTETA, 3aCIIy’>KEHHOI'0 JAeATeNs HayKu ApMEHUU.

JLJI.Ocumnsin  oxoHumna EpeBaHckuil TocydapCTBEHHbIH yHuBepcuteT. Ee
CTaHOBJICHHE KAaK CIICIHAJIICTa OOTaHMKAa-MHKOJIOTa HAYaJIOCh IMOJ] PYKOBOACTBOM
KPYITHOTO YYEHOro B 00JacTH MHUKOIOTHH 4i.-Kopp. AH Apmenuu, mpodeccopa
JI.H. TerepeBuukoBoii-badasH.

TpynoBas nesrenpHocTs JIJI. OcunsH TecHO cBs3aHa ¢ EpeBaHCKUM rocy-
ApCTBEHHBIM yHHBepcuTeToM. OHa MpOoIIa MHOTOJNETHHH IMyTh OT JlabopaHTa J0
3aBenymouleil kagenpoit 00TaHUKU U JlekaHa Ouosoruueckoro Qaxynbrera. byayun
OJecTSAIUM OpraHU3aToOpoM Haykd, JIus JleBoHOBHa CTOsIa y MCTOKOB OpraHu-
3anuu HaydHoro cekropa EI'Y, B Hauane 1960-X ro10B ObUTa MIEPBBIM YYCHBIM CEK-
peTapeM Hay4yHO-UCCIIEA0BATENbCKOr0 CEKTOPa YHUBEPCUTETA.

Ocunsin JLJI. sBisieTcss M3BECTHBIM YYEHBIM M IPEKPacHBIM IEarorom,
MMCIOIIM BBICOYAHWIINN aBTOPUTET CpPEeId MHUKOJIOTOB M OOTAaHMKOB HE TOJIBKO
ApMeHNH, HO W MHOTHX CTpaH, B YaCTHOCTH peciryOumk ObiBmiero COBETCKOTO
Coro3za.
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Borareiimee TBopueckoe Hacienue Jlun JIeBOHOBHBI B 00JaCTH MHKOJIOTHU
MOCITYXWIO (DYHIAMEHTOM ISl YCIIEIIHOTO PAa3BUTHS MHKOJIOTHYECKON IITKOJIBI
Apmenuu. OHa sBISIETCSA OCHOBOIIOJIOKHUKOM SKCIEPUMEHTATbHOW MHUKOJOTHH B
pecniyonuke. Ero mpoBeneHbI IIEHHbIC HaydHbIE HMCCIIEOBAaHUS B OOJIACTH Teope-
TUYECKOW M MPUKITATHON MUKOJIOTHU. B KpyT HHTEpEecOB I0OMIIsIpa BXOAAT BOIIPOCHI
CHCTEMATHKH, (PIIOPUCTUKH, IKOJIOTUH, (PU3UOTIOTUICCKON aKTHBHOCTH I'PHUOOB.

Ocumnsia JIJI. - sHTY3MAcT BcecTOpOHHEro u3yueHust Mupa rpudoB. Ee TBop-
yecKasl akTUBHOCTb SIBJISIETCS IPUMEPOM CaMOOTBEPKEHHOI'O Cily>KeHus Hayke. [lox
€€ PYKOBOJCTBOM BBIPOCJIO HECKOJIBKO TOKOJIeHHul MukosnoroB. Ocobas 3aciyra
I00WIIsIpa — MOJATOTOBKA OKOJIO 20 KaHAWJATOB U JOKTOPOB HAYK, KOTOPBIE YCIEIIHO
IIPOJOJIKAIOT JIEJI0 CBOEr0 PyKOBOIMTEISL.

Ero omy6imkoBano 6osnee 400 HayIHBIX TPYJIOB, B TOM YHCIE 5 MOHOTpadui,
MOCBSILIEHHBIX TpUOaM, BBI3BIBAIOIIUM OOJIE3HHW PACTEHHA, MOPYY M TOKCHYHOCTb
MUIIEBBIX MPOAYKTOB, MUKO3aM 4YeJIOBEKa, BOJHBIM H JOpyruM TrpudaMm. OmrcaHbI
HOBBIE /TSI HayKH BUABI TprOoB. Ei0 BrepBBIe MOAHAT BONIPOC O HEOOXOIMMOCTH
WHTETPUPOBAaHUSI W3HAYaJIbHO DPA300IIEHHBIX pa3felioB MHKOJIOTHH, pa3paboTaHa
KIIACCU(UKAIS KI3HEHHBIX (POPM MUKPOMHIICTOB.

Omna sBisieTCS PEAAKTOPOM, a TaKXKe aBTOPOM [BYX TOMOB MHOI'OTOMHOTIO,
KaluTaJlbHOTO M31aHus ‘“Mukodiopa ApMeHHH” W B HAcTosIIee BpeMs 3aKaH-
gyBaeT padoty Haj ovyepenaHbiM ToMoM. OcunsH JIJI. Obuta MHHIIMATOPOM M Opra-
HU3aTOPOM HECKOJNBKHX PETHOHANBHBIX W MEKIYHApPOAHBIX HAay4YHBIX KOH(e-
pEHIIHIA.

Bricokoe 4yBCTBO TpakJaHCKOTO JIojira W Oe3rpaHWYHas JIOOOBb K CBOEH
ctpaHe no3poiuiau Jlue JIeBOHOBHE CTaThb CAaMOOTBEP)KEHHBIM 3allIUTHUKOM IpH-
ponel. OHa BBIMONHSET OOJBIIYIO OOIIECTBEHHYIO Pa0OTy B BOCCTAHOBJICHHUH H
OXpaHe 3€JIEHBIX HACAKICHUN W JIeCOB APMEHHH, a TakKKe aKTHBHO Y4YacTBYET BO
MHOTUX JAPYTUX NIPUPOJOOXPAHHBIX aKIUX.

B ycnoBuax mepexoga K PHIHOYHOM JKOHOMHKE B pecrnyOnuke Jlueit
JleBoHOBHOH OblTa pa3zpaboTaHa KOHIEMIHMS W TPOBEIEH MOHHTOPUHT Mo obec-
MEUYEHHI0 OE30TTaCHOCTH IHIIECBEIX IIPOIYKTOB.

[I1010TBOPHYIO HAay4yHYIO W MeJarorudeckyio aearenbHoctb Ocursa JIJL
YCIIEUTHO COYeTaeT ¢ OOIIeCTBEHHON paboToil. OHa SBJIAETCS OJHUM M3 aKTHBHBIX
nesTeneil KEeHCKOTO IBIKEHHSI B pecIryOJInKe W MHOTHE TOXBI TIPENCTaBisuia Ap-
MeHuo B Komutere coBeTckux eHIIMH. B Hacrosmee Bpems akaneMuKk OCHILSH,
Oyayuu Bune-mpe3uaeHToM HannonansHolt Akanemun [lorpeOuteneii, 3anumaercs
0O0IIIeCTBEHHOH AEATEIBHOCTHIO IO 3allUTe IpaB HOTpeOuTENss W OE30IIaCHOCTH
MPOAYKTOB MUTAHUS.

OcursH JIust JIeBoHOBHA — OECCMEHHBIN WICH MHOTUX NMPO(ECCHOHATBHBIX U
OOIIECTBEHHBIX OpPTraHU3allMi, PENAKTOp M YJICH PEIKOJUICTUH psla HayYHBIX
n3nanuid. M Be3ge oHa paboTaeT co CBOMCTBEHHOW i 3HEpruci, IyBCTBOM JIOJTa U
OTBETCTBEHHOCTH. Ee XapaKTepHu3yloT HHTEJIMTEHTHOCTh, MPUHIMIIHATBHOCTD,
JO00pPOKETaTEeITBHOCTD.

Cepneuno mnozapasisieM Jluto JleBoHoBHy OcHIITH ¢ 100mieeM, xelaeM el
KPEIKOTo 3I0POBbsI, OJIarONOIYYH s, JOITUX JEeT aKTUBHON AEATEIbHOCTH.

EpeBanckuil rocyjapCTBEHHBIN YHUBEPCUTET,
OuoNIOrHYecKui (pakynpTeT.
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GpSNkhE3ULLE ULULUSNI Y LIPYUO U3ULL

(22 2UU. wjwntdhlynu U.U. Ttupjuth shbgui
75 wdjulh wnphy)

2009 pwluih hnlubdptph 14-ht jpuguy jungnp YEiuwphuhlnu, ghunnipjut
Juuunwluynp gnpshs, 22 FUU whwunbdhynu Uhuwly Upowdh Ytwypjuih shtnguu 75-
wdjulyp:

U.U. MTwypjuup suyk k 1934 p. hnyubdptph 14-ht Undhuynid (Boynuphu),
1946 p. hwjpbtwnupdyby b 1952p. wdupunbny dhotwlwnpg nupngl, pnmigb) b
Bplwth whunwlwt pdojuljui htunhwunninp, npt wjuwpunb] b qipuqubgnipyudp
1958p: 1958-1960pp." wphimwnk) k Bwihth opowtnid npuyku nknudwuwht pdholy, huly
1960-63pp. unynpk] UZU RAU jEiuwpubulub b pdojuljut phuhwih htunhwinunh
wuyhpuwnnipuynid® funpgnp YEtuwphdhynuubp U. Yuyjwbuyne b U. Ppunitupnbjup
nb-jujupnipjul tbppn: 1963p. wuownwwil] b phjtwbniuljut wnkiwinunmpmni’
udhpyws uprnwdjuih wlhttwpepyuhtt hnjpwbulnmpjut hwupgkpht: 4Epununtwnyg
Bplwt' wojuwwnwiph E wigh 20Uz QU YEuuwphdhuyh htunmhunnunnud, npunbn
1970p-ht yuwownwwik) £ npnjunpuljuwt wnkbiwinunipnit’ qjlunintnh opthnhtuyht
ghlyih dtpdtunubph gnpéniutinipyut Jhpupbpyuy:

U. Ty pjutp 1971p. wigunid £ wpjpwwnwtiph EN2-nd b gpbpt 4 muwubwdjuy hp
ghnudwbwjujupduljui gnpéniutnipniut hpujuwiwgunid t duygp pnthnud: ‘Lw 1971-
2000 pp. b 2006 pdwlwihg uhush opu GMNZ Yhuuwphuvhuyh wuphnup Juphst k
dhwdudwbwly 1971p-hg wbpundky hwdwjuwpwh YEuuwphuhuyh wpnpibdught
(ubpuynuiu ghnwhbnwgnuinujuiy) (wpnpunnphuyh nEjuqupi b U dwdpjutp 1978-
85pp. U 1996-99pp. tnk| kE BN2 Jhhuwpwinipjut $wlninbnp ghljwuip, 1985-89pp."
hwdwjnwpwih nundbwljuwt wptwnwpubph gény wpnnklwnnpp, hulj 1990-91pp.
wnwohtt wpnoklunpp: Lw 1989-1990pp. tnkp b 22 dnngndppulub Yppenipjut
bwpiwpupp, hull 1999-2003pe-htt’  .Upndjuth widuwb Zujuwljwd wyhunwjub
dwbjujupdujut hwdwjuwpwith pkjunpp:

U.Twpjubn juyt Smbwsnid nitkgnn JEtuwphudhlnu b ‘Upw hbnwgnunipniuubpp
udhpdwsd L wgnun wupnitwlnn vhwgnipniubph, hwnjuybu wlhttwppniubph
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tnwtwlnipjuit b hwduywnwupwit dEpdbbntbph wjnhynpjut jupquynpdwi
hhdtwhwpgtpht:. Lw wwwgnigh] b Jupbwuniibbph upnwdjuind  wjuthb
nthhnpngltugh weluynipntup b wupqupwil] wpwbiuwdhtwqubph  ubppeguyhte
nbnuiunulp Jupghnghnikpnud, hwjnwbwpbpl] L-wdhtwppeduyhtt opuhnuqp uh
owpp opquihquubpnid b hmuuquéspubpnid:  Unwbdtwwbu  wpdbpuynp bk
U.tMapjuh b tpw wppnmnwlhgubph Ynnuhg optthnptiuyhtt ghlhjh dtpdknubtph
hwdbdwiwlut  Enpnighntt wpnwdng  Juwwpduws  hknwgnuinnipniubpp: Uggy
htinwgnuinipnibibpp pny; wytghtt U.Ywypjuuhtt  hhdtwdnply punipjut Uk uks
nuwpuwsjudnipnit  niikgnn ny mipbnphihl] wpqhtwqh qnmipnitp, npt
wnwppbpnipinit nipknphihy opquuhquubph pupynd wwpnitwlynny b wdnthwuyh
skqnpugdwt bywwwlny opthwhtwyhtt ghlnwd gnpénn niptnpbihl] wpghtiwgh, sh
dwubwlgnid wdnuhwlh skqnpugdwt dkjuwuhqdutpnmd b nith mpnyu Jkwmwpnihly
tip: Zpdwnptg ny mpbnpljhy wpghtwgh dwubwhgmpyniip wpghtihihg wpnihtih
wpwowgdwl  dkjwbhqunud: 2quih t U Ywdpjuuh ubkpppoudp  Enpnighntt U
wihwnwlwb qupquguui pupwgpnid nipknphjhquh dbwynpdwt dkjpwthquubpnid
wpwphtt wuydwutbph tywbwlnipjut, mipbnpbihl] wpghtiwgh  puymygdwi b
wpghuhth Yhuuwuphtptqh huynth 4 $hpdbuntbph hbn tpu hunkgpugdwtt Jdonpny
nbtph dwuhb:

Ujuntdhlnu U.Ywypjuip Uké Juplnpnipinit £ wnwjhu Ephtnwuwpn dwubw-
gtnubph wwwupwundwt gopsht: Lw Yuppugk] £ dh owpp tnp nwupupuwugubp
(Umpwthnjuwbwlnipjut jupquynpnudt,  Rdojughinmpjut  Yhuuwphdhwluh
wuybunubppt U wy), npnup owpnitwl hwpunwugynd L ghunwlu Jhpeht
njjujubpny: Lpw nuwuwjpinumpinibibpp mbugpdmd B JkS hEwnwppppnipjudp
hsybu ntuwbnnubph, wyuiybtu § nuuwpnuitph b ghinwppupwnnnutph Ynnuhg: Lpw
ntjujupnipjudp b anphppunynipjudp wuonwywuyl) kb onipg 70 phljuwsniwlub b
4 nnljunpuljui, wyn pYnud wpuuwuwhdwiyu punupwghubph,
wnbktwpnumpniuttp: U Ywpjuth wwibkphg swnbpp phjwdupnd Bu wwppbp
Jtuuwphthwlwt jwpnpunnphwitp hwtpuybnmpmniind jud tpu vwhdwittphg
nmipu: U.Ywypjuup hhpuyh YEtuwphdhynuubph jpipwhwwnntly nupngh hhdwnhp E
L nhjudup: 6N Yhtuwphdhuyh wdphntp b tpw Yhg gnpédnn ghnwhbnwgqnuuuljut
Jjwpnpuwwnphwt wupnnonyhtt hwdwpjws ki U tapjuth wpowlbpntbpny: Lpw
twpwdbnumpudp b owbpkpny 1974p. TNZ-nud puglly b Yhtuwphdhwlub
pudwtdnitp, npp oppwbwydupuntphtt sunphynud t YEtuwphdhynupk npuljuwynpnid
(WU2U-nud wdwl  pwdwidnip mibkghp G dhuyt  Unulquyh b Yhlp
hwdwjuwpuubpp):

U. Tuypjuth ghnwhbnwgnunuljui  wojuwwnwpubph  wpyniupubpt wd-
thnthdws L wykih pwh 300 ghrnwlub hnpJusubph, hbnhtwluwihtt Jyuyuljwututph b
wy] hpwunwpuwlnudubph duny: Lw puquhgu hwinbu b Yl qbinignidubpnyg oo
nuuwpnunipniutpny dhowqquyht ghniwdnnndutpnid  (Pwphq, Opuynpy, Lnu-
Ulgljtu, Lymipiht, Unuljw, Ppuwnhujwduw, Pniquybown, Uwulwn(Mbnbppnipg,
Snpnlinn), 1978p-htt Gpliwiinud (6N2) juquulbpybt hwdwdhnmphiuljwb ghinwdnnng®
udhpyws Yuuph swquwb b tYnynighn jEuuwphdhwih hwipgbpht, nphtt dwubwygly Bu
ghtmwfwi tnwuppkp YEunpnuttphg dudwiws onipg 70 wmdwith ghnuwlwukp: 1978p.-
ht tw phjwdupl; & MUZU ghntwlwitbiph wgwudhpulnipmiop Yuwbwguynod
Juyugws  YEuuwphuhnuutph hwdwppiuphuwhtt  ghnwdnnnynwd, hull 1985p.
UnuJuynud Yhuuwphdhynuubph hwdwdhmpbiwfwb phlbpoipjut jiunpniufwi
lunphpph wwpbut thunnd Juwpnugl] £ thunh wdthnthhs qinignudp (bdwb
nwnpnipjul wpdwtwind £ wnwupkut Uk htinhtwl):

U Tupjutp 1977p-ht 6Nz-nid Yuquulbtpyl] £ qhuwljuit wunhfwbubp
ounphnn dwubwghwnwljwt pjnphnipn, nph whpunpdbe twhimquhu £ dhts opu: ‘Lw U
owipp ghnwljut fEuwnpnuubph janphnipputph, ghnnwjut hwintutbph udpugpuljut
Unkghwttph winud bk U.Ywdpjuth ghnwlwub Epninhghwt, udhpdwédnipiniup
ghnnipjutip,  dwppuyhtt  pupuguiudnipiniip  phpkghtt | bpwb  pwpdp
htinhtwlnipnil, ukp b hwupquip:

Iungnp  ghwnbwlwuhtt gwblwup btplwp wwphtbph wpynitugbn  ghnw-
dwbjujupduljut gnpéniubnipenii:

Bplwth yhnwjubt hwdwjuupui, jEtuwpwtnipjut dulnijntin:
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