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QuLUaGs 6y aUYUNUAES aGSErh EunLNahuyuL yholdyh
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QUuwagbun L Qwywnwagbun gGintph Eyninghwywl Jhdwyh guwhwndwl bwyw-
wnwyny 2011 p.-hu hpwlwlwgdt) U gpwytluwpwlwlwl hEwnwgnunnientultn:
QGwnGpnd Lywwinynd £ opgqulwlwl wnunnngwénipjwl ophlwswih wybwgnid w-
Untuphg gtGunw-pEpwl ninnnipjwdp: Uwlwjt Qudwnwgbnh wynituph onh npwyp
quwhwwnyb) £ npwtu «gGpwqugy, huy QUuuwgbnhup’ npwtu «Qwiwn (wy», hugp pw-
gwwpynd £ Qudwnwagbnh wynituph wybh pwpépwnhp thubind W unnpgbunujw
uldwup, npp pwgwlw)nud £ QUuuwgbin gbunnud:

QLwntin — gnh npwly — qnnpblpnu

JIsl OLEHKH 3KOJIOrM4YecKoro cocrossHus pek Jl3knarer u I'aBaparer B 2011
rogy ObUIM HPOBEACHBI I'MAPOOHOIOTHYECKHE HCCleoBaHuA. B pexax HabOmona-
eTcs 3aKOHOMEPHOE IIOBBIIICHHE OPraHUYECKOTO 3arpsA3HEHHs OT HCTOKOB [0
ycTbeB. Tem He MeHee, KauecTBO BO/bl B UCTOKE pekH ['aBaparet ObLIO OLIEHEHO Kak
“ornu4HOE”, a B UCTOKe J[3KHareTa-“o4yeHs xopoiiee”, 94To 00BsICHACTCS O0Jee BbI-
COKHMM DacrojioxXeHueM HcToka ['aBapareTa n HaluuMeM MOA3€MHOTIO IIMTAHHS.

Pexu — xauecmeso 800bi — 3000enmoc

For the assessment of ecological state of Dzknaget and Gavaraget rivers the
hydrobiological investigations has been done in 2011. The organic pollution
increases regularly from the river mouths to the estuaries. The water quality in
Gavaraget river mouth is assessed as “perfect”, but the water quality in Dzknaget
river mouth is assessed as “very good” due to the higher location of the mouth of
river Gavaraget, which also has groundwater feeding.

Rivers — water quality — zoobenthos

Uliwuh thdunhwdwlwpgp Lnpwnnwu-Upunwuh gény pwdwuyned £ 2 ghqu-
ynpnipjwl® ®npp Ulwl W UGS Ulwl: QUuwgbn W Quywnwagbn gbnbpp hwunhuw-
untd GU ®npp ULwuh Eynhwdwlywngh upnpwagniu dwu: Wuwhuny, Upywé gbunk-
nh gntiph npwyp UGdwuwtu wannud £ wdpnng Eynhwdwywnpagh gph npwyh Yypw:

Rwwnwlwihu wunnuwwnpwynp YGunwuhubpp fuhun qgwniu GU Jhewdwjph
thnthnfunipyniultph Uwwndwdp W wju YEuuwduhu wywwnwunn pwgdwehy fudptp
hwuntu BU qwihu npwBu gnh npwyh YEUuwpwgwhwjnhgubp: Lpwdwqwultph 9nk-
nh npwyh pwqUwpehy ntuncdUwuhpnepyniblp hhyujwéd B phdhwlwu wuwihgh
dpw, npp pwgwhwjnnud £ Eyninghwywl yhtwyp Ywpsd dwdwlwlywhwwnywbdh
hwdwn, huy Yeuuwpwgwhwjinhsubph oguniejwdp Ywptih £ guwhwwnb] gspwdwquuh
phUupwywl W $hghywywl wwjdwuubpp wyth Gpywp dwdwluwywhwunjwsdh hw-
dwn [7]:

QUuUwagbwn gbwnp uyhgp £ wnunud dwdpwyh (Gruw2npwih hjntuhu-wnplGywu
LngbZnhg‘ 2310 U pwpéapnieintuhg: Gpywpnipgniup® 21 yd t, sphwjwp wjwquwup®
88 YU~
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Qtwnwhnyhwp yephu hnuwupnid V-wél £, unnppuncd’ imwunwywél: Pwuh
np gbwnh oph npwyh dbwynpdwl ypw wgnnn gnpénultphg Utyp uudwl wnbGuwlu k,
wbwp £ U6, np QUuwagbnp wwunywunwd £ ULwuh wjwquuh ubdwl Gpynt inGuwy
nitutgnn hwdwywnpgbphg wnwehupt' Upwju dwybpunipwihl uunignid: WU hhduw-
Juuntd duwwldpliwjhl £ 82%: Mwjdwluwynpywsd gnhwdwp wywqwuh (wunwdbn-
utpny L punbwywgdwu gnpéwygny’ wjl ubiwywwnwnp £, Jwpwpnudp nnbnud £ 2-3
wuhu (wwnphp-hnituhu dwpuhdnwdny), nph pupwgpntd dLwynpynid £ tnwpGlwl hnu-
ph 75%-p: Swnkywlu dhghUu dwhuup 1u3/q E, wnwyGwagniup' 46.4 LI3/L{, hnupp® 35 Uju
J”: Qnbpl ogunwagnpd-ynud GU nnngdwl bwywwnwyny [1]:

Quywnuwgbwun gbwinp uyhgp £ wnund AGnwdw [Gnuwdwhwlh wplbywu (wu-
obnh Ywwnwpwjhu hwindwséhg' 3050 U pwpépnipiniupg U pwthynid Ubwlw |hé: Gp-
Jwpnipinitup 24 Yd £, sphwdup wjwquwlp' 480 uu2: WU ywagdynwd £ pwgdwehy qb-
wnwlyutphg, npnug ulnigndp unnpGpypjw W duhwipwjhu E, wjn ywwdwnny, h
wnwppbpnepyntt QUuUwgbnp, Uhghh w Lumuu_b[w%nuu Swhuup ¢ntuGU wynpwu JGd
nwwnwund b yuqgunid U 3.5 U°/y-hg vhugle 15 U*/y: MEwp E Uk, np Ukwuh wyw-
quuh gbwntph UG Quywnwqgbunu niuh hwdtdwwnwpwn wytbh yuwjniu nGdhd: Uunt-
gnudp hhduwlwunwd unnpbpypjw £ (83%), qupwpnudp® 3-4 wdhu (wwphi-hntupu
dwpuhunidny): b mnwppbpnie)ntl QUuwagbunh, Swywnwagbunp hnunwd £ hwdGdwwnw-
pwp huwntuuhy mwpwplwytgdwl hwdwywpgh Jheny, hush ywwndwneny Uywwnynid
E J&&é wuppnwngbU Swupwpbnuwénientl: nbpu ognwgnpéynid EU nnngUdwl
LUwwuwnwyutbnpny [1]:

Whwwnwlph Uywwnwyu £ quwhwwnb, Quuugbn L Quywnwqgbun gbinbph
Eyninghwywlu yhdwyn:

Ynie U dbpnn: QUuwgbn L Qwlwnwabun gbntph Eyninghwywu yhdwyh guwhwwndwu
Uwwwnwyny bpgwd gbinbph ytphu, duhghu W uinnphtu hnuwupltphg 2011 . wdnwu wJhuutphu
ytpgyt| BU hwwnwywhu Yeunwuhubph thnpdwudnipubn:

Rwwnwywiht yEunwuhubph thnpadwudnpubpp hwdwpyb) b Jpwyytb) Bu gpwybluwpw-
UnLpejwl UG hwjwinuh JGennubnny [2-5, 8]:

QUuuwgbn UL Quywnwabwun gbwnbph 9ph npwyp guwhwwnydb) £ pun punwuhph YEUuw-
pwlUwywl huntpuh (CUh), (FBI-Family Biotic Index-Hilsenhoff, 1987) [8]:

CUh-Uu pungpynid £ 9pwjht wunnuwwpwynputbph Uté pYny Yuwpgwpwlwlwl fudpbp W
ubpywjwgywsé £ htnlyw pwbwalny' FBI=Y (X - t)/n, npnkn, X-hUu Yuwnpgwpwlwlwl fudpnid
wnwUdlUjwyutph phyu E, t-hUu yupguwpwlwywl fudph ningGpuwbnnigjwl gnigwuh2p (Uhwyn-
np), n-p thnpadwudnipnid wnw pninp wnwUdujwyubph rphyp (wn.1) [6]:

Unjnuwy 1. 2nh npwyh guwhwwnndp puin CYUL

CUh wndtpp 2nh npwyp
0.00-3.5 gbpwqwug
3.51-4.5 2w (wy
4.51-55 Lwy
5.51-6.5 Jhghu
6.51-7.5 Jhghuhg gwén
7.51-8.5 Juwin
8.51-10 2w Jwwn

Upyneliplbn b pllbwipyned: 2Quwagbun gbnh wynupnud hwwnwyh puwhnnp
70%-ny qlwpwn £ L JwUpwhuhd: Bwnpbph Jwdnwlwywl wuwinhdwllu wllpwl E,
gnwuntjq dwynpndbhwnubpp pwgwlwind Bu: QGwnwpGpwund puwhnnp 100 %-ny
Ywquyws E gwpwnhg, fuGwpwnhg U dwupwluthg:

QUuwagbun gbinh wynitupnid hwnwlwjhu yEunwuhutbph 2011p. wdnwl wdhu-
utph Jhghu pwpwlwyp Ywqlb, E 1.2 hwgq. wnwla./u?, huy YEUuwqwugywdp®
3.1 g/U” (wn.2): Cun npned, Yeluwquwugywsh 39 % Ywaqunid BU Baetidae, Ephemerel-
lidae, Ceanidae U Heptageniidae puwnwuhph JhophYuGph pprniputpp (Ephemerop-
tera): Jwgonnpn funtdpl puwn YEuuwquwugywéh Elmidae punwuhph pgtqutpu G, npn-
Up Jwaunid BU punhwunip YEUuuwqwugywéh 26 %: Uhophyutph ppenipubpp Ywg-
JG| GU hwuwnwlywjhu YyEunwuhutph punhwunip pywpwuwyh 37 %:

Quuwagbunh wyntupnud 9ph npwyp punn CUh-h (4.2 dhwynn) quwhwuwnnyb| £
npwbu «Quin wiy»:




L. WUUSM3UL, U.3. 3UUNR3UL, U.N. WILLULSUL, S.1. ANG3UL

QUuUwagbn gbwnh Jhghu hnuwuph hwwnwywjhu $wntbwynd pun pywpwlwyh W
YGuuwquwugywsh dhophyubph ppeniputph (Ephemeroptera) gbpwywynipintup JGdw-
unwd E: Ysunwuhubph Jvhght YELuwqwugywén 6,2 q/LI E, nnh 64 % Jwaqut| U Uhonhy-
utph ppeniputpp: vbGpghuu Ywaunud E hwnwywjhu yEunwuhubph punhwuncp pyw-
pwluwyh 59 %:

QUuwagbwnh JhohUu hnuwlpnid 9nh npwyp puin punwuhph Yuwpgwpwlwywu
huntpuh (3.9 Uhwynn) guwhwwnybl E npwbu «Qwn jwy»:

Quuwagbunh quwpbnwhmu hwwnwywjhu uthanhUbn; UhghU pwpwlwyp
Ywaqut] £ 2.0 hwq. wnwUé. 2, huy YEuuwqwugywdp® 3.8 g/U” (wn.2): Cun pYwpW-
uwyh qanuuLU]lIL Gu pgqwu Undwyh ppeniputpp (Chironomidae)' 1.7 hwq. w-
nwla./u? npp Ywqut) E hwwnwlwjhu yGunwuhutph punhwuntp raquwULuuh 85 A>
puwn uthquwhqubh gbpwlwt] U Gpwpnunlu Undwyubpp (Tipulidae)' 2.5 q/U
npp Ywqut) £ punhwunip Yebuwquugwéh 65%: Wyniuph W gGnwpbpwuh hwnw-
Jwjphu ysunwupubph npwlwywu b pwlwlywywl Yugdh UdwUu thnthnfuntejwU wywwn-
dwnp hwjwluwpwn gbinwhnyunh Gpywjupny dgynn puwlwywinptphg Ynjntnwenptinh
U gjntnuwinbunbuwywl hnupwenptbnh dniinpl £ opwywquwl: Rwpbph ypw qupgugwé
wbphdhwnnul ntup hugwbu Yuwlwg, wjbwbu £ gnp2 Gpwug, npp Unyuwbu yywyned £
npn2wyh opguwlwywl wnunnnywénipjwl wniwjniejwl Jwuhl:

QUuwagbwunh gGnwpGpwuh 9ph npwyp puwn CUb-h (5.6 Jhwynp) guwhwwnyb) £
npwbtu «Uhghlu»:

Ungnuwy 2. QUuuwgbn gbnh hwwnwlwiht $wnibwih npwlywlywl b pwlwywywl
Jwaqup 2011 p.-h wdnwl wJuhuutphu

QQuwgbwn

Uyntup UhghUu hnuwlp | QEwnwpbpwl

N B N B N B
YUnnwyinntp (Gammaridae) 31 110 18 13 4 46
Uhophyubp (Ephemeroptera) 430 1230 825 3956 73 430
Qunntuhyubp (Plecoptera) 42 814 37 555 0 0
Rwywplbn (Trichoptera) 125 367 242 1287 61 155
Udtnubp (Simuliidae) 15 2 0 0 0 0
Uwywywhuinqwl npntp (Oligochaetae) 2 8 2 2 7 2
Pqqwl Undwyubp (Chironomidae) 171 48 29 6 1728 661
Gpywpwnwu Undwyubp (Tipulidae) 28 143 79 242 138 2483
Qnuwjhu ngbip (Hydrocarina) 0 0 0 0 18 4
Pnpnunnwlh hwihywdwpdhulbp (Gastropoda) 0 0 0 0 2 11
Pqbqubp p. (Coleoptera) 228 305 145 79 2 1
Pqbqubp h. (Coleoptera) 90 68 26 18 2 18
Swihwy npntp (Turbellaria) 9 29 0 0 0 0
Yhuwywnpépwplbn (Heteroptera) 2 11 0 0 0 0
Cunhwuntp 1172 | 3136 | 1403 6158 2035 3811
“N-unuildlyuly/if
“B-qulgywé Ug/f

Quywnwgbwunh sphwywp wywqwup Ywaguynd £ pwqdwrehy gbnwyubphg:
JdGphu hnuwupltpnid unwyubphg Jh pwUhup hnunwd 6U tnpnqwjhU hnyhwnubph Jh-
ony: Wnipu qwiny hwppwywn® gbnbpp nwnunid U nwunwnwhnu, wnwewgunid U
gwiwputp W ynenwynud wyneyhwyp bundwédpubn: Ukwuh dwlwnpnwyh hetgnidhg
hGwnn qbwunp gunwptpwUuh 2ppwunid Uh pwUuh JGwnp funpnipjwdp fupytb) E ubthwywu
Luwnydwéplbiph Jbe: dbpghuu fungpunnunnid £ puwhnnhg hwwnwlwjhtu yEunwuhutph
thnpéwlunwpubph dbnpptpdwup: Nunh hwnwlwihu Yeunwuhutph thnpdwudnwubpp
4bngyt| BU gpwuntjq dwypndhuinlitph pwjhg:

QLuL{Lunqubmh wyntupnd hwwnwywjhu YEunwuhutph Jvhghu YELuuwgqwugywodp
ywaqut| £ 0.7 g/ U2 nph 50 % Jwqut] U Jhophyutph ppenipubpp (Ephemeroptera) W
26 % Ywqut) Gu pquh dnéwyh epenipubpp (Chironomidae): vGnghuubpu Ywaqdb) Gu
hwwnwywhu yeunwuhutph punhwuncp rJwpwlwyh 52%, huy dhophyubpp punwdtup
5 %:Quwywnwagbtwnh wyntupnd 9ph npwyp punn CYUh-h (3.48 vhwynp) qguwhwwnyb) £
npwbu «qgGpwquug»:

Uhghh hnuwupnitd hwwnwywjhu YGunwuhutph Jhehu YGUuwqwugywén Yuq-
JG| £ 0.8q/ a2, nph 78% Jwqut| GU Ynnwinntpp (Gammaridae), huy 18%" Uhophyutiph
rneNLpuUGNp (Ephemeroptera) Jdbpghulbpu Ywqut] GU hwwnwywihu ysunwuhutbph
punhwuntp pYwpwlwyh 21%, huy Ynnwinntpp® 71%:
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Quywnwgbwnh dhghU hnuwlpnid 9ph npwyp pun CYUb-h (4.03 Jhwynp) quw-
hwwnyb) E npwybu «Quun jwy»:

QLGunwpbpwuh hwwnwywiht $wntwynid punn YEluwqwugywéh L pYwpw-
Lwyh gGpwyw)t] U Ynnwinntpp (Gammaridae) hwdwwwwnwuhiwlwpwn uqubiny
89% W 68% (wn. 3): b nwppbnnLejnLtl wyniuph, opgwlwlwl wnunnunywéniejwl ht-
nlwupny gbnwptpwund s6U hwunhwt) opupdhy  YEUnwupubp' qupniupyubp L
rwywprlbp:

QGwnwpbpwuh 9nh npwyp puwin CYUb-h (7 Jhwynp) quwhwwnyt) £ npwbu «Uhgh-
Uhg gwdp»:

Unynuwy 3. Qwydwnwagbn gbnh hwwnwywjhtu $wnilwjh npwywywu b
pwlwywywl yuwqup 2011p.-h wdnwl wJdhulutphu

Quywnwagbun

Uyntup UhghU hnuwup QGwnwpbpwl

N B N B N B
Ynnwinntp (Gammaridae) 0 0 3065 6386 | 11225 | 87943
Uhophyutip (Ephemeroptera) 59 108 920 1506 296 1067
fewywprlbp (Trichoptera) 24 44 0 0 0 0
Udtinubip (Simuliidae) 13 24 75 57 4645 8924
UwywywhuinqwU npnkp (Oligochaetae) 0 0 17 7 7 5
Pgqwl Undwyubkp (Chironomidae) 606 1113 | 129 101 143 145
Gpywpwnwn Undéwyubp (Tipulidae) 2 3 24 116 11 182
Qpuwjhu wngqbp (Hydrocarina) 452 830 81 20 169 195
dnpnuinwlp hwhywdwpuhUubp (Gastropoda) 0 0 28 37 0 0
Pqbqutp p. (Coleoptera) 0 0 0 0 0 0
Rqbqutp h. (Coleoptera) 18 34 0 0 0 0
Swthwy npntip (Turbellaria) 0 0 0 0 0 0
nnoh|ukp (Heteroptera) 0 0 2 1 0 0
SqpniLyukp (Hirudinea) 0 0 0 0 4 195
CunwuJtup 1174 12155 | 4340 8230 | 16500 | 98655
N-wnulidlywl/oF
"B-quiligyuwép Ug/f

Ujuwhuny, Gpynt gbinbpnud £ uWywwnynud £ opguliwwt wnunnindwénipjwl onp-
LUwgwth wyblwgnd wyntuphg qbnwptpwl ninnnijwdp: Uwjwit Qujwnwagbunh w-
yncuph oph npwyp quwhwwnyty £ npwtu «gbpwgquug», huy QUUwgbnpup’ npwbu «Qwn
Lwy», hugp, hwdwuwpwp, Gpynt gbintph Jhol wnyw hhnpninghwywu tnwppGpnie)niu-
utph wpryntup £, dwubwdnpwwbu Gwywnwagbup uuynd £ wnpjnipwihb npwyh unnp-
gGunljw gptpnd, huy QUuwagbnh uunigndp hhduwywunwd JwytGpunipw)hu £ Quyjw-
nwgbn L QUuwagbun gbwntph gbnwpbhwulbpnud 9ph npwyp pun CUb-h hwdwww-
wnwupuwunwd £ a-dGgnuwwpnp onGpht, hugp YEugwnwihu W gjninununtGuwywu hnu-
ptnny onh wnunnundwl wpnyniup E:
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LEG3MNALUUSNUUBKL SK-N-MC ~RUShL 08h MLNhINHISUL
8Nrsuuh&h NrUNfULUURMNHESNFLE UUNINEF IGRrMGUYhrNFU-1
Jduruyh guuuuuy

3.U. 2ueursuL

33 QUU UnyGynuyuyhl YELuwpwlntgywl hhunpunnia, peoh YEbuwpwlnieiwl jwpnpuwwnnphw
hovakim@yba.am

NuntdUwuphpdbp BU - UGpnppwunndwihu - SK-N-MC  pghgutph  winhnniejwl

gnigwuh2h () thnthnfuniejnibutpp dwpnne hGpwGudhpnwu 1 Jupwyh dwdwuwy:
8nig £ winybl, np Juwpwyhg 24 ¢ wug, h hwjin BU qwihu pgheubn, npnugnid Yu&-h
pwlwyp gbpwquugnid £ 64c: LUwlwwinhw pghoubpnd ppndwwnhup Ywnenigdwbdpp
uwhunywé E, huy Ynphquywjhu dwnpduphyubpp pwgwywnid Gu: Ywpwyh wdbih ni
thni Gnpnud Ldwl pgholutn $EU hwjnuwpbnyt:

Poho — hbpwbudppniu — Ynphq — wnpnnipynili — uplighunpnid

N3yyancs nokaszarens miongaHocTu () HerpoOiactomHbIX KieTok SK-N-MC
NP 3apaKeHHH YeJI0BeKa reprecBupycom tuma 1. B atoit pabore mokasano, 4to ye-
pe3 24 4 mocie 3apakeHus HOSBIIIIOTCS KIIETKH, B KOTOPBIX KonmdecTBo JJHK 6omb-
me 64c. B Takux kieTkax HapylleHa CTPYKTypa XpOMaTHHa, a TakkKe OTCYTCTBYIOT
sapbiiky. Ha mo3aHux craausx MHEKIUM TakuX KIETOK He ObUIO 00HAPYIKEHO.

Knemxka — eepneceupyc — a0po — niouoHocms — CUHYUmMuL

We studied the ploidy index (c) of neuroblastoma cell line, SK-N-MC, during
infection with human herpesvirus 1. Herein we show the emergence of cells in which
DNA content exceeded 64c after post-infection 24 hours. These cells were characterized
by the absence of nucleoli and disrupted chromatin structure. Cells with elevated DNA
content were not detected in the later stages of infection.

Cell — herpesvirus — nucleus — ploidy — syncytium

Uwpnnt hEpwGudhpniu 1-p (U3Y-1) ywwnwlnid £ Herpesviridae puwnnwuhph,
nph Ute UGpwnyws BU |hwyhnwjhU pwnwue ntutgnn Gpynepw Yid gGundny Jwpnnt
W yEunwuhubph wwnpptp Jhpnwulbp: Herpesviridae puinwuhph JGe Jnunwd GU Jwp-
nnt ni tnwnpptp hGpwGughpnuultp, wju £ U3Y-1 W -2, EwwnGju-~wnh yhpniup, dw-
nhgblwgnuwntp yhpniup, dwpnne ghinndGgwinyhpniup, Ywwn2hh uwpyndwjh wun-
gwgywé htpwbuyhpniup, U3Y-6 L -7: Uwpnnt hepwGughpniuubpp dwpnyuwjhu wn-
wniyjwghwjnd hwunhwnn wdtlwwnwpwdwé yhpnuutbpu G, npnup Ywpnn GU uncp
Jwpwyh hGwn JEywnbn hwpnigbp bwl jwwntln Jupwly b ywhwywudb, ynwyneyw-
ghwjntd Gpwp dwdwuwy:

U3d-1 (huswbu bwl U3d-2) hwpnignud GU (npdwpwnwUrh wntnwht Juwu-
Jwépltn: Unip Juwpwy wnwewglnid U |npdwpwnwuph twhebiwihu pphoubnnid
huy Uyjwpnwihu SwgUwu peheUtnnid (UGLunpwjhU UEIPNUUGPNLY)® hhdUwlwunwd [w-
ntun Jupwy: Lwnbun Jwpwyh dwdwuwy U34-1 gEundp hwuntu £ qwihu npwGu
onwlwal Ewhund, nph gbutph U66 Jwup |nGgqwé yhdwynwd BU W Jhpniup sh nbw-
thywgynid: Swpptn uppbuwjhl gnpénuubph wanbgnipjwdp' hjntujwdputnh Juwu-
Jwdp, hhwybpetpdhw, hnpdnuw) huwugwpnud W wyi, U3Y-1 wynpjwund £ L
uyunid nbyhywgytb) uGLunpwjhu UG pnUUEPNLU [16]:
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3.U. 2ueursuu

Unphgnud, hUuswbu Uwl ghnnwwaqdw)nwd, ntwihywgynn Jdhpniuubph dGé
dJwup hwpnignd GU Ynphqwjht Ywnenigwépubph W gnpdwnnypUutph dLwithnpunid
[17]: 8nyyg £ nnipdby, np U3Y-1 dLwthnfunud £ Ynphah wjluwyhuh ywnnigdwéplbn, hus-
wtu ophlwy wpnJhtinghwnhy 1G)4Edhwih dwpduhyutpp, Ynphqupwnwlpp W Ynph-
qwyutpp [7, 10, 12]: UR4Y-1 Jwupnn £ wnwewgub] bwl gEuGnhjuwlywl wulywjniunt-
rinLtl: U3d-1 Jqupwyh dwdwlwy qEUubinhyuwywl wuywjntunieniup wnwowgdwl uh
pwuh Gnwluwlutn B hwjnuh' uhughnpnidutph dlwynpned, ppndnundwiht Yupdwép-
utp b peoh pwdwldwU juwugwnned [6, 13, 15]:

Mnihynhnnieiniup gubnhywywl wuywintunipjwl UGy wyjp mwpwéedwsd sl
E, nph dwJdwluwy wntnh £ niubund ppndnundwjht hwywpwywauh thnthnfuntejndu:
8niyg £ windGL, nnp Uh 2wpp dhpnwuutp, win pUunid b U3Y-1, uwpnn GU uwthwUb] pegh
pwdwldwU 2npgwlp b wnwowglt wnihwinhnhw [6, 9]: U3Y-1 Jwpwyh dwdwlwy
wnihynhn peholph wnwewgdwl Gnwlwyutpp Jwun U ntuntduwuphpyws, huy wn-
Lhwinhnhwl Uywpnwihu swgdwl pghoutpnid Junid £ shGnnwgnunywé:

Uju wohuwwnwlph bwwuwnwyu E nuntduwuhpt) UG pnpjwunndwihu SK-N-MC
peowjhUu géh winhnnipjwlu gnigwuh2p U3d-1 Juwpwyh wnwppbp dwdwuwlwhwwn-
Jwodltpnid: Wn bywwmwyny hwadwnyyt, £ yuwpwyjwé ppheutinh Yie-h pwuwyp W
pehoutinp nwuwywngyt) GU pun winhnnipjwl nwutbph: Wwwnwupnd UGpywjwg-
Jnud GU bwl pphoUGph wnwniywghnu gnigwuhubpp Jupwyh dwdwluwy:

Unie U dbenn.: RPohelbn. SK-N-MC pgowjhU ghdp Ubjpnpiwuwnindwihu Swgned niuh: Wl
wotgyt| £ Eagle DMEM Uhgpwywjpnid® gniih uwnuuwjhu 10%-ng 2h6nLyh wybiwgdwup: Rohy-
ubph gwlph swihwpwdhul t* 2 x 105 pohe/uU):

dhpniu. Whuwwinwlpnid oginwagnnédyt) £ U3Y-1: dwpwyh wnwewgdwl hwdwp pghoub-
nh 24 dwdjw Unun2tpunht (wéywwwyh) wdbiwgyt) £ 0.0001 38250 (hjntujwépwjhlu ghwn-
wwpehy gwihwpwdhl)/pghg pwlwyh yhpniu: dhpniuh YELuwpwlwlwl inhupp Jupwyh nwp-
ptp dwdwlwywhwwnydwsdlubpnid npnyb) £ YUbppEph Utennny [4]:

Pogwdnunndbunppw. Peywpwlwlwl W peowaqbUGnhYy hGwnwagnuinientluEph Lwywwnw-
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The influence of electromagnetic irradiation with extremely high frequencies
(EMI EHF) on electrokinetic potential of rat blood erythrocytes was investigated. It
has been shown that EMI EHF effect on biological system has different direction as
well as depends on both frequency of irradiation and effect exposure. It has also
been shown that the effect of external physical field on electrokinetic potential of
erythrocytes is more expressed in case of suspension irradiation, compared to the rat
irradiation, which indicates the stabilizing influence of both blood plasma and the
whole organism. The processes stimulated in the organism are directed to the
decreasing of external physical field effect.

EMI EHF — irradiation — erythrocytes of rats — electrokinetic potential

Nruntduwuhnpybl £ dwjpwhtbn pwpép hwtwhiwywunipjuwdp EGYunpwdwg-
Uhuwlwl dwnwagwjedwl (ORI EUD) waqnbgniejntup wnuGwnubph wpjwu Ephpe-
nnghwubtph ElGYnpwyhubnhy wynunbughwih dpw: 8nig £ wnipdby, np YEluwpw-
bwywl hwdwywpgh ypw ORI EUB wqgnbgnipintl nituh wnnwppbp ninnjuént-
pintl, Jwhwé E Swnwgwjpdwl hwwhwlwunieintuhg W Ubpgnpénipjwl
nlnnnipintbhg: 8nig £ wnipdbl bwl, np Ephppnghwnutph ElGYnpwyhubnhy wn-
wnBughwih ypw wpunwpht $hghywywl nwwnh wagnbgnieintlu wybh nudbn £
wpunwhwjnywé Enhepnghinttph Ywiunyph twnwgwjpwhwpdwl nbwpnid wn-
uGwnubph Swnwgqwjrwhwnpdwl hwdtdww, hugp Jywinud £ wpjwl wyiwgdwih W
punhwuntp opgqwuhquh Yuwjnilwgunn wagntgniejwl  Jwuhb: OpgwUhqunid
upwuyntd BU wjuwyhuh wpngtulbp, npnup nunnywé BU wpnwphu $hahlwywlu
nw2wh waqnbgnipjwl bugqdwunp:

OR3 EUD - swnwaquypwhwnnid - wrbbnlbph Enppnnghunlbn -
b&uinpulhubinply wninblghusy

HccnenoBano BIHsIHAE dIIEKTPOMArHUTHOTO U3TYYEHHUS KpallHEe BHICOKOH dac-
ToTel (OMU KBY) Ha 371eKTpOKMHETHYECKHI TOTEHIINA SPUTPOLIUTOB KPOBH KPBIC.
INoka3aHo, uro BiusiHUE Ha Guonorudeckyro cucremy OMU KBY umeer paznuunoe
HamnpaBJICHUE, 3aBHCUT OT YacTOTHI M3JIydCHHs U JUIMTEIBHOCTH Bo3jeicTus. Ilo-
Ka3aHO TAKXKe, YTO BIMSHUE BHEIIHETO (pU3MYECKOrO IIOJSA Ha 3IEKTPOKUHETHYEC-
KUl HOTEHLIHA SPUTPOLIMTOB CHIIbHEE BHIPAXKEHO MPU O0JIyIEHUH CYCIICH3UH IPHT-
POLIMTOB, YeM HpH OOIYUYSHUH KPBIC, YTO YKa3bIBAeT Ha CTAOMIM3UpYIOLIEe BIIMS-
HHE I1J1a3Mbl KDOBHM M OpraHu3Ma B LeJOM. B opranusme 3amyckaroTcsi POLECCHI,
HAIPaBJICHHbIE HA YMEHBIIECHHUE BIMSHUS BHEIIHEr0 (PM3MUECKOro MOJIs.

OMHU KBY — obnyuerue — spumpoyumoi Kpbic — 31eKMPOKUHEMUYEeCK ULl NOMEHYUAL
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THE INFLUENCE OF NON-THERMAL COHERENT EMI EHF WITH LOW INTENSITY ON ELECTROKINETIC POTENTIAL OF RAT...

The life has been arising and developing on our Planet constantly being under the
influence of external electromagnetic irradiation (EMI) the natural sources of which are
mainly cosmic objects, and particularly the Sun. Moreover, at present the intensity of EMI
having anthropogenic origin has been significantly increasing in biosphere. It has been shown
that EMI with different wave lengths interacts with biological systems that have different
levels of organization [1, 3, 7]. That is why the problem of estimation of complex effect of
environment factors on biological systems becomes one of special interest in contemporary
ecology. The mechanisms of EMI interaction with biological systems are discussed [1, 5].

Living organisms including human are intensively exposed to effect of EMI with both
extremely high frequencies (EHF) and super high frequencies (SHF), so the investigation of
these waves is very important. Moreover still now the mechanisms of non-thermal effect of
EMI on cell and the whole organism are not thoroughly revealed. Results of investigation
directed to the elucidation of mechanisms of effect of EMI EHF with low intensity are
discrepant. For instance, irradiation of suspension of erythrocytes of human blood by
coherent EMI EHF with low intensity and 20 min exposure results in changing of membrane
physical-chemical properties, which in its turn leads to decrease in stability of erythrocytes at
irradiation by frequencies that are near to water resonant frequencies [9]. It has been shown
that in experiments in vitro the effect of millimeter waves on blood during 20 min increases
the osmotic stability of erythrocytes as well as the activity of a-amylase, decreases the
intensity of lipid peroxide oxidation, and does not effect the alanine aminotransferase activity
of blood serum [8]. Authors point that one of the reasons of increasing of a-amylase activity
used in water catalyze act, may be activation of water molecules by millimeter waves. In [6]
decreasing of membrane osmotic stability of erythrocytes under the influence of EMI EHF
was shown. The decreasing of membrane permeability to potassium ions on 30-40% was
revealed compared with non irradiated samples. This effect is not conditioned by thermal
impacts [2, 3]. Despite the permeability to EMI EHF is less, the effect on living organisms is
significant and depends on irradiation frequency [10,13], besides millimeter waves possess
high biological activity, even at low values of energy flux density, and EMI frequencies that
are near by magnitude to water resonant frequencies may induce differently directed
responses of biological system.

Different hypotheses of primary target of EMI EHF effect on biosystems were
suggested [2, 4, 12, 14]. According to one of these hypotheses the primary target is water.

Investigations carried out on microorganisms and experimental animals have shown
that EMI EHF of millimeter diapason effect on growth, development and metabolism of
living organisms.

In present work the influence of coherent EMI EHF with low intensity on
electrokinetic potential (-potential) of rat blood erythrocytes has been investigated.

Materials and methods. The blood of rats of “Vestar” breed was used in experiments. For
obtaining of suspension of erythrocytes several drops of rat blood were added in physiologic solution.
As a source of monochromatic EMI EHF I'4-141 generator with work region of frequencies 37.5-53.57
GHz was used. Rats were irradiated by EMI EHF with low intensity with frequencies 49 GHz,
50.3 GHz and 51.8 GHz and power flux density 0.6 m Wt/sm”. Moreover the irradiation was carried out
one-fold with 20 min exposure, and repeatedly with 20 min exposure. Rats were irradiated during 4
days. The irradiation was carried out in distant zone of generator irradiation. The value of &-potential
was calculated by following formula [11]:

& =140
where @ is electrophoretical mobility of particle that is the ratio of particle linear rate to electric field
potential gradient.

Results and Discussion. In present work the influence of repeating irradiations by EMI
EHF on &-potential of rat blood erythrocytes has been investigated. In complicated
colloid systems such as cytoplasm of erythrocytes the motion of dispersion phase versus
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dispersion surrounding under the influence of electric field may be realized in result of which
potential difference between dispersion phase and dispersion surrounding is formed.

Potential difference on the border of two phases shifting versus each other is called
E-potential. The surface of erythrocytes contacting with plasma or physiologic solution
acquires charge, but in liquid phase near to surface a layer of solution is formed enriched by
opposite charge ions — double electric layer is formed. The mutual shifting of phases is
observed under the influence of electric field the rate of which depends on &-potential
magnitude. It is known that increasing of concentration of electrolytes in liquid phase results
in decreasing of electrophoretical transfer rate of colloid particles that is decreasing of &-
potential absolute magnitude [11]. Furthermore effect degree is as more expressed as
opposite charge is higher. External physical field superposition changes &-potential
magnitude of erythrocytes. Investigation of influence of both in vivo and in vitro irradiations
on properties of erythrocytes as well as of repeating influence of mentioned factor shows that
the effect of EMI EHF has different direction and depends on irradiation frequency. The
cumulative effect of influence is observed. The values of &-potential after one-fold in vitro
irradiation of erythrocytes in suspension and erythrocytes of rat blood irradiated in vivo are
represented on fig. 1. The dependence of &-potential on irradiation multiplicity is represented
on fig. 2. &potential changes in different days of irradiation indicate the induction of
processes in organism directed to stress removal conditioned by external physical factor. It is
maintained by small changes of &-potential of rat erythrocytes at one-fold and twofold
irradiations by EMI with 49 GHz frequency. Particularly one-fold irradiation by EMI with
49 GHz frequency and 20 min exposure of suspension of erythrocytes results in increasing
of &-potential magnitude on 18%. Moreover at one-fold and twofold irradiations of rats by
EMI with 49 GHz the potential magnitude of erythrocytes of irradiated animals practically
does not differ from that of control animals.

After threefold irradiation &-potential of erythrocytes is a little less than control value,
but after fourfold irradiation is less compared with control on 31%. Most probably organism
does not succeed in neutralization of external physical field effect.

Irradiation by EMI with 50.3 GHz and 51.8 GHz frequencies and 20 min exposure of
suspension of erythrocytes increases &-potential value compared with control one on 39%
and 51% respectively. One-fold irradiation of rats by EMI with 50.3 GHz and 51.8 GHz
frequencies also induces the increasing of &-potential values of erythrocytes. Thus after
irradiation of rats by EMI with 50.3GHz frequency and 20min exposure &-potential of
erythrocytes increases on 29%, and with 51.8GHz - on 20%.

0.8 - &-potential

0.7 -
0.6 -
057 :4K9
04 -
0503
03 -
0518 GHz
02 -
0.1 -
O _

in vitro in vivo

Fig. 1. The influence of EMI EHF on &-potential of erythrocytes of both rat blood
suspension irradiated one-fold in vitro and blood of one-fold irradiated rats in vivo.
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Fig. 2. The influence of EMI EHF on &-potential of erythrocytes of blood of irradiated rats.

After two-fold irradiation the direction of organism reaction is changed: the
magnitude of &-potential of erythrocytes of irradiated rats is less than the control values by
13%. After threefold irradiation E-potential increases in 1.2 times compared to control. But
fourfold irradiation results in significant decreasing of studying parameter: after four days of
irradiation of rats &-potential of erythrocytes is less compared with control values by 43%.
Another character of changes is observed at irradiation of rats by EMI with 51.8 GHz
frequency. After two-fold irradiation &-potential of erythrocytes of irradiated rats strongly
decreases: it becomes less from control values by 42%, but the magnitude of change com-
pared with potential after one-fold irradiation composes about 62%. Further irradiation results
in increasing of &-potential: after three days of irradiation it becomes less from control values
on 18%, but after fourfold irradiation exceeds the control value by 31%.

The change in the &-potential magnitude may be conditioned by alteration of physical
characteristics of both plasma and membrane of erythrocytes. As &-potential magnitude is
changed not only at suspension irradiation of erythrocytes, but also at irradiation of animals,
it may be assumed that irradiation results in changing of membrane properties. On the other
hand the degree of change and the dependence character of magnitude of observed changes
on one-fold and repeating irradiations indicate that plasma exhibits a stabilizing effect and in
some way limits the change of both surface charge magnitude and charge of opposite ions in
double electric field.

Therefore, based on the obtained results, it can be assumed that the effect of external
physical field reflects stronger on studied parameter of erythrocytes in case of suspension
irradiation of erythrocytes which in its turn indicates the stabilizing effect of blood plasma
and the whole organism. The processes running in organism are directed to the decrease in
external physical field effect. Besides, the magnitude of response and the direction of changes
depend on EMI frequency.
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Nruntduwuhnpydbl £ hddnphthqugdwt upwnpywé wnlbwnlutph $nLuyghn-
Uw| hpwyhtdwyp hGwnuwnpbuwiht twpptp tniGpned: UNG Ud dbennny unwg-
Jwéd nyjuiubph hwutdwwnmwywl Jyeppniénipiniup upptuh Gupwnpyywsé wnubun-
utph Unwn pwgwhwjinkg $nuyghnuw| yhdwyh Lpwluwlwihg thnthnfuntpiniuutn:
7 W unyuhuy 14 opdw pupwgpnid sh nhinytl hElnwagnuynn hhuinngpwdhy gne-
gwuhpubph Unpdwiwgdwu Jhwnnwd (IVE, ITRS), YEunwuhubpp wju 2ppwuncd Wu
gwnuyb| U uppbuwjhu hpwyhdwynid: Gpywpwnl hngbhniquywu jwpywénipne-
Up Ywpnn E bwywuwnt| upptuwjht tnwnpptp hhjwunnipintbutph qupgugdwun:

Upntiu — hdunphihquignid — nGuynpbupw

N3yyanuch 0coOEHHOCTH (YHKIMOHAIBHOTO COCTOSHHS KPBIC B JHHAMUKE
MMOCTUMMOOWIN3AIMOHOT0 cTpecca. CpaBHHUTENbHBIA aHAM3 PE3yJbTAaTOB, IOJY-
yeHHbIX MeTogaMu MA BCP y cTpeccHpOBaHHBIX KPBIC, BBISIBIII 3HAUUTEIBHBIEC U3-
meHenus OC KkuBOTHBIX. B Teuenne 7-u u gaxe 14 queil He HAOII01a]0Ch TEH/IEH-
UM BO3BpaTa M3YYEHHBIX ITOKa3aTeliel K HOpME, XKHBOTHBIC IPOJOJDKAIM HaXo-
JIUTBCSI B COCTOSIHUU CTPECC-PEAKIMU U B 3TOT mepuo/. murenpHoe MCHX0IMOLIN0-
HAJIBHOE HAINPsHKEHUE MOXKET CIIOCOOCTBOBATh Pa3BUTHIO CTPECCOBOM OOJIC3HHU.

Cmpecc — ummobunuzayus — oenpeccusi

The purpose of this research was to study the peculiarities of functional state
of rats in the dynamics of post-immobilization stress. The comparative analysis of
the results obtained in stressed rats by methods of MA (mathematical analysis)
VHR detected significant changes in functional state (FS) of animals. During 7 days
there was no tendency to return for the studied indices to normal state: even in this
period animals were in the state of stress reaction. Sustained psycho-emotional
tension can promote the development of stressful diseases.

Stress — immobilization —depression

QUuuwjwéd wpnh dwdwlwlwnswluh ghunwwnbhUhywlywlu Jybpkphu, wnopjw
Yjwupp pupwunwd £ Swun W jwpywé wwjdwuubnpnid: dwdwuwlwyhg Jwpnp vhgw-
Jwjnph htwn thnfuhwpwpGpniejniuutGpnid Guppwyynid £ pwqdwplnt)e uppGunputph
wagnbgnipjwlp (unghwiwywu, hngbpwuwywl), npnug GpUwpwunl. wgnbgnipjwl
ntwpnud duwynpynid £ huswybu Ywnwywpnn, wjuwbu £ peewjhu hwpdwpynnuw-
Jwu JGhuwuhgquutph hynwénud, qupguwunwd £ nGqunwwwnwghw: Pwugqdwehy hbnw-
gnuincejniultn wwpqby Gu, np 33U3-h (hhwynpwwUn-hhyndhg-dwytGnphywdwjhu
hwdwlwng) wynhdwgnudp hwdwnpynid £ upptbu nBwyghwjh wnwowgdwl hhduw-
Jwl wywjdwl: 8niyg £ nnpdwd, np wyu nuntygdnid £ Uh wpp gnpdénultpny, npnug
awpnpnud wplnp inkn U gpwynid uppbunputph waqnnn nudp, lnlinnnieyniup W dup
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($hghywlwl, hngbpwlwywl, unip wd ppnuply): Unip L ppnuhy uppbultpp opgquw-
Uhquh ypw wpnn BU niuGUw| twpptp wanbgnieiniuutp [9], pun npnd unip uppt-
up opqwlhqup hwnpwhwpnd £ wybh wpwg, pwu ppnuhyp: 3wnpy £ UG, np Jbp-
ohUuu pupwUuLnU £ nwuwlwl whunwuhputpny' dwpduh b ghunwuh quugqwédh Ujw-
gnud, JwybGphywdutph gbpwd, npu ninGygynid £ Upw Yenlwihu qwuqywséh w-
JGlwgdwdp: UppGunputpp pun punyeh thunwd U $hghywlywu W hngGpwlwywl:
dwdwluwywyhg $hghninghwynid wjuwhuh nwppGpwynidhg ogunynid U pwguw-
phy htnhuwyutp® [7] $hahywywl hwdwpbing EGYnpwywl hnuwupp, gtpdwjhu
mwwnwlncdubpp, huy hngbpwlwywup' Jwhu, nwqlww, hntuwhwwnnie)nil, p2lUw-
dnt wpwnwphU inbup W wyl, pun npnud 2w hwéwh hngGpwuwlwu yndwnutuwnp
wlpwdwl £ $hghywlwuhg [4,6]: Wu nbuwybnhg nwpptpnud GU upptu’ hwpnig-
Jwé nudtn $hghywywl L pnyy hngbpwlwlywl yndwynubuwnutpny (ophtwy® Yeunw-
unt Jwapp thnpdwpwpwlwl onwyned) b upptu hwpnigywé pnip $hahjuwywu W ni-
dtn hngGpwluwlwl Yyndwynubuwmutnny (hdunphihqughwy):

dnpbwpwpwlwl $hghninghwnid upptuwjhu hGnmwagnunientlutph hwdwnp
Uhpwnynid U tnwppbp Udnnbiutn, ophuwly «nbuppbjup»-h Unntip [8], nph nGwpnid
yEunwuhu nbnwnpynid £ wibpuhgiwub Utn 22h Utg, nup wuhUwn E nwnunwd Upw
hpwuh npUt 2wpdnd: WU hwdwpynd £ hhwynyhubinhy upptbuh dnnb: QUuwjwéd
upnpbulutnh W Upw wnwowgdwl wnwnppbp UnnGlubph pwgUwquuniejwlp (Qwywjhl,
wnUywjhu, hhynyphubinhy b wyl) thnpdwpwpwywl w2huwnwlpubpnid wnwybky yh-
npwnbh E nwpébl hddnphihqughwl, npp punn Jh 2wpp hGnhuwyutph hwdwpyned £
hngGhniquwu W punpndnud npwbu pnyp $hghywlwl L ndbn hngbpwlwywu
yndwnutbuwnutnny hwnpnigywé upptu, hwpyh wrubiny wju hwugwdwupp, np wju
dnnbp yGunwuphubph Jdnin wnwug $hghywlwl wagnbgniejwl nbubhywwbu wuh-
Uwp E wnwewglb): Uh 2wpp hGunwgnunientuuGpnid neuncdbwuhpywéd £ ppnuhy
hudnphihqughwjh dwdwuwy UEpphUu opgwulbpnid wnwowgwé thnthnfunte nLblbpn,
huswbu Lwl dwpwbph gbpopuhnwgdwl $nuh Ypw wpunwhwyjnywsd pnppnpwjhl
wnngGulbph upwgnidubpp: 8nitug £ wpdwéd uppbuh wju Unnblh Yyhpwndwl dwdw-
LUwy YEunwuhutph Unwn 2wpdnidubph wywnhynipjwl bjwqbgdwl uwhdwuwthwynt-
Uhg wnwewgnn ntwyptuhwu: UYLhu, dh 2wpp whuwwnnieiniubtpnud wwpquwé k,
np Jhwju hddnphthqughnu upptuh dwdwluwy E gpwugytp 33U3-h wywhyniejwl
hwywuwinh wwppbpnie)nilltp’ Ynpunnhynuintpnup dwywpnwyh wpunwhwjnjwsd
pwnapwgnid wnubwnubph wpjwl Ut uenptuhg 30 p wug [5]:

UpepGuh wju Unnbh wnwdtbp Yhpwnnudp hwjwbwpwn wwjdwuwynpywsd £
Upwund, np dwdwuwlwyhg dwnpnp wnonjw Ywupnid wnwyb) Gupwpyynid £ hngb-
hniquwu upptuh wgnbgniejwup (Jwhu, nwglww, wuhwUuguwnipniu W wyl): G-
nlbwpwn, npw dwdwuwy opgwuhgqunid wnwowgwéd wnwpptp opgwu-hwdwywp-
gbpph plwywunu gnpbwnniypUtph whinwpwlUwlwu thnthnpunientbutph nluntduw-
uhpniejntultpp fjuhuinn wuhpwdt wn G hhwunwaght wpngbulubph pwgwhwjndwlu
hwdwp: LUGpwjwgynn w2iuwwnwupnd ybpoht dwdwuwyubpu (wju twpwénid
guwé nbhuuninghwubph oqunigjwdp’ UNG® U (upwnwjhU nheuh thnthnpuwlwune-
rjwl Jwprtdwwnhywlywu JGpinénipjwl Jtenn) thnpatp Gup quwhwuinb] hddnphih-
qughwjh Gupwpyywé wnlbnUEph upuwihu rhpdh thnthnfuwywuntjwl npnp
gnigwluhubph thnthnfunipyntluGpp hEwnuepGuwhUu twpptp oy Gpnud: UNG U4 JL
hwJdwlywngswiht dwdwuwlywyhg nkhuuninghw E, npu nunnywé £ opquuhquh, Jwu-
LUwynpwwbu YLA (YgEwnwwnhy Lywpnwiht hwdwlwng) $nuyghnuw| yhdwyh quw-
hwwdwup [1]: LEpJwynidu 33 UL dwnwagwjpwihlu pd2ynipjwl UL wijpywséputph gh-
nwywl yeunpnunwd UNd-h dbennutph hhdwu Jpw dowyywé £ nintnh $nLuyghn-
Uw yhdwyutph whunnpndwl hwdwywng' ELEPHIS [2,3]: 3wpy E UptG, np hwdw-
Jwpap bwhiwwnbuwsd E hugwybu Uunpdw, wjuwbu £ whunwpwlwlwu hpwyhdwyub-
nh hwdwn b dhlunyu dwdwuwy Yhpwnbh Jwpnne W ygunwuhubph hwdwp:

Ynip U dbenn: Inwgnnniejwl opjtyn hwunhuwgb] GU uwhwnwy (wpnpwwnnp wpnt
wnubwnutnp, 200-220 g quugywény (n=18): Uunwuhubph hdunphihqughwlu Ywwnwnybl £ nwuw-
Ywl Gnwuwyny® wnutnubphu dtgph ypw wnglth W hGwnhu Ybpgnyputph $hpudwl dhgngny: bu-
Unphithqughwjh wnlinnnipintup Ywqutl £ 5 d: ElGYunpwupwnwagnh (E49) gpwugnidp hbGwnuppbuh
wwjdwuutnnd (hdunphthqughwjhg 5 @ hGwnn W npwuhg 7, www 14 op wug) ywwwnyb) £ sdhpu-
Jwd yEunwuhubph Unin EYG-h wpnwsdwl unwunwpun Gpypnpn Gnwuwyny, wpdwpjw EGYwn-
nnnutph dhengny, npnup wupwgyb) U wnubwnubph dwjpwunwdJubphU (we dtnp, dwhu nunp):
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UGUnwuhubph upwwjhu rhedh gpwugnidp W hGwnwaqw yGpiniénieiniup Yuwwnwnyt) £
Jbpp Updwé ELEPHIS hwdwlwnpgh Jdhgngny: Upwnwihu nhrdh htn JhwuhU hhuinngpwdhy
snnu gnigwlhpubnhg quwhwwnytb) G hGwnlyw) Gpyneup' IVE - Index of Vegetative Equilibrium —
Jgbunwunhy hwywuwpwyzenipjwl huntpu, ITRS — Index of Tension of Regulatory Systems —
Jwpgwynphs hwdwlwpgbph jwpwénipjwl huntpu, npnup hhduywé Bu Yuwpnhnhunbpygwi-
Utph pw2hudwu hhuinnngpwdwutph Jepniénipiwl ypw:

Gwnwagnuntpiniulbph unwgywd wprynitupubpp Jpdwlwaopwywlu Jpwydwu LU Gu-
rwnyUt| Microsoft Excell L StatSoft Statistica Spwagptph oquntpjwUp:

Uprynlyplibn U pllwpyned: UN® Ud hhuinngpwdhy gnigwuhubpp enyy) Gu
wnwihu guwhwuwnb| ninEnh pwpapwanyl Yunenygubpnh nlubgwé nbpp upunwihu nhpe-
Jh yuwpgwynpdwl Jby:

Unynuwy 1. Unubwnubph UN® Ud-h gnigwuhpubipp 5 dwdjw hddnphihqughnu
upptuhg wudhowuwbu htwnn, 7 op L 14 op wug, M+ SD

BnLgwuhpubn Uenbuhg Gwnupnpbuwht dwdwlwywhwnywd
wnuwg Wuuhgwubu Upnbuhg Upnbuhg
upptuhg htwnn 7 op wlg 14 op wlg
CR 284.8+61.2 404.5 &+ 53.5%*x* 381 + 78.6%** 290+ 71
IVE 622.54+334.9 | 2043 + 690.6%** 1675 £ 581.7#%%% | 1122.5 4 454.3%**
ITRS 333.2+199.8 1635.9 £ 699.7%** 1284.6 + 641*** 1080 + 44.1**

Wuwnnwuhputbpny Upqwé BU inwnpptbp gnigwuhpubnh hwwuwnbihniejwl dwywpnwyutpp
hGwnupptuwht dwdwlwywhwwnywénid uinnighsh hwdtdwn.
* - p<0.05, ** - p<0.01, *** - p<0.001

huswbu UEpywjwgywé £ wryniuwynid upinh yéynidubph hwdwpwywuncgintup
(CR) 5 dwdjw hddnphihqughnu upptuhg Ywpny wéb, £ unnighgh hGn hwdtGdwn
(p<0.001) Unyu Jwywpnwynd wwhwwudbiny 7 on wug yGpwnwnaby £ GuuyGwnwhu
Jwywpnwyhu 14 op htwin: Ihunngpwdbhy gnigwuhpubnp (IVE, ITRS) upptuhg wnwsy,
npwuhg 7, www 14 on wug npulnpytbp GU hGnlw| ophuwswihnipiniultpny: YL3-h
(Utgbwnwwnhy Wwpnwiht hwdwywng) uhdwwehy U wwpwuhdwwehy pwdhlutnh
wywnhynipjwl hwpwpbpnipiniup punipwagpnn gnigwuh £ IVE, pun npnud nppwl pwinan
E wju gnigwlh2p, wjupwl gbpwypnnd GU uhdwwpehy wanbgnieinilutpp: Ubkn
thnpébpnid wudhswwbu uepbuhg htwnn IVE-h wndtpubnpp gbpwaquwugnid GU unnighgp
dnwin 3 wuquwd, pwnan dwywpnwynud ywhwwund 7 L wugwd 14 op wug: 3wwnlwlpw-
wl £ wju hwuqwdwupp, np uhdwwhy wagnbgnieintuutnp UeEpywjwgunn gnigwlhubpp
pwnap wpdtp npulinpt GU ng Uhwju 7 on htwnn, wy bwle 14 op wug, hugp eniy| £ nwihu
GUpwNPENL, np 5 d hudnphthqughnU upntup YL3-nwd wnwwgunwd E funpp thnthnfunt-
rJnLulGn, npnug hwnrpwhwpdwl hwdwn wuhpwdtwn E nGnnpwjpwjhu vhpwdwnnipntl,
wjlwwtu uhpin-wunpwihu hwdwywpgnd Yupnn GU qupgwlw| ng dhwju $niuyghnuwy,
wj| bwl opgwlwywl thnthnfunteyniulGn:

UN® Ud-h hGinnwgnunipynitbubpnud wnwyb) puntpwgnpwywl gnigwuhp £ ITRS,
npu wpuwgnnd £ uphdywehy uchuwuhquutph pungpydwdp pupwgnn upunwjhu nrhpuh
ntnGnwjhtu juwnwywpdwl YEuinpnuwgdwl swihp: UGp thnpdbpnud wyu gnigwuh2h win-
dbputipp gbpwquugnid U unnighgp Unin 5 wugwd W pwpan wpdbpubp npulinptiny 7
on wug U nbn gbpwquwugnid unnighsp 3 wugwd bwl 14 op wug: Unwgywé ndywiutnp
Jywjnd GU YUL3-h ywpquwynphg dGhuwuhquubph gnpéniubniejwu (wpywé punteh Jw-
uhu:

Wjuwhuny, UN® Ud-h wpnnipuncd unwgywd inuwiutpp yywynd B, np hdun-
phithqwghnU uepbuh Gupwpyywéd wnltGnUbph Unin upnptuwihu wqnbgnieiniuhg 14 on
wlg yGpwywuguytp £ Jhwju upinnwiht 4éynwdubph hwéwpiwywunie)niup: bus oG-
npwpbpnud £ Ujnwu gnigwuhpubpht, www npwlg pwpdp wnpdGpubpp enyp G nwihu
GupwnnELnL, np YL3-h gnpénubinejwl (wpJws puniyep uhdwywrehy wantgnieiniulbnh
gGpwy2ndwdp wwhwwudb) £ Llwl 14 op hGwnn: IGnlwpwp, hhuinngpwdhy gnigwlhy-
utph thnthnpunipynillubpp Jywgnd BU, np suwjwé hGunuppbuwhu thnenwd upunwghu
nheUuh Ywpgwdnpdwup, uhdwwehy wgnbgnieinituutpnp gGpwynnud Gu W ypnud Gu
lwpywéd punye: 3wjnuh £, np plwlwl wywjdwuubpnd (wnwug nput wgnbgnipjwl)
upwnwjhl nhedp ywpgwynpyned £ hupbwywnnipjwdp, huy wpnwlwng wywjdwuuGpnd
(UpnGu, wnwwwunwghw, wwennghw) Yuwpgwynpdwl gnpépUpwght dwuliwygnd Gu
ntnbnh pwpapwagnyu ygbunwinhy ywnnygubpp:
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Swpy £ Uk, np UN® Ud-h hhunngpwdhly gnigwuhpubpp quwhwwinnud Gu

Updwé Ywnnygubph nbpp upinwjhu nhpdh Jupgwdnpdwl Jbe: IGnlwpwp, unwg-
Jwdp eny £ nwihu Gupwnnbing, np guwjwé Upwl, np opgwuhqup wpuwpnLun
hwnpwhwnnud £ uppGuwjhl thnp (upunwihu rhepUuh Ywpgwynpnid), wjuntwdGUw)-
Uhy hGuuenpGuwjhU thnned uhpn-wunpwiht hwdwywnpgnid nEnlu wpnibwyyned £
wwhwwuyb] uhdywehy wpdwodnipiniup: dbpghuu Ywnpnn £ wwwdwn hwunhuw-
LUw] wju hwdwlwpgh wjuwhuh whunwhwnpnodubph, huswhuhp GU upnwdywuh hu-
dwnyuwnp, huuntnp b wyil:
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Ullinwdptnph wiymwlgnipwl ninpnp nhulibnh quuwhwwndwl b
ybpynLénipywl ghunwlwl Yeuinpnl MNUY
masissargsyan@mail.ru

2007-2008 pp. wpunwnpnipjwl wwjdwulbpnud (Lnnnt dwpgq) Junwdph
gtgh I-ll, ywnwuph 6Gpdwywehptrh -1 hwuwyh ppenipuGph nGd wnwuadhu
thnpdwpyybp GU BTaw-1 W BTaw-2 pwlintGphwywl dhpwwnwuwwlubpp, huy uw-
nwdph pdhyh -1l hwuwyh epenipubph nGU* pwyntphwywu b UUU (UhgwiinUb-
nh fuhwhuh uhluptgh wpgblwyhg) Jhpwwnwuwwluubph gniguygniejnibltpp
(BTam-1 + nhuhihl, BTau-2 + nhuhihl, Gwhnnghn + nhuhihl): Ladwé dhgwnltph
nGU hwuwnwwnyb) £ YELuwpwlwywl pwpép wpnntbwybnnee)niu:

Pwlinbnhwlywl dphpwinwuwwllbn — yunwdph inbplwlbn yuwuwmnniubn —
wmnwnpwlwl thnpdbp — YEbuwpwlwlwl wpnntbwdGaneeinil

B 2007-2008 rr. B npon3BOACTBEHHBIX ycloBUAX (Jlopuiickuil Map3) npoTus
ryceHu1| karmyctHoi mounu I-11 Bo3pacToB u rycenur kamyctHoi Oensaku I1-111 Bo3-
pactoB ObUTH pa3lelbHO HWCIBITaHBI OakTepHanbHble HHCEKTHUIUABI BTav-1 ©
BTam-2, a mpotus ryceHul kamyctHoil coBku I-II Bo3pacToB - coueranust Oaxre-
pHANBHBIX HHCEKTUIMIOB C HHIMOUTOPOM CHHTe3a XUTHHA HAaCEKOMBIX (BTp-1 +
aumunuH, BT op-2 + pumumis, nemunonuy + qumminH). [IpoTuB yka3aHHBIX (GHTO-
(aroB OblIa ycTaHOBJIEHA BBICOKAst Ouonornyeckast 3pHpeKTuBHOCT.

Baxmepuanshvie uncekmuyudbl — IUCMOZPbi3yujie 6peOUment KanyCcnvl —
npouU3800CmMeEeHHble ONbIMbl — OUOIOSUYECKAsL I hekmuerHocms

Bacterial insecticides BTay-1 and BTay-2 were tested separately in 2007-
2008 in full-scale conditions (Lori Marz) against diamond-back moth caterpillars of
I-IT age and cabbage white butterfly caterpillars of II-III age, while against cabbage
noctuid moth caterpillars of I-II age the combinations of bacterial insecticides and
chitin synthesis inhibitor of insects (BTay-1 + dimilin, BT zy-2 + dimilin, lepidocid
+ dimilin) were used. High biological effectiveness against above-mentioned phyto-
phages was established.

Bacterial insecticides —leaf-eating pests of cabbage —fill-scale experiments —
biological effectiveness

Uwhwnwlwagnitiu Ywnwdpl (Brassica capitata) hp wpdGpwdnp phdhwywu
Ywquh 2unphhy nwuyntd £ Yuplnp uubnwdetpputph 2wpphu:

Lnnnt dwpgh wnwdph wnuywnpyubpp, Ywaqdbind 3wjwunwunwd Ywnwdph
dowyniejwl punhwuntp tnwpwéph 14,6%-p [1], Jntpwpwlgnip tnwph ggwihnptu
wnndnd BU nbplwytp Juwuwwnniubphg, hwnjuwwbu Juwnwdph gtghg (Plutella
maculipennis Curt.), ywnwuph dGpndwywpehrtnhg (Pleris brassicae L.) W Jwnwdph
pdhyhg (Mamestra brassicae L.), nnpnug wwwndwnwé yuwuh hGinlbwlpny qqwihnptu
uwand E pGppwwnynipinilp, hpuntd npwyp:
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Juwuwywp Jphpwwubph nbd wwjpwph hunbgpwgwé hwdwywpgnid, h
wnwppbpnepintu phdhwywuh, gGpwnwubih £ pjnuipbn wnwowgunn pwywntphwubnh
hhdwUu ypw pnnunpywéd ywwnmpwuinntyubph Yyhpwnniejniup, npnup yuwuwlwn Jh-
swwnlubph nbGd YGLuwpwlwlywl pwpép wprynibwydbwnnieintu npultnpbntl gnigpl-
pwg, wuynwlg U Jwpnnt, tnwpwnntu yEunwuhutph, Eunndndwagbph W dyubph
hwdwnp [2, 5, 8, 10, 12], pwgwuwpwp s6U wgnnid pnijubph wéh nL qupgwgdwl Yynpw
U Yhpwnbh GU pwywpniubph yGgbnwghw)h gwuwgwé thnyned [8]:

Wjunthwuntnad wbwnp £ U6, np wpnbpyphg pwynbphwlywl ywwnpwunniyutp
utpyptihu 2-3 wuqwd wdbwunwd E UGpypynn wywwnpwuwnntyh hupbwndtpp, hugp
inuwnbuwwbu QwhGywu sk W fungunnunnud £ upqwé ywnpwuwnnyubph Uepypdwp:

Jdbnpnuojw) Uywwwnenidubphg GuGny, huunhp £ npybp wpnwnpnigjwl wwyj-
dJwultpnd pwgwhwjntp yeuuwgbungh wnwUbdhl opjGywnubphg Utp ynndhg wu-
swwnJwéd Bacillus thuringiensis (BT) mbuwyh nGnwlywl pwynbphwywl dhowwnwu-
wwuubph YELuwpwlwywl wpnynibwybwnipiniup unwdph' gbgh, dEpdwywphpet-

nh U pdhlh epenLpUGRh nGu:

Ugnuwl uwbyuiph JGpguwywu npnpnidhg hGnn nmGnwwl pwynGphwywl
Jhpwwnwuwwultpp Ywpnn Bu Gpypnud pwynbGphwwl wwwnpwuwnniyubph en-
nwnydwu hhdp hwunhuwlwy:

Unie U UGpenn: UnwubdhU W gnignpnywé Uhpwinwuwwllbph Jedwéwyw| upuynidutpp
(wpunwnpwywlu thnpabn) Ywnwdph gbgh I-l, junwdph dGpdwyweheteh -1 W junwdph
pdhyh -1l hwuwyh ppeniputph n6d hpwywuwgyt) Gu 2007-2008epE. Lnnnt dwngh $hnGwinyn
hwdwjuph wnwdph tnuywnpyubpned:

RGnwgnuintpjwl Ujnte GU hwunhuwgb] huswbu yGpnugjw dhpwwnlubpl, wjlwbu £
wnlinpwjhl Jppwinwuwywl wwwnpwuwnniyubp (Gwhnnghnp (MW 3000 WU/Jg, ennwpynidp’
MNntuwuinwlh Ywpunipjwl Lnynuhphpuyh dwpgh REpnuYh phd. gnpdwpwUuh Ynnuhg), nhuh-
Lhup (25% @P, pnnwnyywd £ Sntuhnnjw REUhYw| $hpdwih Ynnuhg) L Ubp Ynnuhg wyinnwgt-
gh (Hyponomeuta padellus L.) L ddbnwjhU Gpypwswihh (Operophtera brumata L.) Jwhwgwé
(PUwYwU JwhwgntpinLl) ppreniputphg hwdwwwwnwupwbwpwp wupwnywsd pwynbphwlwl
BTau-1 W BTan-2 hwnnighgubpp Quwdutph wujwunidp inpdwé £ hEnhuwyh ynnuhg):

UnwlUdhu W gnignpnnipinillutph wnbupny pwynbphwlywlu Jhpwwnwuwwultph yeuuw-
pwlwywl wpnntuwybwnnepiniup npnadbp £ pun JGpnnwywl dtnuwnyh [6] L hwuduwpwpwy-
wuh [8]' Ubppnpbnjw| pwlwalny.

9:(1—&~&)-100%, ’
Kﬂ OI(

npntn' 3-U YEluwpwlwywl wpnyniuwytwnnigynill k, KU U KU Juwuwnnih pwliw-
yniejnilt £ uinnighs lwppGpwynid, hwdwwwunwuhiwbwpwp Uwhupwu gnnnedp W gnnnidhg
htwn, 07U U OFU Juwuwwnnih pwlwynie)ntll £ pwynbphwlywl dhpwinwuwywuny gnnywé
nwnpEpwynid, hwdwwwwnwuppwlwpwnp Uwhupwl gnnnudp W gnnnidhg hGwnn:

Uwnnighg BU hwunhuwgt| mGpblwytbp Juwuwwnnubpnyg puwybgyws, pwyg ggnndwéd, sw-
thwldni® |Gwhnnghnh gpwjht Ywhunypny gnndwsé Ywnwdph pnyubpp:

Suywnpywjht vwykptup jnipwpwlgnep tnwppbpwynud Ywqut) £ 0,2 hw:

SwppGpwyutphg jnipwpwlgnipl niubgl| £ 3-wywu Ypyunnnipnil:

Snnnidltpp ywwnwpytb) GU RTR MAX Jwyuh2h Uninnpwjhu upuyhgny:

U2huwwnwlpwjhU henniyh dwhuup Yuwqut £ 500 [/hw:

SnnUwu W hwpdwndwl hGnwgw opbphU thnpdwwnbnwdwubpnd nbnnidubp  s&U
gnpuwlgyt:

Juwuwlwn dhgwwnubnh Ynnuhg Ywnwdph pnyutpht hwugdwé quwup npnpdbp E
5-pwjwung uwunnwyny [9]:

IGnwgnnniejwl  wpnynilplubnp Gupwpyyt, U Jwpbtdwwnhlyuwywl ybpiniénipiwl’
puin Updwphuh W dnpnpjngp [3]:

Uwhwgwdé ppeniputph dwpdunid vhpwnmwuwwl uyhnwynigwjhl puntjph pjniptbn w-
nwowgunn pwywntphwubph wnyw)nieiniup pwgwhwjnytbl £ MGinphh pwubpnid, Juwwbwwnn-
Uwjhu wgwph (UNY) dpw® unupwgdwl tnwuwyny [7] (WEwwnup pnnuplyywé £ Micro master
$hpdwjh Ynnuhg): Lwhupwl hEwnwagnunienLtlutpp, Jwhwgwé ppeniputph JwpdhuutGpp (npnp
pwlwynipntl) sELWWWYE uwunnd Jwupwgdt) W Uunupwgyt) GU Jwuptwqbpé opny:

Uhswunwuwwlu pwynbphwutbnh JegbGnwuinhy pgheubph, uwynpubph W pjniptnutph ukp-
ynudp Yuwwnwpyb) £ wnwpyuywyhp wwywyne ypw' hwdwbwiu hquunygp W Wntywujwp dpwy-
Jwé ubpnnh [4]:
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Upynluplbn U pllwpyned: Pwdujwywihu Gpywdjw hGnwagnunniejwl wn-
njntuplutinny bwhiwwbu hwunwwnywsd £, np Lnene dwpgh Lepdnunndn hwdwjuph
wnwuph wnuywnpyuGpnud BTau-1 W BTam-2 2unnwdltpp Ywnwdph gbgh W junwdph
dpdwywehptnh nbd, BTau-1 + nhuhihl, BTaw-2 + nhuhihl, |Gwhnnghn + nhdhihu
gnigwygnieiniiubpp Yuwnwdph pdhyp nbd gnigwpbpbp U pwpén® punhwun wn-
Jwup 81,8-94,5% yGUuwpwlwywl wpryntbwyGunnipinil: énpdh ubuwip W tnwwnwl-
Jwlu gnpéwyhgp ghinwthnpébph tnwppbpwyubpnud mwwnwudtbp U hwdwwwwnwu-
fuwlwpwnp 2,8-5,3 U 6,32-11,86%-h uwhdwultpnid, npnup £ hwutwwnb] U unwg-
Jwd wpnyniupubph hwywuwinh (hubnt thwuwnp:

Rwunwwnywd £ uwl, np Unyu Jwpgh dhnitnnyn hwdwjuph wpnwnpwywl
thnpdwwnbnwdwubph Junwdph nuywpyubph 20-44%-p pbwybgywé t bnbp junwd-
ph gtigh 2 W wybih pwuwynipjwdp ppeniputpny, 10-12%-p* ywnwdph dGpdwywph-
ptnh ppenLpUtph fudptpny (udptpnud wnwUdUjwyubph pwuwyp' 3-44 hww), 16-
18%-n" Ywnwuph pdhyh 1 W wybih ppeniputpny, hugp hwdwwwwnwupuwut] Eupqué
Phnndwagbph nunbuwywl yuwuwlwpnipjwl ptUGnhu [11]:

Uunwgywé wpnyntupubpp huwpwynpnie)nil GU pudtink, junwdph tnGplwytp
Juwuwwnniubph nbd pwyntbphwlywu dhownwuwywuubpu wnwlbdhu W nhuhihuh hGwn
gnrgnpnywé thnpdwpybp wpnwnpniejwl wwjdwuubpnid:

Gpywdjw hGinwagnunnipjwl wpnynitupubpny hwunwundwd £ (wn. 1 W 2), np
wpunwnpnipjwl ywjdwuuGpnid thnpéwpyywéd pwynbphwywl Jhpwnwuwwllbpp
Jwnwdph gtgh I-1l L sGpdwywpehretrh - hwuwyh ppreniputph nGd gnnnudhg 7 on
wlg gnigwptipt] U wnwyb) pwpép’ punhwunp wndwdp 91,1-93,2% YGUuwpwlw-
Jwu wpnntuwybunneeintt W s6U ghet) Upywé  dwuybnnud npulnpwé swithwudne-
2wjhu |Gwhnnghnh Untuwuntl gnigwuhhl (90,9-92,3%):

Unjntuwy 1. Pwywnbphwywl dhpwwnwuwwulubph YEluwpwlwywl
wpnyniuwybunnieintup ywnwdph gbgh |-l hwuwyh ppeniputph nbd
(wpunwnpwywl thnpakn, 2007-2008pR.)

Untinnipw henniyh YELuwpwlwywl
(UU uwynp/dp) L wpnyntbwyBwnnientll putn
Uhgwinwuywl wwwnpwuwnntyh wnwphubph W hwowndwlu opkph
punnipinLup (%) 3 [ 51 7 1 10
2007
BTam-1 300 74,2 86,0 91,4 91,4
BTam-2 300 64,3 85,7 92,8 92,8
LEwhnnghn (withwudntp) 0,2 75,4 86,1 92,3 92,3
2008
BTam-1 300 77,7 89,3 91,3 91,3
BTam-2 300 75,0 90,9 93,2 93,2
LEwhnnghn (withwudntp) 0,2 71,7 84,8 90,9 90,9

Cun npnud, YGUuwpwlwlwl wpnnibwybunnegjwl gnigwuhubpp thnpéuw-
ywu wnwppGpwyutnnd Jhusl ppenipubph hwpubjwywynpnidp Ewywu thnthnfunt-
rjnLultn s6U Ynby:

Ywnwdph pdhyh nbd nhuhthup htwn gnignpnywé b wnwudhu pwynbphwywu
Jhpwinwuwwuutph gnigwpbpwé Yeluwpwlwywl wpnynibwydbnnipjwl gnigwlhp-
Utpp ubpywjwgywéd U wryniuwy 3-nud: Unyneuwy 3-h ndjwiubphg hGnunid E, np
Gpywdjw hGnwagnuniejniuuGpnid BTay-1 W BTauw-2 Ynipinnipwy henniyutpp Yunwd-
ph pdhyh I-ll hwuwyh ppeniputph nGd gnnnidhg 15 op wug gnigwpbpnid BU hwdt-
dJwwnwpwn gwdp (37,5-58,3%) YGUuwpwlwlywl wpnynibwybunnieniu: dbpghuhu
gnigwluh2p swihwudnwihu twppGpwyned 2007 L 2008pr. Ywaqub] £ hwdwww-
nwuhpuwlwpwnp 50,0 L 53,3%:

Qhwnwthnpdtph wpnynitupubpny hwunmwwnywé t (wn. 3), np nhdhthuph Gupwt-
Jwjhu hunnipjwu (Jwhwgnt fuinniejnibhg 10 wugwd Unup) hGwn gniqwygnieiniup
Lpwlwlwih (19,5-43,7%-ny) pwpépwgund £ pwynbphwywl Jhpwinwuwwulbph
(BTam-1, BTan-2, [Gwyhnnghn) EUuwpwlwlwl wpnniuwybwnnieindup: “hdhihup, (h-
uGny Jhpwwubph puhinhuh upuptqlu wpgGwynn (UUU) ywuwnpwuwnnil, pun G-
nunyprht Ljwgbgunwd £ pwyntphwywl Jhowwnwuwwultph ntd junwdph pyhyh
ww2nwwlwlwu $niuyghwt W npwuny huy pupwunid Jhpwwnmwuwwl Jwuptutph
wywnhy gnpénLutne)niup:
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Unynuwy 2. Pwynbphwlywl dhpwnwuwywulbph YELuwpwlwwl wpnyntbwybunneeintup

Jwnwdph sGpdwywrehretnh H-II hwuwyh ppeniputph nGd
(wpunwnpwywu thnpatkp 2007-2008 pR. )

Untinnipwy LUELuwpwlwywu
htnnLyh (Ju wpnyniuwybunnie)ntul pun
Uhswinwuwwl uwynp/dp) b wnnwnhubph W hw2dwndwl optph
wwwnpwuwnntyh
funnipniup (%) 3 [ 5 T 7 1 10
2007
BTau-1 300 50,9 77,1 | 91,1 | 911
BTaw-2 300 47,9 86,3 | 92,5 | 92,5
LEwhnnghn (swthwudni)) 0,2 59,8 86,3 | 92,3 | 92,3
2008
BTau-1 300 51,7 85,0 | 92,5 | 924
BTan-2 300 54,0 83,2 | 93,2 | 931
LGwhnnghn (swthwudnt)) 0,2 61,4 89,5 | 92,1 | 92,0

Ywnwdph gbigh U wnwdph dGpdwywehptnh Ynndhg Junwdp dwywpnt)-
uhUu hwugywé Juwup thnpduwlwl (BTam-1, BTam-2) L sgwithwUdnipwihu ((Gwhnnghn)
nwpptpwyutpnud uaut) £ 1 pwyy (eny) Juwuywénip)nil), ywnwdph pdhyh nbw-
pnud’ 3 pwy) (UhghU Juwuywénie)nil), huy gnignpnywé dhpwnmwuwwllbph (pwy-
nEphwywlu + nhuhhu) W uinnighg (sgnnywé) tnwnppbpwyubpnid wju Yuaqut £ hwdw-
wWwwnwuhiwlwpwn 1 (enyp Yuwudwsénipinil) W 4 pwy) (ntdbn Juwuywédnie)nil):
Uwuptwpwlwywlu hGnwgnunnipinibutpny hwunmwwnydwé £, np jwnwdph Juwuwywn
Jhownlbtiph (gbg, dGpdwlywrehprtn, pdhy) Jwhwgwé rppreniputph Jwpdhultph funnngu
nt pwjpwjywé hynujwoépubpnp ywpnibwynwd BU pwgdwrehy vhpwnwuwwl pjnipkin
wnwwgunn pwywmbGphwubp, hugt £ hwuwnmwwnb) £, np $hnndwabph Jwhwgnipjwu
wwwndwnp pwynbppwlwl Jhgwnmwuwwuubnl Gu:

Unynruwy 3. Pwywnbphwywl vhpwnwuwwlulbph YEUuwpwlwywu

wpnyntbwybwnieintup ywnwdph pdhyh -1 hwuwyh ppenipubph nbd
(wpnwnpwywl thnpakn, 2007-2008pRR.)

Untinnipwy henniy
(ULU uynp/uy) + LUELuwpwlwywl wpryntbwyGunnienill pun
Uhgwinwuwwl wwwnpwuwnntyh wnwnhubph W hwpywndwl optiph
funnLp|nLU (%) 3 | 5 | 7 ] 10 ]| 15
2007
BTau-1+ nhuhihu 600+0,03 31,2 62,5 75,0 81,2 81,2
BTam-1 600 0 25,0 37,5 37,5 37,5
BTam-2 + nhuhihu 600+0,03 36,4 54,5 72,7 81,8 81,8
BTau-2 600 0 16,7 33,3 50,0 50,0
LEwhnnghn + nhuhihu 0,4+0,03* 40,2 64,7 76,5 82,3 82,3
LEwhnnghn (swthwudnip) 0,4 0 14,3 35,7 50,0 50,0
2008
BTau-1+ nhuhihu 600+0,03 33,3 61,1 72,2 77,8 77,8
BTam-1 600 0 16,7 41,7 58,3 58,3
BTam-2 + nhuhihu 600+0,03 38,5 53,8 69,2 76,9 76,9
BTam-2 600 0 21,4 35,7 50,0 50,0
LEwhnnghn + nhuhihu 0,4+0,03 52,9 64,7 76,5 88,2 88,2
LEwhnnghn (swthwudntp) 0,4 0 20,0 46,7 53,3 53,3

Swunpwgpnieintl. * funniejniulbpt wpnwhwjndwsé U nnynulubpny:

BTam-1, BTam-2 pwywnbphwywl vhpwunwuwwllbpp Ywnwdph gbgh W Yw-
nwdph sGpdwywpehprtnh ppenipUEph nGd wpunwnpwywl thnpdGpnud gnigwpknt Gu
pwnap (91,1-93,2%), huy Ywnwuph pdhyh ntd* gwén (37,5-58,3%) YGLuwpwlwlwlu
wpnyntuwybunnipeniu:

2nignpnnidp nhuhihup GupwtUwjhU fjuinnijwl® 0,03%-ng 9pwjhU Ywhuntjeh
hGwn pwpapwgunwd £ BTam-1-h, BTam-2-h L |Gwhnnghnh YELuwpwlwlywl wpnynibw-
JGwnnipeintul punhwuncp wndwdp 19,5-43,7%-ny:
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Uwuptwpwlwlwl hEnwgnunnipniuttpny hwunwunydws £, np uwnwdph gb-

gh, Juwnwuph GGpuwlwphpetrh W Ywnwdph pdhyh epenipUtph Jwhwgniejwu
wwwndwnp Jhpwinwuwwl pjniptn wnwewglnn pwynbphwubpu Gu:
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OCOBEHHOCTHU POCTA U PA3BUTHUS ATEPATYMA
ITPU OBPABOTKE PEI'YJIATOPAMMU POCTA

K.I'. ASAPAH*, JL.IO. MAPTUPOCSIH**
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B memsax momydeHus m0OpPOKaueCTBEHHOTO IIOCAJOYHOTO MaTepHuaia Jyisi
03€JICHEHHs] HACEJICHHBIX MyHKTOB APMEHHM HA4aTO HCIBITAaHHE psia PEryssiTOpOB
pocTa (KOpHEBHH, pagudapM, CBUT) Ha HEKOTOPBIX OJHOJETHUX [[BETOYHBIX PACTCHHUSX.
[penBapuTenbHbIC Pe3yabTAThI MOKA3aJM, YTO IPHMEHEHHE STHX MPENapaToB MO3BOIIs-
€T IPOJIUTh NEPHOJL LIBETCHHS U IOBBICUTH JIEKOPaTUBHbIE KaYeCTBa pacTeHU Agera-
tum houstonianum.

Aeepamym — pezynsimop pocma — 0eKopamueHOCHIb

Swjwutnwuh pwywywintph julwswwwwndwl hwdwp npwlyjwp tnuywujne-
rh unwgdwl Lwywwnwyny uyuyt| GU Uh 2wpp wadwl fupwUhsubph (Ynpulthu, nwnh-
dwnd, ughw) thnpéwnpynidubp: Lwpulwlwu wpnntupubpp gnig wndbght, np wju
wwwnpwuwnntyubph ogwgnpéndp Gpywpwgunwd b Ageratum houstonianum-h dwny-
JwU nnunnnieiniup U pwpépwgunid E pnyutph gnwqupn hwnywuhputpp:

Wabnwunnid — wadwl fupwlhps — qbnwquinnnipyntl

The tests of a series of growth stimulators for some annual ornamental plants
(kornevin, radifarm, sweet) have been started in order to obtain ornamental plants
material for planting trees and shrubs settlements in Armenia. According to the
preliminary results, application of these substances prolong blooming period and
improves ornamental features of Ageratum houstonianum.

Ageratum — growth regulators — ornamental

[omyuenue 10OpOKaYECTBEHHOTO MOCAJOYHOIO MaTepHaa Juisl O3€JIEHEHHUs Hace-
JICHHBIX ITYHKTOB CTaJIO CJIOKHOM 3a/1aueil B CBSI3U C CHJIBHBIM TEXHOTCHHBIM IIPECCOM Ha
o6uochepy M MOCICACTBUAMH HM3MEHEHHUs Kiumata. Jiis perieHns: 3Tol 1poOaeMbl COT-
pyIHAKaMH Kadenpbl MUKPOOHOJIOTUH, OMOTEXHOJIOTUH PAacTeHHH W MHKPOOPTaHHU3MOB
EpeBanckoro rocynapctBenHoro yauBepcutera u Uacruryra 6orannku HAH PA nHagato
UCTIBITAHUE Psifia PETYIATOPOB POCTA HA HEKOTOPBIX OJHOJICTHUX I[BETOYHBIX KYJIBTypax.
B nanHHOH cTaThe M3IOKEHBI pe3yJbTaThl 00PaOOTKM paccaipl TPaJUIHMOHHOW B IBETO-
BOJICTBE KYJIBTYpPBI areparyMa IpenapaTtaMy UTaIbstHCKOH (upMsl “Banarpo” (paaudapm u
CBHUT) U POCCHICKOrO Tpemnapara (KOpPHEBUH).
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Ageratum houstonianum Mill. sBnseTcs OIHOJETHUKOM B TOPOJCKUX IBETOYHBIX
oopMIIeHHAX. ITO MHOTOJIETHEE TPABSHHUCTOE WM MOTYKyCTapHUKOBOE PACTEHHUE OTHO-
CHTCSI K CeMEHCTBY Asteracea, BBIPAIIMBACTCS B HANIMX YCIOBHUSAX KaK OIHOJNETHHK [5].
Hccnenyemble pacTeHUsI IMEIOT NIPEKPACHBIN BHEITHUI B, U 32 TO YTO LBETHI COXPAHsI-
0T IEKOPAaTUBHOCTD Ooriee 60 HHEH OHM Ha3BaHBI TOJITOLBETAMH. ArepaTyMbl BeChbMa Jie-
KOpaTUBHBI KaK B OJJMHOYHBIX IIOCAJIKaX, TaK U B KIlyMOax B KayecTBe OOpAopa, a Takxke
Ha OaJKOHAX rOpOJICKMX KBapTHp. ArepaTyMm HeTpeOoBaTeleH K Io4Be, Oyaroaaps Xopo-
10 Pa3BUTOM KOPHEBOI CHCTEME BBIIECPKUBAET HEXBATKY BOJBI U Ieperpes moysbl. Ctel-
JIK MHOTOYHCJICHHBIC, CHJIHO BETBUCTBIE, MPSMOCTOSYNE HIIH MPUIIOTHUMAOLINECS, OIy-
nieHHble. Bricota pactenuii 10-60 cM. JIMcThst TpeyroibHbIe, pOMOUYECKHUE WM OBaJIb-
HBbIE, C 3yOUaThIMU KpasiMH, LICPIIABBIC, HIDKHUE U CPEJHHUE - CYNPOTHUBHBIC, YESPEIIKO-
BBI€, BEPXHHUE — OYCpEIIHBIE, MMOYTH cuisune. L[BeTku oboernonsle, Menkue, y3KoTpyoua-
ThIE, JYIIUCTBIE COOpaHbl B HEOOJIBIINE COBETHS - KOp3UHKH 1-1,5 cM B inamerpe, KOTo-
pbie 00pa3yIOT CIIOKHBIC IUTKOBUIHBIC COIBETHS 1UaMeTpoM 10 10 cM. OCHOBHYIO JIeKO-
PaTHBHOCTh MM TPHIAIOT JBYJIOIACTHBIC PHUIbIA [[BETOB, KOTOPBIE TIOYTH BJIBOE IIPEBHI-
[IAIOT JUTMHY OKOJIOLBETHHKA W CHJIBHO BBINAIOTCS Hal HUM. OKOJOLBETHUK WM PBUIBIIA
OKpAIlIeHBl OIMHAKOBO B TONyOBIe, CHPEHEBO-TOIyObIe, CHHIE, KApPMHHOBO-PO30BEIE HIIU
Genple ToHa. LIBeTeT oYeHb OOMIIBHO C MIOHS JI0 NMEPBBIX 3aMOPO3KOB. [11010HOCHUT B Ha-
qayie ceHTsI0ps. CeMsSHKH IMSTHIPaHHbIE, C IUIEHIATBIM XOXOJIKOM, COXPAHSIOT BCXOXKECTh
2-3 rona. B 1 r comepxutcst go 6000 cemsiH [2].

B pasHbIX OTpacisix pacTeHHEBOJICTBA BCE LIMPE UCIONb3YIOTCS pasiNyHbIe CTH-
MYJIATODBI, CIIOCOOCTBYIOIME YCKOPEHHUIO HE TOJBKO IPOPACTaHHs CEMSH, HO U yCHUIle-
HHIO PU30TreHe3a, NOO 3HAUUTENBHOE YUCIIO BUIOB YCIICLIIHEE PA3MHOXKAECTCS BET€TaTUBHO.

CTUMYJIATOPBI KOPHEOOPA30BaHUs HAILIM IMUPOKOE MPHMEHEHHE TPH BEreTaTHB-
HOM pa3MHOXEHHH pacTeHuil. KopHeoOpa3oBaHuE CYIIECTBEHHO OOJEr4aercst Ipu
NPUMEHEHNN PETyIATOPOB POCTa TPYHIBI ayKCHHOB, KOTOPBIE MPH YEPEHKOBAHHHU CIIO-
COOCTBYIOT ()OPMHPOBAHUIO KOPHEH M3 KJIETOK CTEOJs M YCHIMBAIOT Pa3BUTHE KOPHEBOM
CHCTEMBI Y BETeTUPYIONINX pacTeHHil. Jlosroe Bpems Uil CTUMYJISAIIN KOPHEOOpa30BaHUs
HCTIOJIB30BAJIN YIPABIIIONIHI 3THM IPOLECCOM B PACTEHUH (PUTOTOPMOH - FeTepOayKCHH
(vaOomMIT-3-yKkcycHas Kuciora). JledcTByIomiee BEMECTBO Mpenapara KOpHeBHH 4 (MHIO-
mun-3) macistHas kuciora (MMK) B pacTernu mocTeneHHO TpeBpaiaeTcs B pUTOTOPMOH
reTepoaykcuH, obecrieurnBasi HamTydmui 3Qdext (B T.4. 6oee MATKOe U MPOIOIDKUTENb-
HOE JIeficTBHE) B CaMBIX HU3KHUX II0 CPaBHEHHMIO C APYTMMH ayKCHHaMH Jj03ax. Kpome To-
ro, noj00Has npenapaTuBHas (popMa KOpHEBHHA (OIYAPHUBAIOLIMN COCTAB) MO3BOJISET 32
CYeT BBICOKOW aJire3ur (MPUIINIIaeMOCTH) K TOBEPXHOCTH YEPEHKOB aKTUBH3HPOBATH IPO-
HUKHOBEHHE JICHCTBYIOILETO BEILECTBA B KJIETKH PACTCHUS, 3HAUYUTEIILHO TOBBICUTD (-
(DEeKTUBHOCTD M YIPOCTUTHh TEXHOJIOTHIO IIPUMEHEHHUS NpernapaTa, KOTOPbIH MOYXKHO YIOT-
pebIATE M B BUJIE PacTBOpa IS ITOJIMBA pacTeHHil. KopHEBHH COOTBETCTBYET JIydIIUM MU-
POBBIM aHaJIOraM M 00eCIeUMBacT BEICOKYIO IPIKUBAEMOCTh (10 95%) mpH 3es1eHOM de-
PEHKOBAaHHMH U TIepecaiKax, B T.4. TPYAHOYKOPEHSEMBIX KynbTyp. IIpn miukupoBKke cesH-
LIEB, BBICAZKE Paccajbl OBOIIHBEIX M [BETOYHBIX KyJBTYD, MEPECafKe CAKECHIEB U B3POC-
JBIX JIEpEBBbEB Ipenapar obecrednBaeT BBICOKYIO (10 100%) mpuxuBaeMOCTh pacTeHUi
Ha HOBOM MECT€ W CHHMAaeT BOZHHKAOMIMHA cTpecc. JIyKOBUIBI M KITyOHETYKOBHIIBI TJia-
IOy COB, TEOJIBIIAHOB, KPOKYCOB, THAIIMHTOB KOPHEBHH JIETKO BHIBOJHUT U3 COCTOSHUS MO-
KOsl, YTO Ja€T BO3MOKHOCTD IIPOBOJIUTH UX BBITOHKY B 3UMHEE BPEMSI.

B mocnenHue rofpl MIMPOKOE paclpOCTPaHEHUE IMOJTYYMIIH MHOTHE PEryJISTOpHI
pOCTa MIMPOKOTO CIIEKTpa JEUCTBUs, pa3pabOTaHHbIE U BBITyCKaeMble UTAIBSHCKON (Up-
Mot “Banarpo”. Hekotopsle U3 HUX — pagudapM U CBUT HCIBITAHBI B HAIIUX OIBITaX. B
coctaB paaudapma, HOBOTO KOMIUIEKCHOTO OMOJOTHMYECKOr0 CTHUMYIATOpa 00pa3oBaHUs
BTOPUYHBIX KOPHEH PaCTEHHUH, BXOJAT BELIECTBA, KOTOPBIE HE TOJIBKO CTUMYJIUPYIOT, HO U
TIOJIEPKUBAIOT (HOPMUPOBAHUE U PA3BUTHE KOPHEBOH cucTeMsbl. [IponsBoautest pagudapm
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IyTE€M SH3MMHOTO THAPOJHM3a PACTUTENBHOrO MaTepuaia (MOPCKHX BOJOpOCIEH) C mo-
0aBJICHMEM HATypalIbHBIX KOMIIOHEHTOB, KOTOPBHIE OKAa3bIBAIOT AKTHBHOE KOMILJIEKCHOE
BO3JIEHiCTBHE Ha pocT KopHeil. IIpenapar conepkuT noaucaxapypl, TIIOKO3HIbI, aMHHO-
KHCJIOTHI B OeTanHbl, BUTaMuHEI By, Bg, D, H, PP 1 MukposneMeHTHI jkene30 1 IUHK B Xe-
naTHOH opMe. DTHMH KOMIIOHEHTaMH 00YCJIOBJIEH HE TOJBKO YCHICHHBIA M YCKOPEHHBIN
PH30reHe3 YepeHKOB, HO U YMEHBILIEHHE CTpecca IPH Mepecaike, 4TO B KOHEYHOM pe3yIib-
TaTe NPUBOJUT K 3HAYMTEIILHOMY YMEHBIIEHHIO KOJIMYECTBA BBINABIIMX PACTCHUH, ObICT-
POMY ¥ paBHOMEPHOMY Hayally pocTa IOCIIe NePecaiki, YCKOPEHHOMY )KU3HEHHOMY LIUK-
JIy, YCHJICHHOMY BEreTaTHBHOMY POCTY; IPU YEPEHKOBAHUHU CTUMYIHpYETCsl OoJiee yCKO-
PEHHBIN CTapT Pa3BUTHS KOPHEBOHW CHUCTEMBI, YMEHbIIAeTCs AUCOalaHC MEXAY POCTOM
KOpHEH M HaJI3EMHOW MacChl; TPH BBICAIKE paccalbl M MOCaaKe CaxeHleB Gopmupyercs
pa3BuTas KopHeBas cucteMa. [Ipu 00padoTke J1F000H KYJIBTYpPhI IPOUCXOAUT CTPEMHUTEIb-
HOE pa3BHTHE KOPHEBON CHUCTEMBI, KOTOpas Mo3BoJsieT 3P (PEKTUBHO MOTPEOISTh BOAY M
MUTATENIbHBIC BelIecTBa. [lOJMOXUTENBLHOI OCOOCHHOCTBIO Tpernapara SBISICTCS JICTKHA
croco0 ucrnonb3oBanus. Pagudapm BHOCHTCS Tak, 4TOOBI 00ECIIeUHBaNICS KOHTAKT C MO-
JIOABIMH KOPHSMH.

CBUT — KOHLEHTPHPOBAHHBII PAaCTBOP PACTUTEIBHBIX MOHO-IH-TPU-TIOIHCAXapH-
JIOB, YPOHOBBIX KHUCJIOT, C JOOABICHHEM MeE30- ¥ MUKPO3JIEMEHTOB, 0€3 CHHTETHYECKHX
ropMoHOB. IIpu mpuMeHeHnH Ha MOCIEHUX CTaUAX POCTa PACTEHHS YIIydIIAeT OKPacKy
IUIOJIOB; TOBBIIAET KOHIEHTPALMIO CaXxapoB; YKPEIULIeT TKaHb IUIOAOB; YJIy4llaeT pac-
LBETKY I[BETKOB; MOBBIIIAET JISKKOCTh IUIOJIOB; MO3BOJISET MOJTydYarh Oosee paHHUH ypo-
xai. CBUT pa3paboTaH JuIsl MOBBIICHUS KauecTBa, TOBAPHOTO BHUJA U YPOIXKAIHOCTH ILIO-
JOBBIX, ATOJAHBIX, OBOIIHBIX U IBECTOYHBIX KYJBTYP, COXpaHCHUA BKyCa U TOBAPHOI'O BUa
IJIO/IOB IIPY TPAHCHIOPTUPOBKE U JUTUTETLHOM XpaHeHuH [1].

Ienbio paGoThl OBUIO ONpeseNeHUE BO3ACHCTBUS OHOCTUMYIATOPOB HAa POCT U
Pa3BUTHE OIHOJIETHUX KYyJIbTYP.

Mamepuan u memoouxa. B xauectBe uccieryeMoro ooObekTa ObL1 BoIOpaH Ageratum hous-
tonianum, TOBOJILHO PacIpOCTPaHEHHBIH B ca0BO-NIApKOBOii Ky bType EpeBana. [Toces npoussoaum
0 OOIIETIPUHATOH METOIMKE B CAJIOBYIO IOYBOCMECH, TMKUPOBKY CESIHIIEB — IIPU MOSBICHUH BTOPOTO
1 TPETHEro HACTOSIIEro JINCTA, BHICAJIKY CESHIIEB C BBICOTOH cTebst 9-12 cM B rpyHT — uepe3 25-30
JHEH.

KopHu uccneayeMbIx pacTeHHi ObUTH BbIICPIKaHbl B PacTBOpax MpenapaToB (KOPHEBUH, pa-
JmdapM, CBUT) B TeUCHHE CYTOK. MTasbsiHCKKE Mperiaparbl CBUT U paxudapM ObLIH IPeNoCTaBICHbI
COTPYAHUKAMH MECTHOTO IpeCTaBUTENbCTBA KOMIIaHUU “‘Banarpo”, ¢ mpeasokeHueM HUCHbITaTh UX
Ha TPAJULMOHHBIX JIEKOPATUBHBIX OJHOJETHUKAX /Ul BHEKOPHEBOTO MHUTAHKs, 8 KOPHEBUH B3ST VIS
cpaBHeHHs1. Bropast 06paboTka mpoBeieHa METOIOM TOJIMBA MOYBBI Yepe3 ABE HEEIH MOCIIE BBICAIKH.
B TeueHue BCEro BEreTaliOHHOTO IIEPHOJa NMPOBOAMIM (PEHOJIOTMYECKHE HAOJIONCHUS U OMOMET-
pHUYECKHe M3MEPEHHs YacTeil pacTeHuil mo obmenpuHsToi Meroauke [4]. Tak ske Onmpenensiiy mio-
ab JUCTOBOM miacThHKU. CozmepkaHue (PUTOCHHTETHYECKHX MUIMEHTOB OINPEAEISUIM HAa CHEKT-
podoromerpe mapku Thermo scientific (USA) mo merony JluxeHtanepa Ha JIMCThIX 00pabOTaHHBIX
paaudapMoM pacTeHuit, HanboIee OTIMIABIIINXCS [10 HHTEHCHBHOCTH OKPAackH [3].

Pesynvmamut u ob6cysycoenue. Vicrionp30BaHHBIE MpeNapaThl BBI3BAIM 3HAYH-
TENIbHBIE U3MEHEHHUS B POCTE U Pa3BUTUH 00pabOTaHHBIX pacTeHHid. CpaBHEHHE BBICO-
TBI CTEOJISI KOHTPOJILHBIX M ONBITHBIX PAacTEHHMI [TOKa3allo, YTO HaOOJIee 3aMeTHas CTH-
MYJISIIMS pocTa HaOJro1alach B pe3yJibTaTe 3aMauiBaHHUs KOPHEBOI CHCTEMBbI pacTeHUH
B TeueHue 24 4 B pacTBopax KopHeBuHa (Ha 16%) u panudapma (Ha 36.9% Bbliie KOHT-
poist). Ilpu 3ToM akTHBauMs alMKaJIbHOM MEPUCTEMBI I10]1 BIMSHUEM 3THX IPENapaToB
CTUMYJIUpOBAJIa POCT CTeOI B pe3ynbTaTe 00pa3oBaHUs BABOE OONBIIEro YUCia y3I0B,
a He 3a cyeT yUIMHEHHs Mex0y3nuid (puc.1l). Bee 3 mpenapara 0qHOBPEMEHHO aKTHBH-
POBAIU TaKXKe U KaMOMH, YTO MPOSIBUIOCH B YTOJIIEHUY U BETBICHHHU CT€OIEH OIBITHBIX
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pacteHui, 0COOCHHO MO BIUSHUEM paaudapma, rie JuaMeTp OCHOBAHHUS CTEOIS BABOEC
IIPEBOCXOANI KOHTPOJIb. KOPHEBHH M CBHUT TakKe aKTUBHPOBAIN MEPUCTEMATHYECKYIO
aKTHBHOCTh, HO HECKOJIBKO citabee, yeM paaudapm (tab.1).

Taoauua 1. BnusiHue npenapaToB Ha HEKOTOPBIC MIOKa3aTeNnu cTedIis areparyma

BapuaHnT ombiTa Junamerp crebis, cM Ywucino y3ios, mr. Jlnamerp colBeTHsi, CM

Konrpoin 0.5 4 2.0-2.5

Csut 0.9 8 4.0-4.5

KopHeBun 1.0 6 5.6-6.0

Pamudapm 1.1 8 8.5-9.0
EbICOTA, CM

Puc.1. Biusinue npenapatoB Ha BBICOTY CTeOIIs arepatyma

OO6paboTaHHbIE PACTEHUS OTIUYAIUCH TAKXKE KPYIHBIMH MSCUCTBIMH JTHCTBSIMH.
H?)MepeHI/IC l'[J'IOIJ.[a)ICﬁ JIMCTBCB KOHTPOJIBHBIX U OIBITHBIX paCTCHI/Iﬁ BBIABHJIO 3HA4YU-
TEJNbHOE pa3pacTaHHe IUTACTHHKH, OCOOCHHO B BapuaHTe paaudapma, rae Habmoaanoch
Gosee YeM TPEXKpaTHOE pa3pacTaHHe JUCTheB. KOPHEBHH BBI3BANI JBYKPATHOE pa3pac-
TaHWE JIUCTA, XOTS Ha POCT CTEOJsI B BBICOTY BIMsUI cinabo. Takas CTUMyJSILUsS pocTa
JUcTa O0YCIIOBJICHA aKTHBAIlMEed MaprUHaJbHOW MEPUCTEMBI, OTBETCTBEHHOH 3a pOCT
JIUCTOBO#! TUIACTUHKH (pHC.2).

naowaab AnucTta, cm2

& =
e

& s =3
e & x &

Puc.2. Biusaue npenapaToB Ha 1jomaab JINCTOBOM TIACTUHKHA

CTuMynsys pocTa IMPOSBIIIACH HE TOJIBKO HA CTEONAX U JIMCTHSIX, HO ¥ HA KOP-
HeBoi cucteme. Tak, y BCeX OIBITHBIX PACTCHHUH JUTMHA TJTaBHOTO KOPHS M CTETIEHb €ro
Pa3BETBICHHOCTH IPEBOCXOIMIN KOHTPOJIb, OCOOCHHO B BapuaHTe panudapma U B HeC-
KOJIBKO MEHBIIIEH CTEeNeHH KOPHEBHHA COOTBETCTBEHHO Ha 6.5 1 4.0 cM. MakcumansHOe
pa3pacTaHie KOPHEBOH CHCTEMBI OTMEUESHO I10]] BIMSHUEM paanudapmMa, rie BCIeICTBHE
OOJIBILIETO YHMCIA YAJIMHEHHBIX M YTONIIEHHBIX OOKOBBIX KOpHEH oOIuMiA 00BeM KOp-
HEBOW CHCTEMBI IOUTH BTPOE MPEBOCXOANI KOHTPOIIb.

ITo MHTEHCHBHOCTH OKpAcCKH JIMCTBBI HauOoJiee 3aMeTHasi pa3HMIa HaOJoanach
0Jl, BIMSHUEM panudapma, MO3TOMY ObUIO OIPEAENeHO CcojepKaHue (OTOCHHTETHYEC-
KHX TIUTMEHTOB — XJIOPO(UILIOB (a U 6) U KAPOTUHOMJIOB B JIUCTHIX (Tab1.2).
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Ta6auua 2. CopepkaHue NUTMEHTOB B JIUCThSIX arepaTyma, Mr/J

Bapuast Xna Xne Xna+te Kaporun | Kcanrodusn
Konrpoib 0.90 0.96 2.03 0.001 0.001
Pamudapm 3.91 3.32 7.54 0.006 0.09

YcTaHOBIEHO, YTO UHTCHCHBHO 3€JICHast OKpacKa JUCThEB arepaTyMa B BapHUaHTe
pamudapma 6bu1a 00yCIIOBIICHA MOBBIIICHUEM COJIepKaHus xopoduiia a B 4.3, a xio-
podmia 6 B 3.4 pasa no cpaBHeHHIO ¢ KOHTposieM. CyMMa ke XJIOpOo(HILIOB a U 6 Tpe-
BOCXO/IMJIa TAKOBYIO B KOHTpouie B 3.7 pa3. Eme Brime pazHuiia B cogep:kaHui BCIIOMO-
raTeJIbHBIX MUTMEHTOB ()OTOCHHTE3a — KAPOTHHA M KCAaHTO(DHIIIA COOTBETCTBEHHO B 6 U
90 pas. [TomoOHOE HaKOIUIEHHE (OTOCHHTETUYECKUX MUTMEHTOB MOBBIIIACT HHTCHCHB-
HOCTB ()OTOCHHTE32, IPOIYKTEI KOTOPOTO 00ECIIEYHBAIOT CTUMYJISILIUIO BCEX MPOIECCOB
OHTOTeHe3a. PacTeHus 3TOro BapuaHTa He TOJIBKO PaHbIIe OCTANBHBIX 3aBSI3aIH OyTOHBI
W HavYald IBECTH, HO U C(HOPMHUPOBABIINECS COLBETHS BETBHINCH, U B HTOTE LBETKU
JIepKaJIUCh OKOJIO TPEX MECSIIEB, U Yepe3 JBa MECsIa I0Cie PAaCKPBITUS HEPBBIX 1IBET-
KOB OOKOBbIE OYTOHBI 3alIBETANIN U JJMaMETPhI COLIBETHH OIBITHBIX pacTeHUi Ooiee yem
BTPOE MPEBOCXOAMIN KOHTPOJIb. [IpH 3TOM clieyeT OTMETUTb, YTO Ha PACTEHHSX 3TOTO
BapuaHTa 3aBs3aJIMCh HEC TOJIBKO CaMbI€ KPYIHBIC U MHTCHCUBHO OKpalICHHBIE COLBE-
THA, HO U 3aBsJaTh OHU Ha4YaJId Ha MECCAL IT03KE€ OCTaJIbHBIX. CBur un KOPHEBUH TAaKXE
CTUMYJIHPOBAIN POCT U INBETCHHUE OINBITHBIX paCTCHHﬁ, 6nar0£[apﬂ Y€MY BCC OIIBITHBIC
pacTeHus IPEBOCXOIMIN KOHTPOJIB IT0 BCEM H3YYEHHBIM ITOKa3aTeNsIM.

HcnpITanue yka3zaHHBIX [IPENapaToB II0KA3ajlo, YTO BCE OHU CTHMYJIMPOBAIN POCT
U pa3BUTHE PACTCHUH arepaTryma, yCKOPsUIH M IPOUICBAIIN IEPHUOJ LIBETEHHS, YTO B UTOTE
TOBBIIIANO JIEKOpaTUBHBIE IIOKa3aTeNu pacTeHWid. [loiydeHHBIE pe3yibTaThl MOKa-
3BIBAIOT, YTO JTU Iperaparsl aKTHBUPYIOT MEPHCTEMATHUECKUE TKAaHH, Onarogaps yemy
YCKOPSIETCSI POCT PACTEHUH He TONBKO B BBICOTY, HO M B TONIIMHY, TEM CaMbIM 3HAYH-
TEJIbHO IOBBIIIAIOTCS JIEKOPAaTUBHBIE KauecTBa PAacTEHHH, YCKOPSETCS M IPOAJIEBACTCS
MIEpHOJT IIBETEHUs, IPH 3TOM IIOBBIIIACTCS TAKXKE YHUCIIO LIBETKOB U Ha OOKOBBIX To0erax.
Bce mpemnaparbl CTUMYJIMpOBANI  YKa3aHHBIE IPOILIECCHl, HO B MEHbILEH Mepe, YeM pa-
mudapm. PagudapM BbI3Ban Hauboliee 3aMETHYIO CTUMYJLILUIO HE TOJIBKO POCTa M Pas-
BUTHUS PacTeHUIl, HO U aKTUBHPOBAI (POTOCHHTE3, BCIIEACTBHUE MOBBILICHHS COAECPKAHUSI
¢)OTOCI/IHTCTI/I‘{GCKI/IX IIMI'MEHTOB KaK XHOqu)I/IJ'I.]'IOB, TaK U KapOTUHOUIOB, YTO, OYCBUIHO,
00YCIIOBIJIO HE TOJBKO IOBBIIICHUE JIEKOPATUBHOCTH PACTEHUM, HO U Oojiee paHHEe Ha-
YaJio0 JUINTEIbHOTO LBETEHHS M YIydIleHHe raburyca Kycra ¢ KPyIMHBIMH TE€MHO-3elle-
HBIMH JIUCTHSIMH ¥ HHTCHCHBHO OKPAIICHHBIMH COLIBETHSMHU.
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HCCJIETOBAHUE COJAEP)KAHUSA N-AIIETUJTHEMPAMHAHOBBIX
KHUCJOT IIPA OKCIIEPUMEHTAJIBHOM OTEKE
I'OJIOBHOI'O MO3Tr'A
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Kagpeopa meouyuncxoi xumuu ETMY um. M.Iepayu
gayanezak@gmail. com

[IpoBeneHo wccienoOBaHKE MO ONMPEACICHHIO OOIIeH M JUIHUICBI3aHHON Helpa-
MHHOBO#1 KHUCIIOTHI B TOJIOBHOM MO3T€ JKUBOTHBIX C IKCIIEPUMEHTAJIBHBIM OTEKOM MO3-
ra. OOHapy»eHO yMEHBIIEHHE KaK OOLIeH, Tak M CBA3aHHOW C junuaamu N- areru-
HEHPaMUHOBO# KHCIIOTHI B TOJIOBHOM MO3T€ YKUBOTHBIX C 3KCIICPHMEHTAIBHBIM OTEKOM
Mo3ra. B chiBOpoTke KpoBH HaOIOaeTCs MPOTUBOIIOIOKHAS KapTHHA: YBEINUUBACTCS
Kak 001asi, TaK ¥ JIMIHCBS3aHHAas HEHpaMUHOBAsI KUCIIOTA.

N—auemuﬂHezJpaﬂmnogaﬂ Kucaioma — OmeK mo3ea — Cbl6OpomKa Kposu

NuntJUwuhpyb) £ punhwuncp W thyhnuwwywéd UEpwdhbweeniubph pwlwyp
gliuntnGnnd thnpéwpwpwlwl wjinnigh dwdwlwy: 8nyg £ wnpdbl, np gifunintGnnud
Ujwgnid £ punhwunip b thyhnuwwywé Ubjpwuhlwpeenlutph pwuwyp, huy wpjwu
2héniyncd, punhwywnwy, wyGiwuntd E:

Ubynwiuhlwyeent — qifunintinh wywnntg — wpywl phantly

Amount of the total (protein and lipid-bound) neuraminic acid in brain and blood
sera of animals with experimental cerebral edema was studied. The concentration of
total neuraminic acids and lipid-bound neuraminic acids has decreased in both general
and related lipids neuraminic acid in the brains of animals with experimental cerebral
edema. In serum, on the contrary, the amount of neuraminic acids has increased.

Neuraminic acids — brain edema — blood serum

B coBpeMeHHOI MeTMIMHCKOW OMOXMMHUM MpoOJieMa TUIIOKCUH U KOPPEKLUS TH-
MOKCHYECKUX HAPYILIEHUH SIBISIETCS OHOM U3 Beaynmx. OcoOblil HHTEpEC NPECTaBIISIOT
TaK Ha3bIBa€Mble 3KCTPEMAJIbHbIE U KPUTHUECKHUE COCTOSHMS, ITPU KOTOPBIX THUIOKCHUSI KaK
Hecnenu(pUIecKoe NMpOsIBICHUE BBIIBUTACTCS HA MEPBBIN IUIaH. [ MIIOKCHYecKas maroJio-
THSL MO3Ta MOXKET TIPOSIBISITBCS KaK CaMOCTOSITENbHOE 3a00ieBaHNe (BCISICTBHE OKKIIIO-
3MH COCY/IOB, KPOBOCHAOKAIOIIMX T'OJIOBHOM MO3T') MIIM KaK OCJIOKHEHHE IPU TpaBMe To-
JIOBHOTO MO3Ta ¥ BO3HHUKAIOIINX IIPY 3TOM I'éMaToMax U APyTux (GopMax ero CIaBInBaHMs
(xoMrpeccusix), MPUBOALINX K Pa3BUTHIO OTeKa Mo3ra. B pesynbrare caaBinBaHus orpa-
HUYEHHBIX YYaCTKOB ITOBEPXHOCTH TOJIOBHOTO MO3ra BO3HHMKAeT (OKaJIbHAS WILEMUS, CO-
TIPOBOXKIAIOMIASCS IECTPYKIMEe KOpsl U GopMupoBanneM oTeka mosra [2]. IIpobrmema
HIIEMUYECKOTO TIOBPEXICHUS TOJIOBHOTO MO3ra, a Takke (papMakoorn4eckoil Koppek-
UM JTAHHOM MaTOJIOTUH SIBJISIETCS B HACTOSIIEE BPEMsI O/IHOM M3 OCHOBHBIX IPOOJIEM JKC-
MIEpUMEHTAIbHON U KIIMHUYECKOH HEBPOJIOTUH U HEHpOXUpypruu [6,8].
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N-anerniHelipaMIHOBEIE (CHAIOBBIE) KUCIIOTHI SIBILSIIOTCS MOIN(YHKIMOHATEHBIMI
COeMHEHWSIMU C CUIIBHBIMU KHCIIOTHBIMH cBoiicTBamMu. Kak mpaBuio, B cBOOOIHOM BHAE
B HOpPME OHM HE BCTPEYAIOTCA, & BXOAAT B COCTAaB PA3IMYHBIX YIJIEBOJICOAEPIKAIIMX Be-
1IeCTB. 3aHUMasl B MOJIEKYJIaX 3THX BELIECTB KOHIIEBOE MOJIOKEHUE, HEHPaMUHOBBIE KHC-
JIOTBI OKA3bIBAIOT 3HAYUTENHHOE BIHMSHUE HA X (PH3UKO-XUMHUUYECKHE CBOMCTBA M OHOJIO-
TMYECKYIO aKTUBHOCTh. N-alleTHIIHEHPaMHHOBAs KUCJIOTa BXOJIUT B COCTaB AHIJINO3U/IOB,
OTHOCSIIIMXCS K KJIACCY MIMKOC(HUHIONIUIIUAOB, SBIISIOIIMXCS OJHUM U3 OCHOBHBIX KOMIIO-
HEHTOB HEHpOHAJIBbHBIX MEMOpaH, 0COOEHHO CHHANTH4eCKUX (61%), M y4acTBYIOIIMX BO
BCEX OCHOBHBIX (DYHKILHMSIX HEHPOHA M MEKHEHPOHATIBHOM B3aUMOJICHCTBUU (CHHAIITOTE-
HE3, peryJslys HOHHOTO MUKPOOKPY)KEHHUS, MeMOPaHHBI 3JIEKTPOreHe3 U Jp. ).

['MUKONPOTENHBI TaKKe SBIAIOTCS BAKHEHIIUMH YYaCTHHUKAMH MEXKKICTOUHBIX
KOHTaKTOB, o0ecrieunBasi B3aMHOE Y3HABaHHE M a[re3UI0 OINpeleTeHHBIX HEHPOHOB,
Y4YacTBYIOT B CHHANTHYECKOH Tepenade, pelenTOPHBIX peakuusx, GopMUpoBaHU U Xpa-
HeHny namsiaTH. OHE BXOZST B COCTaB CIIOKHBIX HAaZAMOJICKYJLSIPHBIX 00pa3oBaHMil CHHAII-
TUYECKUX MeMOpaH.

Vcxons M3 BBIIIEN3/I0KEHHOTO, HAMU IIPOBEJICHO CPaBHHUTEIIFHOE HCCIIEI0BaHNE
coJiepKaHus OOIIeH M JIMIH/CBA3aHHON HEHPaMHUHOBOM KUCIIOTHI B TOJIOBHOM MO3T€ KPbIC
C OTEKOM MO3ra.

Mamepuan u memoouka. ViccnenoBanue NpoBOAIN Ha OECTIOPOHBIX OENbIX KpbICaX, 000€ro
niona, Mmaccoid 170-200 r, conepiKaIuxcst B yCIOBUSIX BUBAPUSL.

Tokcuyecknii OTEK TOJIOBHOTO MO3Ta BBI3BIBAIN BHYTPHOPIOIIMHHBIM BBEICHUEM TETPadTH-
nosoBa B 1o3e 10 mr Ha | Kr Maccel )kHBOTHOTO. KputepreMm pa3BUTHS OTeKa MO3Ta CIy>KWJIN BBIpa-
JKEHHAs TUJIpaTalysi MO3rOBOH TKAaHU W MOKa3aTeId MHUKPOCKOMMWYECKOro nccienosanus [4]. O co-
JIepKaHUH BOJBI CyIUIIH TI0 CyXOMY OCTaTKy TKAHH MO3Ta TOCJIE BBHICYIIUBAHUS TPH 110°C zo moc-
TOSIHHON MacChl.

JKuBoTHble ObUIH pactipesieieHbl Ha 2 rpynnbl 110 10 B Kaxaoi: 1— MHTaKTHbIE; 2 — )KMBOTHBIE
€ BOCIIPOU3BEICHHBIM OTEKOM MO3Ta.

OO0 HEeHPaMHUHOBYIO KUCJIOTY ONpPEIEIsUIN PE30PLIMHOBBIM METOIOM 10 MOIU(HIMPOBaH-
Holt MeTtoauke CBeHHepxonpMa [9].

s onpeneneHus JUNUICBSI3aHHON CHAJIOBOW KHCJIOTHI MPOBOJMINA SKCTPAKIMIO METaHOJI-
xsopodopmertoit cmechio (1:2). CyrnepHaTaHT ¢ 3KCTparMpOBaHHBIME B HEM JIMIIHIAMH COOHMpAIH, a
0Ca/IOK PEIKCTPArMpOBaIM TPIKABL. K 00beMHEHHOMY JIMIUIHOMY SKCTpaTy JOOABISUIH XOJIOIHYIO
JCTWUIMPOBAHHYIO BOAY (B KorrdecTse 1/5 OT 00I1ero 3KCTpakTa), CMECh TIIATENIBHO MEPEMEIINBAIN
u uenrpudyruposaiu (mpu 3000 06/mun 10 muH). HmkHuid X710pohopMeHHBIH CIIOH, COCTOSIIMI U3
(hochonUIIIoB U HEATPATBHBIX [TIMKOC(UHIOIMITUIOB, OTACISUIN OT BEPXHErO BOJHO-METAaHOJIOBOTO
CI1051, COIEPKAILIErO TAHTTIMO3U/IbL, KOTOPBIH MOJBEPrai AHAIN3Y POTHB JUCTHILTMPOBAHHON BOJIBI B
TeyeHue 2 cyt npu 4°C, ¢ yacToii 3aMeHOH BoJpI B uanm3arope. [lomydyeHHsIi nocie ananusa pact-
BOp TAHIIIHO3U/IOB BBIIAPHBAIIA HA POTALIMOHHOM HCTIAPHUTEIIC M HAHOCHIK Ha KOJoHKY ¢ JIEAE-ceda-
nekcom A-25. ConepkaHue HEWpaMHHOBOW KHCIJIOTHI BO BCEH MpoOe Onpenersui  epuoiaT—pe3op-
mrHOBBIM MetozioM [3]. IlomydeHHble paHHBIE OOpadaThIBaM CTAaTHCTHYECKH C WICTIOIB30BAHUEM
t-kputepust CTbIO/ICHTA, CPABHUBAS C KaJITMOPOBOYHON KPUBOM, BEIPAXKasn B M %.

Pezynomamut u o6cyscoenue. Kax moxasanu pe3yabTaThl UCCIEIOBAHUS Y JKU-
BOTHBIX C OTEKOM TOJIOBHOTO MO3Ta HaOJIIOZAeTCs YMEHBIICHHE COAEp)KaHMsA Kak
oO1iel, Tak ¥ JMITUICBA3AHHON CHAJIOBON KHCIIOT, YTO, [0 BCEH BHIMMOCTH, CBSI3aHO C
YBEIHYEHHEM aKTUBHOCTH (epMeHTa HefpaMHUHUAA3Bl, KOTOpas OTIIEIUIseT N-aneThit
HeHpaMU-HOBYIO KHCJIOTY M3 INIMKOIIPOTENHOB M TJIMKOIUIUIOB (puc.1).

Otmerienue N-aneTniHeHpaMUHOBOM KUCIIOTHI M3 TNIMKOJMIINIOB U TIIMKOIPO-
TEUHOB NPOUCXOIUT (PEPMEHTOM HelpaMuHHIA301 (cuanuaasoif). YcrpaHss HelpaMu-
HOBYIO KHCJIOTY U3 KOMIIOHEHTOB KJIETOYHBIX MEMOpPaH, 3TOT ()epMEHT U3MEHSET CTPYK-
Typy 1 o0 3apsix MmeMOpanslL. ViceenoBaHus OCTIEAHUX JIET OKa3bIBAIOT, YTO HIMEHHO
HelpaMHUHU/a3a, ACCOLMUPOBAHHAS C IIA3MaTHIECKO MeMOPaHO KIIETKHU, UMEeT BKHOE
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(GHU3HOTIOTHYECKOEe 3HAYCHHUE JUIsl KJIETOK HEpPBHOW cucCTeMbl yesoBeka [7]. Heitpamu-
HHZa3a, I3MEHSSI KAUeCTBEHHBIM U KOJIMYECTBEHHBIH COCTAaB TTIMKOIPOTEHHOB M TaHIJIHO-
3UJIOB B MEMOpaHax KJIETOK, MOAYJIHPYeT aKTHBHOCTh KHHA3, U, CIIEJOBATEIHHO, PEAKIINIO
KJIETKH Ha OIpeNeNiecHHble CUTHAIBL. HekoTophle aBTOPHI MPEANoaraloT, YTo HeHpaMu-
HHZa3a, JIOKAIM30BaHHAasl B IUIA3MaTHUECKON MeMOpaHe, CIIOCOOHa MPsIMO aKTUBHPOBATh
peuenTop K THPO3UHKHHA3e A, OTHIEIUISS OCTaTOK CHasloBOH KUCIOTHI [10].

B rosioBHOM MO3re KOHTPOJIBHBIX XKMBOTHBIX 0011ee cofepxanue N-aleTuiHenpa-
MUHOBOW KUCIIOTBI COCTAaBIsLIO 85,3 Mr%, a ¢ orekoM Mo3sra 64,7 Mr%; aHaoruaHast Kap-
TUHA HAOJIIOAIaCh U MPU M3YUCHUH JIMTIHACBA3aHHON HEHPaMHUHOBOW KHCIIOTHI, IJIe MOKa-
3aTeNu B KOHTpoJie cocTaBwin 75,8 Mr % , a y )KUBOTHBIX ¢ 0TekoM Mo3ra 63,2 mr %. [lo-
JIy4EHHBIC JJAHHBIE MOKA3bIBAIOT, YTO B FOJIOBHOM MO3T€ C OTEKOM IPOUCXOJHUT JeCHAaIHU-
POBaHME TIIMKONPOTENHOB W TTIMKONUIUIOB. B CBIBOPOTKE KpOBH HAOMIOAAETCS IPOTUBO-
MOJIOKHAsT KapTHHA: YBEMMYMBACTCS KaK OOIIas, TaKk W JIMMHUICBI3aHHAS HEHpaMHHOBas
kuciota (puc.1).
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TONTOBHOW MO3T CbIBOPOTKa KPOBYW

OHK - o01mas HeifipaMHUHOBasI KHCIIOTA
JICHK — nununces3anHas HelfpaMMHOBast KMCJIOTa

Puc. 1. Coznepxanue 001l 1 INIHUACBI3aHHON HEHPaMHHOBOH KUCIIOTHI B TOJIOBHOM
MO3T€ U B CBIBOPOTKE KPOBH KPBIC C IKCIIEPUMEHTAIBHBIM OTEKOM (MT %).
(n=7), * -p <0,01

B nocnenHee Bpems MOSBIIMCH TaHHBIE O TOM, YTO IOBBIILICHUE YPOBHS HEHpaMu-
HOBBIX KHCJIOT B OMOJIOTHYECKUX KUAKOCTIX OTpakaeT MPOIECChl pa3pyIleHUs] MeMOpaH-
HBIX CTPYKTYp MO3roBoii TkaHu [5]. B cBsi3u ¢ aTuM conepkanue N- aleTHIHEHpaMUHO-
BOW KHCJIOTHI MOXKET OBITh MCIIOJIB30BAHO B KAUECTBE OMOXMMHYECKOTO MapKepa aronrosa
U HEKpoTHUecKoro moBpexaeHus [1]. B HekoTopbix paboTax mOKa3aHO MOBBIIIEHHE CO-
nepkanust N -aleTHITHEHPaMHUHOBOM KUCIIOTHI B IEPOCIIMHAIBHOM KHUAKOCTH OOJBHBIX C
WHCYJIBTaMH, BBICOKOE cojiepKaHue N-aleTHTHeHPaMUHOBON KUCIOTHI B 1-€ CYyTKH KOp-
pEeNMpyeT ¢ TSKECTIO COCTOSHMS OOJBHBIX M OOIIMPHOCTHIO HIIEMHU3MPOBAHHOIN 30HBI
Mosra [10] u oTpaxkaeT HHTEHCHBHOCTb TPOIIECCOB Pa3pyILCHUS HEHPOHAIBLHBIX MEMOpaH,
COIPOBOKIAIOIINX HEKPOTUYECKOE MOBPEXKICHHE.

Taxkum 00pazoM, pe3ysIbTaThl POBEICHHBIX HAMH HCCIIEI0BAaHUN CBU/IETENbCTBY-
IOT O TOM, 4TO B TOJIOBHOM MO3T€ )KHBOTHBIX C OTEKOM HalOJIIOJaeTcs pacia yrieBoJIco-
JIepoKaIX MOJIEKYJ (TJIMKOIPOTENIOB M TJIMKOJIMITHIOB) M YBEJIMUEHHE UX B CHIBOPOTKE
KPOBH.
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B omnbiTax Ha 82 GecrioposHbIX OeNbIX KpbIcax (CaMKaX) M3ydaM BIUSHUE PE3EKLIUU
neuenu (PI1, 15-20% maccs! oprana) u € couetanusi ¢ runepoapuIeckoil OKCUreHauue
(T'BO, 3 ara, 50 MuH, 1 ceaHC B CyTKH, TPEXKPATHO) Ha CLIOCOOHOCTH HEUTPO(HUIIOB apTe-
puansHON (aopTa) M BeHO3HOW ( MOpTanbHAs BEHA W IEYCHOYHBIC BEHBI) KPOBHU
noromats E. coli (Escherichia coli). Ycranosneno, yro 'O ycrpansier HHrHOUpyto-
mee BausiHue PIT Ha CrOCOOHOCTH TMEYeHHM CTHMYJIMPOBATH MOIIOMICHHE MOHOLIUTAMH
E.coli. K 11-M cyTkaM NOCTTHIEPOKCHYECKOTO IMEpHOJa JaHHOE CTHMYJHPYOLIee
BIIMSHME ONCPUPOBAHHOU meueHH ycuwmuBaercs. I'BO ycTpaHseT BbI3bIBacMOE OIepa-
el yBEIM4YeHHE MHTEHCUBHOCTH ToriionieHus E.coli B kpoBu MoHouuTamu. OHOBpe-
MEHHO C 3THM IIPEIOTBPAIACT 3aJIPKKY B OLEPHPOBAHHOH IIEUCHN MOHOLUTOB, AKTHB-
HO (arormTupyromux E.coli.

Funepoxcuﬂ —neyeHb — pe3eKyusl —MOHOYUmMbsbl — KUWeUHdas naiouka 7qbaeouumo3

Gnwagnuyty £ jupnh nGgbyguwu (LN, opgwuh quugywsh 15-20 %-p) wgnbgnt-
rJntup, huswbu Uwl npw gniqwygnidp hhwbppwphy opuhgGUwgdwu hGwn (RO,
3 dpp, 50 n, opwywl 1 ubwlu, Gptp wuqwd) qunpyGpwywiht (wnpunw) b Gpwlwihu
(wnppuw| Gpwy L gwpnwiht Gpwyutp) wpjwu UGpnpndhubph® £, coli (Escherichia
col) ylwudwu nitbwynipjwl Yypw: Mwpqyb £, np IRO0-U yGpwgunid £ LN wpgblwynn
waqnbgnie)nilup ywpnh' Ununghwinutbph Ynnuhg £.cofth Ywudwl upwudwu ntwyne-
rjwl Upw: dhpwhwwnywsd ywnpnh win fupwlnn wanbgnientup wytwunid £ hGwnhh-
wbnopuhnwgynn dwlwlwlwhwwdwséh 11-nn opp: 3RO-U JGpwgunwd £ Jhpwhw-
wnntpjwl wprynitupnid wpjwl Jdtg Ununghwinubph Ynnuhg £.cof-h Ywudwl huinBuuh-
Unipjwl wybjwgnidp: Uhwdwdwuwy 3IRO-U Ywupunwd £ Jhpwhwwndwé ywpnnid
E.coli-u wywinhy pwagnghwinnn dnunghinutph hwwwnnidnp:

hwbnopupw — (ywipn — nbqblygnid — Unbinghunlitn — wnhpuyhl gniwyhly -
pwanghinng

Experiments were conducted on 82 outbred female albino rats exposed to liver resection
(LR,15-25% of the organ mass) and hyperbaric oxygenation (HBO), at 3 ata, for 50 min, tree
times per days after surgery. The capacities of monocytes of arterial (aorta) and venus
(v. porta and v.hepatica) blood to ingest and digest E.coli were investigated. It is established
that HBO eliminates the inhibitory effect of RP on the liver ability to stimulate hepatic uptake
by monocytes E.coli. By the 11th day of the posthypen oxygenation period stimulating effect
of the operated liver has been increased. HBO eliminates, increasing of the intensity of
absorption in the blood monocytes E.coli caused by the operation. At the same time HBO
prevents the monocytes delay in the operated liver, actively phagocytes E.coli.

Hyperoxia — liver resection — monocytes — E.coli — phagocytosis
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[penpiaynmmMu UCCIeT0BAaHUSIME OBIIO YCTAHOBJIEHO, YTO yIaleHHE HEOOJBIIOro
o0béMa (15-20% maccsl opraHa) IEUeHH HapyIIaeT CTUMYJHUPYIOLIee BIMSHUE JaHHOTO
opraHa Ha CIOcOOHOCTh HeHTpoduiIoB norsomars E. coli [10], SBISIONIYIOCS €CTECTBEH-
HBIM CHMOHMOHTOM OpraHM3Ma MJIEKONHTAIOIMX. MexXIy TeM aHalorH4Hasi CIIOCOOHOCTh
WHTAaKTHOU TIeYeHH OOHApy>KeHa U B OTHOIICHUH MOHOLUTOB [8], KOTOpbIE, KaK U3BECTHO
[5], BBIOS B TKAHU M3 COCYIUCTOTO pycia, TpaHCHOPMHUPYIOTCS B Makpodard. Mexiy
TeM aHTHKOJMOAUMIUIIpHAs aKTUBHOCTh MOHOIIMTOB Tocie pesekuuu neyenu (PIT) B Ha-
CTOsIIIEE BPEMsI OCTAETCS HE U3yUEHHOM.

M3BecTHO, 4TO OHUM M3 PEryJIATOPOB HAPYILIEHUS aHTUMUKPOOHOW 3alIUTHI OIle-
PHUPOBAHHOTO OpraHu3Ma sBIseTCsS runepOapudeckas oxcureHarus [1,9]. Ilpu stom yc-
TAHOBJICHA €€ CIIOCOOHOCTh BOCCTaHABIMBATh HapymiaeMyro PII cnocoOHOCTE meueHu “o-
Ooramare” KpoBb HeHTpodmiamu, akTuBHO (arouutupyrommmu E. coli [10]. Uro kacaert-
cs rusiHus ['BO Ha crmocoOHOCTH ONEPHPOBAHHOI MEUYSHN H3MEHSATh aHTUKOJIMOAIAILISP-
HYIO aKTUBHOCTH MOHOLIITOB, TO AQHHBIH BOTIPOC OCTAETCST OTKPHITHIM.

Lenpto HacTosIIEH PabOTHI ABUIIOCH n3ydyeHue BiusiHus PI1 u e€ coueranus ¢ 'O
Ha CIIOCOOHOCTH MOHOLIMTOB MOITIONIATh £. coli B pUTEKaroNIeil 1 OTTeKaloIel OT reye-
HH KPOBH.

Mamepuan u memoouka. OnbIThI IPOBEIEHBI Ha 82 OGECHOPOAHBIX OEJBIX KphIcax (CaMKax)
maccoid 170-220 r. Pe3ekuuio nmedeHu MpOBOAWIN MO dPUPHBIM HAPKO30M, YAANss dJICKTPOHO-
xoM 15-20% maccel oprana. OnepalMoOHHOE 110J1€ OYMILAIHN OT MIEPCTU M 00pabaThiBaIn PacTBO-
pOM XJIopaMuHa. XUPYPrUUECKUH MHCTPYMEHTAPUH MOABEPraJii CTEPUIIM3ALMHU 110 OOIIEPUHS-
Toit MeToxuke. Ilocie pe3ekiuu neyeHn 1 KOHTPOJIS TeMOCTa3a YIIUBaIU OPIOIIHY0 CTEHKY KeT-
ryroM. Ha koxy HakiaapiBanu [1-00pasHble MmIENKOBBIE MIBBI. AHTUOMOTHKU M aHTUCENTHKH I1a-
peHTepasibHO He BBoAMIUCh. YacTtora HarHoeHuit cocraBuina 2,5 %. JKuBoTHble ¢ nocieoneparu-
OHHBIMH HarHOGHWSIMU U3 OIbITa MCKIrovyanuck. I'BO npoBoamin MEIULMHCKUM KHMCIOPOJOM B
IIEpBBIC TPOE CYTOK IOCIE onepanuu B pexume 3 ata, 50 muH, no | ceancy B cyrku. IlepBblii
CeaHC HauMHaIM uepe3 4-8, BTOpOil U TpeTuil, cCOOTBETCTBEHHO, 24 U 48 4 nocie onepauuu. Bee
JKMBOTHBIE ObLIH pa3zeneHbl Ha 10 cepuii onbITOB: | cepus-MHTAKTHBIE )KUBOTHBIE (HOpMa); 2,3.4
CepUU JKMBOTHBIE, UCCIICIOBAHHbIE COOTBETCTBEHHO Ha 3-u, 7-¢ u 14-e cyT mocie JlanapoToMUu
(“noxuoonepupoBanubie”); 5, 6, 7 cepun — KUBOTHBIE, HCCIICIOBAHHBIC COOTBETCTBEHHO Ha 3-H,
7-e u 14-e cyr nocne PII. Oty cepum Cily)KUJIM KOHTPOJIEM JUIsl BBISBICHUs “urcToro” sddexra
I'BO. 8,9 u 10 cepun — )KUBOTHBIE, UCCIIEIOBAaHHbIE HA 3-U, 7-¢ U 14-¢ CyTKH IOCIIe0nepalnoHHO-
ro (1-e, 4-e u 11-e cyT NOCTIHIIEPOKCHYECKOI0) MEPHO/ia COOTBETCTBEHHO. JKUBOTHBIX BBIBOIMIIN
13 OmbITa JeKarnuTanyell Ha (oHe sTamuHanoBoro Hapkosa (40 mr/kr maccel). OObekTaMu Hc-
CJIeTOBAHUS CIY KU MOHOUUTHI apTepuanbHoit (AK) n BEHO3HOH KpOBH: KPOBb BOPOTHOI BEHBI
(KBB) u xpoBb neuéHounsIx BeH (KIIB).

ApTepuanbHylo KpOBb IMOJNyYald IyHKLHMEH aopThl, BEHO3HYIO — COOTBETCTBEHHO IMyHK-
LUAMH MOPTaJIbHOM BEHbI M NeuEHOUHBIX BeH. [losryueHne KpoBH U3 NEUEHOUHBIX BEH OCYIIECTB-
JISLIM 110 pa3paboTaHHO paHee MeToauke [6]. KpoBb 3a01panu B ciieyromei nocie1oBaTelIbHOC-
TH: NEeYEHOUHbIE BEHbI —IIOpTajbHas BeHa—aopTa. daronuTapHylo akTHMBHOCTb U MOHOLIUTOB
OIIpENEIsUIN 10 MX CIIOCOOHOCTH IOIIIONIaTh YOWThIE HarpeBaHueM MHUKpoOb! [13]. s storo
0,1 M renaprHHU3UPOBAHHON KpoBU MHKyOuposau ¢ 0,05mi1 monoB3BecH E. coli (tutamm K-12),
yOuToit HarpeBaHnueM, B KoHUEeHTpauu 500 MiaH MUKpOOHbIX Ten/mi 1 0,005 M pusnonsoruyec-
KOro pacteopa B Teuenne 30 mun npu 37°C, BCTpsaxmBas depe3 Kaxasie 5 MuH. [1o 3aBepmennro
UHKYyOaluy NpoOUPKH Ha 2 MHMH TOMELIANH B JICASHYIO BOLY, Jlajee LeHTpU(yrpoBaiy B TeUCHUE
5 mus npu 1500 06/MuH. [Tnasmy yaansim MEKPOJ03aTOPOM, a U3 BEPXHETO CJIOSl TOTOBUIJIM Mas3-
KU, KOTOpble okpamuBaiu no PomanoBckoMy. IToncuér ¢arounTupoBaHHBIX MHKPOOPTaHU3MOB
ocymiecTBIsUH noa MukpockornoM “BHUOJIAM” yB.100, ok. 12. Onpezensuiu cienyrolye nokasa-
Tenu: (arorurapHoe yucio MOHOIUTOB (DPUM) — MpOLEHT KIETOK, MOTIOTHUBIINX TECT-MUKPOO 3a
enunuiy BpemeHu. @Y paccunrsiBamy Ha 50 MOHOIUTOB. OJJHOBPEMEHHO PACCUUTHIBAIY (haroIu-
TapHbIil MHAEKC MOHOIWMTOB (DPMM) — cpemHee YKMCIIO TECT- MHUKPOOOB, MOTJIOMIEHHBIX OIHOMN
KJIETKOH. DTO TOKa3aTesb XapaKTepu3yeT MHTEHCUBHOCTb IIOIVIOIICHUs MHMKpoOa KieTkoi. Pe-
3yInbTaThl 00pabOTaHbl CTATUCTHYECKHM C y4ETOM HENapaMeTPUUCKOro Kpurepus BuikokcoHa-
Manna-Yurtuu. Pe3ynsratsl cuntanucek g1octoBepHbiMU pH p<0,05.
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Pezynomamut u oocyscoenue. ViccrenoBaHusMu yCTaHOBIICHO, YTO Y KPBIC B HOpME
®Hwm k E.coli B KITIB mocToBepHO MpeBbIiian aHalornyHeii nokasatens B AK u KBB coor-
BeTcTBEHHO Ha 39% u 33% (tabmn. 1). DTo yka3pIBaeT Ha CIIOCOOHOCTh MHTAKTHOH IeYeHH
“oborarars” KpoBb MOHOIIMTAMHU, aKTUBHO (HarONUTHPYIOMIMMH KHIICUYHYIO Majaouky. B
cBoto ouepenp PUm k E.coli B KBB cocrasun 4,31 + 0,43, noctoBepHO npeBbicuB Ha 34%
aHayornuHbeli nokazarens B AK (3,19 + 0,15). B KIIB Bemuunnaa ®Um cocraBmia 3,64 +
0,25, 1OCTOBEPHO HE OTIINYASICH OT aHATOTHYHOTO MOKa3aTelsi MOHOLIMTOB, HAXOSIINXCS B
apTepUaIbHON KPOBU M KPOBU MEYEHOUYHBIX BeH. 13 3TOTO ciiesyer, 4To MpH MPOXOXKICHUH
KPOBH II0 COCYAUCTOMY PYCIy OpraHoB eirynouHo-kuieuHoro Tpakra (JKKT) yBennunsa-
€TCsl MIHTEHCUBHOCTH TOTJIOIICHUsS. MOHOIMTaMuU E.coli. B cBOIO ovepep yacTh MOHOIIUTOB
KPOBH BOPOTHO# BEHBI, THTCHCHBHO TOTIIOIAONINX E.coli, 3a1ep)KUBaeTcsl B MHTAKTHOIA T1e-
yeHu. [IpuMeyaTensHO, HO B OTHOLICHUH HEHUTPO(HUIIOB JaHHOTO SIBICHHS OOHAPYKEHO HE
6sw10 [10].

Tadauna 1. lunamuka haroruTapHOro 4rcia MOHOLIMTOB O OTHOLICHHIO K E. coli
B KPOBH TIOCJIE PE3CKLIMH [IEYCHU U rumnepbapudeckori okcurenamu ( M + m)

Cpoky HoceonepanuoHHOro KpoBeHocHble cocyibl
(IIOCTTUNEPOKCUYECKOTO) aorta v.porta v. hepatica
nepuoja
Hopwma (n=10) 28,7+ 224 30,3 +2,39 40,0 £2,63
3(1) JIO (n=9) 21,9+ 1,21% 309+ 1,41 | 37,8+3,96%
cytku | PII (n=9) 29,8 +3,44¢ | 26,1+3,06 27,8 +27%
PII+TBO (n=10) 26,7+ 1,678 | 31,4+295 40,0 £3,8 4°
7(4) JIO (n=10) 30,1 £2,51 34.6+2,16 508+2,14Y
cytku | PII (n=9) 33,0+ 1,45 33,2+ 1,96 30,2 £ 1,9¢%
PIT+T5O (n=8) 34,4+1,97 31,6 £2,22 483+4947°
14(11) | JIO (n=10) 24,9 + 181 283+ 1,22 37,5+2.84Y
cyrku | PII (n=8) 30,0+2,2 33,4+27 31,1 +2,87*
PII+TBO (n=8) 32,8+ 1,85¢ | 34,5£3,58 51,3+1,4 *AY®

Ipumeuanue. JIO — “noxnoonepupoBannbie” xuBoTHbIC; PII- peszexuus neue-
uu, PII+I'BO — kHBOTHBIE C pe3eKiueil IeYeH! U TUIepOapHuecKOil OKCHTeHa-
LHeH, N — YKCIIO XKUBOTHBIX 110 cepusiM ombIToB; * (p<0,05) — mocToBepHOCTH
pasnuunii o cpaBaeHuto ¢ Hopmoii; A ¥ (p<0,05) — ¢ aHaOrMYHBIM MOKa3aTe-
JIeM apTepuabHON U MOPTAJIBHON KPOBU JAHHOW CEPUU COOTBETCTBEHHO; ¢ U ®
(p<0,05) — ¢ aHaJIOrUYHBIM [10KA3aTENEM MOCIEONEPALHOHHOTO TIEPUOa “TIOXK-
HOONIEPUPOBAHHBIX’ JKUBOTHBIX U )KUBOTHBIX ¢ PII cooTBeTCTBEHHO.

Ha 3-u cyTku mocne 1anapoToMuy OTMEUEHO CHIkeHue Ha 24 % DUm k E. coli
B AK, B pe3ynbraTe uero ToHa CTaHOBUJIACh HIKE aHAJIOrM4HOro nokasarens B KBB u
KIIB coorBercTtBeHHO Ha 29% u 42% (Tabn.). DTO COMPOBOXKIAIOCH YBEIUUYCHHEM OT-
HocuTenbHO HOpMBI ®UM K E. coli B KIIB Ha 46% (puc.l). Ha 7-e cyTKH HONHOCTBIO
BOCCTaHABJIMBAJIOCH XapaKTepHOE Ui HOpMEI (Tadu. 1) mpeobnananue ®Um k E. coli B
KIIB nman ananormunsiM mokaszatenem B AK u KBB, coxpanssmeecs x 14-M cyTkam
mocyne nmamaporomud. Uto kacaercss UM, To y “I0KHOOIIEPHPOBAHHBIX KPhIC K 14-M
CyTKaM TI0CJI€ JIAIapOTOMHUM OTMEUEHO ero u3buparensHoe yBennuenue (Ha 42%) B AK
10 CpaBHEHMIO ¢ HOpMOIl (puc.l A), Toraa Kak B JAPYT'HX COCyAax OH OcCTaBajics B €€
npenenax (puc. 1 b u 1 B). [Ipu stom ®1m B AK Ha 14-e cyTku nocie nanapoToMuu
JIOCTOBEPHO TpeBbItan Ha 41% aHanorudHeiid mokazarens B KBB.

CrnenoBaTenbHO, BBI3bIBasi KPAaTKOBPEMEHHOE CHIKEHHE cojiepkanus B AK MoHo-
LUTOB, aKTHBHO MoOrNomalomux E. coli, nanapoToMuss OJHOBPEMEHHO CTUMYJIHpPYET
MOCTYIUICHHE W3 MEYEHW B KPOBOTOK MOHOLIUTOB, MHTEHCHBHO TOIJIOIIAOIINX 3TOT
MHUKpP0O. OTHOBPEMEHHO C 3TUM CO3AIOTCSI YCIIOBUS JUIsi OTCPOUCHHOW (Ha 14-¢ cyTKH)
3anepxku B TKaHaX JKKT MOHOIIMTOB, HHTEHCUBHO MOTIIOMIAONIHX E. coli.
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Puc.1. /Iunamuka paronurapHOro nHaeKca HEUTPO(DUIOB B apTepUabHOM KPOBH (A),
KpoBH BopoTHOH BeHs! (B) 1 kpoBu neuéHOUHBIX BeH (B) mocie pesexnun neyeHu u
runepOapu4ecKoil OKCUTEHAIINH.
ITo ocu abcuyce- CYTKH IOCIEONEPALUOHHOrO (IOCTIUIIEPOKCHYECKOr0) EePHOoa.
o ocu opaunat — abcomtorrast Benuunaa OU. JIO- “noxxHOONEpUpOBaHHBIE KUBOTHBIC,
PII- pesekuus neuenu, 'bO- runepbapuueckas okcurenarus,* (p<0,05) no cpaBHeHHIO ¢
HOPMOM.

Homonnenne nmamaporomun PI1 He BRI3BIBANO TOCTOBEPHBIX M3MEHEHH IO CpaB-
HeHMio ¢ HopMmoit ®Um k E. coli B apTepuanbHON KPOBH M KPOBH MOPTAIHHON BEHBI Ha
MPOTSHKEHUHU BCero nepuoja Habmonernii (tadi.1). [lo cpaBHEeHHUIO ¢ “ITOKHOOIIEPHPO-
BaHHBIMU JKHBOTHBIMH OOHApYXeHO ero yBenmdenune Toiabko B AK nHa 3-u u 14-e cyr
IocIIe onepanyuy cooTBeTcTBeHHO Ha 36% u 20% (Tabmn.1). Ilpu sTom Ha 3-u cyTKH moc-
ne PII mcuezano xapakTepHOE Ul aHAJOTMYHOTO MEpHOAa y “J0KHOOIEPUPOBAHHBIX
kpeic npeobnaganne ®Um x E. coli B KBB Haj anamormuneiM mokaszatenem B AK
(tabn.1). Bmecre ¢ Tem PII BeI3bIBasia CHM)KEHHE OTHOCUTENBHO HOpMBI @UM K E. coli B
KIIB Ha 3-u, 7-¢ u 14-e cyT mociieonepaloOHHOIO NEpHoAa COOTBETCTBEHHO Ha 30%,
25% u 22% (1abin.1). B pe3ynbTaTte OHO TOCTOBEPHO HE OTIMYAJIOCh OT aHAJOTMYHOTO
nokasareist MoHouuToB B AK 1 KBB. Kak Bugno us puc. 1 b u 1 B, na 3-u cyr nocne
PIT mpoucxomut camxenne B KBB 1 KBB unTencusrHocTn nornomenust monoturamu KI1B
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E. coli, Torna xak B AK naHHOe SIBJICHHE HOCHIIO OTCPOYCHHBIN XapakTep U HaOJo1a-
nock Ha 14-e cyT uccnenoBanus (puc.l A). U3 storo cienyet, uro PIT y 310poBbIX KpbIC
BBI3BIBAET HApYIIEHUE CIIOCOOHOCTH MEYeHH “‘o0oramars” KpoBb MOHOIIUTAMHU, AKTHBHO
¢arommTupyronmmu E. coli, kKoTopasi He BOCCTaHaBIHMBaeTcs K 14-M cyT mocieonepa-
UOHHOTO nepruoja. OxHoBpemeHHo ¢ 3tuM PII ycTpanser 3amyckaeMble JanapoToMuen
MEXaHHU3MBbI, HallpaBJICHHbIC HAa YBEJIWYEHHE COAEPXKAHUS B KPOBH MOHOLIUTOB, C BHICO-
KOI HHTEHCHBHOCTBIO ITOTJIONICHUS KHIIEYHOH MaJIOYKH.

B ycnoBusix runepokcuu (3-u cyt nocie PIT) @Uwm x E. coli B KIIB Ha 43% npe-
BBIIIAJI AHAJIOTUYHBINA MOKa3zaTens kKHUBOTHBIX ¢ PIT 6e3 ['BO, nocturas HopmasibpHOM Be-
ymaunb! (Tadm.1). [Ipu sToM oTHOCHTENEHO AK >KHMBOTHBIX JAHHOM CEPHU €ro NPEeBbILICHIE
coctaBuio 50% (1abmn.1). Bmecte ¢ TeM OTMeUeHa CIOCOOHOCT TUNEPOAPUIECKOTO KUC-
JIOpOAa TpPENOTBpAIaTh BBI3BIBAEMYIO JIallapOTOMHUEH CTUMYJIALUIO MOIJIOIIEHHS
E. coli monoumnTamu kposu (puc.l). I[Ipu stom, ecin B KBB runepbapudeckuii kucio-
pon ycunuBan uHrubupyromiee BiusHue PIT Ha nannbiii npouece (puc.1 B), B KIIB on
coxpansin ero (puc.l B), Torna kak B AK npenotBpamenne yBenmaenus ®Um B ycnoBu-
SIX TUTICPOKCHH OBLIIO CBA3aHO TOJBKO ¢ HHrHOUpyrommM sdgdexrom I'BO (puc.l A). U3
3TOrO ciexyet, 4ro B ycnoBusax I'BO ocraBmiasics mocie pe3ekiiy 4acTh MeYEeHH BOC-
CTaHABJIMBAET CBOIO CIIOCOOHOCTH 00oramars KpOBb MOHOLIMTAMH, aKTHBHO (DaroluTH-
pytomumu E. coli. 310 B CBOIO OYepelb yCTpaHSAET HEOOXOAUMOCTh KOMIIEHCATOPHOTO
YBEJIMUEHHsI HHTEHCUBHOCTH TOTJIOIEeHHs E. coli MOHOLIMTaMU, HAXOSIIMMUCS B KpO-
Bu. [IpekpaieHue runepoKCHYecKoro BO3IEHCTBHS Ha OpraHU3M He MPUBOJMIO K pec-
TaBpaly HapylmeHui (paronquTapHoi akTHBHOCTH MOHOIMTOB, BbI3BaHHBIX PII. Hao6o-
pOT, Ha 11-e CyTKH MOCTTHIEPOKCUIECKOTO IEPUOAA OTMEUCHO YCUICHUE CIIOCOOHOCTH
ONEPUPOBAHHOW TIEYCHU 00OralaTh KpOBb MOHOIIMTAMHU, aKTUBHO (arolUTUPYOIIMU
E. coli. B pesynsrate @Um k E. coli B KIIB npeBbiano HOpMy B yKa3aHHBIN IEPHOJ
HabmoneHnit Ha 28%, Toraa kak otHocutenbHO AK 1 KBB cBoeii cepun oHO OBUIO TO-
BBIIIEHO COOTBETCTBEHHO Ha 56% 1 49% (Tabu.1).Uro kacaeTcs HHIHOUPYIOLIEro BIIHS-
Hust [BO Ha MHTEHCHUBHOCTH TOTIIONICHUS E. coli MOHOIIUTAMH KPOBH, TO OHO COXpaHsi-
nock Ha 11-e cyTKH mOCTTUIepOKCHIecKoro reproaa Toiasko B AK (puc.1 A).

M3BecTHO, uTO Tponecc (arouuTo3a HAYMHAETCS IOCIE B3aMMOJICHCTBHS OICO-
HUPOBAHHOTO WJIM HEONCOHMPOBAaHHOTO MHMKpPOOa C OJHHMM M3 PELENTOPOB, PACIIOJIO-
XKEeHHBIX Ha MeMmOpane ¢arouura [11,13]. [losToMy oOHapyKeHHOE HAMM YBEIIMUYEHHE
CHOCOOHOCTH MHTAKTHOW IE€YEHH YBEJIMYHMBAThH COJIEp)KaHHE B KPOBU MOHOILIMTOB, aK-
TUBHO GarouuTupyromux E. coli, MOXKHO CBA3aTh C YBEJIIMUEHUEM COJIEPKAHUS PELENTO-
POB Ha X MeMOpaHe BO BpeMs MPOXOKACHUS MO MEYEHOYHBIM CHHYcOouaaM. [Ipu aTom
HaunboJiee BEPOITHBIM MEXaHIU3MOM 3TOTO SIBJICHHS CIIEAYET PacCMaTpUBaTh HHKOPIIOpa-
M0 Ha MeMOpaHe “HEaKTHBHBIX” MOHOLUTOB COOTBETCTBYIOIIUX OE€JIKOB-PELENITOPOB
nyTém e€ oborarieHust uMu “‘de novo”. Tem Oonee, 4TO yCTaHOBIJIEHA CIIOCOOHOCTh MaK-
podaros MHKOPIIOPHPOBATE NOCIIE CTUMYISLUU Ha CBOeH moBepXHOCTH 6enok Cig, KO-
TOPBI MOXET BBICTYTNaTh B KadecTBe Fc-penentopa [14], urpatoriero Beaymyo poib B
aTTpakiuu MUKpoOa Ha MemOpane ¢aromnura [11]. Crnenyer oKumaTh, 4YTO B KauecTBe
CTUMYJISITOpA aHTHUKOIMOAKTEpUaIbHONH aKTUBHOCTH MOHOLUTOB IIPHU UX MPOXOXKIAECHUN
yepe3 MmevyeHb OyIyT BeICTYNaTh KieTkd Kymndepa, sBisronpecs, Kak U3BeCTHO [4], Mur-
PHPOBABIIMMHU U3 KPOBU B OKOJIOCHHYCOUAAIBHOE MPOCTPAHCTBO MOHOLIUTAMH, TPAHC-
(dopmupoBaBmecs B HEM B TKaHeBble Makpodaru. Hamu oOHapyskeHa crloCOOHOCTh Op-
ranoB JXXKT cTumyiaupoBaTh HHTEHCUBHOCTH MOTJIOMIEHUsI MOHOLIMTAMHU KHIIEYHOH Ha-
noykr. OZHUM U3 MEXaHHW3MOB 3TOTO CIIEAYET PacCMaTpUBATh BBIIEICHHE HAXOJSIIHU-
mucs B creHke opraHoB JKKT kieTok HMMYHHON CHCTEMBI BEIIECTB, BBI3bIBAIOIINX H3-
OUpaTeNTbHYIO KCIPECCHIO Ha MOBEPXHOCTU MEMOPaH MOHOIIMTOB PELEITOPOB, CIIOCO0-
HBIX B3aUMOJICUCTBOBATH C E. coli. B yacTHOCTH, ycTaHOBIIEHA MpsSMas 3aBUCUMOCTDb HUH-
TEHCHBHOCTH MOTJIOIEHHUSI MOHOLIUTAMH MAaTOJIOTHYECKUX UMMYHHBIX KOMIUIEKCOB OT
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9KCIIPECCUM Ha MOBEPXHOCTH MX MeMOpaH C3-penenrtopa [14]. IloBbimias HHTEHCHB-
HOCTBD TOTJIOMICHNUS KUIIIeYHOW manovyku MoHouutamu oprausl JKKT, BeposTHO, perynu-
PYIOT HE TOJIBKO CTENeHb (DU3HOJIOTUYECKON MOPTAIBHON KOIMOAKTEPUEMHH, HO U TIpe-
3€HTALUIO aHTUI'eHa E. coli STUMU KIIeTKaMHu.

AHanu3 NOJTYYEHHBIX Pe3yJIbTaTOB IOKAa3bIBaeT, YTO HApyLIEHHWE CIIOCOOHOCTH
OIEPUPOBAHHON IEUEHH YBEJIMYUBATH KOJMYECTBO B KPOBU aKTHBHBIX MOHOIIUTOB CO-
MIPOBOXK/IAETCS] KPAaTKOBPEMEHHOMU (Ha 3-H CyT IOCJIE ONepalyi) peTeHIIMOHHOH 3a/1epxK-
KOl B ocraBIIeiics 1mocie pe3eKIUH YacTh OpraHa MOHOLIMTOB, aKTHBHO (harOolUTHPYIO-
uwmx E. coli. Ecnu y4ecTb, 4TO aHaJIOTUYHBbIE U3MEHEHHS BBISBICHBI M B OTHOIICHHUU
HelTpoduos [10], TO MOKHO FOBOPUTE O (OPMHUPOBAHUU B MEUEHOUHBIX CHHYCOHAX
ocTaBlIeiics IociIe Pe3eKIUN YaCTH [IEUYEHH CBOCOOPAa3HOr0 HEUTPO(UILHO-MOHOLIUTAP-
HOTO aHTHOaKTepuanbHOTO (punbTpa. OH OyIeT KOMIEHCHPOBATh 0OHAPYKEHHOE MOCIIe
PIT cHmkeHHE MOTJIOTUTENBHOM criocoOHocTH Kietok Kymndepa [3]. OOHapyxeHHOE B
skcniepumenTe cHkenrne ®Um k E. coli B8 KBB nocne PIT mpu oTcyTCTBHM U3MEHEHUIA
®UM 1103BOJISIET TOBOPUTH O NMPEUMYIIECTBEHHO IOBBIIIEHHOM BBIXOJIE U3 COCYIHCTOTO
pyciia B TKaHU KUIIEYHUKA MOHOLIUTOB C BHICOKOI HHTEHCHBHOCTDIO TIOTJIOLICHHS KUILIeY-
HOHM majouku. BeposTHO, TakuM 00pa3oM OrpaHUYMBACTCS CHIDKEHHE aHTUMHKPOOHOTO
MOTEeHIMAJIa JaHHOTO OT/eNa IHIIEBApUTENILHOIO TpPaKTa, BBI3BIBAEMOE IOBBIILICHUEM
npoHuIiaeMocty ero rucroremarndeckoro nocie PIT [12]. TIpumenenne I'BO mocne PIT
10Ka3aJI0, YTO B YCJIOBUSIX TMIEPOKCHH HE TOJIHKO BOCCTAHABIMBAETCS HapylIaeMasi orle-
pauueii cnocoOHOCTh IeyeHu “odoramars” KpoBb MOHOLIMTAMHU, aKTUBHO (haroiuTHpyo-
M E. coli, HO ¥ 3aKJIaIbIBAIOTCS MEXaHU3MBI, BBI3bIBAIOIINE €€ OTCPOUCHHYIO aKTHBA-
110 Ha 11-€ cyT MOCTrUIepOKCHYECKOro Mepruoia. MOoXKHO 10JIarark, 4To 3TO CBA3aHO CO
CIOCOOHOCTBIO TUIEPOAPHUECKOT0 KUCIOPOJa BOCCTAHABINBATE CTUMYJIMPYIOIIEE BIIUS-
Hue kietok Kyndepa Ha aHTHKOIMOaKTEpUAIbHYI0 aKTUBHOCTH MOHOLIMTOB KPOBH. Bmec-
Te ¢ TeM ycTpaHeHue B ycnoBuax ['BO cTumynupyromiero BIusiHUS onepaluy Ha MHTEH-
CHBHOCTb IOrIomeHus E. coli MOHOIIMTAMH B KPOBH TI03BOJISIET TOBOPHUTH 00 YCTpaHEHUU
MOBBIIIEHHOW B THIEPOKCHUYECKUX YCIIOBHUAX DKCIPECCHU PELENTOPOB Ha MOBEPXHOCTU
MeMOpaHbl MOHOLIUTOB.

IIpumenenue I'BO ycrpanser pa3zsuBatomtytocst B otBeT Ha PII perenmuio B oc-
TaBIIEiCA IOCNIE PEe3eKIMH YacTH OpraHa MOHOLUTOB, AKTHBHO (DarOLUTHPYIOMIMX
E. coli. C onHO# cTOpOHBI, 3TO CBsi3aHO co crnocoOHocThio 'BO KynupoBaTh pa3BuTHE
BOCTIAJICHHS B TIOBPEXIEHHON TKaHU [2], ¢ APYroil — peryinupoBaTh B Hel TKaHEBON Kpo-
BOTOK [7]. B pe3ynbrare cHKaeTcst BBIXOJ aKTHBHO (haroLUTHPYIOMIMX MOHOIIMTOB U3
KPOBH B OKOJIOCUHYCOHIAJIbHOE IPOCTPAHCTBO. MOXKHO 10JIaraTh, YTO 3TO OJUH U3 Me-
XaHU3MOB pealu3aluy Ha 11-€ CyT MOCTTUNEPOKCHUECKOTO MEPHOoJia CTUMYIHPYIOLIEr0
BiauAHus 'BO Ha nmoctynieHue u3 onepupoBaHHOMN IEYEHH B KPOBb MOHOILIUTOB, aKTHB-
HO mortomaromux E. coli.

Takum o6pazom, npumenenue Kypca 'O B nepBoie Tpoe cytok mocie PIT ycrpa-
HSET MHTUOUpYIOIlee BIMSHUE ONIEpallid Ha CIIOCOOHOCTH MEYEHH CTHMYJIUPOBATH aH-
THUKONMNOAKTEpHUaATbHYI0 aKTUBHOCTH MOHOLIMTOB. IIpH 3TOM runepOapHyecKuil KHCIIo-
POJ perysmpyer KOMIIEHCATOPHO-NIPUCTIOCOOUTENbHBIE PEaKLi OpraHu3Ma, BOSHUKATO-
1IMe B OTBET Ha JJaHHOE HapyuieHue. [Ipekpalienne runepoKCHYecKoro Bo3IeHCTBHUS Ha
OpraHu3M CONPOBOXKIAETCS ycuileHneM JedeOHoro apdekra I'BO k 11-M cyTkam moct-
TUIEPOKCUYECKOT0 IEPHOA.
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B ycroBusx orpaHMdeHHON IBUTATEFHON aKTUBHOCTH — THIIOKUHE3HH — B Opra-
HHM3ME KUBOTHBIX U3y4YaJINCh M3MCHEHHUS aKTUBHOCTH OJIHOTO M3 KIIIOYEBBIX (hepMeHTOB
MHHEPAIFHOT0 00OMeHa — menouHoi (ocgaraspl. BeisBieHa poslb aanTOreHHOTO Mpe-
napaTa 9KCTPaKTa JEYTePOKOKKA B CHATHUH WIIH CMSTYCHHN HETaTHBHBIX MOCIEICTBHI,
BO3HMKAIOIIUX B YCJIOBHSAX THIIOKUHE3NH.

Tunoxunesus — wenounas gocghamasa —MuHepaIbHbI 0OMeH —
SKCMPAKM 31€yMePOKOKKA

Atuntdbwuppyty BU hwupwihU thnpuwlwynipjwl hhdbwlwl gnigwuhputphg
Jdtyh® hhduwjhu $nudwinwqg dtpdtunh wynpyniejwl thnthnpunteinibtpp W Ejbne-
wnbpnynyyh Uqywéph wwwnpwuwnniyh nbpp uwywywwnpdnipjwl hGnbwupny wnw-
pwgwé pwgwuwlwl Gplnypubph venuwgdwlu Ywd sgnpugdwl gnpénid:

Ihwynyhulqhw — hhduwhlt nudpwinwq — hwlpuyhl thnfuwlbwlwpenil —
ErGnuinbpnynyph dqywdp

Decreased movement of hypokinesia in animals organism could produce physio-
logical and biochemical significant changes which impacts on animals productivity.

The present research was mostly based on one of the mineral exchange index,
namely base phosphatase enzyme. Activation changes and commutation of these
changes are studied by using of the adaptogenic preparations.

Hypokinesia — alkaline phosphatase —mineral metabolism — eleutherococcus extract

ABTOMaTH3alUs U MEXAHU3ALMSA B CEIBCKOM XO3SHCTBE NPUBENU K CO3JAHHIO
KPYIHBIX >KMBOTHOBOJUYECKHUX KOMIUIEKCOB, B KOTOPBIX >KUBOTHbIE HaXOJATCSA Ha CPaBHU-
TETPHO MaNbIX IUIOMAAAX. DTO MOBIEKIO 3a COOOM OrpaHMYEHHE NBUTATENbHUN aKTHUB-
HOCTH, CHIDKCHHUE CHJIbI COKPAIIEHUS MBIIIL, IMEHYEMOE TUIIOKUHE3HEH.

VY CenbCKOXO3SIHCTBEHHBIX JKUBOTHBIX JUIUTENILHOE SICEJILHOE COZEPIKAHUE TakokKe
OrpaHMYMBAECT JBUTAaTEIbHYIO AKTMBHOCTh, OHHM BECh YKAa3aHHBIM IEPUOJ HAXOIATCS B
COCTOSTHHUM TUIOKHHE3WH, YTO M SBIAETCS MOIIHBIM STHONOTHYECKHM (akTOopoM st
HOSIBJICHHS] OMOXMMHYECKHX M (PM3HOTOTUYECKNX HAPYINICHHH W B KOHEYHOM HTOTE He-
FaTUBHO BIMAET HA UX IPOLYKTUBHOCTD KUBOTHBIX, a TAKXKE Ha POCT M Pa3BUTHE MOJIOA-
HSIKA U BBIABILIET P IPYTUX HEXKENATENIbHBIX IOCIEICTBUI.
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M3MEHEHME AKTUBHOCTHU HIETTOYHON ®OCPATA3DBI V JKUBOTHBIX ITPH I'MITIOKWUHE3UN

JlutepaTypHbie JaHHBIC CBHICTEIBCTBYIOT O TOM, YTO Y YEJIOBEKAa M >KHBOTHBIX
JUTMTEILHOE OTPaHHYCHUE JIBUTATENIbHOW aKTHBHOCTH BEIET K TAKUM MaTOJOTHYECKUM
H3MEHEHHUSIM KakK aTpo(usi CKEIETHOW MYCKYJIaTypbL,CMOPIIMBAHHUE MBIIICYHBIX BOJIOKOH,
CMATYEHHUE KOCTEeH — ocTeomasnu [ 1, 2].

IIpu TUMOKKMHE3MH CHUKAETCS MUMITYJIbCALIUS ¢ MHOTOYHMCIICHHBIX HEPBHBIX OKOH-
YaHWH, YTO MOXKET MIPUBECTH K Py TPOPUUECKUX U3MEHEHHIA B BHIE OCIA0ICHHS KPOBO-
CHa0)XCHUsI, @ TAK)KE€ MHTCHCUBHOCTH OKHCIIUTEIBHBIX MPOIECCOB, OEJIKOBOrO M MHHE-
panbHOrO 0OMeHa.J[TUTEIbHOe OrpaHUYCHHE MBIIICYHOW aKTHBHOCTU BBI3BIBACT B KOCT-
HOM U MBIIICYHOH CHCTEME KOMIUICKCHBIC U3MECHEHUS! OMOXUMHYECKUX MPOIECCOB,HA KO-
TOPBIX OCHOBAHO COXPAHEHHE M MOCTOSHHOE JAWHAMHYECKOE MOAJCPKaHHEe HOPMAIBHOM
CTPYKTYpbI KOCTHOH TKaHH. [lepecTpoiika 0OMEHHBIX MPOIECCOB B OPraHU3ME KHBOTHBIX
MIPY OTPaHUYCHHUH JIBUTATEIILHOW aKTUBHOCTH MPUBOAUT K M3MEHEHHUIO TaKKe 0OMeHa MH-
HepaJIbHBIX BEILECTB, OJJHAM M3 TOKa3arelied KOTOPOTO SIBISETCS CTENEeHb aKTHBHOCTH
IeIoYHoM GocdaTasspl.

Ienbto HacTosIIEH pabOTHI ABIACTCS H3YUCHHUE TUHAMHKU aKTUBHOCTH IIEIOYHOMN
(bocdarasbl. M3BecTHO, uTo 1ienoynHas Gocdarasa NPHHAMAET HETIOCPESICTBEHHOE yUacTHe
B 00pa30BaHUM BOJIOKHHUCTHIX (PUOPHIUISIPHBIX OEJIKOB, B YaCTHOCTH KOJUIAreHa TKaHH, a
TaKxke B iepeHoce uona dochopuoit kucinotsl (PO, -) oT 3dHpa K OpraHuIecKoMy OCHOBa-
HHIO KOCTHOHW TKaHH. AKTHBHOCTB IIEIOYHON (hocdaTasbl 3aBUCUT OT COCTOSIHHS OCTEO-
OnacToB.

Mamepuan u memoouxa. OObeKTOM HCCIIEA0BaHUSA ObUIH Oelble OECIOPOAHbIE KPBICHI —
cam1bl ¢ ucxoaHoi Maccoit 120-160 r. JKuBOTHBIE ITOJONBITHBIX U KOHTPOJIBHBIX TPy 0J0upa-
JIMCH 10 TIPUHLUITY aHAIOTroB. [10JONBITHBIE KPBICHI TOMEIIAINCH B CIIENUAIbHO HAMU CKOHCTPYH-
POBaHHbIE KJIE€TKH, OIPaHUYMBAIOIIIE UX JBHIaTelbHYIO aKTUBHOCTb, pazMepoM 140 x 60 x 60 mm.
KopMunu 1 nouiM )UBOTHBIX U3 CIELUATBHBIX KOPMYIIEK U TIOWIOK, Pa3pabOTaHHBIX B HAY4HO-
HCCIIeI0BATEIbCKON JTabopaTopun SKCIEepUMeHTaIbHO-Ononornueckux moxeneii PAMH. Kont-
POJIbHBIE KUBOTHBIC HAXOJUINCH B OOBIYHBIX YCIOBHSX BHBapHs. JINTEILHOCTh THIIOKUHE3NH B
9TOM cepuu coctaBuia 45 nueil. KpoBb juis uccrenoBanuii Opain B JUHAMHUKE KaK 10 THIIOKHHE-
3MH, TaK U Ha 5-¢,15-¢, 25-, 35-¢, 45-¢ cyT runoKuHe3nN.

JanpHeiiume uccnenoBanus ObLIM MPoBeAeHH! B ErBap/ickoM MPOMBILITIEHHOM KOMILIEKCE
[0 OTKOPMY M BBIPAILMBAaHUIO MOJIOJIHSIKA KPYIIHOTO poraroro ckora. MccnenoBanuch 60 ObIYKOB,
n3 koux 40 O6butH nozonbITHRIE, a 20 — KOHTpOJIbHEIE. B 3TO# cepun ObUT OMPOOHUPOBAH aanTo-
TeHHBII Ipernapar — IKCTPAKT IEYTEPOKOKKA.

KOHTpOJIbHBIE JKUBOTHBIE MMEIH €KCTHEBHBINH BHITYI. JKHUBOTHBIC MOIOMBITHBIX U KOHT-
POJIBHBIX TPYII COAEPXKANUCH B YCIOBHUSX, COOTBETCTBYIOIINX TEXHOJIOTHUH BBIPALMBAHUS U OT-
KOpMa, MPaKTUKYeMBIX B JaHHOM xo03siicTBe. C LEbI0 NPOPUIAKTUKH SBICHUH, BO3HUKAIOLINX
NPY TUMOKUHE3UH, OJONBITHBIM KMBOTHBIM BBOAMIIM DKCTPAKT JICYTEPOKOKKA B 03¢ 0.2 Mr/kr
BHYTpb, B TeueHue 60 cyT, uepe3 aeHb. J[03b1 ObUIN ONpeneneHsl B NPEablIyIHX HALIUX UCCIIeN0-
BaHUSIX.

ITomonbITHBIE KHUBOTHBIE OBUTM pa3fieieHbl Ha TPU IPyNnbl. B kaxoi rpymnne Haxomu-
sck 1o 20 ronoB 6br4koB 20-THEBHOTO BO3pacTa ¢ MCcXoaHOH Maccoit 33-35 kr. JKusorHble 1-it
IPYIIBI HAXOAWIUCH B OOBIYHBIX YCIOBUSX UX COJCPXKAHMS M IOJydYalld Ipenapatr B BBILICYIO-
MSHYTBIE CPOKH B 103¢ 0.2 MI/KT, a ObIYKH 2-if TpyIIIbl HAXOIUINCH B @HAJIOTHYHBIX YCIOBHSX, HO
He nonyvanu npenapat. TpeTbs rpynmna Oblila KOHTPOJIBHON U COAEPKATUCH B 00JIee NPOCTOPHBIX
ki1eTkax. KpoBb mis uccnenoBaHuil y OBIUKOB OpainM Kak A0 OrpaHHYEHMs [BHIaTEIbHOMH
aKTHBHOCTH, TaK 1 Ha 5-¢, 10-¢, 15-¢, 30-¢, 45-¢, 60-¢ CyT rHIIOKHHE3HH.

AKTHBHOCTH ILENOYHOM (ocdaTazpl Kak MOKa3aTels, XapaKTEPU3YIOLIEro COCTOSHHE
KOCTHOH CHCTeMBI, n3ydanu metonoMm becces, Jloypu, Bpoka, mpuHIHIT KOTOPOro 3aKioyaeTcs B
TOM, 4TO p-HUTpodeHmipochar HaTpHst TUAPOTU3YeTCsi HEPMEHTOM CHIBOPOTKH KPOBHU € 00pa3o-
BaHUEM p-HUTPO(EHOIA, JAIOLIETO B LIETOYHON Cpeie KeNToe OKpariuBaHue. IHTEHCUBHOCTD OK-
PacKu IPONOPLMOHAIBHA aKTUBHOCTHU (hepMeHTa.
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A.I'TPUI'OPSIH

Pesynvmamut u o6cyscoenue. T1o HamuM HaONIOJCHUSM, Y KpPBIC TOBBIIICHHE
AKTHBHOCTH IIEeT0YHOH (ochaTassl NPOUCXOAUT HaYMHAs ¢ 15-X CyT OrpaHHYeHUs JBH-
raTellbHOM aKTUBHOCTH. B 3TOT CpOK aKTHBHOCTP IIENOYHOH (ocdaTassl y momonbIT-
HBIX JKUBOTHBIX (6.71+0.57) mpeBplmana TakOBYI0 Y KOHTPOJIBHBIX >KHBOTHBIX
(5.0+0.56) Ha 34.2%. B nampHeiimeM akTUBHOCTH AaHHOTO (epMEHTa MOCTEIIEHHO MO-
Bblmaercs .Tak, Ha 25-e CyT I'MIOKUHE3UU y IOJONBITHBIX XUBOTHBIX (8.12+0.94) Ha
49.8% no orHOUIEHHIO K KOHTpoimo (5.42+0.61), Ha 35-e cyT Ha 101.1% (cooTBETCTBEHHO
10.46+1.05; y xonTpospHbIX 5.20+0.50), a Ha 45-e cyT yxe Ha 106% (11.56+1.02; xoHTpOIb
5.62+0.59).

Tabauna 1. M3yuenue akTHBHOCTH 11es1049HOH (hocdaTasbl y OebIX KpbIC
pu 45-cyTo4HO# runmokuHe3nn, M+m. n,=8, n,=6

Hccnenyembre Cpoku uccen0Banus, CyT
MOKa3aTeNIH
bon 5 15 25 35 45
OnpIT 5.62+033 6.25+0.57 6.71£057* | 8.12+094* 10.46+1.05* | 11.56+1.02*
Kontpons 5.83£0.41 | 5.41+0.42 5.0+0.56 5.42+0.61 5.20+0.50 5.62+0.59

*[Ipumeuanne p< 0.05

Takum 006pa3om, 04€BHIHO, YTO B MPOIECCE UINTEIHHON THIIOKUHE3UN B CHIBO-
POTKE KpPBIC MPOUCXOJHUT IMOBBINICHHE aKTHBHOCTH IIEIOYHOHN (ocdarasbl, 4yTo CBHIE-
TEJIbCTBYET O MPOUCXOIAIINX CIABUTaX B MHHEPAILHOM OOMEHE OpraHu3Ma.

MOXHO JIOIMYCTHTH,Y4TO CIBHUTH B MHHEPAJIbHOM OOMEHE MOTYT MPUBECTH K H3-
MEHEHUSIM B OMOPHO-JBUTaTEIbHON CHCTEME, YTO B KOHEYHOM HTOTEC MPHBOAUT K CHH-
YKEHUIO MHUHEPAJILHOW HACKHIIECHHOCTH KOCTHOW CHCTEMBI, €¢ JCKAIbIUHAIINY U aKTHBH-
3a1uu pe30pOTHUBHBIX MPOIECCOB.

JlanpHeime uccaeoBaHus, IPOBEJACHHBIC B TPOMBIIUICHHOM KOMILIEKCE IO OT-
KOPMY M BBIPAIIUBAHUIO MOJIOJIHSIKA KPYITHOTO POTaTOro CKOTA, AU CIIEAYIOIINE pe-
3yIbTatThl (Tall. 2).

Ta6auuna 1. /[unamuka akTHBHOCTH 11e7104HON (ocdaTasbl (MMOJIB/T) y OBIYKOB
20-AHEBHOTO BO3pacTa MpH MPOMBIIIICHHOM CII0C00€ BbIPAIIUBAHHS
Ha ()OHE BBE/ICHUS IKCTPAKTA INICYTEPOKOKKA,
M=£m, n;=6, n,=6, n;=6

I'pymnma Cpoku uccrejoBaHus, cyT
JKMBOTHBIX ¢hon 5 10 15 30 45 60
1 5.83+0.40 6.04+0.6 | 5.83£0.6 | 5.67+£0.52| 5.96+0.4 6.8+0.8 | 5.42+0.6
2 5.83+0.60 5.60+0.4 | 6.25+0.4* | 5.62+£0.60 | 5.62+0.2 6.9+0.8 | 7.3+0.2
3 5.54+0.52 4.80+0.4 | 4.80+0.4 | 5.62+0.60 | 5.20+0.4 |5.20+0.4 | 5.0+0.4

*[Ipumeuanue p< 0.05

Haumnas ¢ 10-x cyT SKcmepuMeHTa MBI MONYYIIH JOCTOBEpHBIE M3MEHEHUS aK-
THBHOCTH LIENOYHON (ocdaTasbl B CBIBOPOTKE KPOBH MOIONBITHBIX KUBOTHBIX. TaK, B 3TOT
CpPOK y JKMBOTHBIX 1-if TTOJIONBITHOM TPYIIIBI aKTHBHOCTH 1IENIOYHOH (ocdarassr (5.83+0.6)
OKazaJach HoBbIlIeHHOH Ha 21.4%, a Bo Bropoii rpymme (6.25+0.4) na 30.2% 1o cpaBHe-
HHIO ¢ KOHTpoJieM (4.8+0.4). Ha 30-¢ CyT Ir'WImoKnWHE31H akTHBHOCTD JIAHHOTO ()epMeHTa Obl-
JIa TIOBBIIIIEHA y KHUBOTHBIX 00€HX IpyIIl cooTBeTcTBeHHO Ha 14.6 1 8.1 %. Ha 45-e cyt uc-
CIIeIOBAaHUN aKTMBHOCTD ILENOYHON (ocharasbl y KUBOTHBIX 1-H IpyMITBI, MOJYYaBIIMX
npernapar, (6.8+0.8) Obuta nosbieHa Ha 30.8 %, a y *KUBOTHBIX 2-# IpymIibl, HE MOJIy4aB-
mmx npernapat (6.9+0.8), va 33% no cpaBHenuro ¢ koHtpoiem (5.2+0.4). Ha 60-e cyr
MOJTy4eHHBIE Y )KUBOTHBIX 1-i1 HOAOMBITHO IpyMITbl, HE OTIIMYAIMChH UCCIEA0BAHUN 1aH-
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M3MEHEHME AKTUBHOCTHU HIETTOYHON ®OCPATA3DBI V JKUBOTHBIX ITPH I'MITIOKWUHE3UN

HBIE, OT TAKOBBIX y KOHTPOJIBHBIX KUBOTHBIX, TOT/Ia KaK Y )KHBOTHBIX, HE MOJIyYaBILIHX IIpe-
napar (7.3£0.2), akTHBHOCTB 1IeI0YHOM (hocdaTaspl ObLIA BbIIIE O CPABHEHHIO C KOHTPO-
nemM(5.0+0.4) Ha 46% (Tabn.2).

Kak BHIHO U3 MPUBEICHHBIX JaHHBIX, K KOHIy KCIIEPHMEHTa aKTHBHOCTD IIe-
JOYHOHM (ocdaTazbl B CHIBOPOTKE KPOBU y OBIYKOB, MOJYYABIIMX IKCTPAKT AIIEYTEPO-
KOKKa, HOPMaJIU3yeTcs, a Y OBIYKOB, HE MOJYYaBIINX Iperapar, akTHBHOCTb €¢ OCTaBa-
JIaCh TIOBBIIICHHOM.

TakuM 00Opa3oM, Ha OCHOBAHHH IHOJYYCHHBIX JNAHHBIX, MOXHO CHENIaTh BBIBOJ O
TOM, YTO DJICYTCPOKOKK OKa3bIBACT BJIUSAHUC HA PETYJIAIUI0O aKTUBHOCTH HleJ'IO‘IHOﬁ ¢)OC-
¢arasbl, KOTOpas y4acTBYeT B IIpolieccax THApoiu3a 3pupoB (GocHOpHONH KUCIOTHL.
KommexcHble M3MEHEHHS 6I/IOXI/IMI/I‘ICCKI/IX IponHeccoB B KOCTHOM TKaHH, IPOUCXOI-
IIye B YCIOBHSAX OIPaHMYCHHOM JBUTaTEIbHOW aKTUBHOCTH, B KOHEYHOM HTOTE OKa3bl-
BAIOT BIMSHHE HA POCT U PA3BUTHE KUBOTHOTO OPraHM3Ma, YTO MPUBOAUT K CHI)KCHUIO
IPOIYKTHBHOCTH.
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[IpuBeseHb! pe3yNbTaThl MCCIEOBAaHHI BIMSHUS PA3JIMYHBIX OPraHUYECKUX M MUHE-
panbHBIX yI0OpeHHit Ha AMHAMHUKY HAKOIUICHHS IIMTATEIBHBIX BEIECTB B PACTEHHUSIX SPOBOTO
STUMEHs1, BO3/IEJIBIBAEMOIO HA TOPHBIX BBIILENIOYEHHBIX YEPHO3EMAX, U HA MX BBIHOC C YpO-
JKaeM.

BbIICHEHO, 4TO HAKOILIEHHE ITUTATENBHBIX JIEMEHTOB M MX BBIHOC C YPOXKaeM 00yCIIoB-
JIeHbl OMOJIOTMYECKMMH OCOOEHHOCTSMH SIPOBOTO SIUMEHS, COAEPKAHUEM MAKpPOIIIEMEHTOB B
MOYBAX, BHECEHHEM pAa3lIMUHBIX BUIOB YNOOPEHWi, YpOXKaHHOCTBIO M IKOIOTMYECKHMMHU
YCIOBHSIMU OKPY?KaIOLIEH CPEIbL.

Munepanvuvle u opeanuueckue y0oopenust — Spoeoll AUMeHb — NUMAamenbHvle
21eMenmbl — OUHAMUKA HAKONJEHUs

PEpJwé BU gwpUwlwgwl qgwpnt Ynnuhg ubunwwnwpptph Yninnwydwl nhuw-
dhywjh b mbinBuwlwl ptpph hGwn npwug onwpdwl ypw hwlpwjhu b opquwlwywlu
nwpptp ywpwpunwunietph wgnbgniejwl Jepwpbpjw] ywwnwpdwéd niuncduwuh-
nniejntluGph wnpnyniupltnp:

Mwnqyby £, np pwpap (Gruwiht gnunnt ([Jugdwé ublwhnntph ypw wékgynn qup-
Uwlwgwlu qwpnt Ynnuhg ulbnwwwpptph Yninwynwdp W pGpph hGwn npwlg ownwn-
Jwu (61h) pwuwynieniup ywjdwlwynpwséd £ pwlwpnyuh YELuwpwlwywl wnwla-
Uwhwwn-yniejwdp, hnnh Jwypnuwpptph wywpnibwynipjwdp, wywpwnpuwljniptnh
nGuwyny, ptnpph pwuwyny b 2npwyw dhpwywiph Eyninghwywl wwjdwuubpny:

Jwlpuyhl b opquliwlwl wwpwpunwlyniptn — qunlwlwgwl quinh —
vblinwwnwnppbn — Ynuwnwydwl nhuwdhlyw

The results of studies of the influence of mineral and organic various fertilizers on
the dynamics of nutrients accumulation of spring barley and their outflow with yield
have been summarized.

The accumulation of nutrients of spring barley cultivated on washed chernozem of
high mountainous region and their outflow with yield are conditioned by crop biological
characteristics, content of soil macro nutrients, type of fertilizers, yield quantity and
environment ecological conditions.

Mineral and organic fertilizers — spring barley — nutrients — accumulation dynamics
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BJIMSAAHUE OPTAHUYECKUX U MUHEPAJIbHBIX VIOGPEHUN HA TMHAMUKY HAKOITJIEHWSA ITUTATEJIBHBIX BEIIECTB...

Opranudeckue ¥ MUHEPAIbHBIC YIOOPEHHS YIIydIIaloT OaJlaHC NMUTATeNbHBIX Be-
IIECTB B 3€MJICEIMH U CHOCOOCTBYIOT IOBBIMICHHIO YPOXasl CEbCKOXO3SHCTBEHHBIX
KyJbTYp U Ka4ecTBa MOIy4aeMOi ITPOIYKIIHH.

LleHHOCTH OpraHMYecKUX yIO0OpEHUH 3aKI04YaeTcsi B OOIBIIOM COAEPKAHUM ITHTa-
TENBHBIX BEIECTB U MPEXKIIE BCEro a3ota, hochopa, Kajms U psia MHKPOIIIEMEHTOB. [103-
TOMY IIPU UX NPUMEHEHHU MOMOJIHIETCS 3arac MOABIKHBIX MUTATENbHBIX AJIEMEHTOB B
MI0YBE, YTO SBJIACTCS BAXXHBIM YCIIOBUEM YJIYyUIIEHUS KPYroBOPOTa MAaKpO- ¥ MHKpOAJie-
MEHTOB B CHCTEME I104Ba-pacTeHHe. 3HAUUTENIbHAsL YacTh MUTATENIbHBIX BEIIECTB, B3ATAs
pacTeHUSAMH W3 TIOYBBI, @ TAK)KE U3 BHECEHHBIX MUHEPAIBHBIX YIOOPEHHU, C KOPMaMU U
MOICTHIIKOM IEPEXOIUT B OPraHNUEeCKUe yI00pPEHHS, a 3aTeM BO3BPAILlACTCS B ITOYBY.

B nocnennue ronpl 60IbIIOe 3HAYCHHE TPUIACTCS U3YYCHHIO TMHAMUKH HAKOILIE-
HUS ¥ BBIHOCA IIMTATEIIbHBIX BEILECTB C YPOXKAEM CEIbCKOXO3SHCTBEHHBIX KyabTyp. [Ipu
HaJIMYUH TOJOOHBIX JAHHBIX CTAaHOBUTCS BO3MOXKHBIM PETyIHpOBATh MUTAHUE PACTEHHI
OoJsiee 1I€TICYCTPEMIICHHO, TIONy4aTh BBICOKHH M JI0OpOKAYEeCTBEHHBIH YpOXaH, OJ-
HOBPEMEHHO YJIy4IIaTh INIOAOPOIHE MOYB.

MHOrMMH aBTOpPaMH yCTaHOBJIEHO, YTO OKOJIO 35-60 % cyXHX BEIeCcTB B pacTeHH-
SIX 3€PHOBBIX KyJbTYp HaKalUIUBaeTCs B TCUCHHE NEPBOM IOJIOBUHBI BereTaluu (10 Ko-
nomrenus), a 40-60 % - Bo Bropoil. Ha ArHaMUKy HaKOIUIGHMS! CyXHX BEILECTB B 3HAYH-
TEJIbHOW Mepe BIHAIOT COJEp)KaHWE IO/BMKHBIX NMHUTATENIBHBIX 3JEMEHTOB IOYB U KIIHU-
MaTHuecKue ycaoBusa. Ha pocT u pa3BuUTHE pacTeHHd 3epHOBBIX KYJIbTYP B ONpPEAEICHHON
CTENEHH BIUSAIOT TaKKe MHUHEpAIbHbIE M OpraHMYecKHe YHOOpEeHHS W JpyrHe BHEIIHHUE
(akTOpBI OKpY>KaroLIei Cpeibl, B YACTHOCTH TEXHOT€HHAs 3arpsi3HEHHOCTH 1104B [1, 2, 6, 7].

B no4YBEHHO-KIIMMATHYECKHX YCIOBUSAX APMEHUH BOIPOCHI JMHAMHUKH HAKOTLIE-
HUS TUTATEIBHBIX JIEMEHTOB U MX BBIHOCA U3 TIOYBHI C YPOXKAEM Pa3IMYHBIX CEIbCKO-
XO3SIMCTBEHHBIX KyJIbTYp OBUIM M3y4eHBI MHOTMMH aBTOpamMu [1 — 4]. YcraHOBIEHO, YTO
BBIHOC IIMTATEIBHBIX JIEMEHTOB M3 ITOYBHI 3aBHCHUT OT YPOBHS yPOXKaHHOCTH, OMOIOTH-
YeCKUX OCOOCHHOCTEH BO3JENBIBAEMOTO COPTa, COJEPIKaHUS TOABHMKHBIX MUTATEIbHBIX
9JIEMEHTOB B I10YBE, a TAKXKe KIMMaTUIECKUX YCIOBHM.

BbIHOC MUTATENBHBIX JIEMEHTOB C YPOXKAaeM SPOBOTO SUMEHS B TIOUYBEHHO-KIIMMa-
THUYECKUX YCIOBUAX ANapaHCKOro perioHa J0 CUX IOp ellle He U3y4eH. Vcxos u3 3toro,
MBI H3y4aJdd BIMSHHE OPTaHWYECKMX M MHUHEPAIbHBIX YIOOpEHHH Ha JUHAMHUKY
HaKOIUICHHUS MHUTATENIbHBIX 3JIEMEHTOB B PACTEHHUSX SIPOBOTO SMMEHS M MX BBIHOC C YpO-
HKAeM.

Mamepuan u memoduka. C 3TOH LEJbIO B YCIOBUAX ANapaHCKOro perioHa (AnapaHckas
o6muua) B 2009-2011 rr. HAMKM Ha TOPHBIX BBIIICIOYCHHBIX YEPHO3EMax MPOBEICHBI MOJICBbIC
onbIThL. OMBITH 3aK/IaIBIBAIICH HA IE/ISHKAX ILI0mabio 100 M? ¢ TPeXKpaTHOI MOBTOPHOCTHIO. B
KauecTBe yAOoOpeHHi mpuMeHsunch ammuaynas ceautpa (33 %), npocroii cynepdocdar (18 %),
40 %-Hast kanuiiHas conb, neokapbopoc (N — 16 %, P,0Os — 16 %), nomynepenpeBiuuii HaBo3, rae
N, P,0Os, K;O cootBerctBenno cocrasmsitor 0,5; 0,26; 0,6 %, OMoryMyc W NTHYMH IIOMET B
Opukerax, KoTopsie conepxat 2,5 % N, 2,7 % P,Os u 2,9 % K,0.

Vo0peHus: BHOCHIKCH Bpa30poc MpH MPOBEACHUH KyJIbTUBALMU NOYBbI. ONbBITH IPOBO-
JTUITACH C PAiiOHUPOBAHHBIM COPTOM sipoBoro stamenst “Hytanc”, ¢ Hopmoii BeiceBa 200 kr/ra, mo-
CEB ITPOBOMIICS BO BTOPOI1 Ziekaze Masi, yOopKa ypokasi — BO BTOPOil OJIOBHHE CEHTSOPSL.

[To4BBI ONMBITHBIX YYaCTKOB UMEIOT HU3KYIO 00ECHEeYEeHHOCTh JIETKOTHUIPOIN3YEMBIM a30-
TOM, CPEHIOI0 00ecrie4eHHOCTh POCc(OpPOM M BHICOKYIO — KAJIUEM.

Pezynomamut u oocyrycoenue. IlpuBeneHnsie B Taba. 1 pe3ynbTaThl UCCIEI0Ba-
HUI CBUAETENLCTBYIOT O 3HAYUTENIBHBIX KOJEOAHUSIX WHTEHCHBHOCTH HAKOIUICHUS IH-
TaTCJIbHBIX 3JICMCHTOB 11O (’pasaM PpOCTa 1 pasBUTHUA APOBOTO AUMCHI. TaK, MaKCUMaJib-
HOC€ KOJIMYCCTBO IIUTATCJIBHBIX 3JICMCHTOB HAKAIlJINBACTCA B (1)336 KyLICHUA.
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ConepixaHue a3oTa B pacTeHHAX KOHTPOJILHOTO BapuaHTta cocrasisieT 1,48 %, a B
BapuaHTax NgoPsoKso; NeoPso (Lieokapbodoc), monynepenpeniunii Hapo3 12 1/ra, GHOTy-
Mmyc 2,4 1/ra coorBerctBenHo 2,0; 1,9; 1,8 u 2,1 %. MuHepajibHble U OpraHHYECKHE
YA00peHUsl TaKKke COoCOOCTBOBAIM M3MEHEHHIO cojepxkanus pocdopa u kamus. Tak, B
pacTeHHsX KOHTPOJILHOTO BapHaHTa conepikanue dochopa cocraBuio 0,6, NgoPgsoKso —
0,95, B Bapuanrax NgPgo (11eokap6odoc) u duorymyc 2,4 1/ra coorsercrBeHHo 0,86 u
0,92 %.

Tadauua 1. BaustHue opraHo-MUHEpaNIbHBIX yI00pEeHHi Ha IMHAMUKY
HAKOILUTCHHS ITUTATEbHBIX YIEMEHTOB B PACTEHIIIX IPOBOTO SUMEHI

ConeprkaHne MUTATENIbHBIX BEIIECTB B BO3IYIIIHO-CYXOH Macce, %

KyLlIeHUEe KOJIOILICHUE I0JIHAs CIICIIOCTh

Bapuantst
3epHO conoma

N | P,Os | KO| N | P,Os | KO

N | P,Os | KKO| N | POs | K,O

Korrrpors (6e3 ynobpermit) | 148 | 0,60 | 1,62 | 0,60 | 042 | 0,80 | 1,02 | 0,24 | 0,18 | 0,19 | 0,12 | 0,29

NeoPeoKso 2,00 [ 0,95 [ 229|092 | 0,64 | 1,22 | 1,24 | 0,31 | 0,25 | 0,23 | 0,16 | 0,40

NeoPgo (ieokapbodoc) 1,90 | 0,86 | 2,03 | 0,90 | 0,56 | 0,95 | 1,16 | 0,30 | 0,21 | 0,22 | 0,15 | 0,33

Tomynepenpepimii HaBo3
12 1/ra

buorymyc 2,4 1/ra 2,10 [ 0,92 [ 229 | 1,02 | 0,70 | 1,16 | 1,12 | 0,30 | 0,26 | 0,23 | 0,18 | 0,40

TTtuunit momer (GpuKeTHI)
2,4 1/ra

1,80 [ 0,75 | 2,04 | 0,84 | 0,52 | 1,08 | 1,22 | 0,29 | 0,23 | 0,22 | 0,15 | 0,38

2,00 | 0,84 [ 2,26 | 1,05 0,70 | 1,22 | 1,24 | 0,30 | 0,25 | 0,22 | 0,16 | 0,39

MakcrManbHOe HAKOIUICHHE Kallis B PAcTCHHsAX OTMedaeTcss B (pase KyleHws.
Ecin B KOHTPOJILHOM BapHaHTE COJIEpXKaHHE Kallksi B pacTeHHsx coctaBwio 1,62 %, To B
BapraHTax NgPgKg 1 Onorymyc 2,4 1/ra ero copepxanue poxomur no 2,20 u 2,29 %
COOTBETCTBEHHO.

W3 nmanHbIX Taba. 1 BUIHO, YTO B MOCIEAYIOMIMX (pa3zax pocTa W pasBUTHS SIPOBOTO
SIMMEHST TEMITbl HaKOIUICHHSI NMTATENBHBIX dneMeHToB nanart. Conepxanne NPK B daze
KOJIOILICHHS TI0 CPAaBHEHHUIO C COJIepyKaHieM B (ha3e KylleHUs] MeHbIe — a3oTa B 2-2,2, doc-
¢opa - B 1,2-1,4 1 kanust - B 1,9-2,0 paza.

AHaIOrNYHbIe 3aKOHOMEPHOCTH HAKOTUICHHSI MUTATENIbHBIX AJIEMEHTOB B PACTCHHSIX
YCTaHOBJICHBI M IPYTUMH aBTOpamHu |3, 5].

B (ase KyiieHUs W KOJOIICHHS PACTEHHUS COIACPKAT OOJIbIle Kalius, YeM a30Ta U
¢dochopa. B kontponsHoMm Bapuante cootHomieHne N:P,Os: K,O B ¢ase kosomieHus
cocrasmser 1:0,7:1,3, a B BapuanTax NgoPgoKgo, momymepenpepimit HaBo3 12 1/ra, Guorymyc
2,4 1/ra v nTruuii momet 2,4 1/ra coorsercTBenHo 1:0,7:1,3; 1:0,6:1,2; 1:0,6:1,1 u 1:0,7:1,2.

[Ipu mosmHOM CO3peBaHUM YpOXKash MPOMCXOAUT 3aMETHOE IepepacrpelesieHre
MUTATEIbHBIX BellecTB. B 3epHe HakarumBaetcs Ooubie azora (1,02—1,24 %), docdopa
(0,24-0,31 %) u menbie kanus (0,18-0,26 %), B TO BpeMsi Kak B COJIOME HaKarIHBaeT-
cs1 cpaBHUTENBHO Ooubine kamus (0,29-0,40 %), menbie azota (0,19-0,23 %) u pocdo-
pa (0,12-0,18 %).

IpumeHeHne MUHEpPATBHBIX W OPraHMYECKUX YIOOpEHHI CIOCOOCTBYET yBEIHYe-
HHIO COJIepXKaHMs a30Ta, (hocdopa M Kaus Kak B 3epHE, TaK U B COJIOME. AHAJIM3bI TTOKa-
3aJi, 4TO cooTHomeHue nurarenbHbiX BetnectB (N:P:K) B 3epHe u conmome cocraBnseT: B
koHTponsbHOM Bapuante 1:0,23:0,18 m 1:0,6:1,52, a B Bapmantax NgPsKe 1 Omorymyc
2,4 1/ra - 1:0,25:0,2; 1:0,26:0,23 u 1:0,69:1,7; 1:0,78:1,74.

Takum 00pa3oM, B YCIIOBHSIX TOPHBIX BBIIICIIOUCHHBIX YEPHO3EeMOB ATIAPAHCKOTO pe-
THOHA COJIepyKaHHe Kallis 1 a30Ta B SIPOBOM sUMEHE B (ha3ax KyILEHHs U KOJOUICHUS 3HAYHU-
TeNbHO Ootblle, a hocdopa — MeHbIIIE.
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ITo mepe pocta W pa3BHTHS PacTCHUH COIEpIKAHHE MHUTATENBbHBIX BEIIECTB B HHX
MIOCTETEHHO M3MEHSETCs, TaK YTO B KOHEYHOM CUETEe B 3€pHE HaKaIUIMBAETCs OOJBIIE a30Ta
u (ocdopa, a B COIOME - Kausl.

JlaHHbIe TMHAMIKA HaKOIUICHHS [TTATENBHBIX JIEMEHTOB B PACTEHHSIX MOKA3bIBAIOT,
YTO HaKOIUTCHHE KaJIWsl IO TIOJHOTO CO3PEBAHMSI IIPOUCXOAUT MHTEHCHBHO, B KOHEYHOM Ke
yporKae ero CojieprKaHre YaCTUYHO YMEHBIIIACTCSL.

Hamu OBLIO M3y4eHO TAKKe BIMSHAC MUHEPATBHBIX H OPraHHYECKUX YIOOpEHHI Ha
BBIHOC M3 TIOYBBI MMHUTATENBHBIX BEILICCTB C YPOXKaeM SPOBOTO SUMEHs. Pe3ynmbTaThl 3THX
I/ICCJIeI[OBaHI/Iﬁ TMOKa3bIBarOT, YTO BBIHOC IMUTATCJIbHBIX BCIIECTB C YPOKAEM SIPOBOI'O AUMCEHS
¢ miomaau 1 ra momBepskeH OONMBIIAM KOJICOAHHSIM U 3aBHCHT OT €r0 YPOXKAMHOCTH U BHA
BHECEHHBIX yaoOpeHuit (tabn. 2). Tak, Hanmpumep, Ipu ypoxae 3epHa sumeHs 25,1 u
conombl 30,1 wra ¢ 1 ra mouBsl BeiHOCHTCS 31,3 KT a30Ta, 9,6 kT docopa u 14,6 kr kasms.
ITo mepe yBenWueHHs YpPOXKaHHOCTH IIOBBIIIACTCS M BBIHOC IHUTATEIBHBIX BEIIECTB W3
noussl. [Ipu Gosee BEICOKOM ypoBHE ypokast 3epHa (38,2-43.2 11/ra) U COOTBETCTBYIOIIEM
ypOorKae COJIOMBI BBIHOC MTUTATENBHBIX JIEMEHTOB COCTaBIIseT: a3oTa — 51,5-65,3; dhochopa —
20,0-23,7 u xams 29,8-31,2 kr.

Tabauna 2. CozpeprkaHre IUTATEIBHBIX BEIIECTB B CyXOH Macce M MX BBIHOC
C ypoxaeM sIpoBoro stumeHs copra “Hytanc”

OOmHit BEIHOC TH-
[ TATCJIIBHBIX BCIICCTB C
ypoxaem, Kr/ra

COHCp)KaHHe NUTaTEIbHBIX BELIECTB, %

VYpoxaii, iyra .
BO3/1YILIHO-CYXO#l Macchl

BapuanTtst
3€pHO cosnoma
3epHO | comoma N P,0s | K,0
N |POs| KO | N |P0Os| KO
Konmpom: 251 | 30,1 | 1,02 | 024 | 0,18 | 0,19 | 0,12 | 029 [ 31,3 | 96 | 14,6
(6e3 ynobpenuii)
NooPsoKso 432 50,9 1,24 | 0,31 | 0,25 | 0,23 | 0,16 | 0,40 | 65,3 | 23,7 | 31,2
NisoPso (ieoxap6opoc) 40,4 47,2 1,16 | 0,30 | 0,21 | 0,22 | 0,15 | 0,33 | 57,2 | 19,2 | 24,1

Tomynepenpepmmii HaBO3
12 1/ra

Buorymyc 2,4 /ra 38,2 49,6 1,12 | 0,30 | 0,26 | 0,23 | 0,18 | 0,40 | 51,5 | 20,0 | 29,8

37,9 44,7 1,22 1 0,29 | 0,23 | 0,22 | 0,15 | 0,38 | 56,1 | 17,0 | 25,7

TTtnunii momet (6puKeThI)
2,4 1/ra

IlepepacueT BEIHOCA MUTATENBHBIX JIEMEHTOB Ha 1 IT 3epHA M COOTBETCTBYIOIIEE
KOJIMYECTBO COJIOMBI B PA3IMYHBIX BapHaHTaX OIBITA COCTABWI: asora — 1,35-1,51;
docdopa — 0,49-0,55; kamust — 0,60-0,72 kr.

O6001mas pe3yabTaThl HCCIEJOBAHHH, MOYKHO MPUHTH K CIISIYIOIIAM BEIBOJIAM:

1. 3HauKTeNbHAS YaCTh MHUTATEIBHBIX AJIEMEHTOB B SIPOBOM stumeHe copta “Hy-
TaHC” HAKAIUIMBACTCsl B MIEPBOM MOJOBUHE BEreTallMy. B manbHEHIIeM TeMITbl HaKOIIe-
HUA cHIDKaloTCs. OT ¢asbl KylieHus 10 ($as3bl KOJOMECHHUS B PACTCHUAX B OOJIBIIEM KO-
JIMYECTBE HAKAIUTUBACTCS a30T M KM, B MEHBIIEM - ocdop.

2. BeIHOC U3 ITOYBBI MUTATENBHBIX AJIEMEHTOB C YPO)KaeM IpPU NPUMEHEHUH MH-
HEpaJbHBIX U OPraHWYECKUX yIOOPEHHH B OCHOBHOM 3aBUCHUT OT YPOXKaiHOCTH SIPOBOTO
STIMEHS ¥ BHJIa BHOCUMBIX yJOOpeHHH.

3. C ypoxxaeM 3epHa sipoBoro ssuMeHst 34,8-43,2 11/ra 1 COOTBETCTBYIOIIUM KOJIH-
YECTBOM COJIOMBI BBIHOC a30Ta, (ocdopa M Kanusi COCTaBISIET COOTBETCTBEHHO 51,5-
65,3; 17,0-23,7 n 24,1-31,2 kr.

4. B dase moaHO crenocT! B 3epHE sUMEHs a3ota M gocdopa HaKarIuBaeTCs
3HAYHUTENHHO OOJIBIE, YEM KaJIHs, a B COJIOME, HA00OPOT.
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BJINSAHUE HEKOTOPBIX DTUOIIATOI'EHETUYECKHUX
GOAKTOPOB HA SKCHIPECCHIO AJTA2

E.I'. CAPKHCOBA, H.A. AHAPEACSIH,
A.A. APYTIOHSH, P.JI. AUPATIETSIH

Huemumym ouoxumuu um. I' X. Bynsamana HAH PA
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HccnenoBana akTHBHOCTB afieHO3MHIe3aMUHa3b! 2 (AJ]A2) B m1a3me KpoBH YeioBe-
Ka T0cjIe KOpeBoi BakIMHAUU. M3ydeHa crocoOHOCTh M30IMPOBAHHBIX KIETOK nepudepu-
4eCKOH KPOBH YesioBeKa U J1abOpaTOPHBIX JKUBOTHBIX NMPOAYLMPoBaTh (epmeHT. ITokasaHo,
YTO PU UIMMYHHOM OTBETE Ha KOPEBYIO BAKLMHALMIO ypoBeHb AJIA2 B I1a3Me KpOBH UEIIo-
BeKa Bo3pactaer. J{inHamuka axtiBamyi AJ{A2 xoppenupyer ¢ H3BeCTHOW JHHAMUKOHN YPOBHS
MMMYHOIJIOOYJIMHOB TI0C/IE BaKLMHALMK. MOHOLUTBI KPOBU YesioBeKa BbipabarbiBatoT AJIA2.
IMpu cTUMYIAIMK KIETOK KynbTypoil Salmonella #yphimurium Bo3pacTaeT akTHBHOCTb (ep-
menTa. Hanmune ymm¢onuToB B UHKYOALMOHHOM CMECH C MOHOLIMTAMH 3HAYUTENBHO YCHIIH-
BaeT 310T 3ddekr. B mprucyrersun NO (HUTpO3aTHBHOM cTpecce) B KIETKAX HAONIONAeTCs
BO3pacTaHue aKTUBHOCTH AJIA2, 4TO MO3BONAET NPEATONIOKNTb, YTO aKTUBHBIE HOPMBI KHC-
JIOPOJIa, HAPSITY C aJICHO3UHOM, MOTYT OBITh (DaKTOpaMH, Pery IMPYIOLIMMH aKTUBHOCTD AJIA2
pH [ATOJOTHN.

Aodenozunoesamunasa 2 — knemxu kposu — kaiemxu Kyngepa — axmusayus
epmenma— oxucrumenvruii cmpecc —NO

IGwnwgnnyb] £ wnbunghunbqwuhtwg 2-h (UMU2) wywnhynipintup Jwpnnt
wpjwl wiwaqlwind Ywpdpniyh wwwnywuwnnwdhg hGwnn: 36nmwgnundbl £ Jwpnnt
Swinwdwuwihu wpjwu W (wpnpwwnnp Yunwuphubph JGyniuwgywé peheutinh dbtin-
JGUin wpuwnpbint ntbwynepyniup: 8nig £ wipdG, np - Juwpdpniyh ywinjwundwl
huntbwihu WwwnwupiwUuh nEwpnd wpjwl wyiwqdwih U2 wynhynieintup wéanid
E: Uyinhjwgdwl inbnwpwndp hwdwwwwnwupiwunid £ ywwnywuwinntdhg hbwnn hunt-
Ungnpniihultph hwjwnuh thnthnpuniejntbubph pupwgphU: Uwpnnt wpjwl dnunghun-
UGpp wpunwquunnud U UWNU2: Salmonella &yphimurium-h Ynipinnipwiny wjn pghoubph
fupwunwdp pbpnd £ $EpdGUnnh wyinhyniejwl wéhu: huynipwghnt fuwnunipnnid
dnunghwnUutph htwn thudnghinubph wnyw)jnieintup qgwihnptu nudtnwgunwd £ wjn w-
6p: NO-h Ukpywjnipjwdp (Uhinpnqwinhy uinnpku) pehputpnid nhinygnid £ U2 wynh-
ynipjwl wé, npp ey £ wnwihu Ggpwywgut), np prywédluh wynhy dubpp wntungh-
Uh htwn UGywntn Ywpnn U hwunhuwuw UWAU2-h wynhynipiniup ywpgwynpnn gnp-
onuubp wweninghwjh dwdwuwy:

Un&Unghlnbquiuhlwq 2 — wpywl peehelbn — Yniydbph poshelitn — pepdtlnp
wlwnhywgnid — opupnwinpy upntu — NO

In present article presented the level of adenosine deaminase 2 activity (ADAZ2) in
human plasma after measles vaccination was investigated. ADA2 production in vitro by
isolated blood cells of humans and laboratory animals at stimulation by Salmonella typhi-
murium and oxidative stress was studied. It had been shown, that ADA2 activity was in-
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creased at immune response to measles vaccination. The dynamics of ADA2 activity
was correlated with the known pattern of immunoglobulin production at measles
vaccination. Human blood monocytes produced ADA2. At stimulation with Salmonella
typhimurium the increase in enzyme activity in cells was observed. The co-incubation of
monocytes with lymphocytes significantly strengthens the effect. In the presence of
nitric oxide (nitrosative stress) observed increase of ADA?2 activity allowed proposing,
that ROS as well as adenosine could regulate enzyme activity at pathology.

Adenosine deaminase 2 — blood cells — Kupffer cells — enzyme activation —
oxidative stress —NO

BHekeToYHbIH aJIeHO3UH — BayKHAs PETYJIITOpHAs! MOJIEKYJIa, KOHIIEHTpPAIHs KOTO-
pO¥ HH3Kas B HOPME, MOXKET OBICTPO BO3PACTH IPU TOBPEKICHUU TKaHEW, BOCTIAJICHUH
WJIM THIIOKCHH. B MOBPEXACHHBIX TKaHSAX W MPU BOCHIAIUTENIBHBIX MIPOLIECCaX aJCHO3UH,
SIBISAACH IPOLYKTOM pacniafa ATP, Hapsny ¢ HUM CTUMYJIUpYET ITypUHEPTHYECKUE PELieT-
Topbl. Beiopoc ATP u aneHo3rHa, UX CHTHAIIBHAS ICITEIIBHOCTD U MOCIIEYIOIIEe UCTOIIIE-
HHE B CpeJie — CYTh CTaIUU OCTPOr0 BOCTIAIUTENILHOTO OTBETA, PA3BUBAIOIIETOCs BOCIIalle-
HUSL U ero mofasnenus [5]. Perymsiuus BocnanurensHoro otBera ageHo3uaom u ATP B me-
JIOM CJIO’KHA, OCOOCHHO B aJallTHBHOM UMMYHHUTETE MJICKOIIUTAIOLINX, B CBA3U C YEM BO3-
HHUKaeT MHOTO BOIpocoB 0 posid ATP n aneno3nHa. BayxHpIM 3Tarnom 3Toil perymsiun sB-
nseTcsl Ae3aMUHUPOBaHNEe aJieHO3WHa aneHo3uHae3amuHa3on (AJIA), depmeHToM, KOTO-
pBIil IpeBpamaeT ageHo3UH U JIE30KCHA/ICHO3HH B MHO3UH U JIE30KCUMHO3MH COOTBETCT-
BeHHO. M3BecTHbI nBa Tuma ¢epmentoB ¢ AJIA akrtuBHOocThiO: AJIA1 u ADGF/AJIA2
(mm AJIA-nonoGuble Genku), GakTophl pocTa ¢ aJleHO3MH/IE3aMUHA3HON aKTUBHOCTHIO,
KOTOpbIE BIIEpBbIC OBUIM OXapakTepu3oBaHbl y Drosophila [22]. OcHoBHas (GyHKIHS
AJIA1l 3akiroyaeTcs B BBIBEJCHHM TOKCHYHBIX IPOW3BOIHBIX aJCHO3MHA M JIE30K-
CHAJICHO3UHA U 3aIlUTe KIETOK OT anonro3a [3]. Hacnencreennsril nedpuuur AJTA1 y ue-
JIOBEKA MPUBOAUT K TsKEIoMy KoMOuHMpoBaHHOMY mmmyHoneduumty (TKUMI) [11]. B
orTinuue oT xopomo uzydeHHoi AJIA1, AJIA2 uccrnenoBaHa B MEHBILIEH CTENEHH U3-3a
HHU3KOTo cozepxanus ¢epMmeHta B opranusme. B Hopme AJIA2 ompenesnsercs JTHIb B
IUTa3Me KPOBH YeIOBeKa, KaTamTHIeckasi ClocoOHoCTh ee Himke, deM y AJIA1 (K, B 100
pa3 Oonbie) U ontuMyM pH HaxomuTes B crnabokucioi odnactu npu pH 6,0, Torma kak
s AIIA1 — mipu pH 7,4 [19]. AxktuBHOCTS AJIA2 B II1a3Me 3HAYUTETEHO BO3PACTAET MPH
3a00JIeBaHMAX, PH KOTOPBIX aKTUBHPYIOTCS MOHOLMTHI/Makpodaru (remartur C, octpas
nevikemusi, BUY/CITA I, nH)EKIMOHHBII MOHOHYKJICO3 U T. [I.), B TJICBPAIBHO JKHIIKOC-
TH TIpU TYOEpKyJIE3HOM IUIEBPUTE, B CIMHHOMO3TOBON — IIpH TYOEpKYJIe3HOM MEHHUHIHTE
u T.0. AktuBHOCTh AJIA2 mpemiokeHa B KauecTBe JHarHOcTHYeckoro Tecta [1, 11, 14,
17, 18].

Iocnennue nocrxenus B paciudposke reHa AJA2 [19] nmo3BonwIN MOIYYUTH
(epMeHT B peKOMOMHAHTHOU (popMe H HcclieIoBaTh ero pusnonorndeckyro pois. [Tokaza-
HO, uTo AJIA2 HeoOxomuMa Ut AU PEepeHIIMPOBaHUS MOHOIIUTOB M CTUMYJISILIMU TIPOJTU-
(epanun MakpoharoB U JEHIPUTHBIX KIETOK. BO3MOXHO, AJIs BBINONHEHHS STOH (QyHK-
uud He Tpebyercs coOcTBeHHO AJIA-aKTHBHOCTb, a BaKHBI, CKOpEe BCEro, CBOWMCTBA
AJIA2 xak dakropa pocta [20]. [IpuunHBI 1 MEXaHH3MbI BO3pAaCTaHHs aKTUBHOCTH AJ[A2
IIPY MIATOJIOTHH ellle TPEJCTOUT HUCCIICI0BATb.

Ipu BocnaneHnH KIIETKU MPOIYLHUPYIOT akTHBHBIC (hopMmbl kuciopoaa (ADK), He-
KOHTPOJIMPYEMBI BBIOPOC KOTOPBIX NMPHBOAUT K OKHUCIHMTEIBHOMY cTpeccy. MHorue Kie-
TOYHBIE OeNMKH — (DAKTOPbI TPAHCKPHUIILMH, PELENTOPbl M (PEPMEHTHI — YyBCTBUTEIIBHBI K
9TUM ycnnoBusM. K X 4ucity npuHaUISKUT U 5'-HYKI€0THAA3a, KOTOpask akTHBUPYETCS MO/
BO3JICHCTBHEM CYNEPOKCHJI-MOHA [8], YTO MPUBOAUT K YBEJIMYEHHUIO KOHIICHTPALUH aIeHO-
3uHa. AJIGHO3MH B CBOIO O4Y€peb AaKTUBHMPYET INyTaTUOHIEPOKCUIa3y | — IeHTpaabHbIH
(epMeHT aHTHOKCHIAHTHOW 3aIlUThl Opranm3Ma [23]. YBennueHne KOHUEHTPALH aJIeHO-
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3WHA, TAKUM 00Pa30M, MOXKET OBITH Ba)KHBIM aIANTHBHBIM MEXaHHU3MOM IIPU OKHCIIUTEIb-
HOM ctpecce. B 3ol cBsi3u poms AJIA2, Kak peryisTopa ypoBHS aJeHO3HHA B YCIOBHUSX,
IIPY KOTOPBIX TPEOYIOTCS €ro BBICOKHE KOHIIEHTPALMH, IPUOOPETAET BaXKHOE 3HAYEHHE. A
Tak Kak ypoBeHb AJ[A2 Bo3pacTaeT Mmpu HEKOTOPBIX HHPEKIHIX, TO HHTEPECHO OBLIO HC-
ClIe10BaTh BO3/IEHCTBHE OKUCIUTENBHOTO CTPECCA Ha €€ aKTHBHOCTb.

B nHacrosmielt paboTte MbI HaOIIOAaMM 32 aKTHBHOCTHIO AJIA2 B mia3me KpoBH ye-
JIOBEKa I10CIe BaKIIMHALMK NTPOTUB KOpH. bbia nccienoBana Takxke criocoOHOCTh U30JIU-
POBaHHBIX KJIETOK KPOBH Y€JIOBEKA U J1aOOPaTOPHBIX KPBIC U MBIIIEH MPOIYLIMPOBATh (hep-
MEHT in Vitro, a TaKxe MPH CTUMYJIMPOBAaHUHU KIETOK KyJbTypoit Salmonella typhimurium
U B YCIIOBUSIX OKHCIIUTEIBHOTO CTpecca.

Mamepuan u memoouxa. B pabote MCronb30BaH IU1a3My KPOBH JJOOPOBOJIBLIEB — COTPYIHHU-
KOB J1a00paTOpHY, a TaKKe OEIIbIX JIAOOPaTOPHBIX KPBIC U MblIe. AleHO3uH, nHruburop AJIA1 spur-
po-9-(2-runpokcu-3-nonun)-anenuHruapoxiaopun (EHNA), HBSS, HEPES, konnarenasa [V — dupmbt
“Sigma-Aldrich” Ltd. (CILIA), Ficoll — pupmsl “Serva”, kommepueckuii npenapat sodium diatrizoate —
“Bracco Diagnostics” (CLLIA). OcTasibHble peaKTHBbI BEICOKO# CTEIIEHH OYHCTKH.

Mouonykneaps! nepudepudeckoid kposu (PBMC) nomyyanu o Boyum [6]: BeHO3HYIO KpOBb
C aHTHUKOATyJSIHTOM (B cooTHowIeHuH 9:1 ¢ 3,8%-HbIM nuTpaTOM HaTpusi) pa3dasisiim B 2-4 paza ¢us-
pactBopom ¢ 20 MM K-docdatroro 6ydepa (PBS) u 2 mn pa3baBneHHON KPOBH HAaHOCHIIM Ha JBYX-
croitnbiii rpaguent Ficoll-diatrizoate (2 mu miotHOCTREO 1.078 HacnanBamm Ha 2 Mit IioTHOCTHO 1.119
B 10-MumunuTpoBoii mpodupke) u teHTprudyriuposany B Tedenue 30 mud npu 3500 06/muH. Bepxauit
cioit, coneprkasumii PBMC, cobupaiu, nocie TpexxkpartHoro npombisanust PBS kiierku cmermBanm ¢
HBSS ¢ 20 MM HEPES, pH 7.35. IloxcuuTtsiBanm 9ucio KJISTOK M ONpeNersuT akTUBHOCTD AJIA Kite-
TOYHOM cycrieH3un. J{iist momy4eHus HepBHYHBIX MOHOLIMTOB 0caziok KieTok B Oydepe ¢ 0.1 MM CaCl,
BBICEBAJIM HA KYJITypallbHbIC IUIaThl U HHKYOMpoBanu B TeueHue 1-1,5 u mpu 37°C. Tlpukpenupimecst
KJIETKHM — MOHOLIUTBI ¥ HE TIPHKPETMBLINECS — IMM(OLMTHI TPHKIbI IPOMbIBAIN OY(hepoM U HCIIOINb30-
BaJIU Janee B dKcrepuMmeHTax. Ilomcuer kieTok mpousBoAmiaM B kamepe [opsieBa, HCIONIb30BaHbI
TospKo npemnapatsl ¢ 80-90%-noit unctotoil. Iponenypa ouncTku npuBoAuIa K npumepHo 90%-Hoit
YUCTOTE JUM(OIMTOB U MOHOLIMTOB, U YUCIIO YKH3HECTIOCOOHBIX KIIETOK cocTaBisuio =~ 90%, onpene-
JICHHBIX C OMOLIBIO TPHITAHOBOI'O CHHETO.

KpoBb KpbIC NOTy4anu MyHKLUUEH U3 CepALa MIIPULIEM C TEIIAPHHOM, 3aTeM KIETKH pa3JIeisuin
no Boyum [6], xak onucaHo Bblile, B rpaguente miotHocreil 1,087 u 1,129 Ficoll-diatrizoate s
PBMC u PMN cootBetcTBeHHO. [Iponieypa B OCHOBHOM ITOBTOPSICT POLIEYPY I TTOTyHYEHHUS Kile-
TOK KPOBH Y€JIOBEKA, ONIMCAHHYIO BBILLIE.

IleyeHs J1a00paTOPHBIX KMBOTHBIX MOABEPraiy rnepdy3nn mosTarnHol 00pabOTKOI pacTBOPOM
kosutarenasel 1V, mo meromuke Seglen [16], mpomeBan PBS u cycnenauposaiu 8 HBSS ¢ 20 MM
HEPES, pH 7,35. Ilocne uentpudyruposanus rpu 50 g B redenre 10 MUH Hag0calouHbli pacTBOp, CO-
JIepyKaBILHI KIETKH, HaHOCHIH Ha cMech Ficoll-diatrizoate motaocTsio 1,1 1 ueHTpudyriuposamm npu
3500 o6/muH B Teuenue 30 muH. Bepxuuii croit comeprkain unctsie kiaetku Kyndepa, kotopsie mocie
TPEXKPATHOT'O IIPOMBIBAHMS TEM ke Oy(PepoM HCIONBb30BAIH B IKCIIEPUMEHTAX.

IeputoHuT y 1a00PaTOPHBIX KUBOTHBIX BBI3BIBAIM MHBEKIUEH CONEP)KMMBIM CIICHION KHMILKH
KpbIC WM Mbliel, 0,5 r/Kr BHyTpHOPIOIINHHO, Kak omvcaHo B [9]. ITo ucreyennn 20 4 KMBOTHBIX
MO/IBEPrallil AHECTE3WH M KIETKA COOMpATM TPEXKPATHBIM IPOMBIBAHKHEM OproliHOW monoctu PBS.
Knerxu Tprk sl npomsiBay PBS 1 ucnonbs30Bany B 9KCIIEPUMEHTaX.

AxrtuBHOCcTh AJIA (AJlAtotal, AZTA1 n AJIA2) B ma3me KpoBH M B KJICTOUHBIX CYCIICH3USAX
OIpeJIeIUIN TaK JKe, Kak ornucaHo B [4]. AxtuBHocTh AJIA2 m3mepsimn B npucyrctBuu 0,04 MM
EHNA, crienmgugeckoro uaruduropa AJIA1, KoTopslii JeMacKupyeT akTHBHOCTb AJIA2. AKTHBHOCT
AJIA1 nonyuena BoruntanueM AJIA2 u3 AJlAtotal. 3nauenus akruBHOCTH AJIA B mia3Me BbIpaykKeHbI
B ©JIMHUIAX aKTUBHOCTHU Ha jutp, U/l; B roMOreHarax v KJIETOUYHbIX CYCHEH3HsX - B €AMHUIIAX aKTHB-
HOCTH Ha MT OeJKa ¥ Ha YKCIIO KJIETOK COOTBETCTBEHHO. 3a eMHuUILy akTHBHOCTH AJIA ObLTO TIPUHATO
KOJIM4EeCTBO (pepMeHTa, oOpasyrouiero 1 HMonp aMmMuaka 3a 1| MUH/Y B YKa3aHHBIX YCIIOBUSIX SKCIEpPH-
menTa. benok onpenernsimu o meroxy Bradford [7], ucrons3yst B kauectse cranmapra BCA.

B kauecTBe HCTOYHHMKOB KHCIOPOIHBIX PaJUKAIOB ObUIM MCHOJIB30BaHbI PACTBOPBI HUTPUTA U
HUTpoIpyccua Hatpus. Kiletounsle cycnieH3nu npejsapuTeIbHo MHKyOnpoBaam ¢ IMM a3una HaTpus
B Teuenue 10 mun npu 37°C [u1s1 oAaBIICHUsI aKTUBHOCTH KaTanasbl. Jlanee KjIeTKku HHKYOUpOBaIIi ¢
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pasIMUHBIMU KOHLEHTpauussMu Hutputa (0-75 MM) u Hutponpyccuaa Hatpus (0-40 mM) B HBSS ¢
20 mM HEPES, pH 7,0, B Teuerne 15 mun npu 37°C 1 U3 Kaxmaoi mpoObl OTOMPATH aTMKBOTBI YISt
ompe/eneHys B HUX akTHBHOCTH AJIA. KoHTponeM iy xuim KIeTKH, HHKyOUpOBaHHBIE B Oydepe 6e3
1100aBOK.

Pe3ynbrarThl aHAIM3UPOBAIN C HCHONB30BaHHEM Matpuibl Non-linear Fit nporpammsl Grafit,
version 5.0.3 for Windows (Erithacus Software, USA) [12].

CraTUCTHYECKUi aHaM3 TPOBOIWIM C HCIOJb30BaHHeM mnporpammbl InStat, version 3 for
Windows (GraphPad Software, Inc., San Diego, CA, USA), crenupuyeckue pa3indus OLECHUBAIN B
Student’s two-tailed t-test. JlaHHbIC IPUBEACHBI KaK CPEIHIE & CTaHAApPTHAs OIIHOKa.

Pezynomameut u oocysycoenue. Kax yxxe oTMeuyanoch BbIIIE, IPU HEKOTOPHIX 3a-
OoneBaHuAX ypoBeHb AJIA HOBBIIIAETCS B KHIKOCTSAX OpraHu3Ma (IIeBpaIbHOM, CITUH-
HOMO3I0OBOH, CHHOBHAJIbHOW M T.1.) B OCHOBHOM 3a CUET BO3PAaCTaHUS AKTUBHOCTH
AJ1A2. AKTHBHOCTH TIOCIIETHEH OnpeeNnsieTcs JUIIb B IIa3Me KPOBU YeJIOBeKa, U OBLIO
HMHTEPECHO IIPOCIEIUTh 3a Hell IPU HMMYHHOM OTBETE I0CiIe BakuuHauu. Bocmnois3o-
BaBIINCh TE€M, YTO MOJIO/IBIM COTPYIHUKAM Ja00paTOpUU B MOJIMKIMHUKE OblIa clenana
MIPUBUBKA OT KOPH, MBI ITPOCIIEIMIIN 32 YPOBHEM akTHUBHOCTH AJIA2 B mia3me, Kaxble
3-4 mus onpenensist y HuX AJ[A-aKTHBHOCTb.

20 1

n

10

Axmusnocts AJIA, U/

0 10 20 30 40 50 60

Jlun

Puc. 1. AktuBHocTh AJIA B m1a3me KpoBU NOCIIE KOPEBOH BaKLMHALIMH.
3aBucuMoOCTh akTHBHOCTH AJIA OT BpeMEeHH UMMYHHOT'O OTBETa:
(--0--) = AllAui; (- A-) — ADAL; (-e-) — ADA2.

AxkrtuHocTs AJIA, onpeeneHHas 10 MPUBUBKH, OblIa PHHATA 32 KOHTPOIIb.

Ha puc. 1 npuBenens! kpuBble akTHBHOCTH AJIA B ruia3me 3a 1Ba Mecsia HaOo-
nenuit. Ha rpaguke 4eTko npociiexuBaercsi TuHaMuKa Bozpactanus AJIA2, koropas roc-
TUraeT Makcumyma Ha 15-20 neHp u cocraBnsier mpumepHo 16 U/l, 3aTeM mocTerneHHO
BO3BpallaeTcss K HopMe. Eciu cpaBHUTh MONYy4YEHHYIO JUHAMUKY akTuBHOcTH AJIA2 ¢
OIMCAaHHOW IMHAMUKOH Pa3BUTHsI HUMMYHHOTO OTBeTa [15], TO epBbIi MK COOTBETCTBYET
5-10 nusM, KOrza pacteT ypoBeHb IgM, a HapacTaHue BTOPOro HaOJII01aeTCsl MPUMEPHO C
JIECSITOTO TTHSI, TO €cTh BMecTe ¢ poctoM ypoBHA IgG. MuTtepecno, uto AJIA1, ynas 1o
HYJI cpa3y TOCJE NMPHUBUBKH, OBICTPO BOCCTAHABJIMBACTCS U JICPIKUTCS HA TOCTOSHHOM
ypoBHe, paBHOM mipumepHo 3,0 U/l

3nagenus aktuBHOCTH AJIA1 B Tompko uro momydeHHBIXx PBMC m PMN odens
Hu3KkU, a AJ[A2 npakTUYeCKH HE BBIABICHA HU B OJHOM M3 HCCIEIOBAaHHBIX THUIIOB KJle-
Tok. OnHaKo uepe3 HeckoybKo yacoB nHkybamu B HBSS ¢ HEPES, pH 7,0 npu 37°C mo-
HOLIMTHI 00HAPYKMBAIOT HU3KYIO akTHUBHOCTh AJIA2 (maHHBIe He puBeneHbl). Jlasee ¢
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LEeTbI0 CTUMYJIMPOBAHHUS KJISTKUA HHKYOHPOBaJM (B TeYeHHUE §-H 4) B IPUCYTCTBHU Salmo-
nella typhimurium, 3atem onpenensiim akTUBHOCTE AJ[A2 B MoHOUUTaxX, JMM(ONUTAX,
HEeWTpo(UIax U B CMEUIAHHBIX CYCIIEH3HUAX MOHOIIMTOB C JIMM(OLUTAMU HIIH C HEUTPODH-
J1aMH, a Taroke IUMGOIMTOB ¢ HelTpoduiamu. B npucyTcTBin 6akTepuii MOHOLUTHI IIPO-
JyLIUPOBAJIM BBIPAKEHHYIO akTUBHOCTh AJIA 2. B cMmemaHHOM CycHeH3MH MOHOITUTOB C
muM(OIMTaMU HaOJFOIATIOCh 3HAYMTENILHOE yBeNnueHne akTHBHOCTH AJIA2 mo cpaBHe-
HHIO C CyCIICH3UEH TOJIBKO MOHOILIMTOB 3a OJIHO U TO K€ BpeMsi HHKyOaiuu (puc. 2). Bau-
MOJICHCTBHE KIIETOK, TAKUM 00pa3oM, SBIISETCS HEOOXOIUMBIM YCIIOBUEM IS IPOSIBIICHUS
aktuBHOCTH AJIA2.

HMone NH,/ vac { 10°kneTok

Bpema, vac

Puc. 2. 3aBucumocts akTHBHOCTH AJIA2 B M30JIMPOBAHHBIX KIIETKaX KPOBH,
CTUMYJIMPOBAHHBIX S. typhimurium (MoHOUUTAX (-O-) U MOHOLUTAX/TMM(OLUTAX
(-»-)) oT Bpemenu nHKyOauun. [IpuBeaeHHbIe rpadMKH NOTyYeHbl BBIMUTAHUEM
U3 KPUBBIX JUISl CMEIIAHHBIX CYCIICH3UIl, KPUBBIX, MOJTYyYESHHBIX OTIEIBHO
TSt TUM(GOLIUTOB U OTIAENBHO [ist S. fyphimurium. 31ech U Ha puc.3 Kaxaas
TOYKA MPEJCTABISIET COOOH CpeiHee TPeX HE3aBUCHMBIX 3KCIIEPHMEHTOB.

Bce 3nauenus akruBHOCTH AJIA2 3HAUNUTENHFHO OTIIMYANNCH OT KOHTPOJs (p <0.005).

Cycnensuro MoHOIUTOB ¢ JuMmdorutamMu (PBMC) nocine BbIIENCHUSI U TPOMBIBKU
uHkyouposanu B TeueHue 5 u B HBSS ¢ HEPES, pH 7,0, nipu 37°C, iput 3T0M B cpelie Ha-
KarBajIcss (GepMeHT. 3aTeM KIETKH IHOIBEpraly BO3AEHCTBHIO NEPEKHCH BOJOpPOAA U
HUTPHUTA HATPHsI, KOTOPBIE HCIIOJIB30BAIN B KadecTBe MmpoayneHToB ADK.

200

m
=

Axtuenocte ADA, %

100

[NaN©,), MM

Puc. 3. 3aBucumocts aktuBHOCTH AJIA2 B cycnen3uu PMBC ot
xoHueHTpauu NaNO,. Korrponsasie (100%) 3HaueHNS aKTHBHOCTH
MIPEACTABILIFOT COOOW pe3ysbTaT MHKYOaluK KIETOK TOJIBKO B Oydepe.
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B mpucyrcTBun HuTpUTa HaTpus HaOmonxamu aktuBanuio AJIA2 na ~80% ot mc-
XOIHOW aKTUBHOCTH, ¢ MakcumymoMm mpu 10-15 MM NaNO, (puc.3). Anamorudssie
3aBucumoctd ot HITH Obuti momydeHsl Takxke Uil OYMIIEHHOTo (epMeHTa W3 IIa3Mbl
KpOBH 4enoBeka [2].

B xneTkax KpoBH U TKaHEH 71a00paTOpHBIX KUBOTHEIX AJIA2 He OblTa 0OHApYIKeHa,
B HUX BbIsiBIeHA b AJIA1. YTOOBI CTUMYIMPOBATh UMMYHHBII OTBET y KPBIC U MbIIIEH,
UM BBOJWJIM 3PUTPOLIUTHI YEJIOBEKA; B JIPYIWX OIBITAX Y KHUBOTHBIX BBI3BIBAJIN CEIICHC
HUHBEKLMEH CONEP)KMMBIM CIIETION KUIIKH WM 3apaXKald UX KyJIbTYpod S. typhimurium.
XO0T4 y 3apaKeHHBIX )KUBOTHBIX B IUIa3ME€ KPOBH Mbl He HaOmonamu uHaykurn AJIA2, B
KJIeTKax neputoHeanbHoro cMbia (IIC), cocTosBIero NpeMMyIECTBEHHO U3 Makpodaros,
oTMeuany HeKoTopyto AJIA2 aKTUBHOCTb. DTH KIETKU ObLIN HOBEPTHYTHI Aajiee BO3ACHCT-
Buro ADK. Ha puc. 4a npencrasiena 3aBucumMoctb akTHBHOCTH AJIA2 B Makpodarax [1C ot
konnentparuu HITH. Kpusble 3aBucumoctr akTuBHOCTH AJIA2 UMErOT JopMy KOJIOKOJIA C
MaKCHMYMOM IpY KOHLIEHTPAIMN PEAreHToB OKoo 15 MM.

AkmneHocTs ADA,, %
AxtnenocTs AJA, %

Hmone NH4/ vac / 107knerox

[] 10 20 30 40 50

NaNCy. MM NaNO5, MM

Puc 4. 3aBucumocts aktuBHOCTH AJIA2 B KiteTkax ot koHueHTpauuu ADK.

a - Makpodary epuTOHEaTBHOTO CMBIBA MBIIIH, 3aPAXKEHHOH S.typhimurium (-e-)
U KPBICHI C SKCIICPUMEHTAIBHBIM CETICHCOM (- A -); 6 - 3aBHCHMOCTb aKTHBHOCTH
n3zoepmentoB AJIA ot koruentpanun NaNO, B makpodarax [1C kpsic mpu
akcriepuMerTanbHoM cernicuce: AJIA1 (-0-) u AIA2 (-e-); 6 - 3aBHCUMOCTH
aktuBHocTH AJIA2 ot koHuenTpaimu NaNO, B kietkax Kyndepa mpieit,
KOHTPOJIBHBIX (-O-) ¥ UMMYHU3HUPOBAHHBIX SPUTPOIIUTAMHU (-e-)

Ha puc. 46 npusenenst 3aBucumoct aktuBHOCTH AJIA1 1 AJIA2 ot HUTpHTA HAT-
pus B makpodarax [1C KpbIC Ipu 3KCIIEPUMEHTAILHOM niepuToHuTe. C yBEIMUCHHEM KOH-
LIEHTPaLMH HATpUTA HATpHsI akTuBHOCTh AJIA1 manaer, a aktuBHOCTH AJIA2 BO3pacTtaer.
C pocrom konnentpauun NaNO, nmpoucxomauT Kak Obl NEpeKIIOueHHEe aKTHUBHOCTH C
AJIA1 ma ADA2. KpuBble aKTUBHOCTH SIBISIFOTCS 3€PKATBHBIMH OTPOKEHHUSIMH JIPYT
npyra. Oto ykiaasiBaercs B npeanonoxenue Gakis et al. [10] o romeocraze, hopmupye-
MOM B OpraHu3Me JIBYMsI H30()epMEHTaMH.

Y Mbleld, IMMYHU3UPOBaHHBIX 3PUTPOLIMTAMH YEJIOBEKa, HU B IIa3Me KPOBH, HU
B TKaHAX akTUBHOCTH AJIA2 He Obuta 0OHapy)keHa (JaHHbIe He npuBeeHsl). OnHAKO MpU
OKHUCIIUTEIBHOM CcTpecce, NpU cpaBHeHMH akTuBHOCTH AJIA2 xnerok Kyndepa stux
MBIIIEH ¢ KOHTPOJIHHBIMH, HaOMronanachk aktuBaust AJIA2 mox BozneiicteiueM NaNO,, B
KOHTPOJIbHBIX e KJIeTKax 3Toro ¢ dekra He Obu10, puc. 4 B. Takum 00pa3zoM, akTHBaIHs
¢depmenta non BoszxeiictBueM A®DK mozBoimia BeLBUTH MHAYKIHIO AJIA2 B KieTkax
TICYCHHU B OTBET HA BBEJICHUE MBIILIAM 3PUTPOIIMTOB YEIIOBEKA.

HecMoTpst Ha TO YTO y TPHIBYHOB HE ObUI OOHAPY)KEH T'€H, COOTBETCTBYHOIIHI
ADGF u otBetcTBeHHBIH 32 akTUBHOCTE AJIA2 [13], Oplia, TEM HE MEHee, IToKa3aHa CIIo-
CcOOHOCTh Makpo(daroB KpbIC MPOAYLUPOBATh aKTUBHOCTh AJIA, KOTOpasi He MOJABISIETCS
unruouropom AJIA1 EHNA [9]. Msl Tarke HaOmomann akTHBHOCTE AJIA2 B Makpo-
(harax nepuTOHHAIBLHOTO CMbIBa KPBIC U MbIIIEH U Ki1eTkax Kymndepa nedenu Mpliei npu
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BOcHaJIeHNH. 3HayeHust akTuBHOCTH AJIA2 mpu 3TOM O4YeHb HHU3KHE, HO B NPHUCYTCTBUU
AO®K oHM 3aMeTHO BO3pacTaroT. M3 ncrnonbs30BaHHbIX B KadecTBe npoayneHtoB ADK me-
pEeKHcH BOJOPOa, IEPOKCUHUTPHTA, (Fe**-ascorbate), (Fe**-H,0,), HUTPHUTA U HUTPOIPYC-
CHJIa HATPHUS TOJIBKO B IMIPUCYTCTBUH MOCIIEAHUX JIBYX HaOIlI01a/Iach akTUBaLus (pepMeHTa
(puc. 4). AxtuBHocTs AJIA2 Bo3pactaeT nox BozzeiictBueM ADK, B orimdue oT 00mb-
IIMHCTBA (DEpPMEHTOB, KOTOpHIE OOBIYHO ITOJBEPraroTCS WHIMOMPOBAHHMIO B YCIOBHSIX
OKHCIIMTENBHOTO cTpecca. PaHee Mbl HaOMIO#AMM 3TO Ha Mperaparax OYMINCHHOTO ¢ep-
MeHTa [2], 311ech ke MPUBOAATCS JaHHbIC, TIOJIydEeHHbIE Ha pa3J/Ie/IeHHbIX KJIETKaX KPOBU
4eJioBeKa, BeIpadaThiBaromux AJ{A2, a Taxoke Ha Makpodarax KpbIC ¥ MbIIIEH IpU BOcIIa-
neHud. Ha OCHOBaHMH TIOMY4YEHHBIX Pe3yJIbTaTOB MOXKHO IPEAIONOXKHUTh, YTO aKTHBHbIE
(OpMBI KHCITOPO/Ia, HAPSITY € aCHO3WHOM, MOTYT OBITh (JaKTOpaMH, PETYIHPYIOIINMH aK-
TUBHOCTh AJIA2 TIpu MaTONOTHH.

B nacrosmeit paboTe noxkasaHo, YTO NPU UMMYHHOM OTBETE Ha KOPEBYIO BaKI[H-
Hauuio ypoBeHb AJIA2 B IuiazMe KpoOBH YeJOBeKa Bo3pacraer. /IMHaMuKa akTHBalUd
AJ1A2 xoppenupyeT ¢ U3BECTHOH JWHAMUKOW YPOBHS MMMYHOIJIOOYJIMHOB IOCIIE Bak-
IUHaU. MOHOIIMTEI KPOBH YeJioBeKka BeipadathiBatoT AJIA2. Hannuue numpouunTos B
HMHKyOallMOHHOM CMECH ¢ MOHOLIMTAMH 3HAYUTENIFHO YCHIMBAeT 3TOT 3¢ddexr. B mpu-
cyrctBud NO, TO €cTh IpU HUTPO3aTUBHOM CTpECCE, B KJIETKaX HaOJlofaeTcs Bo3pacTa-
HUe akTuBHOCTH AJIA2.
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W3yuanocs BimsiHKE JICKAPCTBEHHOTO pacteHnsi creBun (Stevia rebaudiana Bertoni) Ha
(DYHKIMOHAIBHOE COCTOSIHHE CEPACYHO-COCY/MCTOMN M JIBIXATENBHON CHCTEM KPBIC B HOPME U
HPU BO3JEHCTBHY 3MOLIMOHAIBHO-3BYKOBOTO CTpecca. YCTaHOBJICHO, YTO y KPBIC, MOJTy4aB-
X it mathst 10%-Hblil HACTOM JIEKAPCTBEHHOTO PACTEHHUs CTEBUs (MEI0Basi TpaBa) U 3TOT
K€ HaCTOH T0CIIe €r0 OMarHM4MBaHMS, HAOIIOaeTCsl OCNIA0ICHHE CTPECCOPHOTO BO3/ICHCTBHS
Ha )KM3HEHHO Ba)KHbIC CHCTEMBbI OpTraHU3Ma (CEepACYHO-COCYIMCTas, AbIXATENbHAsT), UTO CBHJIE-
TEJBCTBYET 00 aHTHCTPECCOPHBIX CBOIMCTBAX 3TOTO JICKAPCTBEHHOI'O PACTEHUS.

Cmesus —cepdeuno—cocyducmaﬂ cucmema — OvIXamenbHas cucmemd —
3MOL{u0Hafle0-36yK06012 cmpecc —omMacHU4YeHnasd 68004

Nruntdbwuhnyb) E unbyhw nbnwpniuh (Stevia rebaudiana Bertoni) wqnbgnt-
@InLUU wnubwnubph uhpn-wunpwiht W 2Uswnwlywl hwdwywngtph $hghninghwywu
gnpSéwnnypUtnh ypw unpdwjnd W hnignidw-dwjuwjhu upptunpwihu gnpénuh wq-
nGgnLejwl wwjdwuubpnid: Mwnpqdb| £, np unbdhw (UEnpwhunw) nGnwpnijuh 10%-
wung penind, hugwbu bwl Unyu pnupdp Jwguhuwgnidhg hGinn unwgwéd wnlubwnubph
dnin Uywwnynwd £ uppbunpwjht gnpénuh wagnbgniejwl pniwgnid YGuuwlwunptu
Jwplnp hwdwlwngbph (uhpwn-wlnpwhu, 2Uswnwlwl) gnpdnLubniejwl Ypw, husp
Jywynud £ upqwé nbnwpnijuh hwywuppbunpwiht hwwnynie)niutpny odindwé |h-
Ut|nt Jwuhu:

Uwinbyhw — uppun-wlinpuyhl hwdwlwng — pUswnwlywl hwdwlwng — hneqnedw-
dwybuyhl upnpbu — dwqlphuwgyws gnin

Influence on functional state of the cardio-vascular and respiratory system in norm
and under action of the emotional-sound stress of the pharmaceutical plant Stevia
(Stevia rebaudiana Bertoni) has been studied. It has been revealed that in rats, received
for drinking 10% infusion of the pharmaceutical plant Stevia (honey herb) and as well
as idem infusion after it magnetization was observed the weakening of stresssoraction
on the essential systems of organism (cardio-vascular and respiratory) that testify about
antistress properties of this pharmaceutical plant.

Cardio-vascular system — respiratory system —emotional-sound stress —magnetic water
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Hamu OBLTIO yCTaHOBIIEHO IOJOXKHMTENBHOE BIMSHHE (DUTONpenapaTa Oasminka
smumMonHoro (Ocimum basilicum L.V. citrol) u ¢purocoopa nuadedur, a Takke HaMarHu-
YEeHHOH BOIBI Ha (DYHKIMOHAIBLHOE COCTOSIHHE CEepIeYHO-COCYIHCTON CHCTEMBI y 00ap-
CTBYIOIIUX KPBIC B HOPME U TIO/ BO3JEHCTBHEM IMOIMOHAIBEHO-3ByKOBOTO cTpecca (33C)
[1-3]. B mHacTosimee BpeMsi IMIHPOKO U3YYArOTCSl OMOJIOTHUECKHE XapaKTEPUCTHKH U (u-
3MOJIOTMYECKUE MEXaHU3MbI BO3JICHCTBHUS Ha OPTaHNU3M JPYroro, MaJio U3y4eHHOTO JIeKap-
CTBEHHOTO pacteHus creBus (S. rebaudiana Bertoni), o6nanaromnero aHTUruepTeH3UBHbI-
MH, perlapaTUBHBIMH, UMMYHHOMOAYJIHPYIOIIUMH, OaKTePUIIMAHBIME (IIPOTHBOBOCIIAIIH-
TEJIbHBIMH) CBOMCTBaMH, 00ECIICUNBAIOIIMMI HOPMAIH3AIMIO (PYHKIINIH HIMMYHHOW CHCTe-
MBI U HOBBILIAIONMMH YPOBEHb OMOIHEPIeTHUECKUX BO3MOXKHOCTEH opraHusma [4].

B Hacrosimedl paboTte BriepBbIe H3y4alOCh BIMSHHUE BBIPAILICHHOTO MMAPOIIOHHBIM
METOIOM B ApMEHHHU M Apliaxe YHHUKaIbHOTO M BEChbMa LIEHHOTO JIEKapCTBEHHOTO pacTe-
Hus creBus (S. rebaudiana Bertoni) (SrB) kak B OTIEIBHOCTH, TAK M B COUYETAHHU C OMAr-
HU4YeHHO# Bojoit (OMB), a Takke Tombko OMB Ha (yHKIHMOHATBHOE COCTOSIHHE Cep-
JIEIHO-COCYIUCTON ¥ JBIXaTeIbHOH CHCTEM Yy JTaOOpaTOPHBIX KpPBIC B HOPME, BO BpeMs U
nocite Bo3aeiicteus I3C.

Mamepuan u memoouxa. ONbITHI NPOBOAWIMCH Ha 16 1a6OpaTOpHBIX OOAPCTBYIOLIMX
Oenbix Kpbicax Maccoir 280-320 r B yeThIpex cepusix — M0 4 )KHUBOTHBIX B KaXKIOi, KOTOpbIE CO-
JIep KanCh B OJJMHAKOBBIX YCIIOBHSX yX0/a U KopMieHus. Kpric mepBoii cepun (KOHTPOIIb) HOMIH
o6brunoit Bopoii (IIB). Kpsic Bropoii cepun BMecto 00bruHOi [1B moumnu 10%-HbiM HacToem ¢u-
Tonpenapara cresus (SrB), Tperbeil — TeM ke HacToeM, TOJIBKO IIOCIIe €r0 OMarHMYUBAaHUS, a
4yeTBepToil — Tospk0 OMB. Ilociie HepenpHOTro COOII0ACHNS YKa3aHHOTO PEKUMa KaK Y OIBITHBIX,
TaK U Yy KOHTPOJIBHBIX KPBIC PErHCTPHPOBAIIM YacToTy cepaeunbix cokpamienuit (HCC), cucronu-
yeckoe aprepuansHoe nasneHne (CAJl) u gactoty apixanus (Y[I). DTu mapamerpsl ompenensm
cnyctsa 10-15 Mun nocie ukcanny 1 yCrIoKOeHHs )KHUBOTHBIX, 3aTeM Ha (oHe D3C Bo3xeiicTBus
1 B pa3HbIE CPOKH MOCJIE €r0 MPEKPAIICHHS.

OwmaranunBanue Hactos StB u I1B ocymecTBisinock OUH pa3 B A€Hb B T€UEHHE 3-X MUH
Ha CllelMajIbHOI MarHUTHOH nojcraBke “JKuBas Boga” co BCTPOSHHBIM MarHUTHBIM HHIYKTOPOM.

M3mepenne YCC, CAJl u Y/ nmpoBoawiu mo HM3BeCTHOW MeTomuke [5], a B KadecTBe
D3C-¢akTopa UCIOJIB30BANIN JEUCTBHUE KPBICHHOTO MHUCKa [6].

Pezynvmamut u oocyscoenue. Y cpeTHEHHbIE JAHHBIE TIOTyYSHHOTO SKCIIEPUMEHTANb-
HOrO Matepuaina, npeJcTaBjIeHHbIe B Ta0M. 1, mokaspiBarot, yto yBenumuenne YCC Kak y KOHT-
POJBHOI! ITPYMIIBI KPBIC, MOMyYaBIINX JUIL MUThS OOBIMHYIO BOAy (cepus 1), Tak U SKcrepu-
MEHTaJIbHBIX, MTOJIy4aBIINX JUII UThs HacToi SrB (cepus 2) wim oMarHM4eHHbIH HacToi StB
(cepust 3), a Taxke OMB (cepus 4), moacunrtanHoe crycts 10-15 MuH nocie GpuKcariy Ku-
BOTHBIX M UX YCIOKOCHUS, Kojiebasioch B penerax 16 ym/mun u UCC cocTaBisiio B cpeiHeM
410-426 yr/mMuH. Y KOHTPOIBHOH IpymHIibl Kpbic Ha (oHe Bo3aeiicTBrst 93C oTMedanocs yBe-
mauenre YCC B npenenax 30 yu/mus (ot 420 y/muH 10 450 yi/muH). Y KpBIC, MOMTYYaBIIAX
Hacroit SrB, yeemuuenre UCC cocrapmsuio 10 yia/mun (ot 410 yu/mun go 420 yu/mun). Y
KpBIC TpeThel cepun (MONyYaBIIMX oMarHnueHHsIil Hactoi SrB) yBemmuenne UCC Ha Qone
BozzeiictBus I3C cocrapmsuio 10 ywmun (ot 420 ym/munr no 430 ym/MuH), a y KpbIC,
TMOJTyYaBIINX TOJBKO OMarHuueHHyro Boxy, yBermmuenrne YCC Ha done D3C cocTaBisuio
13 y/muH (ot 426 y/™muH 10 439 yn/mun). [ocne npekpainenus Bozaerictust D3C K 5-if MuH
y koHTpoibHbIX Kpplc YCC ymenbmanack g0 10 ywmun (ot 450 ymeHbliamach a0
440 yn/mun), a crrycrs eme 20 MuH 1ociie npekpartenus Boszierictaust 93C oHa yMeHbIIaach
eme Ha 15 ymwmuH (10 425 yn/MuH), OJHAKO OCTaBANACh BBIIIE HCXOMHOIO YPOBHS Ha
5 y/muH. Y Kpbic, oMy4aBIMX HacToi SrB, kak Ha ¢one BozaeicTBus O3C, Tak 1 CIycTs
5 MuH nocne npekparnieHust BoaeiicTus storo crpecca YCC 3aMeTHBIX OTKJIOHEHHH OT HC-
XOIHOTO YPOBHS HE HpeTepreBala, OfHAKO cIycTs 20 MuH HaOMIOAAIoCh HEOOJbIIOE ee
YMeHbILIeHHe — 110 15 y1/MUH OT HCXOIHOTO YpoBHs — oT 420 yi/muH 10 405 yi/muH.
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bmkue pesympTarel HaOmoOAalOTCS Wy Kpbic, momydyaBmmx OM nactoit SrB:
yuarieHue ot ucxonHoro 420 y/mus o 430 yn/mun Ha done Bosneiicteus 93C u ee yMeHb-
mrenre 10 410 yn/mun criycrs 20-25 muH nocne npekpainenuss 93C BO3neHCTBYS, YTO Ha
10 y/MuH HIDKE HCXOITHOTO YPOBHS. Y KpbIC 4-i cepu, T.¢. nony4abimx OMB, Bo3zelicTBre
23® mpusommno k ydameHuto YCC Ha 13 ym/mun (ot 426 mo 439 ym/muH), a CIycTs
20-25 muH nocite nipekpartenns BozzaeiicTBust 930 UCC Bo3Bpamianach K MCXOJHBIM 3HAYe-
HUsM — 426 y1ymuH. Takum 00pa3oM, MOXKHO KOHCTATHPOBaTh, YTO Ha (hoHe Bozzerictust 93C
Habmozaetcst Hekotopoe yBeruueHne YCC y Beex deThIpex rpyIi KpbIC, YTo GoJiee HATIISIHO
TIPOSIBIISIETCS. Y KOHTPOJIBHBIX KPBIC U Y KpbIc, nonydaBimmx OMB, a y Kpblc, MOMydaBIINX
HacToit SrB u omarnndenHslit Hactoit SrB, Bosaeiictie 93C He NPUBOIUT K 3aMETHBIM OTK-
sonenreM YCC oT UCXOTHOTO YPOBHSL.
Wsyuenne munamuku usmenenust CAJl y *KUBOTHBIX, NMOMyYaBLINX U ITUThs HACTOM
SrB (cepust 2) 1 oMarHnueHHbIH HacToit StB (cepust 3) /10, pH U B pasHbIe CPOKHU TIOCIE MPEKpa-
mierwnst Bo3zerctrst D3®, BBIIBIO TEHICHIIMIO €10 COXPAHEHHs! TOYTH Ha YPOBHE MICXOIHBIX
3HAUCHHI, YTO MMEJI0O MECTO KaK Y KOHTPOJIBHBIX KpbIC (cepust 1), TaK Uy KpbIC, MOTyYaBIIHMX
st et OMB  (cepust 4). Tak, ecmm y kpeic, nomydammx [IB wman OMB, CAJl no
Bozneiicteust 93C komnebanock B mpezenax 129-131 mm pr.ct. (129 MM pr.CT y KpBIC TIEpBOiT
cepur ¥ 131 MM pPT.CT — 9eTBEPTO#t), TO Y KPBIC, MOMYYaBIIMX HACTOH SrB i oMarHMYeHHbIH
Hacroii StB, CA/] B Hopme ObUIO 4yTh HIDKE U Konebasioch B npezienax 120-125 mm pr.ct. (120
MM PT.CT Yy KPbIC BTOPOii cepuu U 125 MM pr.cT. — TpeTbeld, B cperHem). HA ¢one Bo3neiictBust
33 y KpbIC KOHTPOJIBLHOI cepurt onpenersuiock nosbienre CAJl Ha 16 M pr.ct (ot 129 Mm
PT.CT. HCXOAHOTO /10 U 145 MM pr.cT. mpu BozzekcTBun D3d), KOTOpOE CIyCTs 5 MUH I10Cie
TIpEKpaILeHNs] BO3EIHCTBIS CTpeccopa yMEHbIIATIOCh Ha 4 MM PT.CT., a ciycTs 20 MUH ellie Ha
2 MM PT.CT ¥ OCTaBaJIOCh BBIIIE UCXOIHOTO YpoBHA Ha 10 MM pT.CT. ¥ KpbIC, NOTyYaBIIHX UL
mutest OMB, ysemmyenne CAJ] cocraBisio 12 mm pr.er (or 131 MM pPT.CT HCXOIHOTO 0
143 mm pr.cr. npu BoszekictBun O3C), kotopoe cryctst 20 MUH TOCNE TPEKPAILCHUS €ro
BO3/ICHCTBHSI OCTABAJIOCH BBIINIE UCXOAHOTO YPOBHS HA 7 MM PT.CT. Y KPBIC, TTONYYABIINX IS
mThst Hactoi SrB (cepust 2), 93C Bo3zaeHCTBYE MPHBOIIIIO JIUIIL K HE3HAYHTEIIEHOMY YBEIIH-
yernro CAJl — B mpenenax 5 MM pr.ct. (0T 120 MM pT.CT. FicXomHoro 10 125 MM pT CT. BO BpeMst
Bozneiicteust I3C (akropa), a crycrst 20 MuH mocie npekpaieHns 93C Bo3neiicTBrs OHO J10-
XOIIHITO JI0 UcXOAHOTO ypoBHs (120 MM pT.CT.) Y KpBIC, MOMYyYaBIINX JUTS TSI OMAarHUYEHHBI
Hacroli creBuu (cepust 3), yemmuenre CAJl ot ncxonHoro ypoBHst npu Boszeiictsuun 93C coc-
TaBisuo 10 Mv/pr.cr. (0T 125 MM PT.CT. HCXOIHOTO YPOBHS 10 135 MM PT.CT.), KOTOpOE CITyCTst
5 mMuH nocsie BeikmodeHnst 93C yMEHbIIAIOCh Ha 5 MM PT.CT., YTO COXpaHsIIoch U K 20-i MuH,
OCTAaBasACh BBIIIIE HCXOIHOTO YPOBHS HA 5 MM PT.CT.
TaxuM 06pa3oM, MOXKHO 3aKIIOUMTh, YTO NPUMEHEHHE HacTos StB M oMarHmdeHHOro
HacTos StB npuBomMT K onperneneHHoMy orpanideHuio Boszeiictis 93C dakropa Ha cocTos-

ure CAJl y uccnemyeMpIxX KpbIC.

Ta6auua 1. Biusinue puronpenapara creBus (Stevia) 1 OMarHUYEHHON BOJIBI
Ha QyHKIMOHATIBEHOE COCTOSIHUE CEPACYHO-COCYJUCTOM U IbIXaTEIbHON
CHCTEM Y KpBIC J10, BO BpeMs U nociie Bozaeiictus 93C

B nHopwme (10 TIpu Bo3aeiicTeun Yepes 5° nocne 23C Yepes 20’ nocie D3C
Cepust Bo3zeiicTBust 93C) 93C Kon-Bo MCHOb-
OIIBITOB 30BaHHOI KHJI-
&
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N3yuenne Biusaus O3C Ha 4aCTOTY ABIXATENbHBIX ABMKCHHH (JIT), KAK 3TO OTpake-
HO B TabO1. 1, mokaszano, uro YJI y kpeic 1-if cepuut B HOpMe coctaBisiia 120 y1/MuH, KOTO-
poe Ha ¢one BozzeiicTBust D3C yuamaiocs Ha 7 1, 10Xoas 10 127 au/MuH, 94T0 COXpaHs-
JIOCh KaK cIycTs 5 MuH, Tak ¥ 20 MuH niocie npekparnenns 93C Bo3aelcTBus. Y KpBIC, TO-
nydaBimx OB, yactota a1 B HopMme cocraeisuia 113 g /mun. Ha done Bo3neiicteus O3C
OHa yBeNM4MBaiach Ha 27 jai/MuH, 1oxoas 10 130 mx /mun. CrrycTs 5 MUH Hocie npeKpartie-
nusg O3C BozzeiicTBus oHa yMmeHbluanach Ha 5, a 20 MuH — Ha 10 11 /MMH, COCTaBILsA
115 no/mun. YactoTa A7 y KpbIC, MOMYYaBIIMX HAcToi SrB (cepus 2), moutu He MeHs1ach
oT ucxoaHbIx 3HadeHui (108 nu /mun B HOopme, 110 — Ha done BozaeiictBus I3C, 105- ve-
pe3 S muH 1 103 — yepe3 20 mun nocne npekpamenns I3C BozzaeiicTus). [loutn Takas sxe
JIMHAMUKA YacTOThI A HaOJIofanach U y KpbIc, HOMy4YaBIIMX OMAarHUYeHHbIH HacToi SrB
(cepus 3).

Takum 00pa3oM, MOJKHO 3aKJIFOYMTh, YTO NPUMEHEHHe Hactosi SrB kak B oTielnb-
HOCTH, TaK M IOCJI€ €r0 OMarHWYMBaHUs, OIPaHUYMBAET OTpUIaTensHoe BiusHUe O3C Ha
aMIUTUTYJy CHCTOIMYecKoro AJl y 3KCIEepHUMEHTAIBHBIX KPBIC, TOTIa KaK Y KOHTPOJIBHBIX
KpBIC | KpbIC, ONyYaBiux Tojibko OB, Bo3netictere 93C NPUBOAUT K HEOOIIBIIIOMY OTKIIO-
Hernto CAJl B CTOpOHY €r0 YBEITHICHISI.
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YCBOEHHME NIPEBUOTHUKOB ITPUPOJHOI'O

N CUHTETUYECKOI'O IPOUCXOXIEHUA

INTAMMOM LACTOBACILLUS ACIDOPHILUS
EP 307/412 “HAPUHE” IN VITRO

I'.'T. OFAHECSH, A.A. BAPCEI'SIH, B.I1. AKOIISIH,
C.C. O'AHEC/SH, A.B. MAPYTSH

Hncmumym muxpobuonozuu, HIIL] “Apmbuomexnonocus” HAH PA
hhov@sci.am

Usyuanack 3heKTHBHOCTD YCBOCHHS PACTHTEIBHBIX WHYJIMHOB U JIAKTYJIO3bI TIPOOHO-
THYeCKUM 1TamMmoM Lactobacillus acidophilus Ep 307/412 “Hapune” B ycnoBusx in vitro.
Pa3pabotan MeTO/ BBIICICHUS U OYMCTKH HHYJIMHOB M3 Pa3IYHBIX PACTCHHIL. Y CTAHOBJICHO,
YTO JIAKTYJIO32 ¥ WHYJIMH, BBIICICHHBIH M3 KOPHEH JIOMyXa, JISTKO YCBAaMBAIOTCS IITaMMOM
“HapuHe”, Tora Kak WHYJIWH, BBIICJICHHBIN U3 IIMKOPHS, TIOUTH He ycBamBaeTcs. [1o moamep-
JKaHUIO POCTA U HAKOIUICHHIO OMOMACCHI JIAKTYJI03a U MHYJIMH, BbIIEICHHBIE U3 JIOIyXa, He-
3HAYUTEIBHO YCTYIIAIOT TIIFOKO3€.

IIpobuomuk — npebuomux — CUHOUOMUK — UHVIUH — JAKMYN03d

NuntJUwuhnyb) E pniuwlwu punchueph W jwynngngh jnipugdw wipnynt-
Uwybwnieiniup Lactobacillus acidophilus Gn 307/412 «LwphUb» wpnphnnhy 2wnwdh
ynnuhg in vitro ywjdwuubpnid: UwlyE| E mwpptGp pnyubphg huni huh wupwwndwlu
W Jwpnpdwl Gnwuwy: Iwuwnmwwndty E, np jwywnningp W Ynwnnty JGsh wpdwnubphg
wupwinywd hunchup hbwn U jnipwgynid «Lwphub» 2nwdh Ynnuhg, wju nbwpentd,
tpp dwpdwwnntyhg wuswwndwén gnpbet sh jntpwgdnud: Ueh wwhwwudwdp L YEU-
uwquugywéh Ynunwydwdp (wywnningp W Ynwinniy utdh wpdwwinlbphg wugwn-
Jwé huntihlp 2wun phg BU ghgnid gyniynght:

Tnnphnunhly - ypbphnuinply - upliphnuinply - punipl - jwiywnntng

Effectiveness of utilization of plant inulins and lactulose by probiotic strain Lacto-
bacillus acidophilus Er 307/412 “Narine” in vitro has been studied. A method of
recovery and purification of inulins from various plants has been elaborated. It is
revealed, that lactulose and inulin obtained from Burdock common (Arctum lappa)
roots are easily consumed by strain “Narine”, whereas inulin obtained from chicory ruts
is consumed slightly. On maintenance of growth and accumulation of biomass lactulose
and inulin selected from burdock a little bit concede glucose.

Probiotic — prebiotic —symbiotic — inulin — lactulose

B Hacrosimiee BpeMsl I KOPPEKIHH MHKPOOHOLIEHO3a HKEIYIOYHO-KUIIEYHOTO
tpakta (OKKT), ynydineHus (pyHKIHOHUPOBAHUS MHIIICBAPUTEILHOTO TPAKTA, MPOQHIaK-
TUKH U JIeYeHHs TUCOAKTEPHO30B IIMPOKO IPUMEHSIOTCS MPEOMOTHKU, K KOTOPHIM OT-
HOCSTCSl HellepeBapruBaeMble HHIPEAUCHTHI MUIIH, CIIOCOOCTBYIOIIHE YIyUIISHHIO
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30pPOBbsl 32 CUET M30MPATENLHOW CTHMYJIALMKA POCTA W/HMIM METaOOJIMTHYCCKONW aKTHB-
HOCTH TIPOOMOTHKOB, OOMTAIOLIMX B TOJCTO KuIke [3, 9]. UTOOBI KOMIIOHEHT THIIX ObLIT
KiIaccHUIMPOBaH Kak MPeOMOTHK, OH HE JOJDKEH MOIBEPraThCsl THAPOIM3Y IHINEBa-
pHUTENEHEIME (pepMEHTaMH YesioBeka U abcOpOMpOBATECS B BEPXHHUX OTENaX MHUIIEBAPHU-
TENIBHOTO TPaKTa, OJJHAKO JOJDKEH SIBIATHCS CEEKTUBHBIM CYOCTpaToOM VISl POCTa H/YIIH
MeTabOJIMYECKON AaKTHBAIlMM OJHOTO BHIA WIM ONPENENICHHOH TpyIbl MHUKpOOpra-
HHU3MOB, 3aCEJSIOMIMX TOJICTBIA KUIIEYHUK, MPUBOJS K HOPMAIU3ALUH UX COOTHOILEHUS
[5, 7, 8]. IpupoaubIii TPeOHOTUK — MHYJIMH BBIIEISIIOT U3 KIIyOHeW/KOpHe# TonuHaMOypa,
JIoyXa, LMKOpHs M Ipyrux pacrenuit [6, 11, 13]. B 3aBucuMOCTH OT pacTUTENTHHOTO
HUCTOYHHUKA MHYJIHHBI PA3JIMYarOTCA IO CTCIICHU IMOJIMMEPpU3alliu. OHU COCTOST U3 OHHOﬁ
TEPMHUHAIBHON MOJEKyJIbI IToko3el U 10-60 Mmonexyn ¢pykrossl [3, 4, 13, 14]. Bosb-
[IMHCTBO MHYJIUHOB cOCTOAT U3 34-35 3BeHBEB, B UX COCTaBe MPUCYTCTBYIOT Tarke (10-
15%) MoseKyibl ¢ HU3KOH CTENEHBIO NOJMMEPU3alluK, TaK Ha3bIBA€Mble MHYJIHUIBI WK
¢dpyxroonurocaxapuasl (POC), comepkaiue rimoko3y u 2-12 ocrarka ¢pykrossl [3].
VIHyHHEI ¢ BEICOKOHM CTEHEHBIO MOJIMMEPU3allii B XOJIOIHOH BOJIE MPAKTUYECKH HE PACT-
BOpUMBL. D((PEKTHBHOCTh YCBOCHHS MHYJIHHA NPOOHOTHKAMH 3aBHUCHUT OT CTENIEHH €ro
NoJIMMepH3aud. sl TTOBBIICHNUS YCBOSIEMOCTH WHYJIMHBI C JUIMHHBIMU LETSIMU TIOJ-
BEpPraloT 4aCTUYHOMY (PEpPMEHTaTUBHOMY THJIPOJIM3Y, B pe3yJbTaTe KOTOPOro odpasy-
torca POC.

B orTnuume oT MHyNMHA, JIAKTYyJ03a — CHHTETHYECKHH Aucaxapui, He BCTpedaro-
LIMiics B IPUPOJIE, COCTOSIIIMI U3 OCTATKOB MOJIEKYJI TAJIAKTO3bI U (DPYKTO3bI, COETUHEH-
HBIX TIMKO3uAHON cBs3bo [1,10]. C menbio noBblmeHust 3QEeKTUBHOCTH MPOOUOTHKH U
MpeOUOTUKN KCIOJIB3YIOT COBMECTHO B (popMe CHHOMOTHKOB [3, 5], mepen co3maHuem
KOTOPBIX HEOOXOMMO U3YyUHTh CTETICHb YCBOCHUS IIPEOHOTHKA IPOOUOTUKOM.

Ilenbio HacTosel paGOTHI SBIISUIOCH BBIAENICHUE U H3ydeHHe 3((EKTUBHOCTU yC-
BOCHWSI HHYJIMHOB, BBIIEICHHBIX M3 PA3INYHBIX PACTEHHUH, a TAoKe JIAKTYJIO3B! IITAMMOM
L. acidophilus Ep 307/412 B ycnoBusx in vitro.

Mamepuan u memoouxa. Kynetypy Lactobacillus acidophilus Ep 307/412 (MHMUA-9602)
noyynn u3 PLUJIM, r. A6ossH, PA. Jlukopactymiue pactenus jomyxa oonsmoro (Arctum lappa),
uukopust (Cicorium intybus) 6bi coOpaHbl Ha Tepputopun Apmernu. KyneTypbl 1akTo0amt Bol-
pammBaiy Ha Kadajike B skuakoit cpene LAPT [15] npu 37°C, KyZla B KauecTBE €IUHCTBEHHOIO UC-
TOYHMKA yriiepona a00aBmsu 1% TIIIOKO3bI, MHYJIMHA WIH JIAKTYJ03bl. ONTHYECKYIO IUIOTHOCTD
kynbTyp (OI1) m3mepsin Ha dorokonopumerpe KOK-2 MIT npu muiune BosHbl 590 HM.

COop KOpHE# MPOU3BOAWIM MO3/IHEH OCEHBIO WM paHHEH BecHOil. PacTurensHoe Chipbe
TIIATEJILHO NMPOMBIBAJIM, H3MENbYaIN U CYIIMIN NPH KOMHATHOH TemIieparype, uzderast npsmoro
noraaanus ceera. V3BiieueHre HHYJIMHOB OCYIIECTBISUIM KUIISTYCHHEM C Mocieayroneii Gpuibrpa-
uueid. IHyMH U3 pacTBOPOB BBLACISUIN MyTeM IIIyOoKoro 3amopaxuBanus (oT —22° go —24°C) u
pa3MOpaXuBaHUs IIPY KOMHATHON TEMIIEpaType, a B 0CaJIKe ONPEIEISUIN B COOTBETCTBUH (hapma-
KoneWHbIM cTaThbsiM bputanun [16]. Ocagok obpabatbiBanu konuenTpupoanuoir HCI ¢ mocie-
JIyomuM nodasnenueM o—Hadrona. [TosBaeHHe po30BaTO-KpacHOW OKPacKu CBHJIETENbCTBOBAJIO
0 HAJIMYMH HHYJIHHA.

CraTHCTHYECKUH aHAJIN3 MOJTYy4YEHHbIX JaHHBIX OCYLIECTBISUIN C UCHOJIb30BAaHHEM KOMIIBIO-
TepHoro tecta CTbloJIeHTa, MpHHUMas ypoBeHb p < 0.05 10CTaTOYHBIM [UIst IOCTOBEPHOM Pa3HHUIIbI B
pe3yibTarax.

Pezynomamul u oocysycoenue. Brienenne u O9UCTKa HHyJIMHA. VHYIMH, B OTIIH-
Yye OT APYTHX MOJIUCAXapuIoB, He ocaknaeTcst 78%-HbIM CIUPTOM, 110 3TOM NMPUYUHE JOJI-
roe Bpemst co croponsl Food and Drug Administration (FDA) He perucTpupoBacs B Ka4ecT-
Be muIeBod nobaBku. [IpHHMMas BO BHUMaHHE CIUIBHYIO 3aBHCHMOCTH PacTBOPHMOCTH
HHYJIMHA OT TEMIIEPaTypPhl, B BOJHBIX IKCTPAKTaX €r0 OCAKAATIN MyTeM 3aMOPKUBAHHMS TIPU
Temneparypax -20°, -24°C ¢ nocienyromuM pa3MopaKMBaHUEM IPH KOMHATHOH TemIiepa-
type. [locenoBaTenbHOCTD NISWCTBHIA, HAUMHAS CO COOpa CHIPbS, €0 MOATOTOBKH, BOAHOH
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9KCTPAKIMH, 3aTE€M BBIACICHUS W OYMCTKH MHYJIMHA, IpuBeaeHa Ha puc. 1. [To ykasan-
HOW METO/AMKE U3 JIOIMyXa U IUKOPUA yaanock u3sieub 10 28 % u 33 % uHynuHa cooT-
BETCTBEHHO.

C6op pacrenuit

!
Cymka

!

Pasmenbuenune

!

CmaunBanue AMCTULTHPOBAaHHOM Bozoit 1:10

Kunsuenne 20 mun

!

DunpTpanus

!

3amopakuBaHUE

!

OrtTauBaHue

i

JIeKOHTaIHs Ha/[0CaI0YHOM KUIKOCTH

i

BaxkyymHast cymika ocauka

Puc. 1. Cxema BbleNIeHUs] HHYJIMHA U3 KOpHEH pacTeHuUi

W3yganock BIUSHUE MOTYyYCHHBIX MHYJIMHOB Ha POCT M HAKOIUICHHE OMOMACCHI
OTEYECTBEHHOTO TIpobuoTHKa L. acidophilus Ep 317/402. OnsITE IPOBOIMIN Ha cpele
LAPT, kyna B KauecTBE OCHOBHOTO HCTOYHHKA yriepoaa 1obasisum 1o 1,0 % riroko3sl,
naynuabl tonyxa (M) n nukopus (ML). [locne WHOKYMSAIUM yKa3aHHBIX POCTOBBIX
cpen cyTo4HOU KynbTypoit L. acidophilus Ep 317/402 xonGsl unkyOuposanu npu 37°C
Ha BOJSHOHM Kayajike W nepuouyeckuM u3mepenueM OIT cienunu 3a pocToM KyJbTyp.
Kpussie pocra mrtamma Ep 317/402 Ha cpenax, coiepikalluX HHYJIMH JIOMyXa U LIUKO-
pust (KOHTPOJIBb-TIIIOK034), TPEACTaBICHBI HA pUC.2.

0.45 -
0.4
0.35
0.3
0.25
0.2

Onruyeckast INIOTHOCTh

o 1 2 3 4 5 6 7 8

Bpewms unkyOanuu,

Puc. 2. [lunamuka pocta Kyaetypsl Lactobacillus acidophilus 8 6ynsone LAPT,
COZIep KalleM MHYJIHHbI, BbIICICHHbIE U3 Pa3IMYHBIX PACTECHUIA:
1 — LAPT + rimoko3a; 2 — LAPT + unynun nomyxa;
3 - LAPT + unynun uuxopust; 4 — LAPT-koHTposIB
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Kaxk Bunno u3 puc.2, KyneTypa, pactymas Ha WJI, mo ckopocTu pocta He3HAUH-
TeJIBHO YCTYyHaeT KyJIbType, pacTyllel Ha Iiroko3e. B To ke BpeMs pocT KyJIbTypbl Ha
HHYJIMHE, BBIICJIEHHOM U3 LIMKOPHS, KaK U y KOHTPOJIbHOM KYJIBTYpBI, IOcie 3-X 4acoB
MIOCTETIEHHO ocTaHaBiuBaeTcs. Kak ciemyer u3 nmoryueHHsIX qanHbIX, ML mimoxo ycBau-
BaeTcs mrtamMmoM Ep 317/402. HaGmrogaeMblii He3HAUUTEBHBIA POCT TI0 CPABHEHHIO C
KOHTpPOJIEM, MO-BHIMMOMY, IIPOUCXOAUT 33 CUET HU3KOMOJIEKYJISIPHBIX MHYJIHJIOB, TIPH-
CYTCTBYIOIIMX B Ipernaparax chIpblX HHYJIUHOB [13]. JIpyrumu aBTOpaMu TOXE IoKas3a-
HO, YTO WHYJIUH, BBIICJICHHBIA U3 IIUKOPUS, in Vitro IJIOX0 yCBaWBaeTCs JIaKToOAMIIIA-
MH [5, 13]. [ns HOBBIICHHS €70 YCBOSIEMOCTH HEOOXOMMO MTPOBOJUTEL HETIONHBIH (ep-
MEHTATHBHBIN THIPOJIN3, B pE3YJIbTATe KOTOPOTO 00pa3yIoTCs JIETKOYCBOsIeMbIe (PPYKTO-
ommurocaxapuabl (POC) u onuroppykransr (OD). MokHO TakKe HPEANOTIOKUTH, YTO
BBbICOKast 3))eKTUBHOCTh YCBOCHUSI HWHYJIMHA Jionyxa mTtammoM Ep 317/402 oGycnos-
JICHa HU3KOU CTEINEHbIO €r0 MOJIMMEPH3alliy, a TaKKe BBICOKUM COZIEpKaHHEM JIETKOYC-
BosieMblx POC u OD.

W3BecTHO, 4TO BA3KOCTH PACTBOPOB IOJIMCAXapUI0B HAXOIUTCSA B MPAMON 3aBH-
CHMOCTH OT CTETICHH UX MOJIMMEPU3aLIH MK Pa3BETBICHHOCTH, B CBSI3H C YeM OBLIO OBl
HMHTEPECHO OIpEe/ieNIeHNe CPaBHUTEIbHOM BA3KOCTH MHYJIMHOB, BBIAEICHHBIX U3 JOIMyXa
u nukopus. [lanneie o onpeneneHuio Bs3koctu 10 % -Hux pactopos WUJI u UL npen-
ctasieHsl Ha puc. 3. Kak BugHO U3 puc. 3, BsI3kocTh BogHOro pactsopa MII Ha 30 % BbI-
e, yem y WJI, uro cBunmeTenscTByeT 0 Oosee BHICOKOW CTENEHH MOJIMMEpU3alii HHY-
JIMHA, BBIICTIEHHOTO U3 LIMKOPHSI, TaK KaK IIOJIMMephl HHYJIIMHOB PEAKO ObIBAIOT Pa3BETB-
JICHHBIMH.

Huwom vz Moo
TDIyxa IRED [BA

Puc. 3. Bsazkoctb 10%-HbIX BOOHBIX PACTBOPOB MHYJIHHOB,
BBIJICJICHHBIX U3 JIOIyXa U LIUKOPHUSL.

Kucnomonounsiit mpoaykt “Hapuae” mmpoko HCIONB3yeTcs B JETCKOM MTUTaHUN
B KauecTBE 3aMCHHUTEISI MATePHHCKOTO MOJOKa. Kak M3BeCTHO, B MATEPHHCKOM MOIIOKE
IPHUCYTCTBYET aHAJIOT JTAKTYJIO3BI, KOTOPHIA UIpaeT BaKHYIO POIb B (POPMHUPOBAHUH KH-
MICYHOTO MHUKPOOHOIEHO3a y pebeHKa. B CBs3M ¢ 3THM O4YeHb BaXKHO M3Y4IHThH 3 dek-
TUBHOCTb YCBOEHHUS J1aKTyn03bl TaMmoM Ep 307/412 nis ee UCHosb30BaHUs B KauecT-
B¢ T00ABKH K KHCIOMOJOYHOMY IponykTy “Hapure”, mpeqHasHaueHHOMY Kak JUIS Ie-
TeH, Tak U JJIs B3POCIIBIX, @ TAKKE C LIENIbI0 CO31aHUs CHHOMOTUKOB B BU/IE KalCyJ WU
TabNeToK.
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Puc. 4. Jlunamuka pocra KynsTypsl Lactobacillus acidophilus B 6ynbone
LAPT, cogepkamem maktynosy. 1 - LAPT + riroko3a, 2 - LAPT +
20 mMxr/mi naktynossl, 3 - LAPT + 40 Mkr/mit 1akTyso3bl

Ha puc. 4 npencraBineHsl JaHHBIE 110 CKOPOCTH POCTa U HAKOIUIEHHIO OHOMACCHI
y wtamma L. acidophilus Ep 307/412 Ha cpeze, copepikalieil B KauecTBE OCHOBHOT'O HC-
TOYHMKA YIJIepoJia JIaKTyJI03y (KOHTpOJIEM CIyKuia Iiroko3a). [loyyeHHsle pe3ysbra-
THI [TOKA3bIBAOT, YTO UCCIIEAyeMasl KyJIbTypa XOpOIIO YCBAaUBAaET JAKTYJIO3Y U [0 POCTY
Y HaKOIUICHHIO OMOMacChl HE3HAUYUTEIbHO YCTYNAeT KyJIbType, PacTylleil Ha cpene, co-
nepkamieit rmoko3y. bonbmioi pazHuiel Mexay 1%-Hoit u 2%-Hol KOHLEHTpaIusIMu
JIAKTYJIO3bI HE OBLTO 0OHAPYKEHO, TOBBIIICHHE €€ KOHIIEHTPAIIUH JIaKe CIIeTKa 3aMeIIs-
JIO POCT KYJIBbTYPBL.

CornacHo MOCIEIHUM HCCIEA0BAHUAM aMEPUKAHCKUX yUEHBIX, IPOOHOTHKH 00-
JagaloT crenuduueckoi, FreHeTHUECKU JeTePMUHIPOBAHHOM CIIOCOOHOCTHIO TPAHCIIOP-
ta ®OC u OD BO BHYTPH KJIEeTKH M WX yTwim3anuu [2]. CorllacHO HAIllMM JaHHBIM 1
JAHHBIM JPYTHX aBTOPOB, CYIIECTBYET HeKash KPUTHYECKas CTEIeHb IMOJIMMEpPH3alliu
(MoJexyJsipHasi Macca), BBIIIE KOTOPOW 3aTpyIHSETCS TPAHCIIOPT WHYJIHHA B KIETKY
[3, 5, 13]. Henocpexncreennoe ycBoenue MJI u naktyno3sl takrobaumiiaMy Mo3BoJsieT
YIOTPeOIATh UX B COCTaBE CHHONOTHKOB, YIIAKOBAaHHBIX B KAIICYJIBI H TAOJIETKH.
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KHUPHOKHUCJIIOTHASA MOJUPUKALUA JIMIINIOB B
MOHOHYKJIEAPHBIX KJIETKAX KPOBU ITPU PAKE
MOJIOYHOM KEJIE3bI U ANYHUKOB
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HccnenoBaHbl 3aKOHOMEPHOCTH KPaTKOBPEMEHHOTO (5 C) BKIIIOYEHUSI U OTHOCH-
TENBHO TUTENHHOTO (60 MHH) MEK(PPAKIMOHHOTO Mepepaclpene/ieHns] IK30TeHHO
['*ClonennoBoii kuciors (OK) B pazmiunsie dpakuun pochomumugos (OJI) u Heiir-
pambabix munuaoB (HJI) mononykneapusix kinerok (MHK), Beigenennsix u3 nepude-
PHYECKOH KPOBH MPAKTUYECKH 310POBBIX JOHOPOB M OOJNBHBIX PAKOM MOJIOYHOH Kele-
361 (PMXK) u ssmanukos (PST).

[Nony4eHHble TaHHbIE CBUACTENILCTBYIOT O JOCTOBEPHBIX M MICHTHYHBIX Hapy-
LICHUSIX B MEXaHU3Max Kak ObICTpOro, Tak U nposoHrupoanHoro OK-moandukauuii
munugoB MHK niepudepuaeckoit kposu npu PMXK u PS1.

Jenaercs 3axioueHue o BopieueHnu nporeccos OK-monuduxamu »upHoKuc-
notHoro coctaBa ®JI u HJI knerounsix mem6pan MHK kpoBu B maroreHes pasjinuHbIX
(hopMm oHKoNOrMUEeCKUX 3a0oseBanuii. [TomyueHHbIe JaHHBIE CBUIETEIbCTBYIOT TAKXKE O
crien(GUIHOCTH CABUIOB B OTMEUYEHHBIX HPOLECCaX UL OTAENBHBIX (HOpM HeoItasuii B
3aBUCHMOCTH OT THMa uccienoanHoit XKK.

MOHOHyK/leaprl@ KIemKu — JUnuUobl — OIEUHOBASL KUCTIOMA —
pakxk MOJIOUHOU DJiceie3bl — PAK AUYHUKOB

Lnpdw)nd W Ypdpwabnadh (UL) nL dJwpwultph (L) pwngytnutph dwdw-
Uwy Swjpwdwuwiht wpjwl dnununitybwpwjhu pghoubpnd (ULR) niuntdUwuhpyby
U Pnudnihwhnltinh (dL) L sGane Lhuhnutinh (L) nwpptp pwnwnpwdwubp tygn-
qbU [“Clolhuwpryh (OMG) wpwg (5 ) Ubpdnibuwl b tnbwywl (60 pnwb) vhepw-
nwnpwJdwuwjhb yepwpw2hudwl ophbuwwihnip)nitlltpp:

Unwgdwé ndjuiubpp Jyuynud U U L 2 dwdwlwly ULR [hwhnutph
Of-ny Unnhdhywguwl hugwybu wpwag, wjbybu nlwywlu gnpépupwgutpnid hw-
Jwuwnh W Unylwwnhw juwlgwnpnidubph wrwjniewl dwuhl:

Ganwlwgnieintu £ wpdnd nwppbp swpnpwly Unpwagnjugnipiniuutph wtu-
nwélnipjwl Uty dwpwdwuwihtu wpjwl ULR ppowewnwUrutpnh L W 2L pwnwn-
pwdwubkph Of@-ny Unnhdhywgdwl gnpdplpwglbph UGpgpwydwl Jwuhl: Unwg-
Jwd ndjwiubpp Jywyned U bwle nwpwnbuwy pwngybnutph dwdwuwy Updwé gnp-
Spupwglbpnid wnlw fuwlgwpnidubph jnupwhwwnyneiniuutph Jwupt® uhudws ne-
untdbwuhpywé dwpwwprlh nbuwyhg:

UnunlniyiGunpuyhl ppohelbin — ihwhnlbn — ojGhuwyppent —
Yndpwqlnéh punglibn — dywpwliibph punglytn
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Quick (5 sec) incorporation of exogenous ['‘Cloleic acid (OA) into the
phospholipid (PL) and neutral lipid (NL) diverse fractions and it’s long-term (60 min)
interfractional conversions in crude mononuclear cells (MNC) isolated from the
peripheral blood of patients with breast (BC) and ovarian (OC) cancers in comparison
with the healthy people were investigated.

The data obtained provide evidence for reliable and identical disturbances in the
MNC membrane lipids in the quick and long-term OA-modification mechanisms in BC
and OC.

It is concluded that some of the mechanisms responsible for PL and NL fatty
acid-content modification by OA peripheral blood MNC are involved in the pathoge-
nesis of BC and OC. Notably, alterations revealed are specific for different forms of
cancer in dependence to the fatty acid type used.

Mononuclear cells — lipids — oleic acid —breast cancer — ovarian cancer

350KauecTBEHHOE HOBOOOpA30BaHUE B HACTOSILEE BpEMsl pacCMaTpPHBACTCS Kak
MHOT'OCTaAMHHOE CUCTEMHOE 3a00JIeBaHHE, IIPH BOZHUKHOBEHUH KOTOPOTO HEKOTOpHIE U3
[IaTOJIOTUYECKU TPaHC(HOPMUPOBAHHBIX KJIETOK 110 HE JI0 KOHLIA BBISCHEHHBIM IPHYMHAM
He 0OHapy)KMBAIOTCSI U HE YHUUYTOXKAIOTCSI IMMYHHOH CHCTEMOH, JlaBasi Hayajo OITyXoJie-
BOMY 3a4aTKy C IOCJIEYIOIINM €0 Pa3BUTHEM U PacIPOCTPAHEHUEM.

W3BecTHO, YTO MPU BOSHUKHOBEHHH OHKOJIOTMYECKOT'O IpOLecca 0] BO3JIEHCTBHU-
€M Ha KJIETKY SK30TeHHBIX WM SHJOTEHHBIX KaHIEPOTeHHBIX (DaKTOpOB 3aTparuBaroTCs
TaKHe >KU3HEHHO BayKHbIE (DYHKLMH KJIETKH, KaK TeHETHYECKHI KOHTPOJIb HaJl ee HpOJIu-
¢epanueit [11] wim nuddepeHunanueni, MeXKIETOYHbIE KOHTAKTHI [22], TpaHCMeMOpaH-
HbIE ITpoLeccsl [12] u p., B OCYLIECTBIEHUH KOTOPBIX KIIFOUEBYIO POJIb UIPAET I1a3MaTH-
yeckast MemOpana (ITM) kietku.

CorilacHO COBpEeMEHHBIM IpeAcTaBieHusIM, [IM kieTku npencraBisier co0oil 1e-
JIOCTHYI0, KOOIIEPATUBHO (DYHKIIMOHUPYIOLIYIO CUCTEMY, COCTOSIIYIO U3 Pa3IMIHBIX OTHO-
CHUTEIIbHO aBTOHOMHBIX JIMIIOTIPOTEMHOBBIX IOMEHOB (CHI'HAJIbHBIE, TPAHCIIOPTHBIE U JP.)
[5, 22]. B coctrossHuu mokosi kjieTok kak [IM B 1ienmom, Tak U OTHENbHBIE €€ JIOMEHBI
XapakTECpU3yrTCs CTporo CHCL[I/I(I)I/I‘IHI)IM U JUHaAMUYHBIM PAaBHOBECHUEM BCCX KaUCCTBCH-
HO-KOJIMYCCTBCHHBIX, (I)I/I3I/IKO-XI/IMI/I‘JCCKI/IX, O6MGHHI>IX, CTPYKTYPHBIX U JPYI'UX apamMeT-
POB, COBOKYIMHOCTb KOTOPBIX, II0 HAIIUM IIPEACTABJIICHUAM, OIPEACIACT OTHOCHUTCIBHO
CTaOMIIBHBIN “MeTab0IMIeCcKUii CTaTyC MOKOs” TUIONPOTENHOBOIO OUCTIOSL.

Ipu Bo3AEHCTBUY HA KJIETKY JTIOO0TO BHEIIHETO CUTHAJIA B 3aBUCUMOCTH OT €I0 JUTH-
TETBHOCTH W WHTEHCHBHOCTH IIPOHMCXOJUT 00paTUMoe, JuOo HeoOpaTuMmoe, KpaTKoBpe-
MEHHOE MU XPOHHMYECKOE CMEIECHHUE MCXOJHOTO M YCTAHOBJICHHE HOBOTO, M3MEHEHHOIO
Metabonuyeckoro craryca nokos IIM. Ilpu 3ToM B OBICTPONPOTEKAIOIMX MpOLEccax
W3MEHEHHUs! JIUIONPOTeHHOBOro Oucios [IM yuacTByeT B OCHOBHOM BHYTpHUMEMOpaHHBIH
IIOTCHLM AT MOZ[I/I(I)I/IKaLII/IOHHI)IX MCXaHU3MOB. HpI/I OTHOCHUTCJIBHO JJIMTCIIBHOM BO3Z[GI>10T-
BHH BHCIITHUX q)aKTOpOB B OTMCYCHHBIC ITPOLIECCHI BOBJICKAIOTCS TAKXKE U BHYTPUKIIECTOYHBIC
KOOIepaTHBHBIC MEXaHU3MbI H3MEHEHHSI METa0O0INYeCKOro craryca mokost [TM.

JlunugHoe cocrapinsroiee JUmnonporenHoBoro Ouciost [IM, Haubonee 4yTko pea-
TUpyIOIIee Ha BHEIIHNE (PU3HOIOTHUECKIE WM ITATOTEHHBIE CHTHAJIBI, BOBJIEKAETCs B IIPO-
necchl peopranuzanuu [IM ObICTpBIME U 0OpPaTHUMBIMU CIABUTaMH B aKTUBHOCTH PEAKIHIA
JTUNHUAHON MoaMGUKanuy. BeaeacTBre 3TOro B JIMIMUIHOM MHKPOOKPY>KEHHN Pa3THIHBIX
MEMOPaHOCBS3aHHBIX O€JIKOB M3MEHSIOTCSI UCXOJHBIE M YCTaHABIMBAIOTCSA HOBbIE, ONTH-
MaJbHbIE YCIOBHS ISl UX HOPMAIGHOTO (DYHKIIMOHUPOBAHUS. VX0 U3 pe3yabTaToB pa-
Hee MPOBEICHHBIX HAMH HcClienoBaHuil [5-8], a Takke JaHHBIX uTepaTypsl [19], momo6-
HBIE CABUTH B MOIU(HKAIIMK MEMOPAHHBIX JIMIIUIOB BBIBISIOTCS YK€ C IIEPBBIX CEKYHI
JICUCTBUS Ha KJIETKY BHEIIHUX CUTHAJIOB.
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B Hactosiiee BpeMs BHUMaHHE YUCHBIX MPUBIECKAIOT IMIABHBIM 00pa3oM M3MeEHe-
HUSL CTPYKTYpHO-(DYHKIHMOHAIIBHBIX OCOOEHHOCTell OenkoBoro xommoHeHTa IIM kieTok
IIPY BO3HUKHOBEHUM U PA3BUTUM OHKOJOTMYECKUX 3a0oieBaHuid. OHAKO BCe elle Hemo-
CTaTO4HO M3yueHsl [2-4, 8] crienuduyeckue WM Hecrenu(UuecKue CABUTH B MEXaHM3MaxX
MOAUG(UKAIMY JTMIUIHOTO COCTABIIIONIEr0 (ECTECTBEHHOTO MHKPOOKPY)KEHHs MeOpaH-
HBIX OEJIKOB) JIMIONPOTEHMHOBOTO Oucios [IM kieTok mpu Heoruiazuid. B 3ToM oTHOIIIE-
HHUM 0COOOTO BHUMAaHHMS 3aCIy’KHBAIOT CIBHTH B IIpolieccaX OBICTPOH MM IPOJIOHIHPO-
BaHHOW MOIM(HKAINH XUPHOKHCIOTHOTO COCTaBa Pa3iMYHBIX MEMOpaHHBIX JIMITHIOB
IIPY PAKOBBIX 3200JIEBAHUSX.

JlureparypHble TaHHBIE OCIIETHUX JIET CBUAETENLCTBYIOT [ 18] 0 BaxkHOH ponu uM-
MyHocynpeccopHbix CD4+, CD25++ u FOXP3 oskcnpeccupyrolnx peryisTOPHBIX
T- mumdornmros (Tper) B mporieccax BOSHUKHOBEHHSI U Pa3BUTHS Pa3HOOOPA3HBIX 3JI0Ka-
4YeCTBEHHBIX omyxouieil. [IpeBanupoBanue Tper B nepudepruydeckoii KpoBr OOJIBHBIX C pa3-
JMYHBIMU (hopMaMH HOBOOOPA30BaHUS, IO BCEH BEPOSTHOCTH, MPUBOIHUT K HAPYIICHUIO B
opraau3me OOJIBbHBIX HOPMaJIBHOTO OajlaHca Mpo- U aHTUPAKOBOTO MOTEHIMAIOB MMMYH-
Ho# cuctemsl [17]. Ha ocHOBaHME 3TOr0 HaMH OBUIO HPEJIIONIOKEHO, YTO H3ydEeHHE Hapy-
nieHUH B MeXaHu3Max Moaudukaruu aumunoB [IM B olmield Macce MOHOHYKJIEApHBIX
kinerox (MHK) nepudepuueckoiil KpoBU OONBHBIX NPU PA3IMUHBIX 3JI0KAYECTBEHHBIX HO-
BOOOPa30BaHUIX MOXKET ObITh BeCbMa MH()OPMATHBHBIM KaK JUISl BHIABJICHUS, TaK U OLIEH-
KU TTyOHHBI [TATOJIOTNYECKOTO COCTOSIHUSA.

Panee Hamu ObUIM BBISABIICHBI HICHTHYHBIC HAPYIIEHHS B ITpoLeccax MOIU(UKAII
KMPHOKUCIIOTHOTO COCTaBa JIMIHMJOB 3K30T€HHON IOJIMHEHACHIIIEHHON apaxuaI0HOBON
kucnoroii (AK) B MHK mnepudepuueckoii KpoBu OOJBHBIX C pasIHMIHBIMH (HOpMaMu
3JI0Ka4eCTBEHHBIX HOBOOOpazoBaHuii [5, 6, 20]. CorntacHO MMEIONMMCS JaHHBIM, B HOpME
MOHOHEHACHIIIEHHas onerHoBas kucnoTa (OK) Taxoke BOBIEKAETCs B IIPOLECCH] CUTHAIIb-
HOH TpaHcaykimu [12] wnm cTabunu3anuyu MeMOpaHHBIX CTPYKTYp [16] B kauecTBe pery-
JSITOpa TEKy4YeCTH TMIUAHOTO Onciost. OMHAaKo B HAYYHOH JHUTEpaType OTCYTCTBYIOT JaH-
HBIE O BO3MOJKHBIX HapyIIeHHsX B MexaHm3Max OK-momuduxarmm nunmmoB memOpaH
MHK mnipu otenpHBIX popMax HEOTIa3ui.

B nacrosmieit pabote mpencTaBlieHbl pe3yJIbTaThl CPaBHUTENBHBIX HCCIIEIOBAHUM
IIPOLIECCOB KPATKOBPEMEHHOTO (5 ¢) BKmiouenns k3orennoii [ *CJOK B pasmimunbie dpax-
1 pocomnunos (DJI) u vertpanpubix sununoB (HJI) u ee oTHOCUTENBEHO Ooree UTH-
TenbHOro (60 MuH) MexdpakioHHoro nepepactpenenerus B [IM MHK, BblneneHHbIX U3
nepudepuueckoil KPoBU NPAKTUUECKU 3[0POBBIX JTOHOPOB U OOJBHBIX PAKOM MOJIOYHOH
xene3sl (PMIK) wimn simannkos (PST).

Mamepuan u memoouxa. B pabote uCronp30BaHsI ook Tepudeputeckoit kposu 10-u mpak-
THYECKH 3/I0POBBIX JIOHOPOB, 7-u mepBuuHbIX OonbHBIX ¢ PMIK (craguu TINOMO u T2N1MO) u S5-u
6ombHbIX ¢ P (cramus T3NxMI) no kiaccudukauyun TNM. IpoOs! kpoBu ObuM npenocrasieHsl Ha-
LMOHAIBHBIM LEHTpoM OHKoJorun umenu B.@anapmxsna M3 PA. MHK 13 nenbHOM KpoBHU BBIIEISUIH
MmetozioM MHHeca u ap. [14] B rpaguente puxomn-seporpaduna (1 gacts 32,8% Beporpaduna u 2,4 qacti
8%-Horo BoziHOro pactopa uxosa 400 000, d =1,076-1,077). IHTakTHOCTB KJIETOK, OIpe/iensemMast Ok-
palMBaHUEM TPUITAHOBBIM CHHHMM, cocTapisuia 6onee 90%. Ilpu upesmepHom 3arpsisnenunn MHK spurt-
pOLMTAaMH TIOCNISIHIE JIM3UPOBaIM runoroHmdeckuM ImokoM. MHK ocaxmam mpu 650g B TeueHue
15 muH 1 pecycnienaupoa (106 ki1./Mi1) B MUHEMaITbHOW ocHOBHOM cperie Urina (pH-7,4).

Brmouenue sx3orenHoil 1-[*C]JOK B mummmer TIM MHTaKTHBIX KIETOK OCYLIECTBIISUI paHee
onucanubiM MetozioM [5]. st aroro npu 37 °C k 0,2 mut KieTouHo cynensuu nobasisiiu 0,3 mi cpe-
ol Urma (Gupmsr "Sigma", pH 7.4), comepxameii 0,1 mxKu 1-[“Cloneomn-KoA (cm. akr.
56 MKu/mmornb, “Amersham International”, BenmukoOputanus) u 50 mxmoneir MgCly, B koHEUHOM
oowseme 0,5 M. Ha 5 ¢ n 60 MyuH MHKYOAlMK peakiuy OCTAHABIMBAIM IOTUBAHUEM 2 MIT XOJIOJHOM
cMecH xiopodopM-Meranona (1:2, 06/06).

DKCTPaKLHIO JMIHIOB OCYILECTBISUIN 1o Metoay bmait u Haitep [9]. ®pakimonnposanue OJI
npoBoanan oxHomepHoii TCX Ha NpUrOTOBJICHHBIX HAMM Ha ocHoBe cuimkarens “H” (“Sigma”,
CIIIA) niacTHHKaX B CUCTEME PaCTBOPUTENEH XIOpO(hOpM-alleTOH-METaHOII-YKCYCHAs! KUCIIOTa-BozIa
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(6:8:2:2:1, 06/06). HJI ¢hpaxipoHnpoBaam B CMECH pacTBOPUTENICH NETPONCHHBII 3pup — TUATHIOBBII
a¢dup — mypasbunas kuciora (30:10:1, 06/00) na pupmennsix (“Merck”, I'epmanns) TCX miactiHKax.

Pacnipenenenue paaroakTHBHOCTH B HMASHTU()HIMPOBAHHBIX COOTBETCTBYIOIIMMH XUMHYECKH
yncThiMU cTanzaptamu (“Sigma”, CIIA) u nposiBIeHHBIX B Hapax Hoja JIMMHAHBIX (paKIisx onpe/e-
s ckanupoBanreM TCX mmacTiHOK Ha paguockanepe ¢pupmbl “Berthold” (I'epmanus). Crenens pa-
JIMOAKTUBHOCTH TIPO0 ONpEIe/sUIN B )KHAKOCTH bpest Ha CLHMHTUIUIAIMOHHOM crektpomerpe “Roche-
Bioelectronique Kontron”, momens SL-4221 (®Dpanuwst). JJoCTOBEPHOCTh Pa3HOCTH CPEIHUX TTOKa3a-
TeJiel olleHUBaIH 1o Kputeputo CThIOeHTA.

Pesynomamut u oocysicoenue. Pe3ynbTaThl HCCIETOBAHUS MPOLECCOB OBICTPO-
ro (5 c) Bkimrouenns: OK B memOpannsie @JI MHK npakTuyecku 3710pOBBIX JJOHOPOB 00-
HapyxuH (puc.l.A) moutn paBHOMepHOe (B npexaenax 9-15% oT cyMMBbl BKIFOUEHHOU
panuoakTHBHOCTH) pacnpeneneHue xupHoi kuciaotel (XKK) mexny Bcemu OJI dpax-
musima. B MHK 6onbHbix ¢ PMXK u PSI B MACHTHYHBIX YCIOBUSAX SKCIEPHUMEHTA ObLIN
BhIsIBIICHBI (pUC.1.A) B OCHOBHOM CXOXHE HAapyUICHHUS B TpolieccaX OBICTPOTO BKJIFO-
yenus sk3oreHHoit OK B uccnenoanusie OJI ppaximu.
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Puc. 1. Beictpoe (5 ¢) (A.) BKIOueHHE 3K30reHHOi [ *C]oenHOBOI KHCIOTEI
B (hochoMUMHNIbI MOHOHYKJICAPHBIX KJIETOK KPOBH H €€ IPOJIOHIMPOBAaHHOE
(60 mun) (B.) MexdpakimoHHOE TIepepacpeelicHue B HOpMe, TP pake
MOJIOYHOH JKeJe3bl U paKe SHYHUKOB. * - p < 0,5; ** - p< 0,001

Hau6onee 3Ha4MMbIM OBIJIO MHOTOKPATHOE WIIH 3HAUUTEIILHOE YCUIIEHHE IIPOIIEC-
coB HakoruieHuss OK Bo ¢pakunu docdarumunsranoramunoB (OD) u nudocdaruani-
rimunepuHoB (JI®PI7) coorBercTBeHHO. [Ipu 3TOM HccnemoBanHbie 2 (HOPMBI HEOIIa3ui
XapaKTepH30BAIUCh TaKXKe HICHTUYHBIM MHOTOKPAaTHBIM IOAABICHHEM IPOIECCOB
BrimoueHus OK Bo ¢paxiuu dpocdarunmnxonnHoB (PX) u pochatuaumnosuros (ON).
Vposun octambbix [‘C]OK-coneprxamux OJI dpakuuii (M130hochaTHIHIXOTHHOB -
JI®X, chunromuenutoB - COM, docharuauincepunos - OC u GochaTunHbIX KUCTIOT -
®K) ocraBanuch B rpejenax HOpMbI.
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Ha ocHOBaHMM mpeACTaBICHHBIX AKCIIEPUMEHTAIbHBIX JAHHBIX MOXKHO 3aKIIIO-
4yuTh, yTo niprt PMXK u P no cpaBHEHHIO €O 3J0POBBIMH BOJIOHTEpAMU OOHAPYKUBAIOT-
Cs1 3aKOHOMEPHBIE U CYIIECTBEHHbIC HAPYILICHUS B HCXOIHBIX, PABHOMEPHO-COATaHCHUPO-
BaHHBIX B HOpMe Tiporieccax OpicTporo (5 ¢) BkimoueHus sx3orenHort OK B pazimaHble
¢bpakiun MmemOpanubix @JI MHK.

B ycioBUsX OTHOCHTENBHO NMPOJIOHTMPOBaHHOH (60 MUH) MHKYyOarmu ["*C]OK ¢
MHK 310poBbIX 1OHOPOB ObLIO BBIABIEHO (puc.l.b) MexdpakumoHHoe nepepacnpese-
JIeHHe MeTKH ¢ HaubonbiuM (50%) ee HakorieHneM Bo ¢pakiyun PX, KOIUYEeCTBEHHO
npeobnanatome Bo BHemHeM MoHocoe [IM kietok. [logoOHas 3akOHOMEPHOCTD, paH-
ee BBIABIICHHAA [1, 6, 7] U B Ipyrux KIETOUHBIX NMOMYJIALUAX IpH 3cTepuduxarmu OJI
paznuusbeiME dk30reHHbIMU KK, ykasbiBaeT Ha Hanuuue B IIM KiIeTok crenupHIecKux
MEXaHM3MOB, 00ECIICUHBAOIINX N30HpaTelibHOe HakoruieHHe pa3nnuHbix KK Bo dpak-
i ©X 1pu OTHOCUTENBHO JUTUTEIIBHBIX MTPOIIeCccax allMIUpOBaHus MeMOpaHHbIX DJI.

M3yuenne mporeccos BKmoueHus u nepepacipenenenns [*C]JOK B OJI memGpan
MHK B teuenune 60 mun npu PMK u P mokazano (puc.1.b.) mocroBepHO€ MOBBIICHNE
OTHOCUTENBHOTO cojaepxkanus (pakuuit JIOX, COM, @D u APl Ha doHe MHOrO-
KpaTHOTO To/IaBiIeHus (110 CPaBHEHHUIO ¢ HOpMoii) mporieccoB HakorueHus OK Bo ¢pak-
i ©X. XapakTepHO, YTO CXOKHE CABUTH B INPOILECCaxX MPOJIOHIMPOBAHHOTO BKJIIO-
yenus: pasnuuabix KK B ®JI dpakuuu (kpome ®D) paHee ObUTH BBIABICHBI U IPU
remo0Oacro3ax [1, 3, 5]. O6Hapy>kxeHHOE [TOHM)KEHHE YPOBHS ['*C]OK-®X npu Beex uc-
CJIEZIOBAaHHBIX HaMM ()OpMax PAaKOBBIX 3a00JIEBAHMH, IO BCEH BEPOSITHOCTH, SIBIISETCS
CJIEZICTBUEM IOJ[aBJICHHs] peakuun peanmiuposanust JIOX, o yeM cBUAETENLCTBYIOT I10-
Jy4eHHbIe Hamu JaHHbIe [15]. C Apyroil cTOpOHBI, H3BECTEH TAKXKe MEXaHU3M OBICTPOTrO
nononHenus nyna ®X B HapyxkHOoM MoHocioe IIM, ocymecTBiusieMblii Mo cxeme
OC—-PO—-DX [21]. ObnapyxeHHoe Hamu nosbinieHne OO npu PMXK u PSI Ha done
HU3KO0rO copepxkanus X, kak B ycinoBusx 5 ¢ (puc.1A), tak u 60 mun (puc.1b) nnky6a-
LM, yKa3bIBaeT Ha BO3MOXKHOE ITOJaBJeHHe (EPMEHTATUBHBIX PEAKIMI JBYXITAITHOTO
TpaHcMeTHIHpoBanust OO B menu MeXPpPakIHOHHBIX IIEPECTPOSK OJIU3KUX MO CTPYKTY-
pe 3-x ormeueHHBIX DJI Ppakiiuid.

Taxum 00pa3om, pe3ybTaThl 3TOH CepUHU UCCIEOBAaHUN CBUIETEIBCTBYIOT O I10-
nasiennu npu PMK u P mpomneccoB kak OsicTporo (5 ¢) BKIIOYEHHUs, TAK M OTHOCH-
TEJBHO TPOJOHrupoBaHHOro (60 MuH) HakoruieHus 3k3oreHHol OK Bo ¢pakiun X B
I[IM MHK, xak pe3ynbraT BO3MOKHOT'O HMHTHOMPOBAHMS pEAaKUUH, KaTaJHM3HPYEMbIX
JI®X-amuntpancdepazoit u/unn OI-TpaHCMETHIIa3aMU.

VcerenoBanne 3akoHOMepHOCTeH 6picTporo (5 ¢) Bimouenns [“CJOK B HIT
MeMOpan MHK 310poBBIX TOHOPOB BBIBHIIO NpeuMyLiecTBeHHOE (Oonee ueM 50%) Ha-
KOIUIEHHEe MEeTKH Bo ¢paxuuu 1,2-muanuiariunepunos (1,2-JJAT) (puc.2.A). Coxepxa-
Hue ¢pakiuii MmoHoarmwirmiepruaoB (MIN) u tpuatmiruuepunoB (TI') He mpeBbImIano
25% oT cyMMBI palMoaKTUBHOCTH, BKItoueHHOU B HJI. Pe3ynpTaTel aHaOrHUHBIX 3KC-
MIEPUMEHTOB ¢ KieTkamu 00mbHBIX ¢ PMK u PS5l He oOHapysxumu (puc. 2.A) 3HAUYUTEIb-
HBIX C/IBUTOB (II0 CPaBHEHHIO C HOPMOI1) B mporeccax ObicTporo BkioueHus OK B uc-
cnenyemble (paxuuu HJI, 3a nckitodeHHEM JTIOCTOBEPHOTO MOBBIMIEHUS U HMOHIKCHUS
mipu P51 conmeprkanmst OK Bo ppakmusx MI™ u 1,2-JTAI" cooTBeTcTBEeHHO.

[Ipu otHOCHTENBHO mponoHTHpoBaHHOM (60 MuH) amwmmpoBannu HJI MHK B
HOpMe o0HapysxuBanock (puc.2.B) Hakomnenue [*CJOK Bo dpakuusax ML, 1,2-JIAT u
TT B cootHomenuu 22, 35 u 43% cooTBeTcTBEHHO. VI3BECTHO, UTO B KJIETKaX MOJIEKYJa
[IIUIEPHUHA SBJISETCS OJHUM M3 IPEANOYUTAEMbIX CyOCTpaTOB Ul SCTepuUKAIUU pa3-
nmuuHbIX cBoOoaHBIX KK ¢ oOpasoannem MI' [13]. B pesynbrare nocneayromux ¢ep-
MEHTATHUBHBIX peakiuil anunupoanus no cxeme MI'—1,2-JIAI'-TI" B knetkax uz MI'
nmod3TanHo cuHre3upywres gpakuun 1,2-JJAT u TT, nociaeqHuii U3 KOTOPBIX BHIMOJHSIET
(GYHKIIHIO BpEMEHHOTO “7ieno” Juis HakoruieHus n30biTka cBobomubix KK [10, 13].
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Puc. 2. Beicrpoe (5 ¢) (A.) BKIIOUYCHNE SK30TC€HHON [14C]0J161/1H0130171 KHUCJIOTHI B
HEHTpabHbIC JUITH/IBI MOHOHYKIICAPHBIX KIIETOK KPOBH U €€ MPOJIOHTMPOBAHHOE
(60 mun) (b.) MexxdpakMOHHOE IepepacipeieieHHe B HOPME, IIPU paKe
MOJIOYHOM JKEJe3bl M PaKe SHYHHKOB.

B otnmnume ot HopMmel, kak pu PMIK, tak u P51 nabmronanoce (puc.2.b) npenmy-
mectBeHHoe (70-80%) Hakoruienne Metku Bo dpakuuu MI' [IM MHK Ha ¢one mHOTO-
kpaTtHOro nonmxenus yposHe OK-comepxammux 1,2-JIAT" u TT'. Ot nanHsle yka3eiBa-
0T Ha BO3MOYKHOE OJIOKHPOBaHHE MEXaHH3MOB MEK(PPAKIIHOHHOTO IepepacipeaeeHus
OK mnpu uccnenoBaHHbIX ABYX (popMax Heorulasuii, BCIeICTBHE MOJABICHUS aKTUBHOC-
1 MI -anunrpancdepassl, HHUIUAPYIOMIEH MOCIeIYIOIIe PeakMy MO3TAITHOTO aIly-
muposanust HJI B8 MHK. XapakrepHo, 4To OTME4eHHasi 3aKOHOMEPHOCTh HapyIIEeHUH B
npoueccax nposonrupoBanHod OK-mogudukanuun HIJI npu PMXK u P4 He 6puta oOHa-
pyxeHa [1,3] npu pa3nuuHbIX TeM0o0IacT03ax, UCCIEJOBaHHbBIX paHee B HICHTHYHBIX YC-
JoBUsIX dKcnepuMeHTa. C Apyroit CTOpOHBI, HAPYIICHHS, BBISABICHHBIE TIPH HCIIOJIb30Ba-
Hun sk3orenHoit [“CJAK ams KK-momndpukanun HJI 8 MHK nepudepuueckoit kpoBu
OOJBHBIX € 3-Ms pa3nHYHBIMH popMamMu JelikeMuH [3, 5, 6], Obuin aOCOIFOTHO WACHTHY-
HBI ¢ TAKOBBIMH, 00HapyxeHHbIMU pu PMOK 1 P51 (HeomyOinKkoBaHHbBIE JaHHBIE).

O000u1asi MpeACTaBICHHBIC BBINIE W TOJTYyYCHHBIE paHee IKCIICPHMEHTAJIbHBIC
JTaHHBIE, MO’KHO 3aKJIIOYUTH O JOCTOBEPHOM BOBJIEUEHHH B IIATOTEHE3 PA3IUIHBIX (HOPM
OHKOJIOTHUECKUX 3a00JIeBaHUI KaK OBICTPHIX, TaK M OTHOCHUTENHHO MPOJIOHIMPOBAHHBIX
npoueccoB OK-moandukarmm sxupHokucioTHoro cocrasa ®JI u HJI kireTouHbIX MeMO-
parn MHK. [lony4eHHbIe TaHHBIE CBHIETEIbCTBYIOT TAKXKE O CIIEIU(PUIHOCTH CIBUTOB B
OTMEYEHHBIX Tpoleccax IS OTHENBHBIX (OPM HEOIUIa3uil B 3aBUCHMOCTH OT THIIA
nccinengosanHon JKK.
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VccnenoBaich OKHUCIMTENIBHBIE TPOLIECCHI TPU SKCIIEPUMEHTAJIBHOM CHHIPOME
6onesnu [lapkuncona (BIT). OOHapyxeHO yBENHUCHHE COACPKAHUS THAPOICPEKUCE 1
MaJIOHOBOT'O JMANIBJAETH/AA TPH IKCIIEPUMEHTAIbHO BhI3BaHHOM cuHAapome BII. Anamus
YPOBHEH OKHCIIMTENBHON MOAN(UKAIIMK OEJIKOB B SIICPHOM U MUTOXOHIPHATIBHOM (pak-
LHSAX T0Ka3aj, YTO MO CPABHEHUIO C TPYMNIONW HHTAKTHBIX JKHBOTHBIX CTATUCTHYECKH
3HAYUMO YBEJIMYMBACTCS YPOBEHb aNTN(aTHYCCKUX aJbJCTHA- H KETOH-AHHHTPOQE-
HUJITHIPA30HOB, YTO CBUICTEIBCTBYET 00 yBEIMYCHHH MHTCHCHBHOCTH TPOIIECCA OKHC-
JIMTENIBHOM IECTPYKIMHU OEIKOB IPH KCIIEPUMEHTAJILHO BbI3BaHHOM cHHIpome BIT.

Tepexucu nunudos — okucaumenbHas Moougurayus 6eiKa — CUHOPOM
6onesnu Iapxuncona

AcuntdUwuppyby U thnpdwpwpwywl Mwpyhuunuh uhunpndh (MU) dwdwlwy
Lthwhnutph opuhnuwjhl gnpéplupwgltpp L uwhiwynigutiph opuhnuwjht Unnhdhyw-
ghwubph gnigwuhpubpp: Lhwhnutph gbpopuhnutph niuntdUwuhpnieinitup gnijg
nytg, np hhnpnwtpopuhnutph W Jwinuwjhu nhwinthhnh pwlwyp wybGiwunwd E
thnpadwpwpwywl MU-h dwdwuwy: UGiwunwd £ wihdwnhy-winthhn W yEnnu-nhuh-
npndtUhthhnpwgnuph Jwywpnwyp: Laqwsd thwuwnp Jywind £ uyhwnwynigutiph op-
uhnwjhu wpngbultph wywnhywgdwl huwntuuhynipjwl dwuhl:

Lpwypnlbiph wbpopupnlbp — uwpunwlnigh opupnuyhl Unnpdhlywghuw —
Nwnyhbunth hhywunnipywl uhunpnd

The oxidative processes (peroxidation of lipids and proteins) at Parkinson’s
disease were studied. It was shown that the development of PD leaded to increase of
hydroperpxides and malone dialdehyde in mitochondrial fraction of the brain. The
levels of aliphatic aldehyde and ketone dinitrophenyl hydrasones were also increased
that suggested the acceleration of oxidative destruction of proteins. It was concluded
that the oxidative modification of lipids and proteins occurs at PD and, probably, plays
an essential role in pathogenesis and development of this disease.

Lipid — peroxide — oxidative modification protein — Parkinson’s disease
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Bonesns [Napkuncona (BIT) — HelipoerenepaTuBHOE 3a00JI€BaHUE, TIPOSIBIISIOLIC-
€csl IBUraTelIbHBIMH, NICUXUYECKUMM M BEreTaTUBHBIMM paccTpoiictBamu. [Iporpeccu-
pyrolee TedeHne, HenocTaTouHast 3P GEeKTHBHOCTE Tepaluy, TsDKeas WHBAIUIU3ALNS,
HacTymnaromas y OonbIIuHCTBa O0JIBHBIX, IpeBpamnatoT bII B cepbe3Hyto connalbHYIO
mpooemMy.

B ocnoBe nBurarenbHbIX HapyuieHuil npu BII-Tpemopa, pUrHaHOCTH, OJUTOKH-
HE3UH JISKUT TIEPBUYHOE MOpakeHHe 0(haMUHEPrHYeCKUX HEHPOHOB KOMITAKTHOM yac-
TH YepHOH cyOCTaHIMHU, YTO MPUBOJAUT K CHIDKEHUIO YpoBHA nodamuna (JIA) B crpuarty-
Me [4]. HecMOTpst Ha MHOTOUYHMCIICHHBIC HMCCIICJIOBAHUS, NEPBUYHBIC NMPUYMHBI THOEIN
JA neiiponos npu BII ocratoTcss HEBBIACHEHHBIMH. M3 nUTEpaTypHBIX NaHHBIX U3BECT-
HO, YTO IIPH JIAHHOM HEWpOJIereHepaTUuBHOM 3a00JIeBaHUU MOpaKeHHE To(aMHUHEPTH-
YEeCKHX HEHPOHOB YEPHOM CyOCTaHIIMM W CBSI3aHHOE C HUM HapylIeHHe MeTaboiIm3Ma
nodaMuHa, BCETAa CONPOBOXKIAETCS aKTHBAUeH CBOOOIHO-PaANKAIBHEIX TIPOLIECCOB, a
TSKECTh KIMHUYECKUX MPOSBIECHUH JOCTOBEPHO KOPPEIUPYET C U3MEHEHUEM IToKa3aTe-
JIeit paBHOBECHSI MEXKIY IPO- M aHTUOKCHIIAHTHOM cuctemamu[8,13].

B cBs3M ¢ BBIIEH3I0XKEHHBIM, LIEIbI0 HACTOSMIEH pabOThl SBUIOCH HCCIIEH0BA-
HHUE HHTEHCUBHOCTH OKHCIHMTENILHOM ECTPYKIMK OEIKOB M JHMITUI0B B MUTOXOHAPHAIIb-
HOU (hpaKIMK TOJIOBHOTO MO3Tra Y )KUBOTHBIX C IKCIIEPUMEHTAILHO BHI3BAaHHBIM CHHJPO-
MoM Ooses3nu [TapkuHCOHA.

Mamepuan u memoouxa. DKCIEPUMEHTHI MPOBOJWIN Ha OECIOPOIHBIX OENbIX CTapbIX
KpbIcax (Bo3pact 2-2,5 rofa), coIepiKaIluXCs B YCJIOBHSAX BUBapust. Mozenb SKCIIepUMEHTANb-
Horo cunapoma BIl ocymiecTBisiin exeqHEBHBIM BHYTPHOpIOMKUHHBIM BBegeHneM MOTII
(1-merun-4-dennn-1,2,3,6-rerpanupuaut) B go3e 25,0 MI/Kr B TeueHue 7 JHEH.

JKuBoTHBIE ObLIN paclpesieNieHbl Ha 2 TPYMNNbl, B Kax10i 1o 10 KMBOTHBIX: 1— MHTAKT-
HbIe; 2 — XKMBOTHBIE C BOCIPOM3BeNeHHBIM cuHapoMoM bII. PerucrpupoBanu noseneHueckue
XapaKTEPUCTUKU (KOOPIAMHALNIO JABMKEHUH, KaYaHNE T'OJOBBI, PETHUIHOCTD MBIIII] IIEPEIHNX U
3aJIHMX JIal, HapYIICHHE MOXOJKH, CIIOHOTEUYEHHE ), KOTOPBIE CIY)KHJIM KPUTEPHUEM Pa3BUTHs
Oone3Hu.

SlnepHyio 1 MHTOXOH/PUATBbHYIO (PPAKIMU TOJIOBHOTO MO3Ta BBIIEISIIN B CPEAE, COAEp-
sxamier 0,25M caxapossr u 0,01 M tpuc-HC1 6ydepa, pH-7,4, metogom auddepeHipaibHoro
uentpudyruposanus (siapa npu 600g, muroxouapuu — 13000 g) [ 5].

06 aktusHoctH I1OJI cyqunn no xonmuectBy obpasoBanus runponepekuceit (I'Tl) u ma-
nonoBoro muanpaeruna (MJIA). ['Tl ompenernsuin Mo MBETHOW peakUH ¢ THOMUOHATOM aMMO-
HUsI ipu MakcuMyMme norsomienust 480 am [6]. MJIA onpenernsiiu mo peakiuu ¢ THobapouTypo-
BO# KHCJIOTOH [6].

JI1s KOJIMYECTBEHHOTO ONpe/esIeHUs TPOJYKTOB OKHCIMTENbHON MOIU(pUKALNKN OENKOB
(OMDb) 6buI NPHMEHEH METO/I, OCHOBAHHBII HA PEaKLK B3aUMOACHCTBUS OKUCIECHHBIX aMHHO-
KUCJIOTHBIX OCTAaTKOB OeNkoB U 2,4-nuHUTpodenmnruapasuta (JJHOI') ¢ obpazosanueM 2,4-n1u-
HUTPO(EHUITHIPA30HOB, KOJIMYECTBO KOTOPBIX ONpenessuim cnekrpodoromerpuuecku. Onrtu-
YECKYIO IUIOTHOCTb 00pa30BaBIIMXCS KaPOOHWIIBHBIX IPOM3BOJHBIX AMHUTPO(EHWITHIPA3OHOB
PEruCTPUPOBAIIM IPH PA3NIMYHBIX AJTHHAX BOJIH: 356 HM — anupaTHYeCKHe KETOHAUHUTPODESHHI-
ruapa3onsl (KJIH®I') neiitpansHoro xapakrepa; 370 HM — anudartnyeckue anbIerdIMHATPO-
¢dennmmruapazonst (AJJH®I') weitrpansHoro xapakrepa; 430 um — anudarnueckune KJHDI oc-
HOBHOTO Xapakrepa; 530 um — anudaruueckue AJIHOI" ocHoBHOrO Xapaktepa.[9,2] . benok omn-
penensuu o Jloypu [ 10].

Pesynomamut u oocyscoenue. llepekucHOE OKUCICHHE H3Y4AIOCh HAMU B dep-
mentatuBHoi (HAJI®-H-3aBucumoii) u HedepMeHTAaTUBHON (ackopOaT-3aBUCHMOI)
cucremax okucieHus. PepmenraruBHast HAJID-H 3aBucumas cucrema nepeKHCHOTO
OKHCJICHHsI HCIOJIB3YET B KAYECTBE JIOHOPA PEelyLIUPYIONINX 3KBUBAJIEHTOB BOCCTAHOB-
nennsiii HAJI®H. HedepmeHTaTrBHAsS ackopOaT-3aBUCHMAs CUCTEMa MEPEOKHUCIICHHS
HCIIOJIb3YET B Ka4eCTBE BOCCTAaHOBUTEIS aCKOPOMHOBYIO KHCIIOTY. 3yyeHue mponecca
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MEPEKUCHOTO OKHCIICHUS JINMUIOB B CyOKIETOUHBIX (hpaKIUsIX FOJIOBHOTO MO3ra I103-
BOJIMJIO OOHAPY)KUTD YBEIMUCHUE COAEPKAHMS TUAPOTIEPEKICEH U MAIIOHOBOTO THAJIb-
JIeTuaa TpU SKCIEepUMEHTanbHO BbI3BaHHOM cuHApoMme bBII (tabn.l). Conepxanne
MJIA B siiepHOW (pakiMd MHTAKTHBIX KpbIc MpH ackopbar- u NAJ[OH-3aBucuMom
TIePEOKUCIIeHNH cocTaBmio 5,66 £ 0,56 n 4,21 £ 0,3 cOOTBETCTBEHHO.

Tabsuna 1. CogepxaHue IPOAYKTOB EPEKUCHOIO OKUCIIEHHS JINMTUIOB B SIEPHON
¢dpakuun (B ackop6ar- u NAJIDH- 3aBucruMoii ciuctemMe OKUCICHUS JTUITH/IOB)
B HOPME U IIPH dKcIepUMeHTalIbHOM cunapoMe BIT (n=7)

Ilokazatenn Ackopbat-3aBUCHMOE HAJI®H-3aBucumoe
NEPEOKUCIIEHHE IEPEOKHCIICHUE
KOHTPOJb cuagpom bI1 KOHTpOIb | cuHapoM BIT
T'uaponepexucu X /Mr Oenka 0,58 0,06 | 0,88 +0,049* 0,48 +£0,05 0,72 +0,04*
MJIA/Mr Genka 5,66+ 0,56 9,73 £ 0,77** 421 0,3 8,68 +0,4*

Ipumeuanue: * - p<0,001; **p <0,01

Ta6auna 2. CopepkaHue NPOIYKTOB IIEPEKUCHOTO OKUCIICHUS JIUITHJIOB B MUTOXOHAPHAIEHON
(pakmuu (B ackop6ar- u NAJIOH-3aBucumMoii cucteme OKHUCIICHHS JIUMUI0B) B HOPME U IIPH
sKcnepuMeHTanbHOM cunapome BIT (n=7)

[Toxa3zarenu AckopbaT-3aBHCUMOE HAI®H-3aBucumoe
NePEOKHCIICHHE MIePEOKHCIICHHE
KOHTpoJb | cunapoM BII  |koHTpOsIB cunipom BIT
T'maponepekucu X /mr Genka 0,78 0,06 | 1,3+0,1** 0,55+0,02 | 0,91 +0,03*
MJIA/Mr Oenka 7,32+ 0,02 | 12,87 +1,28%** |58 +1,2 10,3 + 1,4*

OcoOblif HHTEpEC BBI3BIBAET UCCIIEIOBAHHE MPOLIECCOB MEPEOKHUCICHHS B MUTO-
XOHIIpUanbHOU Qpakiuu. Kak BeITekaeT n3 pakTHIeCKOro Marepuala, TeueHHe peaKiui
MIEPEOKUCIICHNS JIMIUJOB 10 THApoIepekucell 0ojiee MHTEHCUBHO NMPOTEKAET B MHTO-
XOHJIpUAIBHON (pakiuu, YeM B sIepHOH. AHaJOrMYHash 3aKOHOMEPHOCTH IPOCIIEKH-
BAETCs U B MHTEHCUBHOCTH 00pa30BaHMs MaJIOHOBOro Auanbieruia. [Ipu cunnpome BIT
ucxoHbIi ypoBeHb TBK-akTHBHBIX MPOIYKTOB B MUTOXOHIPHAIBHOM (hpakuuu cocra-
BWJI B ClIy4yae ackopOar-3aBUCHMMOro nepeokucnenus 12,87+1,28, a B cnmyyae HAJIOH-
3agucumoro 10,3 + 0,4 HMons/MI O€jKa, YTO CTATUCTHYECKH 3HAYMMO OTINYAIOCH OT
MoKa3aTesiell B rpynIe UHTAaKTHBIX KPBIC, TJ€ AaHHBIE MOKazaTenu coctasuiu 7,32+0,02
u 5,8+0,2 uMone/Mr Genka. JTo ykasbiBaeT Ha MHTeHcH(UKanuio mporeccos CPO B
CYOKIIETOYHBIX (hpaKUusX.

I'maponepexucy 1 ManoOHOBBIH JUANBAETU SABISAIOTCS MPOIYKTaMH OKHUCIUTEIb-
HOT'O Pacraja MOJMHEHACHIIIEHHBIX KUPHBIX KUCIIOT (JIMHOJIEBOMH, JINHOJICHOBOH, apaxu-
JIOHOBOI1) — Ba)KHEWIIMMH KOMITOHEHTaMH (hochonunuaoB OHOJIOTHUECKUX MEMOpaH.

B Monekynax >KUpHBIX KHCIIOT, OCOOEHHO apaxHJIOHOBOM KHCIIOTBI, HMEETCs
HauOoJIblee KOJIMYECTBO JBOMHBIX CBf3€H, MIO3TOMY OHH JIerde IIOJIBEPraloTCsl CBO-
0oHOpaIuKaIbHOMY OKHCIeHHI0. OTphIB aTOMa BOJOPOJAa OT MOJICKYJIbI MOJHMHEHA-
CBIIIEHHBIX XUPHBIX KUCIOT IOJ BO3JCHCTBHEM aKTHBHBIX ()OPM KHCIIOpOJa Jierde
BCEr0 MPOUCXOIUT B CL-TIOJOKEHUHU MO OTHOUIEHHIO K ABOWHOW cBsA3H. B pe3ymnbrarte
OKHCIICHUSI KUPHBIX KHUCIOT 00pa3yroTcsi TUAPOINIEPEKUCH, KOTOPbIE 3aTeM MeTaboH-
3UPYIOTCS BO BTOPUYHBIE — MAJIOHOBBIM JHAIbJICTU U TPETUYHBIE IPOIYKTHI IIEPEKUC-
HOTO OKHCJICHUSI JIMITUA0B. YPOBEHb IPOJYKTOB MEPEKUCHOTO OKHCICHHS 3aBUCHT OT
KOJINYECTBAa aHTMOKCUJAHTOB B KieTKe. M3 IuTepaTypHbIX JaHHBIX MU3BECTHO, YTO MPU
BII B yepHOii cyOcTaHIMU, B IIPOTHBOIOJIOKHOCTh APYTHM OT/ENaM MO3Ta, CHH)KEHO
YHUCJIO IIMAJbHBIX KIETOK, COJEpKAIluX €CTECTBEHHBbIH aHTHOKCHUIAHT - TIyTaTHOH
TepoKCcHa3y, a TAakXKe OTMEUeH HU3KHUHA ypOBeHb riryTatnona [1,12]. Huskuit ypoBeHs
AQHTHOKCHIAHTOB COIPOBOKAAETCS BBICOKMM YPOBHEM aKTHUBHBIX ()OPM KUCIOPOAa, 00
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HCCJIIENOBAHUE OKUCJIMTEJIBHOU MOJU®UKAIIMN BEJIKOB W JIUITMAOB IMTPU SKCIIEPUMEHTAJIbHO BBI3BBAHHOM. ..

JAJAI0MIMX UTOTOKCHYHBIMH CBOWCTBAMH HHIHOHPOBATH CyJIb(GTHIPHIBHBIC TPYIIIBI
(depMeHTOB M mOBpexkaath NH2- rpymnmbsl MeMOpaHHBIX OEJIKOB.
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Puc.1. OxucnurenpHast MogupuKanys OEIKOB B sepHOi (ppakiuu B HopMe 1 1ipu BII(n=7)

1-HeHlTpabHOrO XapakTepa, 2-0OCHOBHOI'O XapaKrepa
*-p> 0,01

Hcxons u3 3T0r0o, Mbl MPOBENM HCCIEIOBAHUE 10 OIPEACICHUIO COJEpIKaHHs
OKHCIIMTEIILHOTO ITOBEPKACHUS OEIIKOB IIPU MOJIEINPOBaHUH cuHpoma BII.

Ha puc. 1,2 napl NpomyKThl OKHCIEHHUs OENKOB, KOTOpBIE MPOpEarupoBaiu ¢
2,4-muHUTPODEHUITHAPASUHOM B siiepHON (puc. 1), MHTOXOHAPHAIBHOW (QpaKIHsiX
(puc. 2). Ha atux puc. mpezicraBiieH NPOLEHT pa3HULBI OT KOHTPOJISI 00pa30BaBIINXCS
2,4-muHUTPO(EHONTHAPA30HOB. AHAJIN3 YPOBHEH OKUCIHMTENBbHONH MoauduKauuu Oen-
KOB BO (PpaKiysX roJIOBHOTO MO3ra KpBIC € SKCIIEPUMEHTAIBHBIM cuHApoMoM BIT noka-
3aJ, YTO MO CPaBHEHHUIO C TPYNIIOW MHTAKTHBIX XHBOTHBIX (TI0Ka3aTelId KOTOPBIX MBI
npussany 3a 100%) cTaTUCTHYECKU 3HAYMMO YBEIMYMBAETCS YPOBEHb alu(paTHUECKUX
IBJIETUNI- U KETOH-IUHUTPOQEHUITHIPA30HOB, PETUCTPUPYEMBIX NP [UIMHAX BOJH
356, 370,430, 530 um. [lanHblii (haKT CBUAETEIBCTBYET 00 YBEIMYCHUH MHTEHCUBHOCTU
npolecca OKACIUTENBHON IeCTPYKIMN OETIKOB.
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1-HeHTpanbHOTO XapakTepa, 2-OCHOBHOTO XapakTepa
*-p>0,01
Puc.2. OxucnuresnpHast MoauduKanms 6SIKOB B MUTOXOHIPHATIBHON
(paxuuu B Hopme u ipu  cunapome BIT (n=7).
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U3 nutepaTypHBIX JaHHBIX [2] H3BECTHO, YTO OKUCIUTEIbHAS MOAUDHUKALIUS pac-
CMaTpUBaeTCsl KaKk OAMH M3 PaHHHX MapKepoB OKHCIHUTENBHOTO crpecca. VHTEeHCHB-
HOCTh OKHUCITUTEIBHOW MOAM(UKAIIMK OEKOB OIpeessIeTCs B MEPBYIO 04epeb 0COOCH-
HOCTSIMH aMHHOKHCJIOTHOTO COCTaBa Oelka. AKIENTOPHBIMU TPYyMIaMH, KOTOPBIE CIO-
COOHBI ITepeXBaThIBAaTh dJIEKTPOHBI, B3aHMOJICHCTBYS C aKTUBHBIMU (hOPMaMH KHCIOPOAA
1 00pa3oBBIBATh AHHMOH-PAIUKAIBL, MOTYT CIY)KUTh IUCYIbGUIHEIE, CyIbOTUAPIEHBIE,
kapOoHMIbHBIE U KapOokcuinbHble 1 NH- rpymmsr 6enkoB [3]. MexaHu3Mbl HAaKOTUIEHHUS
Takux OENKOB MOTYT OBITH pa3nuyHbl. Hampumep, GpopMupoBaHHE OKHCICHHBIX OSIKOB
SIBJISIETCSL THTIMYHBIM PE3yJIbTaTOM BIIUSHUS AKTUBHBIX (OPM KUCIOPOa, KOTOpBIe 00pa-
3YIOTCsI B Pe3yJIbTaTe MHOTHX METAabOIMIECKHX MTPOLECCOB KIETKH U YacTO TPEMSATCTBY-
10T HOpMaJbHOH paboTe Oelka.

OxucuTensHOEe NOBPEXACHHE OSIKOB UTPaeT BaXKHYIO POJIb B STHOJIOTUH 00IIe3-
neit [lapkunacona n Anpureiimepa [11]. CanTtaroT, 4TO HaKOIUIEHHE TOBPEXKAEHHBIX O€I-
KOB IIPOMCXOJHT C BO3PACTOM U MOXKET OTBEYATh 33 TAKHE acCOIMUPOBAHHBIE C BO3pac-
TOM 00JIe3HH Kak 0oJie3Hb AJblLireiiMepa, [lapkuHCOHa 1 KaTapakTa [7].

TakuMm 00pa3oM, pe3yabTaThl MPOBEACHHOTO HCCICIOBAHUS CBHIECTENBCTBYIOT O
TOM, YTO OKHCIHUTENbHAS MOIH(PHUKAIHS OCIKOB U JIMITHIOB HIPAeT CYIIECTBEHHYIO POJIb
B ITaTOTeHe3€ Pa3BUTHs cUHIpoMa Oone3Hu [lapkuHCOHA.
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This paper deals with mathematical and computer modeling of bi-substrate
enzymatic reactions with ping-pong mechanism, which play an important role in
different biochemical pathways. Two models describing these reactions were designed
using different software packages, namely “STELLA” dynamic modeling package and
“Mathematica 7”. The simulation of the models with different ratios of local rate
constants allowed investigating the behavior of reactions as well as determined some
interesting aspects concerning influence of each local rate constants on enzyme kinetics.

Computational modeling — bi-substrate enzymatic reactions — ping-pong
mechanism

Whwwnwupnid hpwywuwgyt| £ Gpunipunpwm Epdtunwihu nEwlghw-
utph Jwpbtdwwnhywjwu b hwdwlwpgswihu dnnGlwynpned: Unwhuh nGwyghw-
utpp hwéwh Gu hwunhwnwd W Ywplnp nGp GU fuwnnud pwqlwehd YGuuwph-
Jhwywlu ninhubpnud: Whuwwnwupnid bwhiwagsyt) Bu yepp Updwé nbwyghwutnp
Uywpwagpnn unnbl® oginwgnnpédtiny "STELLA" L "Mathmatica 7" hwdwlwngswjhu
thwprbrUbpp: Upwgniejwl hwuwnwwnilUbph  wwppbp hwpwptpnipiniubtph
ntwpnid Unntih thnpdwnpynidp ey £ nybp hGlnwgnnt) nEwyghwutnh Jwppp,
hUuswbu bwl npn2GL JnLpwpwUgnLp wpwagniejwl hwuwnwwnniuh waqnbgnip)ntup
ntwyghwjh Yhubnhyuwh dpw:

Jwlwlwngsuwyhl dnnbjwynnnid — Gplunipunpwn Gepdtumnwhl
nbwlghwlbn — whlq-wynlbq UGuwlhqu

HManHas paboTra HMeeT [HEIO0 C MaTeMaTHYeCKHM M KOMITIOTCPHBIM
MOJZICIIMPOBAHUEM JIByXCYOCTpPAaTHBIX (DEPMEHTAaTHUBHBIX peaKUuil, MPOTEKAIOLINX
MEXaHH3MOM MHHT-TIOHT, KOTOPBIC YaCTO BCTPEYAIOTCS W MIPAIOT BAKHYIO POJb B
pa3IHYHBIX OMOXMMHYECKHX MyTsX. VICOib3ys IHMHAMHYECKHE MPOrPaMMHbIC
maketel “STELLA” u “Mathematica 7”, ObUIH CKOHCTPYMPOBAHBI MOJCIH IS
IBYXCYOCTpaTHBIX ~(EPMEHTATHBHBIX DEAaKLUi C MEXaHW3MOM ITHHT-IIOHT.
CHMyISIHSL MOJIENel ¢ Pa3IMIHBIMH COOTHOLICHUSIMH JIOKAJIbHBIX KOHCTAHT CKO-
pocTeil MO3BONIMIM HM3YYHTh MOBEICHHE O3THX PEAKLHil, a TaK K€ YCTaHOBHUTH
HEKOTOpbIE HHTEPECHBIC ACMEKThl OTHOCHTEIBHO BIMSHUS KaXIOW KOHCTAHTBI
CKOPOCTH Ha KHHETHKY )ePMECHTATHBHON PEaKIHH.

Komnviomepnoe modenuposanue — 08yxcybcmpammvie ghepmenmamughbvle peakyuu —
MEXAHUZM NUH2-NIOHE
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Enzymatic reactions with participation of two substrates are called bisubstrate
enzymatic reactions and are widely spread in different metabolic pathways from simple
organisms to highly developed ones [2,7,11]. Thus, in silico investigation of these processes
can highlight some useful information of specific features of metabolic pathways.

Enzymes almost always catalyze reactions having several substrates, frequently two.
Certain enzymes require the presence of a dissociable coenzyme. For kinetic analysis, the
coenzyme can be formally considered as a second substrate. Commonly, the concentration of
one of the substrates is in large excess and is not significantly modified over the course of the
reaction. In the case, when analyzing the kinetics, only the single substrate needs to be taken
into account. Enzymatic hydrolysis reactions use water as a second substrate. When those
reactions take place in aqueous solution, the second substrate does not contribute to the
kinetics of the reaction [10].

There are several well-known mechanisms of bisubstrate enzymatic reactions, namely
ping-pong mechanism, sequential mechanism and iso-mechanism [2,4,7,9-11]. These mecha-
nisms differ by order of participation of substrates and by releasing products during enzy-
matic reaction. In the case of ping-pong mechanism, the product is being already released be-
fore all substrates are bound. In the sequential mechanism the two substrates bind before pro-
duct is released. In iso-mechanisms the enzyme isomerizes into two or more stable con-
formations.

Ping-pong mechanism of bisubstrate enzymatic reactions.

The ping-pong mechanism can be categorized into two groups, namely random ping-
pong and ordered ping-pong mechanisms. The ordered mechanisms are those in which the
reaction substrates bind to the enzyme in a defined order. In this work we have examined
only ordered ping-pong mechanism.

According to the Cleland’s schematic representation of enzymatic reactions, different
states of the enzyme can be represented by a horizontal line and the substrates and products
by vertical arrows [5]. Thus, the scheme for bisubstrate ping-pong enzymatic reaction is as
follows:

ki | ka k2 ks | ks ka

E [ES1] F [FS2] E

where ki, k, k3 and k, are local rate constants of forward reactions, whereas k_; and k3
are local rate constants of reverse reactions; E is concentration of free enzyme; S1 and S2 are
concentrations of the first and the second substrates, respectively; [ES1] represents binary
complex (E-S)); [FS,] is the second binary complex (F-S,); P; and P, are the first and the
second products of the enzymatic reaction, respectively.

The name of the reaction indicates the alternate binding of substrates and release of
products characteristic of this mechanism. After binding of the first substrate, the first product
is released, followed by binding of the second substrate and release of the second product. A
stringent feature of this mechanism is the formation of an intermediary enzyme form in the
reaction with the first substrate, usually by transferring a reactive group. The second substrate
will remove this group to the form the second product. Aminotransferase (transaminase)
reactions are typical examples of the reactions with ordered ping-pong mechanism.

Considering the general case where the reverse reaction is not negligible, the
following rate equation for ordered ping-pong mechanism can be obtained under steady-state
conditions [1].
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P = ks XE
T R K
1*511"‘54(“"32)

where K; and K, are binding constants of the substrates S; and S,, respectively.

The following system of differential equations describes the bisubstrate ping-pong
enzymatic reactions:

‘;—f= kg [ESy] + ko[PS ] -k [E][S,]
‘;i; = k4 [ES; ]Iy [E]LS; ]

dES,

= = kalElls ]k (51K, [E5,]
dP,

dF @

— = klES] + k[P -k [Flls,]
d
% = k_[PS,]—k, [AI[S, ]

d

% = ky[F][8;]—k_;[FS,] — k, [FS;]

ﬁ % = pps

The main objective of this study is to represent the results from in silico investigation
of bisubstrate enzymatic reactions with ordered ping-pong mechanism as well as to describe
in details the behavior of these reactions. The interests toward such kind of investigation is
associated with the lack of experimental data which can be used for running computer
models in the field of enzyme biochemistry in general, and in the enzymology in particular.
Therefore, in silico investigation of enzymatic reactions can be useful for investigators from
both fields.

Materials and methods. In the present work two different modeling software packages are
used to design the model of ordered ping-pong mechanisms and to compare results derived from
simulation. Modeling has been carried out using “STELLA” dynamic modeling package and
“Mathematica 7” software [6, 8] based on the above-presented differential equations. In “STELLA” the
computing was done by Euler’s method of integration while in “Mathematica 7 the Runge-Kutta’s
method of integration was used.

One model of ping-pong bisubstrate enzymatic reactions has been constructed for each software
package. Since the duration of real biological reactions does not correspond to the model simulation
time, the description of kinetic behavior of models has done based on conditional time units (CTUs).
The model simulation has been carried out using the following initial values of parameters in both
packages:

E=10 pmol k;=1.5x107 (secxpmol)™! k.=1.4x107 (sec)
$,=300 pmol ky=1.5%10" (secxpumol)’! k=1.4x10 (sec)
S,=400 pmol k,=3x107 (sec)’! k4=3x10" (sec)’

From literature it is known, that for aminotransferases which are the typical examples of
bisubstrate enzymatic reactions with ping-pong mechanism, binding of substrates is reversible and
substrates can be easily dissociate from enzyme-substrate complexes, which means that binding
equilibrium constants approximately equal to one. Thus, we have taken appropriate combinations of
local rate constants for binding and dissociation of substrates for simulation.
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Moreover, the influence of k, and k4 local rate constants on whole kinetics was investiga-

ted. Leaving fixed ky; k.| and ks; k 3 pairs we have examined the cases with the following three ra-
tios of k; and ky: (1) ko= ky4; (2) ko> k4 and (3) ko< ky (refer to Table 1 for values).

Table 1. Different ratios of local rate constants with corresponding values used for simulation

Ratios of local rate constants Values
k, ky
ko/ks=1 3x107 3x10°
ko/k>1 1.5x10 3x10°
ko/ks<1 3x107 1.5%x107

Results and Discussion. As known, in silico investigation, the computational experi-
ments by different software packages allow identifying some principal features of investi-
gated objects, which are either impossible to determine by in vitro experiments, or they re-
quire quite valuable techniques and methodologies. Besides that, computer-based experiment
has another advantage, which allows saving time for preparation and implementation of ex-
periments. Taking into consideration the above-mentioned, in this article we have generally
concentrated on behavior of enzyme-substrate complexes and intermediary F enzyme form,
because usually it is difficult to follow the behavior of these complexes during in vitro expe-
riments.
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Fig. 1. Kinetic behavior of substrates S,; S, (curves 1 and 2, respectively) and Py; P,
(curves 3 and 4, respectively) products in bisubstrate enzymatic reaction with
ping-pong mechanism after model’s simulation in (A) “STELLA”
dynamic modeling package and (B) “Mathematica 7” software.

Simulation in both packages resulted to obtaining the dynamics of bisubstrate en-
zymatic reactions under bi-bi ping-pong mechanism (fig.1). As one can see from the fig.1, in
the very beginning of kinetics the decrease in the concentrations of the first S; substrates is

88



COMPUTATIONAL MODELING OF KINETICS OF THE BISUBSTRATE ENZYMATIC REACTION WITH PING-PONG MECHANISM

very quick and one possible explanation for such a fast decrease could be that the concent-
ration of the first S; substrate have taken with an excess compared to enzyme’s concentration
([EV[S:1] = 1/30), and it means that binding of S; takes place quite rapidly. The same fast
binding of substrates has been previously shown by our group in the case of bisubstrate en-
zymatic reactions with sequential mechanism [3]. In contrast with the beginning stage, at the
final steps of kinetics the decrease in the concentrations of substrates is very slow, and at the
end of kinetics, all substrates was completely consumed. Simultaneously, products (P; and
P,), in their turn, reach a plateau.

The conditional time unit (CTU) for which the concentration of the [FS2] binary
complex approaches to zero is considered end time moment for kinetics (tab. 2).

Table 2. Values of concentrations of various parameters at the end moment of kinetics

Val}l es at t he er.ld o“fkmencs },n Values at the end of kinetics in simu-
Parameters simulation with “STELLA lation with “Matematica 7 software
dynamic modeling package

E (umol) 9.89 9.93

S; (umol) 0 0
ES; (umol) 0.02 0.01

P; (umol) 299.98 299.99

F (umol) 0 0

S, (umol) 100.02 100.01
FS, (umol) 0.09 0.06

P, (umol) 299.88 299.93

T N

Fig. 2. Pre-steady state kinetics of enzyme-substrate complexes ([ES,]-curve-2; [FS,]-curve-1),
free E enzyme (curve-3) and intermediary F form of enzyme ([curve-4) at the following three
cases: (A) ko=ky; (B) k,<k, and ky/k,=5; (C) ky>k, and ky/ks=5

As one can notice from fig. 1 and tab. 2 the simulations under two software show
identical results with insignificant differences. Thus, it is more favorable to consider data
derived from only one package, which is in our case “STELLA”. The simulation empha-
sized on the study of behavior of enzyme-substrate complexes, free enzyme and interme-
diary F form of enzyme. To show behavior of enzyme-substrate complexes in more de-
tails, we have represented the pre-steady state kinetics (fig. 2) and whole kinetic picture
for enzyme-substrate complexes (fig. 3) separately.
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Fig. 3. Overall kinetic behavviour of enzyme-substrate complexes ([ES,]-curve-2;
[FS,]-curve-1), free E enzyme and intermediary F form of enzyme
(curves 3 and 4, respectively) at three different cases:

A) k=ky; B) ko<ky and ky/k,=5; C) ky>k4 and ky/ky=5

As one can see, fig. 2 represents pre-steady state kinetics of complexes, i.e.
when [ES,] and [FS,] complexes reach saturation point and do not change over the time.
The system needs different time to reach steady state point at different ratios of local rate
constants. For the first case, system reach steady state after simulation for a 700 condi-
tional time units (CTU), for second case, it needs 160 CTUs for reaching saturation, and
for the last case 300 CTUs (tab. 3).
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Table 3. Saturation points of [ES;] and [FS,] binary complexes at different cases

Ratios of local rate | [ES;] x(umol) [£FS5] x(umol) CTUs needed for saturation
constants
ko/ks=1 5.03 4.88 700
ko/ky>1 8.32 1.55 160
ko/k4<1 1.68 8.19 300

At the first case, when k,=k,, simulation shows that the concentration of free enzy-
me rapidly decreases, because of fast binding of the first S; substrate and after a few
CTU all molecules of enzyme are occupied by substrates (fig. 2A, curve 3). Increase in
the concentration of free enzyme was observed in the final part of kinetics (fig. 3A).
Concentration of ES; complex (fig. 2A, curve 2), naturally reaches its maximum value at
10™ CTU (when free enzyme molecules are absent) and after that point it decreases very
slowly till certain point and remains constant. Notable decrease in ES; concentration
could be seen from 20000™ and it totally disappears at 24000™ CTU (fig. 3A). The con-
centration of FS, complex starts to raise from 10" CTU till the saturation point ([FS,]=
4.88), which is almost the same as for the first ES; complex. Actually, synchronous be-
havior of curves 1 and 2 lasts until the system turns to the equilibrium state. Like the ca-
se of ES; complex, in this case as well, the decrease in concentration is seen from
20000™ CTU, while total disappearance of the last occurs a little bit later, than as for ES,
complex. Interestingly, the concentration of intermediate form of enzyme almost equals
to zero, which means that the second S, substrate rapidly binds to intermediate F form of
enzyme, and it is hard to detect F in virtual solution.

In the next case, when k, is greater than k, by five-fold, the behavior of considered
parameters is the same, except for ES; and FS, binary complexes. The ES; complex, as
in the previous case, reaches rapidly its maximum value, followed by slow decrease till
steady state point, which is equal to 8.32 but notably greater than in previous case (fig. 2,
curve 2). As expected, the FS, complex slowly increases till saturation point [FS;]=1.55,
which is notable less than in the previous case.

For the third case (k,<k,) there are not significant changes with free E enzyme and
intermediary F form of it. But in the contrast with the second case, the ES, and FS, bina-
ry complexes exchanged “roles”. The ES; complex, as usual, reaches its maximum value
very fast, but then decrease till saturation point, which appeared to be equal to 1.68, less
than in previous. Analogically, one might expect that FS, complex grows till steady state
point, which will be notable greater than in the previous case. And the expectations were
met ([FS,] = 8.19).

The intermediary F form of enzyme has not been detected in notable quantity at all
considered cases during pre-steady state kinetics. This fact gives possibility to conclude
that intermediary F form quite rapidly binds with the second substrate molecules and
transforms to the FS, binary complex. The influence of different local rate constant ra-
tios on saturation points of binary complexes could be estimated from tab. 3.

From the tab. 3. it is clearly seen, that the increase in the k, local rate constant leads
to increase in saturation point for ES; binary complex and accordingly to decrease in
saturation point for FS, complex, while increase of the k4 local rate constant leads to in-
crease in saturation point for FS, complex, and to decrease in saturation point for ES,
complex.

Comparing the concentrations of the producr in the three various cases, namely (1)
ko=ky; (2) ko<ky4 and (3) k,>ky, the comparative dynamics of the change product concent-
ration has been revealed (refer to fig. 4 below).
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Dynamics of P1 product for three different cases

- 350
S ‘ ‘ A
E 200 - —
=
E 250 -
8 / —k2=k4 caze
200
k] P
-E / —k2/kd>1 case
E 150 /
o / . ka k2>1 case
100 ‘/
30 /j
a
a 200 400 G500 800 1000 1200
Time
Dynamics of P2 product forthree different cases
= 350
o B
T =00 — —
£ /
a F
250
£ / d
s 4 /
Y son / ——k2=k4 case
2 150 ! / — 2/ k4] case
o
a / :
100 // kd/k2=1case
50 /‘
a
a 200 400 600 500 1000 1200
Time

Fig. 4. Dynamics of the change in the concentrations of the first and the second product
at three different cases: (1) ko=ky; (2) ko<ky; and (3) ky>k,

As one can see from fig. 4, the increase in the values of local rates in the second and
third cases leads to fastening of the whole reaction kinetics, since rates of both first and
second product generation were increased. In the second and third cases the increase in
the values of local rate constants results to similar behviour of the first product
generation dynamics, while the curves of the second produc totally coinside one to
another (fig. 4B). Taking into consideration the above-mentioned results one can derive
the following conclusions:

1. The computational simulation of models of bisubstrate enzymatic reactions with ping-
pong mechanism by “Mathematica 7 and “STELLA” software packages gives
identical pictures of kinetics.

2. The interim F form of the enzyme has not been recorded even in virtual environment
by modeling using both software packages. Therefore, it can be concluded that F
bounds to the second substrate (S,) very quickly by transforming it into FS, complex.
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3. In case of equal value of k, and k4 local rate constants the steady-state values of con-
centrations of the ES; and FS, complexes are the same.

4. In the case of ks>k,, the value of ES; complex concentration is significantly higher
than the value of FS, concentration in the steady-state. Similarly, in the case of ks<k,,
the opposite picture occur.

5. The rate of product generation in bi-substrate enzymatic reaction increases regardless
the fact which one of k; and k4 local rate constants get biger value.

10.

REFERENCES

Bapgponomees, CJ[., I'ypesuu, K.I'. buokuneruka, M., 1999.Yuan, H., Fu G., Brooks,
Ph., Weber, 1., Gadda, G., Steady-State Kinetic Mechanism and Reductive Half-
Reaction of D-Arginine Dehydrogenase from Pseudomonas aeruginosa. Biochemistry,
49, 9542-9550, 2010.

Kenemu T. OcHOBBI (hepMeHTaTHBHON KMHETHKH, Mup, M., 1990.

Azizyan R.A., Gevorgyan A.E., Arakelyan V.B., Gevorgyan E.S. Computational modeling
of kinetics of the bisubstrate enzymatic reaction with sequential mechanism. Electronic
Journal of Natural Sciences, Jan 2011, Issuel, 18, pp. 3-12, 2012.

Bisswanger, H. “Enzyme kinetics. Principles and Methods” (2nd edition), WILEY-VCH,
2008.

Cleland, W.W., Biochim. Biophys. Acta, 67, 104—137, 1963.

“Mathematica 7” Home page available at

Sidhu, R., Blair, H., Human Liver Aldehyde Dehydrogenase. The J. Biol. Chemistry,
250, 7899-7904, 1975.

“STELLA Home Page” available at URL:
http://www.iseesystems.com/softwares/Education/StellaSoftware.aspx

Yao C., Lai C., Hsieh H., Chi C., Yin Sh. Establishment of steady-state metabolism of
ethanol in perfused rat liver: the quantitative analysis using kinetic mechanism-based
rate equations of alcohol dehydrogenase. Alcohol, 44, 541-551, 2010.

Yon-Kahn, J., Herve, G. Molecular and Cellular Enzymology, /, Springer, 2010.

Received 10.04.2012

93



Lwjwuinwih Shumenubbsph Uggughl Uywnbdhw Lwjwunwih Yelhvwpwiwlwi {winbu
HauuonaasHan Axkasemus Hayk ApMmeHuu Buoaoruuveckuld XKypHaan ApMeHuu

National Academy of Sciences of Armenia

*@npdwpuwpnwlwl L inbuwlwl hnpdwdlbp «kcnepumenmanvhvle u meopemuuecKue cmamyu®

*Experimental and theoretical articless

Swjwuwnwlh YEuuwp. hwuntu, 2(64), 2012

«NPAL YUrUPRCy UraGLUYUS A UNah Yhauue

U. L. UUNrS23UL’, U. 5. NULULABUL? 4. L. AUNUL3UL?

"Buwypwunwp whmwlwl wepwpuypl hwdwuwpwl,
2elpqlynguywnluypll hudwippy MUY
badalyan_vahan@yahoo.com

PEpYwé BU «Npnwl uwndhpy» wnpgbiwdwiph $inpwjh wpnh yhéwyh nunduw-
uhpniRjwU wpnynitupubpp: Upgbiwdw)pp Uspywjwgunid £ ng UGS hwindhuin hwdwyb-
gnLejnLl, hugp punpn £ Upwpwwjwl hwppwdwiph wnwywiwé nwpwépubphu:
Lbnywnwdu wpgbiwywiph tnwpwépnud npwlp wwhwwuynid BU Yyngjwyutpny W ne-
UblU pwgwnrhy ghtnwywl nt gnpdlwywl Lpwluwynipe)ntt YEluwpwquwquuntpjwu W
Upwpwunjwl hwppwywinph npnwu Yupdhp Eunbd dhpwinh wwhwwuntejwl hwdwn:
Utn Ynnuhg Ywwnwnyned 6U dhgwinh b Upw YEpwpnyubp hwunhuwgnn npnwufuninh
nt tnbgh wwppGpwywl neuncdbwuhpnieiniutbn: UngGiwydwinph $inpwt punyugwd
t 110 pwpépwlwng wunpwynp pniuwnbuwyutphg, npnup wwwnywunid B 82 gbnt-
nh L 21 punnwuhputph: Upgbluwdw)ph YELuwpwquwgquwunipjwl thnthnfuntpjwl ypw
wgagnntd U hnnbph wnwaqbpédwu, ubthwywlwunphdwl b wiwwwwnwgdwu gnpd-
pupwgutpp:

Upgtywdwn - YEluwpwqdwqulnipinili - hwndpun pniuwlwingintl -
nppwl quindpp

IIpuBonsTCS pe3ysbTaThl UCCIEA0BAHUI COBPEMEHHOTO COCTOSHHUS (IOpbl 1
PACTUTENBHOCTH 3aKa3HHKa ‘“‘Apaparckas KOLICHUIb”, KOTOPbIH HPEICTaBIseT CO-
60it HeOOBIIYO YacTh ranoduTHON (hopmaiu ApapaTckoit paBHuHBL ['amodur-
HBIE COOOIIECTBA SBISIOTCS XapaKTEPHBIM KOMIIOHEHTOM PacTHTEIILHOCTH 3aCOJICH-
HBIX TIOYB Apaparckoil paBHHHBEI. B Hacrosiee BpeMs OHU COXPAaHSIOTCS JIUIIb B
BHJIE OTACIBHBIX (PParMEHTOB Ha TEPPUTOPHH 3aKa3HUKA M UMEIOT UCKIFOUHTEIBHO
BaXKHOE HayYHOE M NPAKTHYECKOE 3HAUEHHE IS COXpaHEHHs OHopa3HOoOpas3us 3H-
JEMHYECKOTO BHJa apapaTckoil komeHuw . Hamu BbisiBIeHO, uTo (hiopa 3aKa3HHKa
npezacrasneHa 110 BugaMu BBICIINX COCYAMCTBIX PACTEHHH, OTHOCAIIMXCS K 82 po-
nam u 21 cemeiicTBy. Bonbioe BiusiHEE Ha M3MEHEHHE OHOpa3HOOOpa3us 3aKa3HH-
Ka MMEIOT 3aCOJICHHBIE TTI0YBBI, IPUBATH3ALMS M OITyCTHIHUBAHUE 3EMEIIb.

3axasnuk — buopaznoobpasue — 2arogummoe cooduecmeo — apapamcKas KOWeHuIb

The results of the study of present status of “Vordan Karmir” state sanctuary’s
flora are presented. The state sanctuary represents not large halophyit community
which is characteristic of saline regions of Ararat Valley. Currently they are
preserved within the boundaries of reservation in the form of small islands and have
unique scientific and practical importance for the preservation of biodiversity and
endemic insect of Ararat Valley. Regular studies of the above mentioned insect and
its fodder crops Aeluropus littoralis and Phragmites communis are being
undertaken. Flora of the reservation consists of 110 species of vascular plants,
which belong to 82 genera and 21 families. The reservation’s biodiversity changes
due to the processes of soil desalinization, privatization and desertification.

State sanctuary — biodiversity — halophyte community — margarodes hameli

94

Biological Journal of Armenia



«NPAUL UUPURCy UNPQGLUYUS,h UPYh dhsuue

Swjwuwnwlh puniejwl hwwnniy ywhwwuynn tnwpwdpubph (R3INS) hwdwywnpgp
(wpgbingutp, wpgbiwywyptp, waqgquihu  wwpytp W punigjwl  hnwpbdwuubn)
duwynpdby £ 1958 p-hu: WUn gnpdpupwgl wn wjuop k| pwpnibwyyned E, hugp wwy-
dwuwynpwd Bpypph hwgywgjnuin nt wpdbpwynp pniuwywtu b YEunwlwywl wnk-
uwyutnh yrnwugywds |hubind W npwlg ywhwwunipjwl wuhpwdtunniejwdp:

«Npnwu Ywpuhp» wpgGwdw)pp untbnédt) £ A3IM tnwpwodpubph punhwuncp hw-
dwywpgh duwynpnidhg wybih np' 1987 p-hu, tpp IUUI Junwywnpnipjwl N61 npnp-
Jwdp «Upwpwunjwl nwwnh wnnunwjhu Eynhwdwlwpgbph, npwlg pniuwywl no
YEunwluwywl wtuwphh wdpnneniejwl wwhwwunipjwl nt Ywjntl ogunwagnpddwlu
wwwhnydwl, dwulwynpwwbu, wpdbpwynp dhgwnh' wpwpwwnjwl npnwl Yunpdhph
(Porphyrophora hameli) nL Uupw ubdwl opjGywn hwlnhuwgnn npnwUpuninh  (deluropus
littoralis)  wWwhwwunipjwlu W JGpwpunwnpnigjwl  wwwhnydwl»  Uywwnwyny  w-
nwewnpyytg hhduwnpt JGpnhp2jup wpgGwdwipp: Wu npndwl hwdwn hhdp En
hwunhuwgb) nbnlu 1971p. IUUI Ywnwywnnipjwl hwbdUwpwpnipjwdp 33 QU UEUnw-
Uwpwuniejwl hUunhwnninh Uwhiwadbnuwéd wpwpwwjwl npnwl Ywpdhph ghunw-
hGunwagnunwywl ncuncduwuphpnie)niultpp:

«Npnwu wnpdhp» wpgbiwdwipp gunuynid £ Updwdhph dwpgnd, Yuqdywé E G-
ynt hwndwdsélbphg W gpwntgunid 219.85 hw tnnwnpwédp: Uh hwndwép gunuyned £ Upw-
quith (198.33 hw), Ujntup® nuinwwn (21.52 hw) gjninwywl hwdwjuputph Jwpswywu
wnwnwéplbpnud [2]:

Upgbiwdwjph unknénidhg hGunn, hwpdh wnubind npnwu Ywnpdhp Jhgwinh puw-
gwnrhy Lpwlwyntpe)nilp, hhdbwwu whuwwnwlputpp twpynwd Ep Jhowwnh W npnwu-
funinh nruntdUwuhpdwu e wwhwwUdwU nunnnigjwdp: buy hug Jepwptpnud £ wnp-
gGwywiph YGuuwpwgdwquwunipjwup, hwunjwwbu pnuwywl pwqlwquuniejwup,
wuww wbwnp E UL, np nbnlu wdpnnowwl wwwnytn syw:

Utn wohuwwnwlph bwywwnwyu E Gnbl ntuncduwupptp «Npnwl Yupdhp» wngbpw-
Jwjnh $npwjh YEluwpwquwquunintup b UGplujwgutby wpnh yhdwyp:

Yntpe U JGpnn: Wluwnwlph hwdwp Unte U Swnw)bl «Npnwu Ywpdhp» wpgbuwyw)-
nh wwpwépnid 2007-2011 pwlwlubph pupwgpnid Ywwnwnpwd nuncdUwuhpnieniulbph
wprynitupubpp: YGLuwpwqgUwquwuniejwl ntuntdbwuhpnudp ywwnwpytl £ Gpeninwjht W unw-
ghnuwn JGennutnny, npnup htwpwydnpniejntt Uyt hGlnwagnwnnientlubpp hpwywuwgtb)
wnwnpyw pninp Gnwbwyubphu: Nuntduwuhnpyby E pnyubph tnBuwywihu Ywqup, $EUnnghwl,
Jwwnwpyb) U Gpypwpniuwpwlwywl Lywpwanpnientlubn: Antuwwnbuwyubph hwdwndwlu
hwdwn Ywqudb| BU hGppwphnidutbn: SGuwlwihu ywgquh npndwl hwdwnp ogwnydtl Gup hwdw-
Wwwnwuhpuwl gpwywuniejniuutphg [4,5]: SGhunwpwyutph dwdwuwly hwdwpdwd Ujniebph
dawynudp Yuwwnwnydbl £33 QUU Antuwpwuntpjwl huuinhwnnuinh pwpdpwywng pnijubph Yunp-
gqwpwluniejwl b wRuwphwapniejwl pwdlund W 6M3 YELuwpwunipjwl $wyniinbinh pniuw-
pwuntpjwl wdphnunid, nnh hwdwp hwjnunwd Gup JGp funphhU QUunphwlwnip)niun:

Uprynlyplbn b pblupyned: Npnwu ywnpdhp Jhgwwnp W npnwUhunnp wwpned
U wnniinwihu hnntph ypw, wjuhUpl wpgbiwywipnid duwynpywd £ jncpwhwnncy
wnninwjhu Eynhwdwlwpg: Wuwnbn Ywpbh £ hwunpwt hhduwywunid, wjuwhuh
pniuwwnbuwyutbnh, npnup Ywpnn GU wwpbp hnnnud wnh pwpén ywpniuwyniejwu
(Uhugl 3%) wwjdwulubpnd® wnwhwuyhy (Halostachys), wnwpniju (Salicornia), wnw-
éswnhy (Halanthium) W wju) ywd wjbwyhuh dniwhunntph, npnup Eyninghwwbu 2wn
6ynctt BU LW wwpnud U gwuywgwd wwjdwuubpned, wyn pUntd bwle wnniinubpned,
(ophuwy, rELNLY uwyhwnwy (Chenopodium album), hnyJwdwnwhu undnpwlywl (Capsella
bursa pastoris), pwwnniinhy unynpwwl (Taraxacum officinale):

Upwpwwnjwl nwwnnid gjninunbnbuwywl dpwlwpenyubph wikgdwl bywnw-
yny 20-pn nwph 60-wywu pYwywultphg uyuytg wnninwihu hnntph wnwqbpédwu
gnpépupwgn: Upnyniupnud Yndwwndbg wnwubn pniuwnbuwyutnh pwlwyp, thntuybg
Eynhwdwlwngh YeUuwpwquwquwunigintup W dnn 70 wnbGuwly hwindhwnn  pnyubp
Unpgnhu hptug gGunwnhy wywnhynipyntp [3]: Nsuswgdwl uwwnrUwihph GUpwyw
nwpdwl hwqywgjnun pnyubp’ pnpulwenith 2npGphu (Nitraria schoberi), npp wwih-
wwuynwd £ dhwju wpgbuwydwiph nmwpwépnid, ywpdpwl nipwnbep (Tamarix octandra),
Jwiwhunin  Ywuwhwywup (Kalidium caspicum), uwnuwqwl Ynbwéup (Halocnemum
strobilaceum), npnup 33 pnyubph Ywpdhp gppnud gpwugywd BU npwbu Junwlgywd
inbuwyubp (wJ wuhGunwgdwl pwwn pwpép nhuyh wnel ywuguwd nEuwyubp Jwjph
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punLpjwU Uty), huy phubpghw 2nipowrelin (Bienertia cycloptera) hwjnudtl £ Ynhinhyw-
Jwu ghtwynwd (Yuu wuhGunwgdwl swihwqwlg pwndp nhuyh wnel yuwlugUwéd nk-
uwy E) [1]:

20-nn nwph yGpgnd hnntph ubGthwlywuwpunphndu £ hp hGpehu Uwwuwnbg
YEUuwpwguwqgqwuniejwl thnthnpudwup® Uh ynndhg pbpGind «Npnwl Ywpdhp» wn-
gblwywipnd wnwlduwwbu UGé wpdbp subpywjwgunn pniuwwnbuwyutph W dnjw-
funintph nwpwésdwup, Ujnu Ynnuhg' hwgqwagjniin inbuwyutph Ypdwwndwlp: 3Innh
ubthwywuwpunphnidhg hGwnn wpgbwdwipu wdpnngnght 2ppwwwinytbg ubthwyw-
LUwpunphjwé gjntnuinunbuwlywlu hnnwywnnputpny b puwywywyptpny, npuntnhg
wnwppbn Unjwhunntp wbwngbp pwthwugnd U wpgbiwywinph tnwpwép: Wn pnijub-
nhg GU nununwthnip (4lhagi pseudoalhagi), qunan (Cuscuta cesatiana), nwnUwndwwnp
(Goebelia alopecuroides), Gnwynnwubnpuhyn (Tripleurospermum inodorum), nnnup wnntu
Jwaqut] GU fudpwynpnidubn W wumhdwlwpwnp Jedwgubin hptug gphwywd nw-
npwéplutnp' nnwpu GU Unnud npnw Ywpdhp Jhgwwnh gnjniejwl wywjdwl hwunhuw-
gnn npnwuhuninhu W GnGghU (Phragmites australis):

UpgbGiwywjph YUuwpwguwqwuniejwl thnthnfuntejwl Jpw waqnnd £ bwl
Uthdwjh grnpwy thnthnpuniejniup b wuwwwwnwgnidp: Swpwéplubnh wphnwgnidu w-
nwghU hGpphu puntpwgpwywl £ wbwwwnw-Jhuwwlwwwwnwihu hnntphu, nnnug
rUhU Ef wwwnlwunid EU wnniinutbpp: Yhdwih ginpwp thnhnfunijwl wpnniupned,
huswbu L YuwUpiwwnbuynd Ep, UWywwnynd B wuwwwwnwhu tnmwpwéputph punjwij-
uncd, npl £ Gupwnpnud £ hwindphwn pniuwwlnipjwl pwlwluwlwl wybGwgned: Wu
gnpéplupwgh dwdwlwly wnwybiwwbu Yunnidtl hwgywagjnin pnijubpp, npnlp ¢nt-
UGLwny EYynpnquyGluwpwlwlwl hwwnyniejntultph dyniuncp)niu, nnipu Yunytu
hwJdwybgntp)nLuhg:

Utp ynnudhg Ywunwpgwé nuntduwuhpnieinilubpp gnyg nndbghu, np, sbwjwé
Ypwé wnwpptp thnthnhunieiniuutpht, wpgbiwdwiph tnwpwépnid pwpnibwynd Gu
gbpwy2nnn nhpp gpwyb| wnwubp pniuwnbuwyutpp® oowllbpp (2nnwlltp), unwytin
pwnépp (Suaeda altissima), qbnihghw dwnywdbwnp (Seidlitzia florida), pwdnipwhununp
(Camphorosma lessingii), hwihdhnut gnpununtywynpp (Halimione verrucifera) W npnwupun-
wnp:

Lwhitwywl ybppnudnipjwl wpnyniupnud ywng nwnpéwy, np wpgbiuwywpnid
Jbp Ynnuhg wpéwlwagnpywé inpwl pwnyugwsd £ 110 pniuwnbuwyubnhg, npnup
wwwnlwunwd BU 82 gbintph L 21 puwnwUuhpubph (wn.1):

SGuwyutpny wdtUwhwpniuinp pEintywaqghutinh (Chenopodiaceae) putnwuhpu
E, npp ubpywjwgywéd £ 27 inGuwyny, 15 gbnny: UWJELwUGS gbnp Uunyuwbu wywwnyw-
unwd £ wju punwlhphu. opwU® 6 inGuwyny (Salsola ericoides, S. dendroides, S. nitraria, S.
soda, S. macera, S. glauca): Cuinnwuhph Ujniu gtntnp Ubpywjwuncd Gu. udbnwl® 4 (Sua-
eda altissima, S. confuse, S. heterophylla, S. acuminata), UnfupwrGINLYp (dtriplex verrucifera,
A. leucoclada subsp. turcomanica, A. tatarica) W yGwmpnuhdnUhwU (Petrosimonia brachiata,
P. glaucescens, P. glauca)' 3-wlwl nGuwyubnny:

Skuwyutph pwuwyny Gpypnpn nbnnd BU gunuynid wunnwéwnywaqghubpp
(Asteraceae)’ 18 inGuwy, npnup £ UbpYwjwunwd BU 16 gtnny (Achillea, Acroptilon, Arcti-
um, Anthemis, Artemisia, Carduus, Centaurea, Cirsium, Cichorium, Crepis, Lactuca, Sonchus, Ta-
raxacum, Tripleurospermum, Xanthium, Podospermum):

Wjunthbwnl quihu £ yunwdpwqghubph (Brassicaceae) puinwluhpp' 17 nbuwy,
11 gbn, nphg Jhwju nw2wmwynunbdp hwunbu £ quihu 5 wmbGuwyny (Lepidium ruderale,
L. vesicarium, L. perfoliatum, L. crassifolium, L. latifolium):

AQwpwnwyntuqghutnp (Poaceae) snppnpn inbnnud GU 11 tnGuwyny b 9 gbinny:
Gpyne UGpywjwgnighsubpp® npnwufunnp U Gnkgp hpblug wnunbuwywl Upwlw-
Unipjwdp wutbwwpdtpwynplu BU wpgbiwywipnid: 3pugbpnpn wnbnnud pwyiwaqagh-
ubiph (Fabaceae) punwlhpl £* 7 inGuwy, 6 gbn:

Ujnu® Ubhuntpwaahutn (dpiaceae), qunnphlwaqghubp (Boraginaceaé€), hpwlw-
rUNLywaghUtp (Euphorbiaceae), funiibnhUgswaqaghubn (Lamiaceae), Gpugwhuninwqgh-
UGp (Orobanchaceae), Jwinhintnwaqaghutn (Polygonaceae), (Tamaricaceae) puinwuhpubnp
UEpYwjwunid BU 2, 3 Ywd 4 inGuwyukpny:
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Ungnruwy 1. «Npnwt Ywnpdhp» wpgGwydwinh $npwih tnwpunundhwywl Yugdp

: APIACEAE

: 1.Astrodaucus orientalis
(L.) Drude

: 2.Conium maculatum L.

: 3.Falcaria vulgaris Bernh.

! ASTERACEAE

* 4.Achillea millefolium L.

i 5.Acroptilon repens (L.) DC.
i 6.Arctium palladinii

: (Marc.) Grossh.

i 7.Artemisia fragrans Willd.
i 8.Anthemis cotula L.

: 9.Carduus nutans L.

: 10.Centaurea solstitialis L.
: 11.Centaurea iberica Trev.
: 12.Cirsium arvense (L.)

i Scop.

: 13.Cirsium incanum

: (S.G.Gmel.) lljin

¢ 14.Cichorium intybus L.

¢ 15.Crepis sancta (L.)

: Babc.

: 16.Lactuca serriola Torn.

i 17.Podospermum laciniatum
: (L.) DC.

¢ 18.Sonchus asper (L.) Hill
: 19.Taraxacum officinale

: Wigg.

: 20.Tripleurospermum

: inodorum (L.) Sch. Bip.
¢ 21.Xanthium italicum

; Moretti

: BRASSICACEAE

¢ 22.Alyssum desertorum

: Stapf

: 23.Arabidopsis pumila

: (Steph.) N. Busch

: 24.Barbarea minor C. Koch

* 25.Bunias orientalis L.

: 26.Capsella bursa- pastoris

; (L.) Medik.

: 27.Descurainia sophia (L.)

: Webb. ex Prantl

: 28.Erysimum sisymbrioides
: C.A.Mey

i 29.Hymenolobus procumbens
: (L.) Fourr.

: 30.Lepidium ruderale L.

: 31.Lepidium vesicarium L.

: 32.Lepidium perfoliatum L.

: 33.Lepidium crassifolium

: Waldst. et Kit.

i 34.Lepidium latifolium L.

i 35.Meniocus linifolius

: (Steph.) DC.

: 36.Sisymbrium altissimum L.
: 37.Sisymbrium loeselii L.

: 38.Sisymbrium irio (L.) Fourr.

| BORAGINACEAE

: 39.Arnebia decumbens

: (Vent.) Coss. et Kral.

: 40.Lappula sessiliflora

: (Boiss.) Guerke

: 41.Myosotis micrantha Pall.
: ex Lehm.

: CHENOPODIACEAE

i 42 Atriplex verrucifera Bieb.

. 43.Atriplex leucoclada Boiss.
subsp. turcomanica (Moq.)
Aellen

i .44 Atriplex_tatarica L.

: 45.Bassia hyssopifolia (Pall.)
i O.Kuntze

: 46.Bienertia cycloptera Bunge

i 47.Camphorosma lessingii Litv.

i 48.Chenopodium chenopodioides
: (L.) Aellen

! 49.Climacoptera crassa (Bieb.)

: Botsch.

i 50.Halanthium rarifolium C.Koch
i 51.Halostachys caspica (Bieb.)

: C. A.Mey

¢ 52.Halocnemum strobilaceum
: (Pall.) Bieb.

: 53.Kalidium caspicum (L.)

i Ung.-Sternb.

i 54.Petrosimonia brachiata

: (Pall.) Bunge

i 55.Petrosimonia glaucescens
i (Bunde) ljin

: 56.Petrosimonia glauca (Pall.)
: Bunge

¢ 57.Polycnemum arvense L.

. 58.Suaeda altissima (L.) Pall.
: 59.Suaeda confuse lljin

: 60.Suaeda heterophylla (Kar. et
: Kir.) Bunge

¢ 61.Suaeda acuminate

; (C.A.Mey.) Moq.

. 62.Salsola ericoides Bieb.

: 63.Salsola dendroides Pall.

¢ 64.Salsola nitraria Pall.

: 65.Salsola soda L.

: 66.Salsola macera Litv.

: 67.Salsola glauca Bieb.

: 68.Salicornia europa ea L.

© CONVOLVULACEAE
69.Convolvulus arvensis L.

. CUSCUTAGEAE
70.Cuscuta cesatiana Bertol.

: EUPHORBIACEAE

: 71.Euphorbia boissierana

: (Woronow) Prokh.
 72.Euphorbia sequierana Neck.

: 73.Eophorbia virgata Waldst. et Kit.

: FABACEAE

i 74.Alhagi pseudoalhagi (Bieb.)
; Desv.

: 75.Goebelia alopecuroides (L.)
: Bunge

: 76.Lotus caucasicus Kuprian. Ex
: Juz

i 77 Melilotus officinalis Desr.

: 78.Medicago lupulina L.

: 79.Trifolium arvense L.

: 80.Trifolium repens L.

: LAMIACEAE

¢ 81.Leonurus cardiaca L.

: 82.Mentha longifolia (L.) L.

: 83.Stachys atherocalyx C.Koch.
: 84.Lamium amplexicaule L.

: NITRARIACEAE
i 85.Nitraria schoberi L.

| OROBANCHACEAE

86.0robanche sp.
87.Cistanche salsa (C.A.Mey.)
G. Beck

PAPAVERACEAE
88.Papaver arenarium Bieb.

PLANTAGINACEAE
89.Plantago lanceolata L.

POLYGONACEAE
90.Polygonum aviculare L.
91.Rumex acetosa L.
92.Rumex dentatus L. subs.
halacsyi (Rech.) fil.
93.Rumex crispus L.

POACEAE
94.Aelouropus littoralis
(Gouan) Parl.
95.Aelouropus pungens
(M.Bieb.) C.Koch
96.Alopecurus armenus
(C. Koch) Grossh.
97.Anisantha tectorum (L.)
Nevski
98.Apera intermedia Hack.
99.Bromus japonicus Thunb.
100.Eremopyrum triticeum
(Gaertn.) Nevski
101.Phragmites australis
(Cav.) Trin. ex Steud.
102.Poa bulbosa L.
103.Puccinellia gigantean
(Grossh.) Grossh.
104.Puccinellia grossheimiana
V. Krecz.

| RUBIACEAE
105.Galium aparine L.

| TAMARICACEAE
: 106.Tamarix ramosissima

Ledeb.

107.Tamarix octandra Bunge

THYMELAEACEAE

i 108.Thymelaea passeriana

(L.) Goss. et Germ.

i TYPHACEAE
i 109.Typha angustifolia L.

ZYGOPHYLLACEAE
: 110.Tribulus terrestris L.
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TEHbI TUBPUHOM JEMNPECCUBHOCTH Y SHJIEMUYHBIX U
CEJIEKIIMOHHBIX COPTOB NIIEHUIl APMEHUH

P.P. CAIOSIH

Hayunwiii yenmp 3emnedenus,
ruzannasad@mail.ru

Bupiel 1 copra MIIEHHML, TPOU3PACTAIONINX HA TEPPUTOPHU APMEHHH, OTINYAFOTCS
BBICOKOH KOHIIEHTpaLUel TeHOB THOPHIHON AETPECCUBHOCTU PA3IUYHBIX THUIOB. BEISB-
JICHBI 0COOCHHOCTH X BHIOBOW, OMOTHITMYECKOMN U Teorpau4eckoii tokanmm3anuy. ['eHbr
THOPUIHON JENPECCHBHOCTH OOHApY)XeHbI y BCEX M3YUCHHBIX apMSHCKHX BHOB IIIIE-
HHUIL, 32 UCKITIOUEHHEM JUKOPACTYIIero Buna Iriticum araraticum.

ApMeHuﬂ — NWEeHUYa — 2eH - aiiejilb — eu6pudﬂaﬂ 0€np€CCu6HOCWlb — KomMnjiemernmayus

Swjwunwuh nwpwépnd wénn gnptultph tnbuwyubpp W unpintpp wgph Bu
puyuncd hhpphnwjhu dupqwéniejwlu tnwppbp tbuwyh gtubph pwnpén wwpniuwynt-
pjwUp: Pwgwhwjinytl GU wjn gGuGph wphuwphwgpwywl, YEluwdlwjhu b nbuw-
YwjhU nmEnwywjdwl wnwudbuwhwwnynipintuutnp: 3hpphnwiht dudwénipjwu gtub-
np hwjnuwptndt) BU hwjwywu gnpEUUGph nLuncdbwuhpdwé pninp tGuwyubph
dnwn pwgwnnipjwdp 7riticum araraticum ywjnph inGuwyh:

Juwywuwnwl - gnpbl - wyby - hhpphnuwyhl slpywonipynil - Ynduy GdEUnwghw

Species and varieties of wheat grown in the territory of Armenia are characterized
by high concentration of genes of different types of hybrid depression. Features of their
specific, biotypical and geographical localization are revealed. Genes of hybrid depression
are found in all studied Armenian species of wheat, except of wild-growing Triticum
araraticum.

Armenia — wheat - gene — allele — hybrid depression — complementation

CrapoaaBHUE cOpTa IIIEHUL], IPOU3PACTAIONINX Ha TEPPUTOPHU APMEHUH, XOPO-
IO TIPHCTIOCOOIIEHEI K €€ CIOKHBIM M Pa3HOOOpa3HbIM MOYBEHHO-KIMMATHIECKUM YCIIO-
BiAM. OHH SBIIIOTCS €CTECTBEHHBIMH JIOHOPAMH TAaKHX BaXKHBIX XO3SHCTBEHHO-IIEHHBIX
MPHU3HAKOB, KaK HEBOCTIPHUMYHBOCTH K OONE3HSIM, BBICOKOOEIKOBOCTB, 3aCyXOyCTOHUH-
BOCTb, U TIPE/ICTABIIAIOT IIEHHbII NCXOAHBII MaTepHa UL CENCKIIHH.

Jo mepBoit moxoBuHEI XX Beka OCHOBHBIM METOIOM CENEKITHH IIICHHITBI SBIISI-
csl OTOOpP M3 MECTHBIX IMOMYJISAMHOHHEIX COPTOB. DTHM METOIOM OBLIH BBEIIENCHBI U
paifoHHpoBaHbl copTa ApMsaHKa, ApramaTu 42, Jlennnakanu 3, HopkoHIuK U Apyrue.

B cenexkuuu MieHUI, 0COOEHHO NPOAYKTUBHBI TMOPH/bL, HOIYyYEHHbIE METOLOM
OTAaJIEHHOHU 3KO0J0ro-reorpaduyeckoi ruOpuIu3aiy ¢ UCIONb30BaHHEM MECTHBIX COP-
TOB, 00JI€€ YCTOMUUBBIX K Pa3IMYHBIM HEONIaronpusaTHeIM (akTopaM. B nanpheiimem mo
9TOMY IPHHIMITY OBUIN MOTyYeHbl MHOTOUHCIIEHHBIE BEICOKOYpOXKaiHbIe copTa. OIHAKO
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BBIICHWJIOCH, YTO MHOTHE M3 HUX OTSATOLIEHBI Pa3IMYHBIMUA I'€HaMH THOpPHIHOU Ie-
MIPECCUBHOCTH, HAJIMYHE KOTOPBIX MPH OTIAJICHHOW, MEXBHUIOBOW U MEXPOJOBOW THO-
pUIU3AIMU TIPUBOAUT K HEU30EKHOMY IOSIBICHUIO JEIPECCHBHBIX TMOPHIIOB pa3ind-
HBIX THIIOB. [Ipo0iieMy rHOpUAHON EMPECCHBHOCTH B KOHIE XIX Beka BbIJBHralld Ce-
JICKIIMOHEPHI B CBSA3U C YaCTHIM IOSIBJICHUEM B CEJICKI[HOHHBIX MOCEBaX JIETAIbHBIX HIIH
JIETIPECCUBHBIX THOPUIHBIX PACTEHUH Pa3IMYHBIX THUIIOB. YCTAHOBJIEHO, YTO 3TO SBIIE-
HHUE KOHTPOJIUPYETCS Pa3sHbIMU T'€HETUYECKHUMHU CHCTEMaMH, MMEIOIIUMH KOMILIEMEH-
TapHbIi Xapakrep [4, 5, 15, 16]. [Ipu 3TOM crenens aenpeccun 00yCIOBINBAETCS MHO-
XKECTBEHHOCTBIO ajuleNiel T€HOB JIEMPECCHBHOCTH, B3aUMOJCHCTBUE KOTOPBIX MOXKET
IPUBECTH K INIyOOKMM M3MEHEHUSIM T'MOpUAHBIX opraHu3mos [1, 9, 10, 11]. I'ensl rub-
PUIHON NEMpPEecCUBHOCTH, IIUPOKO PACIPOCTPAHEHHBIE IIOUTH y BCEX COBPEMEHHBIX BH-
JTOB MIIIEHHIIBI, 0OHAPYIKEHBI TAKXKE Y TUTLIOWAHBIX BUAOB U Aegilops [8, 9]. C 3T0ii Tou-
KM 3peHHUs] 0COOBII MHTEepec MpeAcTaBiseT Aukopactymuit Bun 1.araraticum (AbG), y
KOTOPOTO JJOMHUHAHTHBIE Te€HBI THOPHAHON IENPECCUBHOCTH BCEX YETHIPEX TUIIOB HE 00-
Hapy>XeHbl. JTO OOCTOATENLCTBO IOBBIIIAET MEPCIEKTUBHOCTh HCIIOIB30BAaHHUS BUAA
T.araraticum B ceneKIIMOHHBIX Mporpammax [10, 12].

OBOJIIOIIMOHHOE paccesieHHe MIIEHNI] OT LIEHTPOB IIPOUCXOXKCHHUS 110 BCEM KOH-
TUHEHTaM, 3apOXK/IEHHE JOMUHAHTHBIX KOMIUIEMEHTAPHBIX MYTALUH, MPUBOAALIMX K
THOPUIHON JETIPECcCHH, U UX JUBEPreHIUs IPUBEIH K KOHLEHTPALUH 3THX MyTalui 1o
BUZIaM, 00pa3y >KU3HU U 9KOJIOro-reorpaduyeckuM 30HaM. X uccie1oBaHUe CTAHOBUT-
cs1 0c000 aKTyalbHBIM IIPU UCIIOIb30BAHUU B CEJIEKIIUH METONOB OTJAJIECHHON 3KOJI0ro-
reorpaduueckoil, MEeXXBUIOBON U MEXPOI0BOI THOPHIU3ALHIN.

B cBsi3u ¢ 3TUM H3y4anach KOJIEKIUS apMIHCKHX MOIYJISIIIHOHHBIX U CEJIEKIMOH-
HBIX COPTOB MIICHHIl N0 Pa3IMYHBIM THIIAM TMOPHIHOW AENPECCHBHOCTU (TMOpHIHBINA
HEKpPO3, THOPUAHBIN KPacHBIN U OeIOKpadaThlii XJI0pO3bl, THOPUIHAS KapIHUKOBOCTS).

Mamepuan u memoouxa. Konnexiys MECTHBIX COPTOB MIIEHUI NMoaydyeHa u3 Hayunoro
LEHTpa 3emiieenus U 3auuThl pactenuid PA. I'nbpuapr FlmomydeHsr MeToJ0M HCKYCCTBEHHOTO
ornbuleHUs. J{yis BBISBIEHUS T€HOB THOPUIHOM AENPECCUBHOCTH KaXKI0T0 TUIA ObUIH MCIIOIb30Ba-
HBI COOTBETCTBYIOIHE CHIbHBIC TECTEPHL. Y POBEHb AEMPECCHHU ONPEIEIIIN 110 CPOKAM HACTYILIe-
HUs peHOKpUTHUYECKOH (a3bl, a TakxkKe JeTanbHOH 3 (HeKTHBHOM.

Pezynomamul u 06cyxscoenue. VI3yueHrneM MECTHBIX COPTOB MILEHHUI] IO Pa3iIHy-
HBIM IeHaM THOPHUIHOI NEeNpecCUBHOCTH BBIABIICHBI OCOOEHHOCTU MX BHIOBOW, OHOTH-
IMYECKON U reorpaduyecKoi JIoKanu3auuy. Pe3ysipTaTsl HAIIUX HCCleoBaHui U 0000-
IIEHHBIE JIUTEPATYPHBIC JaHHBIE O PACHPOCTPAHEHHOCTH I'€HOB TMOPUIHOM AenpeccuB-
HOCTU B apMSHCKHX HIIEHUIAX IPEACTABIEHbI B Ta0I. 1.

BBIICHAIIOCE, YTO apMSHCKHE IMIICHUIBI OTATOLIECHB! PA3IUYHBIMUA T€HaMH T'HO-
puaHOH nenpeccuBHOCTH (65,1%). MecTHBIE MOMyIISIIHOHHBIE COPTa MATKOM HIISHUIBI
U CEJICKIIMOHHBIE PAaHHET0 MEepHO/a, KOTOPble B OCHOBHOM MOJTy4€Hbl METOJIOM HMHUBH-
JIyalTbHOT'O 0TOOpa U3 apMSHCKHX HOMYJIALMOHHBIX COPTOB, SBIISIOTCS MPEUMYIECTBEH-
HO HOCHTEISIMH TeHa Ne; ruOpuaHoro Hekposa. J[pyruMm Buaam, MpOM3pacTalOMINM B
Apwmennu (T.compactum, T.vavilovii, T.dicoccum, T.durum, T persicum), TaKke CBOUCT-
BEHHO npucyTcTBue reHa Ne;. I'en Ne, BcTpeuaeTcs 3HaUUTENIBHO PEXE U TOJIBKO y Ce-
JICKIIMOHHBIX COPTOB BHJA T.aestivum, MOMYyYEHHBIX METOZOM THOpPHIU3ANHU C UCTIONb-
30BaHUEM HMHTPOJIYLIUPOBAHHBIX COPTOB, YacTh KOTODPBIX SIBJISETCS HOCHUTEIEM JOMH-
HaHTHOTO reHa Ne,. Y 40,3% wn3yueHHbIX 00pa3lOB JOMHUHAHTHBIC T€Hbl THOPUIAHOTO
HEKpO3a OTCYTCTBYIOT.

W3BeCTHO, UTO CYIIECTBYET CBSI3b MEXAY 00pa3oM >KU3HU U paclpeesieHHeM re-
HOB THOPHIHOTO HEKpo3a. SIpoBbIe cOpTa B OCHOBHOM SIBIISIFOTCSI HOCUTENIIMU TeHa Nej,
areH Ne, XapakTepeH AJIs 03UMbIX copToB [8,13].
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TEHBI TUBPUAHON JAEINIPECCMBHOCTHU ¥V SHAEMUYHbBIX U CEJIEKIIMOHHBIX COPTOB IIIEHUI] APMEHUN

Ta6auua 1. ['ensl rHOpUAHON ACTPECCUBHOCTH B MIICHHUIAX ApPMEHHHU

Ko naxwumwuuecTBO M3y4dYeHHBX 0060pas3mos
Tubpunusit T'nbpunuas Xn1opo3nl
HEKpo3 KapJAUMKOBOCTH |Oenokpamyarslii| KpacHbIH
2
9 =
e s |z |g |5 |8l |&8le 92 B £l |£]8] & &
s 3 |z |2 2le Al |€1E |€ (2|5 |2|R| & %
z z < o] A |s < | << 2 518 5 <] 3
zZ| z z 2]
5|5 |85
TEKCANIJOMJIBI
[T.aestivum 66 7 47 | 4 |- 7 11| 7 |-13 4 | -[119]1
[T.compactum 3 1 - 1 1 - 11 | - 3
[T.spelta - - 4 |-
[T.vavilovii 1 - - 2 - 1
% 56,5] 5,6 [37,9(22,7| - 136,49,1|31,8] - |12,5]87,5] - [99,2]0,8
TETPANIJOMABI
[T.araraticum 7 7 - 7 7
[T.dicoccum 1 - 3 - - 1 - 1 1
[T.durum 4 - - - 1 - 2
[T.persicum 4 - 1 - -1 2 3 - 4 4
% 450] - [550] - | -|143[7,1]78,6] - 100 100
JAUINIJOHU OB
T.urartu 1
[Bcero mo 79 7 58 5 |-[10 |3 18 |- 3 35 (1]123 (13 231 | 124
reHam 355
% 54,8 4,9 (403|139 - | 27,8 (83| 50 | - | 7,9 |92,1|0,7| 89,8 9,5 65,1 | 34,9

Ot 00uiell 3aKOHOMEPHOCTH JIOKAJIU3allMd T€HOB HEKpo3a B CBS3U C 00pa3om
JKM3HH UCKITIOUYSHUE COCTABIIIOT apMSIHCKUE O3MMBbIE IIISHUIIBI, B IIOABIISIONIEM 00JIb-
muHCTBe obnagaromye reHoM Nej. OHH XapaKTepH3yIOTCsI TakoKe HAKOTUICHHEM CIa0bIX
(W) u ymepeHHBIX (m) ayieneii reHoB HeKpo3a.

W3zyyenne reHoB rubpuaHoro kpacuoro xioposa (Chy,, Chy,) y mmenur; ApmeHun
MOKa3aJlo, YTO B OTIIMYHME OT MHAWMCKHUX, CHPUICKHX M MAJECTUHCKHX TETPAIUIOMIHBIX
menun, Hecymux red Ch;, (2A xpomocoma), MecTHble Terpamiouns! (7.araraticum,
T.dicoccum, T.durum, T persicum) ue obnanarot 3tum reaom. Mcrounrnkom rena Chy, B
Apwmenun sBisercs Tonbko T.urartu (2n-14), mpenok KOTOPOTO CUHUTACTCS BEPOSTHBHIM
JIOHOPOM TEPBOr0 reHoMa (FeHOM A) COBPEMEHHBIX KYJBTYPHBIX TETPAIUIOMIHBIX H
TeKCarUIONIHBIX mieHwuil [2, 5, 6, 13, 17].

Hccnenosarensmu 60TaHUUECKON dKcneunuy yHuBepceutera Kuoro (SInonus) B
ApmeHnu ObUTO cOOpaHO U M3y4eHO 84 00pasila MECTHBIX MIeHHI Buaa T.aestivum no
reHaM THOPUIHOTO HEKPO3a U KPacHOTo XJopo3a. COrnacHo JaHHBIM SIIOHCKHUX yYEHBIX,
13 M3YYCHHBIX 0 HEKpo3y 74 obpasuoB 60,8% SBISAIOTCS HOCHTEISIMU reHa Nej, a U3
m3ydeHHBIX 84 00pa3moB 98,8% oxazammnce HocuTenssMu nomuHaHTHOTO TreHa Chy. B
M3yYCHHOW KOJUIEKIMHU MieHuI] relsl Ne, u Chy, umu He oOHapyxeHsI [16].

T'uOpHIHBIA GeoKpaITIaThid XJI0po3, 0OHAPYKEHHBIH B APMEHHH, SIBISICTCS HanOosee
crabbiM THIOM rHOpUHOM Aenpeccun. OH JeTepMUHUPYETCS TpeMsl JOMHHAHTHBIMU T€HaMU,
n3 kotopbIx coderaHue Chys—Chsys IOKa BBISIBIEHO TOJIBKO Y OHOTO KHUTAHCKOTO COpTa BUIA
T.aestivum (v.graecum). Kommementapasiii kK reHam Chys—Chsys TeH Chyy,s 00HapyxeH y 00-
pasuos BunoB T.aestivum, T.macha, T.durum v T.turgidum [2, 4].

B ApmeHnn cpemy TreKcaruionAHbIX meHur] HocuteneM reHa Chyys siBiseTcs BUa
T.aestivum —12,5%. Y npyrux usy4eHHbIX rekcariontbix (7.compactum, T.spelta, T.vavilo vii)
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u terparionanbiX (T.ararticum, T.dicoccum, T.durum, T.persicum) BUIOB TIICHHUII STOT TeH
IOKa He BBIBJICH. MccrmenoBaHmsIMy TOATBEPKIEH (akT BHIOBOW JMMHTHPOBAHHOCTH T'eHA
Chyy B poie Triticum. Y apMSHCKUX TIIEHUL] OechaKTOpHBIE COpTa MO OEOKpariaToMy XJio-
po3y cocrasisitot 92,1% [2, 10].

B omniume ot Apyrux THIOB THOPUIHON JENPECcCHH, KOTOPBIE XapaKTepH3yIOTCs Jie-
reHepanueii XJopowUILHOIO annapara 1 HapyIeHHeM HOIBIKHOT0 OaaHca, pu ruopui-
HOH KapJIMKOBOCTH HaOJIOZAeTCs UHTEHCUBHBIN CHHTE3 M OOJIBbIIOE HAKOIUIEHHE HEaKTHB-
HBIX MOJIEKYJI XJI0pouiuIa, 4To He oOecriednBacT HOPMAJILHOTO X0/1a OHTOreHesa [9]. Oto sB-
JIeHue JieTepMUHUpYeTcs reHamu Dy, D, Ds. V3ydenne MecTHBIX 00pa3LioB MIIEHHUIT [TOKa3a-
110, uT0 coyetanue reHoB D;-D; u ren D; B ApMeHun He BBISBIICHBL, a T'eH D) BcTpedaercs y
22,7% w3ydeHHbIX oOpa3ioB rekcamonanbix mmenun (T.aestivum, T.compactum), TeH
D, Bcrpedaercst yarrie, Kak B MOMYJILMOHHBIX, TAaK M B CEJIEKIIMOHHBIX COPTaX Pa3IMYHbIX BU-
noB. Coueranue reHoB Dy-D; o0HapysxeHo y BunoB T aestivum, T.compactum v T.durum. Cop-
Ta, CBOOOAHBIE OT IOMUHAHTHBIX T€HOB THOPHIHON KapJIMKOBOCTH, COCTABIIIIOT 50% (Tadm. 1).

Ha ocHoBe mpoBeieHHBIX HCCleJOBaHUH, MOXHO YTBEP)K/1aTh, YTO B MMILIEHHUIAX ApMe-
HUY HEKOTOpBIe JOMWUHAHTHBIE TeHBI THOPUITHOW JenpeccUBHOCTH OTCYTCTBYIOT (D)-D;, Dj,
Chyys-Chays), @ peKuii TeH THOPHIHOTO KpacHOro xJiopo3a Chy, peICTaBIIeH Ha TUTUIOHIHOM
ypoBae (T-urartu). Ha TeTparuion1HoM 1 reKCaruionTHOM YPOBHSIX 3TOT T'eH B IMIIEHHUIaX Ap-
MEHHH He 0OHapykeH. B apMSHCKMX NeKCaIuIOnIHBIX IMIIEHNIAX, KaK U B MIIEHUNAX IPYTHX
PETHOHOB MHUpa, YacToTa BerpedaeMocTtd reHa Chy, Beicokast (99%).

O3uMBbIe TeKCcarIonaHbIE COPTa, IMPOM3PACTAIOLINE HA TEPPHUTOPUN APMEHHH, XapaKTe-
pusytorcs HammuueM resa Nej (56,5%) ruOputHOro HeKpo3a co ClladbIMU M YMEPEHHBIMH ajl-
nemsivu. ['en Ne, Betpedaercst MeHblIe (5,6%) U TONBKO Y CENEKIMOHHBIX COPTOB THOPHUIHOTO
MPOMCXOKIEHUS. 113 TeHOB rHOpUITHON KapJIMKOBOCTH B MECTHBIX IMIIICHUIIAX HAanOoJee pacri-
poctpaneH reH D, (27,8%), a Chy,,, Genokparyaroro xjopo3a uMeeT HeOOJIbIIoe pacrpocTpa-
Henue (7,9%) n oOHapy>keH IoKa TOJbKo Yy Buna I.aestivum. MecTHbIe 00pa3Ibl AMKOPACcTy-
mero Buna I .araraticum cBOOOAHBI OT JOMUHAHTHBIX T€HOB THOPHTHOH IENPECCUBHOCTH BCEX
THIIOB.
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APU2MIL aGSh 2rUdh2hYUYUL GY 2rURhURULUL NPNG
snrsuuvheuerh YMhLUURYUL

3.4 GOrGU3UL,

N.3. 3N43ULLHUSUL)|

33 QUU Yblnwlwpwlnipywl U hhnpnkyninghwyh ghunwlywl Y&Uinpnup
3pnnpntyninghuyh U SGLwpwlnipywl huunmpunnian
ehermine2000@yahoo.com

2003-2006 efe. nruntdUwuhpdb) £ Ipwaqnwl gbinh gpwdbhghywywu b gpwph-
Jhwywl npn2 gnigwuhpubph nhuwdhywl: QGinh wyniuphg Uhusl «UGpwghw» nh-
tnwytn N [NH4] N[NOz], NINOs], PO,%, @UMNs L MO-h gnigwlinpubpp gty Gu
qtwtnph gnbph hwdwn punniujwéd enywnpbih wpdtpubph uwhdwuuGnnud, huy
«UGpwghwihg» Jhuglh 3nduwpbu gjnin Updwé gnigwuhpubph  wpdbpubpp qb-
nwquwugt| U nhwug uwhdwlwjhU pnejwnnbh deénipniuubnn:

Inwqnwl gl — gnwphdhwlwl gnigwlpplbn — vwhdwlwhl
fenLywwnnbh dGénipinlilin

B 2003-2006 rr. 6bl1a HcclleI0BaHa IMHAMHKA HEKOTOPBIX THAPOGU3NUECKUX
U THIPOXUMUYECKUX NoKazarenelt peku Paznan. C ucroka peku 1o cranuuu “Aspa-
s Benmunnsl 3Hauenns N [NH, ] N[NO,], N[NO;7], PO,*, BIIKs u I10 Gbutn B
JOITyCTUMBIX Ipefenax, MPUHATHIX U PEUHBIX BOJ, a OT CT. “Aspanun’ 110 ¢. OB-
TalleH 3Ha4YeHHs YKa3aHHBIX 0Ka3aTeNel IpeBhIay peJeibHO A0MyCTUMbIE Be-
JIMYVHBL.

Pexa Paszoan — eudpoxumueckue noxazamenu —
npeoenbHo OONYyCMuMble KOHYeHmpayuu

Some hydrophysical and hydrochemical conditions of the River Hrazdan were in-
vestigated in the period of 2003 — 2006. From the river mouth to the observation point
of “Aeracia” the MPC-es as N[NH, ], N[NO,], N[NO;], PO43', BODs and PO are not
exceeded, but in the territory from “Aeracia” to Hovtashen the same MPC-es have been
exceeded.

River Hrazdan — hydrochemical conditions — limit permissible concentration

Eyninguw2fuwphwagpwywl nwppbp nmbnwpwpunid, swagned, ubunwihu Jw-
uwpnwy W Ywrnigywép niutgnn gbwnbph, (66ph LW gpwdpwputph Eyunpndwgdw
Jbhuwuhguutph ybpiniéneeiniup gnyg £ wwthu, np bpqwé wypngbuubph upwudwu
hhulwlywl wwwdwnubphg JGyp «YGLUwWShU tnwppbp W Spndwjuntpjwl Jwywnp-
nwy» thnpjuhwpwpbpnienLtuluGph nwhuwnnudu E:

pwanwlp Ubwlw |6hg uyhgp wnunn vhwy gbwnl E, npp hnunwd £ 33 snpu
(AGnwpnpntupp, Ynunw)p, Gplwl, Upwpwwn) Jupswlwl tnwpwodpubpnd W é6nyh Jw-
Ywnnwyhg 850 U pwpapnipjwl ypw pwihynid £ Upwpu gbinp: Ipwgnuwl gbnu ntup
141 YJ Gpywpnip)nil, sphwjwp wjwqwuh Jwybpbup wnwug Ubwlw [8h uqunid
£ 2560 uu2: QGwnh JhghUu nnwpGywl hnupp Ywaqunud £ 733 Ju a3, dhghU tnnwpGywl
Swhuup® 14 LI3/LJ_: Qtwnh Jhghu jwjunientup 10-20 J E [2]: Ipwgnwl gbnl ntuph Yuw-
nunp gpwklBpgbwnhy, nnngdwl b nEYpGwghnu LpwuwynienLl, hugny pwgwwnpynid
E gGwnh gpwEyninghwwl ntuntdbwuppnipynlllbph fuhunn wuhpwdtwnnie)nilp:
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Unie U dGpenn: 2003-2006 re. ntuntdUwuhpdbl £ Ipwgnwl gbnh gpwdhghluywl b
onwphUhwywl npn2 gnigwuhubph nhuwdhywu: nh thnpbwudnpubpp ybpgybp Bu gbinh w-
yniuphg Uhugle gbtnwpbpwu puywé hbinlywy gnpu nhinwybinkphg.

1.3pwaqnwl gbnh wyntup [1] - (Pnpp ULwl, Ipwgnwl gbnh uyhgp, gnmwpbpwuhg
141 Yd htnwynpnipntu),

2.«Upquh» wnrnnwpwUh Unn [2] - (gGnnwpbGpwlhg 69 Yd htnwynpnipntlu),

3.«UGpwghw» gnwdwpndwl Ywjwuhg htwnn [3] - (gGnwptpwuhg 50 Yu hGnwynpnipncl),

4. 3ndunwtl gjninh Unwin [4] - (gGinnwpbpwUhg 22 YU hGnwydnpnieniu):

Qnuwudnipubpnid npnadtp B oph npwyh $hghywlywl b phdhwlwl npny gnigwuhputn®
stpdwuwnhéwlp, gpwélwihu gnLghm (pH), onnLU |nL6Ywé prYywdUh QUJUUJLAnL[a]nLUD yEuuwdhu
nwppbph® hwlpwjht wgnunh (NHe', NOy, NO3) W hwlpwjhu $nudnph (PO,™), prywsdluh YEUuw-
phuhwlwl ywhwugh (FYMNs) L wEpdwlugwlwwnwihl opuhnuwgdwl (MO) utanrajnLUUbnn

Wohuwwnwlph pupwgpnid ognwagnpéyb) U gpwphdhwinid hwdpunhwunip Swuwgnid
gwnwd Ubpnnutn [3, 4, 5, 6, 7]:

Uprynwplbn U pUlupyncd: Utp Ynndhg Ywunwpdwé Ipwgnul gbinh opwdh-
ghywywlu W gpwphdhwywl nLunLUUwuhnanjnLUUbnn gnijg Gu wnybG, np gbinh w-
lleJQnLLI onh eGpdwunhdwlp nwwnwudt] £ 1 -4°c (hntujwp-thGnpdwp) Jhugle 17-
19°C (hni hu-uGwwnGUdptn) uwhdwuuGpnid (UY.1): @Gnh wyniupnud 9ph gGpdwunp-
dwlp pwpapwgb] £ Jwjhuhg W bjwqgb| unjtdptp-nEywntdpbppu, huy Upquh (2), Ub-
pwghw (3) L 3Inyunwptl (4) nhunwytntpnud® thewnpjwnhg W bjwagbp nEyntdptphu
uy. 1):

T(C)
25

20

1 2 3 4 5 6 7 8 9 10 11 12 unihu
#Z Inhwnwybwn i nhwnwiybwn A lnhwnwltn | [Vihunwlbn

LY. 1 2pdwunhdwuh vhghuwgywé 2003-2006 ere.ubgqnuwihl thnthnfunientuubnp

UwytGpunipwiht gptpnud pupwgnn gpnwphvhwywl wpngbulbpp Ywpguwyn-
nnn hhduwywu gnigwuhputiphg £ gpwédlwjhlu gnighsp, nph JGdnipeiniuhg £ yuhujwsd
LUwl gpwjhtu pniuwywuniejwl pwqdwgnidp b Yeuuwgnpédniubinieniup: LEnUwjhu
gbwtpnud gpwdlwjhu gnighgh JGonipyntup édnwlp wnwwnwuynd £ 6.8-7.4, huy
wdnwup 7.4-8.2 uwhJwuutpnid [4]:

pwagnwl gbnh wyniup W Indunwtu nhinwybnbpnd gpwswpuup thnppwg-
Jwup L gEpdwunhdwuh pwpdpwgdwlp gnigpupwg gnwélwihu gnighsh UGénLe)nt-
Up Ujwqb] £ wdnwu ytbpght, Uepwghwynud’ qupuwl 4tpghl, npp, hwdwuwpwn,
Juwwywé E gupuwlwiht Jwpwpnidutph htwn: Upquh nhnwytunnd spwédlwghu gne-
ghsh dGénipiniup mwpyw pupwgpnid thnthnpuyb) £ 7.75 (hntuhu)-8.07 (nGYwntdptn)
uwhdwuutpnid:

Wuwhuny' Ipwgnwl gbnh nwundUwuppywéd nhnwytGnbph  gpwélwhu
gnighsh nwnGlwUu JdhohU UGonipynitup Ywqut) £ 7.95, huy Upw thnthnpuniejwlU nhp-
nnyen’ 7.1 (enyj) hhulwht) - 9.1 (hhulwjhu) (Y. 2):

Qnuwélwjhu gnighshg b stpdwuwnmhbtwuhg Yuwhigwé, Jwybplnipwihu gptpnid
thnthnfuyned £ wdnUhnidh (N[NH4']) pwUwbp, npp Ywplnp W punpn2hs epwkyninghw-
Jwu swithwuh E:

Puwywu gpwktynhwdwywpgbpnd qupuwlp bW wdnwup wdnuhnwh pwlwyp
onGpnLd thnppwlunid £, npp ywwywé £ pnyubph wynhy $ninnuplptgh htwn, huy wp-
Uwlp deswunid £ uwwéd opguwlwywl Uinetph pwjpwjdwl ypngbulbph huintu-
uhjwgdwU htwn [4]:UGnp nuntdUwuhpnipyniubbpnid Updwé ophtwswihnipiniup UG-
nwghw W InyunwtU nhnwyGwntpnid qupuwl wdhulubphu puwhunygt) £, husp Yuw-
Jwé b «Ubpwghw» Jwpnpdwl Yuwjwuh gnpéncubniejwl hbwn: Uju nhnwyGunbpnud w-
UnuhnidwjhU wgnunh pwuwynieintup mwwnwuyt] £ hwdwwwwnwupwlbwpwp 0.83-
13.33 Ug/| U 0.18-8.24 Jq/| uwhdwlubpnud (LY. 3):
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- |l - LS L L
Y 2 a
D ISR SR L L
b " 5 13 - :
= v i3 v - ~
1 2 3 E 5 6 7 8 9 10 11 12 unipu
=| nhunwlhbwn 1l phuwlhbwn = I nhunwlybwn | |V nhunwlbwn

LY 2. Qpwslwhu gnighsh (pH) 2003-2006 epe.Uhghuwgywd
Jbénipiniuutinh ubgnuwjhu thnthnfuntejniultpp

Wjuwhuny, UGpwghw nhwnwytunnud wmwpw pninp wdhuubphl (pwgwnnt-
rjwdp wdnwl) wdnuhnudwihu wgnnh wwnpnibwynieintup gGpwquugt) £ puwywu
ontph uwhdwUwjhU pnywwnnth wpdbpp, Unn 6.7 wuqwd (Jwnpw), huy Ingunwptu
nhunwytunnd® hEnpjwp-wwnphy wdhuubphtu 2.3-4.1 wuqwd: Ipwgnwl gbwnh w-
yniup W Upquh nhunwytGwnbGpnd wdnuhndwjhtu wgnwnh wwpniuwyniejniup nw-
wnwlyby £0.05-0.98 g/ W 0.14-0.96 Ug/| uwhdwulutGpniy (Uy. 3):

(N[NHg)
15

10

5 | i'. ;:‘ n—
I l - - N %
0 _m':l —m‘L Eu =l l - - m i =..."Ll ‘m —|||}I_|

7 2 a 10 11 17 wlhu
In.hqubm mn Ilnhqubm = Hhwnwlbun = [\Vphuinwlbn

LY 3. Wdnuhnidwjht wgnwnh (N [NH,']) 2003-2006 pre.UhshUwgywd
pwlwyntenLtlUEph ubgnuwjhu thnthnfunienLultnp, Ug/|

Uwytpunipwihu gntnpnid Uhinphuiutpp (N [NO27) hwunhwnid U [nLédwd Yyhdw-
ynwd W Upwug pwlwynientup hwunhuwunud £ Yuplnp uwuhnwpwywl gnigwuh: Uw-
yGpunipw)hu ontph hwdwp Uhnphunubph vwhdwlwjhU Enywnpbh ynugGunpwghw
Jwqguntd £ Unwn 0,08 g/ [3]: pwgnwl gbnh nuntduwuhpywéd nhinwytinkph eptpnud
Uhwnphunwjhu wagnunh wwpniuwyneeintup twwnwudtp £ 0-1.14 dJg/| uwhdwuutpnid:
pwanwl gGnh wyniup L Upquh nhunwyGnbpnd Uhinphnwihu wgnunh wywpniuw-
ynreyniup tnwwnwuyty £ 0-0.027 Jg/p L 0.005-0.070 Ug/| uwhdwuutpnid hwdwwwunwu-
huwlwpwp, wnwug Yupney thnthnfunie)niultph (LY. 4):

iN[NO;])

12
1 -

08 R
06 —
0.4 L &
0.2 —
0 -+

T

: : =
1 2 3 <4 5 ] 7 8 9 10 11 12 yhu
B phunuybn = lghwwlbn o linpuatuybn B [Vhwwlbiwn

LY 4. LhinphwnwhU wgnwnh (N [NO;1) 2003-2006 pre.pwlwynLeintultph
Uhghtwgywé dGénie)niultph ubgnuwhu thnthnpunipjnilutnp, dg/|

wjwnuh E, np Upinphwinubph JE6 pwuwynipiniup uwywsd £ puwlwu gntpned on-
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gwlwywu Ujniptph W Upwlg Juwgnpnutph pwjpwjdwu huinbuuhynipjwl Jtdwgdwl W
Uhwnphwnubphg Uhinpwwnutbph thnfuwugdwu wpngbulbph nwunwnbguwl hGw, hugp fun-
uncd £ puwwu gptGph wyinnpuinnt wnunnundwl Jwuhpu:

UGpwghw W 3nyunwbU nhinwytGunbpnud gpwugdt) £ Uhnphunwhu wgnunh pw-
Uwyh Yupney wé' 0.045-1.14 dg/| W 0.029-1.03 dg/| hwdwwwwnwupuwlwpwp Y. 4), n-
np gGpwquwugt) £ puwywl gptpnid Uhinphnubph wWwpniuwnipjwl pnijwnpbih uwh-
JwlwjhU wndtpp:

Qunununywé gbinbpnd Uuhinpwnltph pwlwynipjwl uwhdwlwjhu eniwwnnk-
Lh wnpdGpp Ywaunid £ dnwin 1 Jag/| [4]: pwjhU pniuwywniejwl pninb wth dwdwlwlyw-
hwwnywénd Uhinpwwnutph pwlwynie)niup Jwytpnigwihu onbpnud fjupuwn uwgnid E,
GppGUlU Unyuhuy hwjwuwpynd® gpnjh: Lpw pwlwynieintup UGdwunwd £ gbinh wn-
nnundwl, hugwtu bwle 9pwjhb pneuwwlncejwl huntGuuhy pwjpwjdwl dwdwlwy:

Ipwgnuwl gbwnh nwunwduwuhpwd nhinwybnGph onbpncd Uhnpwnwihu wagnunnp
(N[NOs])  wwpniuwynipinitup tnwwnwuyty £ 0.09-2.40 Jg/| uwhdwuubpnud: Ipwgnul
gbwnh wyniup U Upquh nhinwyGunEpnud Uhnpwwnwjhb wgnunh pwlwynipintup hwdw-

Wwinwupiwlwpwp nnwwnwuyb) £0.09-1.38 Ug/; L 0.42-1.80 Jg/| uwhdwlubpnud: UG-

nwghw W 3Inyunwtl nhnwybnbpnd Uhinpwwnwjhb wgnunh pwuwynipntup hwdwww-
nwuppwlwpwp tnwwnwudb) £0.49-2.40 Jg/; W 0.57-2.03 Ug/| uwhdwuutnnid Uy. 5):

(N,gNOs]'
25 _
2 , B
IRYITIE P
05 :EH‘T EE :utl;_H\';ljg 1*; ‘EEEEE |
1 2 3 4 5 6 7 8 9 10 11 12 'n
= Inhwnwlbun i HnhuwlBwn = Hinhunw i B [Vnhuwl b

LY 5. Lhinpwwnwjhu wgnwnh (N [NOsT) 2003-2006 pr.Uhghuwgywé
pwluwynieinLtlutph ubgnuwjhu thnthnfunientbutnp, Ug/y

Swupwjhu wgnwnp hwunhuwunwd E YEunwuh opgwuhguutph YEUuwgnpédnLubnt-
RIwWl hhdbwywl pwnuwnphgn: Lpw pwlwyntpintup W gnjwlwpgp wupnngnyhb Yutu-
Jwé £ gpwjhl hwdwywngbpnud pupwgnn YEuuwpwuwlywu W YEuuwphvhwywl wpn-
gbultbphg: Ugnunh Jhwgnteyntuubph hwupwjhu dubpp jnipwgyned BU pnijubph ynnuhg
dnunnuhtpetgh wpngtulutnnd, hwunhuwbwiny Upwug hjntujwédpubph hhduwywu puw-
nwnnphgutnhg Utyp: pwjhu pniyutph huntuuhy pwqUwgdwu W qupgwgdwl pupwg-
pnud hwupwjhu wanwp Ywpnn E |ppy jncpwgdBy, nph hGinlwupny pnyutph hGlwgqw w-
6p 2w nwunwnnud Ywd |phy wlg £ wnuncd:

Ipwgnwl gbnh wyntup b Upquh nhinwyGunbpnud hwlpwihu wgnunh ywpniuw-
yncpyntup hwdwwywwnwuppwuwpwp nmwwnwuyb) £0.26-1.71 Jg/| W 0.97-2.34 Jqg/| uwh-
dwuutpnud, wnwybiwagnyu wpdtp gpwugyt) £ wplwup' hnyuntdptphl: Wepwghw W
AnyunwBU nhinwyGnGpnd hwupwjhu wgnunh pwlwynieintup nwwnwuyt) £ hwdwww-
nwupiwlwpwp 3.82-14.6 Jg/| L 1.54-9.85 Jg/| uwhdwuubpnid (wn. 6), pwuwynLpjwl
yupniy uGdwgnid intbnh £ nlubgh] qupuwup U wbwlp:

dnudwwnubpp (PO43') JwytGpunipwihu gnbpnud ywpgwynpnd GU wprynitbwyt-
wnniRjwl wpngtulbpp: Auwlywu gpbpnud $nudwinubph pwlwynipywl ujwgnudp puw-
gwwpynid £ Shnnwuyunnuh, $hnnptlenuh W pwpdpwlywng gnwjhl pniyutinh Ynndhg
$nuinnuhtptgh wypngtund $nudpwinutinh huintuuhy Ywludwdp: pwjhl Eynhwdwlwn-
gtpnd $ninnuhlpbghg W opqwuwlwl Uniebph YGLuuwphdvhwywu opuhnwgdwlu hu-
wntUuhynipintuhg ywhudwsd Ujwnynud £ dnudwntbnh pwlwynipjwl ubgnuwjhu thn-
thnhuniejnil: LenUwjhu gbuntGpnid $nudwinutpnh Ynugbunpwghwl pLuwlwunid Ywg-
Jdnid £0.1-0.5 Ug/| [4]:

pwgnwu gbwnh neunwdbwuhpywé nhinwytintpnid $nudwnubph ywnpniuwynt-
rntup tnwwnwuytb) £ 0-2.2 Jg/| uwhdwuubpnud (LY. 7): Ipwgnwl gbGnh wynitupnd W
Upquh nhinwytGwnbpnud $nudwinubph wwpnibwynieintup Jedwgb) £ qupuwu ytpghu,
huy nmwpyw Ujnwu wdhuuBphu wju Yupney thnthnfunieyniuuGph sh Gupwnyyt: LaJwé
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nhinwytwnbpnd $nudpwinutinh pwlwynipinttp tnwwnwuytik 0-0.11dg/| b 0.03-0.54Uq/|
uwhdwuutpnd Y. 7): Uepnwghw nhunwyGunnd $nudwnubph pwlwyniejwl Uwqu-
qniu wpdtpp Yuqut £0.18 Ug/[, huy wnwytjwagnyup'2.2dg/|, huy 3Indunwtl nhinwyt-
wnnwd® 0.07 dg/i W 0.77 Jg/| hwdwwwwnwupnwlwpwp: dnudwwnlbph bduquagniu yw-
pniuwynipntt gpwigdt) £ guwplwup W wdnwup, huy wewyGwgnyup' wplwlp W
adnwup: Sppnpn W gnppnpn nhunwybntbpnud  hwupwihu  $nudnph pwlwynipentup
wuwinhdwlwpwn uGdwgt) £ W wnwybiwagnyu wpdtp ghwugyt) £ wplbwlnp:
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LY 7. dnudwintbph (PO,*) 2003-2006pp.UhghUwglwd
pwlwyntentlUEph ubgnuwjhu thnthnfunienLultnp, Ug/|

Ipwgnwl gbinh nuncduwuhpywé gnpu nhinwybntpned gpned (NLdywé rrYwdUh

pwlwynipintuutph Jhehuwgywé uténieintp ywqdt) £ 8.3 dg/l, huy Upw thnthnpunt-
RjwU nhpnyep twwnwuybl 2.7-12.1 dg/| uwhdwuutpned (LY. 8):
Ipwgnwu gbinh wyntup W Upquh nhinwybnGpnud (nudgwéd prywduh wywpnibwynipine-
Up nwpyw wnwehu wduhuubphu pwnénwgtl £9.9dg/ (hntujwn) uhugle 11.7 Jg/ (Uwpw),
huy ¢onh eEpdwunnhdwuh pwpépwgduwup gnigpupwg Ujwqb £ wwphy - hnyunkdptn
dwJdwlwywhwunywéncd (UY.1,8): UGpwghw nhinwybwnnid gpnid (ntéywéd prywsduh pw-
Lwynreyntlp UJwgab) £ Upusle wwyphy wdhup, nphg hGnn wju wunhdwlwpwp pwpdnw-
gbl W wnwybiwgnyu wpdbph £ hwub hnihupu: Inynbdptnhg ULpJwé nhinwytnnid
Indywé prywsduh pwuwynipintup uyunwd £ Unphg pwpépwlwy: InguwtU nhinwyt-
wnnd Lywwnyned E gpnud (nddwd preywduh pwuwynipjwl thnthnfunieynilutph bdwlw-
nhw nhuwJhyw, hugwGu wyntup W Upquh nhunnwyGunbpned, Jhwju wjl tinwpptpniejwdp,
np 3Ingunwptl nhinwytnnd opnid (nLdywé prywduh pwluwynieintup bjwgb) £ husl
2.7dag/| (ognuwinnu) wnwybjwagnyu gbpdwunmhdwuh wywjdwuubpnid, npp hwywlwpwnp
wwjJdwuwynnwsd £ bwl ndjwp nwpwépnd gbinh hupuwdwppdwl nliwyniejwu
dtdwgnuuny, opqwuwywu Unipbph L opguwlwlwlu Juwgniyubph hunbuuhy pwjpw-
jnudny W hGinwgw  opupnwgnuuny: Uwytplnipwihu optpnud ppywéduh YGuuwphdhw-
wu wwhwlgh JGénieintlp undnpwpwp  wnwwnwudnd £ dniGyniwihu prywdlh
0.5-4 Jg/| uwhdwultpnud U Gupwyw E ubgnuwjhtu W opwywl wnwwnwundutph: puwid-
pwputpnd prywsun Yeluwphdhwlywl wywhwugh ubGgnuwjhlu tnwwmwunidutpp hhduw-
Jwunwd Ywhudwé U sEpdwuwinhdwuh thnthnfunieintuubphg W indywé prlwdlh Guyt-
nwjhtu pwuwyneeintuhg, huy opwlwl tnwwnwuncdutpp (PLdwé pRrYwduh Ynugtunpuw-
ghwyjhg, nnu opyw purwgpntd Ywnnn £ thnthnfuydby 2.5 dg/| dGéniejwlu uwhdwuubpned:
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pwgnwl gbwnh 2003-2006p.e. pupwgpnid niuntdbwuhpjwd nhinwybnGpnud
rrYwSUh YEUuwphvhwywl wwhwUgh (Y4MNs) UtdnLejwl Uhshuwgywé wndtpp Yuqut|
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QbLwnnd htwin opuhnwgynn (MO) opqulwywl Ujniptnh pwuwyp sh gEpwquu-
gnud pnijjwwinptbh uwhdwlUwihu pwuwynipiniulbpp Jhwju wnwehu (4.3 JgO/)) W &ny-
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ELUCIDATION OF DPPH ANTIRADICAL AND PHOTODYNAMIC
ACTIVITIES OF HYPERICUM PERFORATUM EXTRACTS
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The antioxidative potentials of extracts of Hypericum perforatum from Tavush re-
gion of Armenia were evaluated by DPPH assay with simultaneous monitoring of the to-
tal flavonoids content. It was shown that H. perforatum ethanolic and aqueous extracts
express significant antiradical activity with near inhibition capacities that vary significan-
tly in their ratio index (RI). The DPPH scavenging activity in ethanolic extract correlates
with flavonoids content. Ethanolic extract has been shown to have photohemolytic acti-
vity that is less than that of pure hypericin. It was revealed the protective effect of querce-
tin on hypericin induced photohemolysis. This certifies the possible and antiradical acti-
vity and the reduced phototoxicity of ethanolic extract expressed by flavonoid compo-
unds.

Hypericum perforatum — flavonoids — DPPH — photodynamic activity

NruntdUwuhpdbl £ 33 Swynph Jwpgnud wénn  Hypericum perforatum-h
Epuinnpwywnutph hwlwopuhnhs wywnhyniejntup (DPPH) W $wynunhnukph pun-
hwunitp wwpnibwyniejwl UnUhwnnphugp: Pwgwhwjnytby £, nn H. perforatum-h
trpwuniwihu W gpwjhu Epuinpwyinutpnp gnigwpbptin pwywywuwswih tnwppbn
huntpuutp (RI)' nLtubU hwywrwnhywiwihu dnin wywnhynipinitu: DPPH-h hwuntw
hwywnwnhwiwiht wywnhdnipintup Ynpblwgynd £ Epwuniwihb Epuinpwywinh
$lwdnunhnubph wwpnibwynipjwl hbwn: Sniyg £ wpdby, np Epwuniwjhl Epuwn-
nwywinh $ninnnhtwdhy wywnhynipntup hhwtphghuh hwdtdwwn wybh penyy E:
Rwjinwptpyty £ pdtipgnhup wwawwwlhs nbpp hhwtphghuny dwwédws $n-
wnnhGUnihgnud: Gupwnpynid E, np Epwuniwjhu Epunpwywnutbph W $nuinnnnpuh-
ynipjwl ujwgnudp W hwlwopuhnhswiht wywmhynieiniuutpp wwjdwluwynpywéd
U $wynunhnwiht dhwgnipjniuutnny:

Hypericum perforatum — jwiynunhnlbn — DPPH — $nunnnhlwdhly wlhmhynienil

HccnenoBaH aHTHOKCUIAHTHBIN TOTEHIMAN 3KCTPAKTOB 3BEpOOOSI ITPOJIBIPSIB-
neunoro (Hypericum perforatum) u3 TaBymickoro Map3a ApMEHHH aHAIN30M aHTH-
panukansHoit (DPPH) akTuBHOCTH ¢ OTHOBPEMEHHBIM MOHHUTOPHHIOM OOLIEro Co-
nepkanust GpraBoHou0B. [10Ka3aHo, YTO STAHOIBHBIN U BOAHBIN 3KCTPaKThl H. Per-
foratum obGnanaroT OJM3KOW AHTHUPAJMKAIBHOM AKTUBHOCTBIO NPH 3HAYUTEIBHOU
ormuyatoremcst naaekce (R1). AurupaaukansHas aktuBHOCTH npotus DPPH crimp-
TOBOT'O IKCTPAKTA KOPPEIUPYET C COEpIKaHueM (IaBOHOMIOB. DTaHOJIBHbIA KCT-
paxT obnamgaer Oornee ciadoil (HOTOIMHAMUYECKON aKTHBHOCTBIO MO CPAaBHEHUIO C
MIEPULIMHOM. BBISBICHO MPOTEKTOpHOE NEHCTBHE KBEpLETHHA Ha (hOTOreMoJIns3,
WHyIUPOBAaHHBIA THIEPUIIMHOM. BO3MOXHO, 4TO Kak aHTHpaJUKalbHAs aKTHB-
HOCTb, TaK U HU3Kasi (POTOTOKCHYHOCTH ITAHOJIBHOTO IKCTPAKTa 00yCIOBIEHBI (bia-
BOHOM/THBIMU KOMITOHEHTaMH.

Hypericum perforatum — ¢nasonoudst — DPPH — pomoounamuyeckas akmueHocmy
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Hypericum perforatum (St. John’s wort) has a wide range of medicinal applica-
tions, including skin wounds, eczema, burns, diseases of the alimentary tract and psycho-
logical disorders. The particular biological activity of plant extracts could be connected
with the presence of a single [4; 10; 17] and several compounds that collectively provoke
a variety of physiological responses. One of the most active components of extracts of
H. perforatum is hypericin (HY) (1,3,4,6,8,13-Hexahydroxi-10,11-dimetylfenantro
[1,10,9,8-0pgralperylen-7,14-dion), that is known as photodynamic agent [1]. HY is
considered as the most powerful natural photosensitizer with high quantum yield of
singlet oxygen ('O,), bright fluorescence and minimal dark toxicity [3]. H. perforatum
has significant anti-tumor activity with low toxicity that was shown both on cell cultures
and in vivo. This effect is connected mainly with HY that selectively accumulates in
transformed cells [1; 13]. Besides, antitumor effect of H. perforatum could be due to
flavonoids, i.e. quercetin (1,3,4,6,8,13-hexahydroxy-10,11-dimethylphenanthroperylene-
7, 14-dion) — the most widely distributed flavonoid that acts not only neutralizing a
variety of cancer-causing agent, e.g. reactive oxygen species (ROS), but also can inhibit
many types of cancer cells growth and metastasis. Thus the role of H. perforatum
flavonoids content in the fight against cancer cannot be ignored [12]. There is an
increasing interest in natural antioxidants, namely phenols, present in medicinal and
dietary plants, that might help prevent oxidative damage [7].

In spite of this intense research activity, the antioxidant potential of H. perforatum
extracts has been poorly studied. The aim of current work was to elucidate photodynamic and
free radical scavenging activities of H. perforatum extracts, determine the relationship of
flavonoids composition.

Materials and methods. H. perforatum plants (flowers, approx. 3-5 cm of stem) were
collected in 2010 from Tavush region of Armenia and the biomass was dried on the same day for
the preparation of ethanolic and water extracts [16].

Aluminum chloride colorimetric method was used for flavonoids determination [5]. As a
flavornoid standard the quercetin (0.1-10 pg/ml) dissolved in ethanol was used. The calibration
curves traced for standard solutions of quercetin/AI*" complexes at 430 nm. From the calibration
curve the dependence of quercetin concentration on absorption (Aj3) was revealed that is
expressed in the equation with a coefficient of determination (R?):

Couercetin = -0.19+14.64xA 430; R2=0.9834 0

To calculate the quantity of total flavones (expressed as quercetin equivalents as mg/g of
dry weight of plant material) in H. perforatum extracts the dilution factor was quantified and the
concentration [mg flavonoid / g sample] was calculated by equation:

Criav. = V (ml) x 107/ m (g) x F x Cyge (mg/ml), Q)

where: V is the volume of solution prepared from the plant material, m is the mass of
plant material, F is the dilution factor that is equal to 10, Cy is the flavonoid content for each
extract, quantifies by formula (2).

Antiradical activity or hydrogen donating ability of tested extracts compounds was
assessed in a chemical model, i.e. 2,2-diphenyl-picrylhydrazyl radical (DPPH) system, occurring
by the DPPH radical transformation into its reduced form (DPPH-H), which is accompanied by
discoloration of the solution from red to yellow [11; 9]. DPPH solution was used as a negative
control. Quercetin solution was used as a positive control. A remnant optical density of DPPH at
517 nm (14.5% in average) was detected even after its complete scavenging and thus the
percentage of the radical scavenging activity (RSA) was calculated by the following equation:

RSA% = [(Aconlrol - Asamp]e)/(Acomro] - Aremnam)] x 100: (3)

The ICs, values that denote the concentration of sample, required for scavenging the 50%
of DPPH free radicals were calculated and expressed as means + SD. The ICs, values were
calculated by a linear regression analysis. To show the DPPH discoloration reaction kinetics the
ICs values were converted to a ratio by dividing them to a value, where a total DPPH reduction is
in its steady state. This ratio was named reduction index (RI), a kinetic parameter that measures
the velocity of the reaction of DPPH reduction.
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To reveal the photodamaging effect on red blood cells (RBCs) the extract was standardized by
HY content (0.46 uM). Photodynamic activity of H. perforatum ethanolic extract and HY with/without
quercetin was studied by photo-RBC test. RBCs suspensions in the presence of photosensitizer — extract
or HY were irradiated for 10 min by visible light [S]. Evaluation of RBC hemolysis degree was
conducted at 680 nm and calculated by formula:

% hemolysis = (1 — A,/Ag) % 100%, “)

where A, and A, — optical densities of RBC suspension initial and after irradiation during x
time, respectively.

The influence of quercetin (up to 5 uM) on HY induced photohemolysis was studied by 10 min
irradiation of RBC suspension. Long lasting incubation of 5% ethanol with RBCs did not cause
hemolysis in dark, as well as after irradiation.

Experimental results are expressed as means + SD (standard deviation). All measurements were
replicated three times. The data were analyzed by a one-way analysis of variance (ANOVA) and the
values of p < 0.05 were considered as significant.

Results and Discussion. Most of the naturally occurring compounds of flavonoid
origin contain one or more common structural features that can be involved in complex
formation with metals, e.g. with aluminum. This property of flavonoids was used to
reveal their content in H. perforatum extracts. The data received in this research indicate
that the flavonoids content in ethanolic extracts of H. perforatum exceeds that of aqueous
extracts more than 8 times (tab. 1).

Table 1. Flavonoid and hypericin contents of H. perforatum extracts. ICsyand RI values for
DPPH radical scavenging activities of extracts and quercetin. Values are the mean of five
independent experiments (mean+SD, p<0.05).

Tested samples Flavonoid hypericin content, 1Cs, RI
content, mg/g uM mg/ml
Ethanolic extracts 0.59 +£0.031 30.0+0.5 0.68 +0.036 0.26+0.017
Aqueous extracts 0.073 £ 0.004 7.0£0.05 0.75+£0.045 0.08 +£0.005
Quercetin — — 0.01 +0.003 0.29 +0.021

Antiradical activities of H. perforatum ethanolic and aqueous extracts were
detected by their ability to reduce the DPPH radicals. On the fig. 2 shows the radical
scavenging activities of the extracts expressed as quercetin equivalents (mg quercetin/ml
sample). The obtained quenching activities against DPPH radicals were dose-dependent.
From the dose-activity curves concentration of each extract causing radical scavenging
on 50% or inhibition concentration (ICsy) against 460 uM DPPH was determined
graphically. Both extracts of H. perforatum showed high free radical scavenging
activities by DPPH assay (fig. 1).
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Fig. 1. DPPH radical scavenging activity (RSA) of quercetin (left) and ethanolic and aqueous
extracts of H. perforatum (right) (mean + SD of five independent experiments, p<0.05).

113



H.R. VARDAPETYAN, S.G. TIRATSUYAN, A. A HOVHANNISYAN, A.S. MARTIROSYAN

The major photosensitizing compound in H. perforatum extract is HY.
Considering the high amount of the latter in ethanolic extracts (tab. 1) further
experiments on elucidation of photodynamic properties were conducted with ethanolic
extract. It was shown that HY causes RBCs hemolysis upon irradiation, which depends
on HY concentration [16]. The comparison of the photodynamic properties of HY with
ethanolic extract revealed that RBCs are more resistant in the case of extract with the
same amount of HY in it (fig. 2). This fact allows concluding that there are several
components within the extract that prevent the photoinduced destruction of RBCs.
Flavonoids and quercetin in particular can serve as protectors due to their antioxidative
properties [12].
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40

RBC resistance (%0)
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Eth-Ex HY HY/Q-1  HY/Q-2  HY/Q-3

Fig 2. RBC resistance (in %) under the photodynamic (10 min irradiation) influence of H.
perforatum ethanolic extract and HY (0.46 uM) alone, as well as under the joint action of HY with
quercetin (Q), where HY/Q -1; -2; -3 are the molar ratios of HY and Q of 1/0.1; 1/1 and 1/10,
respectively (mean +SD of four independent experiments, p<0.01).

To ascertain the input of quercetin in RBCs protection the RBCs were irradiated
with HY and quercetin in different concentrations (fig. 2). Results show that in
concentrations of 0.05 — 1 uM quercetin had strong protective effect on photohemolysis,
induced by HY with a maximal effect of 64 % in about 0.5 uM. This effect certifies that
quercetin act as antioxidant and quenches the generated ROS, mainly the 102 that forms
during the photosensitization by HY in used concentration. Quercetin itself, despite its
concentration and irradiation time, did not lead to RBCs destruction.

H. perforatum plants are reported to have multiple biological activities including
vasodilator, anti-inflammatory, anticancer, antiviral, antibacterial etc [4, 5]. Several
compounds in H. perforatum could be attributed to its wound healing and other
pharmacological activities associated with free radicals. Ethanolic extracts of H.
perforatum are known to contain a number of phenolic compounds, including HY,
hyperforin and their derivatives, rutin, hyperoside, quercetin, chlorogenic acid,
flavonols, flavones, etc [6].

The results of this study have revealed the antioxidant potential of H. perforatum
aqueous and ethanolic extracts. DPPH radical scavenging effect of both extracts had
dose-dependent character. The calculated ICsy values indicate that the antioxidant
activity of ethanolic extract of H. perforatum is a little higher than its aqueous extract. It
is known that the flavonoids content in extracts plays a significant role in their
antioxidant capacity [8]. The aqueous extract of H. perforatum has a low content of HY
and flavonoids that suggests that the expressed antiradical activity is more likely caused
by water-soluble non-flavonoid origin antioxidant compounds. The high radical
scavenging activity value of ethanolic extracts is likely connected with content of
flavonoids and quercetin in particular the content of which was shown to be 8§ times
more in ethanolic extracts (tab. 1).
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The 1Cs values give little information about the reaction kinetics, in terms of
velocity [2]. Therefore, we used an additional parameter, the reduction index (RI) that
measures the velocity of the reaction of DPPH reduction to DPPH-H — characterize the
DPPH bleaching rate (tab.1). This parameter gives an idea of the reactivity of tested
extracts in bleaching the DPPH free radical. Both extracts induced a moderate decrease
in the free DPPH radical (when compared with quercetin reactivity). It was shown that
inserted RI values differ significantly for ethanolic and aqueous extracts (3.2 times), but
practically similar for ethanolic extract and quercetin. Thus, despite the practically
similar ICs, values, the ethanolic extract of H. perforatum was more reactive. It is
possible that slow velocity of DPPH decolorization by aqueous extract is due to
antioxidant compounds of non-flavonoid origin.

It was evidenced that DPPH scavenging could be separated in two parts: a first
rapid one and a second in which the radical was being scavenged at a very slow rate. The
stoichiometries of the rapid and slow stages are basic elements for explanation of the
antiradical activity, as they could reveal the contribution of different functional groups to
scavenging reactions. The rapid stage could be possibly attributed to the very reactive o-
hydroxyls of B-ring as quercetin. In such case a reaction between the flavonoid and
DPPH takes place to produce less active quinine [15]. The high activity of the extract
therefore, could be attributed to the presence of phenolic compounds in it. This may also
be associated with the presence of soluble alkaloids and phenolic compounds in
substantial amounts as observed in the phytochemical screening [1]. Besides, synergism
of phenolic compounds in an extract may contribute to the overall antioxidant activity.

The ethanolic extract of H. perforatum revealed also photodynamic activity. The
mechanism currently thought to be responsible for the phototoxicity of H. perforatum
extracts and HY in particular involves the production of 'O, and superoxide radicals
upon light-activation. The production of ROS by HY upon light activation can cause
oxidative damage leading to cell death, inducing apoptosis at lower concentrations of
HY and light energy, whereas higher concentrations tend to induce necrotic cell death
[13; 7]. The phototoxicity of HY on RBCs model has been shown to be concentration
and light dose-dependent [16]. Ethanolic extract of H. perforatum exhibited phototoxic
effect that is lower in comparison with pure HY. The fewer phototoxic side effects of H.
perforatum extracts may be due in part to the antioxidant properties of other constituents
present within the extract, such as flavonoids, phenolic acids, porphyrins. These
constituents may be able to elicit cellular protection by reducing the amount of ROS
generated by photo-induced HY, thus decreasing oxidative damage. In model
experiments in vitro on RBCs a constituent of flavonoids origin — quercetin when
supplemented with HY lowers the phototoxicity of the latter on about 30%, that correlate
well with the clinical evidence suggesting that administration of H. perforatum extracts
containing the photo-activated HY compounds may cause fewer skin photosensitization
reactions than administration of pure HY. Based on these studies, it seems as though HY
administered via H. perforatum extracts may be less toxic than administration of pure
HY [14]. This attenuation may have occurred by multiple mechanisms including
scavenging the free radicals produced by HY or competing for light energy, reducing the
occurrence of triplet state HY. This property of H. perforatum extracts allow joint appli-
cation HY with certain antioxidant components of the extract in photodynamic therapy
in more beneficial conditions comparing with pure HY that can prevent side effects, such
as RBCs photodestruction. Therapy using free-radical scavenging antioxidants has
potential to prevent, delay or ameliorate many of disorders.

Data gathered in this study demonstrated the ability of ethanolic and aqueous
extracts of H. perforatum to scavenge the DPPH stable radical with near IC50 that varies
significantly in their RI. In aqueous extract the DPPH decolorization activity seems to be
connected with contribution of soluble components of non-flavonoid origin. The DPPH
stable radical scavenging activity correlates with flavonoids content in ethanol extract.
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The otolith length and width of adult teleost Lutjanus bengalensis were used
to calculate the fluctuating asymmetry in these two characters. The results showed
that the level of asymmetry of the otolith width was the highest among the two
asymmetry values obtained for the otolith of Lutjanus bengalensis. On the other
hand, the lowest level of asymmetry in the two otolith characters is at the fish length
ranging between 19.0-19.9 mm and the highest at the fish length ranging between
23.0-23.9 mm. The possible cause of the asymmetry in this species has been discus-
sed in relation to different pollutants and their presence in the area. A trend of inc-
rease in the asymmetry values with the fish length was noticed for the otolith length
and width.

Bilateral asymmetry — otolith — Lutjanidae — ecological indicator —
Lutjanus bengalensis

Lutjanus bengalensis hwuntu 64wl opnihinh Unwin Gplwnnipiniul no jwjupp
ogwwagnnpéytb) BU hwdwnybnt wyn Gpynt wwpwdbwnpbph $inLywnniwgnn wuh-
JGwnphwl: Upnjntuputpp gnijg BU tnwithu, np opnthwn (wjuph wuhdGunphwih dw-
Ywpnwyu wubuwdbsu En Lutianus bengalensis dywl opnihinhg unwgywd wuh-
dGwnphwjh Gpynt wpdbpubph dhel: Ujnwu Yynnuhg, Gpynt opnihin wwpwubunptph
wuhdGunphwjh wutlwgwép dwywpnwyp ginuyned £ dywu Gpywpnepjwu® 19.0-
19.9 JJ uwhdwuubpnud, huy wdtUwpwnpépp® Gpwpnijwu 23.0-23.9 JU uwh-
dwuutbpnid: Ujn mGuwyutph dnn wuhdGunphwih huwpwynp wwwdwnp pulwpy-
Unwd £ hwpyh wnubind tnwpptp whunnnywénieintuutnl nu npwlg wnjw)nient-
Up vhgwywjpnid: QU Gpywpnipjwl htn wuhdGunphwih wpdbpubph wybiwg-
Jwl Jvhwinwdp Uywwnyned £ opnihinh Gpwnnipjwl W jwjuph hwdwn:

Enlynndwlh wuhdtnphw — opnihn — Lutjianidae — Eyninghwlwl gnighs —
Lutjanus bengalensis

JlniHa W mIMpHHA OTONWTA B3pOCIOW pbIObI Lutjanus bengalensis tipu-
MEHSUINCH JUIS pacueTa (IyKTyHpyIOled acCHMMETPUH TUX JIBYX HapameTpos. Pe-
3yJIbTaThl MOKA3aJIM, YTO YPOBEHb ACHMMETPUH IIMPUHBI OTOJIMTA CaMbIi BBICOKHUI
cpeny IBYX 3HAUEHMH acCUMETPUU OTOJIMTA, MOJIy4EHHOro y pbIObI Lutjanus
bengalensis. C qpyroii CTOPOHBI, CaMbIX HH3KHI YPOBEHb aCCHMETPUH IBYX Hapa-
METPOB OTOJINTA HAXOAUTCS B MpeAesax JHHbI pbiobl 19.0-19.9 MM, a caMbIX BbICO-
Kuil — B ipezenax JuiMHbl pp1Obl 23.0-23.9 MmM. Bo3morkHast mpUYMHA aCUMMETPUH Y
9TUX BUJOB OOCY)KIAETCS B CBA3M C Pa3HbIMHU 3arpsA3HEHMSIMU U UX HAJIMYUEM B
cpene. J{ns AMMHBI U IIMPUHBEI OTOJMTA B3POCIOH PHIOBI HaOMIIOAAETCs TCHACHINS
YBEJIUUYCHUS 3HAaYCHUIT aCCUMETPHH.

Heycmoponsa acummempust —omoaum — Lutjanidae — sxonocuneckuii nokasameins —
Lutjanus bengalensis
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Fluctuating asymmetry is the differential development of a bilateral character bet-
ween the sides of an organism [41, 32, 25]. Fluctuation asymmetry can reflect develop-
mental instability [31, 16], which is the inability of an organism to compensate for dis-
turbances during development [43], and can be affected by stress related to environmen-
tal or genetic conditions. Thus, the situation of fish larvae facing unfavourable condi-
tions can be indicated by the study of the high fluctuating asymmetry of several morpho-
logical characters. Hence, the bilateral asymmetry measure could show the severe effect
on the condition of the organism.

The relationship between fish condition and fluctuating asymmetry has been stu-
died for adult fishes, and a number of measurements have been proposed, including the
number of gill rakers, pectoral fin rays, fish body proportions, eye spot area, or otolith si-
ze and shape [5, 3, 15, 36,37, 21, 22, 23, 30, 19].

[17 and 18] have reviewed and determined the effect otoliths asymmetry in fish
behaviour. This could affect survival of larvae in terms of misleading them in finding
proper settlement grounds.

As fluctuating asymmetry studies were never performed on the otolith dimensions
of the species in question in Omani waters or on that of the same species from other lo-
calities in Omani waters the present work represents the first study on fish otolith asym-
metry of the Sea of Oman.

The present work studied fluctuating asymmetry in the otolith length and width of
the teleost fish Lutjanus bengalensis collected from the Sea of Oman near Muscat City.

The present study aims to provide information related to the detection of suitable
settlement habitats by the larvae of Lutjanus bengalensis.

Materials and methods. Description of sampling area. Sultanate of Oman is a fortunate
country as it lies on the coasts of three seas, the Arabian Gulf, the Sea of Oman and The Arabian
Sea. This country has an extensive coastline of 3,165 km, which includes the Gulf of Oman in the
North and the Arabian Sea in the South. Muscat is located in northeast Oman, at 24°00'N 57°00'E
24°N 57°E with the Sea of Oman forms the northern and western periphery of the city.

The climate generally is very hot, with temperatures reaching 54 °C (129.2 °F) in the hot
season, from May to September with very little rainfall. Annual rainfall averages in Muscat City is
100 mm, falling mostly in January.

The water along to coast of Muscat runs deep, forming two natural harbors, in Muttrah and
Muscat. The Western Al-Hajar Mountains run through the northern coastline of the city.

The marine area in the vicinity of Muscat City is characterized with inshore islands, rocky
stacks and mangrove forest. In addition, the coasts can be of several types, alluvial plains, delta,
raised gravel terraces, coastal cliffs, sandy and Sabkha [38]. The ecological factors such as water
temperature, salinity and PH value showed variation in water column. [38] reported 23.39° - 23.90
°C, 20.0 — 23.72 °C, 36.8 — 38.5PPt and 7.7 — 8.9 for surface water temperature, temperature in the
water column, salinity and PH value respectively. Recently, [6] gave slightly different values for
the above mentioned ecological factors (23.13 — 26.69 °C, 18.04 — 32.74 °C, 35.32 — 41.46 PPt and
7.03 8.98 respectively). It is evident that the main meteorological force, the monsoons affecting
the physical-biological in the coastal ecosystem of the Sea of Oman [7]. Monsoons manifest
themselves as strong, seasonally reversing winds [42]. There are two types of monsoons, the north
east monsoon (NEM) and the south west monsoon (SWM). The NEM shows its effect from
November—February, during which sea surface winds over the Sea of Oman are mainly Northeast-
terly [35]. The SWM takes place from June—mid-September when sea surface winds over the re-
gion are predominantly from the southwest [11] and stronger than during the NEM [12]. Coastal up-
welling persists during SWM along the coast of Oman impacting mainly the southern part of the coast
“Dhofar region” [34]. The effects of upwelling can be detected to about 750 km offshore of Oman and
can also be observed in the Sea of Oman when injection of cool water occurs and as a consequence tem-
peratures profiles is effected dramatically during summer. Inflow of the water from the Arabian Gulf
and high air temperature has a strong impact on the intrusion of upwelled water into the Sea of Oman.
Such effect leads to strong vertical stratification in the coastal water masses.

Sample collection. Fish specimens of Lutjanus bengalensis (230) were collected using
trawler net from only one location on 15™ March 2010 from the coastal waters of Muscat City, Sea
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of Oman. Sagittae from both sides of the fish head were dissected out from the sacculus part of the
fish inner ear. Otolith length and width were measured to nearest millimetre under dissecting
microscope. Asymmetry in the otolith length and width is aimed to be study in the fish species in
question. In the present study fluctuating asymmetry was not correlated with sex because
asymmetries develop in the early life stages, when larvae sex cannot be recognized. The
asymmetries cannot be eliminated by further growth as they are persistent and thus become a
stressor for an individual throughout its life.

Statistical analysis. The statistical analysis was based on the squared coefficient of asymmetry
variation (CV2?) for the two otolith dimensions according to [40]:

CV%=(S X 100/X 1)

where S r-1 is the standard deviation of signed differences and X r + 1 is the mean of the charac-
ter, which is calculated by adding the absolute scores for both sides and dividing by the sample size.

The vicinity of Muscat City was chosen as it represents one of the main fishing grounds for the
species in question and asymmetry study for L. bengalensis is important to the effect of this phenolme-
non on the settlement of the larvae of this species in this important fishing ground.

Results and Discussion. Tab. 1 shows the results of asymmetry data analysis of the
otolith length and width of Lutjanus bengalensis collected from the coastal water around
Muscat City, Sea of Oman. In the results, the level of asymmetry of the otolith width was the
highest among the two asymmetry values obtained for the otolith of Lutjanus bengalensis
ranging in length between 19.0-19.9 mm and 23.0-23.9 mm respectively. A tendency of
increasing asymmetries in otolith width and length with fish body length can be noticed (tab. 2).

Table 1. Squared coefficient of asymmetry (CV 2,) value and
character means (X, ) of Lutjanus bengalensis

Character Cv%i | N Character mean % of individuals with asymmetry
Otolith length 5.06 | 230 9.08 95.7
Otolith width 10.29 | 230 5.38 100

The percentage of the individuals showing asymmetry in the otolith width character
was the highest among the percentages obtained for the two otolith characters (tab.1).

Asymmetry in morphological characters of vast number of animal taxa is usually ne-
gatively correlated with the animal fitness (e.g. [27, 28,9]. On the other hand, studies on the
possible effect of asymmetry on dispersal and recruitment of individuals are lacking [29, 10].

Table 2. Squared coefficient of asymmetry and character means by size class of Lutjanus

bengalensis.
Character | [ | N | Character mean X , | % of individuals with asymmetry
Orolith length
19.0-19.9 23.5 10 9.1 100
20.0-20.9 24.6 30 8.86 100
21.0-21.9 25.6 120 8.95 91.67
22.0-22.9 25.9 60 9.37 100
23.0-23.9 27.8 10 9.13 100
Total 230
Orolith width
19.0-19.9 1.37 10 5.30 100
20.0-20.9 1.46 30 5.28 100
21.0-21.9 10.47 120 5.34 100
22.0-22.9 11.59 60 5.52 100
23.0-23.9 12.99 10 5.46 100
Total 230
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The obvious effect of bilateral asymmetry in fish otolith mass is the abnormal
swimming activity [20] and interference with correct sound localization resulting in ina-
bility of individuals to integrate with the habitat they are living in [26].

The capability of the young individuals of Lutjanus bengalensis to find and settle
down in a suitable environment can be hindered by the variations in the dimensions of
the otolith [17, 18]. Thus, the settlement of the larvae of the species studied in the pre-
sent work might be affected due to the asymmetry observed in its morphological charac-
ters.

Due to the lack of data regarding natural asymmetry in Oman it is impossible to
evaluate the level of asymmetry of the two morphological characters of the otolith of L.
bengalensis and to determine if they are higher or lower than the average.

It is impossible to have a precise indication on the significance of the correlation
between asymmetry in the morphology of the fish species in question and different env-
ironmental pollutions along a pollution gradient, or from fish taken from polluted and
non polluted sites due to unavailable of such data.

However, based on previous studies in this field, it is possible to correlate bet-
ween environmental stress due to pollution and asymmetry in the morphology of this
species. Such environmental factors are present in the Sea of Oman waters in general
and the Omani coasts of the Sea of Oman in particular [13, 14, 2, 39, 1, 24].

Several natural events can be listed under the environmental causes, and nutritio-
nal deficiencies can be caused by many factors such as various pathogens and various
population phenomena [8], and it is highly possible that these factors may be in action in
Oman Sea as they seem to be common in the aquatic environment [1, 2, 13, 14].

Fish length and asymmetry in morphological characters have shown to be corre-
lated as indicated by several authors where there was a trend of increase in the asymmet-
ry value with the increase in fish length [5, 3, 4, 21]. The results also show a trend of in-
crease of otolith length and width asymmetry value with fish length.
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Wsyuanu uxrtuonapasurodayHy pexu Paspan. Beuio obcnegoBano 162 3x3. pblO
5-tu BumoB u3 ceM. Cyprinidae u Salmonidae. [Tapazuramu Gpu10 MHBa3UpOBaHO 89 IK3.
pbi6 v 55 %. BesiBneno 4 Buna napasuros: Dactylogyrus sp., Diplostomum spathace-
um, Ligula intestinalis, Ichthyophthyrius multifillis. Mecta ux JOKanu3auu — xa0pbl,
XPYCTAJIMKH TJ1a3, OJIOCTh TeJla U MO SMUASPMUCOM PbIO. Y CTaHOBIIEHbI SKCTEHCUBHOCTD
Y MHTCHCHBHOCTb NHBA3HU IO apa3sHTaMH.

Hxmuonapasumogayna — pexa Pazoan — eudosoii cocmag —
9KCMEHCUBHOCTD U UHIMEHCUSHOCTb UHEA3UU

NuntJUwuhnyb) £ 3pwgnwu gbnh dyubph Jwywpnyéubph $wntuwl: IGnw-
gnunyb| £ Cyprinidae W Salmonidae puwnwuphputinh 5 wntuwy dyubph 162 udnL: Uw-
Ywpnydubpny qupwyywsé Ehu dyubph 89 Uunt, Ywd 55 %-p: 3wjnuwpbpyb £ 4 k-
uwy Jwwpnyé' Dactylogyrus sp., Diplostomum spathaceum, Ligula intestinalis, Ich-
thyophthyrius multifillis: ‘pwup nbEnwywiywé Ehu dyubnph unhyubpned, wsph nuwujw-
ynid, dwnpduh funnngnid W Ewyhntpdhuh tnwy: Npnpdtp Bu dyutiph Juwpwyqwénigjwu
EpuinBUuhyntejnitlp W huinGuuhynie)niunp:

RUubnh dwlhwpnydubnh pwntbw YU 3Inwqnuwl qbun YU wnGuwluyhl yuqd U
Ywnwldwonipywl Epuinblupdnipynil b hiinGuupynieinil

The fish parasite fauna of Hrazdan River was studied. 162 specimens of the 5 fish
species of Cyprinidae and Salmonidae were investtigated. 89 specimens (55 %) of fish
were invased by parasites.Four species of parasites were revealed: Dactylogyrus sp.,
Diplostomum spathaceum, Ligula intestinalis, Ichthyophthyrius multifillis. They were
localized in the fish gills, crystalline lens, body cavity and under the epidermis.
Extensiveness and intensity of invasion by parasites have been revealed.

The fish parasite fauna — Hrazdan River - the species composition —
extensiveness and intensity of invasion

Pexa Pa3znan — ocHOBHas BoiHast apTepus ApMEHHH, UMEET BaKHOE X035 CTBEH-
HOE€ U peKpeanMoHHOoe 3HaueHue. OHa SBIIETCA JIEBOOSPEKHBIM KPYIHBIM MPUTOKOM
peku Apakc. DTO eAMHCTBEHHas peka, BbITekaromas u3 o3. CeBaH — KpymHeHiero
IIPECHOBOTHOTO BomoeMa KaBKa3ckoro perrona, OfHOro U3 BHICOKOTOPHBIX OJUTOTPOMHBIX
o3ep, Jexkaniero Ha Beicote 1900 M Hazm yp.M.

Wxrtuonapasurodayna p. Pazman mano wnsyudena. Kpome Toro, BeiencTBue aHT-
POIIOTEHHOTO Ipecca, 3a IOCIeaHee BpeMs OHa NpeTepIieia 3HaYuTeIbHbIC N3MEHEHUS U
TpedyeT Ooree TITy0OKOT0 UCCIETOBAHMS.
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K M3YUYEHUIO ITAPASUTOPAVYHBI PbIb PEKU PA3JIAH

Ienbto paboOTHI SBJISUICS MOHUTOPHHT BHIIOBOTO COCTaBa MapasuToB phid p. Pa3-
JaH B COBPEMEHHBIX YCIOBHSX. B cocTaB MXTHO(AYHBI BXOAAT apMSIHCKas OBICTPSIHKA
(MHOTOYHCIICHHA), CepeOpSHBII Kapach, KYpUHCKHI ycad, CEBaHCKas XpaMyJs, a aHTop-
CKHI ToJIel] M pyubeBas hopenb — GpparMeHTapHo.

Mamepuan u memoouxa. VI3ydanu napazurodayny pbid BepxHero TedeHus p. Pas-
naH (Koraiikckuii Map3), r/ie BUIOBOH COCTaB phIO OeHee, YeM B HKHEM TE€YeHHH. Hc-
cienoBaHus mpooauinck B 2011r.

MeToaoM MONHBIX Mapa3sUTOJIOTMYECKUX BCKPBITUHM MO MeToauke bbixoBckoi-IIaBmos-
ckoit, 1985 Obu10 06cnenoBano 162 3k3. peid 2-x cem. — Cyprinidae u Salmonidae, 5-tu BumoB:
cepeOpsHblil kKapack (Carassius auratus gibelio) — 94 k3., apMsiHCKas ObicTpsiHKa (Alburnoides
bipunctatus armeniensis) — 45 3k3., ceBaHckas xpamyis (Capoeta capoeta sevangi) - 8 3K3., Ky-
puHckuit ycau (Barbus lacerta cyri) — 7 3k3., pyuseBas ¢openb (Salmo trutta fario) - 8 sx3. dak-
TUYECKH OBLIM OXBaYCHBI BCE BH/bI UXTHO(DAYHBI BEPXHETO TCUCHHS PEKU.

COop 1 KamMepalbHy10 00pabOTKy Mapa3uTOB PHIO MPOBOIMIN MO OOIIETIPHHATON METOIU-
ke [1], onpenenenue - o ,,OnpenenuTesno napasuToB NpecHOBOHbIX prIO hayHsl CCCP“ [4, 5, 6]
u Uluruny [7].

JUtst KOJIMYECTBEHHOM XapaKTePUCTUKH IOMYJIILHI TeJIbMUHTOB UCIOIB30BaIN O0IIEIPH-
HSTBIC B TeJIbMHHTOJIOTHUH TTOKA3aTEJIN SKCTEHCUBHOCTH M MHTEHCHBHOCTH MHBA3HU.

Pesynvmamut u oocyscoenue. 13 obcnenopannbix 162 3k3. peid u3 p. Paznan na-
pa3uTaMu ObUIO HHBa3HPOBaHO 89 3K3., Wi 55%.

V poI6 BBIsIBICHO 4 BHAa Mapa3uToB: MOHOTeHeHW - Dactylogyrus sp., TpeMaTo-
el - Diplostomum spathaceum, nectonbl - Ligula intestinalis, pecHUIHBIE HTHPY30pUI
- Ichthyophthyrius multifillis (Tun Ciliophora: 1. Hymenostomata). OHUA 0OHAPYKEHBI
Ha xabpax, B XpyCTaJIMKaXx IJ1a3, MOJOCTH TeJla 1 IO/ SIHIEPMUCOM KOXH PBIO.

VY cepebpsiHoro kapacsi oOHapy»eHo 4 Buaa rnapasuToB. B xpycranukax ria3 o0-
Hapy>XeHbl Mertauepkapuu Diplostomum spathaceum. JKCTEHCUBHOCTh WHBAa3HH paBHA
6,4 %, I —1 sxk3.

B nonoctu Tena xapaceli 0OHapy KeHBI IUIEpOLEpKOUAbl 1iecTonsl Ligula intesti-
nalis. OU = 25,5 %, UU cp.- 6 k3. /4-13 5x3 /. Ha >xabpax oOHapyXeHbl eAUHUIHBIC
9K3. MoHoreHeit Dactylogyrus sp. Tlox snunepMucom oOHapyskeHbI TpocTeiime (pec-
HUYHbIC UHY30pun) — Ichthyophthyrius multifillis. DU =2 %.

Y apMsHCKO# OBICTPSHKM OOHApYKEHO 3 BWJA TeJIbMUHTOB: MOHOTeHest — Dacty-
logyrus sp., Tpemarona - Diplostomum spathaceum w uecrona — Ligula intestinalis. DU
MOHOTEHEsSIMU paBHa 6,7 %, OH1 OOHAPYKEHBI ¥ 3 3K3. IO B €AMHIYHBIX 9K3. DU MeTanep-
KapusiMu uIuioctoM coctasisiia 44,4 %, UW — 1 sx3. DU necromamu Ligula intes-
tinalis 61a paBHa 8,9 %, U1 cp. — 4 3Kk3.

VY ceBaHCKOW XpaMynH TarKKe OOHapy>KeHO 3 BHJA TEIbMHHTOB: MOHOTEHES —
Dactylogyrus sp., Tpemarona — Diplostomum spathaceum v niecrona — Ligula intestinalis.
Ha xabpax y 2 3x3. ooHapyxeHsl Dactylogyrus sp. U1 — 1 k3. MeTanepkapusiMu JTUII-
nocToM 3apaxkeHbl 7 u3 8 sx3. UM — 1 k3. B monocTu Tena 3 3k3. 0OHapy»eHbl ILIepo-
uepkouasl uecronsl Ligula intestinalis, U cp. — 4 3k3.

VY KypuHCKOro ycaua oOHapyxeH | BUA reabMuHTa — Metauepkapuu Diplosto-
mum spathaceum. OHnu oOHapyxeHbl y 2 u3 7 ycaued, UM — 1 7k3.

Y 6 MabKOB U3 8 MCCIEOBAHHBIX 3K3. PY4beBOH (HOPEINH MO/ SMUIEPMUCOM O0HA-
pyxensl ipocreiitie Ichthyophthyrius multifillis. Cyns 1o JaHHBIM pe3yJIbTaTOB BCKPBI-
THH, caMble PacHpOCTpPaHCHHBIC MapasuThl peIO p. Pasman — murepomepkonasl pemHela
Ligula intestinalis, monoBo3penas CTagust KOTOPOTO IapasUTHPyeT B KHIIEYHHKE PbI-
OOSTHBIX NTHUILL. 3aTeM CIeAYIOT MeTalepKapuH JUIIOCTOM, MapUThl KOTOPBIX TAakoKe Mapa-
3UTHPYIOT B KUIIEYHHKE PHIOOSTHBIX NTHL. OcTalbHBIe BUIBI (IAKTHIOTUPYCHl M UXTHO-
(bTHpHrychI) BeTpeyarotest peako. O4eBHIIHO, 4To Ooiee pacpocTpaHeHb! OHOTETbMUHTEL
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Ipu cpaBHUTENBHOM aHasM3e cocTaBa OeHTodayHsl peku 1930-x rr. u 2004-2006 rr.
OBUIO BBISBIICHO, YTO MOJUTIOCKH ceM. Lymnaeidae, sSBISFOIMECS MPOMEKYTOYHBIMH XO-
3sieBaMH TUTIIOCTOM, OOHApy>KeHBI B OeHTOdayHe pekn Kak B 30-e Tomax, Tak U B HACTOSI-
miee Bpems [2]. OHaKO YMCIEHHOCTh MOJUTIOCKOB 3HAYMTEIBHO YMEHBIIMIACh. DTHM
OOBSICHSIETCS] CHIDKEHUE SKCTEHCUBHOCTH MHBA3UH PHI0 METallepKapUsIMHU TUTUIOCTOM, KO-
Topasi panblue gocturana 100 % [3].

Heo0xoquMo OTMETHTBH, YTO HCCIENOBAaHUS MapasuTodayHbl pbIO IPUTOKA
p. Paznan — p. Mapmapuk B 1970-80-¢ rr. ganu ciegyromue pe3ysbTaThl. Y apMsIHCKOH
OBICTPSIHKM U3 MOHOTeHel Obliii 00HapyxeHbl Dactylogyrus sp., u3 tpematon — Diplos-
tomum spathaceum wu Allocreadium isoporum, nocieqHss ObUla HalileHa TaKXKe y Ky-
puHckoro ycaya [3]. Vitak, npy CONMOCTaBICHUH HAIIUX JAHHBIX MO BHUIOBOMY COCTaBY
napasuToB pbi0 p. Pa3naH ¢ maHHBIME MCCIIEIOBAaHHUN MPONUIBIX JieT [3], OH He mperep-
el OOJBIINX U3MEHEHUH, OTCYTCTBYET JIUIb Tpematona Allocreadium isoporum.

Takum o6paszoM, y peiO p. Pa3nan BbisiBieHO 4 Buma mapasutoB: Dactylogyrus sp.,
Diplostomum spathaceum, Ligula intestinalis, Ichthyophthyrius multifillis.

B ¢ayHe mapasutoB peIO npeodnagaroT 3 Brjia Mapa3suToB CO CIOKHBIM KU3HEHHBIM
LIHKJIOM.

3 BHIa Mapa3uToB PIO OTHOCATCA K reHepanuctaM (kpome Dactylogyrus sp.). 2 BU-
J1a TIApa3uTOB SIBJSIOTCS AUIOTeHHBIMUA BHIAMU — MeTallepkapud TpeMarton Diplostomum
spathaceum W TepouepKouzbl peMHena Ligula intestinalis, a 2 BUaa — aBTOr€HHBIMH —
Dactylogyrus sp. u Ichthyophthyrius multifillis.

[Mapa3utodayHa priO Ha 0Ocie0BaHHOM y4acTke p. Pasnan obeqHeHa, HE OTIIH-
yaercst 00raTeiM pa3HooOpa3ueM, KaKk U BUJOBOH COCTAaB CaMOM MXTHO(AYHBI PEKH.
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