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UbLPUESQrU4UL UL 168hUESrUYuL Shrnk3ERLENrk oUuNUaUsFUIUrvUL
u21esnr@3nkFLe NNFPPLUShL LAFYLENShILENP T62UUNRLUSUUL Yru  C.
guilliermondii HM-4 UNQrUuuULYU3hL RRPLEMNFU

uurnke3UuL U.4., MESrnusuul q.3,, Uurnke3ut U.u.,
Luduuur3suy L.3.

Epluwh wbinwlwl hwdwyuwpwl, YEuuwehdpuyh, dwlptwpwnippul i
YGLuunnEulininghuyh wdphnl

bpwywuwgyty £ C.guilliermondii HM-4 tudnpwubwihu pghguGpnid wniphbwjhu Jhwgnipniu-
utph nGqwdhUwgdwl nruncdUwuhpniejniltn fudnpwullywihu - pphoUGpp  JhthdGunpwywu W nb-
ghuGinpwywlu whpnyeh nghnbwgunn dwnwaqwjrUEtNny dwnwaqwjrwhwptintg W hEndwnwguw)pwihu
nGwwnpwghwihg htwnn: Yulnpdt) GU nEquivhtwgdwl nidquniejwl thnthnpuntejnllubn wnihdnudwn-
uncyninhnutbph UWud-h, UEd-h, QUd-h L A6d-h nbwened, hugp, hwjwlwpwn, wwdwuwynpgwé t
Epunptdw| yhdwynid Ubppgowht wnihdnudpwnubph dGinwpnihquh hunBuuhyniejwl thnthnpuniejwdp:

UnhihdGuinpuwlwl wyhplbn, nbghdtinnwlwlwihplbn, UnilGninpnlbn, nbquuhlwgnid

OcCyIIecTBICHO HCCIIEOBAaHNE [e3aMHHHPOBAHUS IyPUHOBBIX HYKICOTHUIOB B JIPOMCKEBBIX
xnerkax C.guilliermondii HII-4, 00ydeHHBIX B 00JIAaCTIX MIJUIMMETPOBBIX U JIEIUMETPOBBIX UIHH
BOJIH M IIOCJIE MOCTPaJHAllMOaHHON penapauuu. beuin oOHapy)KeHBI M3MEHEHHS B MHTEHCHBHOCTH
ne3aMuHUpoBanus nmonudocdar-uykineotunos AJAD, ATO, I'/I® u I'TD, uto, o Bcel BEPOSITHOCTH,
00yCJIOBIEHO U3MEHEHHEM MHTEHCHBHOCTH MeTaboiu3Ma NonrpochaToB KIETOK B SKCTPEMaTIbHBIX
YCIIOBHSAX.

MUTTUMEMPOBbBIE BOIHYL, 0eYUMEPMOBLLE BOHbI, HYKIEOMUObL, 0e3AMUHUPOBAHUE

The investigation of purinenucleotides deamination in yeast cells C.guilliermondii NP-4
irradiated by millimeter and decimeter ranges of waves and after postradiation repair was realized. It
has been shown that the changes in deamination intensity of polyphosphate-nucleotides ADP, ATP,
GDP and GTP take place which perhaps can be conditioned with changes of metabolism of
polyphosphate-nucleotides in cells in extreme conditions.

miilimeter waves, decimeter waves, nucleotides, deamination

Lbpywjndu, Yuwywé  2nppwuwjwnnn dhpwdwjph wnunnunyjuwéniejwu UGdwgdwl htun,
wpnhwywl fulnhp £ nwpét| Yeunwuh opgulhquutinh ypw wpunwehl dhgwywnh wu-
pwpGUwwuwn  wgnwyutph wagnbgnipjwl  UniGyniwihu  JGhuwluhquuGph  pwgwhwjwnnudp:
Uwpnpnnt  gnpéniltniejwl  ninpunubph punjwjudwup  gnigwhBr, Yuwywsé  ghunwwnblu-
Upywywu wnweplupwgh, hwnjwwtu® ppewjhu htnwunuwlwwh (UhihdGunpwywu inhpnyeh
wihputn) W wupeb, hwdwgwugh' Wi-Fi-h (nGghutwnpwywU wnhpnyph wiheutp) ogunwgnps-
dwl hbwn, Jeéwunwd £ yeunwuh opgwuhquutph pw Gpywpwihe dwnwgwjpdwl wanb-
gnLpinLlp: Reswhu hGnwhunulbph oguwagnnénudp yunwlgwynp hGnlbwlputp nluh dwnpnn
wnnnontejwl hwdwp' punhnuy Jhugle giuncnGnh W uGnwywu hwdwlwngh wnwppGp
hhywunnnillnh, win pYnd” Lwl pwngytinh quipngugnidnp [2, 4], Gpywpwihe whpnyeh
wihpubph wanbgniejwdp UJwwndnd GU pehoutnh pwnwuplUtpnud Na-K-wlywu wlgent-
nhubph wywhynipjwlu thnthnfuniejnilutp, huswtu bwl' nhingnwd £ qqwih eGpdwihu wg-
ntgnteinLl pehgubnh Upw [7]: UGLnwuh opgqwuhquubnu odnywd BU hwpdwpynnwywl JGé



huwpwynpntpintlutnnd, npnuep pnyp GU wwhu Upwug YGpwwnt, Epunpbdw) wwjdwl-
utpnud: Ujn pupwgend opqwuhquuGph pghoUGpnud ulunwd Bu gnpébp npnwyh wwwn-
wwlwywu UGhuwuhquutp, npnug Juwwywé Gu Unp uyhwwynigubph uhUptgh W JGnwpnihy
thnthnpunteyntlph npulenpdwu hbwn: Wyu tnGuwytunhg Yuplenp £ Swypwhtn wwydwuubpnwd
unnpwywng Encywphnunutph, Jwubwynpwwbtu® fudnpwubyuwihu pghoubph dwnwugwywl
Ujnceh [3], YUf6-h Ywnnigwdépwihu Unundbputbn hwunhuwgnn UnwyGninhnbtph thnuwlw-
ynrpjwl, hugwbu Lwl' fudnpuulywihu uwhwnwynigubph Yurnigywédpwihu W $ncuyghnuw
thnthnpunteynilph nuuncdUwuhpnedp [1], npp Yuplenp hubnpdwghw £ wwihu pwpépw-
Ywpg Encywphnunopgwuhquutpnud  Epuwnpbdw)  wwydwuubpnud  npultnpygnn  thnthnpunt-
rjnLultnh Jwuhpu:

Utp  wpfuwwnwlph Uwwwwlu E Gnbp  nuunwduwuppty wniphbwght - wignuwhu
hhdeptnh, Uncytnghnutph W uncyEninhnubph nGqudhuwgnudp  C. guilliermondii - HMN-4
fudnpwulywihu  pehoubnp  JhihdGnpwlywl b nGghdGnpwywl wihpubpny twnwaqw)pw-
hwnbhu W pphoubph hGwndwnwagw)prwhu ntwwnwghw)hg htwnn:

Unp W UtGenn

IGnwgnunnpjwlu opgtynn  BU hwunhuwgty  C.guilliermondii HM-4  pjudnpwullytpp:
fluunpwulwjhtu pghgubplu wodkgyb) Gu hennly upUptwnhy ulUnwdhgwywipnud [1], pwhw-
hwpnn uwpeh ypw: vdnpwutywiht Yebuwquugwdp Ynpinnepwy dhpwdwinhg wnwldlwg-
gt £ gunphdniguwl dhgngny' 50009 wpwagniejwdp, 10 pnwtb nlnnniejudp: udnpuw-
ulywjhu pghgutpp rnpwé opny [Ywlwinig htwnn npnayt £ pwg Yebuwquugqywsh Yphnp:

C. guilliermondii HN-4 fudnpwulywjhtu peheuGph dwnwaqwjpwhwpnedp - lvdnpwulytph
wodh unmwghnuwn thnynd Yeluwquugywéh Jdh Jwup Gupwpydb) £ dwnwguwjpwhwndwlu
dhihyGnpwywl (A=6Ud, u=51.8U3g) WL nbghudtunpwlwl (A=30ud, u=1GQ3g) wihelubpndy,
ubljwyw)hu eEpdwuwnhdwluncd, 45 pnwt wnlinnnipjwdp:

ludnpwullywjhu pghoubph hGndwnwagw)pwihu yepwywugunidp - Swnwqwjpwhwnywé
fudnpwuliywjhu Yebuwquugywéh Uh Jwup Bupwnyyt) £ hGnwagw huynipwghwh' pgheubph
JEpwywuguuwlp Uwwuwnn  wwdwulubpnwd (300C sGpdwuwnhéwlu, 100U  gynLyngh
wnywjnieincl), npnud wekgybp Ep fudnpwulwiht YEuuwquugywédp Uwpupwl dwnwguy)-
rwhwntp:

Qnuints  uyhwnwynigwiht  Epunpwyinh  utwgnudp  fudnpuubughu - pehgutphg -
tludnpwulywihu pehouGpp Uhugle -10°C uwnbgutintg hGwnn Jwdpybp Bu bwhiwwbu uw-
ntgywé Jwdihsny: Uwdintdhg hGnn unwgwé pgewhu hndngBUwwnp fuwnuyt) £ Jwquh-
uwywu puwnuhsh Yypw, 20 pnwt nlennnigjwdp, pnpwd oph dhowdwipnud® gpwintd uwh-
twynigubn wwpniiwynn Epunnpwyn unwtwint bwywwnwynd: Unwgdwd hndngBuwwnp
gunphdnigyt) £ 250009 wwjdwuutpned, 20n wnlennnijwdp: dbpuunywépnid wywnnt-
Lwyynud £ hudnpwulywihu uwhwnwynigubph onwinid $pwlyghwili:

ALqudhuwgdwl pupwgend  wlpwwnywd wdnUuhwyh pwlwyniniup npnpygbp E
REpnh gnilwihl $tUnih nGwyghwjh UGennny [Martinek R.G., 1963]:

Unpnyncupltin W pUuwnyned

Whuwwnwlph wnwehUu thnintd hpwywlwgytbp £ wniphUwghu uncyGninpnutnh (UG,
U4d, UUD, abd, Qud L QUD), huswtu Lwl’ uncyEnghnutbph (wnkunghu, gniwunghl) W
wagnuwjhu hhuptph (wntuhu W gniwuht) nEqudhbwgdwu ncuncdUwuhpnid UhihuyGupwywu
wihpubpny dwnwqwjpwhwnpywsé W  hGndwnwagwjerwhu  nEwwpwghwh Gupwnyywé
Candida guilliermondii HT-4 fudnpwulywjhu pphguknnid:

Ugnuwjhu hhdptph W uncytnghnutph nGguwdhuwgdwu nidguniejwl yGpwptpjwy utn
Ynnuhg unwgywséd nyuiutphguyuwnqyty k£, np wnbuhuntquuhuwg, wntunghuntqwuhlwg,
ghLwuhu nbGquuplwg W gniwlnght nbGqwuhuwg $EpUGUNUGNPD wywnhynipyntu sEU gnL-
gwptbpnud ng sdwnwguwjrwhwnywsd, ng ' JhihdGunnpwywu wnhpnyph wihpubpny dwnwawy-
pwhwnywséd W nEwywpwgyws tudnpwulwihu ppheUbpnud: Yaquuhuwgnd sh npulcnpyby
Lwl QUdD-h nbwpenid: Mniphuwihtu UncyGninhnutph nEquidhtuwgdwu yGpwptbpjw unwg-



Jwsd nywiubpp uepyujwgywé Bu wnynuwy 1-nud: Q6wnwquw)jrwhwpywsé fjudnpwulywihu
pohgubpnd pwywywl gwén E bnbl WUd-h L USd-h nbqudhuwgdwl nidgunieiniup
npulnpytp £ hwdwwwuwnwupuwl $epdtunutph hGunpwihu wywnhynienu: Npnwiyh wy-
whdnieintt nhundb] £ Jhwju U4d-h nbquuhtwgdwl gnpéplpwgnid: A6d-h L QYUd-h
nGquuhUwgdwu nidquniejwl wnbuwybnhg wwppbpnienlllGpp wulpwu Gu, W 1.7-2
wlgwd gwédn BU UWud-h hwdbdwnniejwdp:

UhihdGunpwywl wihpubpny dwnwqwjpwhwpdwl GupwpyJwsé Candida guilliermondii
HM-4 fudnpwulyGpnud UWywwnynd EWLUD-h W QYUd-h nEquuhuwgdwl nidqunipjwl wuyned,
huy UJjnu UncyGninpnutGph hwdwp (WD, UGS L AE6d) nhunynd £ nbquuhuwgdwl
nidqunipjwl wé sgdwnwagwjrwhwpywsé pphputph hwdbdwwnniejwdp: IGwndwnwagw)rwihu
nEwwpwghwih Gupwnpyywsé puunpwullwihu pohoubpnd UWUd-h L UW4d-h nbqudhuwgnid
wjllbu th nhwnynud. nEquupuwgdwl Gupwpyynwd GU Jhwju UGd, Q4D L Q6D unwy-
lGnunhnutpp: Cun npnud, UGd-hntwend nhindnud £ nquuhbwgdwl nidgunipjwu wuynwd
twnwagwjrwhwpywé pehoubph hwdtdwwnniejwdp' pwpép Juwiny sdwnwgwjpwhwnpyws
fudnpwutyGphu punpn? wuwnhdwuhg, huy A6d-h nbwenwd nGqudhuwgdwu nidqunieniup
Ujwgnud £ W Junwd £ gwédn huswtbu géwnwqujpwhwpyws, wjlwbu b dwnwawjpwhwpywd
pehsutph hwdbdwuwnnipjwdp: GUd-h ntquuhUwgdwl nidqunieiniup nEwywpwgywé fudn-
pwulywjhu pphoutpnid wénwd £ L gbpwquugnid E séwnwguwjpwhwnywé pphoutphlu punpny
wuwinhdwuhl:

UrynLuwy 1
MniphUwjhu Jhwgntejntuubnh nGquidhuwgndp C. guilliermondi HIM-4 fjudnpwullyGpnud® pphgutnp
UhihdGunpwywl wihputpny dwnwqujrwhwnbing W hEndwnwaqw)jpwihu ntwywnwghwihg htunn
(Ug N2/1g pwg YELuuwqwugyws, n=5, p<0.05)

unLyGninhnutp Uuud Uud Uucd qQud [eNGH))

Swpptpwy

Qdwnwquwjpywd 0.013+0.001 0.87+0.07 | 0.026+0.002 0.44 +0.03 0.5+0.02
hudnpwulytp

Swnwquwjpywd 0.06+0.048 0.1+0.06 0.66+0.04 0.19 £0.01 0.95+0.6
hudnpwulytn

NEwwnpwgyws 0 0 0.24+0.018 0.76+ 0.07 0.14+ 0.1
hudnpwuliytp

Whwwnwuph hwenpn thnyntd  hpwywuwgptbp GupwniphUuwihu unwyGninpnutph nb-
quuhbwguwl nrundbwuhpnpinitt® fjudnpuwulywihu pphputpp  nGghdGunpwywl wnhpnyyeh
wihputpny dwnwqwjpwhwnthu L hGndwnwagw)pwhu nEwwpwghwihg htwnn: Unwgywd
nyjwiltpp UepYwjwgywsé BU wnyniuwy 2-nud:

AtghdGunpwywu wihputpny dwnwawjrwhwpywsd fudnpwullwihu pehoubpnd nhun-
dnud £ UniylGninhnutph nGqudhlwgdwu nidgquniejwl wb, pwgwnnipjwdp W4d-h: Ujnwu
uncylGninhnutnph’ WWd-h, UBd-h, A4d-h L A6dD-h hwdwp nhnynd E nEqudhuwgdwu
nidqunijwl wéh punhwunitp wntuntug: Uhwdwdwuwy, Wed-h, QUd-h L A6d-h nbqw-
JhtwgdwU nidqunipintubpp Jhdjwughg tnwppGpdnud U wllpwl swihny: MGwnp £ UG
Lwl, np UGd-h nbquuhbwgdwu gnpépupwgnid nhinygnid £ nidquniejwl Yupney wa' hbun-
pwjhU wpdtehg (0.026 Ug Ny/1g pwg YEuuwquugywédnid) UGd-h nGquuhtwgdwl wuwnp-
dwlp hwulnwd £ nhunwpyywsd uncytninpnutph hwdwp wdbbwpwpép wndtehu® 1.016Uq
N»/1g pwg YGUuwqwugywoénid: IGndwnwaqw)prwiht nEwwpwghwih GupwnpyJwsd peholb-
pnud  Unyuwbu wnbUuhUwhtu unLyGninhnutph nEquiuhuwgdwl inGuwytunhg nhunynud £ pn-
(- uncyGninhnubph  nEquuhuwgdwu  nudqunipjwl Ujwagnd  dwnwgwjpwhwndwu  Gu-
pwnpydwé pghgubph hwdtdwwnniejwdp, uwlwju nbqudhUwgdwl wnpdteubpp pwpénp Gu
Junud gdwnwaquwjpwhwpywé ppheutphu punnn? gnigwuhputnhg, pwgwnnipjwdp W4d-h, nph
nGquuhuwgdwl wuwnhdwup nEwwnpwgwéd pghoubpnd wybih gwédn b sdwnwgw)pw-
hwpywé pohoubph hwdbdwwnnipjwdp: NEwwpwgyws pphoubpnud nGquuhuwgdwlu nidg-



Uncpjwl wel wnwyt| wpinwhwjndwé £ AYUd-h nbwencd:Wjuwhund, nEywpwgywsd fudnpuw-
utywjhu pohoutipnid nGquiuvhtuwgdwl wnwyb] pwpéan nidqunie)nil gnigwpbpnud £ QUd-p:

Unyniuwy 2
MnphUuwhu JhwignipiniuuGph nqudhuwgnudp C. guilliermondii HMN-4  fjudnpwuuytpnud® pphoutnp
nGghuGunpwywl wihputpny dwnwaqwjrwhwntintg W hGndwnwaquw)jpwihl nwwnwghwjhg hbunn
(Ug N2/1g pwg YEuuwquugyws, n=5, p<0.05)

unytnuinhnutp uud Uud ucd ALud atd
SwppGpwy
Q6wnwgw)rywsd 0.013+0.001 0.87+0.07 0.026+0.00 0.44 £0.03 0.5+0.02
fudnpwulytp 2
Bwnwagwjpywsd 0.6 £0.05 0.424 + 1.016+0.1 1.02 +0.1 1.024 +
hudnpwuuytp 0.03 0.09
NEwwpwgyws 0.35+0.02 0.28+0.01 | 0.19+0.01 2.33+£0.2 1.33£0.1
hudnpwulybp

Wdihnthnwd - ludnpwubyuihu  pohguGpnd - wniphUwghu - JhwignipyniluGph  nGquidh-
LUwgdwl hwdbdwwnwywl nunwdbwuhpnepniuutpp ey B nwhu  Ggpwlwgub), np
wniphuwghu wgnunwihu hhdptpp W unwyEnghnubpp fudnpwubywhu peheutinnud s6U- Gu-
rwnyynid Jtnpglwywl Yuinwpnihquh, wyp pungpyynd BU UncytnnhnUtph thnyniejwu
ninhutpnud [5, 6], hugp hwunhuwunwd E EuGpghwih W nGunipuutbph hubwdwU jnipophbwy
hwdwywng vhypnopgwuhguutph, wyn pynd’ bwle fudnpwutytph hwdwn: UhhdGunpwywl
L nGghdGwmpwywl wiheutpny Swnwqwjrwhwndwsd fudnpwutytnph hwdwn nGqudhbwg-
JwU nidqunipjwl thnthnpunienilutp U npulcnpyncd ynh$nudwn-uncyGninhnutpph® UW4d-
h, U6d-h, QUd-h L Q6dD-h nbwpenid, hugp, hwdwlwpwn, wwjdwluwynpwé £ Epunpbdw
Jhdwynd pgoh wnihdnupwwinubph Jewnwpnihquh hunBuuhynipjwlu thnthnfunigjwdp' Yuw-
Jwéd tuGpghwih wwhwlgswnyh thnthnfunipjwu hbwn: Wuwhund, JhihdGunpwywu W nbgh-
JGinpwywu wnppnyph wihputpnyg twnwquwjpwhwnywd fudnpwulwihu pehoutnnid Upywé
wnihdnudbwwntbpp  Ywwwpnd U Ywplenp  hwpdwpnnwywu - $ncuyghwubn®  uppbuhu
hwywantint b hEndwnwaquwjprwhu ntwywnwghwih pupwgentd JEpnwywugunnwywl wpn-
gbuutph EuGpgGunhy wwhwlgp [pwgUbine nunnnipjwdp: Rehpubpnud wnh$nudwin-unLy-
lGnunhnutph nGpp hEndwnwaqw)rwihu yenwywugunnuywu wynngtulbnnd wwpqwpwubGine
hwdwn wwhwugynid GU Upwug Ywnwpnihquh, Jwubwynpwwtu® hhnpnthgh wywnhynijwl
JwUpwdwul ncuncduwuhpnepyncuuGn:
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Uhynqbbph hhdbwywb  tphninghwywb fudpbpb GO npdwwnndhgbunlGpp, fudnpwGdwl
ubytpp L pnppnuwuGytnp: AdYnipjwl vk qlwiny ukd htunwppppnipntl L Gpwlwynipntb GG dbrp
ptpnud owynpuniGhunwywb dhynqbtbpp, npnbp hwpnigynid 60 ywyiwlwywb-wjunwshb ubybpny®
dwpnnt hwidwp YndGbuw| hwbnhuwgnn uGytpny (ophbwy” Candida spp.) Ywd 2nowlw showyuwjnpnid
Lwbnptl nwpwéjwé pnppnuwubytnny (ophbwy™ Aspergillus spp.): Swptgwnwnh GYwpwagnpyned GO
ubybph dnun 1200 Gnp innbuwyGtn, npnbp Ywpnn 60 nwrtwy shyngbeph hwpnighsbtn [1]:

Uhynqlbn — nbnduinndhgbiuinlbn — wlnpnw ullbn — pnppnuwullbn

The main etiological groups of mycosis are dermatomycetes, yeast and mould fungi. In
medicine there is growing interest to opportunistic mycosis that caused by fungus, such as Candida
spp., Aspergillus spp., etc). Annually, about 1200 new micromycetes species are described among
them new etiological groups of mycosis [1].

Mpycosis - dermatomycetes - candidal fungi — mould fungi

OCHOBHYIO POJIb B 9THOJIOTUM MHKO30B UTPAIOT TPH I'PYIIIEI BO30YAUTENEH: NEePMAaTOMHULICTHI,
JPOAOKETIONOo0HbIe TPUOBI M IUIecHeBble IpuOBI. PacTymuii mHTepec HabmomaeTrcss y MEIHKOB K
OIIOPTYHUCTHIECKUM MHKO3aM, BBHI3BAHHBIM YCIIOBHO-TIATOTCHHBIMH TPUOKOBBIMU BO30Y IUTEIISIMH,
KOTOpbIe SIBISIIOTCS canpo(UTHBIMH JUIs d4eioBeka (Hampumep, Candida spp.) wiM mumpoko
pacrpocTpaHeHbl B okpyskaroieit cpene (Aspergillus spp.). Kaxnplit rog onuceiBaetcs okosio 1200
HOBBIX BHJIOB IT'PHOKOB, CpeId KOTOPBIX M BO30yIUTENN MUKO30B [1].

Muxko3vl - depmamomuxosvl - Kanouoa epubsi — niecnesgvie epubvl

Uuytpp hwunbu GU qwihu npwbu EntywphnunUbph wnwUdhl, hupUnipnuyl EWq-
ynpnipyntu’ Mycota. Uju pungpynwd £ Unuin 445 hwqup nGuwy, npnughg wybih pwu 500
nbuwyubn whunmwéhu U hwdwpynwd Jwpnne hwdwp [3]: Ruwysniejwl Uty wnwyb)
nwnwédywé Uhynqubphg Eu nEpdwwnndhynqutpp, ninbwrweh vhynqutpp, dwulwynpuwwbu
Gnniuqwphetnh ulywiht hhywunnienlulbpp® oUpfundhynqubpp (24%), W Ywunhnwuh-
Ynqutnp (7%), npnug hwpnighsubpp hwunhuwunwd BU Candida gtnh uuytpp [6]: Uh-
yUnqutph hhduwywu Ehninghwywu fudptpu Ut nGpdwnndhgbunutpp, udnpwudwU uuytnp
L pnppnuwuliytpp:

Aepdwinndhgbunubpu whuinwhwpnud 6U dGpuwdwyp, Jwyp, Jwqbpp, Gnniuqubnp,
wnwpwgltiny ulwihu hhwunniejnctbubp® nGpdwwnndhyngutn: Wjdd nGpdwwnndhgbun-
utpny Jwpwyywé Bu nng hwuntu puwysniejwl 15-25% [8]:

1957p. Uwnnyhnunud Yuwjwgwé nbpdwunningutph IX Uhgwqqwihl  hwdwdnnnynid
punntuynd £ Qbnpgh Ynnuhg wnwewnnpywé nbpdwwnndhgbunubph nwuwywngnedp, nph
hwdwaéwju, nepdwwnnuhgbinutpp pwdwuynid Gu Gpte gentph' 7richophyton, Microsporum,
Epidermophyton: Lenywjntdu hwjinuh BU nGpdwwnndhgbunutbph 45 nGuwyutp, npnue wwwn-
ywunwd BU hGwnlywy Bnptep gbnbphU' Epidermophyton (2 wntuwy, inhwhy wkuwyp® £. floc-
cosum), Microsporum (18 inGuwy, whwhup* M. audoniy, Trichophytfon (25 inbuwy, inhwhyp'
T. fonsurans):

Uuytph uhuntdwwnhy nwuwywngdwl dwdwlwywyhg wywwnytpwgnidutph W punncu-
Jwé UndGuywwnnipwih  hwdwéwiu nGpdwwnndhgbunlbpp wwwnywunwd Bu  Ascomycota
pwdlh Onygenales JwnghU [9]: Uhugntn, Upwlg wnnGuwyuGph gbpwypnnn dGdwdwulniejwl
hwdwn hwjnuh BU Ny wuwdnpdubpp (Ynuhnhwy thny), huy reEEndnpd dubpp (Wwynt-
uwywynn thnip) nhindbp GU npnwiyh gEpdwunhdwlwihu ntdhunwd hwwnnly pwnwnpnijwdp



dhpwdwpbph Jpw wakgubihu: Hpw hGn Juwdwd nEpdwwnndhgbunutph unguwywlwgnedu
hpwywuwgynwd £ wuwdnnpd édlbph dnpdninghwywl, Ynepnnipwy W dniEyniywn wnwué-
UwhwwnyniejntluGph hhdwu Ypw [5]: depdwinndhgbunubpu whunwéhu Ywpnn BU [huby
Uhwiu hptlug qupgugdwl wuwdnpd thnytpned, huy npwtg phiGndnpd dubpp’ wywengtu
s6U [2]:

AGpdwwnnuhgtwnubphu punpn £ Yepwwnhunihnhy wywmhyniegnilp, wjuphugl' /i vitro W in
vivo JGunwuwywl Swgdwl wnhuGpwihu  untpunpwwnph’ Yepwnhup pwjpwdwl  nluw-
ynieintup: Wu Yepwnhbwqwutnp ywwnywunwd B, wjuwbu Yngdwsd, hhduwghu uGphuwihu
wnnunbhUwquwubphu, npnup gnpénud BU hhduwhu Ywd skgne Uhgwdwnpnud (pH=8): Wjuwtu,
Trichophyton rubrum ntuwlu ntuh hGnlyw) wpninhUwquwihu $EpdGLUnuGnp® 25; 31; 45;
53;71;93 L 124 kDa hwdwwwuwnwupuwl UdniGyntiwjht Jwuuwutpny:

Undnpwpwn ownpunntUhunwywl Jhynqubpp qupquwund G wjiu Jwpnywug Jnwn,
nyptin ntltl |npg wnwelwihu hhywunnepiniu W ey hdntbwihu hwdwywng:

Candida gbnh pudnpwudwlu uuytpny hwnpnigynn ulywht whinwhwpndubpp® Yuit-
nhnwdJhynqutpp, hwjwnup BU 6nG| nEnliu Ipwynypwinh dwdwuwyubphg stomata aphtoides W
aphta infantis wunctuubpny, pwjg wnwehu wugwd Uywpwanytbp £ 1839r. R. Lwugbluptyh
ynnuhg: buy wnwehu wuqwd 1848p. d.f¢. RGpgp pwgwhwjnk) £ fudnpwbdwl uuytph
wnywjnteintup hhdwunh hjnudwéplbnnid: IGnwgund U. REpeniep 1923k, fudnpwudwl
uuytnhg wnwuduwgnty £ Uh gbn, npp 1939p. UwlptwpwUuGph Il Uhgwaqguwihu YnugpGuncd
uinwgt| £ Candida wudjwuntdp:

Candida gbnh fudnpwudwl uuytpp dwdwuwlywyhg nwuwywnpgdwl Ut wywwnywlncd
GU Ascomycota pwdUh Saccharomycetes nwuh Saccharomycetales Yupghlu (wuwuynuwn-
pwjhuutn) [10], huYy pwUh np npwug Unin pwgwywnid £ YELuwywlu ghyih unwywu thnep W
pwquwuntd BU pnnpnedwdp, www npwug UGpwnend BU nGunBpndhgGunuGph «Wuywnwp
uuytnp» dnpdwy pwdlh Jbp (Fungi imperfecti wd Deuteromycota) [4]: Candida gbnh
fudnpwldwu uuytpp hwdwnynud BU wwydwbwywl-whunwsdhu wkpnp Jhypnopgwuhguutp,
nnpnup ng Uhgbywy thnepned nluBu Yinpwyne, Efhwuwals, oJwijwéale pphoUbph' pluuwnnuwnn-
ubph wbug, huy Uhgbywl thnened® hhdbph wbug: ludnpwudwl uuybpu hpwywu Jhgb) ¢Bu
wnwswguntd, wj| Gpywpwaqyué pehoutph hwdwygdwup dlwynpnid U wulnndhgtl' y&nd
ulywpb:

Swpptp hGnhuwyubp UGpyuwywgund Bu Ywunhnwdhynqutph hwnpnighsuGph wnwpptn
npwywywl b pwlwywywlu Ywad: Wuwbu, 4.L. S)neinniuhyh W L. Opgnuhyhdth inygjwi-
Utph hwdwéwju hwjinuh GU Candida gbnh 196 wnGuwy, npnughg dwpnnt npéwprwnwlurhg
wlpwwnytb) Bu wybh pwl 27 inbuwy [7] :

JYGpghUu tnwphutphu nhunynwd £ Candida gtnh wnGuwyutph punhwuncp pyh wa: Grb,
ophuwy, 1989pE. U.M. Unipngdwuh W 2.NL. dEQwh fudnpwldwl uluytph npnghgned
Uywpwapywé Ehu Candida gbnh 163 wnbuwyubn, www 2010pE. npwlg rhyu wab) £ Jhusl
743 nbuwyh (Index Fungorum): Hpwl gniqwhtn wab] £ bwl hndwuppubph phyp: Wuwtu,
1954p. LU.d. Unuwlwnp W wyjine Ukl GU, np hwju C. albicans nGuwyh hwdwn Uywpwanpywé
GU Unin 190 hndwiuh2: 3wywlwpwn, wuhpwdtun £ gniguyhg pwgwnt yuwnnig huwgywé W
soqunwgnpéynn hndwuhpubnp:

Candida fjudnpwudwU ubyGpp Jwulwygnud U bwl oupfundhyngh Ephninghw)nid: Gt
Uwhuyhunwd dwpyh W Gnntugh fudnpwuliywiht whunwhwnpdwu nGwenid hhduwywlu hwpne-
ghs Ep hwdwnynwd C. albicans inbuwyp, www wydd wybih hwdwpu Uunyuwywluwgynid Gu
Candida non-albicans nGuwlyutpp' C. tropicalis, C. parapsilosis, C. famata, C. glabrata, C. lusita-
niae, C. inconspicua, C. zeylanoides, C. laurentii, nnnughg 2wwtnp Ywntu U punhwunip W
nbnwjhb wanbgniejwdp dwdwluwywyhg hwywdhyninhyubph Lwndwdp:

Gt Lwhuyhuntd npwtu ywunhnngh hhduwywl hwpnighsubn hwdwnynd Ehu hGunyuw
5 wbuwyutpp® C. albicans, C. guilliermondii, C. krusei, C. pseudotropicalis (= C. kefyr), C.
tropicalis, www wjdd npwbu Jwunhnwuhynqubnh hwnpnighsubn hwuntbu U qwihu Candida
gbnh Unwn 20 nnGuwy [6], (wn. 1):
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UrynLuwy 1. Ywunhnngh hwpnighsutpp

3hdUwluit hwpnighdutnn Awaquuwnbuy hwnnighsUnn bawlh ntuwgtn
C. albicans C. krusei C. catenulata
C. tropicalis C. kefyr (=C. pseudotropicalis) C. ciferrii
C. parapsilosis C. guilliermondi C. famata
C. glabrata C. lusitaniae C. haemulonii
C. inconspicua
C. lambica

C. lipolytica

C. norvegensis
C. pelliculosa
C. rugosa

C. utilis

C. viswanathii
C. zeylanoides

Jdbpghu wwphUbphu  hwjnbwpbnytp Bu Candida gbnh whuwnwdhu Unp wnnGuwyubp,
npwup GU' C. aubliniensis, C. nivariensis, C. bracarensis, C. pseudohaemulonii, C. Pseu-
dorugosa, C. subhashii, Candida auris L wjju:

PUnLpjwl Jbp (wjunptu nwpwéywd pnppnuwuliytphg Bu Aspergillus gtinh uuytpp,
npnup hwpyyned GU Unuin 200 inGuwyubp: Aspergillus gbnu wnwghlu wuqwd Uywpwapybp £
ulywpwu M. Uhfubh Ynnuhg 1729pk., huy wytih np, 1856. hwutnwwnyty £ wyn génh npnp
inbuwyukph npwbu Ephninghwywt gnpénuh Lpwlwynieyntup nwnpptp hhjwunniejnluutph
dwdwlwy: Npwtu ullwjhu hhqwunnipyniuutph (JGphu 2ugninhutph  wuwbnpghinqutnh,
ouhpundhynqutiph, ownnndhynqutbph W wyt) hwpnighsubn wnwytbp (wy U neuntduwuphpywé
Aspergillus niger, Aspergillus fumigates, Aspergillus flavus, Aspergillus oryzae inGuwyutnp W
wyLu:

Nnn2 JhypndhgtwnutGp® Fusarium spp., Paecilomyces lilacinus, Acremonium spp.,
Scedosporium prolificans, Malassezia furfur, Candida (=Torulopsis) glabrata, Rhodotorula
mucilaginosa (= R. rubra), Saccharomyces cerevisiae W wju, tnwnpptp dSwauwdp UGnpnwt-
Upw nLtutgnn hhdwunutph dnun (GYnq, opgwultnph thnfuwywwnywuwnnid, Ynpinhynuwnt-
nnhnutGph L ghnnuwnwwnhyutph Yhpwnened, dwnwquwjpwiht whunwhwnnd) jupnn GU wnwy
ptnpGL $niugbupw: Unnne Jwpnywlg dnnn wju uuytbpp hwqyuntbw Gu nwnunwd hhywl-
nnLpjwl wwwndwn [11]:

ApdwwnnuhgbinuGph  hGn  hwdbUwwnws'  Scopulariopsis  brevicaulis, Hendersonula
foruloidea, Scytalidium spp., Aspergillus spp., Fusarium spp., Cephalosporium spp., Alfernaria
spp., Penicillium spp. pnppnuwullytpu odinywd BU wnwyb) enyp wpunwhwjnwé Yspwinh-
LUwquwjht b ypninbEhbwquwht wywnhyniejwdp: dnwlng B wywjdwbwdnpywd npwlg Gpynpnp-
nwywu nGnpp hwwnywwtu ouhfundhyngh Ephninghwjnid:

Whunwéhu uuytph Jbp uwu bwle ngywjdwlwywl whunwshuutn jud dwywpnyéUtn,
npnug [wpnpwwnnp wwjdwuutpnd huwpwydnp $E Yynyinhdwgut) ubunwdhswywinptnh ypw,
ophuw\* Lacazia loboi, Pneumocystis carinii [2]:

Swny £ UG, np twpbgunwnh Wywpwagnpynwd BU ubytph dnin 1200 Unp inGuwyutn,
npnUp Ywpnn GU nwnuw| Jhynqutph hwpnighgubp [1]: Nwunh Jhynqutph wpnyniuwytun
pnLddwl hwdwn wuhpwdtwn £ hwpyh wnub| Ephninghwywl gnpénuh wplinpniejnilp:
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BJIMAHUE UMMOBWIN3AIIMOHHOI'O CTPECCA HA
HEKOTOPBIE BUOXUMHNYECKHUE ITIOKA3ATEJIN
YIJIEBOJHOI'O OBMEHA B CBIBOPOTKE KPOBHU KPOJIMUKOB

» *
H. AUPAIIETSH , A. ATA/UKAHSH, M. XAYATPSH, A. TPUYHSH

Epesanckuii 2ocyoapcmeennvlii ynusepcumem, kagheopa 6uoxumuu, MuKpoOuoIouu u
buomexnonozuu
nn.havrapetyan@gmail.com

HccnenoBanoch BIMAHUE MMMOOMIIM3ALMOHHOIO CTpecca Ha OMOXMMHYECKHE IOKa3aTenn
YIJIEBOAHOTO OOMEHa B CHIBOPOTKE KPOBU KpOJMKOB. B Teuenue 30-Tu nHEBHOM MMMOOMIN3AIMU
NPOSIBISUIACH CTOMKAs TMHEPrIMKeMHs, HaONIOJaNnoCh HAKOIUICHHE JIAKTaTa - IIOKa3aTelsl KHC-
JIOPO/IHOH 3aJ0JDKEHHOCTH TKaHeW. IToirydeHHbIe pe3yJbTaThl CBHACTEIBCTBYIOT O HETaTHBHOM
BIIMSTHUY HIMMOOWIIM3AI[N HA OPTaHU3M JKHBOTHBIX.

Hmmobunu3ayuonuslii.  cmpecc — 2Unepenukemus- aHaspOOHbLL  2IUKOIU3 — MKAHe8ds.
2uUnoKcus

In the current study the influence of immobilization stress on the biochemical characteristics
of carbohydrate metabolism in rabbits, especially glucose level has been investigated. During the
experimental period in serum the animals which were put immobilization hyperglycemia was
demonstrated. Accumulation of lactate has been detected, which is an indicator of the lack of oxygen
in tissues. Therefore, the negative effect of immobilization stress on the organism of animals was
shown.

Immobilization stress — hyperglycemia — anaerobic glycolisis — tissue hypoxia

Nuncduwuhpnybp U dwgwpubph wpjwu 2hénynid wShuwgpwihl thnfuwlwynipjwu YEuuw-
phuhwywl gnigwuphpubpp 2wpdnnuywt wynhynipjwl uwhdwlwhwydwl wwdwuubpnd: 30 opjw
wlpwpdwgdwl wwjdwulbpnd nhingbp £ gyniyngh b jwelwereyh Jwywpnwyh wé: Unwgwsd wp-
nynLtuplGpp YYwnd BU Yeunwuhubph opquuhquh ypw upntuh pwgwuwywl wgnbgniejniun:

Upnbu— hpwngihlybdpuw — wlwennphly qihlynihg - hyncudwépuypl preywélwpwng
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BreIHyXIeHHOE OrpaHWYCHUC JBHUTATEIBHON AaKTHBHOCTH — HWMMOOWIH3AIMOHHBIH
CTpPECC CONMPOBOXKIACTCS HEONATONPUATHEIMA META00IMISCKUMU TIEPECTPONKAMHU OpPTaHU3-
Ma U IPUBOJIUT K PA3BUTHIO LSOO KOMILIEKCA HETATUBHBIX MPOSIBICHHM, & TAKIKE SIBISISICh
Hen30eKHBIM (DAaKTOPOM COIYTCTBYIOUIMM TSDKEINbIE TATOJIOTHH, CYIIECTBEHHO OCIOXKHSIET
TEUEHHE OCHOBHOTO IATOJIOTHYECKOro Imporecca. MIMMOOMIN3AIMOHHBINH CTPECC, MPOsB-
JISIFOLLMIACS. XapaKTePHOH peakiiell Co 3HAYUTENIbHBIM YCUIIEHHEM HHTEHCUBHOCTH CBOOO/I-
HOPAJMKAJIbHBIX PEaKLUil 1 HAKOIUICHHEM MPOAYKTOB JIMIIONEPOKCH ALK, 00YCIIaBINBaeT
HeOaronpusTHble MeTabOJMYEeCKUe CIBUTU CO CTOPOHBI BCEX BUIOB OOMEHa BELIECTB,
BKJIOYasi OEJIKOBBIM, YIJICBOAHBIN, JMIUIHBIN M NMypuHOBBIH oOMeHbl [12]. Bonee Toro,
MMPOAOJIKUTCIIbHAsA I/IMMO6I/IJ'II/l3aLIl/IH, B PE3YJbTATC HAKOIJICHHUA W CKJICUBAHHUA KIIETOK
MMMYHHOU CHCTEMBI, BElE€T K 00pa30BaHHIO HECTAOWIIBHBIX aTEPOCKIEPOTHYECKHX OJIsi-
IIEK, BBI3bIBasE TPOMOO3 M CEPACYHO-COCYAHUCTHIE ocioxHeHus [9]. buoxumuueckuii mexa-
HH3M, OOBSICHSIOIINI BO3HUKHOBEHHE ITaTOJIOTHUECKUX COCTOSHHUHN IOJI IEHCTBHEM CTpec-
COTreHHBIX (haKTOPOB PA3TMIHON HPUPO/IBI, 0 KOHIIA HE U3YUCH.

OnHUM W3 TPOIECCOB, OBICTPO PEArHPYIOLIMX HA CTPECC, SBISIETCS TIIMKOJH3, aK-
TUBALUS KOTOPOTO B CTAJIHI0 CTPECC - CHHIPOMA OOECIEYMBACT BO3POCUINN DHEPreTH-
YecKui JucOaniaHc, a HAaKOIUICHWE HEIOOKHCICHHBIX MPOAYKTOB TIIMKOIM3a MPH OIpe-
JICTICHHBIX YCJIOBHUSIX CTAHOBHTCS IPUYMHOW pa3BUTHUS MATOJOTHYECKHX SIBJICHUI B Op-
ranax [10]. Hapymenune karaGosiu3ma TIIFOKO3bl HPUBOAUT K METAOOJHYECKHM H3MEHE-
HUSIM, XapaKTepU3yIOIUMUCS BBHICOKHM YPOBHEM IJIIOKO3bl (THmepriukemus). B ocHose
Pa3BUTHUS TUIEPIIIMKEMHHU JIEKHUT WHCYJIMHOPE3UCTEHTHOCTh M HapyleHue (GyHKIuu [3-
KJIETOK TOKENYyJA0YHON >keje3bl [6]. I'umepriaukeMuss UrpaetT penarollylo pojib B pas-
BUTHH ¥ IIPOTPECCUPOBAHUU OCIIOKHEHUH caxapHOTo nuadera co MHOKECTBEHHBIMU MeXa-
HU3MaMH, BKITIOYas YCIJICHHE OKCUJIATUBHOTO CTPECCa, CHIDKCHUE OKUCIICHHS TITFOKO3HI [4,
5]. Takxe U3BECTHO, YTO B IEPHOJ Pa3BUTHSI CTPECCOPHOTO BO3JAECHCTBHS aKTUBH3UPYETCS
aHa’pOOHEIN IMyTh AHEProoOpazoBaHms — aHa’poOHBIM ThuKonu3 [14]. Kirtouerie mera-
00JIMTBI aHAIPOOHOTO IHEPrOOOECIICYCHUS - MOJIOYHASI ¥ TUPOBUHOIPAHAS KUCIOTHI MO-
YT OBITh KPUTEPUSMH JHEPreTHYECKOro TOMEOCTa3a. A yBEJIMYCHHE MOKa3aTels JaK-
TaT/MIMPyBaT NMPU MMMOOWIN3AIMOHHOM CTpecce MpEAIoJaraeT HalpaBlIeHHOCTh 3HEPro-
o0Opa3oBaHUs 1O aHA’POOHOMY ITyTH TJIHKONHM3a. B mocnemnue roasl Obuta pazpaboraHa
KOHLIEMIIUS «IIOpora aHa’dpoOHOI Harpy3ku opraHu3may. OCHOBHOW pe3ysbTar, MOJIep-
JKMBAIOIIMN TMIIOTE3Y aHa’poOHOro Mopora, COCTOMT B TOM, YTO IIPH HapacTalouleld WH-
TEHCUBHOCTH CTPECCOPHOTO BO3JEHCTBHMS KOHLEHTpAlMsl JIaKTaTa B KPOBU PE3KO
YBEJIMYMBACTCS, YTO OBLTO paHEee NMPUHITO 32 BHE3AIMHOEC HAYAIO0 MPOJYKIWHU JaKTara [8,
11]. B wHacrosimiee BpeMs HCCICAOBAHHS ITOKA3BIBAIOT, YTO JIAKTAT OOpa3yeTcss W B
YCIIOBHSIX JOCTaTOYHOTO MOCTYIUICHUS KHCIOPOJAa W MPOMYKIHS JIAKTaTa He 00sI3aTeIbHO
CBsI3aHa C aHA’POOHBIMHU YCIOBHUSAMH. JTO, B CBOIO OY€peilb, IO3BOJSIET YTBEPXKIATh, YTO
M3MCHEHHE KOHIIEHTPAIMH JIAKTaTa He AaeT MH(OPMAIMK O TIPUYUHAX ero 00pa3oBaHusl, a
oTpakaeT OaslaHC MKy BBIXOJIOM JIAKTaTa B KPOBb U €T0 yCTpaHEHHEM U3 KpoBH [16].

Lemnpro paboThl OBLIO HM3ydeHHE OCOOCHHOCTEH BIHSHHUS HMMMOOMIN3AIMOHHOTO
cTpecca Ha HEKOTOpble OMOXUMUYECKHUE MOKa3aTelH YrIIEBOJHOT0 OOMEHa.

Marepuaibl U MeToAuka. JIs WccieoBaHHUS BO3ACHCTBHS MMMOOWIM3AIMHA Ha
mokazateid YIJeBOJHOro oOMeHa ObLIM BBIOpaHBI JomainHue kposuku (Oryctolagus
cuniculus). IMMOOMIN3aIUI0 KPOJIMKOB-camiioB Maccoir 2000 - 2200 r mpoBoawiu B
teuenne 30 cyrtok (1o 3 yaca exxenHeBHO). JKUBOTHBIE ObUIN pa3zesieHsl Ha 2 IPyIbL, 1o 3
KpOJHMKa B Kaxmoil rpymme (n=6). KoHTponbHas rpymma coaepkanach B OOBIYHBIX YCIIO-
BUSAX BUBapus (B HOPMAIBHOM (DU3HUOJOTHYECKOM COCTOsSHUM). OTIBITHAs Tpymmma KpOBH,
HaxoJMJach B yCIOBHAX MMMOOWIN3AIIMOHHOTO cTpecca. PopMupoBanue crpecc-hakropa
BBI3BIBAJIM ITyTEM TOPH30HTAIBHON (DUKCAIMH KPOJIMKOB B CIIMHHOM ITOJIOKCHUH Ha JIOCKE.
Buoxumudeckne mokazatenu uccinemoBammck Ha 0, 1, 5, 10, 15, 25 u 30-p1e cyTtku
JKCIEepUMeHTa. B CHIBOPOTKE KPOBH YPOBEHB TITFOKO3bI OMPEACISIIA TIIOKO300KCHIa3HbIM
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MeTozoM [15], nmakrar - MmetooM Y ddenpmana, TUPyBaT — MOANGHUINPOBAHHBIM METOI0M
@®peenqmana n Xayrena [3]. CeiBopoTKy nosmydanu ueHtpudyruposanunem 3000 g B
teuenue 10 mun npu 4°C. Tlo 3aBepiIeHNH SKCIIEPUMEHTA JKUBOTHBIX BBIBOAMIIHM M3 OIBITA
JexanuTaneld. BplmeykazaHHbIE TTOKa3aTeNd HCCIACNOBATNCH B TOMOIEHAaTax II€YCHH,
MBIIII, MO3ra JEKaUTHPOBAaHHBIX KPOJIUKOB. Conep)kaHue TIIMKOT€Ha B TKAHSAX IEYEHH,
MBIIIIAX | MTOYKax onpeaesiin MeroaoM Jandenko [1].

CraructHueckas oOpaboTKa pe3ysibTaToOB INPOBOIMIACH C HCIIONB30BaHMEM Iapa-
MeTpuaeckoro t-kpurepus Ctpromenta. OOpaboTKa MaHHBIX MPOM3BOIUIACH C HOMOIIBIO
KOMIIBIOTEPHOI1 porpammel ,,Statistica 6.0” [2].

PesyabTaTsl u obcy:xkaenue. [Ipy u3ydyeHun nokasatesiell yrieBogHOro oOMeHa B
CBIBOPOTKE KPOBU OSKCIICPUMECHTAJIBHBIX XUBOTHBIX B HepBLIﬁ JACHb CTPECCOPHOI'0 BO3-
JIEWCTBHS OTMEYaoCh OCTOBEPHOE YBEIWYEHHE COJepKaHHs TIIOKO3bl Ha 44%, yMeHb-
meHne cojepxanus mupyeara Ha 16% (0.021 mxmone/n, p<0.05) mpu ogHOBpEeMEHHOM
noBbIeHnH ypoBHA naktata Ha 30% (1.52 mxmoms/im, p<0.05) OTHOCHTENBHO KOHT-
ponsHO# Tpymms! (0.025 MxMons/m 1 1.17 MKMOIB/T cooTBeTCTBeHHO) (pHc. 1,2). Ha 5-prit
JIeHb cTpecca HaOJII0AaIoCch HE3HAUNTEIBHOE CHIDKEHHE YPOBHS TIIFOKO3BI IT0 CPAaBHEHHIO
¢ 1-eiM gHem (14.59+0.01 mmous/i, 12.82+0.01 mmounb/a, p<0.05 coorBeTcTBEeHHO). B0O3-
MOXHO, HEKOTOPOE CHIDKCHHE CBSI3aHO C BPEMEHHOM ajanraiueil KHBOTHBIX K CTpeccy.
Opnnako Ha 30-ple CyTKM MMMOOWIM3AIMU B CHIBOPOKE KPOBH JKUBOTHBIX OBUI 3apErucT-
pPHpOBaH MaKCUMaJbHBIA ypoBeHb runeprimkemun (45%, p<0.05) mo cpaBHEHHIO C KOHT-
POJILHOM Tpynmol >KUBOTHBIX. CleoBaTeIbHO, MOXXHO OTMETHUTH, UYTO JAHHBIA BHJ
CTpecca XapaKTepU3yeTCsl THIEPIIMKEeMUEH, YTO SBJIAETCS BAKHBIM NMPU3HAKOM Pa3BUTHSI
CTpecc-peaKiuii.

[
co

[
]

= e
.
I
=
.

I

YpoBeHb rN10K03bl (MMonb/n)

8 S 5 —4—KoHTponbHaA rpynna
6 === OnbITHAA rPYnnNa
a
2
0
0 1 5 10 15 25 30
OHKu

*- IOCTOBEPHO 110 OTHOIIECHUIO K KOHTPOJIBHOMU rpyIie )XuBoTHbIX (p<0.05)
Puc. 1. YpoBeHb ITIOKO3BI B CHIBOPOTKE KPOBU IKCIEPHMEHTAIBHBIX KUBOTHBIX IIPU
HMMMOOMITM3aIMOHHOM CTPEcCe.

YpoBeHb MHUPOBHUHOTPATHON KUCIIOTHI HA S-bIi IEHb OBUT HIDKE 3HAYEHUH KOHTPOJIb-
HOU rpynmnsl Ha 14% U nanee CcOXpaHsUICS Ha TOM K€ YPOBHE, KOHLIEHTpAIUs MOJIOYHON
KHCJIOTHI Ha 5-BIif JeHb moBhICHIAch Ha 75%, Ha 10-b1if neHp - Ha 126% u manee ¢uk-
CHUpOBAJICSI CTaOWIBPHO BBICOKWH yYpOBEHb MOJIOYHOW KHCIIOTHI IO KOHIA IKCIIEPUMEHTA
(puc. 2). IToBbIIeHNE KOHIEHTPAIMA MOJIOYHOW KUCIIOTHI B OTIBITHOW TPYIIIE, BEPOSTHO,
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SIBJIICTCSL PE3YJbTATOM OJIOKHPOBAaHUS a3POOHBIX TPOIECCOB TIIHMKONHM3a W aKTUBAIHH
aHa3poOHOro THKojm3a. [10M0OHBIN CABHUT KIFOYEBOTO (PparMeHTa YIriIeBOJHOTO OOMEHA —
TJINKOJIN3a B CTOPOHY HAKOIUICHHWS MOJIOYHOW KHCIOTBHI TpPEpHIBacT (PU3HOIOTHIECKU
OTIpaBIaHHBIN MPOLIECC YHEPTOOOECIICUCHNS 1 HApYIIaeT YHEPreTHIeCKUN OOMEH KIICTKH.

[omyueHHbIE TaHHBIE CBHICTEIBCTBYIOT O HEONArOMPUATHOM BIMSHUU OTPaHHYCHHS
JIBUTATEIIFHOW aKTHBHOCTH Ha COCTOSTHHE YTIIEBOAHOTO 0OMEHa, KOTOPOE MPOSBIISIIOCH yKe
Ha |-bIif IEHb CTPECCOPHOTO BO3ICHCTBUSI.
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*- JIOCTOBEPHO MO OTHONIEHHIO K KOHTPOIBHOMU Ipyme )KUBOTHBIX (p<0.05)
Puc. 2. BuusiHue cTpeccoBOro BO3/I€HCTBHS Ha IOKa3aTeNM NUPYBaTa, JJaKTaTa B ChIBOPOTKE KPOBU KPOJIMKA.
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*- JIOCTOBEPHO MO OTHOIIEHHIO K KOHTPOIBHOMU Ipymie )KUBOTHBIX (p<0.05)
Puc. 3. 3amMeHeHus cofieprkanus MUPyBaTa U JIAKTaTa TKaHel MeYeHH H MO3ra KPOJIMKOB, IMMOOMIIN30BaHHBIX B
teuenue 3 4 (30 gHel).




[TockonbKy OrpaHWYEHUE IIBUTATEIEHOW AKTUBHOCTH 3aTParuBacT IKU3HEICATCIIhb-
HOCTb BCETO OpPraHM3Ma, 11eJIec000pa3Ho ObUIO PAcCMOTPETH €€ BIHMSHUE Ha OMOXUMHYec-
KHE IPOIIECCHl B TKAHSIX JKCIEPUMEHTAIBHBIX JXHBOTHBIX. VCCiienoBaHus MOKa3aiu 3Ha-
YUTENIbHBIC U3MEHCHUE KOHIEHTPALMH MOJIOYHOM KHCIOTHI U MUpPyBarta. YPOBEHb MUPY-
BaTa B TKAaHW Mo3ra OblT BeIle HAa 5%, B TkaHW nedeHn Ha 13.8%, ypoBeHb JlakTara B
TKaHU MO3ra npessiiian (Gusnonoruueckue 3Hadenus Ha 82.3%, B Tkanu neuenn Ha 90.7%
(puc.3). 3HaunTenbHOE yBEJIMYCHHUE KOHLEHTPALMH JIaKTaTa Ha ()OHE OTCTaBaHUSI POCTa
KOHLIEHTPAI[MK MUPYyBaTa B TOMOIEHATaX HCCJIEAYEMbIX OPraHOB TAKXKE CBHIECTEIbCTBYET
00 yCHJICHHM MPOIECCOB aHA’POOHOr0 MIIHMKONIM3a Ha (DOHE 3aMeUICHUS a’3pOOHOro.
JlaHHBIC TIO3BOJISIOT MPEAIOJIOKUTh O PA3BUTHH BO3HHKIIECH B pe3ysibTaTe MMMOOWIIH3A-
HOHHOT'O CTpecca TKAaHEBOW T'MIIOKCHUHM M HapyLICHUH adpOOHBIX YHEPro3aBUCHUMBIX IPO-
LIECCOB B TKAHSX.

W3BecTHO, YTO WHCYIMH B TEYCHU CTUMYJIHPYET AKTUBHOCTH TJIMKOTCHCHHTA3bl H
WHTHOMPYET TIIMKOTCHOIN3, a TAK)KE MrpaeT KIIOYEBYIO POJIb B BBIPAOOTKE 3HIOTCHHOM
roko3bl [7]. BenenctBue HemocTtaTka WHCYJIWHA WM WHCYJTHHOPE3HU3TEHTHOCTH CHU-
JKAETCs CIIOCOOHOCTH TMEYEHH 3aracaTh TIIMKOTEH. DTO SBICHHE CBA3aHO C MOBBIIICHUEM
AKTUBHOCTH IIIMKOTeH(pOCHOpPHIIa3bl, YTO MPUBOAMT K runiepriukemun [4, 13].

HccnenoBanock copepkaHue TIJIMKOT€Ha B MEYSHM M MBIIIIAX KOHTPOJbHOW H
MOJBEPTHYTHIX CTpeccy rpyn (puc. 4).

H KoHTpo/ibHadA rpynna

mrfr
o = o] w =Y 93] (=)} ~J

H OnbITHaA rpynna

CoaeprKaHne rIMKoreHa

MeyeHb Mblwua

*- JIOCTOBEPHO MO OTHOLICHHIO K KOHTPOJIBHOMN IpyIe )UBOTHBIX (p<0.05)
Puc. 4. ConeprxaHue rIUKOreHa B IIEUCHU U MBIIIIAX YKCIEPUMEHTATIbHBIX JKHBOTHBIX.

PesynbraThl HCCICIOBaHMN TMOKa3ald, YTO TMOJ BO3JCHCTBHEM HWMMOOMIH3AIMH
HAOJII01aJI0Ch 3HAYUTEIBHOC UCTOIICHUE 3aMlacOB MIMKOI'€HA B NICUCHH U MBIIIIAX KUBOT-
HbIX B 5.5 u 3.8 pa3 COOTBETCTBEHHO, UYTO XapaKTEPU3yeT CHIKEHUE aKTUBHOCTH TJIMKO-
TCHCHHTa3bl B pE3yJIbTaTe HEIOCTATOYHOM BBIpa0OTKM WHCYJIHMHA. B TedeHUe Bcero
JKCIICpUMEHTa HAOIIOAACTCsI BBHICOKHH YPOBEHB TIIUKEMHUH, COMPOBOXKIAFOIIUICS HCTO-
LLIEHUEM IJIMKOTeHa B IIEUEHHU.
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Y MakpoopraHu3Ma HETaTHBHBIE ITOCIEACTBHS TPAHCIOKAIMK HACTYNMAarOT TOJBKO TOT/A,
KOTZIa pa3BUBAaeTCS MAacCHUBHAs OAaKTepHeMHs, a B Ipolecce OaKTepHanbHOI MUTPAIH BOBIIEKAIOTCS
crierudeckre KIoHH E. coli ¢ KOMIIIEKCOM CBOMCTB 3aIIUTHOM M arpecCHBHOM HAIpaBICHHOCTH:
MOBBIILICHHAST CEPOPE3UCTEHTHOCTh, (DAKTOpPBI OAaKTepHANbHOH NMEPCHCTEHINH, TOKCHHBI U T. I. B
pe3yJibTaTe MPOBEICHHBIX HCCIEIOBAaHUI MOTyUYeHbl JaHHBIE O (yHKIMOHNPOBAaHUU CUCTEMBI "Oak-
TEpHs- SPUTPOLUT" C YUETOM yPOBHS IKCIIPECHU CBOMCTB MUKPOOPTaHU3MOB M BHY TPHIPUTPOLIUTAP-
HOT'O MX BIMSHUSA. YCTaHOBIICH (PEHOMEH BHYTPUIPUTPOLIUTAPHOTO B3aUMOJCHCTBUS OaKTEpHH.

ONYXO0Nb-0CMPYLIL NEUKO3-MPAHCIOKAYUA-KUULEYHAS NANOYKA



Spwlunywghwih pwgwuwywl hGnlwlputnp Jwypnopqwuhquh Jnun wnwpwund BU wju
dwdwuwy, Gpp qupgqwunwd £ quugywéwihu pwywnbnptdhw, huy pwyntphwy vhgpwghwih wynpngGunid
Ubpgpwyynud BU E. coli uwytghdhy Yinuubp yuwpunuwwlwywl W wagpbupy ninnyuénipjwdp hwwnynt-
pintultph Yndwbpund® pwpéan ubpnnbghuwnbunnie)nil, pwywnbphwy wbpuhunbughwih gnpdnuutp,
wnnpuhtulbp W wjb: bpwywlwgywséd hGnwgnunienilubph wpnjnitupnd unwgytp BU ndjuubn <pwy-
winbphw-Ephepnghuy hwdwywngh gnpénilbniejwl Jwuht' hwpyh wneubing Jhypnopqwuhguh hwn-
Unrpynilutph Epuwyntuhwih Jwywpnwyp W UepEphepnghnwiht Upwlg wanbgnieniup: Iwjnuwptnytl
E pwywntphwutnh UGpEphpPnghwnwhu thnfuwgntgnipjwu $Eundtun:

nLpnLge- untn [Gyng- npwlii nlwghw-wnpeuhl gniwyply

In a macroorganism, the negative effects of translocation occur only when massive bacteremia
develops, , and in the process of bacterial migration specific clones of E. coli with a complex of
properties of protective and aggressive orientation are involved: increased serousresistance, factors of
bacterial persistence, toxins, etc. As a result of the studies, data on the functioning of the "bacterium-
erythrocyte" system were obtained, taking into account the level of expression of the properties of
microorganisms and their intra-erythrocyte effect. The phenomenon of intra-erythrocyte interaction of
bacteria was established.

Tumor-Acute leukemia-Translocation-Escherichia coli

IIpobnema kaHIeporeHe3a SBJISETCS OJHOW M3 BAKHEUIIMX B COBPEMEHHOW MeIH-
uuHe. ComyTcTBYIOIUE MH(EKIMN YacTO CIIOCOOHBI BBI3BATh PEIPECCUIO OITYXOJIM U B Ka-
KOMi- TO cTerneHH 3TOT (heHOMEH 00YCIIOBJIEH TPAHCIIOKALMEH YCIOBHO-IIATOI€HHBIX MUKPO-
0OB W IEHCTBHEM MX TOKCHMHOB, LIMTOKMHAMHU W JApYruMH (akrpamu. B yactHoCTH, ame-
pukaHckuil yaensiit [llup ¢ koieramu BBIIEIHAIN aKTUBHOE BEIECTBO JIUIIOMOIUCAXAPHUT
(JITIC) u moka3anwu, 49To B OTBET HA HETO B CBIBOPOTKE MBIIICH 00pazyercss GakTop BBI3BI-
BAIOIUII remopanuueckuii Hekpo3 omyxonu [1]. Kak u mouemy pa3BuBarOTCs BOCIa-
nurtenbHble 3abonuBanusa? C OHON CTOPOHBI-TEHETHUECKAs TPEAPACIIONOKEHHOCTh, HAPY-
[IEHHE MMMYHOBOCHAIUTEILHON TOJEPAHTHOCTH, HECOATaHCHPOBAHHBIA OTBET Ha COOCT-
BEHHbIE MUKPOOHBIE aHTUTEHBI, C JPYrOi — HapyIIeHHE SHEProoOecedeHs: HOPMaJIbHBIX
(yHKIHH, B TOM yHcie u 6apbepHOil. Ocobas posb MPUHAMISKUT MUKPOTINH KUIIICYHHUKA.
XpoHudeckas SHJAOTOKCHHEMHS, KaK pe3ysbTarT AUCHYHKIMH KHUILIEYHOro Oapbepa,
(hopMHPYIOT YCTOHYMBOE BOCHAIUTEIBHOE COCTOSIHUE B OKOJIOXKEIYZOYKOBBIX 30HAX
MO3ra, C MOCIEeAYIOIIeH aecTaduiu3alueldl reMarodHiedalndeckoro Oapbepa Hu pac-
MPOCTPAaHEHHEM BOCIAJICHHsI Ha JPYrUe y4acTKu Mo3ra [2].

[Ho3utuBHYIO pONH MHKPO(IOPHl KUIIEYHHKA TPYAHO HEIOOUCHHUTH: PETYJIISIHS
ra3oBOrO COCTaBa KHUIICYHHWKA M JPYIHX IMOJOCTEH opraHm3mMa: MOP(QOKHHETHYECKOES
neiictre (y 6€3MUKPOOHBIX KUBOTHBIX CHHKEHA MUTOTUYECKAsI AKTUBHOCTh PUTPOLIUTOB,
CKOPOCTh MX MHUTPALMM [0 MHUKPOBOPCHHKAM), Y4acTHE B BOJHO-COJICBOM OOMEHE, B
PELUPKYIISIMN JKETYHBIX KUCIOT, XOJECTEPUHA M JPYTHMX MAaKpOMOJEKYI, 0OecredeHue
KOJIOHU3AIIMOHHON PE3UCTEHTHOCTU U Y4acThe B Hecnenn(pHuecKoil CTUMYJLSIIUU UMMY-
HOKOMITETEHTHBIX KJIETOK M TKaHeW (aJbIOBAHTHO — aKTHUBHBIC COCIUHEHHS, UMEIOLINE B
KadecTBe aericTByromiero Hadaia JIIIC u Mmypamun aunientu) o6pa3yroTcss U3 HOPMaIbHOM
MHUKpPO(]IIOPHI KUILIEUHHKA YETOBEKa M KHUBOTHBIX IO/ BO3JIEHCTBHEM JIM30LMMA U JIPYTUX
JIUTUYECKHUX areHTOB, NOCTOSHHO MIPUCYTCTBYIOLIMX B IIPOCBETE KHIIEYHHUKA [3].

Matepuajbl 1 MeTOABI

Hamu Oputo oOcneroBano Oosiee 1BaanaTi OONBHBIX C aJ€HOKAPIHOMOM CHUIMOBH/I-
HOM KHIIKH. bakTepuosormyeckoe HcciIeJOBaHWE IPOBOJMIM COTJIACHO METOIUYECKHM
yKa3aHUSIM 110 MHKPOOHOJIOTHYECKOI THAarHOCTUKE 3a00I€BaHNH, BHI3BAHHBIX YHTEPOOAK-
TepusiMu. M ieHTH(UKAINIO BBICEBAEMBIX MUKPOOPTaHM3MOB POBOIMIIN C TIOMOIIBIO OHO-
XUMHUYECKHX TecToB [4]. I yIpTpacTpyKTypHBIX MCCIIEIOBAHUM HCIIOIB30BAIN METOIbI,
MPUHSTHIC B 3JIEKTPOHHONW MUKPOCKOIHH ISl U3y4YeHUs] MUKpoOOB [5]. TIpocMoTp U chem-
Ky POBOAMIIX TPH MOMOIIIH 3JIEKTPOHHOTO MHKpockora BS 613 ¢upmsr ,, Tesla“®.
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OpUTPOLUTHI MOJIydaIn y OOJNBHBIX C OCTPBHIM Jieiiko3oM. Ha ompenenennyio dacts
SPUTPOLUTAPHOIO OCajKa in Vitro j00aBisuIM B3BECh KHMIIEYHOHW IAJOYKH, a Ha JIPYrylo
4acTh — (U3UOIOTHUYECKHA pacTBOp (KoHTpousb). [locie 2-x wacoBoit WMHKyOaImu B3BECH
HEHTPU(PYTUPOBAIH, IIONyYEeHHBIE OCagKud oOpabaThiBamy 1O OOIICTIPHHATOW B DIIEKT-
POHHOW MHUKpOCKONHMH MeToauke [5], dukcupoBanu 2.5% pacTBOpOM TIJrOTapasbIeruia,
npurorosnenHsiM Ha 0.1 M docdarnom Oydepe ¢ PH 7.2-7.4, nebuxcuposanu 1% pacrt-
Bopom OSO, Ha ToM ke Oydepe. ['0TOBbIC 3MOH-apaiIUTOBBIE OJOKH pe3ald Ha aBCT-
puiickoM ynbrpatome dupmbl <Reichert - Guhgy. [IpocMOTp 1 CbeMKY yIbTPaTOHKUX KOHT-
PacTUpPOBAHHBIX CPE30B MPOBOJWIM MPU TMOMOIIM 3JIEKTPOHHOTO MHUKpockoma BS 613
¢upmsl ,, Tesla®.

Pe3yabTaThl U 00CyxKaAeHUE

Hamu uccnenoBanus moka3ajid, 4YTO B OCHOBHOM BBICEHBAalach KHUINEYHAs Majoyka,
npuueM kKak lact+, tak u lact- ¢opmblUro Kacaercsi YMCICHHOCTH ‘‘BHEKHMIIEYHOM™
nonyssinun E.coli, To B MOMEHT onepanny ee KOJIM4eBCTBO ObIII0 MaKCUMalIbHO, Ha BTOPOH
JIEHb YMEHBIIAJIOCh U BHOBb BOCCTAHABIMBAIOCH HA 3-4-I1 IeHb MTOCIIE OIEpaLIHH.

CoriacHO MOJyYEHHBIM JJaHHBIM y MaKpOOPIaHH3Ma IIPH MATOJOTHH (aIEHOKApPIH-
HOMa CUTMOBHIHOW KHILIKN) HAOMI0JaeTCst akTHBALMS ITPOIIecca TPAHCIOKANY (eKaTbHON
(mops1, B wactHocTH E.coli, M3 KUIIEYHWKA W BBIXOZ €€ B KPOBb, a COOTBECTBEHHO, WH-
(unupoBaHne BHYTPEHHBIX OPTaHOB U OITyXOJIH.

Ewe B konue XIX cronerus xupypr Y. Kosnu oOpaTuin BHUMaHHE HA TO,4TO COITYTCT-
BYIOIMEe MHQEKIUH Y OHKOJOTMYECKUX OOJBHBIX BBI3BIBAINM YAaCTHYHOE PACCACHIBAHHE
oryxonu. MHpEeKInOHHBI MTPOoIecc IHAOTEHHOTO M HK30T€HHOTO IIPOUCXOXKICHUST HEPEIKO
COIIPOBOKIAET CaMble Pa3JIMUHbIE MOBPEXKICAIONINE BO3JACHCTBHUA HAa MaKpOOPTaHU3M, B
TOM 4YHCIIe OOLIMPHBIE OXOTH, PaJHOLMOHHOE IOpaXEHHWE, IOJUTPABMY, MACCHBHYIO
KPOBOIIOTEPIO, U OCJIOXKHSET TEYEHHE MaTOJIOTHH. [IpryeM y Takux OOJBHBIX M3 KPOBH
yalie BCEro BBICEMBAIOTCS dHTepoOakTepun [6]. Bo Bcex aTux ciydasx HaOmomaercs
CJIEAYIOIMH KIIFOYEBOH MOMEHT: SIIEPHXHH M3 MHUKPOOHMOIIEHO3a KHMIICYHWKA NPH HApPY-
IIEHNH UMMYHOOHOJIOTHUECKHX OaphepoB MaKpOOpPIraHM3Ma TPAHCIOUMPYIOTCS B ME3EH-
TepayibHbIe TUM(OY3IIBI U Yepe3 MOPTaIbHYI0 BEHO3HYIO CUCTEMY B KPOBEHOCHOE PYCIIO;
BO3HMKAIOIAs! TP 3TOM OaKTEpeMHUs CIIOCOOCTBYET AUCCUMHUHALINN 3IEPUXHUH B MAKPOOP-
TaHU3Me C HHQULIUPOBAHUEM €T0 BHYTPEHHUX OPTaHOB.

VYabrpatonkue cpessl E.coli, HosydeHHbIE U3 Kaja OHKOJIOTMYECKHUX OOJBHBIX, pel-
CTaBJICHBI Ha Pa3HBIX CTaJUIX pocTa W pasMHOXeHHs. HaOmopanuce Oakrepuu, Haxo/s-
myecs B JorapuMUYECKOd M CTaHIApTHOH (ha3ax, ¢ HOPMAIbHBIM CTPOEHHEM OaKTe-
pHanbHOW OO0OJIOYKHM, LUTOIUIA3MOM, HAlONHEHHOW BbIpakeHHbIMU ¢GubOpmwiamun JJHK.
OnHako, y HEKOTOPBIX OaKTepHii NMEIOTCSI N3MEHEHHUS B BUJIE ChEXHMBAHHS IUTOILIA3MbI B
KOHYUKE MaJIOUKU U €€ OTCIOEHUS OT KIETOYHOW CTEHKH BMECTE C LIUTOIIa3MaTU4eCKOi
MeMOpanoil. OOHapyskeHa rpymnna OakTepuid ¢ rurasmoiuzoM. Lupkynupyromnme B KpoBu
OOJIPHOTO KHINIEYHBIE MAJOYKH HA YJIBTPATOHKHX CpPe3aX B OCHOBHOM CXOJHBI C KOHT-
ponbHBIMH. HacTo KIeTOYHasi CTEHKa HECKOJIBKO OTCTAaeT OT LUTOIUIa3MaTHYECKOH MeMO-
paHbl, MHOTJa BUJHBI HEYETKHE KOHTYPHI OaKTEpPHAIbHON CTEHKH. ¥ HEKOTOPBIX OaKTepHi
Ha OJHOM W3 JIByX KOHIIOB BHJIHO O4YaroBO€ pPACIIMPEHHE MEPUILIA3MATHUECKOTO IpO-
cTpaHcTBa (pucyHokl).

IlomyueHHbIEe 3JEKTPOHHO- MHKPOCKONHUYECKHE JaHHBIE ITOKAa3bIBAIOT, 4YTO €CIH
KUIIEYHUK , TJI€ IPOUCXOIAT U3MEHEHHS C MUKPOOOM, HHOT/Ia HeoOpaTuMble (00pa3oBaHKe
0CCCTPYKTYPHBIX MPOTOILIACTOB), SIBIIACTCS HAUMEHEE OyaronpusTHo# cpenoit mis E. coli,
TO KpOBb, a TeM OoJjee OmyXxoyib — Hanbosiee OIaronpusTHBIE YCIOBHS IS €€ CyLIeCT-
BOBaHMS.
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Puc. 1.0garosoe paclmMpeHue NepUIIa3sMaTuIeCKOro NpocTpaHcTBa.

B03MOXHOCTh IPOHUKHOBEHUSI SLIEPUXUH 32 MPENebl KUIICUHUKA ONPEAENACTCS He
TOJIbKO Ka4eCTBEHHBIMU (MHBAa3MBHBIMH) XapaKTEPUCTUKAMM OaKTEpHUH, CKOJBKO aedex-
TaMH B CUCTEME KOJIOHW3AIIMOHHON PE3UCTEHTHOCTH X03siMHa. Pa3BuTue nocneaHux conpsi-
JKEHO C ociadiieHneM OapbepHOH (DYHKLIUH KHIIEYHOT0 MHUKPOOHOILIEHO3a (B TOM YHCIIE 3a
CYeT KOJIUYECTBCHHOTO CHIDKCHHUS €ro aHa’poOHOro 3BeHa — Ouduaymbakrepuu U np.),
MOBBIIICHHEM MPOHULIAEMOCTH MYKO3HOH BBICTHJIKHM KUIICYHHKA M HAPYIICHHEM HMMYH-
HOTO CcTaTyca MaKpoOpraHu3Mmos [7].

Takum 00pa3oM, KUIIEYHBIE MAJTOYKH — BO30OYIUTENHM KUIIEYHBIX W BHEKUIIECYHBIX
SIIEPUXHO30B Pa3IMYAIOTCA [0 XapaKTepy CKIIAIbIBAIOIINXCS CHMOMOTHYECKUX B3aHMOOT-
HOIICHUI MaKpOOPraHH3MOB; IEPBBIE, KaK NPABHUIO, HCXOAHO (HOPMYIUPYIOT HapasuTo-
rocTajJbHbBIE CBSA3U, TOTJAa KaK BTOPHIC NMPEHMYIIECTBEHHO BCTYIAIOT B KOMMEHCAJIbHBIE
OTHOILIEHUS C XO3SUHOM.

Bakrepruuuaapie cBOiicTBa KPOBU M IPYTHX OMOJOTHYECKUX JKUIKOCTEH OpraHM3Ma
UTPAIOT BOKHYIO POJIb B 3aIUTE opranu3Ma ot uHpekuu. OHU 00yCIIOBIEHBI KAK HIMMYH-
HBIMH, TaK ¥ HEMMMYHHBIMA MEXaHH3MaMHd. K MepBbIM OTHOCHTCSI GaKTEPHOIOTHICSCKHMA
3G QeKT aHTUTET W KOMIUIEMEHTa, KO BTOPBIM — pa3jMyHble OaKTEepULMHbIE OEIKH
(TIpoTEenHbI, YBEIUYMBAIONINE TIEpMeaOIIN3aIiui0 OaKTepUH, JTH30IUM, JIAKTOQEPUH U JIIp.)
¥ aHTHOaKTepHAIbHBIE MENTUABI (IeeKCHHBI, KaTeJUTMIUANHBI) [8].

[TockoabpKy IeNb MOCIEAYIOMEro HCCIeIOBaHUs in Vitro ONEHHUTH POJIb OaKTepHuil B
Pa3BHTHHU OITyXOJICBBIX NPOLECCOB U U3YYHUTh CTPYKTYPHBIC U3MEHEHHS, IPOUCXOASAIINE C
SPUTPOLUTAMH, BBIICICHHBIMU Y OOJBHBIX OCTPBIM JICHKO30M, TO IOJIy4EHHBIC NAHHbBIC
HOKa3aJM, YTO 3PUTPOLMTHI OOJBHBIX OCTPBIM JIEHKO30M HAaXOAATCA B COCTOSHHMH aHH-
30LIMTO3a M TMOWKWIOLMTO3a, MHOTAAa HAOMIOJAIUCH SPOTPOLMTHI, YBEIMYEHHbIE TpPEX-
KpaTHO, TMPH 3TOM OHHU IPUOOpETaId caMble Pa3HOOOpa3Hble, MPUUYAIUBbIe (Gopmbl (pH-
CYHOK 2,4).

L

Puc. 2 DputporuTsl IpUYy UTHBON HOPMBIL. Puc. 3 Cxomnenus E. coli. 00s19HO# (OPMEI B CTPOCHUSL.

Ha cpe3ax MexIy SpUTpOLMTAMH BBISBISIIMCH CKomieHus E. coli, kotopeie He me-
JIMJIACH ¥ UMEJIH OOBIYHYIO (OPMY M CTpOEHHE (PHCYHOK 3).
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[Tpn OonpIIMX yBeNMUYEHUSX OBUIO BUIHO, YTO MHOTJA OaKTEpHUH NPHOIIKAINCH K
spuTpouUTam, 6e3 IpU3HAKOB anre3ny. Habmronanuch S3pUTPOIMTHL, B Pa3HBIX YacTIX KO-
TOPBIX OOHAPYKUBAIUCH MENKHE, CBETIBIE W KPYIIWble oOpa3oBaHus. YacTh 3THX 00pa-
30BaHM{ C POBHBIMH KpasMH paclojiarajach BHYTPU SPUTPOLMTA, Apyras 4acTb C 3a3y0-
PEHHBIMH OYepTaHUSIMH MOJXOAMIa OJIMKe K IOBEPXHOCTH SPUTPOIHTA (PUCYHOK 4).

Puc. 4. SpI/ITpOLII/ITLI C MCJIKMMH, CBETJIBIMU U KPYTJIBIMHU 06pa30BaHI/IHMPL

HepoBHble kpas CBETIBIX 00pa30BaHM CBHIETENbCTBOBAIM O Pa3pyIICHUM IUTO-
I1a3MaTHYECKO MeMOpPaHbI SpUTPOLHTA (PUCYHOK 5).

Puc.5. Pa3pyiieHHas nuTomia3MaTiieckas MeMOpaHa SpUTPOLUTA.

BeposiTHO, paspylieHe MpOUCXOANIO B pe3ybTaTe BO3ACHCTBUSI OAKTEPUI KHIIEY-
HOM manouku [S5]. IleHTpanbHO pacnosoKeHHbIE Iy3bIPKH HMMENH pa3Hble pa3Mephl U,
BHUANMO, 00pa30BBIBAIUCH TIOCIIE COSANHEHUS MPUOIMKAIOIINXCS OTPOCTKOB M3MEHEHHBIX
SPUTPOIHUTOB (PUCYHOK 6).

L0k

Puc. 6. I3MeHeHHBIE YPUTPOLUTEL, HEHTPAIBHO PACHIONIOKEHHBIE ITy3bIPKH.
B PE3YIbTATE NMPOBEACHHBIX HCCIIeOBAaHUIT MOJIYYCHBI TaHHBIC O (byHKHI/IOHI/IpOBaHI/II/I

cHCTeMbI "0aKTepUsI-IPUTPOLIUT" C YUYETOM YPOBHS SKCIIPECHH CBOHCTB MUKPOOPTaHU3MOB
W BHYTPUIPHUTPOLUTAPHOTO WX BIMSHHA. YCTaHOBIEH ()EHOMEH BHYTPHIPHUTPOLUTAPHOTO
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B3aUMO/ICHCTBUS OakTepuil. B monbp3y 3TOro mpennonokeHnsi CBUICTENbCTBYIOT paspy-
IIEHHE LUTOIUIa3MAaTHYECKNX MEMOpaH SPUTPOLUTOB M IOSIBICHHWE B HUX ITy3BIPHKOB C
3a3yOpEeHHBIMU KpasMHU.

BosMorxHO, B3auMmoieiicTBre OaKTepuid ¢ SPUTPOLUTAMU OCYIIECTBISETCS MOCPEICT-
BOM (pakTOpoB matoreHHocTH. Ocoboe MecTo B psny (PaKTOpOB MATOTEHHOCTH 3aHUMAIOT
BHEKJIETOYHO CEKPETHPYEMbIE MOJIEKYJIbl C MEMOPaHO-NOBPEXIAIOLIEH CHOCOOHOCTBIO,
nmoJy4uBIIHe oOmiee Ha3BaHUE "TeMOJH3UHBI". MUKPOOPTaHU3MBI, CHHTE3HPYIONINE JaH-
HBIE MOJICKYJIbI, 00JIalal0T FEMOJIMTHYECKON aKTUBHOCTBIO, B PE3YJIBTATE YETO MPOUCXOJUT
JIU3UC SPUTPOIUTOR C MOCIICIYIOIIUM OCBOOOXKICHUEM IreMOTI00mHa [9].

I[J'Iﬂ pcajin3alii U yCUJICHHUSA MaTOICHHBIX CBONCTB MUKpOOprannudMam HeO6XO[ll/IMO
OIpeJIeTICHHOE KOJIMYEBCTBO Keje3a, KOTOPOe OHM JIOJDKHBI YTHIM3HPOBATh B OpraHH3Me
XO035MHA NIPU pa3BUTHU MHPEKIIMOHHOTO Tporecca. CopOupys U3 cpelsl jkese30, OakTepun
HNpUOOPETAIOT CIIOCOOHOCTD JIy4llIe ITPOTUBOCTOSATH HEOIAronpusATHEIM (haKTOpaM, a Takxke
MOJTyYaroT MIPEUMYIIecTBa B KOHKYpeHTHOH 6oproe [10].
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Hnemumym ouoxumuu um. I'. Bynamana HAH PA,
alchujyan@mail.ru

Brepsrie npu skcnepuMeHTanpHOM OumnonsipHoM paccrpoiictBe (BP) mokaszano TepameBTH-
YecKoe NEeHCTBHE CMECH CENICKTHBHBIX IITaMMOB IPOOHMOTHKOB, OOJNANAIONIMX HEHpPOAKTHBHBIM,
AQHTUTPUOKOBBIM M HMMMYHOCTHUMYJHMPYIOIIMM Bo3JelcTBHeM. MX mpenBapuTenbHOE BBEICHUE
KpBICaM B TeUeHHUE 2 HeAeb 10 HHbeKIui Aekcamperamuna (AMPH) u nanee 24 nus napajiiensHo ¢
HHMM, BOCCTaHAaBJIMBAJIO MMKPOOHMOTY M IOBEACHYECKUE XapAKTEPUCTHKH, MOAABIIIIO HPOLECCHI
MEPEKUCHOTO OKHUCIJICHHS JIMIHIO0B U CHIKAIO CyOKJIETOUHYIO aKTHBHOCTb M30()OpM apruHasbl, B

23



oTIenax KOPTUKOIMMOMYEeCcKoil cuctemsl, B Teuenue 21 gus mocne AMPH-unnymposansoro bP.
Apeunaza, bunonapHoe paccmpoicmeo, 0eKxcamemamut, KOpmuKoIumMouueckas cucmema,
MUMOXOHOPUU, NEPEKUCHOE OKUCTeHUEe TUNUO08, NPOOUOMUKU, YUMONIA3ZMA.

We show for the first time the therapeutic effects of the probiotic selective strains with
neuroactive, antifungal and immune-stimulatory activity following experimental bipolar disorder
(BD). Administration of this composition 2 weeks before and 24 days parallel with dexamphetamine
(AMPH) injections restore microbiota and behavioral characteristics with a concomitant inhibition of
both lipid peroxidation processes and arginase intracellular activity in the regions of corticolimbic
system for 21 days after AMPH-induced BD

Arginase, bipolar disorder, corticolimbic system, cytoplasm, dexamphetamine, lipid pero-
xidation, mitochondria, probiotics .

Ljwnpnwjhu, hwywulywihu W huntupupwuns wynhyniejwdp odinywé  wpnphninhyubph fuwn-
unipnh ppwwlnhy wanbgnipintup wnweht wuqwd gnigwpbndt) £ thnpéwpwpwywu  Bpyplbn
fuwlwqwnpuwu (Glu) dwdwuwy: Lpqwséd huwnunipnh Ubpdniénudp nbpuwddbnmwdhuph (AMPH) UG-
pwnynidubphg 2 wpwp wnwyp W 24 op AMPH-hU gniqwhtbn Ywpgwynpnud £ YGunwuhutph Jdhypn-
phninwu W Jwppwjhtu punipwahpp Nt vhwdwdwuwy Gpywpwwnle wpgGiuynud £ thwyhnutph gbpop-
uhnwgJwl gnpépupwgutpp W wpghlwah Utppgewihl wywnhyniegniup giiunintnh Ytnuwhdphwywu
hwdwywngh pwdhuutpnd AMPH-dwywéywé Gl wnwpwgnidhg 21 op htwn:

Upghlnug, peowuyjwqui, nbpuwddbuudpl, Eplplitn fuulwqupnid, — jpupnlbph qbpopuf-
nwignid, Yenlwyhuphwlwl hwdwlwng, dpunnentnppnidubn, wpnphnunhllubn

UccrnenoBanus MOCIEIHUX JIET CBUAETENBCTBYIOT O KPUTHYECKOM BIMSSHUH MHKPO-
OMOTHI Ha NCUXWYECKOE COCTOSIHME W moBeneHune xo3suHa [17]. Coobmanocs o Hapye-
HUSIX MHUKPOOHMOTHI W aKTUBHUPOBAHHWU ONIMOPTYHUCTHYECKHUX MUKPOOOB MPH OWUMOISAPHBIX
paccrpoiicrBax (BP) u muzodpennn [10]. [Ipu sxcriepumenTaabHoM BP Hamu Taxoke ObLIO
BBISIBJICHO TOJIABJICHHE POCTAa OOJMraTHOW MUKPOQIIOpEI, 00miIsHOE paspactanue Candida
albicans, n manudecrtanus Staphylococcus aureus w remonutudeckoin E. coli [2]. Be-
JICHUE CEJIEKTHBHBIX IITAMMOB IPOOMOTUKOB, MIMMOOMIN30BAHHBIX Ha LIEOJIHTE, IPEIsT-
CTBOBAJIM HAPYIICHNUIO KOTHUTUBHBIX (DYHKIMH U Pa3BUTHIO JETIPECCHBOIIOI00HOTO COCTO-
SIHUSL y CTPECCHUPOBAHHBIX KphIC [6]. B nanHOi paboTe M3y4eHO BIHMSHUE CMECH OTOOpaH-
HBIX NPOOMOTHKOB B KOPTHKOJIMMOWYECKOH CHCTEME B AMHAMUKE JIKCIIEPUMEHTaJIbHOTO
BP.

Marepuasa u MeTOAbI

Mooenuposanue BP. DKkcTiepuMeHTH MPOBOIWIA HA TIOJOBO3PENBIX 2- 3-MECSYHBIX
OernbIX KpbIcax-camuax JMHUM Bucrap maccoit 120-150 r, koTopble €XKeIHEBHO MOIydaan
OJTHOPA30BYI0 BHYTPUMBIIICUHYI0 UHBEKIUIO 0.2 M d-amberamun cynbdaTta (maekcam-
¢eramun, AMPH) (Sigma, St. Louis, Mo.) (2-6 mr/kr maccsl Tena, 18 unbexuuit) [11, 22].
JKuBoTHBIE OBUIM pa3jeneHbl Ha IPyNIbl NO 12 B KaXKIOW: KOHTPOJIbHAS - WHTAKTHBIC
KPBICHL, U ONBITHBIE, KOTOPBIX HCCIEAOBAIIM CPa3y U Yepe3 OJHY, ABE U TPU HEIEIH Iocie
npekpamieHus BBeaeHnst AMPH, kpeicel, momyyasmue per os 1 M1 cMecu mpoOHOTHKOB (6
x 10° KOE/mi) B Tedenue 2 Hemenb no nabekiuit AMPH, nanee mapamrensao ¢ AMPH u
HCCIIEIyeMbIE B T€ JK€ CPOKH.

LImammor npoduomukos. Kommepyecku AOCTYIHBII NOPOLIOK, COAEPKAIINUN KUBBIE
bakrepun E. coli mramm M17, Lactobacillus salivarius mramm B-7701, L. Rhamnosus
mrtamMm BKIIM B-6778 (VITAMAX-E, LTD Co, Yerevan RA), L. plantarum mtamm
IOMIIM B-2353, L. acidophilus mtamm MHMUA 9602 (PLIAM), wu Bifidobacterium
bifidum BKIIM mrramm AC-1666, peruapatuposamu go 10° KOE/M B cTepuibHOM
0,85% NaCl u kynsTHBHpOBaIH B aHa3poOHbBIX yeioBusx mpu 37°C B MRS cpene.

Ilogedenue rncugommuprx OLEHUBAIM B TecTax “‘oTKpbIToe moine” (OIl) u “npunonns-
TBII KpecToobpasubiii madbupunt” (ITKJI) [1, 5, 9].
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3abop ouonozuueckozo mamepuana. Ilocne TecTUpoBaHMA HA IOBEICHUYECKYIO aK-
THUBHOCTB, KPBIC JICKaMTUPOBAIIH, 3a0Mpaid KPOBb U M3BIIEKAJIN CTPYKTYphl Mo3ra. Kax-
JI0€ )KMBOTHOE BCKPBIBAIOCH B ACETNITUUECKHUX YCIOBHAX M 00pa3Ilbl Kaja N3 HIDKHEH YacTH
KHUIIKH, KPOBb, MOTYYEHHAs MOCJIE AEKAMUTAIN, ¥ CMBIBBI C MO3Tra 3a0MpalIuch Ul WACH-
TH(PUKAIIA MUKPOOPTaHU3MOB YCTaHOBIICHHBIMH TIpoIieypamu [4].

Bwidenenue yumonnazmamuueckoi u MumoxoHOpuanbHOU @GPaKyuil cmpyKmyp
M032a OCYIIECTBIISLITN MeTOIOM nuddepeHimanbHoro neHrpudyriupopanus [3]

AKmugHocmb apeunazpl ONPEAEIAIN M0 apIHHUH-3aBHCUMOMY O00pa30BaHHUIO OPHH-
tuHa (B Teuenue 1 4 npu 37 °C) B peakuuonnoii cmecu: 20 MM HEPES 6ydep pH 7.4 co-
nepxarieMm 2 MM autuorpeutod, 0.05 M MnCl, - 4H,0 u 0.2 M L-aprunus, u BeIpakajid B
MKMOJIb L-opHuTHHA / Mr Oenka / 4 [15].

Cooepicanue benxa onpenensnu merogom Jloypu [19].

Cmamucmuka. JIocTOBEpHOCTD Pa3IM4YMi OLEHWBAJIM HA OCHOBE NapaMETPUYECKOTO
0THO(aKTOPHOTO IHICIIEPCHOHHOTO aHam3a (one-way Anova) U MOCIEAYIOMINM TOCTANC-
MIEPCUOHHBIM aHaII30M X0oaM-CHIaka ¢ IOMOIIBIO IMakeTa mporpamm SigmaStat 3.5

Pe3yabTaTthl u 00CyxKAeHUE

Jst umutanuu  BP denoBeka MOJIOABIM caMIlaM KpBIC €KETHEBHO B TeueHHe 24 mHei
BBOJIWJIM BO3pacTarolire HeTokcuueckue 10361 AMPH, KoTopbie BBI3BIBAIOT MUKIUYECKHE
M3MEHEeHU MOBeIeHUeCKUX XapakTepucTuk [21]. C nenbio Bo3aeHCTBHS Ha BECh KOMILJIEKC
M3MEHEHHH, BBIBICHHBIX IPH AKCIEpUMEHTalbHOM BP wmcnone3oBanu cmech npoOuo-
TUKOB: mcuxoOuotuku L. Rhamnosus u Bifidobacterium bifidum [7, 25], obnanmaromiue
HNPOTUBOIPHUOKOBBIM M IMMYHOCTHMYJIMPYIOIINM AedcTBueM L. salivarius, L. plantarum n
L. acidophilus, [13] u E. coli, 0CHOBHOW KOHKYPEHT yCJIOBHO-TIATOI€HHON MHKPO(IOpHI
[14, 18]. O6paboTka mpobuoTnkamu nogasisuiia AMPH-uHIynnpoBaHHbIle MaHHAaKaJIbHBIE
MIPOSIBIICHUS, HOPMAaJIM30BalI0 MHKPOOHWOTY, W TPEISATCTBOBANA PA3BUTHIO THCTOIATO-
JIOTHYECKUX M3MEHEHHUHA B OTJENIaX KOPTHUKOIMMOMYECKOW CHCTEMBI MO3Ta, KOTOPBIE IpHU
OTCYTCTBUH JICUCHUSI HAOIIOAAINCh W 10 MCTEYEHHH TPEX HEHENb IOCIE MPEeKpaIleHusI
WHBEKIIMK nekcamderamuna [2]. BBemeHne KOKTEHIsT MPOOHMOTHKOB PETHOH-CIEIU(U-
YEeCKH IIOaBIISUIO Tpolecchl nepekucHoro okucienus junuaoB (I1IOJI) cpasy mo okoH-
yaHuu Kypca uabeknuit AMPH u B moctamderaMmuHoBbI#i niepuon (puc. 1).
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Puc. 1. Bnusiaue xommosuuuu npobruorukos (I16) Ha coneprxanue manonoBoro auaibaeruaa (MIA) B otaenax
KOPTUKOIMMONUYECKOI cucTeMbl B fuHaMuke bP. 3necs u qanee pe3ynbraTs mpeacrasieHsl B Buge M + SEM,
n=12, 1OCTOBEPHOCTS (p) Pa3IMUHii 10 CPABHEHUIO C KOHTPOJIEM IIpeACTaBlieHa o0o3HaueHusamMu: # p>0.05, *

p<0.05, ** p<0.01, *** p <0.001.

BrnaroTBopHOE neiicTBHE MPOOHMOTHKOB OTYACTH OOYCIOBICHO KYIMHUPOBAHHEM HMH
CcBOOOTHOPAIMKAIEHOTO OKHCICHHUS BOBIIEYeHHOro B »TtHomaroreHe3 bP [23]. Uurm-
ouposanuem [10OJI MOXXKHO OOBSCHHUTH BEISBIIEHHOE HAMHA MOIYJHPYIOIIEe BIUSHHUE MPO-
OMOTHKOB Ha aKTHBHOCTH LUTOIIA3MaTHYECKOTO W MHTOXOHJPHAIBLHOTO H30(EPMEHTOB
apruaaszsl (API'l u API'2, coOTBETCTBEHHO), KOTOpPHIE JHUMHUTHPYIOT COAEP)KaHHE apru-
HUHA, PACIICIUIII ero Ha OpHUTHH M MoueBHHY. OT™meTuMm, uto API'l yuacTtByeT B myTsx
CUHTE3a M3 OPHHUTHHA MPOJMHA WM TiiyTamara, a API'2 HampaBiiseT MeTa0oiIu3M B CTO-
POHY CHHTE3a MyTpeClMHA U Jajie€ MOJMaMUHOB, BOBJICUEHHBIX B MeXaHU3Mbl bP u mm-
30(peHun [8, 24].

Ha puc. 2-5 npencraBieHa kapTUHa JUHAMHUYECKUX HU3MEHEHUH apruHa3HOW akTUB-
HOCTHU B CUCTEME uToIu1a3Ma-Mutoxouapuu npu AMPH-unnynuposannom BP u Bnepseie
TTOKa3aHO MOJIYJIHPYIOIIee BPEMI3aBUCHMOE BIUSHHE NMPEBEHTHBHOTO W IOCIEIOBATENb-
HOTO JICUSHHSI KOKTEHIIEM MPOOHOTHKOB.
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Puc. 2. BausHue komnosunuu npoonotukos (I15) Ha AMHaMKKY CABUTOB CYOKIIETOYHOW aKTUBHOCTH aprUHAa3bl
npedpoHTaIBHOTO KOopTekca pu BP.

MKEMOJIB OPHHTHHA / MI Getia /o

&
A )

N
w §@§$\

EpHTOmTA3MA

$
&
g

S

L MHTOXOHJIPHH

Puc. 3. Brusaue xomnosunun npoouotukos (I16) Ha AMHAMUKY CABHTOB CYOKICTOYHOIH aKTUBHOCTH apTHHA3BI
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Puc. 4. Bmusiane xommnosunun npoorotukos (I16) Ha fMHAMUKY CABUTOB CYOKICTOYHOM aKTUBHOCTH apTUHA3BI

runnokamra rpu bP
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HOHTOmIa3Ma YMHTOXOHOPHH

Puc. 5. BausHue komnosuiuu npoduotukos (I16) Ha TMHaMKKY CABUTOB CYOKJIETOYHON aKTUBHOCTH
apruHashbl runoTanamyca npu bP.

AxtuBupoBanue mporeccoB [1OJI cBuaeTeNsCTBYET O CTUMYJIHPOBAHUH CBOOOIHO-
paIuKaIbHBIX MPOLIECCOB C BBIOPOCOM cynepokcui-aHnoHa U H,O,, BBI3BIBAIOLINX MOBbI-
menue coaepxkanuss MPHK API'l u Bo3pacranue ee aktuHocTH [20]. API'l Moxer Takxke
WHIYIIUPOBATHCSl OKUCIEHHBIMM U aleTHIMPOBAHHBIMU JunonporenHamu [12]. Taxum
00pa3oM, OKHCIMTENBHBIH cTpecc mpu BP Moxer SBISTBCS ONHON W3 NPUYMH CTUMY-
JIMPOBAHHMS apTUHA3bI.

ApPrUHUH OKa3bIBAaeT HEWPONPOTEKTOPHOE JEHCTBHE, NPEMSTCTBYS Pa3BUTHIO OTEKa
Mo3sra (B KOpTEKCe, CTpHaTyME U TIp.), W HOAABISA in Vivo TIIyTaMaT-WHAYLHPOBaHHYIO
HEHpPOHAIBHYIO aKTHBHOCTH (BEHTPO-MeIUANBHBIN THoTatamyc) [16]. He uckmroueHo, 9to
HOpMaJIN3alys TPOOMOTHKAMH CYOKJICTOUHOH aKTUBHOCTH M30()OpPM apruHasbl BIMSIET Ha
CoJiepKaHHe apTUHHUHA M KOPPETHPYET THCTONATONOIMYECKOH KapTUHBI B CTPYKTYPax MO3-
ra, TOCKOJIBKY MPOOMOTHKH TIPEMSITCTBOBAIN OOPa30BaHUIO OTEKOB, Mponudepanuu u
MOSIBJIGHUIO ATHIUYHBIX KIETOK, KOTOPble HAOMIONamuCh HPH 3KCHEPUMEHTaIbHOM bP
(craTbs B medaTH).

[ony4eHHbIe pe3ynbTaThl MO3BOJISIOT OCMBICIUTD MOJEKYJISIPHbIE MEXaHHU3MblI BO3-
JeWCTBHS POOMOTHKOB M OTKPBHIBAIOT MEPCHEKTUBY ISl KIIMHUYECKUX HCCIIEAOBAHUI B
LEJSX UX MCHOJIBb30BaHUS ISl NPO(MIIAKTHKY, TEpaluy W MPEIOTBPALICHUS PELUIUBOB
BP.
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HccnenoBaHo AeiicTBHE pexxnMa OCBELICHUs Ha BblaeneHue Bogopoaa (H,) 3eneHoit Mukpo-
Bozopocibio  Parachlorella kessleri PA-002 u nyprnypHoii Gakrepueit Rhodobacter sphaeroides
MDC6521. BoisieiieHo, uto P. kessleri v R. sphaeroides He cniocoOHBI K BbieneHu0 H, B TeMHOTE.
Korma kyneTypsl R. sphaeroides ocBemanucs uepe3 24 4 TeMHOBOTO Iiepuofa, Beixox H, Bozpacran B
2.5 pa3a, 0 CpaBHEHHUIO C KOHTPOJBHBIM 00pa3iom; Torzna kak Beigenenue H, P. kessleri yBenu-
YUBaJOCh B 1.5 pa3a mpu TEMHOBOW MHKYOAIlMH MUKPOBOAOPOCIEH MOCIE MPEeaBAPUTEIHHOTO OCBE-
mieHnss B Tedenne 24 4. Oro yBenuueHue BbIxoaa H, BO3MOXHO 3a CYET aKTHBALMK COOTBETCT-
BYIOIIMX (DEPMEHTOB M CO3[aHHs aHAdPOOHBIX ycioBuil. ITomydeHHbIE pe3yJbTaThl BaXKHBI IS
BBISIBJICHHS] MeXaHM3MOB BbiienieHuss H, y ¢GotoTpodoB, a Tarke s HajlbHEHIIEro COBEpIICHCT-
BOBaHMSI BOJOPOIHOIT OMOTEXHOJIOTHH.

Pexcum ocsewgenus — evidenenue 6ooopooa — Rhodobacter sphaeroides — Parachlorella
kessleri

NuncdUwuhpdbl £ (nruwgnpniejwl ntdhdutph wanbgnieiniupn Parachiorella kessleri PA-002
Jwuwg Jhypnephdninnud W Rhodobacter sphaeroides MDC6521 Shpwuwgniu pwywnbphwynd gpwsun
(H2) wpunwnpniejwu dpw: 8nug £ windby, np P. kessleri L R. sphaeroides s6u wpunwnnnd H, UpUwjhu
wwjdwuubnnwd: Gnp R. sphaeroidesp (nLuwynpdb £ 24 d JpUwjhu thnihg hGwn, Hy-h Giep wek) £ 2.5
wlgwd, unntghsh hwdbdwwnnipjwdp: Uwywiu P. kessleriFnid Hy-h wpunwnpnuentup fupwudt) £ 1.5
wlgwd, Gpp Yniwnipwu 24 d (nuwdnpnieiniuhg hnn inGnwithnfuyty £ Jplwjht wwjdwultn: Hy-h
wpunwnpnipjwl  fupwunwp  Ywpnn B wywdwuwdnpwé  (hubp  hwdwwwunwupuwl - $pdGunutph
wynhjwgdwdp W wlwkpnp wwydwulbph unbnédwdp: Unwgywé nguiutpp wplenp BU- $nunn-
wnpndubpnd Hy-h wpinwnpnuejwl JGhuwlhquutnh wwpqwpwldwl, huswybu bwl gpwslwihu ytu-
uwwnbhuuninghwh pwpGuwydwu hwdwp:

Lncuwnpneyniin nGohd - gpwdtp wpunwnnnyayntl - Rhodobacter sphaeroides - Parachlorella
kessleri

The effect of the lighting regime on the hydrogen (H,) production by green microalgae
Parachlorella kessleri PA-002 and purple bacterium Rhodobacter sphaeroides MDC6521 has been
investigated. It has been shown that P. kessleri and R. sphaeroides don’t produce H, at the darkness.
When R. sphaeroides culture was illuminated after 24 h of dark period, the H, yield was increased 2.5
fold in comparison with the control sample; whereas the H, production by P. kessleri was enhanced
by 1.5 fold during the dark incubation of microalgae after pre-illumination during 24 h. H, yield
increase is possible due to activation of the corresponding enzymes and the creation of anaerobic
conditions. The results obtained are important for understanding of H, production mechanisms in
phototrophs, as well as for further improvement of hydrogen biotechnology.

Lighting regime — hydrogen production - Rhodobacter sphaeroides - Parachlorella kessleri

B Hacrosiiee BpeMsl OZHUM M3 aKTyalbHBIX HalpaBlICeHUH BOJOPOJHOI OHMOTEXHO-
JIOTUU ¥ OMOHEPTEeTHKH SIBJISIETCSI IOUCK MUKPOOPIaHU3MOB, CIIOCOOHBIX K 3 dexTnBHOMY
BBLACJICHUIO MOJIEKyJsApHOro Bogopona (H,), U co3gaHue onTHMalbHBIX yCJIOBHUiL, obec-
MEYNBAIOIINX BBICOKHE BBIXOJ M CKOpPOCTh mpoxyuupoBanus H, [2, 3, 11]. Kak u3BectHO,
H, sBisiercst omauM 13 HanboJsee MepCreKTUBHBIX albTePHATUBHBIX HCTOYHUKOB HKOJIOTH-
YECKH YMCTOM PHEPIUU, U MOXKET ChIIPaTh 3HAUUTENIBHYIO POJb B SYHEPIeTUUECKUX TEXHO-
JOTHSIX OymyIIero.
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buonoruueckoe Beinenenue H, umeer psa npeuMyInecTs IO CPaBHEHUIO C APYTUMHU
Croco0amy TOJy4EeHUs] BOAOPOa, OJHO W3 KOTOPBIX — HU3KHE DHEPreTHUECKHE 3aTpaThl,
0CcOOCHHO TpH TNpou3BoAcTBe H, opraHm3Mamu, HCIIOJB3YIOUIMMH COJHEYHBI CBET B
Ka4yecTBEe MCTOYHHMKa 3Hepruu. CBerozaBHCHMOE BhIZeTIeHHEe H, ocymecTBisieTcss Tpems
rpynnaMu (pOTOCHHTE3NPYIONINX OPTaHU3MOB — 3€JICHBIMH BOJOPOCISAMH M IIMaHOOaKTe-
PHAMH B TIpOLeCCe MPSAMOro M HENpSAMOro OMooToNu3a, U MypIypHBIMH OaKTepHAMH — B
nporiecce POTOOPOIKEHHUS OPTraHNIECKUX coenuHeHui [2-4, 9, 11].

B ocnoBe cBerozaBucumMoro BeiieneHHs H, ¢GoToTpodHBIMH OpraHM3MaMu JEXKHUT
nporiecc ¢orocuntesa. B xone poToduszndeckux u HOTOXUMHUUECKUX MPOIECCOB B POTO-
Tpodax 3a CUET COJHEYHOH SHEPTUU IPH ONPE/EICHHBIX YCIOBHSX BbLaensercs H, [2-4,
11]. lanHbI# nipoLiece y MypIypHBIX OaKTEpUil KaTamu3upyeTcs: (epMEHTOM HUTPOTEHA301
¢ ucnonp3oBanueM AT®, Torma kak y 3elleHBIX MHKPOBOJOpOCied BeyiencHue H, o0yc-
JIOBJICHO JISITEIIBHOCTBIO Ipyroro epMenTa — runporenassl [4, 9].

Beixon H, 3aBucur ot psima ¢QakTopoB: BHIa M BO3pacTa KyJIbTYpPBI, OT IPHPOIBI
HCTIONIb30BAaHHBIX CyOCTpaTOB, a TaKKe OT aHAIPOOHBIX YCIOBHH POCTa M TEMIIEPATYpBHI,
pH, 1 HamIYUsA Makpo- M MUKPOAIIEMEHTOB [2-4, 9-12].

Bonpinoe BiusiHME Ha BBIACIEHHE OMOBONOPOAA OKAa3bIBAIOT YCIOBUSI OCBELICHUS.
MHTEHCHUBHOCTh CBETa — BaKHBIN (haKTOp CPEIbl, BIUSIOMUN Ha POCT, BEIXOA U CKOPOCTH
BeieneHus H, QotocunTresnpyrommmu opranusmamu [7, 10, 12]. YMmepeHHass HHTEHCHB-
HOCTh cBeTa oOecnieunBaeT GoToTpoOoB BOCCTAHOBICHHBIMH dKBUBaJIeHTaMu 1 AT® mo-
CPEACTBOM MEMOpPaHHO-CBSI3aHHOTO 3JIEKTPOHHOTO TPAHCIIOPTa, KOTOPBIH y4yacTBYeT B
BhIJIeNIeHnH H,, a Taxke akTHBUPYET BOJOPOA-TIPOU3BOSIINE (DEPMEHTBI — HUTPOT€HA3y U
ruznporesasy [4, 7, 12]. C 3Toll TOUKH 3peHUsl aKTyalbHBIM SBISETCS ONTUMHU3ALMS yCIIO-
BUIl KyJbTUBHPOBAaHHS MHUKPOOPTaHM3MOB, B YAaCTHOCTH, BHIOOD pEeKMMa OCBEIICHHS JUIS
yBennyeHus Bbixona H,.

enpto HacTosAmel pabOTHI OBUIO HMCCIIEAOBAHUE BIMSHMS PEKHMa OCBELICHHS Ha
OKHUCITUTEIHHO-BOCCTAaHOBUTENBHEIN moTeHnan (OBII) u Beinenenune H, 3emeHolt Mukpo-
Bonmopocieio Paraclorella kessleri PA-002 w mypmypHoii Oakrtepueit R. sphaeroides
MDC6521.

Mamepuanvt u memoowt

B paboTe wucnosib30BanMCh MypHypHas HecepHas Oakrepust R. sphaeroides, 1mT.
MDC6521, BbigeneHHas W3 MHUHEpPaJbHOIO MCTOYHHMKA Ap3HM B ApPMEHUHU, U 3eJeHas
MuKpoBosiopocis P. kessleri PA-002 (Llentp nenonmpoBanust MukpoopranusmMos HAH
Apwvennn, EpeBan, Apmenus, WDCMS803). R. sphaeroides BblpamyBaiu B aHa3pOOHBIX
ycnoBusix Ha cpene Opmepona, a P. kessleri — B a3poOHBIX YCIOBHSX Ha cpene Tamus, B
tepmoctate npu pH 7.5+0.2, temneparype 30+0.2 °C u ocpemennu 2000 moxe [1, 5, 6].
JI1st ocBemeHUs UCTIOIb30BAIM TAJIOTCHOBBIE JIAMIThI (MOIITHOCTE — 60 BT). THTeHCHBHOCTD
ceeta mMepsumn  JokcMeTrpom LM37 (Carl Roth, Germany). [ns wuccrenoBaHus
Beijenenust Hy P. kessleri cycrneH3uio MHUKPOBOJOPOCIHM B CTalMOHApHOW (hase pocra
BBIJICISUTH LeHTpU(yrupoBaHueM u cycnenguposanu B cpeae TAP (pH 7.5).

Poct R. sphaeroides u P. kessleri KOHTpOIHPOBaIH MyTEM H3MEPEHHS ONTHYECKOU
wiotHoctu (OIl) cycmensun Ha crnekrpodoromerpe Spectro UV-Vis Auto (Labomed,
CHIA) npu nmuae BosiHbI 660 1 680 HM, cooTBeTcTBeHHO [1, 5, 6]. pH cpenbl onpeaensin
C IMOMOIIbIO YYBCTBUTECJIILHOI'O pH—MeTpa C COOTBCTCTBYIOMIUM CCIICKTUBHBIM 3JICKTPOJIOM
tuia HJ1131B (Hanna Instruments, Ilopryranms) u perynupoBanu c¢ rnomomipio 0.1 M
NaOH u HC1 [5, 6].

BennunHy oxucnnTenbHO-BOcCTaHOBHUTENbHOrO mnorteHunmana (OBII) ompenensmu c
noMoIbsi0 H(poBbIXx moHOMepoB U-160 MIT (I'omensckuii 3aBoa M3MEPUTENBHBIX TPH-
6opos, T. I'omens, benapycr) ¢ ucnonp3oBanuem miaruHoBoro (JI1B-01) u TuTan-cumm-
katHOTO (D0-21) 311eKTPOIOB, KaK ONMMcaHo paHee [5, 6].
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Beixon H, paccunrteiBany no namenenuto BennurHbsl OBII u Bbipaskanu B MMmois Hy/n
KyJIbTYpBl KaKk omucaHo paHee [5, 6]. Beinenenue H, Takxke moaTBep:KAaml XUMHUECKUM
METOJIOM KaK OIHCaHo [5, 8].

B pabore wmcmomp3oBamm peakTuBbl aHanutTHdeckod umctoTel (Carl Roth GmbH,
I'epmanmsa, Sigma Aldrich, CIIA). [puBomstcs cpeqHue DaHHBIE W3 3 HE3aBUCHMBIX
9KCIIEPUMEHTOB CO CTAHIAPTHON OMMOKO¥ [5, 6].

Pesynomamul u o6cysicoenue

IIpumensuch 4deTblpe pekMMa KyJbTUBUPOBAHMA: IIEPBasl KyJbTypa IOJBEprajiach
HECOPEPLIBHOMY OCBCIICHUIO B TCUCHUU 72 94 u CJIy’)KWJIa B KAa4€CTBC KOHTPOJIA; BTOpas
KyJibTypa HaxoAujJaCb B TCMHOBBIX YCJIOBUIAX B TCUCHHUC 72 4; TpEeThd KYJIbTYpa
ocBellaiach B TedeHWe 24 4, 3areM IOMeIlanach B TEMHOBBIE YCIIOBHS; M HaKOHEIl
YyeTBepTasi — OCBEIlaNach 4yepe3 24 4 TEMHOBOT'O IIEpHO/A.

Jis BBIICHEHUS MEXaHW3MOB IEHCTBUS peXKUMa ocBemeHus Ha P. kessleri u R.
sphaeroides wnccnepoBamm w3MeHennss OBII m pH cpemsl mpum pocTe opraHm3mMoB B
pa3nuYHBIX ycnoBusAX ocBemeHna. Kak u3BectHo, OBII sBisercs BaxkHBIM (HaKTOPOM,
OTIPENIEIIIONIUM aHadPOOHBI POCT MHUKPOOPTAaHU3MOB, COIMPOBOXKIAIONIMICA IMaZCHUEM
OBII oT NOJOKHUTENBHBIX BENUYHH A0 oTpuiatensHbix [6]. [lanerne OBII ykaspiBaer Ha
BOCCTaHOBUTEJIbHBIE MPOLECCHI, CBSI3aHHBbIE C (OPMHUPOBAHHWEM KOHEYHBIX MPOJYKTOB
6p0)1<eH1/151, YTO SABJIACTCA THUIIUMYHBIM JJIA MeTa6OJ'll/I'-IeCKI/IX IMMpo1ECCOB BO BpEMs poOCTa
KJICTOK B aHa’poOHBIX ycimoBusx [6, 11]. Cesa3p mexay usmenenuem OBII u BeineneHuem
H, 6b1a okaszana panee i R. sphaeroides [5, 6].

Pocr P. kessleri B Teuenue 72 4 HENpEpHIBHOTO OCBEILEHHS COIPOBOXKIAICS Iajie-
HueM BenuuuHbl OBIT ot nonoxxurenshbix (235 + 10 MB) 1o oTprnaTensHbIX 3HAYSHUH (—
480 = 20 MB) (Puc. 1A). Takoe manerne OBII MoxeT CBHICTETHCTBOBATh HE TOJBKO O
MOBBIIICHUY BOCCTAHOBUTEIBHBIX MPOIECCOB, HO U O QoToBbineneHuu H, [5, 6]. OBII
KyJIbTYPbI, HAXOASANICHCS B TEMHOBBIX YCJIOBUSIX, HE MOJJBEPTaJICsl pE3KUM H3MEHEHHsIM (He
nokazano). OBII P. kessleri, koTopas HaxoIwiach B TEMHOTE mociiec 24 4 OCBEIICHUS,
noHmwkancst 10 —535 + 20 mB (Puc. 1A). ITanenne OBII mMoxxeT OBITH CBsI3aHO C ITOCTe-
NIEHHBIM yMEHBIIEHHEM B TEMHOBBIX YCJIOBUX MHTEHCHBHOCTH (DOTOCHHTE3a U CKOPOCTH
npoxyuuposanus O,, a TakkKe C IOMVIOIICHHEM B Tporecce abixaHusi Bcero O,, 4urTo
MPHUBEJTO K CO3IAHUIO0 aHA’pPOOHBIX YCIOBHHA W K cuHTe3y H,. OmHako mpu OCBEIICHWH
KynbTypHl P. kessleri mocie 24 1 TemHOBO# nHKyOanuu enmanHa OBII cocraBmsima —415 +
10 MB (Puc. 1A). Takoe usmenenne OBII MokeT ObITH CBA3aHO C BKJIOYEeHHEM (DOTO-
cuHTe3a U BhAeTeHneM O, IPH OCBEIICHHH.

Poct KOHTpONBHBIX KJIETOK R. sphaeroides COMPOBOXKIAICSA MAJACHUEM BEIWIHHBI
OBII ot nonoxwurenshbix (120 + 10 MB) B Havane mar-dasbl pocTa 0 HU3KUX OTPHIIA-
TeNbHBIX 3HaueHu (—550 + 20 MB) npu nepexone B cranpoHapuyto dasy (Puc. 1A). Takoe
naacHue OBII CBUACTCIILCTBYCT 06 YCUJICHUHU BOCCTAHOBUTCIIBHBIX MTPOLECCOB, YTO XapakK-
TEPHO ISl OaKTepHaIbHOTO MeTaboIu3Ma B aHAOPOOHBIX YCIOBUSX, 8 TAKXKE O BBIICICHUN
H, [5, 6]. OBII Gakrepuu, HaXOISIMIEHCS B TEMHOBBIX YCIOBHUSIX, M3MCHSUICS HE3HAYH-
TeNBbHO (He mokasaHo). [Ipu ocBemieHNH KyIbTYpHl B TeUcHUE 24 9 M NMPUMCHECHUH TEM-
HOBBIX ycioBui, Bemunaa OBII cocraBmsna —400 = 20 MB, Torma xak ocBemieHue KyJib-
Typsl R. sphaeroides depe3 24 4 TeMHOBOW WHKYOAIlMH IPUBOIWIO K PE3KOMY IAICHUIO
OBII g0 —610 + 20 MB (Puc. 1A).

Kax m3Bectno, OBII 3aBucutr ot pH cpeapl, KOTOPBIH SBISETCS OIHAM M3 BaXKHBIX
MoKaszareJei pocTa MUKPOOPTaHU3MOB B Pa3sHBIX YCIOBUAX cpersl [, 6]. [Ipu pazmmaHbix
pekuMax ocBemieHUs HaOmromancs poct pH, mpu stom pH cpenbr P. kesslerii He
MOJIBEpraJiCsl pe3KUM M3MEHEHUsM, Toraa kak pH cpensl R. sphaeroides Bo3pactan ot 7.5
(mauansHOe 3HaueHue pH) 1o 9.0-9.2 npu HenmpepsIBHOM OCBELICHUU U IIPU pexuMe 24 4 B
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TeMHOTe/48 4 ocBemienus, coorBercTBeHHo (puc. 1B). M3menenue pH cBs3ano ¢ oOpa-
30BaHMEM PA3JIMYHBIX MPOAYKTOB MeTaboIM3Ma, B ToM uncie u H, [5, 6].

P fessleri (HENPEpPEIBHOE OCBCICHIE)

>

—a— P, kessleri (24 w ocsemenna’d8 v B TeMAoTC) B
400 - b ' kessleri (24 u n TemmoTe/48 4 ocBewmenns) 20 I xoHTpPONG (HenpepeiBHOE OCBEIeHHE)
3004 == R, sph fes (nenpey ) ]- 24 4 pceewenna’ 48 v B TemuoTE
200 J5— —C— R. sphacraides (24 v ocsemenns/48 v B TemHoTe) 124 u g remnore/ 48 4 ocsewmenns [ £

100+

R sphaeroides (24 4 8 resmore/48 4 oceeuenna ) 1.5

OBII, mB

=100 4
22004
23004
400
500
=600
-700-

ApH
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0.04

Bpems, u

P. kessleri R. sphaeroides

Puc. 1. V3smenenune OBII (A) u pH (B) cpenst P. kessleri PA-002 u R. sphaeroides MDC6521 npu pa3nmu4HbIX
pexumax ocsereHust (ApH orpesessing Kak pasHUILy MEeXIy HadalbHBIM U KOHEUHBIM 3HaueHusMu pH).

Kak BumHO m3 Tabn. 1, mpu HENpephIBHOM OCBELIEHMM KYJIBTYPHl Kak 3eJICHOM
MHUKpPOBOZOPOCIH, TaK M MypHypHOH OakTtepuu, Beiaemsin Hp, npu stom Beixon H, y R.
sphaeroides B 1.6 pa3 npeBsian seiaeneane H, P. kessleri. Kak oka3anoce, P. kessleri u R.
sphaeroides He ciocoOHBI K BeIeneHno H, B TemHoTe (Tabun. 1). Beinenenne Bomopona P.
kesslerii Bo3pactano B 1.5 pa3a, Mo CpaBHEHHUIO ¢ KOHTPOJIEM, B TEMHOBBIX YCIIOBHAX ITOCIIE
MIPeIBapUTENHFHOTO OCBELICHNS B TeueHue 24 4. 310 yBennuyeHue Beixoaa H, Bo3MoXxHO 3a
CYeT TEeMHOBOH aHa’pOOHOW amanTaluyd MHKPOBOIOPOCIEH, MPH KOTOPOH aKTHBHPYETCS
ruaporenasa — Qepment, obecneunBaromuii oopasosanue H, [9, 10]. Ognako korma P.
kessleri ocBemnianack uepes 24 4 TEeMHOBOW WHKyOarmu, TO Bbixon H, momaBisuics
NpuOJIM3UTENBHO B 2 pa3a, 10 CPaBHEHHUIO ¢ KOHTpojeM (Tadum. 1). CHiwkenue Beixona H,
MOXeET OBITh CBSI3aHO C BKJIIOUEHHEM Iporecca (OTOCHHTe3a M npoayuupoBanuem O,
TOJIABJISIOIIETO aKTUBHOCTH THPOT€HA3BI.

Korna xynbrypa R. sphaeroides ocBemanach yepe3 24 4 TeMHOBOW MHKYOaInu, BEIXOA
H, Bospacran B 2.5 pasa, 10 CpaBHEHHIO C KOHTpPOJBHBIM oOpasmom (tabm. 1). Oro
yBelauueHue Bbixoda H, BO3MOXKHO 3a cueT akTHBALMM HUTpOreHassl U cuHTe3a ATO,
HeobOxoamMoro i Beigenerus H, B mpomecce dortodpoxenns. Katammzupyemoe HUTPO-
rera3oil BeieneHne H, TpeOyeT MocTyIieHWe 3IIEKTPOHOB OT BOCCTAHOBJICHHOTO (epe-
JIOKCHHA, a Takke 00ipmux KonndecTB AT®, T.e. ABISIETCS S7HEPTrO3aBUCUMBIM IIPOIIECCOM.
IIpu ocBemmeHnN KynbTyphl B Te4eHHE 24 9 U TIEPEHOCE B TEMHOBHIE YCIIOBHSA, BBIACTICHUE
H, Gaktepueir R. sphaeroides monaBisiioch B 3 pasza, MO CPaBHCHUIO C KOHTPOJIHHBIM
o0pasiom (tabs. 1). D10 MOXKeT OBITH OOYCIOBJICHO TEM, YTO IMPHU POCTE B TEMHOBBIX
YCIIOBUSIX HaOJIOAeTCsl HEAOCTATOK CBETOBOW 3HEpruu, HeoOxoanmon uisi cuatesa AT
u BeigeneHus Hy [12].

Ta6un. 1. Brusaue pexxiMa ocBemeHust Ha BeiesieHne H2 3enenoit mukpoBonopocisio P. kessleri
PA-002 n mypmyproii 6aktepueii R. sphaeroides MDC6521.

-
Beixon H, , MMonb/n

Kynsrypa Kontpons 72 uB 24 9 ocBemenust/ 24 4 B TeMHOTE/

(HempephIBHOE TEMHOTE 48 4 B TeMHOTE 48 4 ocBemeHus
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OCBCILICHUE)

P. kessleri 1.40+0.06 - 2.14+0.10 0.75+0.05

R. sphaeroides 2.20+0.06 - 0.73+0.05 5.50+0.10

"Brixon H, onpesensiiu 1o usmenernio OBIL.
MuHyc (—) yKa3bIBa€T Ha OTCYTCTBUE BblAeneHUs Hy.
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Takum 00pa3zoM, ONTUMHU3AIMS PEKUMa OCBEHICHUS MOXKET MPUBECTH K YBEIHUCHUS
BbieneHuss H, dotoTpodubMu opramm3mamu. llomydeHHBIE pe3ynbTaThl BaKHBI IS
BBISIBJICHUsI MEXaHU3MOB Bbijenenus: H, y ¢pororpodos, a Takxke [uis qanbHEHIIEro coBep-
IICHCTBOBAHUS BOJOPOAHON OHMOTEXHOJIOTHH.

ABTOp BbIpaxaer OnaromapHocTs wieH-kop. HAH PA, n.0.1., mpod. A. TpuyHsHy 3a
MOMOLIb B MHTEPIPETAMU MOJIYyYEHHBIX pe3yibTaToB. PaboTa BbInoyiHEeHA npu (UHAH-
COBOM moajepkke ['ocyaapcTBEHHOrO KOMHUTETa 10 Hayke MuHHCTEpCTBa 00pa3oBaHus 1
Hayku PA, rpant NelST-1F123.
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BJIMAHUE BUJTOB POJA PSEUDOMONAS SPP. HA
MHUKPOBUOJIOTHYECKOE KAYECTBO U BE3OITACHOCTb
NEPEPABOTAHHOM AKBAKYJIbTYPbI ®OPEJIU B
ITPOU3BOJACTBEHHBIX YCJIOBUAX

I'PUT'OPSAH K.M., CAPT'CSIH M.IL

Epesanckuii 2ocyoapcmeennulii yHusepcumem, ouonozuyeckuil ¢paxyivmen,

Jfoodlab@inbox.ru;

Bunpl pona Pseudomonas WrpaioT BaXHYIO pOJb Kak INPH BBIPAIIMBAHWUM aKBa-
KyJIbTypBl, TaK M IIpHU ee TepepaboTke. P BHOOB yKa3aHHOTO poja SIBISIOTCA BO30y-
TUTETSIME OaKTEpPHO30B aKBaKyJIbTYPHI (POPENTH Ha PAa3HBIX CTaAWAX BRIpamIuBaHus (Austin
et al.2016). Bunst P.fluorescens u P. aeruginosa sSBIAIOTCS THINYHBIMHU MIPEICTaBUTEIIMHU
BOJIHBIX DKOCHCTEM, KaK OTKPBITBIX BOJIOEMOB, TaK M apTe3nmaHckoil Boasl (Nasreen et al.,
2015; Grigoryan et al., 2015). bakrepun u3 poga Pseudomonas criocOOHBI Pa3MHOKATBCS
¥ He TepATh KHU3HECTI0COOHOCT, npH Temmneparype 5°C u Humke. OHM MOTYT Pa3BHBAaThCS B
XOJIONWIIBHBIX KaMepax, Mo BCeH IEernoYKe XOJOAWIBHOTO XPaHEHUs! PhIOHOM MpPOIYKLIUH
(Todd and Notermans, 2011). OtaesnbHble BUbl poaa Pseudomonas SBISIOTCS TPUIHHOM
M3MEHEHMsI KauecTBa PBIObI, C YXYJIIEHHEM OpPraHOJIENTHYECKUX IoKaszaTtened. Takue
M3MEHEHHsI CYLIECTBEHHO COKPAIAIOT CPOKHM XpaHeHHs npoaykra. (Arslan et al., 2011).

OcHoBHast 1eib padOTHl — U3yUYEHUE BUJIOBOT'O COCTaBa OaKTepwii, KOHTAMHHU-
pyromux paboure MOBEPXHOCTH B Ipoliecce NMPOU3BOACTBA OXJIAXKICHHON (openu; nuzy-
YEHHE BIIMSIHHAS KOHTAKTHOTO BPEMEHHU HCIIBITYEMOro OMOIMAA HA XM3HECIIOCOOHOCTH
Oaxtepwmii pona Pseudomonas spp.

Martepuaa u MeTOAbI

2.1 O160p nmpod, OTOOp 00pa3OB C KOKHBIX TOKPOBOB PHIOBI U TOBEPXHOCTEH,
KOHTAKTHPYIOIIMX C PbIOOit (25¢M”), Ha BCEX CTAMMAX MPOM3BOACTBA, MPOBOIHMIN METOIOM
ma3koB. Jlyist B3siTHSL 00pasloB M MX TPAHCOPTUPOBKH B J1a0OPATOPUIO  HCIIOJIb30BAHBI
HiCultureTM Transport Swabs (w/Amies Medium w/Charcoal, MS651, HiMedia, India).

2.2. Boinenenne n naentudukanus. 11 naeHTuduKanuy ¥ rnojcuera 6akTepui u3
pona Pseudomonas spp. WCHOJb30BaHA OCHOBa merpuMuaHoro arapa (M024, HiMedia
Laboratories, Mumbai, India). [ns wunentnduxamuu BUnoB pona Pseudomonas spp.
ucnonp3oBaHa xpomorenHas cpexa HiFluoro Pseudomonas Agar Base (M1469, HiMedia
Laboratories,Mumbai, India) u 6sicTpas suaraoctuka API 25PseudoAero.

2.3. Jesunpunupyiomue BelecTBa. B mpencraBneHHOM HCCIEIOBAaHUH HCIIONB30-
BaH 1% BOJAHBIN pacTBOp AE3WH(UIHMPYIOMIOTO areHTa HaJyKCYCHOM KHCJIOTBI ITPOMBIII-
JICHHOTO TPOM3BOACTBA. YacThb SKCIEPUMEHTOB IPOBEIEHBI B IIPOM3BOJICTBEHHBIX YCIIO-
BHAX.

IIpouzeoocmeennoe _mecmuposanue. J{ns OueHKH OHOUMIHOW aKTUBHOCTH 1%
pacTBOpa HAIyKCYCHOM OTHOCHTEIBHO MCUXPOTPODHBIX OaKTEpUil MPOBOAMIN OTOOP IPoO
METOJIOM Ma3KoB Kaxkaple 30 MUH: ¢ paboumX MOBEPXHOCTEH M3 HEp)KaBEIOIEH CTaM B
MPOM3BOJICTBEHHOM Li€X€ MOTPOILICHUS, BKIIOYask CTaUMU MOWKH M Ae3WH(EKnuH. 3aTeM
MPOBOJIMIIN TTOCEB Ha BBIIICYKA3aHHBIX CEJIEKTUBHBIX ANarHOCTHYECKUX Cpellax.
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Pe3yabTaThl U 00CysKIEHHE

C aKkBakyJbTyphl PaayXHOH (Openr BbIACICHO W WACHTU(DHUIUPOBAHO 7 BHUIOB U3
pona Pseudomonas (tabnwma 1).

Tabnuua 1.
Bunp! pona Pseudomonas, n30upoBaHHBIE U3 CBIPHEBON aKBaKyIbTYPHI (OPETH

Bunst pona Pseudomonas YacroTa BcTpeuaeMoCTH

BUIOB Pseudomonas B %

W30JIMPOBAHHBIE C KOXHU HU30JIMPOBAHHBIE C

xalp

P. aeruginosa 40 45
P.anguilloseptica 20 7
P.stutzeri 12 8
P.putida 35 23
P .fluorescens 60 47
P. alcaligines 22 5
P. pseudoalcaligenes 6 3

Bunel u3 pona Pseudomonas 4acTo BBIIETSINCH U3 KOXKHBIX IIOKPOBOB, >xkabp dope-
au. Takum 00pa3oM, ChIpbeBasi pbi0a SBISCTCS OCHOBHBIM HMCTOYHMKOM KOHTAMHHAIIMU
IIPOM3BOCTBEHHOTO 00OPYZOBaHUS M pabOUYMX MMOBEPXHOCTEH TIpaMM OTPHULATENbHBIMU
OKCHIa30TI0JIOKHUTENBHBIMUA OakTepusiMu U3 pona Pseudomonas. V13onupoBaHHBIE  BHIBI
OTHOCATCS K YCJIIOBHO-TIATOTCHHBIMH, ICUXPOTPOPHBIMU OakTepusiMu. OCHOBHBIM HX pe-
3epByapoM SIBIISIOTCS BOJIHBIC SKOCHCTEMBbI. VneHTH(UIMpPOBaHHBIE BHIBI YacTO BCTpe-
4aroTcs B oOpasiax apre3nanckoil Boasl (I'puropsH u ap., 2015). Ha puc. | npencrasieHst
pe3yIbTaThl BIUSHUS OTACNIBHBIX CTaUi IPOU3BOJCTBA OXJIAXKICHHOH (hopenn Ha ypOBEHb
KOHTaMHHALlUK CHIPbEBOH PHIOBI BUnamMu pona Pseudomonas.
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Puc.1. [lunamuka pocta Pseudomonas spp. Ha BCeX CTaJiiAX NPOU3BOJICTBA OXJIAXKACHHON PHIObI

B mponecce MoWkM MMeeT MECTO CHW)KEHHE KojMuecTBa OakTepwii m3 popa Pseu-
domonas spp Ha 1 log, B koHne 12 yacoBOro XpaHEHUs MOTPOLIEHOW PHIOBI P TeMIIe-
patype -3-5°C Habmonaercs yBeqHueHHe KoluuecTBa GakTepuit oT 65 10 300 koe/25 cm’.
[Ipu xpaHeHHUN OXJTAXIEHHOW PBHIOBI B TeueHHH 14 mHEW koimmduecTBO OakTepwit W3 pona

36



Pseudomonas spp nocturaer 1o 107-10° /25¢m’. B npomecce XpaHEHHs CHIPHEBO# PHIOBI
ITOJT CJIOEM JIbJIa KOJIMYECTBO MCUXPOTPOQHEBIX OAKTEPHiA, B TOM 4YMCIE OaKTepuil U3 pojaa
Pseudomonas B TedeHne 244 MOXET JOCTHTHYTH IO 10’ K06/250M2, TP UCXOTHOU CTeTre-
HU KOHTaMUHAIIMA TTOPSIKA 10*koe/cm?. Cormacao O6emara (Obemeata et al., 2011), mpu
a’po0HOM XpaHEHHH CHIPBEBOW PBIOBI IOJ CIIOEM JIbJa, B TedeHue 20 IHEH, mpu Temrre-
parype -4°C, B 0CHOBHOM, HaGIIOIATIOCH Pa3BUTEE BUIOB W3 POIOB Pseudomonas, Staphy-
lococcus, Proteus, Bacillus, Micrococcus n Aeromonas spp . ABTOpbI IOJYEPKUBAIOT, YTO
TONBKO BUABI ponioB Pseudomonas, Staphylococcus, Proteus u Bacillus spp, He TepsioT
JKM3HECIIOCOOHOCTh TIPH XpaHeHHH pbIObI B ycioBusix -18 © C.

OnHOBpPEMEHHO, NPOBEAEHA CPABHUTENbHAsI OIIEHKA CTEIEHH 3arps3HeHus] pabouux
MOBEPXHOCTEH (CTOJBI, KOHTEHHEPBI U XOJOIMIbHBIE KaMEPhl) B MPOIECCE MPOU3BOJICTRA
TpaMM OTPHIIATSIEHBIMU, OKCHJIA30 TIOJOKUTEIEHBIMA OaKTepusMu U3 poaa Pseudomonas
spp (puc.2).
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Puc. 2. Pactipoctpanenune Gakrepuii pona Pseudomonas spp., Ha pabOYHX MOBEPXHOCTSX B IIpoLiecce
nepepabOTKH PHIOBI

Bunb! pona Pseudomonas criocoOHBI pa3BUBAThCS B TJIACTUKOBBIX KOHTEHHEpax U Ha
padounX MOBEPXHOCTAX U3 HEPXKABEIOMICH cTau. B mporiecce mpou3BOACTBa OXJIaX ICHHON
PBIOBI, MJIACTUKOBBIC KOHTECHHEPHI M MOBEPXHOCTH M3 HEPIKABEIOIICH CTaJIH, KOTOPhIC TECHO
KOHTAKTHUPYIOT C PBIOOH, SBISIOTCS XOPOIIUM CyOCTpPaToM JUlsi 0Opa30BaHMs OHOILICHOK.
OO0pa3oBaHue OHMOIUICHOK CIIOCOOCTBYET IOBTOPHOMY 3arpsi3HCHHIO PBIOBI, W TOBEPX-
HOCTEH, KOHTAaKTUPYIOIIUX C peIOOH ImcuxpoTpodHbME Oaktepusmu. CormacHo (Verran et
al., 2006) MukpoOmoIoTHUecKHil aHanu3 OMO(pMIEMOB, 00pa3ylOUIMXCcd Ha pPaboyuX Io-
BEPXHOCTSIX PBHIOHBIX MPEINPUATHIA, ITOKa3aJl HA JOMHHHPOBAHUE B WX COCTAaBE BHUIOB W3
clenyommx ponos Vibrio, Flexibacter, and Aeromonas. B IpeicTaBIeHHOM HCCIIEIOBaHUE
ocoboe BHUMaHHE ObUIO OOpAICHO HA W3Y4YCHUE BIUSHUS METOJIOB OYUCTKU U JIE3WH-
(bexnum Ha pacHpOCTpaHEHUE IPaM OTPUIATEIBHBIX, OKCUIA30 MOJIOKUTEIBHBIX OaKTepHi
Ha pabourX MOBEPXHOCTSIX U3 HEPIKABEIOIIEH CTaM B 30HE MOTPOIICHHUS PHIOHI.

IToka3aHa BbICOKas HHTHMOMPYIOIIAsi aKTUBHOCTH 1% BOIHOTO pacTBOpa HAJAYyKCYCHOM
KHCJIOTHI OTHOCHTEIBHO BHIOB Pseudomonas spp. OTMeUaeTCs 3HAUYUTEIHLHOE CHUIKCHUE
KOJINYECTBA KU3HECIIOCOOHEIX KIETOK B TeueHue 30 muH., oT 700 Koe/25¢em* 10 50ko0e/em>.
Opnako, HaurHas ¢ 60 MUHYT, Mocie 0OpabOTKH 1e3nH(PEKTAHTOM, OTMEYAeTCs pa3BHTHE
JKU3HECTIOCOOHBIX KJIETOK M POCT HMX KoimdectBa mo 120-150 koe/25¢Mm%. 1% BOJHBIA
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pacTBOp HaJIyKCYCHOM KHCIIOTBI NPOSIBIISIET BPEMEHHOE MHIMOMPOBAHHME MCUXPOTPOQPHBIX
Gakrepuit pona Pseudomonas spp., BIMAIOIIAX HAa KauyecTBO OXJIaKAEHHOH ¢opennu. B
COOTBETCTBHE C pe3ynbTatamu uccienoanuii Tote (Tote et al., 2010) HagykcycHas Kuc-
JI0Ta CIIOCcOOHA MOJABUTh POCT MpuOIM3UTENsHO 98% 1 99% XKU3HECTIOCOOHBIX KIETOK S.
aureus and P. aeruginosa,COOTBETCTBEHHO, TOJBKO B IEPBBIC MHHYTHI KOHTaKTHOT'O
BpeMeHH. HangykcycHast kucinora He CrocoOHa MHTMOMPOBATh Pa3sBUTHE NCUXPOTPOQHBIX
Oaktepuil B Onoduipmax. B cooTBeTcTBHE ¢ NaHHBIMU JPYTHX aBTOPOB TAKKe MOAYEp-
KHBAeTCs, YTO HAAyKCyCHas KHCIOTa MeHee 3((eKTHBHA OTHOCHTEIHFHO OMO(PHIBEMOB B
cpaBHeHuw ¢ npyrumu nesundexrantamu (Klorasik et al., 2010).

BriBoAbBI:

- bakrepuu poga Pseudomonas spp SIBISIOTCS OJHOW M3 OCHOBHBIX IPYIIN OaKTEepUid
UTPAIOIINX BAXHYIO POJIb B 3arpsi3HEHUH OXJIQ)XKJCHHOW pBIObI. Buabl ykazaHHoro poxa
OTHOCSITCSL K NICHUXPOTPO(HBIM, T'PaMM OTPHLIATEIBHBIM, OKCHAA30 MOJOXKUTEIBHBIM OaK-
TEpUsIM, KOTOpbIe 00JIaJaloT BHICOKOM YacTOTOM BCTPEYaeMOCTH Ha CHIPHEBOH pbIOE, Ha
pabounx MOBEPXHOCTSIX M3 HEPIKABEIOMIEH CTaH, B Mpolecce MepepaboTKH U XpaHEHHH B
TemmepaTypHsIX npenenax ot +8°C o -13°C.

- Cremyet mpoBecTH Ooiiee IeTalbHBIE HCCICIOBAHUS 10 MOJACITHPOBAHUIO (POPMH-
poBaHMsl GHOIUICHOK C ydacTHeM Oakrepuit pona Pseudomonas spp, onpenenenuto 3hdex-
TUBHOCTH OWONIMIOB OTHOCHTENBHO BUIOB Pseudomonas spp B COOOIIECTBE C APYTHMHU
BUIAMH, KaK B TAOOPaTOPHBIX, TAK U B TIPOU3BOACTBEHHBIX YCIOBHAX.

Jluteparypa

1. Arslan, M., Sirkecioglu, N., Bayir, A., Arslan, H. and Aras, M. 2012. The influence of
substitution of dietary fish oil with different vegetable oils on performance and fatty acid
composition of brown trout, Salmo trutta. Turkish Journal of Fisheries and Aquatic
Sciences, 12: 575-58.

2. Austin B., Austin D.A. Bacterial Fish Pathogens., Springer, Switzerland, 2016, p.723.

3. Grigoryan K.M., Sargsyan M.P., Ovsepyan V.V., Badalyan G.N. Distribution of species of
the genus Pseudomonas in artificial ponds of Armavir region in Armenia., 7th Int.
Conference “Water&Fish”, June 10-12, 2015, Belgrade, Serbia, p. 243-246.

4. Gudbjornsdottir B., Suihko M. L. P., Gustavsson P., Thorkelsson G., Salo S., Sjoberg A. M.,
Niclasen O. and Bredholt S. (2004). The incidence of Listeria monocytogenes in meat,
poultry and seafood plants in the Nordic countries. Food Microbiology, 21, pp. 217 - 225.

5. K. Grigoryan, G. Badalyan, M. Sargsyan, A. Harutyunyan Assessment of microbiological
safety of ground water used in rainbow trout farms LWT - Food Science and Technology.
58, (2014), 360-363.

6. Hamanaka D, Onishi M, Genkawa T, Tanaka F, Uchino T (2012). Effects of temperature
and nutrient concentration on the structural characteristicsand removal of vegetable-
associated Pseudomonas biofilm. Food Control. 24:165-170.

7. M. Nasreen, A. Sarker, M. Malek, Md. Ansaruzzaman , M. Rahman. Prevalence and Resis-
tance Pattern of Pseudomonas aeruginosa Isolated from Surface Water. Advances in
Microbiology, 2015, 5, 74-81.

8. Srey S., Jahid I. K., Ha S. D.(2013). Biofilm formation in food industries: A food safety
concern. Food Control, 31(2), pp. 572 - 585.

9. Verran J. and Whitehead K. A. (2006a). Assessment of organic materials and microbial
components on hygienic surfaces. Food and Bioproducts Processing, 84, pp. 260 -264.

10. Tote K., Horemans T., Vanden Berghe D., Maes L., and Cos P. (2010). Inhibitory effect of
biocides on the viable masses and matrices of Staphylococcus aureus and Pseudomonas
aeruginosa biofilms. Applied and Environmental Microbiology, 76(10), pp. 3135 - 3142.

11. Krolasik J., Zakowska Z., Krepska M., and Klimek L.(2010). Resistance of bacterial
biofilms formed on stainless steel surface to disinfecting agent. Polish Journal of
Microbiology, 59(4), pp. 281 - 287.

12. S. Stepanovic’, 1. C’ Irkovic’, L. Ranin and M. Svabic. Biofilm formation by Salmonella

38



spp. and Listeria monocytogenes on plastic surface. Letters in Applied Microbiology, 2004,
38, 428-432.

13. O. Obemeata, F. Nnenna and N. Christopher Microbiological assessment of stored Tilapia
guineensis. African J. of Food Sci. Vol. 5(4), pp. 242 — 247, 2011.

BuoJor. :xypH. Apmenun, 1 (69), 2017

BO3MOKHOCTDB UCITIOJIB3OBAHUA
®YKO3OCIHHEHUP®UYECKOI'O .
JIJEKTUHA JUIAA AETEKIITMX HOBOOBPA3OBAHUU

T'TOPJUKSIH K.I'.!, JABTSIH M.IL.!, TPUTOPSIH P.M.2, CAPKHUCSTH H.K.?

]HHcmumym ouoxumuuum.l" X. Bynuamsana HAH PA, Cesaxa 5/1
2 Unemumym Monexyasproii 6uonozuu HAH PA
qristinegurjyanl993@mail.ru

JIeKTHHBI, YTIICBOACBS3BIBAIONINE OENKH, PACCMAaTPHBAIOTCS B KAadeCTBE IIEPCIIEKTHBHBIX
MapKepoB IJIsl BEUIBIICHUS omyxoneil. [IpoBeneHa ounctka ¢yko3ocrnennpuyeckoro JEKTHHA U3 JIy-
KOBHIL TIOJIbIaHa. [Ipolieypa ouuCTKY BKIOYana (paklHOHUPOBAHUE CYIb(HATOM aMMOHHUS, HOHO-
oOMmeHHY0 Xpomarorpaduro. IIpu snextpodopese, NpoBeJCHHOM B HEACHATYPUPYIOIINX yCIOBUSX,
MONTy4eH TOMOTCHHBIN Ipenapar Oenka. [IpoBeaeHa mMMoOmmu3anus GyKo3ocnenu(puaeckoro jJex-
THHA HA TIPEIBAPUTENHHO CHIAHM3MPOBAHHBIE ITOBEPXHOCTH IPEAMETHBIX cTekol. [lokazaHo ero
crienuuuecKoe CBSI3bIBaHUE C KICTOYHOH JIMHUEH XPOHIMYeCKON MUEeIOUTHOM JIefikeMUH YeIoBeKa
KCL22.

Dyrosocneyuuueckuti 1eKmuH — a2eIOMUHAYUA — CUTAHUIAYUS — ONYXOTlb

Leywnputbpp' wéhuwepbp Ywwnn uwhwwynigubpp, nhngnud U npwbu  hEnwulwnwihu
dwnybpubp Unpwagnjugnieintlutph - whunnpnuwt dwdwbwy: Ppwywuwgdtb) £ $nLynquuybghdhy
lGYwnhuh  wlpwwnd  Jwpnwywywsh unfuntyutphg: LEYwnhuh  Jwepdwu plbpwgep UGpwnnud £
wunuhnwdh undwinny Uuinbgndp U hnuwhnfuwbwywjhu ppndwnngpuwdhwl: Unwgybp £ EGYn-
nndnpbwnhy hndngbl uwhwwynig: ElEynpndnpbql hpwywlwgdt] E ng nGUwwnnipugywéd  wwy-
dwuutbpnud:  Jbpnujwyp  uyhwnwynign  hdnphihquigyty £ uphpwuhqugwé  wnwpyujwyhp  wwwynt
Jwytptuht: 8nyg t wpqwé nyuwy (EBynhuh hitwdwygniejntup dwpnne wpjwl ppnuhy JhGinhn
lEyEUhwih KCL22 poswihu géh htwn:

dnLynquuybghdphly (GYinhl - waqinLinhliwgnLd- upjwbihquignLu-nLenLge

Lectins - carbohydrate binding proteins, are considered as the prospective markers for tumor
detection. In this respect, the purification of fucose specific lectin from tulip bulbs was conducted.
Purification involved fractionation by ammonium sulphate, followed by ion —exchange chro-
matography. As a result electrophoretically homogeneous protein in non-denaturating conditions
was obtained. The protein immobilization on silanized glass slides was conducted and its binding
with human chronic myeloid leukemia cell line KCL22 was demonstrated.

Fucose specific lectin- agglutination- silanization- tumor

[Iporece kaHIIEpOTreHe3a CONPOBOKAACTCS CEPbE3HBIMHA N3MEHEHHUAMHU B METa00IM3Me
KJIETKH, HANpaBJeHbIMH Ha obecrieueHue psiia pyHkuumit. B wactHOCTH,  aKkTUBHpYyeTCs
nponrdepanus KISTKH C OTHON CTOPOHBI, C APYroi - IPEeAOTBPAIIaeTCs] UMMYHHBIH OT-
BET. O)lHOﬁ N3 OCHOBHBIX XapPAKTEPUCTUK OMYXOJIEBBIX KIJICTOK, OTJIMYAIONIUX HUX OT HOP-
MaJIbHBIX , - 3TO a6eppaHTHoe TJIMKO3UWJIMPOBAHUE. Hpnqu TJIMKO3WJIMPOBAHUE 3aTparu-
BaeT KaK BHYTPHUKJIETOYHbIC OENKH, TaKk 1 OeJIKu Ha Iyia3MaThdeckoil MmemOpane. [leproe
YEeTKOE AKCIIEPUMEHTAIBHOE JOKA3aTelbCTBO TOTO, YTO 3JI0KAYECTBEHHAs TpaHC(HOpMaIHs
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MPHUBOJUT K U3MEHEHUSIM B MPOIIECCaX MIMKO3WIMPOBAHUS HA MMOBEPXHOCTU KIIETKHU, OBLIO
mpejcTaBiIeHo B pabdorax [2, 4, 5, 6, 8, 9].

['muko3mnupoBaHre ompenessieT Takhe MallMTHAHTHBIE CBOMCTBAa KIIETOK KaK WHBa-
3UBHOCTh M METaCTa3MpPOBaHUE, W, KaK IIOJIATAIOT, C OJHONW CTOPOHBI YBEIMYHUBACT BpEMs
JKU3HU OETKOB, OJOKHPYS HX IPOTEONH3, C APYTOd - MAacKHPYeT PELeNTOphl Ha IuIa3-
MaTH4YeCKol MeMOpaHe, IpeA0TBpaIas POIECCHl aonTo3a. Pe3ynpTaTsl JanbHEHIINX Hc-
CIIEZIOBaHUI TOATBEPAWIN, YTO HEOIUTACTHYECKas TpaHC(HOpPMALUsS W 3JIOKAYECTBEHHAs
MIPOTPECCUST YacTO COMPOBOKIAIOTCSA TAKXKE CTPYKTYPHBIMH H3MEHEHUSIMH B YTICBOIHOM
YacTH TJIMKOKOHBIOraToB. Yaie Bcero HaOJIONAETCsl dKCIpeccusl SMOPHOHANBHBIX Yrile-
BOJHBIX aHTUI'CHOB, UBMCHCHHUEC I'PYNIIOBLIX JCTECPMUHAHT KPOBH, HETOJIHBII MMPpOUECCUHT
acraparuH-CBsA3aHHBIX OJIMIOCaXapuJa0B, YBCIWMYCHUEC CHUAJIM3UPOBAHUA U COACPIKAHUA
MOJIMIIAKTO3aMHHA, & TAKXKE Pa3BETBICHUE TPUMAHHO3WIBHOW OCHOBBI KOMIUIEKCHOTO THIIA
N-cBs3aHHBIX CTPYKTYp. [103TOMY, HEYTUBHTEIBHO, YTO PAKOBHIE MAapKEPhl OYEHb YacTO
OKa3BIBAIOTCS (eTambHBIME Oenkamu. TakuM 0O0pa3oM aHAIN3 TIIUKO3MINPOBAHHS MOXKET C
OITHOW CTOPOHBI TO3BOJIUTH NETEKTHPOBATH OITYXOJIEBHIE KIIETKH, C APYTOH - CIIy’)KUTh
MUIICHBIO IS TePAITiu.

DyKO3UIMPOBAHHUE SIBIIICTCS OAHOM M3 HanOOJee PacpOCTPAHCHHBIX MOIHU(PUKAIIMN
TJINKOTIPOTENHOB M TJIHMKOJHMIIUAOB NpH OHKOTpaHCopmarmn. OYKO3WIMPOBAHUE BKIIO-
YaeT MpHcoennHeHne octaTka (yko3sl Kk N-rmukaHaM, O-TIOMKaHaM W TIHKOJMOHAaM. L-
(l)yKo3a SABJIACTCA BaXXHBIM KOMIIOHEHTOM CEKPETOPHBIX TIIMKOKOHBIOI'ATOB U OIIPCACIIACT
(eHOTHIT MHOTHX KJIETOYHBIX IOMYJISIIMI YenoBeka, Tak kKak L-dyko3za BXOAWT B cOCTaB
MHOTHUX QHTUI'CHHBLIX ACTCPMHUHAHT, B TOM YHUCJIC aHTUI'CHOB I'PpYIIIl KPOBU U paKOB03M6-
PUOHANBHBIX aHTUTCHOB, SKCIPECCHUPYEMBIX IPH Pa3IMYHBIX OHKOJOTHYECKHX 3abole-
BaHUSIX.

XopomuM HHCTPYMEHTOM [UIS M3YYEHHS IPONECCOB TIIMKO3WIMPOBAHUS SIBIISIOTCS
JIEKTHHEI - YTIEBOJ CBS3BIBAIOIINE OCIKHU, IIUPOKO PACIIPOCTPaHCHHBIE BO BCEX OpPTaHU3-
Max. K Hacrosmemy BpeMeHH IOIyYEeHO U U3ydeHO Ooiee IBYX COTCH PACTUTEIBHBIX, KU~
BOTHBIX M O0aKTE€PHANBHBIX JEKTHHOB. OHH XapaKTePU3YyIOTCS CIIEHI(PUIHOCTHIO K Pa3iid-
HBIM caxapam, U CJI€I0BaTCIbHO, Pa3sHOOOpa3ue JIEKTUHOB MOXKET ObITh d(P(PEKTHUBHO HC-
MOJIB30BAHO VISl IETEKLMH MPOIIECCOB TIMKO3MIMPpOBaHus. [lockonbKy abeppaHTHOE IIIH-
KO3WJIMPOBAaHHUE MIPH PALE OMyXoJel xapakrepusyeTcs (yKo3mINpoBaHUEM OENKOB IIa3-
MaTU4eCKOW MeMOpaHbl, B JIAHHOW CTaThe ObUIA ClieJlaHa MOMBITKA MOIy4eHHs (DyK0o30-
cneun(l)nqecxoro JICKTMHA U U3Yy4YCHUA €TI0 CHOCO6HOCTI/I CBA3BIBATH OITYXOJIEBYIO KJICTOY-
Hyto Jiuanto KCL-22. V3 nurepatypsl [1] U3BECTHO, YTO JIEKTHH C TaKoi crenupuIHOCTHIO
MPUCYTCTBYET B JIYKOBUIIAX TIOJbIIAHA, IO3TOMY paboTa ObLTa HANpaBlicHA HA OYUCTKY U
M3y4YEHHUE ITOTO JIEKTHHA.

Matepuajbl 1 MeTOABI

CnexmpanbHole usmepeHus TPOBOIMIN Ha crekrpodoromerpe Hitachi 150-40,
KOHIIEHTPAIIMIO Oellka OTMPEACIISIN M0 ONTHYECKON TIOTHOCTH MPH JUTMHE BOJHBI 224 HM
u 236 uMm cornacHo [3]. DnekTpodope3 B HeEHATYPUPYIOIIUX YCIOBUSIX MPOBOAWIU IO
merony [7]. Jns xpomarorpaduu HCHoOIb30BaIM HOHOOOMeHHUKH Toyopearl 650 M
(Japan) u CM-52 ¢upmsl Peanan.

Onpedenenue azeniomunupyloujell akmueHocmu iekmuna. J{jis aHann3za akTHBHOCTEH
MPUMEHAIIN TPUIICUHU3UPOBAHHBIC SPUTPOLUTHI YCJIOBEKA.. B aIrTJINTUHALIMOHHBIX HUCCIIC-
JIOBaHUSIX MCMOIb30BAIN 4% CYCHEH3UI0 TPUIICMHU3UPOBAHHBIX 3puTpouuToB. K 50 Mk
CYCIICH3UH IPUTPOIMTOB JOOABISUIM PAaBHBIA 00bEM PacTBOpa JCKTHHA, HHKYOUPOBAIU OT
10 muH 10 2 vacos npu 4°C, komatHo# Temreparype u npu 37°C

Cunanusayuss cmexna. CUnaHU3anuio TpoBoauwian B 5% pactBope cwiana (3-
aminopropyltriethoxysilane) B aieToHe B TeueHue 18 4acoB npu KOMHATHOW TeMIIepaType.

Humobunuzayusa 6enxa. CHIaHU3HPOBAHHBIEC IPEMETHBIE CTEKJIA aKTHBHPOBAIH 2 %
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rirytapoBbiM anbzaerunom B 0,1 M Hatpwuii-pocdarnom Oydepe pH 7.4 B Teuenne 18 gacos
NP KOMHATHOHM TeMIlepaType, MpOMBIBAIM JUCTHIMPOBAHHOM BONOM, 3areM QocdaTHo-
coneBeIM OydepoMm, mobaBmsimm  pactBop (pykozocnenmdpuaroro jgexTuHa B (ochaTHO-
coneBom 6ydepe (0,7 mr/mi), nakyGuposann 18 uacos npu 4°C. HecBs3aBInecs akTHB-
HbIC YYacTKH OJIOKHJIMPOBaIM OBIYBUM CHIBOPOTOYHBIM ILOYMHHOM B KOHEYHOH KOH-
nentpamuu 0,3 %.

Knemounas xynemypa. B paboTe MCIOJIB30BaIM CYCIICH3UOHHYIO KIETOYHYIO JIMHUIO
KCL-22 (xpoHndeckasi MueJIouHas JeiikeMus denoBeka). Kietku BeipammBany npu 37°C
¢ 5% CO, B nurarensHoil cpene RPMI-1640 c nobGasnenuem 10% pactBopa Obrubeid
SMOPUOHAIBHOU CHIBOPOTKH , 2 MM L-rimyramuna, 100 En/mi nenummuiuda v 100 Mxr/mi
CTpCITOMUIIMHA.

Jns ompenenenust crenuduIeckoro CBA3bIBAHUS KIETOK C JICKTHHOM OITyXOJIEBbIC
KJIETKM MHKYOMpPOBAIM C JICKTMH MMMOOMJIM30BaHHBIMHU CTEKJIAaMH B TedeHue 1 4, crekia
mpoMBIBAIH (ochaTHO-cONEeBEIM OydepoM, (PUKCHpOBaNIKM PacTBOPOM ITAHOI: YKCyCHas
kucinota (3:1), okpammBamm kKpacuteneM [mm3a (5%) W aHATU3UPOBAM CBS3BIBAHUE
kieTok Mukpockormmdeckun (HumaScope 16100/1). B KOHTPONBHBIX SKCIIEPUMEHTAX IS
UCKIIIOYEHHS BO3MOXHOCTH  HECIELM(HYECKOTO CBA3BIBAHWS INPOBOMMIM  aHAIH3
CBSI3BIBAHMS KJIETOK C CHJIAHW3UPOBAHHBIMH CTEKJIAMH, UMMOOWIM30BAaHHBIMU OBIYBHM
CBHIBOPOTOYHBIM alIbOYMHHOM.

Pe3yabTaThl U 00CyxKAeHUE.

Ouucmra nexmuna uz aykoeuy mrwoavnana. S0 rp MENKOHape3aHHbBIX JIYKOBHIL TIOJIb-
naHa romorenusuposanu B 250 miu docdarno-coneoro 6ydepa (0.02 M docdar natpus,
0.15 M xnopun Hatpust pH 7.4 ), skctparupoanu 1 yac. DkcrpakT neHTpudyruposanmu 20
muH npu 5000 X g HagocanoK (GpakIHOHUPOBAIH CyIb()ATOM aMMOHUS, COOMpast ppakun
mexay 40 u 60% naceimenus. Ocanok nuanuzoBanu mpotus Oydepa (0.02 M Tpuc HCI
pH 8.7), ocBeTism neHTpUYTHPOBAaHUEM M HAHOCHIIM Ha KOJIOHKY ¢ aHHOHOOOMEHHHKOM
Toyopearl-650 M, (2.5x3 cmM), 3apaHee ypaBHOBEIICHHYIO TeM ke Oydepom. Cobupamu
HECBsI3aBIIyIOCs ¢ HocuTelieM (pakuuto, quanuzoBanu npotus 0.01 M Harpuii-aneraTHOTO
O0ytepa pH 4.7 u Hanocmnu Ha KojJoHKY ¢ KM-memmono3oit (2.5x1.5 cm), ypaBHOBe-
HieHHyto Tem e Oydepom. Kononky npombiBanu 6ydepom 10 TeX Mop Moka ONTHYEeCKoe
HoTJIoIIeHHe 3i1r0ara He coctaBisuio meHee 0.02. Jlanee cobupanu ¢dpakiuu cryneH4aTon
amonuerd 0.01 M aneratHbiM OydepoM, colepKaliuM — XJIOPH] HATPUsl B KOHLIEHTPALMH
0.05M, 0.1 M, u 0.2 M. Xpomatorpadudueckoe OBEICHUE Oellka Ha KOJOHKE IpPECTaB-
JieHo Ha puc 1.

Activity :
Azso (minute)

1

r2

o o
w 2 n
G s &
—

Puc. 1. MonoobmenHas xpomarorpadus ¢pykosocrnenuduuckoro nektuHa Ha CM-nemmonose. 1-xpomMarorpamma,
2-aktuBHOCT. Ppakuun codupau 1o 2 M. a- koHnenTpanus NaCl - 0.05 M, b - 0.1 M, c- 0.2 M.
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B pesynbraTe mpoBeAEHHBIX MPOLEAYP IMOJIYUYEH JIEKTPOPOPETHIECKH TOMOTEHHBIH
Ipenapar JIEKTUHA U3 JIYKOBHUI[ TIOJIbIIAHA, MPOSBISIIOMUI arrIIOTUHALIMOHHYIO aKTUB-
HOCTb IO OTHOLICHHWIO K TPUIICHHU3MPOBAHHBIM 3pHTponuTaM uesoeka [(O) rpymmsr

KpoBH (puc 2).

PesynbraTel WccnenoBaHUS CBSA3BIBAHHUSA OITyXOJEBBIX KIETOK C (yKO30CIerudraec-
KHM JIEKTHHOM IIPEJICTaBJIeHbl Ha puc. 2. BblI0 BBIsBIEHO clielin(UUECKOe CBS3bIBAHHUE
OILyXOJIEBBIX KJIETOK XPOHMUYECKONH MMEJIOMIHOM JEHMKEMHUM YEJIOBEKA TOJBKO C JIEKTHH
MMMOOWIN30BaHHBIMHA cTeKIaMu (puc 2a). CBs3BIBaHHE KIETOK C CHJIAHH3HPOBAHHBIMHU
CTCKJIAMH, HCIOJIb3YEMBIMH B KAueCTBE KOHTPOJS Ui MCKIFOUCHHS BO3MOXKHOCTH He-
cnenuduIeckoro CBA3bIBaHUs, He HaOmonanoch (puc 260). Takum 0O0pa3oM, MOKHO 3aKITIO-
YUTh YTO (PYKO30CTICHUPHUCCKUIA JCKTHH MPOSBISIET CPOJICTBO K OIYXOJIEBBIM KIIETKAM

JIAaHHOTO BHUJA.

0
o

=)

Puc. 2. a - CBA3bIBAHUE KIIETOK C CHUJIAHU3UPOBAHHBIMHU CTEKJIIAMHU, 6 - KOHTPOIJIb, OKpallluBaHUE II0

Pomanosckomy-/ umse, yennuenue 400 x.

CxemaTHyeckoe H300pakeHHEe IpOIecca IMPUKPEIUIeHHs KIETOK K IOBEPXHOCTH

CHJIAaHW3UPOBAHHBIX CTEKOJI IPEICTABIEHO HA PHCYHKE 4.

WHz NHz MHz

A

o »
Z »
+ ":‘, —

C

[o] (o]
i V]
NH2 s + H-C-(CHz)s-C-H —>

D

Puc.3. A - akTuBaNKs CHIAaHU3UPOBAHHBIX CTEKOJI IIIOTAPOBBIM albACTHAOM, B - nMMoOMIH3anus
(bykozocnenupuIeckoro JeKTHHA Ha HOBEPXHOCTH IPEIMETHBIX CTEKOIL,

C, D - TIPUKPEIJICHUE OITyXOJIEBBIX KIIETOK.
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Takum 00pa3om, pe3ysbTaThl HPOBEAEHHBIX AKCIIEPUMEHTOB JIEMOHCTPUPYIOT, YTO
(ykozocnennpryecknuii JIEKTHH MOXKET OBITh YCIEIIHO ITPUMEHEH IS JETEeKIMN U WJIEH-
TU(QUKAIMA HEKOTOPBIX OITyXOJIEBBIX KIETOK, M, B MEPCIEKTHBE, Ul BBLACIECHHS COOCT-
BEHHO OITyXOJIEBBIX KJIETOK M3 OHMOINCHITHOTO MaTepuaia C Iebi0 MOCIEIYIOIIEro NCTIOb-
30BaHMUS NPH TOJTyYCHNUH ITPOTHBOPAKOBBIX MIPEMAPATOB.
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AKTUBHOCTDHb ®EPMEHTOB BUOCHHTE3A ITPOJIMHA U UX
BHYTPUKJIETOYHAS JIOKAJIU3ALIUS B PA3JIMYHBIX
OPI'AHAX PAJYKHOU ®OPEJIM PARASALMO MIKISS

A. A. 3AXAPSIH

Epesanckuii 2ocyoapcmeennblii ynugepcumem, kageopa dbuoxumuu, MUKpoOUoIo2uu u OUOmexHoso2u
ani.zakharyan@ysu.am

Brma mccnenoBaHa akTMBHOCTH (hePMEHTOB OMOCHHTE3a NPOJIMHA U3 OPHUTHHA (OPHUTHHT-
paHCaMHHa3bl ¥ MHPPOJINH-5-KapOOKCHIaTPpeayKTa3bl) U BHYTPUKIICTOUHAS JIOKAIU3ALUS 3TUX (ep-
MEHTOB B Pa3IMYHBIX OpraHax panyxHoil dopenu. VcciemoBaHus IOKas3aid, YTO camasi BBICOKAs
AKTHBHOCTB 3TUX ()epMEHTOB OOHAPY>KEHO B MKPHUHKAX W B IICUCHH, a camasi HU3Kasl - B II0YKax. AK-
THBHOCTb (DEpMEHTOB OHOCHHTE3a IPOJIMHA U3 OPHUTHHA IIPOSBIAECTCA KaK B HAaJOCAI04HOM, TaK U B
0caJloyHOH (pakuuK roMoreHaTa, Ho 0ojee BbICOKas aKTMBHOCTb MPOSBILIETCS B 0CaJOYHON (pak-
LUH, TO €CTh 3TU (PePMEHTHI NMEIOT MHTOXOHPHANBHYIO JIOKATH3ALHIO.

OpHnumunmpancamunasa - RUPpoIUH-5-kapbokcurampeoykmasa - 6HympuKaemounas 10Kau-
3ayus epmenmos

Aruntduwuhnybp £ opuhwnhUhg wpnihuh YGUuwuhUpbgh $EpUBUWLUENPH  (opuhnhUnpwluw-
Uhtuwgh W whnpnihU-5-wppopupiwinntnniynwah) wynhynieintup W win $epdtunutnh Ukppeewihu
nbnwywnudp hpluwu dywu wnwpptp opqwuutpnud: IGwnwgnunniejnllutpp gnyg Bu ndb, np wyn
dtpubunuEnh wutlwpwnép wynhynipintu hwyinuwptbpdb) £ dyuyhpUtnpnud W gwpnnud, huy wdtlw-
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gwén wywhynieintt® Bphywdutpnud: Opuhwinhuhg wpnihuh YebuwuhUebgh $EpdGUnuEph wynhynt-
RNl hwjinuwpbpytbp £ hndngGuwwnh W yGpuundwépwiht, W bungwépwihu $pwyghwubpnid, pwig
wytlh pwpén wywpynieintt npulenpdt) £ bunduwéenid, wyjuhuel' wju $EpdGUnlbpu nlukl Jhun-
pnunnphw| nnGnwywjned:

onlpuinhlinnwliuwdhliwq - whprmhl-5 - Gwppopupjwwnntnniyuwq-pandGlnlibnh UGppsswyhl
wnbnwlhuwyntd

The regulation of the activity of the enzymes (ornitintransaminaze and pyrroline-5-
carboxylate reductaze) during the proline synthesis from the ornitine in the different organs of the
trout has been studied. It iz discovered that the activity of the enzymes is much higher in the Caviar
and in the liver, and much deep in the kidneys. The activity of the enzymes during the proline
synthesis from the ornitine are found in the supersedimentary and sedimentary fraction of the
homogenate, but more higher in the sedimentary fractinon, that is these enzymes have
mitoqondriallocaization.

Ornitintransaminaze - Pyrroline-5-carboxylate reductaze — Ultracellular localization of
enzymes

BrocuHTe3 nposinHa y MHUKPOOPIaHU3MOB, PACTEHUH M JKUBOTHBIX OCYILECTBIISIETCS
JIBYMSI M3BECTHBIMH IYTSMHU: IJIyTaMaTHBIM M OPHUTHHOBBIM. B pesynbrare HavanbHBIX
peakuunii oboux myrtei oOpasyroTcs L-momyanpaeruariayTaMUHOBONH KHCIOTHI M IIPOIYKT
€ro CIOHTaHHOW nukim3anuu: L-mupponua-5-kapookcmiar ([15K). brocunTe3 nponmHa u3
OpPHHTHHA IPOUCXOJUT JNOO [€3aMHHHPOBAHMEM AaMUHOTPYIIIBI OpHUTHHA B anbga-
TIOJIOKEHHUHU ¢ 00pa3oBaHHEM MUpPpoInH-2-kKapookmiara (I[12K), mnbo B mempTa monoxeHun
¢ obOpazoanmeMm II5SK, KOTOpBIi MMeeT CBOWCTBA, CBSI3aHHBIE C pPENOKC OamaHCcOM |
OCMOTHYECKHM CTPECCOM M JaeT BO3MOXKHOCTH (DOKYCHPOBATHCA Ha pasIM4HBbIE HCCIIe-
JIOBaHUS B 00JOCTHU3IPAaBOXPAHEHNUS W arpoHOMuH [2]. BrocnuHTe3 mpojnHa U3 OpHUTHHA
OCYIIECTBSIETCS C TIOMOILBIO IBYX hepMeHTOB: opHUTHHTpaHcamuHasbl (OT) u mupposumH-
5-xapOoxcunarpenykrassl (IISKP).

Jnst mzyyeHna pasnuyHbIX (EpMEHTOB 4epe3BbIYAMHO Ba)KHBIM SBSIETCS BOIPOC O
JOKanM3anuu (pepMEeHTOB B CTPYKTYpPHBIX OOpa30BaHMAX KIETKH (SIpO, MHTOXOHJIPUH,
nmm3ocoMbl U 1p.). OCHOBHOE MecTo CHHTe3a Oenka (pakmus pubocom. [lokazaHo, 4TO
(hepMEHTHI TIIMKOJIN3a COCPEAOTOUCHBI IIPEUMYIIIECTBEHHO B PACTBOPUMON (DpaKIMy LIUTO-
IUIa3MBl, B TO BPEMsI KaK IUTOXPOMOKCHIa3a U (pepMeHTs 1ukiaa Kpebca nokanin3oBaHbl BO
¢pakun MutoxoHApHHA. C MEUTOXOHIPUSMH CBSI3aHbI TAKXKe (DEPMEHTHI, KaTAIN3UPYOLIHIe
oKucnuTenbHoe (GochopmIMpoBaHUEe M pacmaj SKUPHBIX KUCIOT. DepMeHTHI, KaTaylu-
3UpyoNe OMOCHHTE3 KUPHBIX KHCIOT, HA000pOT, COAEPIKATCS B PACTBOPUMON (paKkuuu
UTOIIa3Mbl. Pa3sHOOOpas3Hble THApONa3bl MIMA3bl COCPEAOTOYEHBI NMPEUMYLIECTBEHHO B
nu3ocomax. HykneoruaunrpaHncdepasbl, yCKOPSIOLUIME PEaKLUIO NepeHOca HyKICOTHIHBIX
OCTaTKOB IIpU HOBOO6p8.30BaHI/II/l HYKJICMHOBBIX KHCOT, JIOKAJIM30BaHbl B OCHOBHOM B
siepHOM ammnapare ketku. COorylaCHO TaHHBIM JIUTEPATyPhl (PEPMEHTHI OMOCHHTE3a MPOJIH-
Ha u3 opuutnHa (OT n II5SKP) cocpenorodyeHsl B pacTBOpUMON (pakIMy FOMOTE€HATOB,
XOTSl aKTUBHOCTH (PEPMEHTOB OOHapy>KMBAaeTCsi U B MHUTOXOHIpUaNbHON (pakunu [4].
Hamu Oblna mocraBiieHa 3a1aua N3yYUTh aKTUBHOCTH (PEpMEHTOB OMOCHHTE3a MPOJIMHA U3
opuutrHa: OT u I[15KP u BBIABHTH WX BHYTPHKICTOUYHYIO JOKAIHM3ALIUIO B Pa3IIMYHBIX
OpraHax paxy>KHOH Gopeiu.

Marepuaj 4 MeTOIMKA

OOBbEeKTOM HCCIIEIOBaHUS CIIYKHIM caMKu pbiObl opensb (ParasamoMikiss) maccoit
0.7-1 kr. McceqoBaHus MPOBOIMH B JISTHHE MECAIBI. AKTUBHOCTh (DEPMEHTOB OMOCHHTE3a
NPOJIMHA OIPENIENISUIN 110 KOJIWYECTBY CHHTE3MPOBAaHHOTO nposinHa. KonmyecTBo mposmna
oTpeNessIn XMMU4YeCKUM MeTosioM biiymentpanTia [3]. Cratuctudeckyro 10CTOBEPHOCTh
TMOJYUYCHHBIX TaHHBIX PACCUUTBIBAJIN 10 METOAY BapHaLlHOHHOﬂ CTAaTUCTUKHU C BBIACJICHUEM
KpuTepust JocTroBepHOCcTH 110 CTiofeHTy (p).
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Pe3ysbTaThl H 06cyKIeHHE
B mepByro ouepenb MBI M3YyUMIM aKTHBHOCTh (PEPMEHTOB OMOCHHTE3a NPOJIMHA M3
opuutnuHa: OT u [I5KP B pa3nuysbIX opranax pamxyxHoi gopenn (Tadm. 1)

Ta6muua 1. AkTuBHOCTH (PepMEHTOB OMOCHHTE3a MPOJIMHA B PA3IUYHBIX OpraHax pajIyKHOU
¢dopenu, 1 MkModb/T cBexel Tkanu, n=5, M + m

Oprasbt AxtuHocts OT u IISKP
[Toukun 1.01 £0.07
ITeuens 5.21 £0.37
Kabpsr 1.69 +£0.17
Cepare 2.78 £0.20

Wxpuaku 6.4 £0.44

Bbuto moka3aHo, YTO aKTMBHOCTh (hEPMEHTOB OMOCHHTE3a MPOJMHA W3 OPHUTHUHA
HanOoJee BRICOKA B MKPHUHKAX M B IEYCHU, U Hanboyee HU3Ka - B MOYKax. Panee B Hameit
nabopaTopun ObUTa M3ydeHa aKTHBHOCTh (DEPMEHTOB OMOCHHTE3a MPOJHHA B PA3HUYHBIX
OpraHax ca3aHa W €CJId CPaBHUTh aKTUBHOCTh ()ePMEHTOB OMOCHHTE3a MPOJIMHA PATYKHOM
(dopenu u cazaHa, TO MOXHO OTMETHUTh, UTO y (popeim BO BCceX OpraHax, KpoMe IOYCK,
AKTUBHOCTH ()EPMEHTOB BEIIIIE, YeM y ca3aHa, B IIOYKaxX e, Hao0opoT, BhIlIe y ca3aHa [1].
Jamee Hamu ObLIa HMCCEOBaHA BHYTPUKIICTOYHAS JIOKAIM3alUs (EpPMEHTOB OHOCHHTE3a

NPOJIMHA B HEKOTOPBIX OpraHax ¢openu (tadim.2).

Tabnuna 2. BHyTpukieroyHas okanu3auus GepMeHTOB OMOCHHTE3a MPOJIMHA B PA3IMYHBIX OpraHax
pany>xHo# ¢opemnn, 1 MKMoJb/T cBexel Tkanu, n=5, M + m

Opransl bpakyn AxtuBHocTs OT 1 I[I5KP
[Touku FOMOT'€HAT 1.12 +0.08
HaJI0CaI0K 0.28 £0.03
0CaI0K 0.73 £0.05
[Teuens TOMOTEHAT 5.32+0.38
HA/I0Ca0K 2.17 £0.15
0CaJIo0K 3.07+0.21
Cepare TOMOT€HAT 2.29 +0.17
HaJ0CaZ0K 1.69 +0.10
0CaJIo0K 1.51 £0.09

Pe3ynbraThl HcclietoBaHus MMOKA3aJIM, YTO aKTUBHOCTH (DEPMEHTAaTHBHOTO Ipoliecca
OuocuHTE3a MPOJIMHA U3 OPHUTHHA MPOSIBSIETCS KaK B HaJ0CA/IKe, TaK U B OCaJKe, IIPHYEM B
NeYeHH aKTUBHOCTH B OCAJIKe 3HAYMUTEIBHO BBIIIE, a B CEPALC OYTH OJMHAKOBA B OCAJIKE
B Hajocajke. [loylydeHHbIC JaHHBIC JAIOT BO3MOXKHOCTH CHEJATh BBHIBOA O TOM, YTO B
pa3IHYHBIX OpraHax (openn GepMeHTH OMOCHHTE3a MPOJMHA UMEIOT B OCHOBHOM MHTO-
XOHIPHAIBHYIO JIOKAJIHU3ALHUIO, CIEI0BATEIbHO OOHAPY)KEHHYI0 HAMH HEKOTOPYIO aKTUB-
HOCTh B HaJ0CAJKe MOXKHO OOBSICHUTH IIEPEXOIOM IIPH FOMOTEHU3ALMH OPraHoB (hepMeH-
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TOB M3 MUTOXOHJIPHH B pPacTBOPHMYIO (hpakIHIO, TeM OoJee, 4YTO TOMOTeHH3aIMs 1 [IeHT-
pudyrupoBaHue NPOBOAMINCH B THIIOOCMOCMOTHYECKOH Ccpeie.
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PEI'YJUPYIOIIUN D®PEKT SKQ1 HA AKTUBHOCTD
MG*-AT®A3bl B MUTOXOHJIPUAX PA3JIMYHBIX OPTAHOB
KPBIC IIPU KOPA3OJI-UHAYIIMPOBAHHBIX
SQNMWIENTU®OPMHBIX ITPUITAIKAX

A.C. MAPTAPSIH', P.B. BAJJAJISIH', A.A. CHMOHSIH?, P.A. CHMOHSIH'

! Unemumym Guoxumuu um. I Bynsmana HAH PA
2Huemumym @usuxo-xumuseckoii 6uonoeuu um. A.H. Benozepckozo MI'Y, P®

anahit78.78(@mail.ru

8nig £ wipydb, np uwhwnwy wrlbwnubphu Uepwpyywé SkQ1-p hwdwhwpebgunid £ ninbnhg W
pwpnhg  wlpwwnyws  dhnngnunphnwdubpnd Mg?-Ubdwah wywnhynipjwl npulnpwé  2tnnidutbpp
Unpwanih tnwpptp swthwpwdhuubpny Jwywéywé twyhiGwuhwih nbwentd:

Ewpybugupu, Ynnwaqny, dpinnenunppnid, SkQI, Mg**-UEDwq:

bbu10 MOKa3aHO, YTO MPU MOJIEIUPOBAHHBIX SMTHICHTH(GOPMHBIX IIPUIIAJIKaX PA3HBIMH 103aMU
Kopasoia Hebekims SkQ1 KOppHTHpyeT OTKIOHEH!s B akTHBHOCTH Mg® -AT®asbl B METOXOHAPHSX
MO3Ta U MeYeHHN OENbIX KPBIC.

Onunencus, kopaszon, mumoxonopuu, SkQ1, Mg”—A Tdasa.

It has been shown that injected SkQ1 correlated Mg**-ATPase activity changes from white
rats brain and liver mitochondria during epilepsy induced by using different doses of corazole.
Epilepsy, corazole, mitochondria, SkQI, Mgz *_ATPase.

Onuiiencus SBISCTCS XPOHUYECKAM TONMATHONIOTHISCKHM 3a00JIeBaHUEM, PACIIPO-
CTPaHCHHOCTb KOTOPOTO CPEIX HACEIICHUS 3€MHOTO IIIapa COCTABISAECT OKOJIO 5 CIlydacB Ha
1000 genoBek (1.€. 0,5%), a B cmabo pa3puthix crpanax mocruraet 0,8-1% u 6omee. Crox-
HOCTh ¥ MHOT'OIPAHHOCTb SIHUJICTICUH, & TAK)KE €ro BIUSHHUE HA BCE CTOPOHBI XKU3HHU 00Jb-
HOTO YeJIOBEKa AWKTYET HEOOXOMUMOCTh TIyOOKOTO aHalu3a ATOH MPOOJIEeMBI ¢ MEIHKO-
COIMANILHOM TOYKM 3peHus [2].

docdopHble COETUHEHHUs] BXOJSIT B COCTAB LUTOIUIA3Mbl M KIETOUHBIX CTPYKTYP
OpraHu3Ma W SIBJISIOTCSI O0SI3aTENIbHBIM YCIIOBHEM HX CYLIECTBOBAaHHMS W HOPMAaJbHOU
KU3BHCACATCIBbHOCTHU KIICTOK. yFHeBOZ[bI n ux HpOl/l3BOZ[HI)Ie CJ'Iy)KaT 3HepFeTl/I‘-IeCKI/IM,
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CTPYKTYPHBIM W TUIACTHYCCKHM MAaTEPHAIOM, CyOCTpaTaMH M PEryJISTOpaMHU BaKHEHIINX
OMOXMMHYECKUX IpomeccoB. EcTh OCHOBaHME IOJaraTh, YTO COJCp)KaHHMEM W WHTEH-
CHUBHOCTBIO pacmana GochOopHBIX COSAMHEHHH OmpeaenseTcs GyHKINOHAIbHOE COCTOSHUE
neHTpansHoi HepBHOH cuctemsl (LITHC). Jedunur pepMeHTOB 3HEPreTHUECKOro 0OMeHa
MOJKET MIPHUBECTH K TSHKEIBIM 3a00IeBaHUAM [3], B TOM YHCIIE, STHAICTICHH.

B Hamux npenpiaymux paborax [4-6] ObUIO MMOKa3aHO, 4TO IMPU AMMIEHTH(HOPMHBIX
MPUIIAIKaX, MHIYLIUPOBAHHBIX KOPA30JIOM, CTAaTHCTHYECKH JOCTOBEPHO CTUMYJIHPYETCS
(yaxknronanbHast akTuBHOCTE AT®a3bl B pa3IMUHbBIX OpTraHax y OeNbIX KPBIC, a JHIOTEHHO
BBEJICHHBI 0-TOKO(EPOT U €ro CHHEPruCT — THOCYJIb(paT HATPHs BBICTYMAIOT B POJH
AHTUOKCUJIAHTHOI'O CTHUMYIJIATOpA 3H[l0FeHHOﬁ CHUCTEMbI aHTHpa)Il/IKaﬂbHOﬁ 3alIUThI
KJIETKH.

Lenpro HACTOSAIIETO MCCIIENOBAHMS SIBIJIOCH BBISCHEHHE POJIM M3BECTHOTO IIperapara
CkymauéBa — SkQl B m3meHenmn aktuBHOCTH AT®azel. SkQ, pa3paOoTaHHBIA aka.
B.I1.CkymageBeiM U coTp. B UHCTHTyTE (m3nmko-xummdeckoir Omomornu um. A.H.Bemo-
3epckoro MI'Y, sBiseTcss MPOW3BOAHBIMH IUIACTOXHHOHA, KOHBIOTHPOBAHHBIMU C JIAIIO-
(OMITBHBIMHA KaTHOHAMM, YTO ITO3BOJISIET UM CBOOOIHO MPOHWKAThH depe3 OMCIOWHBIE ITH-
MUAHBIE MEMOpaHbl MUTOXOHIIPHH [8].

B mnpencraBnenHolt paboTe B ombITax in vivo Mbl uccienoBaniu Biusaue SkQIl Ha
KATAJTUTHIECKYIO aKTHBHOCTh Mg -~ATda3pl B MUTOXOHIPHSX OEITBIX KPBIC IPH KOPA30JI-
MHJIyIUPOBaHHBIX SNHIENTH(GOPMHBIX MpHUIAaIKaxX. DNWIENTAPOPMHBIE MPUIAIKH BbI3bI-
BaJll OJTHOPA30BBIM BBEJIEHHWEM Pa3HBIX 7103 Kopaszona (5 Mr wiu 8 MT), 4TO MO3BOJIMIO
M3Y4YHTh TAKXKE JI030BYIO0 3aBUCHMOCTh U3MEHEHHNH aKTUBHOCTH HCCIIEyeMoro (pepMeHTa.

MatepuaJjbl 4 MeTOAbI

B skcnepuMeHTax HMCIonb30BaNIN OECIOpOIHBIX Kpblc-camioB Maccoir 180-200 r,
COJICPIKaBIIUXCSI B YCIOBUSIX BUBAPHSI IIPH €CTECTBEHHOM OCBEIEHHU M CBOOOJHOM JIOCTY-
ne K BOJE M IUIe. DMwiIenTH(OPMHBIEC NPHUITAJKN BBI3BIBAIN OJHOPA30BBIM BBEACHHEM
KOpa3oJia BHYTPUMBIIIEYHO U3 pacdera 5 mr mwiu 8 mr Ha 100 T Beca ;KHBOTHOTO.

IloponbITHEIE XKUBOTHBIE OBUIM pa3zesieHbl Ha 5 rpynm. JKHBOTHBIM KOHTPOJIBHOM
rpynmsl BBOmH 1M ¢u3pactBopa. B omprtHbIX Tpymmax Il u Il XKUBOTHBIM BBOIWIIN
Kopaszon u3 pacdeta 5 mr mwiau 8 mr Ha 100 T Beca >kuBoTHOTO B 1 M Bojabl. JKMBOTHEIE
ombITHEIX rpynma [V u V B teuenne 2 mHeit BBommm SkQ1 B pacuere 37 um SkQ1 B Imn
BOJIbI OJIMH pa3 B JIeHb, a B JIeHb OTMbITAa BBOAMIN Kopa3os 5 mr wiu 8 mr Ha 100 T Beca
JKMBOTHOTO B 1 MJI BOZBI.

CynopoxHoe moBefeHre Habmonanu B TeueHue 20 MUH Toclie MHBEKIIUU KOpa3oJa.
Cranuu cyzopor onpenelsui o moauduiupoBanHoi mkaine Racine R.J. [11].

JKMBOTHBIX JEKAMTHUPOBAIH IOCIIE MOJHOTO INPOSBICHHUS TeHEPAIN30BaHHBIX TOHU-
KO-KJIOHMYecKux cynopor. Ilocie nexamuranuy COOTBETCTBYIOUIMX TKAaHSAX ONPENEIIsIN
aktuBHOCT Mg’ -AT®a3sl 1O HApacTaHMIO B Cpele COJACPIKAHHS HEOPraHHYECKOro
¢docdara. Py onpenensnu no Jloypu u coasT. [9] B Mogndukanuu Cxynauesa [7] u
nepecunthiBan Ha Mr Oemka [10]. [TomydenHsle maHHBIE 00paOOTaHBI CTATHCTHYECKH.
JloCTOBEpHOCTh pa3nuunii MEXIy CPEJHHMH BEIMYMHAMH OMPENEIUIN 1O t-KPUTEPHIO
CreromenTa [1].

Pe3yabTaTthl M 00CyxKAeHUE

JlaHHble, MOJIyYEHHBIE B pE3yJIbTaTe€ HAIIMX MCCIEAOBAHUM, NOKA3bIBAIOT, YTO IIPU
Pa3HBIX 033X KOpas3oJyia CABUIYA B aKTUBHOCTHU Mg2+—AT(Da31>1 HEOJIOHO3HAYHBI.

JlaHHbIEe HAIIUX 3KCIEPUMEHTOB I10 U3YYEHUIO CIIBUTOB aKTUBHOCTH Mg2+—3aBnchoﬁ
AT®a3pl B UHTAKTHBIX MUTOXOHJPHUSIX MO3ra KpbIC MPU KOPa30JI-UHAYLUUPOBAHHBIX 3IH-
nentuOpMHBIX Ccymoporax o Boszaeicteuem SkQ1 nmpuseneHs! B rpaduke 1.
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Kak moka3pIBalOT TONYyYEHHBIC pE3yJIbTAaThl, IPH BHYTPUMBIIICYHOM BBEICHHUH
KpbIcaM Kopa3zoiia B o3¢ 5 mr Ha 100 T Beca )KHBOTHOTO B MUTOXOHJIPUSX MO3Ta IMTPUBOIUT
k moBeimennto AT®azHoit aktuBHOCTH. [Ipm mHBEKIME Kopas3oia B mo3e 8mr/100r ka-
TAJIUTHYECKasl aKTHBHOCTH (pepMeHTa, TI0 CPaBHEHHUIO C KOHTpoJieM, yrHetaercs. [lox Bims-
uuem SkQ1 axruBHOCTE Mg> -AT®a3s! B onbITHOI rpymme IV 10CTOBEpHO HHrHGHpYeTCs
[0 CPaBHEHUIO C JAHHBIMH, mosydeHHbiMH OT Il rpynmel, a B rpynne V BBenenne SkQl
MIPUBOJAXT K JIOCTOBEPHOMY MOBHIIIEHHIO aKTUBHOCTH AT®a3pl M0 CpaBHEHUIO C TPYMIIOit
II1. Y3 nonyueHHbIX AaHHBIX MOXKHO KOHCTaTUPOBaTh TOT (akT, uto SKQ1 mmeeT nporek-
TOPHOC BJIMAHUC HA MNATOTCHHBLIC CABUIUW B aKTHUBHOCTU ATCDaSbI npu BOSHeﬁCTBHH KO-
pasona.

Ipadmk 1. AkruBHocTs Mg?'-AT®a3si B MHTOXOHIPHAX MO313 DEJIBIX KPhIC
1PH KOPa30J-HHIYUHPOBAHHBIX 3umienTHgopMubIx cytoporax n Biananune SkQ1
M=5ME:n-9

5.00 BKoHIpo1E
B Kopazon (5ur)

;_ B Kopazon (8ur)
= 400 : : 5
e v B Kopazon | SkQ1 (3wr)
3 B Kopazon | SkQ1 (8Swr)
Z sm
=
v
g 2m
g
e
=
@
a 100
=]

[N

WHTepecHble pe3ynbTaThl MOJIYYEHBI TaKKe NPH W3YyYEHHH aKTUBHOCTH (EepMEHTa B
MeYEeHOYHON TKaHu. B Tex xe YCJIOBUAX OIbITa NPHU BHYTPUMBIIICYHOM BBCIACHHUU KOpa-
30712 B 103¢ SMr/100r Beca KaTanuTHUCKas akTHBHOCTE Mg’ -3aBucumMoii ATda3bl B MUTO-
XOHJIPHSIX MEYEHH TaK)Ke JOCTOBEPHO CTUMYJHUPYETCS 0 CPaBHEHHIO C KOHTposieM (rpa-
dux 2). Beenenue xe kopazona B go3e Smr/100 T He CTHMyIMpyeT aKTHBHOCTH Mg’'-
AT®a3bl B MUTOXOHAPHSIX [1€YEHH, a HA00OPOT - HHTHOUPYET.

ITpy u3ydeHUH akTUBHOCTU (pEpMEHTa B INEUYEHOYHOW TKaHM NPU COBMECTHOM BBE-
neane SkQ1 u xopa3oia coriacHO JaHHBIM, IPUBEICHHBIM B TpaduKe 2, aKTUBHOCTE (hep-
MEHTa B MUTOXOH/IPHSIX TICUSHH IO BIUSHUEM BBEICHHOTO KpbicaM SkQ1 momaBisieTcs o
CPaBHEHUIO C TPYIMION JKUBOTHBIX, IMOJYYMBIIMX TOJIKO Kopaszos B mo3e Smr/100r. [pu
COBMECTHOHM K€ HMHBEKIHMH Kopa3osia B kosmdectBe 8 mMr m SkQ1 HabOmaromaercst CTu-
MYJINPOBAHHE aKTUBHOCTHU Mg2+-ATd>a3LI B MUTOXOHJPUSAX IIEYEHU IO CPAaBHEHUIO C TPYII-
MO JKMBOTHBIX, MOIYYaIOIUX TOJIBKO Kopa3ou B 1o3e 8mr/100r Beca )HUBOTHOTO.

06061113,51 JaHHBIC HAIIMX OIBbITOB, MOXHO 3aK/IIOUYUTb, YTO BHYTPUMBIIICYHOC BBC-
nenne SkQI HHMBeNMpyeT OTKIOHEHHs B akTHBHOCTH Mg>'-AT®da3bl B M30IHPOBAHHBIX
MUTOXOHJPHSIX MO3ra M TEYEHH OeJbIX KPBIC NIPU MOJEIMPOBAHHBIX IMMMICHTH(HOPMHBIX
MIpUNagKax pa3HbIMH J03aMH KOpa3oJia.
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I'papk 2. AKTHEHOCTE ME2 - ATMatn B METOXOHIPHAX METeHH DeahIX KPRIC
HPH KOPAsI=-HHIYIHPOBAHHBIX :}lm.uell'l'mpop\mhl‘x. CYAOPOTAX H BJOHAHHE Sle
MLSMEL.: 09
3.00 OKOHTPOTE
EE lKopazor1 (3Mr)
B Kopazor (8wr)

= BlopazoT | SkQ1 (5ur)

= BKopazoT | $kQ1 (8ur)

=

e 2

-

B

a3

[t=

Z

»

i

2 100

=

=

=

o

o

=

0.0 -
e aRTHRATONA o

Cnucok l/ICHOJ'l]:?.yeMOﬁ JIUTEPATypbl

1.

o

10.

11.

beccmepmuovrii 5.C. Marematnuueckass CTaTUCTUKA B KIMHUYECKOH, MPOPHUIAKTUYECKOH H
JKCIEepUMEHTaIbHOM MenunuHe. M. 1967.

I3k JL.A., 3enxoe JI.P., Kupuuenxo A.I". Onunencus. — Kues: Kuura-mmoc, C.168. 2001.
Pyoaxosa U.I'. BnusiHue COBpPEMEHHBIX IPOTHBOAIWICIITHYECKUX MPENapaToB Ha KauecTBO
sku3HH O0sbHBIX dmencueit / .I'. Pynakosa, O.C. Mopo3zoBa, A.C. Koros // JKypH. HeBpoI1.
u ncuxuatpuu uM. C.C. Kopcaxoga. - 2008. Beim. 3. - C. 36-40.

Cumonsn JLA., Cumonan A.A., baoanan P.b., Mapeapsn A.C., Cumonan P.A., Kapazezan K.I'.
Kopperupyromuii adpdekr a-tokodeposa u THOCynbdaTa HaTpusi Ha akTHBHOCTH ATO-
¢dochorumponazsl B MUTOXOHAPUSX HEYEHH KPbIC C MOJEIUPOBAHHBIM KOPA30JIOM
SHUIENTU(GOPMHBIM IPUMAAKOM. // MexayHaponHas axageMHs HayK OJKOJOTHH H
Oe3onacHocTH X)H3HeAeaTenpHocTH. BectHuk. Cankr-IletepOypr. 2005. T. 10. N 5. C. 174-
176.

Cumonan JLA., Cumonsn A.A., Kapacessn K.I. AT®-dpochorunponazHas akTHBHOCTH B
MO3re KpbIC NpU AMWIENTH(GOPMHBIX MPUIIAIKaX, WHIYLHUPOBAHHBIX KOpa3ojoM. // Bruoi.xk.
Apmennu. 2004. T. 56. N 3-4. C. 226-231.

Cumonsn JI.A., Cumonan I"M., Cumonan A.A., Cumonan M.A. IloBpexxaaromiee Bo3aeicTBre
SMWICNTOreHa KOpa3oJia Ha METaJUIONPOTEHHbI KpoBH in vivo. // Mea. nayka Apenun. 2005.
T. XIV, N 1. C. 30-33.

Ckynaueg B.I1. DuepreTuka Ouonornueckux MmemoOpas. M.: Hayka. 1989. — 564 ctp.
lllingworth B., Cori G.T. // Biochemistry Preparations. 1953. V. 3. P. 1-9.

Lowry O.H., Lopez J.A. Determination of inorganic phosphate in the presence of labelling
ester. // J. Biol. Chem. 1946. V. 162. P. 421.

Lowry O.H., Rosebrough N.J., Farr A.L., Randall R.J. Protein measurement with the folin-
phenol reagent. // J. Biol. Chem. 1951. V. 193. P. 265-275.

Racine R.J. Modification of seizure activity by electrical stimulation. II Motor seizures. //
Electroencephal. Clin. Neurophysiol. 1972. V. 32. P. 281-294.

49



Buoaor. :xypH. Apmenuu, 1 (69), 2017

BJIMAHUE SFASL HA YPOBHU OKUCJIMTEJBHOI'O CTPECCA
B KIIETKAX BPOXIEHHOI'O MMMYHUTETA BOJIbBHBIX
CAXAPHBIM JUABETOM BTOPOI'O THUIIA

MAPTAPSIH C.,"* MAPTUPTOCSIH A.,"* KAPABOH JL.,}
BUTKOBHMY A., MAHYKSHI'."?

1 .
Hncemumym monexynsproii ouonoeuu HAH PA
2 o o .
Poccuiicko-Apmancxkuii (Craeanckuii) ynueepcumem, Epeean, Apmenus
3 N
Hucmumym ummyHono2uu u sxcnepumenmansroti mepanuu um. JI. Xupwdenvoa, Bpoynas, Ilonvwa

Caxapuslii qauaber Broporo tuna (CII2T) sBisieTcst MeTaboIHIecKiM 3a00IeBaHuEeM, XapaK-
TEPU3YyEMbIM XPOHUYECKOW TUIEPKINKEMHEH, HEJOCTATOYHOCTBIO CEKpPELUN WU ACUCTBUS JHIO-
TEHHOTO HWHCYJIMHA, a TaKkkKe AUCOYHKIMeH OeTa KIETOK MOKETyJOYHOW jkele3bl. Pe3ynbrarsl
MOCJIEHUX HCCIIEeIOBaHUM IIOKa3bIBAIOT, YTO B OCHOBE Pa3BUTHs MHOIUX ocioxHeHud mpu CJI2T
JEeXUT HapylIeHHas peryJisiius OKUCIMTENbHOrO cTpecca. llenblo maHHOW paboOTHI SIBUIOCH
omnpejeneHue BIMAHUS pactBopuMmoro juranaa Fas (solubleFasL) Ha okuciauTenbHbIe HPOLECCH B
KIIETKaX BPOXKACHHOTO HMMyHHTeTa y OombHBIX CJI2T M 3m0poBBIX IOHOpOB. B wacTHOCTH,
OIIPEeIeISUINCE YPOBHU aKTUBHBIX (opM kucnopona (ADK) u sxcnpeccHu HEKOTOPHIX TEHOBO KHC-
murensHOTO crpecca (NCF-1, Catalase). CornacHO modydeHHBIM JaHHBIM, sFasL 3HauuTensHO 1M0-
Bermaer yposan A®K B xirerkax menbHo# kpoBu 6onbHBIX CJI2T. Tarke ObUIO IOKa3aHO, YTO B
HelTpoduiax OOJTBHBIX Hocie Bo3jeicTBust sFasL ypoBHUM skcmpeccHu Kartanasbl CHIDKAIOTCS IO
CPaBHEHUIO C KOHTposbHOU rpynnoil. Kpome toro, HeunnynuposanHsiii u sFasL-unnynupoBaHHbIi
ypoBeHb 3kcnpeccun reHa NADPH okcunassl okaszancst HUKeB HEUTpouiIax OOJIBHBIX, YeM B 3710-
poBbIXKiIeTKax. TakuM oOpa3oM, MOTyUeHHBIE Pe3yJIbTaThl CBUAETENBCTBYET O ToM, uTo sFasL cmo-
COOCTBYET MOBBILICHUIO YPOBHEH OKHCIUTENBHOTO cTpecca Yy 6ombHbIX CJI2T. OnHaKo, TOHUKECHHBIE
ypoBau skcnpeccul NADPH oxcraassl kak B HEWHAYIHPOBAHHBIX Tak M sFasL-MHIyIMpoBaHHBIX
Heiirpopmnax GompHBIX C/I2T ykaseBatoT Ha TO, uto NADPH okcmpasa, BeposiTHee Bcero, He
BOBJIeUeHa B 1pouecc sFasL-uHIyupoBaHHOIO MOBBIIICHHS YPOBHEH OKCHIATUBHOIO CTpecca.

oxucaumenvuwiti cmpecc, sFasL, NADPH oxcudaza, kamanaza, AOK

Caxapupiii aguaber 2-oro tuma (C/I2T1) sBisercs MeTabOIUYECKHUM PAcCTPOKUCTBOM,
XapaKTepU3yOUIMMCs TUIEPIVIMKEMHE W HENOCTaTOYHOCTBbIO CEKpPEUUH WU JAeUCTBUSA
9HJIOTEHHOT'O MHCYJIMHA, a TaKkKe JAUCQYHKIMEH OeTa KIETOK IMOJDKETyIOYHOH IKeJe3bl.
[puunnoit pasButust C/J2T MOTYT SBISTBCS KOMIUIEKC (haKTOpOB, B TOM YHCIIE T'€HeE-
THYECKas IPEIPACIONIOKEHHOCTh U GaKkTopbl OKpyskaromei cpeabl. CJI2T 3auactyro cBsizaH
C OCTPBIMH MakKpO- M MHKPO-BACKYJSIDHBIMH OCIIOXKHEHMSMH, KOTOPbIE INPHBOIAT K
MOBPEX/ICHNIO TKaHEH BHYTPEHHHX OPraHOB NPHMEPHO y TOJIOBHHBI JIOAEH ¢ qrabeToM
[1]. MexaHU3MBI, JIeXKanIie B OCHOBE pa3BUTHA ocloxkHeHni mpu C/I2T, mOTHOCTRIO HE
n3ydeHsl. ONHOW W3 OCHOBHBIX TPHUYMH pa3BUTHS ociokHeHU mpu CH2T cumraercs
HapyIIEHHE PEeryJisilMU OKUCIHTEIBHOTO CTPEcca, YTO MPOSBISETCS B MOBBIMICHUHU IIPO-
JOYKIUH CBOOOIHBIX PAJMKAJIOB, a TAKKE HAPYLIEHUSX B CHCTEME aHTHOKCHIAHTHOW 3a-
Tl opranu3ma [2]. M3BecTHO, 4TO 3a00JieBaHUE CBSI3aHO C AKTUBALMEH HEKOTOPHIX
TPAHCKPHIIIIUOHHBIX (haKTOPOB W TPOTeMHKUHA3bl C, a Takke 0Opa30BaHHEM KOHEYHBIX
npoaykros rnukosupoBanus (KIII'). B mima3Me kpoBu KOHEUYHBIE NMPOIYKTHI TNTHKO3UPO-
BaHUs cBs3bIBaloTCs ¢ penentopamu KIIIT, HaXoQsMIUMECS HA MOBEPXHOCTH Makpogaros,
9HJIOTEJIMATIBHBIX M MBIIICYHBIX KJIETKAaX COCYJ0B.OTOT MPOLECC MIPUBOJUT K 00pa30BaHHIO
AKTHBHBIX ()OPM KHCIIOPO/Ia, YTO B CBOIO OYEpEelb aKTHBHPYET HKCIIPECCHIO BOCIIAIUTEINb-
HBIX reHOB [3].
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HenaBHo Obuto mokazano, uro rerepanust ADK npuBomuT K akTUBaLMHM PELETOINpa
Fas [4]. Kpome Toro, y OonmbHBIX CJZI2T MOBBIMIEHHBIE YPOBHH TIIIOKO3bl YBEINYHBAIOT
YpOBHH 3Kcrpeccuu penentopa Fas u ero muranga FasL [5]. OgHako, BOusHAE JHTaHaa
sFasL (soluble FasL) Ha ypoBHU okmcnurenpHOro crpecca mpu CI2T He OBLTO M3y4eHO.
Henpro mamHO# paboThl sBHIIOCH ompeneneHue BiuusHusa sFasL Ha okucnurTensHBIC
nporiecchl B HelTpoduiax y 6ompHBIX C/I2T U 300poBEIX KOHTpOuIeH. [l 3Toi ey Oputn
n3ydeHsl ypoBHn A®K B KieTKax LENbHOW KpoBH mocie ctuMmysinun sFasL, a taxxke
ypoBau MPHK renoB NADPH okcunassl (NCF-1) u karanazsr (CAT).

MarepuaJjibl 1 METOAbI

O06pa3ip! nepudepudeckoil KpoBr ObUTH mosTydeHbl 0T 17 GompHbIX CJI2T (cpemuuit
Bo3pact 54.5 + 4.8) u 13 3mopoBeIX KOHTpoOIIEH (cpemanuii Bo3pact 35 + 5.2). luarao3 CHA2T
OBUT TIOCTABJIEH COTIIACHO MeXTyHapoHbM kputepusm (BO3, 2003). HccnenoBanue 0110
OIOOpPEHO HJTUYECKMM KOMHTETOM WHCTHUTYTa MOJEKyispHoi Omomornu HAH PA
(IRBIORG0003427).

Invitro moodens unoyyupoeanus rkiemox sFasL: OOpa3mpl UENbHOW KpOBHOBLTH
KynbTHBUpOBaHbl B cpere RPMI-1640 (Gibco) ¢ nodasnenuem 10% deranbHoii Tensuben
CHIBOPOTKH U 2 mMML-rimrotamuna. JIJ1s HCCIIeA0BaHUS SKCIPECCHH I€HOB B HelTpoduiax,
KJICTKH OBLIH BBIAEIICHBI Ha rpaguente Histopaque®-1077, mocie dero 6%10° kietok 6butH
KyIbTHBHPOBAHbI B TOH e cpeie B Teuenue 3 uacoB mpu 37°C. JIist usydenus invitro
Bo3zeiictBust sFasL muranna (150ng/ml) xieTku ObUTM KyJbTUBHUPOBaHBI B NPHUCYTCTBHU
WU OTCYTCTBUM JIMT'aHOA. ITocne KyJbTHUBAIllUN 06pa3u1>1 I.leﬂ]:-HOﬁ KpOBHU OBLIIM HCIIOJIb-
30BaHbl JUI U3MEPEHHs] YPOBHEH OKHCIMTENILHOTO cTpecca, a HeWTpoduibl OblIM coxpa-
nenb! pu -20°C B RNAlater 1o nposenenns I1L[P B peabHOM BpeMeHH.

H3zmepenue ypoeneit ADK: YPOBHU OKUCIHUTEIBHOIO CTpecca HU3MEPSUIUCH C IO-
Morrpio auruapoponamuna 123 (DHR-123). [Tocne KyJapTUBAIMH KIETKH IETHHON KPOBU
6bLIH HHKYOMpOBaHE! B npucyTcTBrH 10uM DHR-123 npu 37°C. Tocne nHKyGamuy Kiet-
KH OBUTH TN3MPOBAHBIN aHATM3UPOBAHKI Ha poTouHoM nutomerpe (PartecCyFlowSpace).

Buioenenue PHK u nposeoenue IIIIP ¢ peanvnom epemenu: J{ns suinenenns PHK
6511 mcronp3oBaH RNeasy® MiniKit (QIAGEN) cormacHO mpOTOKONY MPOU3BOIUTENS.
Cunres k JJHK 6bu1 oCyIIeCTBICH C TOMOIIBIO HAOOP aiScriptTM Adnvancedc DNA Synthe-
sis Kit (BIORAD). ITLIP B peanbHOM BpeMeHH ObLI NMPOBEJEH C MOMOLIbIO TEXHUKH Taq
Man® Gene Expression Assays. I1IIP B peaqbHOM BpeMeHH ObUI 3amyleH Ha mpubope
Applied Biosystem Viia 7 Real-Time. B kadecTBe BHYTpeHHEro KOHTpOJS OBLI
UCTONB30BaH 2 MukpornoOynuH (S2M).

Cmamucmuueckuii anaau3: CTaTUCTUYECKUM aHAINA3 ObLI BBIIOJHEH C ITOMOILBIO
nporpammHoro obecriedernss GraphPadPrism 5.01 (GraphPadSoftware, USA). Hopmais-
HOE pacmpezesicHre OBUIO TPOBEPEHO C TOMOIIBIO TecTa HopMaidbHOCTH D'Agostino u
Pearson. I'pymmsl cpaBHHBAUCH MEXAY co00i mpu momomu Paired u Unpairedt Tecra.
CraTucTudecky JOCTOBEPHBIM IPHUHUMANIOCH PA3IMUYNE MEXIy I'PyHIaMH IpU 3HAYEHUN
P<0.05.

Pe3yabTarthl

CornacHo IMOJYYCHHBIM JaHHBIM CIIOHTaAHHAasA OJOKCHPECCHUd H3y4YaCeMbIX TI'C€HOB U
nponykuusi AOK B oOpasiax uenbHOHW KpoBM He Oblla M3MEHEHa B 00EMX HCCIeTyeMbIX
rpynnax (PucyHox 2). YpoBHHM OKHCIMTENBHOTO cTpecca mocie Bo3dxeiictBust sFasL B
3/I0POBBIX M OOJBHBIX KJIE€TKax OBbUIM MOBBILNIEHBI, OJJHAKO TOJIGKO B KJIETKaX OOJBHBIX
CJI2T pa3Huna okasanack cratucrudecku nocroeproit (p=0.05) (Pucynok 1). B HeiTpo-
¢mmax 6ompHBIX CJI2T mocne Bo3meiicTBus sFasL ypoBHE 3Kkcmpeccnn Katanasbl CHIDKA-
JIMCH IO CPABHEHUIO C KOHTPOJIbHOU Tpymmoi (p<0.05). YpoBHu 3xcnpeccun reHa NADPH
OKCHIIa3bl B HEMHAYUUPOBaHHEIX (p<0.05) u sFasL-manynmpoBanubx (p<0.0l) He#HTpo-
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¢unax GonpHeIXx CJI2T OBUIM TOHMXKEHBI 110 CPAaBHEHHIO C TaKOBBIMHU IOKa3aTeJSIMU
310pOBBIX KieTok (PucyHok 2).

ROS-MFI

Pucynok 1: Yposernb ADK B KiI€TKax OLIEHUBAIICS M0 3HAYECHHIO
CpelHel HHTeHCHUBHOCTH (iyopecreHnun poxamuna (MFT).
Ipencrasnens! 6a3ansubie (0), Hennayuuposanusie (Ctl) u sFasL-
unnyuuposannbie (FasL) yposan ADK B kiieTkax 1eabHON KpOBU
3/I0POBBIX JIOHOPOB U 00JbHBIX CLI2T.
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Pucynox 2: Yposuu criontannoi skcnpeccun MPHK renoB NADPH okcupassl (NCF-1) u karana3ssr (Catalase) B
Heirpodunax 6oxpHbIx CL2T (T2DM) 1 310poBeIX noHOopoB (Healthy). YpoBHHU aKkcmpeccu Hcclie yeMbIX TEHOB
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Pucynok 3:Yposuu MPHK renos NADPH oxcuna3sl (NCF-1) u karanassr (Catalase) B HennaynupoBaHHEIX (Ctl)
u sFasL-unnyrupoBaunsix (FasL) nelitpodunax 6omapHbx CA2T (T2DM) 1 310poBsix noHOopoB (Healthy).
*P<0.05 u **P<0.0110CTOBEPHOCTD OTIMYHNA MEXIY IPYIITAMH.

Oo0cyxnenne

OKHCIUTENBHBIN CTPECC UIpaeT KIIFOUEBYIO POJIb B ITOBPEXKIECHUN KIETOK OpraHu3ama
pu CJI21. Beicokue ypOBHU IITFOKO3BI IPUBOIAT K 00Pa30BaHUIO CBOOOIHBIX PATUKAIOB B
SHIOTEJIMATIBHBIX KIIETKaX, HeUTpo(miIax U Makpogarax, 4To B KOHEYHOM CUETE PUBOAUT
K TIOBBIIICHUIO YPOBHEH OKUCIHTEIBFHOTO CTpecca B opraHusme [6]. IlomydeHHBIe HaMu
JaHHBIE BIIEPBHIE MOKa3bIBAIOT, YTo sFasL moBbmmaer ypoBan A®PK B KieTkax IeqpHON
kpoBH 0onbHBIX C/I2T. [loaTBEpKAEHUEM 3TOTO SBUIINCH CHM)KEHHBIE YPOBHHU HKCIIPECCHU
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KaTajasbl 1mocie Bo3zaeicTBus sFasL. Karanazassnsercss ofHUM M3 OCHOBHBIX (DEpMEHTOB
AQHTUOKCH/IAHTHOW 3allUTHl OpPraHM3Ma, KOTOpas WHAKTUBHPYET 00pa30BaBIIHECS IPO-
IYKTBI OKHCIUTENBHOTO cTpecca [7]. HemaBHO ObLTO MOKa3aHO, YTO HEAOCTATOK KaTaiasbl
BbI3bIBaeT yBenmueHue npoaykunn ADK B Oera xireTkax MOKETyJOYHOH KeNe3bl, YTO B
KOHEYHOM UTOTE TPUBOJIUT K Pa3pyIICHUIO STHX KIETOK [§].

B neiitpopunax NADPH okcuziasza urpaer OCHOBHYIO poJjib B Ipoliecce 00pa3oBaHUM
AO®K [9]. Onnako, HECMOTPS HA TO, YTO YPOBHHU SKCIIPECCHUH OKCHIA3BI Y OOJIBHBIX OBUIH
CYIIECTBEHHO HIDKE, YeM Y 3J0POBBIX IOHOPOB (Kak B HEHIYLHPOBaHHBIX, Tak U sFasL-
HMHIYLIMPOBAHHBIX KJeTkax), ypoBHH 3kcnpeccun NADPH oxcunaser (NCF-1) B He#Tpo-
(unax 60JBHBIX MOCHE Bo3aAeHCcTBYs sFasL octannch HeM3MEHHBIMH.

Ilonyuennsle pe3yabTaThl yKa3blBalOT HA TO, YTO ycuiieHue sFasL-uHayuupoBaHHbBIX
OKHCIIUTENBHBIX TpolieccoB B Heirpodmnax OonbHeIX C/I2T Bo3HMkaer NADPH-ne3a-
BUCHMBIM ITyTeM. HeoOXoanmbl nabHENIe UCCIIeIOBAHMS C 1IEIbI0 BBISBICHHS AJIbTEp-
HATUBHBIX CUTHAIBHBIX ITyTEH, BOBICYECHHBIX B IPOLECCHl YCHJIEHHOTO OKHCIUTEIBHOTO
ctpecca mipu CI2T.

Baarogapuocth. Pabora Oplia BEIONHEHA MU TOAAEpKKe Poccuiicko-ApMsSHCKOTO
YHHBEpCHTETa B paMKax rpanTa MuHHCcTepcTBa 0OpazoBanusa U Hayku PO, u ['ocymapct-
BeHHOro KomuteTa 1o Hayke MOH PA B pamkax npoexta Nel6A-1f44.
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Mukosoruueckuii aHajau3 KpacHOro mepua B (epMEepCKUX XO3siicTBax ApTaLIaTCKOTO U
ApMaBHpPCKOTO paiiOHOB, HAa Pa3HBIX CTAAMAX MEPepabOTKM, MOKa3al Ha OCHOBHBIE HCTOYHHMKU
KOHTAMUHAIIUM Tepla MHUNeNuadbHbIMH Trpubamu. B 82% wuccrmenoBaHHBIX 00pasoB ILUIOIOB
KpacHOro mepua u3 Apramarckoro paiiona O0but oOHapyxkeH Bup A. flavus. 3 17 npoananuzupo-
BaHHBIX 00pa3loB KpacHOro Iepra B 9 obpa3max coiepxanue adraTokcuHa B, mpeBbmmano mpe-
JIETIBHO JOITyCTHMBIC KOHIIEHTPAIMK ¥ BapbupoBaiio B npenenax ot 10 xo 50 mxr/kr. Ha ocHoBanmn
HOJy4eHHBIX AaHHBIX cocTaBieH miaH HACCP s npennpusTys 1o MpoU3BOJCTBY KPacHOTO MO-
notoro nepua. [lokazaHo, 4YTO TMTHEHNYECKOE COCTOSIHUE MENIBHUIL SIBJISETCS OJXHOM M3 OCHOBHBIX
KPUTHYECKUX TOUEK, KOTOPBIE CIIOCOOCTBYIOT NOMOJHUTEIBHOMY 3arpsi3HEHHMIO MOJIOTOTO Tepla
a¢IaTOKCUTeHHBIMUA TpUOaMu

kpacnuiii nepey, Aspergillus , A. flavus, konmamunayus, agpramoxcun, HACCP

Upunwowwnh W Updwyhph Jwpgbph nuwnbuncpincuubpnud, ywndhp wynwtnh JGpwdwydwlu
wnwnpbn thnytph ulywpwuwywu  JBppneénieiniup gnyg £ wndbp Jhgbihwy uuybpnd  wnwtnh wn-
innundwl hhduwywlu wnpjneputbpp: Upnwpwnh dwngh uwpdhp wynwbnh nwuncduwuphpywé udnputnh
82% hwjnlbwpbnyt| £ A. flavus inGuwyp: Ywnpdhp wnwtnh nuncdbwuhpgwé 17 Udnpubphg 9 Udnnd
wdh|wwnnpuhl B, wwpnilwyneejntup gbpwquugt) £ enylwwnpbih ynugbUnpwghwt W twwnwudt) £
10-50 Jya/yg uwhdwultpnid: Unwgywé indjuiubph hhdwl ypw, Ywpdhp wynwbnh wpunwnpniejwl
hwdwp, Ywaquyt, £ HACCP wjywup: Snyg £ wipwé, np wnwgubph hhghGuhy Jhdwyp wju jupln-
pwgntu YGwnkphg JGUU £, npnup Uwwuwnnud BU wnwgwé Ywndhp wnwbnh [pwgnighs wnunnundwlp
wdwwnnpuhgbu uuytpny:

Luwnupn wnuwbn, Aspergillus , A. flavus, wnununywdnipynil, wdjwnnpupl, HACCP,

In the farms of the Artashat and Armavir districts, the mycologic analysis of red pepper, at
different stages of processing, has shown the main sources of pepper contamination by filamentous
fungi. The species A. flavus was found in the 82% of the studied samples of red pepper roots from the
Artashat district. The maintenance of the aflatoxin Bl exceeded the maximum permissible
concentration in 9 samples out of 17 analysed samples of red pepper and varied from 10 up to 50
mkg/kg. On the basis of the obtained data, the plan of HACCP was made for the enterprise producing
red ground pepper. It shows that, the hygienic state of mills is one of the main critical points which
contributes to the additional contamination of the ground pepper by aflatoxigenic fungi.

Key words: red pepper, Aspergillus, A. flavus, contamination, aflatoxin, HACCP,

Wzyuenne ycnoBuil MmopakeHus! MUILEBBIX MPOJIYKTOB, B TOM YHCIIE M CHELUH MH-
LEeIHaTbHBIMH TPHOaMH M OLIEHKa BO3MOXHBIX CIIOCOOOB CHM)KEHHS 3aCIOpPEHHOCTH
SBIISIIOTCS. BOKHBIMHU aclieKTaMU NPOOJIeMbl, CBSI3aHHOM C IOBBIILICHHEM KadecTBa M 0Oe3-
BpenHOCTH uX i morpedurens (Ham et al., 2016).

CornacHo BpabueBa (Vrabcheva, 1998), Tpommdeckue yciioBHsi, B KOTOPBIX IIPOU3-
PAcCTaloT IPSHBIE TPABBI, CIIOCOOCTBYIOT MX KOHTAMHHALNH IIECHEOO0Ppa3yOIMMH IpHOaMu
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Y HAKOIUICHHUIO B HUX MUKOTOKCHMHOB. Cpelu MUIIETHAIbHBIX TPHOOB, B MPSHBIX TpaBax,
Han0oJIee YacTO BCTPEUYAOTCS PEACTaBUTENN poJIoB Aspergillus u Penicillium.

W3 temMHOOKpamieHHBIX THOOMHLETOB BHI Alternaria alternata Hambonee dYacTto
MopakaeT Tepel] YMIN KaK B MEPHOJ BereTaluu, Tak u Bo Bpems xpaneHus (Pitt, 2000).
CornacHo Atinnay (Aydin A. et al, 2007), HemocTaToOYHOE COOMIOACHNE TUTHEHHYECKIX YC-
JIOBUI BO BpeMsl CYLIKH U TPAHCIOPTUPOBKH KPACHOTO IMEpLa MOTYT CTaTh HPUYUHOM
pa3BUTHSI HE TOJIBKO TOKCUI'CHHBIX T'PHOOB, HO U MATOTCHHBIX OakTepHii. boJblioe BIusHUe
Ha KauecTBO Ieplia OKa3bIBAIOT TAK)KE W YCJIOBHS €ro XpaHeHHs. BbIcokas BIaXHOCTb U
TeMIepaTypa B MEPHOJ XPAHCHUS MPHUBOAIT K Pa3BUTHIO IJICCHEOOPA3YIOIIUX TPHOOB, U
3TO MOBBIIIACT BEPOSTHOCTh 00PA30BaHMsI U HAKOIUICHUS a(pJIaTOKCHHOB.

Uccnenosanus Pyccena u Ilarrepcona (Russell, Paterson, 2007) ObUIM MOCBSIIEHBI
cUCTeMaTH3alnu OOJIe3HEH KPacHOIro Meplia B MEePHOJ BEreTallii U OMUCAHUIO OCHOBHBIX
BO30yAMTENICH, MPUYEM OCHOBHOEC BHUMAaHWE OBLIO YACICHO BOMPOCY KOHTAMHHAIIUU
KpacHoro rmepua agiaTOKCMHAMU HAa pa3HbIX CTAJMAX BEreTallid M MPOU3BOJCTBA. Bce
00pas3ibl KPACHOTO TIepIia COIEPKAIK BBICOKUI ypoBeHb aduiaTokcuHa B.

ens paboOThl W3Y4YUTh BIMSHHE TMTHEHHUYECKHX YCJIOBHU IMPOM3BOJACTBA KPAaCHOTO
nepia Ha ypOBEHb KOHTAMUHALMM TOTOBOTO MPOAYKTa MHIEIUAIbHBIMU TOKCUT€HHBIMU
rpubamu.

Marepuas u MeTOAbI

OTt0O0p 00pa3ioB MPOBOIWICA B (epMEPCKUX XO3SAHCTBaX ApTalIaTCKOro u Apma-
BHUPCKOTO PaiOHOB Ha PA3HBIX CTAIUIX MEPEepPabOTKHU KPACHOTO Mepiia, B COOTBETCTBUU C
I'OCTom 26669-85, a Takxe cormacHo NF ISO 7954-93 u ISTA (International Seed
Testing Association, 1976).

JUis BBISBJICHUS TPUOOB-KOHTAMHHAHTOB B MCCJICIyEeMBIX 00pa3Iax CYHENH HCIONb-
30BaJI METOJl CEPUIHBIX pa3BENCHUN, METOJI HEOCPEACTBEHHOIO 1oceBa. JlJisi BbIACIEHUS
YUCTHIX KYJIBTYP MHIEIHAIBHBIX TPHOOB HCIIONB30BANH MUTATENBHBIE CPENBI — TIFOKO30-
IpoxxokeBoit arap (M), arap Yameka.

Pe3yabTaTthl M 00CyxKaAeHUE

AHanu3 omacHocTedl M KpuTmueckas koHTpoibHas Touka (HACCP) - srto meton,
KOTOPBIN MCHOJIB3YETCsl Il KOHTPOJIS MpoLeaAyp 00pabOTKU MUILEBBIX HPOJYKTOB IyTeM
BBISIBJICHUSI OITACHOCTEH NMPOM3BOACTBA IIPOIYKTOB [TUTAHUS, KPOME TOTO, sl 0OecrieueH s
0€3011acCHOCTH NHIIEBHIX IPOJYKTOB IYTEM KOHTPOJIS OMACHOCTEH M CHMIKECHHUSI PUCKOB
(Sebnem 2016).

C nenbio BBUIBICHHS OCHOBHBIX MCTOYHMKOB KOHTAMHHAIMM MOJIOTOTO KPacHOT'O
MepIa MECTHOTO NMPOM3BOJCTBA TOKCUTCHHBIMH mTaMMaMu A. flavus — MOTeHINATbHBIMA
NpOXyLEHTaMH a(IaTOKCHHOB, MPOBEJICH MOHUTOPHHI CHIPbSl B TIEPHOJ CO3PEBaHUS U
cbopa ypoxas, a TaKke Ha Pa3HBIX CTAAWAX CYIIKH IUIOJIOB, BO3/AyXa M MEIbHHIBI U
MOJIOTOTO KPAacHOTO IepIia.

Ha cxeme mpeacTaBieHsl cTaluy MPOM3BOACTBA KPACHOIO IEpIa U TOUKH KOTOPBIE
ABIISIFOTCSL HanOoJiee OMACHBIMH AT 3arpPSA3HEHHS KPAcHOTO Iepla MHKOTOKCHI'€HHBIMH
rpubamu.

[IpoBenen ananu3 20 0Opa3nOB MOYBHI M3-HOJA KPAcHOrO Mepua. MUKOJIOrHYecKuid
aHaJIN3 BBIIBIJI BBICOKMH ypOBEHb 3arpsi3HEHHUS MOUYBBI ApTalIaTCKOro paioHa BHIOM A.
flavus (68%). B obpa3nax moussl U3 ApMaBUpCKOro paiioHa Bua A. flavus He Ob1 0OHa-
pyxeH. boutn BeIIeneHbl BUABI U3 poaoB Aspergillus n Alternaria.

B ApMeHnu mioabl ¢ IpU3HAKaMH MEXaHMYECKMX IOBPEXICHUiH, Ooye3Hel Oakre-
PHAITBHOTO MM TPUOHOTO IPOUCXOXKICHHS OCTABIISIOT B TIOJIE 10 TTOJHOTO BBICHIXAHMUS JUIS
MOJTy4eHHsI MOJIOTOTO KpacHoro rnepua. [Ipu ananmnse 20 06pas3nos mepe3penoro KpacHOro
mepra U3 ApTamarcKkoro ' ApMaBHPCKOTO paifoHOB ObUIO BbImeneHo 106 mramMMoB rpu-
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60B. 30smpoBaHHbIE BHUIBI MHUKPOMHIETOB OTHOCSTCS K YeTBIpeM ponam - Alternaria,
Aspergillus, Cladosporium, Stemphylium. Bun A. flavus 6su1 o6HapyxeH B 82% nccie-
JOBaHHBIX 00pa3IOB IUIOAOB KPAacHOTO Iepla n3 ApramaTckoro paiioHa u 14% o0pasios
u3 ApmaBupckoro paidioHa. OTMedYeHa BBICOKAs YacTOTa BCTPEYAEMOCTH TEMHOOKpAIICH-
HBIX TH(OMHIIETOB B 00pa3max mepra u3 ApMaBupckoro paiiona. Hambornee gacto ompe-
Jesuich BUnIbl u3 pona Alternaria. Pon Cladosporium npencrasinen ogaum Bugom C.
herbarum n obHapyxeH B 21% o6pa3nos nepua. Pox Stemphylium npencrasieH 2 BunaMu
—S. botryosum - B 21% u S. ilicis - B 14% o0pa3uoB nepma. B o6pasnax kpacHOTo mepma u3
ApMaBupa JOMUHHPOBAIN CIEAYIOIINE BUIBI U3 poaa Aspergillus - A. niger B 36% 00-
pasuos, A. flavus — B 14%, A. ochraceus B 7%, A. oryzae — B 7%.
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Crnenyromuii TEXHOJIOTHYECKHH 3Tall B MPOU3BOJICTBE KPAacHOrO Mepra - cymka. B
OOJIBIIINHCTBE CJIy4JacB YCJIOBHs CYHIKU HE YAOBJICTBOPAIN THTUCHUYCCKUM Tpe6OBaHI/IHM u
CIOCOOCTBOBAIIM JIOTIOJNHHUTENLHON KOHTaMHHAIMK TPOJYKTa IUIECHEBBIMU TIpubamu. B
TaKHUX YCJOBHUAX MEpell OCTOSHHO 3arpsi3HsAeTcs MbUIbI0 U Ips3bio. [Ipu aHanuse oTobpas-
HBIX 00pa3loB W3 JJAHHOTO MECTa OTMEYaeTCsl BBICOKMH YPOBEHb MX KOHTaMHUHALUK T'PH-
6amu A. flavus n A. niger. Cymika nepua noja «OTKPHITBIM HEOOM» 4acTo NMPHUBOJIUT K yBJla-
JKHEHHUIO TPOMEKYTOYHOTO IPOAYKTa JOXKIEBHIMH OCAIKaMH, YTO SBISIOTCS HPUYUHOM
BTOPUYHOTO 3aruiecHeBeHH. OOBIYHO TaKoe CHIPhE TAKKe MOCTYIMaeT Ha ToMoJ 0e3 Tima-
TeNBHOI copTHpoBKU. [Ipn aHann3e MpoMEXKyTOYHOTO MTPOILYKTa, OTOOPAHHOTO B IpOIIECCe
CYIIKH, BbIeNeHo 97 mraMMoB TpHOOB U3 ponoB Alteranaria, Aspergillus, Cladosporium.
Bun A. flavus Ob1 obHapyxken B 50% wucciieIoBaHHBIX 00pa3lOB CYIIEHHBIX KPacHOTO
nepia u3 ApTamraTckoro paifona u 27% o6pa3noB 3 ApMaBUPCKOTO paiioHa.

BbIsSIBIIEHO CYIIECTBEHHOE BIMSIHUE THTHEHHYECKOTO COCTOSHHSI MEIBHMI[ M IIPOH3-
BOACTBCHHBIX HOMeﬂleHHﬁ, B KOTOPLIX ITPOBOAMUTCA IMOMOJI, HA MHUKOJOTHYCCKYIO 6630-
MaCHOCTb TOTOBOT'O MNPOAYKTA. Meﬂle/ILla JOJIKHa 6bIT]) pasMenicHa B OTACJIbHOM IIOME-
IIEHUH, C IPUTOYHONW BEHTWIALMEH. B ApMaBUpcKoM paifoHe MOMOI meplia IPOBOAUIH B
HETUTHEHUYECKUH YCIIOBHUSX .

Bun A. flavus 6b11 oGHapyxeH B 67% ucciaeJOBaHHBIX 00pa3IoB MOJOTOTO KPacHOTO
nepra u3 Apramarckoro paiioHa u 43% o06pa3noB 3 ApMaBUpPCKOTO paiioHa. B pesyib-
TaTe TOKCHUKOJOTMYECKOro aHanm3a B 2 n3onstax A. flavus, BBIIENCHHBIX M3 KPacHOTO
MOJIOTOTO TiepIia ApTamarckoro paiiona, ooHapysxeH admatokcut B.

IIpoBenen aHanu3 BO3oyXa MOMEIIEHHS, B KOTOPOM IPOBOJUTCS NEpeMasbIBAHUE
nepra. Pe3ynpTaThl aHanmm3a BO3[yXa MOKas3all €ro0 BBICOKYIO CTENEHb 3aCIOPEHHOCTH
Bumgamu pona Aspergillus u Mucor. U3 pona Aspergillus nneHTHUIMPOBAHBI BUIBI A.
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flavus, A. niger, A. fumigatus, A. carbonarius. 13 pona Mucor — M. plumbeus.

Pe3ynbTaThl NPOBEICHHBIX AHAIM30B HA PAa3HBIX CTAAUAX MPOU3BOACTBA MOJIOTOTO
KPacHOTO Iepla Jaji BO3MOXHOCTb BBISIBUTH OCHOBHBIC HCTOYHUKH KOHTAMHHALIUH IIepIa
BugoM A. flavus (pucyHox 1).

100%
80%
67%
60%
40% 43%
7%
20%
4%
0% 0%
Mousa 13 nog, Mnopapl ceexkero Mnopapl cylweHHoro MonoTbii nepe,
nepua nepua nepua
—&— ApTalaTCKnNit paioH —l— ApMaBUPCKUIN palioH

Pucynoxk 1. IlpouieHTHOE COzlepKaHuE BUIA
A. flavus Ha pa3HBIX CTaIHAX IPOU3BOACTBA MOJIOTOTO KPAacCHOTO HepIa.

YCTaHOBIIEHO, YTO B MOJABIISIOIIEM OOJNBIIMHCTBE CIIy4aeB 3arpsi3HEHHE Iepla TeM-
HOOKpAIICHHBIMU TH()OMHULIETAMH IIPOMCXOJHT B TI0JIE BO BPEMs Ber€TaLllH.

Pe3ynbTaThl MUKOJOTHYECKOTO aHaIM3a FOTOBOTO MPOAYKTA MOKA3aJH, YTO MpOoaHa-
JTU3UPOBAHHBIE 00pa3Ibl HAWOOJee YacTO 3arpsa3HSIIOTCS MUICTHATBHBIMH TpHOaAMH -
NOTEHINAJIBHBIMH IPOAYLEHTaMH adaTOKCHHOB. M3 17 mpoaHaIM3npoBaHHBIX 00pa3LoB
KpacHOro Iepia B 9 oOpasuax coxep>xanue aduiaTOKCHHA B; mpeBbIano mpeneasHo 10-
MYCTHMbIE KOHIIEHTPALUK U BapbUpoBalio B rpezesax ot 10 10 50 Mkr/kr.

Ha ocHoBanuu nomnydeHHbIX AaHHBIX cocTaBineH miaH HACCP (Ilnan ananm3a omac-
HOCTEH M KPUTUYECKU KOHTPOJIBHBIE TOUKH) JUIA MPEIIPUATHS 110 IPOU3BOJCTBY KPACHOTO
MoJioToro nepua. I1okazaHo, YTO THTHEHHMYECKOE COCTOSIHUE MEJIBHUILL SIBJISIETCS OJHOW U3
OCHOBHBIX KPHUTHYECKHX TOUYEK, KOTOPOE CHOCOOCTBYET JOMOJHUTEIHHOMY 3arps3HEHHIO
MOJIOTOTO nepua adIaToOKCUTeHHBIMUA T'pUOaMH.

OCHOBHO NPUYUHOM BBHICOKOH KOHTaAMHHHUPOBAHHOCTH MOJIOTOTO KPacHOro Iepua —
9TO HEJOCTAaTOYHOE COOJIIOICHHE TMTMEHHYECKUX YCIOBHH Ha BCEX CTAAMSAX €ro HpOU3-
BOJICTBA, YINAKOBKH, TPAHCIOPTHPOBKH M XpaHeHWs. [IpM 3TOM HeMallOBaXHYIO pOJb
UrPAIOT MOTOJHBIC YCIOBHUS B MEPHOJ cOOpa ypoxas M €ro CymkH. [IpucyTcTBHE TOKCH-
TeHHBIX IITAMMOB I'PHOOB B CIICHUAX IPEICTABISAET TaKKe IMOTEHLUHAJIbHBIA PUCK IS
NHIIEBBIX NPOAYKTOB B PECIyONKe, B MPOM3BOJACTBE KOTOPBIX OHHM HCIIONB3YIOTCA B Ka-
YECTBC UHI'PHUIUCHTOB.
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NCCJIEJOBAHUE ®OTOCUHTETUYECKUX IMT'MEHTOB
TPABAHBIX PACTEHHUU I'OPBI APAT' AILL

T.A. CAPT'CSAAH, M.A. HABACAP/JAH, B.X. MEXYHI]

Lenmp skonoco-noocgheprvix uccnedosanuii HAH Apmenuu
tatevik.sargsyan@cens.am

B crartbe 00001IEHBI PE3yJIbTaThl HCCICAOBAHUN COZEpIKaHUs XJIOPOQUILIOB a,6 M KapOTH-
HOMJIOB B JIMCTBSX CTEIIHBIX PACTCHHH, KaKk Ouojorudyeckue (HakTopbl HAKOIUICHUS OPraHHYEeCKOro
BELIECTBA. Y CTAHOBJICHBI CPEAHUE 3HAYCHUS M Mpesielbl KoneOaHHii MUIMEHTOB B JINCTBSAX JOMHHU-
PYIOLUIMX PACTCHWH W OCHOBHBIX JIYTOBBIX TPymI (37akd, OOOOBBEIC, Pa3sHOTPABHBIC) KOPMOBBIX
yroauii. Iloka3aHO, YTO BBICOKHE IIOKAa3aTENHd CYMMbI IHIMEHTOB B JIMCTBSX TBIpess M BCeX
HCCIEyEeMBIX PACTHTCIBHBIX TPYNI INPUXOIATCS Ha YYacTOK CYyXOCTEHMHOTO IIosca, C MeHee
OIaroNpHUATHEIMH YCIOBUSIMU CPEMBIL.

Gomocunmemuueckue nueMeHmvl — KOPMOBble y200bi — MpaGsaHble pACMeHUs — 31aKu —
00606bie — pazHompagve

Rnnyuénd wdthnthjwé G tnwthwuwnwlwihu pnyubph wnbplluGpnd - w2 pinpndhiubph no
JwpnuhunhnuGph  wwpnibwynipyjwu  Gpwpbpjw)  hGnwgnnneenltlltnh - wpnynlupUbpp,  npwtu
opqwlwywl Uniebph  Yninwydwl  YEUuwpwlwlwl gnpénlubn:  Pwgwhwndtp Bu  Yepwhwl-
nwyutpnwd gGpwypnnn nbuwyutph W hhyuwywu Jwpgwagbunuwiht pniuwpudpbph (hwgwaah, pwy-
lwagh W wwpwhununtp) nGpllubpnd whgutuwnubph Jhghu wpdGeutpp W tnwwnwudwu uwhdwuutpp:
8nug £ wndky, np ubigh W pninp hGtwgnundwéd pniuwtudpbiph inbpllutpnud whgutunubph gnidwpwihu
pwnpépwpdbpubp pwdhu BU puyunud snp nwhwunwlwiht  gnnne  thnpdwwnbnwdwuhl, npuntn
Uhgww)ph ywjdwlutpp UJwqg pwpBuywuwnn Gu:

dnwnnuplpbqnn wheutlnlbn - Genwhwlinwllbn -fununwpnyubn - hwgwaqgh - pwljwaqgh -
wnwinwifununn

In paper the results of study of chlorophylls a, b and carotenoids content in steppe plant
leaves asimportant biological indices of organic matter accumulationare summarized.The mean
values and range of variations of pigments in leaves of dominating plants and principle meadow
groups (grass, legume, forbs) of grasslandsare established. It is shown, that high values sum of
pigments in leaves of quack grassand all studied meadow groups fall on the plot of dry steppe zone
with less favorable environmental conditions.

photosynthetic pigments — grasslands — herbaceous plants — grass —legume — forbs

B ApmeHunn ectecTBEeHHBIE KOPMOBBIE yroabs 3aHuUMaioT Oosee 40% Bceil Teppu-
TOPUY, OTIMYAIOTCSA OOraThIM BHIOBBIM COCTAaBOM M HPEICTaBIIIOT OCHOBHYIO KOPMOBYIO
0a3y Ui KMBOTHOBOACTBA. VcciemoBaHMs IOCIEIHMX JIET NOKA3ajdH, YTO Ha OOJIbILEH
YaCTH 3THX TEPPUTOPHH, OCOOCHHO HA MACTOMILNAX CTENHOTO IO0sCa, 3HAUYUTEILHO CHHU3U-
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J1ach MPOIYKTUBHOCTb U JI0JI1 BHICOKOKAUECTBEHHBIX KOPMOBBIX pacTeHuid [5, 7]. I1oBbI-
IICHUE OWOIMPOJYKTUBHOCTH CCTECTBEHHBIX ITACTOWIN SBJSICTCS aKTYyallbHBIM BOIIPOCOM,
pelIeHne KOTOporo TpedyeT MHOTOCTOPOHHETO M3YYSHHSI OCHOBHBIX (DAKTOPOB pocTa U Ha-
KOIUTeHHsI OroMacchl pacteHnil. K dnciry BayKHBIX OHOJIOTHYECKUX MapaMeTPOB OTHOCHUTCS
KOHIIGHTpaus (POTOCHHTETHYECKUX NHUTMEHTOB (XJIOPO(QWMIIIOB W KApOTHHOWIOB) B
JUCTBSAX, KOTOPBIE XapPaKTEPU3YIOTCSA CIOKHOM XUMHUYECKOW CTPYKTYpol [2] m oTBet-
CTBEHHBI 32 IMOTJIOLICHUE YHEPTUH COJHEYHBIX Jy4ed B mpoiecce GorocuHTes3a pacTeHui
[8], IIpu sTOM, MOTIIOIIEHHAS XJIOPOGMIIAMA @ U 6 SHEPrUs IepeaaeTcs B LeHTp (HOTo-
XUMHYECKHX PEaKIMii HEMOCPEACTBEHHO, a KapOTHHOWIAMH — Yepe3 XJopodumr a.
ITomumo 9TOT'0, KapOTHMHOWbI BBLIIOJHAIOT TAaKXC 3alllUTHBLIC (l)yHKLII/lI/l, B YaCTHOCTH,
MPEJOTBPAIIAIOT JECTPYKTUBHOE (DOTOOKHCICHUE OPTaHUYCCKUX COCIUHEHUH MPOTOILIA3-
MBI HA CBETY B IPUCYTCTBHH CBOOOIHOTO KHCIOpoaa. Llenbio JaHHBIX MCCIeTOBaHUMN SB-
JISUTOCH BEISBIICHUE XapaKTepa M3MCHEHUH KOHIICHTPAUU (JOTOCHHTETUICCKUX ITUTMEHTOB,
B CBSI3U C YCIIOBUSMH MECT OOUTaHHN U OMOJIOTHYECKUMH OCOOCHHOCTSIMHU BHIOB PACTEHUI
1 JIyTOBBIX TPYIIIL.

Martepuaj 1 METOAHMKA.

UccnenoBanus mpooamiuck B 2015-2016 rT. Ha KOPMOBBIX YTOABSIX CEIBCKOM
obmmael Hepkun CacHallleH, pacloioKEHHBIX Ha IOr0-3amajJHOM CKJIOHE T. Apararl.
[MpenBaputenbHO OBbLIM BBIJENICHBl TPH OMNBITHBIX ydyacTka: | ydacTok Haxoawics B
cyxocrenHoMm,a II u III- HaropHO-cTeMHOM osIcax, COOTBETCTBEHHO, Ha BricoTe 1250, 1500
u 1800 M H.y.M. OTMETHUM, YTO OIBITHBIE YYACTKH HECKOJIBKO PAa3JINYAIKCh MO TUIIAM MOYB,
PacTUTENBHOCTH, KOJIMYECTBY OCaIKOB M Jip. OOBEKTOM HCCIICIOBAHUM CIY)KWJIN: TBIPEH
non3yuuit (Agropyron repens L.), scmapuer nyducteiii (Onobrychis radiata M.B.),
mosiouait Boponosa (Euphorbia Woronowii Grossh.) n acconuanuy ¢ JOMHHUPOBaHUEM
3IIaKOBBIX, 000OBBIX M Pa3sHOTPABHBIX TPYII JYTOBBEIX pacteHuil. OmpeneneHue comep-
JKAaHHUS IMTMEHTOB MPOBOJMIIOCH [0 METOJAUKE, pa3pabOTaHHOW B DKOLEHTPE CIEHUAIBHO
IUTA TIONIEBBIX mccinenoBanuil [4]. [Ipu 3ToM, B KauecTBe pacTBOPUTEINS OBUT UCIOIH30BaH
mumetwicynbhokcnn [(CH;),SO], xoTopeiii obecrednBaeT 3KCTPAKIHIO MUTMEHTOB
mactu] 06e3 NpeaBapuTeIbHOTO pa3MeNIbueHHs], aTak)Ke XPAHEHUEIKCTPAKTOB B TEUCHHUE &
JHEI IpH pasIu4HBIX TEMIEPaTypHBIX pexxuMmax. OmpeneneHue coaep)kaHue MUTMEHTOB
npoBoamwiiock Ha crekrpodoromerpe (CD-16), mokasaTeqd KOTOPOrO BHOCHJIMCH B
¢dopmysiel Makkunu-Apaona u Berrmireitna s nepecyera B mr/100r ceiporo ob6pasua

[9].

Pe3yabTaThl U 00Cy:K1eHHe.

Ha pucynkax 1 m 2 mpencraBiieHbl 3KCIEPUMEHTAIbHBIE JAaHHBIE IO COJCPIKAHHIO
(hOTOCHHTETHYECKUX MUTMEHTOB B JINCTHAX TPEX BHIOB, KOTOPHIE HA OIBITHBIX ydacTKax
ABISIFOTCSL HanOoJiee pacipOCTPAaHEHHBIMH TIPEACTAaBUTEIIIMHA PACTUTEIFHBIX ACCOIMAIINH.
Kpusble pucyHka 1 mokaspIBaroT, 4TO yCIOBHSI IPOU3PACTAHUS OIBITHBIX Y4aCTKOB OKa3a-

=t [LIpeii =<E==Dcnaprer = + Mogogaii

4’,"

Puc. 1. leiictBue ycnouit
MECTOOOHTaHHI Ha KOHLIEHTPALUIO
(hOTOCHHTETHYIECKHX MUTMEHTOB B
250 + JIUCTBAX JOMUHHUPYIOIMX PACTEHHH

I 11 11 (I, Il u 11T — onbITHBIE y4acTKH)

M1/ 100r ceiporo odpasia
)
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JIM OTIpeJIeJICHHOE BO3AEHCTBUE HA CyMMapHOE CO/lepKaHNe MTUTMEHTOB B JIUCTHSIX HHANBU-
OyalbHBIX pacTeHui. Tak, Ha TEepBOM YYacTKe coJiep)KaHHe MUTMEHOB KOiedaloch B
npenenax 300-340, BTopom — 280-320, a Tperbem — 290-360 mr/100r ceiporo oopasma. [Ipu
9TOM, aKTHBHBI CHHTE3 NHIMEHTOB NPOMCXOOHJI y PACTEHHM IbIpes MOJ3ydYero Ha Cy-
XOCTEITHOM y4acTKe, a dcHapleTa JIy9ucToro H Mojioyasi BopoHoBa — Ha TpeTbeM, KOTOPBIi
OB PACIIONIOKEH B YCIOBHAX HArOPHO-CTEIHOTO I105CA.
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W3 pucyHka 2 BUIHO,4YTO B JUCTHAX MBIPES MOI3YYEro KOHIEHTPALHs XJI0po(hHIIoBd,
6 ¥ KapOTHHOMIOB Ha OIBITHBIX y4acTKax Kojiebaaach, COOTBETCTBEHHO, 116-152, 55-73 u
104-127, scmaprera ayuucroro a — 145-209, 45-63 u 83-109, a momnouas Boporosa — 142-
176, 43-66 u 91-120 mr/100r ceiporo oopasia. [Ipu 3TOM, MaKCHMaIbHOE 1 MUHHUMAIbHOE
coziepKaHne XJI0poduilIa @ OOHAPYKEHO, COOTBETCTBEHHO,B JIMCTBAX dCIIApLeTa U IbIpes,
xJiopopuiuia 6 — meIpes ¥ MoJioyasi, & KApOTHHOMJIOB — IbIpest U dcnapuera. [1o cpeanum
3HAYEHHSM 3a TPH Y4acTKa, COJepiKaHKe XJIOpopHLIa @ B JIUCTHAX MbIpesi cocTaBuiio 134,
acnaprera— 175, mosnouas — 154 mr/100r ceiporoo0pasiia, xjiopoduuia 6, Ui TeX XKe
BUJIOB — COOTBETCTBEHHO: 64; 54; 58; kaporurommoB — 117, 97, 109 mr/100r ceiporo o6-
pasua. Ilpm sTom, comepkaHme XJOpoQuiula @ y TbIpest CHHU3Yy BBEPX IO OIBITHBIM
y4acTKaM CHIDKAETCs, a MOJIOYAsii 3CIaplieTa, HaoO0opoT, MOBbIMIAaeTCs. MakCUMalbHOE U
MHHHMAaJIBHOE COJepkaHne XJopoduiia a y meIpest 0OHapyXEHO COOTBETCTBEHHO Ha I n
II1, a y scnapriera u monouasi, Hao6oport, Ha III u I yuactkax. HekoTopast 3akOHOMEpHOCTh
oOHapyXeHa TaKKe B M3MEHEHUH COJICPKAHMUS KAPOTHHOMIOB: MAaKCHMAaJIbHOE U
MHHUMAaJIbHOE 3HA4YECHUs] OOHApyKEHbl B JMCTbAX IbIpes Ha INEPBOM M TPETbEM, a
3cmapLeTa ¥ MoJo4asi — Ha TPEThEM M BTOPOM y4JacTKaXx.
B Tabmune mnpencraBiieHbl CpeJHHME JaHHbIE W TpejeNbl KoyiebaHUH HccieqyeMbIX
INIUI'MEHTOB B JIMCThAX CMCHIaHHBIX 06pa3u013 3JIaKOBBIX, 606OBI)IX U PasHOTPABHBIX
pacrenuii. Kak BugHO, copepxanue xiopoduiia a u 6 y BceX pacTUTENbHBIX TPy ObLIO
BBILIIE Ha NEPBOM ONBITHOM YYacTKe B YCJIOBHSX CYXOCTEHNHOro mosica. MUHUManbHOE
coJieprkaHue XJI0po(duIlIa @B JUCTHIX pacTeHni 6000BOM IpynIbl 00HApYKEHO Ha BTOPOM,
a3J1aKOBOH M pa3HOTPABHOM —TPETHEM YYacCTKaX ONbBITA, HAXOISIIMXCS B HATOPHO-CTEITHOM
nosice. OTMETHM, YTOHa BTOPOM Y4YacTKe OBUIO 3apeTHCTPHUPOBAHO TAKXKe HaMMEHbIIEEe
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KOJIMUECTBO XJIOpOo(dMIUIa 6 B JHUCTHSIX BCEX PAaCTHTENbHBIX rpymm. CopepikaHue KapoTH-
HOWJIOB B JIUCTBSIX 00OOBOIl M pa3sHOTPAaBHOW TPYIN pacTeHWi ObLIO OOJbIIE BCYXO-
CTEITHOM, a 3J1aKOBOH—HAaropHO-CTEITHOM mosicax. IlomMuMO 3TOro, conep:kaHHe XJIOpo-
¢wta a 1 6 B TUCTBAX PA3HOTPABHBIX PACTEHHH B LEIOMYCTYNAIO TEM XK€ MOKa3aTelsM
3IIaKOBBIX B 0000BBIX. O600mIast MOKHO CKa3aTh, YTO MaKCHMAaJbHBI CyMMapHBIA TOKa-
3aTelb MCCIEAYEMBIX NMUTMEHTOB TPEX IPYNI PACTEHHMH ObLI OOHApy)XeH Ha OIBITHOM
Y4acTKe, pacloj0KEHHOM B YCIOBHUIX CyXOCTEIHOTo nosica. OTMETHM, YTO HCCIIEIOBAHHIO
comepKaHus (POTOCHHTETHYECKMX NMHUI'MEHTOB B JIMCTBSAX 3JIaKOBBIX, OOOOBBIX M Pa3HOT-
PaBHBIX PAaCTCHUI 0OpallleHO BHUMaHHE MHOTHX Y4Y€HBIX, B YaCTHOCTH, OCBELIEHBI BOII-
POCHI, CBSI3aHHBIE C WX KOJEeOaHWEM B XOJ€ POCTa M Pa3BUTUSl PACTCHUM, BO3AEHCTBHEM
pa3HbIX yIOOpeHuit, BonHOro AeduuuTa, TeMueparypsl cpensl u ap. [1, 3, 6, 10, 11, 12,
13]. [IpuBeaeHHBIN TUTEPATypHBINA MaTepHal, B LIEJIOM, COIIOCTABUM C JAHHBIMU, TOIy4€H-
HBIMM HaMH B HacToslleM uccienoBaHuu. Cratuctuueckas oOpaboTKa dKCIepUMEHTab-
HBIX JAaHHBIX IO0Ka3ajla, YTO BEIWYWHA CTAaHIAPTHOW OMIMOKHM CPEAHUX BBIOOPOYHBIX Ha
MIEPBOM M BTOPOM y4acTKaX OIbITA MOYTH Bcerna Obuta Hike 10%, a Ha TpeThbeM ydacTke
OHA 4YacTO TNpeBbIIajia YKa3aHHYI0 BeIWuuHy. IlokazaHO Takke, YTO conmepKaHHE BCEX
MUTMEHTOB, HE3aBUCUMO OT HCCIIEAYEMBIX PACTCHUI M yCIOBUH UX MPOU3PACTAHUS, BapbU-
POBaJIO B HMIMPOKOM [HaIla30HE: COACpP)KaHUE XJIOPOQHWIIA d, 6 U CyMMBl KapOTHHOUIOB
MEHsUTOCh B mpepenax 82-236, 24-130 u 56-173 mr/100r ceiporoobpasia. Hecmotpst Ha
TaKOM IMPOKMH AMama3oH Bapualyii, t-test aHaiuW3 BBIABUI HaJIM4YHe CYLIECTBEHHOMN
pazuunpl (P<0.05) Mexmy HEKOTOPHIMHM CPaBHHBAEMBIMHU IIOKa3aTeNIIMH, KOTOpas Ooliee
YacTO PEruCTPUPOBANACH ISl COJNEPXKAHUs IUTMEHTOB B JICTBAX OOOOBBIX M pa3HO-
TPaBHBIX PACTEHUH, IPOU3PACTAIOIIMUX HA PA3HBIX Y4aCTKaX OMbITA.

Taéaunua. KonueHnTparus GOTOCHHTETHYECKUX ITMTMEHTOB B JIUCThIX PacTCHUIT pa3HBIX
nmyroBeIx rpymi (Mr/100r ceiporo o6pasima)

Xaopoduina Xaopodunno CyMMa KapOTHHOHUIOB
I'pynnanyro-
BBIXPACTCHHH cpemHee BapHaIys cpemHee BapHaIys cpenHee Bapuarus
I yuactok (1200 m)
3maku 16349 103-207 88+7 36-130 124+8 56-172
Bobossre 208+10 163-236 90+5 77-110 129+10 97-166
Pasnorpasee 161+17 113-191 73+7 54-74 142+17 102-173
II ygacrok (1500 m)
3maxu 158+12 124-204 69+5 48-82 136+7 104-151
BoGosere 14549 136-154 5542 53-57 100+6 94-106
Pasnorpasbe 140+7 120-152 46+11 24-74 94+7 82-112
IIT ygactok(1700 m)
3maku 139+16 94-170 78+5 64-89 100+15 61-131
BoGossre 16619 149-189 70+9 55-95 90+16 64-131
Paznorpasbe 115+13 82-176 49+4 35-66 88+8 71-120
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Takum 00pa3zom, NByXJIETHEE HCCICIOBaHHE MOKA3allo, YTO CoJNepKaHue (DOTOCHH-
TETHYCCKUX MMHTMEHTOB B JIMCTHSIX KOPMOBBIX PACTEHUH CTEIHOTO Mosica I'. Aparai uMeeT
OOJIBIIYIO AMIUTUTYy KOJIEOAaHWid. YCTaHOBIIEHO, YTO 3TH M3MCHEHHS CBS3aHbI KaK C
OMoNOTHYeCKUMU OCOOEHHOCTSIMH PACTEHHA, TaK W, B OCOOEHHOCTH, C YCIOBHUSMH HX
npouspactanus. B 4acTHOCTH, MakCUMAlIbHOE COJCpIKaHKE XJIOPODUIIA @ U CyMMBI TIHT-
MEHTOB B JIMCTBSIX 3CHapIeTa JIydHUCTOro W Mosiouass BopoHoBa ObUIO OOHapyXeHO B
MYHKTE HaropHO-CTEIHOTO, a MbIpesi MOJ3Y4Yero — CyXOCTEIHOIO MOsICOB, Ii¢ MOYBEHHO-
KJIMMaTUYeCKUe YCJIOBHs ObLIM MeHee OnarompusiTHhIMU. boiee Toro, comepkaHue Xijio-
pOoUILIOB @, 6 ¥ CYMMBI KAPOTHHOUIOB (33 OTHUM HCKIIFOUCHHUEM) Y UCCIICAYEMBIX PACTH-
TCIBHBIX I'pyHH TAKXKXCOOCTUTIJIO MAKCUMAJIBHOI'O 3HAUYCHHsSIHA HJAHHOM y‘{aCTKe. CTaTI/IC-
TUYECKUH aHaliu3 MOATBEPIWIHAINYME CYIIECTBEHHON pAa3HUIBl MEXIY HEKOTOPBHIMHU
MUTMEHTAMH B JIACTHSIX OTACIBHBIX BHJOB PACTCHHH W PACTHUTEIBHBIX TPYIII, MPOU3pac-
TAIONIMX HA Pa3HBIX YYaCTKaX OIBITA.
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MCTNOJIb30BAHUE ®EPMEHTOB OBMEHA ITYPUHOBBIX
OCHOBAHWUIA J/151 MOHUTOPHUHI' A 3ATPSI3HEHMS
OKPYKAIOLEN CPE/IBI

I'T.CEMEPIXSH., I A.CEMEP/KSH
gaysemerjyan@ysu.am

Hamu u3yuanoch BIMSHHE MOHOB TsDKenbIX MeTamios (Cu'', Cd™) Ha akTMBHOCTP aJieHHH-
Jie3aMrHa3bl y 4 mpencraButeneid MoxoBunHbIX Pellia epiphilla (L.) Lindb, Tortula ruralis (Hedw)
Crome, Brym capillare Hedw, Brachythecium campestre (Bruch) B.S.G. V3 mony4YeHHBIX JaHHBIX
MOKHO CJIeJIaTh BBIBOJ, YTO TSDKEJIBIC METAJUIBI IaJKe B HE3HAUUTEIbHBIX KOHLCHTPALUSX BIHSIOT Ha
aKTUBHOCTh (DepMEHTa aJeHUHIe3aMHUHA3bI.

Aoenunoe3amunaza — MoXoo6pasHvie — UOHbL MANCENbIX MEMALL08.

AruntdUwuhpyblp BU JwdninUbph Bryophyta, Bryaceae, Brachythecium puwwuhgubph ubpyw-
jugnighsuph Unin wntUhU nEquuhlwg $ERUELIND wlnhynipjwl Ypw, swlp dGinwnutph (Cu’, Cd™)
hnultGph  wgnbgniejwt  wwpdwuubpnwd: Pwgwhwjinytp Bu  npn2  ophbwgswihnie)ntluGn  wnwpptn
dGinwnubph wanbgniejwl b JwdnwudwUubph twpptp Uenywjwgnighsubnh dpw:

Un&Uupunbquupliwq - dwdnwlidwllibn - Swln UGunwnlbnh hnllibn

Morphological and physiological properties of mosses, along with their wide distribution
make these plants very popular bioindicators to assess the state of the environment. Mosses are most
effective at concentrating heavy metals and other trace elements. The process of deamination of
adenine in homogenates of mossy plants of the family Bryophyta, Bryaceae, Brachythecium
campestre was investigated. The effect of metal ions (Cu'", Cd"™") for activity of studied enzymes. The
ions Cu'", Cd"" inhibit the activity of investigated enzyme.

Adenindeaminase — mosses — the ions of heavy metal

Mopdonoruyeckne ¥ (QHU3MOIOTHYECKUE CBOMCTBA MXOB, Hapsly C HIMPOKHM HX
pacnpocTpaHeHreM (Ha 3eMHOM miape ux mpouspacraeT ot 22000-27000 BHIOB) nenarT
9TH PacTeHHsl OUY€Hb MOMYJIIPHBIMU OMOMHIMKATOPAMH ISl OLIEHKH COCTOSIHHSI OKPYIKaro-
mel cpeabl. Mxu 3¢ GeKTHBHO KOHIEHTPUPYIOT OOJIBIIMHCTBO TSOKEJBIX METAJIIOB H JIpY-
TMX MHKpPO3JIEMEHTOB, YyBCTBUTEIbHBI K PaJHOaKTHBHBIM BEIIECTBAM. 3arps3HsIOIINe Be-
IIECTBA, OCTYNHBIINE B OKPY>KaIOLIYIO CPEAY, BHI3bIBAIOT PA3BUTHE CTPECCOBBIX PEAKIMH
y pacteHmii. Mxu Onaromapsi IpoCTOTe OpraHU3alyud OJHHMH M3 MEPBBIX pEarnpyroT Ha
W3MEHEHHE KOHLECHTPAIMM MOJUIIOTAHTOB B OKPYXKAIOIIEH cpene, WM IPEHAIICHKHUT
CYIIECTBEHHAs pOJb B IPOIECCAX MNEPBHYHOTO IEPEXBATHIBAHUS M aKKyMYJIHPOBAHHUS
pasnuuHbIX 3arpsi3sHeHu. [lox BIusHIEM 3arps3HUTENeH IPOUCXOIUT HapylIeHHe OanaHca
MEKAYy MEXaHH3MAaMH 3aIlyCKAalOIIMMH OKHUCJINTEIbHBIE PEaKLUH, W KIETOYHOH aHTHOK-
CHIAHTHOH 3alIUTOH. B pe3ynbraTe B TKaHAX MOBBIIAETCS KOHIEHTPALHMS aKTUBHBIX (GopM
KHCJIOPO/a, KOTOphIE BBI3BIBAIOT OKHUCJIEHHE KJIETOYHBIX CTPYKTYyp [PoroBa m np., 2011;
Alison et all., 2012]. OcoOCHHOCTPIO MOXOBH/IHBIX SBJISICTCSA MX IPOCTOE BHYTPEHHEE U
BHEIIIHEE CTPOEHHE — OTCYTCTBHE KOPHEBOW CHUCTEMBI, HU3KHH YpoBeHb neddepeHnmanyn
TKaHeld. MXHU BXOAAT B cocTaB OMONOrMueckoi nermouku. [IpuHMMas BO BHHUMaHHE OCO-
OEHHOCTH MOXOBH/IHBIX, B YPE3BBIYAHHBIX YCIOBHSIX X HOPMAIBHYIO KH3HEACATEIHHOCTD,
u3MmeHeHuss saepHol JIHK, koropas oTpaxaer 3BOJIIOLMIO TUIIOB U CTPATErHIO Cy-
IIECTBOBAHMS, BO3HUK BONPOC O PAaCCMOTPEHHMH U OOBSICHEHWH B 3THX OpraHHM3Max IIpo-
ecca /1e3aMUHUPOBAHMS a/IcHUHA W aJ€HO3MHA, BIISTHUSI HOHOB METAJUIOB Ha aKTUBHOCTH
aJIcHUH- U a/ICHO3UHEa3MHUHA3bl C TOYKU 3PEHH3 MOHUTOPUHIA CTETICHH 3arpsi3HEHHOCTH
okpy>xatomient cpeasl [Cepebpsxosa, 2007].
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OtuieruieHre aMUHOTPYIIITBI U3 aMUHOKHUCIIOT NPOMCXOAUT Kak IyTeM Ae3aMHHHUPO-
BaHMsI, TPAHCAMHUHUPOBAHUS, TaK M OTIICIVICHHEM aMMHaKa C BOBJICUCHHEM DPsa BasKHBIX
COCIIMHeHUH (IIypUHOBBIC M NMUPHUMHUIUHOBEIC HYKICOTHIBI, TPUITO(AH, THCTUANH, TIIIO-
KO3aMHUH W T.1) B OnocuHTe3, obOecrieumBas HOPMAIFHBIA pOCT KIETOK. B mmrepartype
OTCYTCTBYIOT JaHHBIC O JIe3aMUHUPOBAHNH a30THCTBIX OCHOBAHUI HYKJICOTUIOB Y MXOBH/I-
HBIX.

Marepuaj 4 MeTOAMKA

Marepuaiiom Ui UCCIIEeI0BAaHNUHM MOCTYXWIN 00pa3ibl COOPOB MOXOBUIHBIX B Pa3HBIX
pacTUTeNbHBIX (OPMaLMX, B3ATHIX C pa3HOOOpa3HbIX 3KoTonoB llaxkyHsikoro xpedra u
ero orporos. MccienoBano 4 BUIa OTHOCSAIIMXCS K ABYM KilaccaM M pa3HBIM ceMelcTBaM
OT/e1a MOXOBH/IHBIX.

Hawmu nccenoBaics mporiece 1e3aMUHIPOBAHUS Y MOXOBHIHBIX Kiacca

I. Marschantiopsida (Hepatidiopsida) cem. Pelliaceae, Pellia epiphylla (L) Lindb
II. Kmace Bryopsida (Musci) ,

1. Cewm. Pottiacea, Tortula ruralis (Hedw) Crome

2. Cewm. Bryaceae, Brum capillare

3. Cewm. Brachyteciaceae, Brachythecium campestre (Bruch.) B.S.G.

Hccneqyemble MXM TMPOMBIBAIH B NMPOTOYHON BOAE, BBICYIIMBAJIH, TIIATEIBHO H3-
MeNTbYalii, IPOBOJIIN 3-49acOBYIO KCTpakuuio B 50% crnmpToBOIHOM pacTBOpe. Mcmomns-
30BaJIU JIUCTOCTEOCIbHYIO YacTh. MHKYOanuio npod mpoBoawin B ycnoBusx (ocdaraoro
oydepa (pH = 7.4), B kauecTBe cyOcTpaTa MPUMCHSJIN aJlcHHUH, aJCHO3HH, WHKYOAI[HIO
NPOBOJMIN B TepMocTare mpu Temmneparype 37°, B Teuenne |1 vyaca 30 MUH. AKTHBHOCTD
(dhepMenTa onpenensiim MUKpo UG Gy3HOHHBIM METOI0M 3eauHrcoHa B moaudukaiun Cu-
JaKoBOM U coTpyaHukoB [1962]. [IpuHuun mMerona 3aKio4aercs B BHITECHEHHUH aMMHaKa
U3 HCCIIeyeMOH JKUAKOCTH, HaXOZSMIEHCS B I'e€pMETHUYECKH 3aKyIOPEHHBIX COCY/HKaXx,
BpAIIAIOIINXCS HA POTAaTOpe cO CKOpocThio 60-70 00/MHH, C MOMOIIBIO HACHIIIEHHOTO
pactBopa KOH u B mocnenyromeii ero abcopOIuM Ha CTEKISHHBIX MANOYKaX, IpPE/IBa-
putenbHO cMoueHHBIX IN cepHO#t kucimoroil. Uepe3 45 MUH. UX IPOMEIBAIU BOAOH U B
JNF0AaTe OMpEeAeIUIA aMMHAK KOJOPUMETPHUECKAM METOIOM C IOMOINBI0 peakThBa Hec-
ciepa. VIHTEHCHBHOCTh OKpAacKH HM3MEpsUId Ha (POTOAIEKTPOKOIOPUMETPE TPH UINHE
BotHBI 440 HM. [Ipu cocTaBieHHN KATMOPOBOYHON KPHBOW HCIOJB30BalM CTaHIAPTHHIC
PacTBOPBI CEPHOKHUCIIOTO aMMOHHSL.

Pe3yabTaTthl U 00CyxKAeHUE.

B HekoTOphIX OpraHm3Max aJ€HHH IyTeM TUAPOIM3a IpU JNeHCTBHU (DEPMEHTOB
aJIeHU/Ie3aMUHAa3bl pacUIeIuIIeTcs Ha aMMHAK U TMIIOKCAHTHH. OTIIENIeHHe aMHHOTPYTIITBI
M3 aMHHOKHCIIOT MPOMCXOMUT KaK ITyTeM JIe3aMUHHPOBAHMS, TPAHCAMUHUPOBAHHUS, TaK U
BBEICBOOOXKIICHIEM aMMHaKa, KOTOPHIH BOBJIEKAeTCS B OMOCHHTE3 psAda BaKHBIX COCIU-
HeHUH (IypHHOBBIC ¥ MUPUMUIIMHOBBIC HYKICOTHABI, TPUNTO(AH, TUCTHINH, TIIFOKO3aMUH
1 JIp.) 00eCTIeYNBAOINX HOPMAaIbHBIX POCT KIETOK.

B nuTepaTtype OTCYTCTBYIOT JaHHBIE O J€3aMHHHPOBAHMHM aMHHOKHCIIOT, a30THUCTHIX
OCHOBaHHI HYKJIEOTH/IOB, @ TAK)KE€ OTHOCHTENILHO ()EPMEHTATHBHBIX CUCTEM 00ECIIeUHBAIO-
IIMX 3TH pPeakmuu y MoxooOpa3HbiXx. CleqyeT OTMETHTh, 9YTO MOXOO0Opa3HbIE CIIOCOOHBI
HaKaIUIMBaTh TSDKENIbIE METAJUIbl. 3arps3HEHHE OKpYKalolIeH cpelapl — 3TO OIUH W3
MepBOOUYEPEHBIX BOIPOCOB COBPEMEHHOI'O yenoBeuecTBa. OJHUM U3 Haubosee CylecT-
BCHHBIX (l)aKTOpOB 3arpA3HCHUs CPElbl ABJIAIOTCA XUMHUYECKUC BCIIECTBA, KOTOPLIC CIIO-
COOHBI BBI3BIBATh HapylIeHWs M paspymeHus ouocepsl. K uncimy ocobGeHHO omacHbIX
3arpsi3HUTENICH XMMHYECKOTO XapakTepa OTHOCATCS TsDKenble Metamisl. Jmg Hux
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XapaKTEePHbI BBICOKAsE TOKCMYHOCTh, MyTareHHbIH ¥ KaHIeporeHHbIi 3(dexTor. Tskesbie
METAJJIBl OMACHBI T€M, YTO CIIOCOOHBI HAKATUIMBATHCS B KHMBBIX OpraHWU3Max W mHepeja-
BaThCS MO MHUILEBBIM IensiM. TakuM o0pa3oM, B 30HE 0COOOM OMACHOCTH HAXOAUTCS Ye-
JIOBEK, KOTOPbII KaK MPaBUIIO, BO3IJABISIET TH LIEIH, a CJIEAO0BATEIbHO, MOJTy4aeT Hau-
Oouiblliee KOJMYECTBO TOKCHYHBIX BEIIECTB. B CBS3M C BbINICYKA3aHHBIMU MPHYMHAMU
BO3HUKAET HEOOXOAUMOCTb B PETYJSIPHOM KOHTPOJIE 32 COCTOSTHHEM OKpYIKAollel cpejibl
Ha MPeMET COJIePIKAHMS TSDKEIIBIX METAJIOB U IPYTUX TOKCHYHBIX 3JIEMEHTOB JJIsl OLICHKU
3arpsizHeHus. Mcxoas U3 MUPOBOTO OIBITA, JUIs OMOWHIUKALMOHHBIX LIENeil JOCTaTO4YHO
xopomo noaxoaiat moxoobpasusie [Harmens. H. 2010; Gadzolis et all. 2016].

Hamu wm3yudanoch BIMAHME HOHOB Tskenmbix mertamioB (Cu'', Cd™") ma akTuBHOCTH
aJICHUH/Ie3aMUHa3bl y 4 mpeacTaBuTencit MOXoBuaHbIX Pellia epiphilla (L.) Lindb, Tortula
ruralis (Hedw) Crome, Brym capillare Hedw, Brachythecium campestre (Bruch) B.S.G.

Ilpu wuccnenosanuu BausHusS HoHOB Cd'~ Ha aKTHUBHOCTb aJ/IeHMHJ€3aMHMHA3bI
HaOJII0JaeTCsl CAEAYIONIas 3aKOHOMEPHOCTh: Y IPeACTaBuTellsl ceMmeiicTBa Fossombronia-
ceae Pellia epiphilla (L.) Lindb, cemeiictBa Pottiaceae Tortula ruralis (Hedw) Crome
HaOmonaercs 95% wHrnOMpoBaHUE HcCIeayeMoro (epMeHTa, a y NpelCcTaBUTENEH ce-
meiicTB Bryaceae w Brachytheciaceae ¢epment unrubupyercs na 67%, a mpu KOH-
uentpanuu uonoB Cd™ B 5.0 MM BO Bcex HCCIEAYEMBIX MXaX MPOMCXOAMT MOJHOE
MHrUOMpOBaHe aKTHBHOCTH (pepMeHTa ajeHnHAe3aMKuHa3bl. Jlanee uccienoBaioch Bius-
une nonoB Cu'' Ha akpuBHOCTH (epMeHTa aneHuHaesamuHaswl. Y Pellia epiphilla
(L.)Lindb npu xonuentpamuu uonoB Cu'' B 2.5 MM Habmonaercs moutd 95% HHru-
OMpoBaHHE aKTUBHOCTH HccienxyeMoro ¢pepmenta, y Tortula ruralis (Hedw) Crome — 70%
uHruOuposanwue, a y Brym Capillare Hedw na 85%.

Ta6nunal. Bmusane nonos Cd™ Ha akTMBHOCTB aJleHMH/IE3aMUHA3BI Y PA3IHHBIX TIPECTABUTENEH
MOXOBHIHBIX (aKTHBHOCTB BBIpa)KCHA B MKMOJISIX Ha 1T cBexkel Tkanu. [IpuBenenst Taioke %
aKTHBHOCTH ITpo6 6e3 nobasneHust HOHOB, n=3, p<0.05)

Konnentpanus nonos Cd , mM
0.00 0.25 0.5 1.0 2.5 5.0

(O6BeKT

AKTHUB-
AKTHBHOCTh % |akTHBHOCTB| % AKTUBHOCTb % |akTuUBHOCTB| % %
HOCTbH

AKTHBHOCTH | %

S

Pellia
epiphylla 10.35+0.02 (100 9.40+0.1 | 90.8 | 6.24+0.03 | 59.9 | 3.0+£0.0.01 | 28.9 | 0.5+0.01 | 4.83 - |-

(L.)Lindb

Tortula ruralis|

(Hedw) Crome| 28402001 [100| 258202 | 90.8 (20.03+0.4| 714 | 135402 |47.5|1.0£0.02 [352| - |-

Brum
capillare 15.34+0.1 |100| 13.3£0.01 | 86.7 {10.1£0.01| 65.8 | 8.3£0.4 |54.1 | 3.3£0.01 | 21.5| - |-

(Hedw)

Brachytheciu
m campestre | 20.50+0.3 |100[ 17.2+0.14 | 83.9 | 13.0+0.2 |{63.41| 10.0.1 48.7 | 6.7£0.03 | 32.6 | - |-

(Bruch.)B.S.G
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Tabmu;

++ =
a 2. Biusane nonoB Cu' ' Ha akKTMBHOCTD ACHUHIC3aMHUHA3bl Y PA3JIMHBIX MPEACTABUTCIICU

MOXOBHIHBIX (aKTI/IBHOCTB BBIPpAXKCHA B MKMOJIAX Ha 1T cBexel TKaHM. HpI/IBe,I[CHLI Takxke %

aKTHBHOCTH IIpo6 6e3 nobasneHust HOHOB, n=3, p<0.05)

OOBeKT

Konnenrpanus nonos Cu, MM
0.00 0.25 0.5 1.0 2.5 5.0
aKkTHBHOCTh| % |akTuBHOCTB| % |akTuUBHOCTB| % |akTuBHOCTH| % |akTHBHOCTB| % |akTMBHOCTB| %

S

Pellia epiphylla
(L.)Lindb 10.35+0.02

100| 8.47+0.01 |81.8| 7.97+0.03 [77.0|3.47+0.0.01 |33.5| 0.47+0.05 | 4.54 - -

Tortula ruralis

(Hedw) Cr

ome 28.40+0.01100|26.52+0.10|93.3| 23.02+0.4 |81.0| 20.52+0.2 |72.2|16.52+0.01|58.16|12.10+0.03 | 42.6

Brum capillare
(Hedw)

15.34+0.1 {100 13.46+0.03 |87.7| 12.96+0.2 (84.4| 8.46+0.13 |55.1| 4.03£0.04 | 26.2 | 1.10+0.2 [13.68

Brachythecium
campestre 20.50+0.3

(Bruch.)B.

00]18.62+0.01 {90.8| 17.12+0.01 [88.7 | 13.62+0.03 {66.4|10.03+0.18 |50.24| 6.02+0.10 | 29.3
S.G

Takum 00pazoM MCXOAs M3 MOJTYYEHHBIX JaHHBIX MOXKHO CHeNaTh BBIBOZ, YTO TsDKe-
JIble METaJUTBI JIaKe B HE3HAYMTENIFHBIX KOHIEHTPALUIX BIMSAIOT Ha aKTUBHOCTH (hepMEHTa
Je3aMUHHpYIomero afgeHnH. OnpeneneHne akTUBHOCTH ()ePMEHTa B UCCIEIYEMBIX MOXO-

BHUAHBIX

MOKHO HCIIOJIB30BaTh KaK TECT NPU ONPEACICHUU CTCIICHU 3arpsA3HCHUS OKpPY-

JKaroLIeld Cpenibl, YTO OYCHb BAKHO IIPU HKOJOTHYECKOM MOHHTOPHHIE 3arpsi3HEHH OKpY-
JKAOLIEH CPeJIbl TKEIBIMA METAIIIAMH.
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BryTtpubOprommnHoe BBeaeHune kppicaM I'AMK 1 ogHOBpeMeHHOE CKapMIIMBaHHE KUBOTHBIM
OCHTOHUTA CIIOCOOCTBYET OCIAOICHUIO AUAOETOTCHHOTO NEHCTBHS aJUIOKCAaHA, OJHAKO HE CHUMACT
MOTHOCTBI0 ero runepriukemudecknii dpdpekr. TAMK u OGEHTOHUT B OTHEIBHOCTH OKAa3BIBAIOT
MeHee BbIpaxxeHHOe JeictBue. Beenenne ['TAMK comnpoBoxkiaeTcsi MOBBILICHHEM €€ YpPOBHS B
MmaHkpeace, HO He B Mo3re. CKapMmiiBaHHEe OCHTOHUTA JOCTOBEPHO CHHIKACT COJCp)KaHHE AUKapOO-
HOBBIX aMUHOKHUCIIOT B OpraHax KpbIC U NpensATCTBYeT moBbimeHHio ypoBHI ['’AMK B mankpeace
JKUBOTHBIX, OJHOBPEMEHHO IOJYYaBLIMX 3Ty aMHHOKHUCIOTY. [lomy4yeHHBIE HaHHBIC CBHICTENbCT-
BYIOT 00 YMEPEHHOM IPOTEKTHBHOM aHTHINAOCTOTeHHOM JIEHCTBUM COBMECTHOTO MPUMEHEHHS OCH-
tonuta u 'AMK.

Annoxcan-ouabem- 6enmonum-I'AMK-mo3e-nanxpeac.

QUU3-h Ubpnpnywjuwihu Uepwpynwdp W ptuinnuphnh vhwdwdwluwy YeEpwynnidp weltnutnhu
Uwwuwnnud £ winpuwlh nhwpbningbl wgnbgniejwl eniwgdwup, uwywiu thndhu sh Ywupunid gGnp-
shuhu hhwtpglhyuhy wanbgnienilp: GUUMG-p W pEunnuhinp wnwudhtu wybih oy wgnbgnienu Gu
npultnpnud: QUUE-h Ubpwpyndp gnignpndnid £ Upw wwpniuwyneejwl pwpépwgdwdp Bupwunw-
Unpuwjhtu gbnénwd, pwjg ng nntnnud: REUnNUhwnp hebgund £ Gpyywppnt wdhUweeniubph Jw-
Jwpnwyp wnutwnutph onqwuubpnud W Ywupuncd £ QUNE-h YynugBEuinpwghwih wép @U@ W peuinnuhn
uinwgnn Yeunwuhutph Gupwuwnwdnpuwiht gbnanwd: Unwgywé ngjuiutpp yywjnd BU pEuinnnuhuinp W
QUUYME-h hwdwwntn ogunwgnpddwl swithwynp hwywnhwpbnngtl wgnbgniejwu Jwuhl:

Uinpuwl-nhwptun-pGlinntpin-QUY3-nLnbn-tlpwunwdnpuwyhll  qtnd

GABA intraperitoneal injection to rat and simultaneously feeding of bentonit promote
attenuation the diabetogen action of alloxan, but don’t remove completely its hyperglycemic effect.
GABA and bentonit separately show less pronounced action. GABA injection is attend by the
increase its level in pancreas but not in the brain. Bentonit feeding decreases concentration of
dicarboxylic amino acids in rat organs and protect GABA level increase in pancreas of rat, received
this amino acid simultaneousely with bentonit. The data obtained testify to modest protect antidiabetic
action of combined using of GABA and bentonit.

Alloxan-diabet- bentonit- GABA -brain-pancreas

Xopomo m3BectHa ponb TAMK kak MOITHOTO WHTHOMTOPHOTO TPAaHCMHUTTEPa HEPB-
HoW nesitensHOCTH. Topmo3Hoe neiictBue I'’AMK pacnpocTpansieTcs u Ha Apyrue TKAaHU U
OpraHel, B YaCTHOCTH HMMYHYIO CHCTEMY M MODKeTynouHyio sxenesy [10,12,13]. Uwm-
MYHBIC KJICTKH, coiepkarnue riyramatasie 1 [AMK pernenitopsr [11,14], He obxomsrTcs
0e3 mpenlIecTBEHHUKA 3TUX HEHPOTPAHCMUTTEPHBIX aMHUHOKHCIOT INIyTaMUHA, KOTOPBII
MOMHMO T'€HEpAalK BhILICYKa3aHHbIX aMHHOKHCIIOT, HEOOXOUM MM KaK MCTOYHHK SHEp-
UM, a3ota u yriaepona [12]. AHasorn4HOEe HAONIOMACTCS W C MOPKEIYIOYHOM JKEeIe30H,
KOTOpast COAEP>KUT HEHPOAKTHBHBIE AMHHOKHUCIOTHI B KOJIMYECTBAX, COMNOCTABUMBIX C
mosrom [5,7,13]. TAMK ycunuBaeT cHHTE3 M CEKpPELHUIO MHCYJIMHA B-KIeTKaMH U I10JaB-
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JSIET aHAJIOTUYHbIE MPOLIECCH B 0- M O-KJIeTKaX, Kacalolluecs IJI0KaroHa 1 coMaTrocTaTnHa
[13]. Cuuraercs, uro BBegeHue 'AMK orpannunBaeT naToreHHbIE ayTOUMMYHBIE OTBETHI,
WHAYIHPYEMBIE TPOWHCYJIMHOM, W CHOCOOCTBYET YCHWJICHHIO UM K€ BBI3BAHHBIX
PETYIATOPHBIX OTBETOB [15]. ABTOPBI CUHUTAIOT, YTO COBMECTHOE JISHCTBHE TIPOUHCYIINHA U
T'AMK MoXeT CHHepruyHO TOAABISATH BOCIAJICHHE M CIIOCOOCTBOBATH BOCCTAHOBJICHHUIO
HOpMornKeMud. Heo0X0IMMO OTMETHTh, YTO B JICYCHUH Iuabera OOJIbIIYIO POJIb UIPAIOT
CTporasi IueTa U COOTBETCTBYIOIAs KUIIEYHASI MUKPOQIIOpa, KOTOpas BIUSIET HA MMMYHBII
craryc opranuzMa [8]. CocTaB KWIIEYHOH (IOPHI CYIIECTBEHHO BIHSIET HA COCTOSHUE
JKUPOBOT'O OOMEHa opraHu3ma u pasputue auadera [9]. [lo maHHBIM aBTOPOB mepecanka
MHUKpPO(]JIIOpEl 30pPOBBIX JIIO/IeH anabeTHKaM CIIOCOOCTBYET MX M3JICYEHUI0. BeHToHHT
BJIHACT HAa COCTaB MPIKpO(I)J'lOpr KEJITYJOYHO-KUIIEYHOTO TpaKTa, CBA3BIBACT pPa3IMYHbLIC
TOKCHHBI, CIIOCOOCTBYeT ycBoeHMIO mumiy [1]. B sTom maHe coBmMecTHOe NpHMEHEHHE
OCHTOHHTA B KauyecTBe MUHEpAIBbHOW monkopMku W 'AMK wumu reHepupyrommx ee Be-
IIECTB MOXKET YCHIIUTh HPOTHBOBOCHAIUTEIBHBIE UMMYHBIE OTBETHI U OCIAOWUThH BOCIIA-
mutenbHble. [TomoOHBIN MOAXON MOXKET, Ha HAml B3I, CHOCOOCTBOBATH MPEAYIPEK-
JICHUFO WM 3aJIepyKKe Pa3BUTHA CaXapHOTO nuabeTa.

Martepuaa u MeTOAbI

HccnenoBanus ObLIM MPOBEACHBI Ha Oenbix Kpbicax Maccoi 180-200r, comepxammxcst
Ha OOBIYHOM pAlMOHE B YCIOBHUSX BHBapus uMHCTHTyTa Omoxumun HAH PA. XuoTHbie
ObUM pasfeneHsl Ha 4 Tpynmbsl MO0 5 B KaXJOW: 1-asg KOHTpoJbHAs IOJdydaia BHYTpHU-
oproruaHo 0.5M11 (U3MOTIOrHYecKoro pactBopa, 2-as-25mr/kr 'AMK, depe3 neHb B
teuenue 10 muel, 3-ss1-1% OcHTOHHMTA B KOpMe B TeucHue 10 nHEl, 4-as-OCHTOHUT exXe-
nueBHo+["AMK uepe3s nens. Uepes 5 nHEi )KUBOTHBIM BHYTPHUOPIOIIMHHO BBOAWIIN aJUIOK-
caH B j03¢ 150Mr/kr u yepe3 2 CyTOK 3a0MBaH MO JIETKUM (PUPHBIM HAPKO30M, YAAISLTH
MaHKpeac M MO3T, B KOTOPBIX OMpPEIeNsUIH aMHHOKHCIOTH CeMeWCTBa TIyTaMHHA. DKC-
TPaKIHIO aMHHOKHUCIOT ocymmecTBisun 6% HClO,. Pa3nenenne aMHHOKHCIOT B MEPXIIO-
PaTHBIX 3KCTPAKTAaX OCYIIECTBIILIM METOJOM BBICOKOBOIBTHOTO 3JEKTpodopesa B MUpH-
nmuH-arieratHoM Oydepe, pH 3.9, aMHHOKHCTIOTHI ONIpENeNsiIM HUHTHIPHHOBBIM METOJIOM
[2]. T'nyTamuH onpenensuin B anekTpodopeTrdeckoil Gppakiuy HeUHTPATbHBIX aMUHOKUCIIOT
0 aMUAHOMY a30Ty C HCIOJB30BaHHEM MHKpoaudp¢ys3noHHoro meroxa [4]. Imoxosy
KPOBH OMpeneisiin ¢ momonipio riokomerpa Accu-Chek (I'epmanus).

Pe3yabTaThl W 00cCyxKIeHUE

B tabnune 1 npencrasieHo cosiepkaHue aMHUHOKHCIIOT B TaHKpeace Kpbic. Kak BuaHO
nsatukparHoe BBeneHne ['AMK kpbpicam cnocoOcTByeT ee HaKOIUICHHIO B INaHKpeace U
BHYTpUODIOIMHHAs MHBEKIMS aJUIOKCaHa HE BIHMSIET Ha 3TOT mpouecc. Peructpupyercs
JOCTOBEpHOE YMEHBIIICHHE COAEPXKAaHMUs acmapTara W IiyTamara 1ocje WHBEKIUN aJUIOK-
caHa Ha ()OHE 5-AHEBHOTO CKapMJIMBAHUS KMBOTHBIM OCHTOHHTA.

Ta6muua 1. BimsiHue ajutokcana Ha coJiepykaHue HelpOaKTHBHBIX aMHHOKHUCIIOT B ITAHKpeace KpEIC,
nony4aBmux 6eHToHUT u TAMK

I'pynsl AK 'K T'H T'AMK
Konrpons 1.36 0.91+0.09 2.61+0.37 4.74+0.43 1.07+£0.25
F'AMK 1.42 0.95+0.35 3.19+0.44 4.68+0.22 3.45+0.30%*
bentonut 1.05 0.70+0.09* 1.93+0.27* 5.17+£0.41 1.02+0.11
I'AMK+6eHTOHHT 1.36 0.91+0.11 3.00+0.23 4.54+0.49 1.15+0.14

Ipumeyanne: AJIOKCaH BBOJHUIIN KPbICAaM BHYTPHOPIONIMHHO HA 5-blil I€Hb I10CIIE CKAPMIIMBAHUS UM OCHTOHHTA
(1% xopma) u BHyTpuOpromuHEOro BBeaeHus ' AMK (20mr/kr)
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ConepxaHre aMHHOKHUCIIOT B Ta0JIMIIaX JAHO B MKMOJITB/T CBEXKEH TKaHU, n=>5

[IpencraBneHHbIC B TA0MUIE 2 PE3YIBTATHI CBUACTEIBCTBYIOT O TOM, YTO BHYTPHOPIO-
murHHOoe BBeneHue 'AMK He conpoBOXIaeTcsl NOBBILIEHUEM €€ KOHLIEHTpPALUu B MO3TE,
OTHAKO CKapMJIMBaHHWE OCHTOHHWTA IOCTOBEPHO CHIDKAET KOHIICHTPALMIO TIlyTaMaTa M
acmaptara. [lomoOHass kKapThHa MOXET OBITH CBsi3aHA KAaK BO3MOXKHBIM CBSI3BIBAHHEM
JIMKapOOHOBBIX aMUHOKHCIIOT OEHTOHUTOM, TaK M C MX HECIIOCOOHOCTHIO, a Takke TAMK,
[IPEO0I0JIeBaTh reMaTo-dHIehaTnIecKuii Oapbep.

Tabnuna 2. BiusHie aJlokcaHa Ha COIep)KaHUE HEHPOAKTUBHBIX AMUHOKHCIIOT B MO3I'€ KPBIC,

nony4aBmux 6eHToHUT u TAMK

T'pynmst AK 'K TH TAMK
Konrpons 2.74+0.23 6.79+0.45 5.44+0.52 1.61£0.34
F'AMK 2.43+0.18 5.65+0.17 4.68+0.20 1.61+0.27
bentonut 1.93+0.13* 5.61+0.37* 5.45+0.41 1.88+0.23
I'AMK+6eHTOHHT 2.37+0.22 5.33+0.44 5.18+0.36 1.52+0.38

Ta6muua 3. BiustHue ajutokcaHa Ha COAEPKAHHE TIIIOKO3bI B KPOBH KPBIC,

noydaBmmx 6enronut u FAMK

I'pynmst T'moko3za
MMOJTB/JT

Konrpons 34.8+3.6
T'AMK 279434
Bentonut 25.3+£2.8*
T'AMK+6entonut 20.8+2.5*

B Tabmune 3 mpencraBieHbl pe3ysbTaThl ONpPEAETICHUs TIIIOKO3bl B KpoBu. HeoO-
XOAUMO OTMETHUTD, YTO B OTJIMYHC OT IMMPECIKHUX HAIIUX OMNBITOB MO NPECAOTBPAIICHUIO MIPC/I-
BapuTEJIbHO BBeJCHHBIM MHrHOMTOpOoM ["AMK-TpancamuHasbl 3tanosnamuH-O-cynbharom
MOBBILIEHUs] KOHIEHTPAIMU TJIIOKO3bI AMA0ETOr€HOM AJDIOKCAHOM, B HACTOSIIHMX OIBITaX
BBefeHue camoii 'AMK mnposBiasieT nuib CTaTUCTHYECKU HEAOCTOBEPHYHO TEHACHIHIO
CHIDKEHUsI ypOBHS INIIOKO3bI. HE00X0AMMO OTMETHTD, YTO MMPOTUBOTIIMKEMUYECKUH 3P deKrT
staHonaMuH-O-cynbdara MpH CTPENTO30TONWHOBOM 3KCIIEPHMEHTAIFHOM anadere ObLT
JIOCTOBEPEH, HO MeHee BhIpaxkeH [3]. CkapmiunBaHue OCHTOHHTA, a TAaKKe, B OCOOCHHOCTH,
onHoBpemenHoe BeeneHne ['AMK mpuBoauT k 0Oojiee BEIpa)KEHHOMY CTaTHCTUYECKH 3Ha-
YUMOMY OCJIa0JIeHHIO AeiicTBHA altokcaHa. OHAKO HOPMaJIM3alM1 YPOBHS IIIOKO3BI [IOA
JEeWCTBHEM HCCIECJOBAaHHBIX COEAWHEHUH HE MPOUCXOIHT, YTO HE COBCEM COINIACYyeTCs C
MHEHHEM O BO3MOKHOCTH PEreHepaluy OCTPOBKOBBIX B-KJIETOK M CEKPELMU HHCYJIMHA M0
neiictBueM 'AMK 1 perynsanun ero ayTouMMmyHoH peakuuu [15]. Mo)kHO NpennoaoxKuTh,
YTO XUMHYECKHE MOJIEJH SKCIEPUMEHTAJIBHOIO caxapHoro auadera | Tuma He BIoJjHE
COOTBETCTBYIOT ITATOTE€HE3Y 3TOH OOJIE3HU.
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BJIMAHUE JJIMHbI AJIKI/IJII)HOI?'IuHEHI/I INOBEPXHOCTHO
AKTUBHBIX BEIIECTB HA YCTOUYUBOCTb BUCJTIOUMHOU
JIMITIMTHONU MEMBPAHBI
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B paboTe wmccrenoBaHO BIUSHHE AHMOHOAKTHBHBIX ITOBEPXHOCTHO-aKTUBHBIX Be-
mectB: Jaypwicynbdata Harpus (C,HysSO4Na), mneHtragenmn cymbdara HaTpus
(CysH3,S0O4Na) u maypercynbdara Hatpust (C;sH;,SO;Na) Ha ycTOWYMBOCTH OMCIOIHOI
JUMAIHOW MeMOpaHbI B AneKTpudeckoM moje. [lokazaHo, 4To ¢ yBenW4YeHHE ATUHBI al-
KWJIBHOM LIENM NOBEPXHOCTHO aKTUBHOT'O BeleCTBa yCcTOHYMBOCTh BJIM B anekTpruyeckom
M0JIe YMEHBIIAETCS.
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[ToBepxHocTHO-akTHBHBIE BemiecTBa (IIAB) — opranndeckue coequHEHNs, IMEIOIUE
amdudmIbHOE CTPOEHHE, TO €CTh UX MOJIEKYJIbl HIMEIOT B CBOEM COCTaBe MOJIPHYIO YacTh,
TUAPOMWIBHEI KOMIIOHEHT ¥ HENOJSIPHYI0 (YIJIEBOJOPOIHYIO) dYacTh, TUAPO(OO-
HBI KOMMOHEHT. DddekrBHas ¢popma Mmonekyn I[IAB mpencraBmser u3 cebs “ximH”
(KOHYC), T.€. 3TH MOJIEKYJIBI UMECIOT OTHOCHTEIHHO IUPOKYIO TOJSIPHYIO TOIOBKY M y3KHI
YTIEBOAOPOAHBIM XBOCT. B CHIy MHTEHCHBHOTO HCIOJB30BAHHS M BBIOpOCa B OKPY-
JKAIOIIYIO Cpemy, OOBEMBI 3arpsi3HEHHs BOAHBIX 00bekTOB IIAB-amu mumet ¢ xaractpodu-
yeckoit ObicTpoTol [3]. [IAB MMEOT CBOWCTBO BIIMTBHIBATHCS M HAKAIUIMBATHCS B Opra-
HU3ME, BbI3bIBas HAPYILICHUS B LICHTPAJIILHO-HEPBHOM, CEpAEYHO-COCYIUCTOM, NUILEBAPU-
TEJILHOM CHCTeMaXx, MOBPEXIAeT OpPraHbl BBIICIUTENBbHON cucTeMbl. O0NalatoT ajiepreH-
HBIM CBOﬁCTBOM, npu JaxXe MaJICHBKOM KOJHMYECTBE TIIOoNaZaHusA B OpraHU3M. OHH TOK-
CUYHBI JJIS PBIO U JUIS APYTHX )KUBOTHEIX [5,8].

B nanHOl paboTe W3y4yeHO BIMSIHUE AHUOHOAKTHBHBIX ITOBEPXHOCTHO-aKTHBHBIX
BemecTB: Jnaypmicyibdara nHatpus (C,HpsSO4Na), mentamermn cynedaTa HATpUs
(C15H3ISO4N3) u JIaypeTchILQ)aTa HaTpus (C12+2HH25+4nNaO4+nS n=3 /C18H37SO7Na) Ha
oucioitnyro smmugHyr0 Memopany (BJIM ).

Jlaypuncynbdar Hatpus (mogeumiacyiabdat HaTpus) (puc.la) SBIASETCS OIHUM U3
4acTO MPUMEHSIOUINMCS JETEPreHTOM JUIS CONMOOMIN3AI MeMOpaH, s H30JIMPOBAHUS
W OYMIICHHS MeMOpaHHbIX OeiakoB [9]. IlpuHAmICKUT K pasapakarollnM, HO HE
KaHIIEpOTreHHbIM BemiecTBaM. Kputuueckass koHIeHTpaus muneniooopasoBanus (KKM)
cocrapmster 8,2x10° M.Ilentagenmn cymbdar Hatpust (puc. 16)OTHOCHTCS K Kiaccy
ankuncyasharo. KKM cocramster 1,03x10° M [3]. Jlaypercynbbar Hatpusi (puc. 1B)
HMIMPOKO NPUMEHSEMBIX B KaueCTBE MOIOIIMX CPeACTB. JleficTByeT MeHee pasjpakarolle,
uem naypuicyibdar varpus. KKM cocrasiser 5x10™*M.

[To BhINIECKAa3aHHBIM TPUYHHAM, H YYUTHIBas TOT ()AaKT, YTO BHYTPH KIETKH YacTO
BCTPEYAIOTCS MOJEKYJIBl 10 CBOEH cTpykType moxoxkune Ha ITAB (Takume Kkak >KUpHBIC
KHCJIOTHI, JIN30POPMBI POChHOTUIHIOB), HEOOXOIUMO 3HATh MX ACWCTBUE HA YyCTOMYMBOCTH
MeMOpaH.

i
Na*o‘—sl—o

a)
0
\

W

6) °
Q0
Na* .O—ST%\/Q}\/\/\/\/\/‘\/
B) n

Puc. 1 Xumuueckue CTPYKTYpHI a) JIaypriIcyib(aT HaTpHsi, 0) NEHTaAelu Cynb(aT HaTpHs,
B) naypercyibdat HaTpus (n=3).

0
0,
-

Ho MOCKOJIbKY U3YUCHHC YCTOﬁqHBOqTH Ha JKUBOM KIJIETKE IfIe}j)€3BI>I"IELI\/’IHO CJIOKHO, TO
MMpeACTaBJIACTCA HGHCCOO6paSHLIM HX ACTAJIIbHOC UCCICA0OBAHNUEC HA INPOKO HCHOHL3y€MOﬁ
Z-)KCHCpI/IMCHTaHBHOﬁ CHUCTEME IJId MOACIMPOBAHUA KIETOUYHUX MCM6paH, KOTOPBIM SIB-
JISTFOTCS TJIOCKUE OMCIIOMHBIC JIMITUTHBIC MeM6paHBI.

MaTtepuajbl H METOIBI

JIJiss M3roTOBJCHHS MEMOpaH WCIOAB30BAINCH JauNuAbl (pochatummwicepud (1,2-
Dioleoyl-sn-Glycero-3-[Phospho-L-Serine]) u ¢ocdarununsranonamun (1,2-Diphytanoyl-
sn-Glycero-3-Phosphoethanol amine) (1:1) mpuoOperennbie u3 “Avanti Polar Lipids”
(USA). Ins dopmupoBanuss BJIM npumensuiuch 3-4% CBEXECNPUTOTOBICHHBINH PacTBOP
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JWITUIOB B H-JekaHe. B kauectBe Oydeproro pactBopa npumensuicst 0.1 M NaCl, B
JUCTHJUINPOBaHHON Boze. MemOpansl (opmupoBainchk 1o meronay Mromepa-Pynuna B
PacTBOpE 3NEKTPOIUTA HA OTBEPCTHH ¢ auamerpoM | MM (mromans BJIM - S=0,64mm°) B
Te(I0HOBOI TOHKON meperoponke [7]. Bce ombITHI MPOBOIIIINCH TPH KOMHATHBIX TEM-

nepatypax (20-25°C). Bnusaue amunsl ankmisHOH nenu [TAB wa BJIM 6puto pacemort-
peno npu koHuenTparuu 10™M.

st usmepenus snekTpuyeckux napameTpoB bJIM - npoBoauMOCTh U 3JIEKTPUUECKYIO
eMKOCTh, B JIBa OTCeKa pabodell sSUeHKH, pa3lelicHHble MeMOpaHOH, MMOMEIIANNCh IBa
XJIOpcepeOpSHBIX 3JeKTpoa, KoTopsle 0bu monkiroueHsl k AL (E14-140-M) u koHT-
POJHPOBATIMCH KOMIIBIOTEPOM C HCIIOJIb30BAaHHEM KOMIIBIOTEPHOH mporpammel LabVIEW,
B COOTBETCTBHH C MpOIEXypoi, omucanHod B [6]. [Imamazon momaBaemoit Ha BJIM
pasHoctu noternuanos 6su1 oT 0.20 B m0 0.45 B.

Pe3yabTaThl M 00CyxKAeHUE

BJIM Becpbma HecTaOWiIbHA B MPUCYTCTBUM HEOOJIBIINX KOJIUYECTB JIETEPIEHTOB W
apyrux npumeceit [10]. YcroltunBocTh MeMOpaHbI MOXHO OXapaKTE€PU30BaTh CPEIHUM
BpeMeHeM Ku3HU MeMmOpaHbl. CoriacHo [1,2] BEIpakeHHE ISl CPEIHETO BPEMEHH JKU3HU
BJIM BO BHELIHEM AIIEKTPUYECKOM MOJIE UMEET BUJ!

3
2
- (k, 7Y 7y
= _exp _ 1
47Dc,Sy o+ o+ kT
0 P 2

rae 6 — HaTsbkenne bJIM, y — nuHeliHOe HaTsbKkeHne KpoMku mopsl B BJIM; D — koaddu-
mueHT Tuddy3un nepeKToB B MPOCTPAHCTBE PATUYCOB; {7 — Pa3sHOCTh MOTCHIMAIOB Ha

meMOpane; k, — nocrosiunas bonbpumana, T — Temneparypa; co— KOHIIEHTpauusi 1op Ha
BJIM u S — mnomans BJIM; C — mnpuBeneHHas 3JeKTpUYecKas €MKOCTb, KOTOpas

onpenensiercss coornomennem £ = € & fa — 1), e Ly = £p8,, /h — ynems-
Has oJIeKTpu4ecKas eMKoCTh BJIM, &, — nusjiexkTpuyeckas NPOHUIAEMOCTh BOMBL, &y

— JAUDJICKTPpUUCCKAd IMPOHULAEMOCTb B.HM, ED — DJICKTpHUYCCKass MOCTOAHHAA.

Bruto uccnenoBaHo BIMSHHUE JUIMHBI alKHJIBHOW IEMM MMOBEPXHOCTHO AKTHUBHBIX Be-
mectB (C,-Cig) Ha BpeMs XHM3HM MEMOpaH BO BHEIIHEM OJJIEKTPHYECKOM INOJIE, IMpU
3aJlaHHbBIX 3HAYEHUsX pa3sHoCcTU noreHnuanos Ha BJIM. K BJIM mnpuknagsiBanocs MmocTo-
saHoe Hanpspkenue (ot 0,2B o 0,45B) u u3mepsiiicst TOk yepe3 MeMOpany. MOMEHT J1aBu-
HOOOPAa3HOTO YBEIMUCHHS TOKA CBUAETEILCTBOBAN O pa3pylICHUH MEMOpPAHbI B pe3yibTaTe
ee aneKTprdeckoro npodos. CTpornack 3aBHCUMOCTE AECATUYHOTO JIoTapudMa CPeIHETO
BPEMEHHU JXHM3HHU, OT MPWJIOKEHHOTO HaNpsDKCHHUS.

Ha puc. 2 npuBeneHsl 3aBUCHUMOCTH AECSATUYHOrO Jorapudma CpeaHero BpeMeHH
KHM3HM MeMOpaH OT IPHIOKEHHOTO HANPsLKEHUS, TOCTPOeHHbIE 1- mBU oTcyTcTBHH [IAB,
2 — npu IPHUCYTCTBUH JaypwuicynbdaTa HATPUS B KOHIIEHTPAIHH 10* M, 3 — nBu MPUCYT-
CTBHHM MeHTajeUun Cyibpar HaTpus B KoHuentpamuu 10 M, 4- mBum mnpucyTcTBHH
naypercyib(ara HaTpus B KoHIeHTpamuu 10 M.

W3 momy4yeHHBIX KPHUBBIX (pUC.2) BHIHO, YTO YBEJIWYEHHUE JUIMHBI aJKWJIBHOW LENH
[TAB BbI3BIBaJIO YMEHbLIEHUs cTaOWwiIbHOCTH MeMOpaH. M3 mapamerpoB, BIHSIONINE Ha
cpennee Bpemsi ku3HM BJIM cormacuo (1), HamGosiee BaKHBIMHU SIBJISIIOTCS JIMHEHHOE

HaTsDKEHHE KPOMKH IOPHI Y, Pa3HOCTh MOTEHIMAJIOB Ha MeMOpaHe ¢f, HATSDKEHHE G U

DcoS, T.e. mpousBeacHre o0IIero Konudectsa ae(ekroB B MeMmOpaHe Ha KOI(D(DHUIHEHT
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muddysun nedexra B mpocTpaHcTBe panuycoB. beutn onpeaeneHs! 3HaueHus G, Y , Dc,S.
Anamuz Qopmynsl (1) mokassiBaeT, yTo cpenHee Bpems xku3HM BJIM Haubonee cuibHO
3aBUCHUT OT JIMHEWHOTO HATSHKEHHS KPOMKH TOPHI Y, TIOCKOJIBKY 3Ta 3aBHCUMOCTbH JKCIIO-
HEHIMaJIbHAS.

lgt, ms @+
+
8
.
7 m 1
6
5 2
4 3
3
2 <
14 4
0 T T T T T T T 1
? \Y4 0,15 0,20 0,25 0,30 0,35 0,40 0,45 0,50
s

Puc.2. Ymenbiienue cpeanero BpemMenu sxu3Hu bJIM npu yBennueHun pasHOCTH NOTEHIMANIOB: 1 — 1pu
orcyrctBun [1AB, 2 — npu npucyTcTBUM NaypHicyibdara HAaTpus, 3 — IPH NPUCYTCTBUU MEHTAICLUI CyIb(aT
HaTp¥s, 4— IPH NIPUCYTCTBHH JaypeTcyibdara HaTpusl. TOUKH — SKCIIepHIMEHTANbHEIE JaHHbIe (cpexHee H3 5

U3MEPEHUH NMpU KaXJI0H pa3sHOCTH IMOTEHLMAJIOB), CIUIOLIHBIE JIMHUU — TEOPETHYECKUE KPUBBIE,
MIPOBEIEHBIE METOJIOM HAaUMEHBIINX KBaJpaToB, no Gopmye (1).

Tabmuna 1. PaccuntanHpie 3HaYeHUS MapaMeTPOB MOBEPXHOCTHOTO HATSHKEHHSA (G), TMHEHHOTO
HaTSDKEHMSI CIIOHTaHHO 00pa3ylomuxcst 1op (Y) ¥ MPOU3BEACHNE OOIIEro KOJIWYecTBa AE(PEKTOB B
MeMOpane Ha koddhunuent mupdysun gedexra B IpoCTpaHCTBE pagnycoB DcgS.

o (H/m) v (H) Dc,S (M*/c)
Kontpons (npu orcyrerBuu IIAB) 4.3x10° 6,8 x10™"2 3,1x107%
npucytcteunl10*M naypuncynbdara vatpus (Cp) 2,7x10° 4.8 x10" 23 x10%
npucytcteuu 10*M nenranenmn cysnbdar Hatpus (Cis) 2.2x10° 3.2x10™" 267 x107%
npucytcteuu 10 M naypercynbdara natpus (Cg) 1.72x10° 1,9 x10™" 423 x107%

Kak BupHO n3 Tabmuupl 1, yMeHbIIeHHE 3HAYEHUs] 7Y, KaK M CIIEIOBAJIO OXHIATh,
KOppeNmupyeT ¢ yMeHbIIEHHeM cpenHero BpemeHH xm3HH BJIM. Takum obpaszom, ¢
YBEIMUYCHNUEM [UIMHBI aJIKMIBHOM HENH MMOBEPXHOCTHOAKTHBHOTO BEIIECTBA YMEHBIIAETCS
3HAYCHHE JINHEHHOTO HATSDKEHUS KpOMKH mopsl B BJIM.M3 Tabmuier | BUOHO Takke, 9TO
HATSDKEHHE O TAKXKE YMEHBIIAETCS ¢ POCTOM [UIMHBI AJKUIBHON IIEMH MOBEPXHOCTHO aK-
THUBHOTO BEILIECTBA. TaKoe COrNIaCOBAaHHOE IOBEICHUE G U 7Y TAKXKE OXKHUIAEMO, IIOCKOJIBKY
CyIIecTByeT MPUONMKEHHOE JMHEHHOE COOTHOLICHHE MeXAy HarTskernueM BJIM u  nu-
HeWHBIM HaTshkeHueM KpoMku nopsl B BJIM [1,2]. U3 tabauusl 1 BuaHO, 4TO € yBe-
JIMYCHUCM JIMHBI AJIKUJILHOM e MOBEPXHOCTHO AKTHBHOT'O BCIICCTBA, YBCINYMBACTCH
3HaueHHe mapamerpa DcS. dusndecku 370 Jerko 00BsACHUTH. [I0CKONBKY B 3THX yCIIO-
BUSIX HaOJIIOZaeTcss yMEHbBLICHHE Y, TO COTJIACHO Teopuu ycroiunBoctu BJIM B anekTpu-
yeckoM niouie [1,2], 370 Hen30exHO NMpUBENET K yBelndeHuto yucia nop Ha bJIM, a 310 B
CBOIO Ouepeb K yBeNIudeHuto napamerpa Dc,S.
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Takum 06p330M, B ,HaHHOfI pa60Te MOKa3aHO, YTO C YBCJIWYCHHUC JIMHBI AIKUILHOM

Lenu NOBEpPXHOCTHO akTUBHOro BemiectBa oT Ci, 10 Cig ycroitunBocts BJIM B anektpu-
YECKOM TI0JI€ YMEHBIIIAeTCsl.
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N3YYEHUE ®U3NOJIOTI'O-BUOXUMUYECKHUX
IHOKA3ATEJIEU JIMCTBEB JJEPEBBEB B 3EJIEHBIX 30HAX
I'OPOJA EPEBAHA

JL.P. XAYATPSH, I'.C. HEPCUCSH, M.A. HABACAPJSIH, T.A. CAPI'CSIH,
b.X. MEXXYHII, A.A. OTAHECSIH

Llenmp sxon020 — Hoocgeprvix ucciedosanuti HAH PA
lilit. khachatryan@cens.am

N3yganace ce30HHas JMHAMHKA COJCp)KaHUS OOIIero azora, 0ENKoB M (POTOCHHTETHYECKHX
MMUTMEHTOB B JINCTBhSIX JIBYX BHIOB JEPEBBEB: SICEHS OOBIKHOBEHHOrO (Fraxinus excelsior L.) n
iatana BoctouHoro (Platanus orientalis L.), IMAPOKO pacripOCTPaHEHHBIX B 3€JICHBIX HACAKICHHUIX
ropona EpeBana. OOHapy»KeHO, 4TO K KOHIly BEreTallu¥ B JIUCThSIX N3yYCHHBIX IBYX BHIOB YMEHb-
LIMJIACh COJEp)KaHUs OOIIero a3oTra, OENKOB M XJIOPO(GMLIOB, B TO BpeMs KaK H3MEHEHHUS KOH-
LEHTPaLUi KapOTHHOMIOB HOCHIIM HE3aKOHOMEPHBI XapakTep. BBISBIECHO, YTO Copiep)kaHHE HC-
CIlelyeMbIX IMOKAa3aTelieii B PacTeHHSX 3aBHCUT OT (a3bl BEreTalld, COCTOSHHS M IKOIOTHIECKON
YCTOWYMBOCTH BUJIOB K YCIOBHSIM MECTa [IPOU3PACTAHMSI.
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Xnopoguni-kapomunoudsi-azom-eecemayus-0epesvbsa-6uo

Gplwuh Ywlws wnuywpyubpnd  wdGlwwnwpwdywsé Gpyne Swnwwnbuwyubph® Iwgbuh un-
ynpwlwuh (Fraxinus excelsior L.) W Unuh wplGywuh (Platanus orientalis L) wnGplluGpnd niuncduw-
uhnytl £ punhwunip wgnuh, uyhwnwynigubph W $nnuhupbunhy whgutunutph wwpnibwynipjwu
ubgnuwjht nhuwdJhywu: Iwjnuwptnytp £, np hGinwgnnywéd dwnwwnbuwyutph wnkplupnd JGgb-
wnwghwjh yGpenwd uywqb) £ punhwuncp wgnunh, uyhwnwynigubph W pinpndhiubnh wwpnibwynejniup,
Jhugntn  upnunhunhnutGph  wwpniuwyniejniltpp Gupwpyytp GU wlophbwgswih  thnthnfuniejwl:
Pwgwhwjnyt] E, np pnyubpnud hGrwgnnwé gnigwuhpubph wwpnibwynientp Ywhujwé £ ybgb-
wtnwghnU thnihg, dwnwwnbuwyutph Jhdwyhg W 2ppwyw Jdhpwdwinph Uywwndwdp npwug npulnpué
Eyninghwywl YwjnLuniejniuhg:

Bynnndpy-wipnninhunpnlibn-wqnun-ybabunwghuw-éwn-wnbuwly

The present article considers the seasonal dynamics of contents of total nitrogen, proteins and
photosynthetic pigments in leaves of two tree species: European ash-tree (Fraxinus excelsior L.) and
Eastern plane (Platanus orientalis L.) widely used in Yerevan greening. The study has found out that
by the end of vegetation the contents of total nitrogen, proteins and chlorophylls decrease in the
studied leaves, changes in carotinoids concentrations having an irregular character. The obtained
results have indicated that the contents of studied indices depend on vegetation phase, condition and
ecological tolerance of species to habitat conditions.

Chlorophyll-carotinoids-nitrogen-vegetation-trees-species

[Tpobnema ycTOHYMBOCTH PACTUTEIBHBIX OPraHU3MOB K HEOJIAroNpHUsATHBIM (haKTopam
TOPOJICKOW Cpe/Ibl OCTAeTCsl aKTyalbHOW Ha MPOTSHKEHUM MHOTHX JIET. Y CTaHOBJICHO, YTO
YCTOHYMBOCTH pacTeHUi K HEeOIarompHATHBIM a0HOTHYECKUM U OMOTHYEeCKHM (pakTopam
obecrieunBaeTcss (QyHKIIMOHUPOBAHHEM OOIBIIOTO YHCIa Pa3sHOOOPa3HBIX MEXaHHU3MOB,
JICHCTBYIOIIMX Ha pa3HbIX YPOBHSX opraHu3auuu. I1oBblIeHHAs yCTOWYMBOCTh PACTEHUM K
TOPOJCKUM YCIIOBHSAM OIpelielisieTcss CIIOCOOHOCThIO K MepecTporke (U3MONIOTHYECKUX H
OMOXMMUYECKHX IPOLECCOB, MPOSABICHHUEM NPUCIIOCOOIICHUH, Pa3BUBIIMXCS paHee Ui
3alIUTHI OT JPYTHX SKCTPeMabHbIX (JaKTOPOB MPUPOIHOIL cpeab [14, 20].

IIpucnocobnenne pacTeHHH K SKCTPEMAalbHBIM YCIOBHSIM HApas3JIHYHBIX YPOBHSX
OMONOTHYEeCKOll OpraHu3alMM OCYIIECTBISETCS MO-pasHOMY. [ yCTOWYMBBIX BHJIOB
XapakTepHa 0oJiee BBICOKAsi CKOPOCTh MPOXOXKICHUSI BCEX OOMEHHBIX PEaKlHi, TPaHCIIO-
Kallui OPTraHMYEeCKUX COEAMHEHMH. Y yCTOMYHMBBIX BHJOB, IO CPAaBHEHHMIO C HEYCTOM-
YMBBIMU, OTMEUEHO MEHBIIee yrHeTeHHe (poTocuHTE3a, NBIXaHMS, Pa3pylICHHE IIACTHI-
HBIX TUTMEHTOB M APYTruX (GU3H0JIOro-0HoXxuMuyeckux npoueccos [12, 13, 9].

Cpenu $pU3HOIOTHYECKUX TIPOLIECCOB, ONPENEISIOINX POCT PACTeHUH 1 (GopMUpoBa-
HHE MX MPOAYKTUBHOCTH, Hanbojee BaXHBIM siBisieTcst porocunTtes. [lonnepkanne ¢oro-
CHHTETHYECKON aKTHBHOCTH Ha BBICOKOM YPOBHE CIIOCOOCTBYET POCTYy M Pa3BHUTHIO pac-
TEeHWH B HEOJIArONPHATHBIX YCIOBHSAX CPEIbl M MOXKET CIYKHTh ITOKa3aTeleM HX yCTOH-
yuBoctH [18, 13, 14]. CiocoOHOCTH pacTeHUil MOIACPKUBATh U COXPAHITH OTHOCUTEIHHO
BBICOKYIO0 MHTCHCHBHOCTh (DOTOCHHTE3a B HEOJIATONPHATHBIX YCIOBHSAX BHEIIHEH Cpebl
UMeeT BaXXHOE IPHCIIOCOOMTENHHOE 3HAYEHHE, IIOCKOJIbKY IIO3BOJISIET YHOBIECTBOPUTH
MOTPEOHOCTH B PHEPIETUUECKHUX U INTACTHYECKHX PECcypcax, HEOOXOAUMBIX HE TOJIBKO JUIs
pocTa 1 pa3BUTHS, HO M JUIA IIpoliecca agantauuu. [Ipu 3Tom, ueM cuibHee BbIpaXkeHa 3Ta
CIIOCOOHOCTh y PACTEHUIA, TEM BBIIIE UX YCTOHYMBOCTD K JaHHOMY cTpecc-(akropy [3, 4].

W3BecTHO, 4TO B X0/€ (POTOCHHTE3a OCYIIECTBISIETCS IIOTJIOIEHNE U TpaHC(HOPMAIH
SHEPrUM COJHEYHBIX JIydel, B KOTOPOM HEIOCPEICTBEHHOE ydacThe NPHHUMAIOT (oTo-
CUHTETHYCCKUE MUTMEHTHI JIHUCThEB, U OCOOCHHO, XJIOPOGWLIBI U KapOTHHOMBL XJIOPO-
GUILTBL XapaKTEPU3YIOTCS CIOXKHONH XUMHUYECKOW CTPYKTYPOH, OCHOBHBIM KOMIIOHECHTOM
KOTOpBIX SIBJIAETCS NMOP(UPHH, colepiKalliuii aToMbl azota W Mapranna [2, 14]. Cneuu-
(uueckoe CTpOEHHE MOJIEKYJBl XJIOpO(HiIIa MO3BOJSIET MEPEXOANUTH B BO30YXKICHHOE
COCTOSIHME TIpH HE3HAYMTENILHOM KonndecTBe 3Hepruu (1 KBaHT), Onaromaps KOTOpoH
OCyHIeCTBISIIOTCA  (poToOXMMHUecKre peakunu (oTocuHTe3a. KapoTHHOWABI TakXke IIor-
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JIOUIAKOT COJIHEUHYIO SHEPTHIO U MEepenaroT ee xyopodwury a [17, 16], T.e. OHU ASHCTBYIOT
B KayecTBE JOIMOJIHUTENILHBIX «CBeToCcOOpIIMKOBy [19, 7]. KapoTnHOMABI SBISIOTCS TaKke
OJTHUM M3 OCHOBHBIX aHTHOKCHIAHTHBIX COCJMHEHHMH B KIIETKE M YYacTBYIOT B CHHTE3E
a0CIIM30BOH KHCIIOTHI — «TOPMOHA CTpecca», 0aroaapsi KOTOpbIM o0ecrieunBaeTcs yCTOH-
YMBOCTh PACTEHHH K Pa3IMUHBIM CTPECCOBBIM BO3JCHCTBHSAM. B 3TOH CBsI3M ypOBEHB CO-
Jep)KaHus KapOTHMHOWAOB B JIMCTHAX MOXKHO paccMaTpuBaTh KaK BaKHBIM HMHAWKATOD
YCTOHYHUBOCTH (POTOCHHTETUIECKOTO ammapaTa pacTeHHH.

ABOTHBII 00OMEH HEeTIOCPEACTBEHHO CBS3aH C MpoIeccoM (POTOCHHTE3a PaCTCHUMN: a30T
U a30THCTHIC COCOMHEHMS HEOOXOAMMBI AJISL MOCTPOEHUS (POTOCHHTETHYECKOTO amlmapara.
Cunre3 xmopoduiuia pe3ko ociabiseTcss Ipu HEeIOCTaTKe a3oTa B NMHUTATEIBHOU cpee.
MakcumanbHOE CoiepKaHue XJI0po(ulIa B IUCThSIX COBNAAET C MEPUOJOM 00pa30BaHUs
MOJIOBBIX KJIETOK, T.€. Ha4aJlOM IIBETEHMs, II0CIIe Yero HaOII0JaeTcsi CHIDKeHNE. XapakTep-
HbIM MPU3HAKOM a30THOI'0 roJioJJaHusd ABJIACTCSA TOPMOXKCEHUE POCTAa BETECTATUBHBLIX Opra-
HOB PacTEeHH U IMOsIBIICHUE OJIeJHO-3EJICHON MM JIaXKe JKENITO-3eJICHOH OKPAcKH JINCTHhEB
13-3a HapylIeHUs o0pa3oBaHus xjaopodumia [11].

Panee HaMy M3ydanuch OCOOEHHOCTH a30THOTO OOMEHa B JINCTHAX JIEPEBHEB, IPOU3-
pacraromux B ycioBusx ropoaa EpeBana. BbisiBeHO, 4TO HaKOIUIEHHE a30Ta B PACTEHHAX
3aBUCHUT OT BHJIOBBIX OCOOEHHOCTEH, (pa3bl BereTalyy, CTENEHN 3arpss3HEHHOCTH TEPPUTO-
puu npouspacranus [8, 10].

Lenpto manHON pa®OTHI OBUIO BBIIBUTH XapaKTep CE30HHBIX M3MEHEHHH COICpIKaHHS
a3ota U (OTOCHHTETHUECKHX ITMTMEHTOB B JIMCTBSX IIBYX BHAOB JEPEBHEB, MPOHM3pACc-
TAIOIIMX B Pa3IMYHBIX YacTAX ropoaa Epesana. [lns nocTmxeHus 3TOH LeNuB IBYX (azax
BETETALMH JICPEBbEB IMPOBOJMIACH OLIEHKA WX COCTOSIHUSH OIpENeNeHHE COACp)KaHUN
o0miero a3ora, 6eIKOB, XJIOPOMUILUIOB U KAPOTHHOUIOB JIUCThSIX.

Marepuaj 1 METOAMKA

OObekTamMu UccieqoBaHUK ObLIM HauOosiee paclpoCTpaHeHHbIe B Topoie 2 Buaa
JICPEBbEB: SICCHb OOBIKHOBEHHBIN - Fraxinus excelsior L. v tuiatan BOCTOUHBIN - Platanus
orientalis L.. ViccnenoBaHusi COCTOSIHUSI JIepeBbEB U OTOOP IMPOO JIMCTHEB NMPOBOAMIMA B
Havase (MI0Hb) ¥ KOHIIE (CeHTA0ph) akTUBHOM Bererauuu pacteHnii B reuenue 2016 roaa B
9-TM NMJIOTHBIX TOYKaxX 3eJleHbIX 30H T. EpeBanHa. OueHKa COCTOSHHS PacTeHHH MpPOBO-
JJIach UCXOAS W3 BUANMBIX IPU3HAKOB YTHETEHHOCTH PACTEHHN: Ae(hOpMalliy BEreTaTuB-
HBIX OPraHOB, CTENEHH MOPAXEHHS aCCUMWIALMOHHOTO ammapara, JexpoManuu u aedo-
JIMALUH, Pa3pexXEeHHOCTU KPOHBI, KOTMUYECTBY CyXUX BeTBel U T.1. [1].

Copneprxanue o0mero 1 6eIKOBOTO a30Ta ONPEACISUIA B BO3IYITHO-CYXOM PacTHTEb-
HOM MaTepHase 110 3KCIIpecc METOAMKE ¢ MoMoIbIo peakTuBa Heccnepa [5].

Conepxanre (pOTOCHHTETHYECKUX MUTMEHTOB (XJIOPOMUILIBI @ ¥ O, KapPOTHHOHIBI)
OIIpeieNs I 110 MOIU(UIIMPOBaHHOH METOIMKE, OCHOBAaHHON HA HMCIIOIb30BAHUM OpraHH-
yeckoro pactBopurens aumermicyiabdokcuna [(CH;),SO], koTopslii 03BOJISET MOIyYaTh
YCTOWYMBBIE 3KCTPAKTHI, HEOOXOAMMBIE JUIsi BBHITIOJIHEHUSI BHEIA0OPAaTOPHBIX HCCIENO0Ba-
Huil [6]. M3mepenune mpoBoaminoch Ha crekrpodoromerpe (CD-16), a KOIMIECTBEHHBII
yuer XJOpopWUIOB @, 6 U KapoOTHHOWAOB — 1o Qopmyinam Makkunu-ApHoHa u Berr-
mreitna [15].

[MunorHele yuyactku B 1. EpeBane: 1. CkBep uM. AOoBsHa; 2. KonbueBoii nmapk (yi.
Xanmksna); 3. Ilapk okono o3epa B Opedynu; 4. [lapk nm. Komuraca (np. Apuakyssn);
5.Cxsep Ha yn.Apun-6epn (oxono HITO Haupur); 6. Cxeep Ha yin.Paddu (FOro-zamamnusiii
maccuB); 7. Cksep Ha yin. T. [lerpocsna ([Jasuramen); 8. [Tapk Apadkup (np. Komuraca);
9. IMapk Ha mp. 'as (Hop Hopk).
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Pe3yabTaTthl u 00Cy:KIEHHE

K OCHOBHBIM BUAMMBIM U3MCHEHHUSM Y PACTCHHUH, MPOU3PACTAIONIMX HA TOPOJCKUX
TEPPUTOPHUSIX, MOKHO OTHECTH: KOJMICCTBECHHBIC H3MEHEHISI KX MOP(O-PU3UOTOTHUECKIX
MIPU3HAKOB, MOSBIICHUE PA3IUYHBIX JeopMalnii opraHoB, oOmiee CHIDKEHHE IMPOTYKTHB-
HOCTH, U3MEHCHHE OKPACKH JIHCTHEB B PE3yNbTaTe XJIOpPO3a, HEKpO3a U OPYTUX MPUYHH,
paHHee TMOXKEJITEHHE W OMaJCHHE JINCTHEB, 3aMeIJICHHE WINM yCKOpeHue pas3Burtus. llpum
9TOM HamboJiee 3aMETHO ATH M3MEHEHUsI TIPOSIBISIIOTCS Y YYBCTBUTENILHBIX K 3arPSI3HEHHIO
BUZIOB PACTEHHH, TOTJa KaK y YCTOMYMBBIX BHIOB BHIUMBIX INPH3HAKOB MOXET U HE
HaOmonatecs [1, 12, 8].

Hamm denonornueckue uccaenoBaHus MOKa3aid, 9YTO B UIOHE TOJIBKO B OJTHOU U3
uccienyembix toyek ropona - Ckeep okoso HIIO Hawpur (yn. Apun-bepn), nepeBbs
IUlaTaHa OLIEHMBAINCh KaK CHJIBHO oOcJiaOJieHHbIe: HaOJIIOAAINCh W3MEHEHHE OKpacKu
JUCTHEB B PE3YJIbTATE XJIOPO3a U HEKPO3a, OKEITCHHE JHCTHEB, HAIMYNE CYXUX BETOK. B
KOHIIE CEHTSOps BO BCEX HM3YYCHHBIX TOYKAX COCTOSHHUE JIEPEBHEB ITOrO BUIA 3aMETHO
YXYAIIWIOCh, BHJIHBI OBUIM TPU3HAKKA PAHHETO OKOHYAHHS BETETAIIMOHHOTO IEPUOJA:
MMOKENTEHNE W OIAICHUE IMCTHhEB, 3aMENJICHHE pOCTa, CHIBHOE pa3peKeHHe KPOHBI,
paHHHI JUCTOMA/, YBEIHUCHHE KOITMIECTBA CyXUX BETBEH.

Wnas xapTuHa HaOMFOANACh B CIIyYae sSCEHs: Kak B Hadalle, TaK M B KOHIIE BEreTalliH
JIEpeBbs 3TOT0 BHJA HAXOJWINCH B XOPOIIEM COCTOSIHHU BO BCEX MCCIIEAYEMBIX TOUKax, 3a
HCKJTIOUEHHNEM JIBYX: B IeHTpe (mapk uM Komutaca, yin. ApImakyHsII) U ceBepO-BOCTOYHOM
(Hop Hopxk, np. I'ast) gacteli ropoaa, T1e B MIOHE HEKOTOPHIE NEPEBbs ObLTN OCIabIeHBI U
MOpaXCHbl BPEAUTCIIAMU. Hauo OTMETHUTDH, YTO HEKPO3bl, YMCHBIICHUEC MPUPOCTA, YyCbIXa-
HUEC BeTBeﬁ U T.A. ABJAIOTCA CJICACTBUEM HAPYHICHHUA KOMIIJICKCA q)HSHOHOFH‘IeCKI/IX
mporeccoB. Mcxons w3 MPOBEICHHONH HAMH OLIEHKU COCTOSIHUS MOXHO OBUIO MPHHATH K
MPEBAPUTEIIEHOMY BBIBOJY O TOM, YTO M3 JIBYX HCCIEAYEMBIX BHJIOB SCEHb OOBIKHOBCH-
HBI SBJISIETCS HANOOJIee YCTOWYMBBIM BHIIOM K (haKTOpaM Cpejbl TOpoia.

[Toka3aTeneM aKTHBHOCTH CHHTETHYECKHX IMPOIIECCOB CIYKHUT COACpIKaHUE OCIKOB H
a30Ta B JIUCTHAX, IOCKOJBKY ITOCICAHUN SBISIETCS OMHUM W3 HEOOXOIMMBIX MaKpOdJie-
MEHTOB JUIS J)KU3HH PACTECHHUI: BXOJUT B COCTaB BCEX OEIKOB (CoJiepiKaHue ero KoJieOIeTcs
ot 15 mo 19%) HYKJIEHHOBBIX KHCIIOT, aMHHOKHUCIIOT, XJOpo(uiuia, (epMEHTOB, MHOTHUX
BUTAMHUHOB, JIMIIOW/IOB U IPYTUX OPraHUYECKUX COCTUHEHHUN, 00Pa3yIOIMXCS B PACTCHHSX.
OO1iee conmepkanue a3ora B pacteHun cocraBisier 0,2-5 % u Gojee Macchl BO3AYIIHO-
cyxoro BemecTsa [11].

Fraxinus excelsior
1.8

C %)

B HioHe

B CeHTabpe

2 3 4 5 [ T ] a

Touku npofnoThopa

Puc. 1. Ce30HHas AMHAMKKA KOHLEHTPALMH a30Ta B JIMCThIX SCEHS.
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HccnenoBaHre Ce30HHOW AMHAMHUKHM a30Ta B JIUCTBSIX HCCIELYEMBIX JICPEBBHEB BBIS-
BWJIO YETKYIO TEHJCHIMIO K CHIDKCHHUIO COAEpKaHWI dJIeMEHTa K KOHIy BEreTaluy, 4To
BIOJIHE 3aKOHOMepHO. CpeiHue KOHIIEHTPALUMK a30Ta B JIMCThSIX SICCHS YMEHBUIMINCH HA
12%, a mnarana - Ha 14 %. ToapKo B FOKHOM, MPOMBIIIJIEHHON 30HE ropoja (To4ka 5) B
JUCTHSX TUIaTaHA U B JABYX CITydasx (TOYKH 4 1 9) B MUCTBAX SICCHA B LIEHTPE U CEBEPO-
BOCTOYHOW 4YacTsAX ropoja cojepikaHue a3oTa ObUIO BbIlIe B CEeHTAOpe. MakcuMmasbHbIe
KOHIIGHTPAILlMN a30Ta B WIOHE B JIMCTHAX IUIaTaHa coctaBisumd 1.7-1.8%, a scens - 1.56-
1.7% Ha cyxoe BeuiectBo. OHM ObLTH OO0HApYKeHbI B pacteHusx KosbleBoro napka (T. 2),
ckBepoB Ha ynuie Paddu (1. 6) u B [laButamene (1. 7) (puc.1,2).

Platanusorientalis
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C %)

H HoHe
1.2 4

B CeHralpb
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1 z 3 4 5 o 7 8 9

ToUuKH NpoGooTGoNA

Puc. 2. Ce3onnas JUHaMHUKa KOHI_IeHTpaIII/Iﬁ a30Ta B JIMCTHAX IIaTaHa.

Hawubosee akTuBHBIN CHHTE3 Oeika 0OHApYKEH B JIMCThSIX 00CUX M3YUEHHBIX BHJIOB B
HIOHE. 3HAYCHHUS CPEIHEr0 COACPIKAHUS CyMMAapHOro Oelika B JIUCThSX SICCHS ObUIM B
npenenax 8.3-9.7, a mmarana — 7.1-10.2% ot Beca Bo3aymIHO-CyXoW Maccel. B koHIe
BEreTali CyMMapHOE COZEpKaHne OENKOB TaK)Ke CHMXKAJIOCH, 32 UCKIIOUYEHHEM TeX JKe
BapUaHTOB, KaK U B CIIy4ae ¢ OOLINM a30TOM.

[To Bceli BHOAMMOCTH, Takue W3MEHEHHS B a30THOM OOMEHE CBsI3aHBI C pSAOM (ak-
TOPOB, B TOM YHCJIE€ ¥ HEOIarONpUsATHBIMH SKOJOTHYECKHIMH YCIOBUSAMH CPE/bl, KOTOPbIC
BO3ACUCTBYIOT Ha COCTOSTHHE M MeTa0omm3M pacteHmid. Kak OpU10 oTMedYeHO BEImIe, (heHO-
JIOTHYECKHE UCCIEJOBAHMS TIOKa3aJIH, YTO B YKa3aHHBIX TOUKAaX PAaCTCHUS! OBUIH MOPa’KEHBI
BPEAUTENIIMH U OCIIa0JIeHBl, a Ha JIMCThAX ObUIM OOHapyxeHbl IATHa Xioposa. Vcciemo-
BaHME KOHLEHTPALMH TOKCHKAHTOB B PACTEHUSIX M3YyYCHHBIX YYacCTKOB ropojia MO3BOJHT
Oonee JeTanbHO BBIABUTH JKOJIOTHMYECKHE (DAKTOPHI, BIUSIOIINE HAa COCTOSIHUE M JKH3HE-
JIeSITeIbHOCTh PACTCHUH.

Ce30HHBIE U3MEHEHHSI CyMMapHOTO COJIEpKaHHsl XJIOPO(UILIOB ¢, 6 U KapOTHHOHUJOB
B JINCTBSIX SICEHS U TUIaTaHa, IPOU3PACTAIONIKMX B 9 ToUKax MpobooTOOpa, Npe/cTaBIeHbl Ha
pucyskax 3 u 4. Kak BungHo (puc. 4), congepkanue XJI0poQuiioB B JUCThX SCEHS B HIOHE
kosebanocy B mpenenax 214-368 mr/100r ceiporo obpasua (B cpexnem 269), nmpu 3ToM
BBICOKHE ITOKa3aTesd 0OHapyXeHb! B Toukax 1, 2 u 4, a uuzkue — 3, 5u 9.

B 3T0T mepumoxa KoHIEHTpanus XJI0popHIUIOB B JIIMCThIX IUIaTaHa BapbupoBana 212-
398 mr/100r ceiporo obpasia (B cpenHem 271), MUHIMAIBHBIA ITOKa3aTeNlb KOTOPOH TaKKe
ObLT OOHApYXKeH B TOYKe 3, T.e. IKHOU YacTu ropozaa (JpedyHu), XOTs AepeBbsi B TAaHHOU
TOYKE HAXOIWINCh B YJIOBIETBOPUTEIEHOM COCTOSHHMH. B CeHTIOpe y wucciaeqyeMbix
JepeBLEB MPOUCXOAMIO CHIDKEHUE XJIOPO(UIUIOB U 10 TOYKaM Npo6ooTOOpa AOCTHIIO Y
sicenst 153-272 (B cpenuem 197) u miatana 169-253 mr/100r ceiporo obpasna (B cpeaHeM
210), T.e. cpemHee CoAepIKaHKe XJIOPOPHIUIOB MO BCEM MyHKTaM M CPOKaM H3MEPEHHUH Y
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0o0ouX JepeBbeB OBUIO OAMHAKOBBIM. I3 pucyHKa 3 BHUIHO, YTO B JIMCTBSIX SICEHS B
CEeHTSI0pe CHW)KEHHE COJIepKaHHs XJIOPO(WIIOB MO MYHKTaM NPOMCXOAMIO PAaBHOMEPHO
(21-33%), Torma Kak y IaTaHa OHO BapbHpOBAIO B Oombmnx mpenenax (4-44%), 6omiee
TOTO0, B 9-OM IIYHKTE H3MEHEHH BOBCE HE HAOIIFOJaIOCh.
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Puc. 3. Ce30HHbBIE U3MEHEHUS COACPKAHUS XJIOPO(UILIOB B JIMCTHIX
SICeHs1 M TUIaTaHa 110 TOYKaM 1mpobooTdopa

ConepxaHue KapOTHHOHMIOB B JINCTBAX HCCIEAYEMBIX JEPEBHEB CYILIECTBEHHO
MEHSJIOCHh Kak 1o (hazam, Tak ¥ TOYKaM MpobooTOopa (puc. 4): B MIOHE OHO B JIMCTBIX
siceHs BapbupoBajio B npezaenax 109-172, a B cenrsiope — 83-132 mr/100r ciporo obpasua,
TOT e MOKa3aTelb IUIaTaHa B JABYX CPOKax, COOTBETCTBEHHO, cocTaBui 83-149 u 70-146
mr/100r ceiporo obpasua. I[lepBas quarpamMma pucyHka 4 1oKas3bIBaeT, UYTO y SICEHS COZAEp-
JKaHUE KapOTUHOMJIOB B CEHTSIOpE, 110 CPAaBHEHMIO C MIOHEM, B 7 TOUKaX YMEHBIIMIOCH (OT
4 no 24%), B 0JHOH BOBce HE MEHSIIOCH (T. 7), @ B ToUKe 3, HA0OOPOT, YBEINYMIIOCH Ha
11%. YV muratana HaOmOganach HECKOJIBKO HHAs KapTHHA: B 4-X TOYKAaX KapOTHHOMWJIEI
yBenmmuIuinch Ha 22-77%, B omHOU (T. 8) mpoucxoamio 3aMmeTHoe cHmkeHue (36%), a B
OCTaIIbHBIX — HX COJEP)KaHHE ITOYTH HE MEHSIIOCh.
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Puc. 4. Ce30HHBIE U3MCHEHUS COJEPIKAHNST KAPOTHHOHUIOB B JICTHSIX
sICeHs M TUIaTaHa 1o ToYKaM npobooTdopa

3akiaouenne. Takum 00pa3oM, MCCIETOBAHNE CE30HHOW NTWHAMHKH a30TaB JHCTHSIX
00enx MccienyeMbIX IePeBbEB BRISBHIIO TCHIACHINIO K CHIDKCHHIO COJCPKAHUN dJIEMEHTa
U CYMMapHOTO COJEp)KaHusi OCNKOB K KOHIly Bereranuu. VICKIIIOYEHHE COCTaBISIIN
3HAYEHUS a30Ta B JIUCThAX PACTEHUN B F0’KHOMU, LIGHTPAJILHON U CEBEPO-BOCTOYHOM HACTAX
TopoJa, TIe PacTeHHsl OBUTM MOPaKEHBI BPEAUTEISIMUA M OCIIa0JIeHBl, a Ha JIMCTHSIX OBUIH
oOHapy)keHbI IATHa xJiopo3a. 1o Bceil BUAMMOCTH, Takue U3MEHEHUs! B a30THOM oOMeHe
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CBSI3aHBI C PSAJIOM (PAKTOPOB, B TOM YHCJIC W HEOJIArONMPUSTHBIME YKOJIOTHUYCCKAMHU YCIIO-
BUSIMU CPEJIbI, KOTOPHIC BO3ACHCTBYIOT HA COCTOSIHAE M METa0OJIN3M PaCTCHUIA.

YcTaHOBIIEHO, YTO COAEpKaHUE XJIOPO(IIUIOB B JINCTHAX JCPEBHEB SICCHA U INIaTaHa B
KOHIIE BETETAlMOHHOTO TIeproAa (CeHTAOpb) 3aMETHO CHH3WIOCH. VI3MeHeHHs B
COJZIEPKAHUN XJIOPO(PIUIOB HAOIOJATUCH MO0 PAa3HBIM MECTaM IIPOU3PACTAHUS JePEBBEB,
XOTSl CTaTHCTHYecKas 00paboTKa MaHHBIX, MTOJYYSHHBIX IO 9-THW MyHKTaMm mpoboordopa,
YCTaHOBHJIA, YTO MCCIIEAyEMbIC BUBI B HIOHE U CEHTAOpE CYIIECTBEHHO HE PAa3IMYaINCh 10
cpenHeMy cozepxanuio xnopodunioB. CozmepxkaHue KapOTHHOUIOB 3aMETHO MEHSUIOCH 1O
myHKTaM U ()a3aM BereTald PacTCHHU, OJHAKO 3TH KoJieOaHWs, OCOOCHHO y IUIaTaHa,
HOCHJIM HE3aKOHOMEpHBIH xapaktep. O00011ast MOJyYeHHBIC JAHHBIC MOXKHO CKa3aTh, YTO B
KOHIIC BEreTallMd HCCICAYSMbIX JIEPEBbEB MPOUCXOAUT 0O0Jee 3aMETHOE CHHKCHHUE
COJIepXKaHUs XJIOPO(DUILIOB, YeM KapOTHHOHUIOB, YTO OYCBHIHO CBSA3aHO C IOBBIIICHUEM
POJTH JKENITHIX MATMEHTOB B ()OTOCHHTETHYCCKON PEaKIMsIX PaCTCHUHN B TAaHHBIA MIEPUO/I.

PesympraTel Hamero WCCIEIOBAaHUS CBHICTEIBCTBYIOT O TOM, HUTO COJCpKaHHE
UCCIIEAYEMBIX (PH3NO0IOr0-OMOXIMUYECKUX TOKa3aTele B PACTCHHUAX 3aBUCUT OT (hasbl
BETETAINH, COCTOSHUS M SKOJIOTHUIESCKON YCTOMYMUBOCTH BHIOB K YCIOBHSIM MECTa MPOM3-
pactanus. JlanbpHeilee HcClIelOBaHUE KOHLEHTPALMH TOKCUKAHTOB B PACTEHMSIX H3Y-
YEHHBIX YYacCTKOB ropojia MO3BOJHUT 0ojiee JeTalbHO BBISBUTH 3KOJIOTHUYeCKHe (akTopsbl,
BIIHSTFOIIIME HA COCTOSHUE U )KU3HEAEATENbHOCTh PaCTCHUH.
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YK 616.9-02/-092
AHTUBUOTOKOYYBCTBUTEJIBHOCH MUKPOOPI'AHU3MOB,
BBIAEJIEHHBIX U3 MOJIOYHbBIX ITPOAYKTOB

A.B.IAKAHSIH”, 10.T.AJIEKCAHSIH”, I.I MEJIUK-AH/JIPEACSIH?,
K XAHDKSIH?, HA. AHJAPEACSIH?, A.B.ABATSIH?.

HUH Snudemuonozuu, supyconozuu u meduyunckoii napazumonoauu um. A.B.Anexcansna M3 PA™Y
Hayuonanvnoe 61opo sxkcnepmuz HAH PA @

B nactostmee Bpemst 0oNbIIOe BHUMAHHE YIEISETCS BOIPOCAM CAaHUTAPHO-MHUKPOOHOIO-
THYECKOT0 Ka4ecTBa MHUIIEBEIX NPOAYKTOB, UTO MPEXIE BCEr0 OO0YCIOBICHO 3HAUYHTEIBHBIM POCTOM
3a00JIeBaHIH BO MHOTHX CTPaHax, CBSA3aHHBIX C YHOTPeOIICHHEM NUILIEBHIX MPOIYKTOB, KOHTAMHHH-
POBAaHHBIX PA3INYHBIMU MHKPOOPraHM3MAaMHM, YTO HE TOJNBKO CHIDKAET MX IHUIIEBYI0O W OWOJIOTH-
YECKYI0 IIGHHOCTb, JieJlas HEBO3MOXKHBIM MCIOJNb30BaHME B IMTaHMU, HO U SBISIETCS JIOBOJIBHO
Cephe3HOil MPOoOIEeMOil ¢ TOUKM 3peHus 3apaxeHus mroneil. Kpome n3MeHeHuil opranoaenTuueckux
CBOICTB MPOAYKTa, MUKPOOPTaHU3MBbI MPHUBOIAT K HAKOIUIEHUIO TOKCHUECKHUX BEILECTB, KOTOPBIE
MOTYT IPHBECTHU K MHIIEBBIM TOKCHKO3aM.

YY8CMEUMENbHOCHb, AHMUOUOMUKU, MOTOUHbIE NPOOYKMbL.

Gwnwagnnyt) £ 58 dwuptubph qquyniuniegniup (wjunptu oguwignnpdynn  hwlwphninhyutbph
Uywwndwdp, npnughg 75.9% wwwnywunwd EhU Escherichia coli-hu, 13.8% Staphylococcus epidermidis-hu,
5.2% Staphylococcus aureus-hU, 5.2% - Pseudomonas aeruginosa-hu: IGinwgnuntejwl wnpnntupubpp gniyg
GU wdb|, np Jwuptubpp pwpép qqujunieynt U gnigwpbiptp ywppbwbUbdutph Uywwndwdp® 100%
huhwBuGUh, UGpnwButuh, 86.7% gtdtwhuh; punpfuhuninuuGph’® 100% JUnbuhdinyuwghth, 92.9%
odnyuwghuh, 85.7% ghwnndnywghuh, 83.3% Unpdinyuwghuh, Uwihnhluwpreyh 73.3%; wdhungihyn-
ghnutph* 92.5% qbuwnwdhghuh, 88.7% wuJhywghuh; pGnw-wyunwdutph' 94.4% YwnppBuhghhuh,
89.5% gbdnwtpwgnuh, 50.0% gtdunwaghnhuh; 80.0% |lndhgbwnhuh Uywwndwdp: IGnwgninywé Jwu-
pEuGpp Ywjnu Ehu pGnw-jwywnwdutpht 100% gGduphwyunuh, 92.1% obuwghihuh, 90.3% gtdne-
npnyuhuh, 81.25% gtdwininhuh, 73.1% wnigutlUwnhuh, 68.97% gtdwanihuh, 50.0% gbtpunwghnhuh
Uywwndwdp; wdhuwagihynghnutiph® 88.9% wghwpndhghuh, 84.2% uwnptwwnndhghuh, 75.0% Yiwphwupn-
Uhghuh Uywwndwdp: Swnwdubph 98.3%-p wnihntghunBunn U W Ywjniunieinu GU gnigwptpt) 2-14
hwywphnunhyubph UYwndwdp:

dwilipklibn, hwlwphninhllbn, qquylinisinll, Guwplwdpbne

In the Republic of Armenia there has been investigated the sensitivity of 58 microorganisms
(75.9% -44 strains of Escherichia coli, 13.8 %-8 strains of Staphylococcus epidermidis, 5.2%-3
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strains of Staphylococcus aureus , 5.2%- 3 strains of Pseudomonas aeruginosa) towards widely used
antibiotics. Investigation results revealed high sensitivity of bacteria towards meropenem, imipenem
(100%), cefepime (86.7%), moxifloxacin (100%), ofloxacin (92.9%), ciprofloxacin (85.7%),
norfloxacin (83.3%), nalidixic acid (73.3%), levomycetin (80.0%), gentamicin (92.5%), amikacin
(88.7%); carbenicillin (94.4%), cefoperazone (89.5%), ceftazidime (50.0%), levomycetin (80.0%).
Investigated bacteria were resistant towards beta-lactams: ceftriaxone (100%), oxacilline (92.1%),
cefuroxime (90.3%) cephalotine (81.25%), augmentin (73.1%), cefazolin (68.9%), (50.0%)
ceftazidime (50.0%), azithromycin (88.9%), streptomycin (84.2%), clarithromycin (75.0%). 98.3%
(57 out of 58) of strains were poly-resistant towards 2-14 antibiotics.
microorganisms, sensitivity, antibiotics, dairy products.

3a10roM KpemKoro 3/10pOBbsl M XOPOILET0 CaMOYyBCTBHUS B JIFOOOM BO3PACTE SBISIETCS
COOJI0ZIeHHe MPUHLMUIIOB NPABUIBHOTO IHTaHMA. BakHO He TOJBKO COOIIONATH PEXUM,
HCKJIFOYaTh U3 PallMOHA BPEIHYIO MHIIY, HO U HE 3a0bIBaTh 00 yIOTPEOICHUM MOJIC3HBIX U
Pa3HOOOPa3HBIX MPOIYKTOB.

[MumeBble NPOAYKTHI TOJDKHBI  YIOBJIETBOPSTH (DHU3HOJIOTHYECKUM IOTPEOHOCTIM
YeJloBeKa B HEOOXOIMMBIX JJIsi OpraHU3Ma BEIIECTBaX M JHEPrdH, OTBEYaTh HE TOJIBKO
NpEABSIBISIEMBIM K HUM TpeOOBaHMSM O€30MacHOCTH, YCTAHOBJICHHBIM HOPMAaTHBHBIMU
nmokymeHTaMu (c stHBaps 2016 roma TEXHUYECKUMH periaMeHTaMu TaMO>KEHHOTO CO03a)
M0 MHKpPOOHMOJIOTHYECKAM TIOKa3aTeNIiM M TPENebHO JOMyCTUMBIM KOHLEHTPALHAM
XMMHYECKUX, PAJHMOAKTUBHBIX, OHMOJIOTMUECKHX BEIIECTB W HMX COCIHHEHHH, IPEICTaB-
JISIOMKX OMACHOCTH s 310poBbs [8]. Kpome aToro, mms KaXmoro THIIA MPOIYKTOB CY-
IIECTBYIOT OPraHOJICNITUYECKHE M (PU3UKO-XUMUIECKUE MOK3aTEIN COOTBETCTBHUSI HOPMaMm,
YCTaHOBJIEHHBIM IPOU3BOJUTENISIMH (TEXHUYECKHE YCIOBHSA).

Kuciaomoiounsie MIPOAYKTHI, ABJIAACH 06ﬂ3aTeJ'll)HI)IM COCTaBJIAKOIIUM TPaBHUJIBHOT'O
3J0pOBOT'O0 MMUTAHUA, 6J'IaFOl'Ipl/I)ITHO BJIMAIOT HAa NMUIIECBAPUTCIIBHYIO CUCTEMY, MOBBIIIAIOT
HMMYHUTET, 3alllUIIAIOT OpraHu3M OT l/IHq)eK]_[Hﬁ, HaCbIIAlOT OpraHrM3M BUTaAaMUHaMHU U
MUKpoOd3JieMeHTamu [9].

W3BecTHO, YTO TMOCTOSIHHYI0 MHUKPO(IOpY KHIIEYHUKA YEJIOBEKa COCTABISIOT I'€He-
THUYECKH Pa3INYHbIC KIOHBI MOMYJISLIMN KUIIEYHOH MajO4KH, COCTaB KOTOPHIX y Pa3HBIX
monei pasziaudeH. st BHEAPEHHS B HOMYISLUIO HOBOTO ITaMMa HEOOXOAMMO, YTOOB! OH
ObUT IIpeACTaBIICH 3HAYNTEIBHBIM YHCIIOM KJIETOK. CUMTaeTCs, 9TO IS 3TOT0 HEOOXOIUMO
1o kpaiineii mepe 10° KJIETOK, YTO BO3MOYXHO IIPH HCHONb30BAHUN CHIBHO 00CEMEHEHHBIX
MUIIETIPOAYKTOB. B mpakTuke 3apaBOOXpaHEHHsS M KHBOTHOBOJCTBA B PE3YNIbTaTe BO3-
JEeWCTBHSA aHTUOMOTHUKOB UYBCTBUTEIIbHbIE MUKPOOPTaHU3MBI NOTHOAOT, a PE3UCTEHTHBIC
COXpaHSIOTCA.

[IpuoOpereHHass PE3UCTEHTHOCTh 3aKpeIUIseTCS M IepelaeTcs 10 HacleICTBY
MOCJIEAYIONMM I'eHepalusaM Oakrepuil. [IpuMepoM SIBISIIOTCS SLIEPUXHUH, KOTOPBIE CITyXKaT
MOCTOSIHHBIM pe3epByapoM IIIa3MUJ PE3UCTEHTHOCTH B OpraHM3Me yejoBeka. Ha cope-
MEHHOM 3Tale BO3HHKHOBEHHE W IHUPKYJSIIUS TTOJMPE3UCTEHTHBIX IITAMMOB MHKPOOpTa-
HHU3MOB MpEACTaBIsIET OOJNBLIYIO NMpoOJieMy, KOTOpas OnacHa B OTHOIIEHHHM BO3HHKHO-
BEHHMS BCIBIIIEYHON 3a00JIEBAEMOCTH HE TOJIBKO B PecrryOunke ApMeHUs, HO B BO MHOTHX
Pa3BUTHIX U Pa3BUBAOIINXCS CTPAHAX.

Heau u 3anaum ucciaenoBanusa. OTHUMH U3 IIMPOKO NMOTPEOISEMBIX HACEICHHUEM
MPOJYKTOB SIBJISIOTCS - MOJIOUHbIE TPOAYKTHI. C LENbI0 BBLSICHEHHS POIM MOJIOYHBIX IIPO-
JOYKTOB KaK MCTOYHHUKOB aHTHOMOTHKOPE3UCTEHTHBIX MUKPOOPTaHU3MOB, U3yUeHA UyBCT-
BUTEJIBHOCTh TOCIEIHUX K HIMPOKO NPHUMEHAEMBIM Ha IIPAKTHKE 3APABOOXPAHEHMS aH-
THOMOTHKAM.
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MatepuaJjbl 4 METOAbI

Marepuanom ajsi MUKPOOHOJIOTHYECKUX MCCIIEA0BaHNH ITOCTY KN NOCTYIIMBLINE HA
9KCMEPTU3y IHUIIEBBIE IMPOIYKTHI (TBOPOT, CMETaHa, Macio, ChIP, AETCKas MOJOYHAs
cMmech). bakrepronornyeckoe nccieoBaHUE MaTepuala, BBIICIICHHE YUCTOW KyJbTYpPHI U
UeHTU(HUKAIUS MHKPOOPTaHU3MOB, TPOU3BOAMINCE B COOBETCTBHH C METOIUKaMHU
OTIPEIICTICHUs] KaXIOW TPYMIbl MHKPOOPTaHM3MOB OTJENBHO, COTJIACHO ICHCTBYIOIIUM B
Pecny0Osinke ApMeHusi HOpMaTHBHBIM gokyMeHnTtam [1-3,7,8]. st uaentudukaunu Bije-
JICHHBIX MUKPOOPTaHMU3MOB IPOM3BOAMIN OAKTEPUOCKONHUIO BBIPOCUIMX KOJOHMH, Mpen-
BapuUTEIbHO OKPAcUB Ma3Ku 110 MeToay ['pama.

AHTHOMOTUKOYYBCTBUTEILHOCTh HCCIIEOBAaHHBIX ITAMMOB MHUKPOOPTaHU3MOB IPO-
BEpsUIaCh MO OTHOLICHHUIO K IIMPOKO NMPUMEHSEMbIM Ha NPAaKTUKE aHTUOMOTHKaM: Qrop-
XMHOJIOHaM (IUITpoQIIOKCAIIMHY, MOKCU(JIIOKCAIMHY, O(]JIOKCalKHy, HOpP(IOKCALUHY,
HaJIMJIMKCOBOH KHCIIOTE); KapOoreHemMaMm (MepolieHeMy, UMHIeHeMY, Ledenumy); Oera-
JaKTaMaM (OKCalWIIMHY, ayTMEHTHHY, aMOKCHLIWIUINHY, KapOeHUIWIINHY, e Tasuauny,
nedTpuakcony, nedanekcuny, nehazonuHy, nedaroTury, nedgypokcumy, nedomnepasony,
AMIUNWUTHH-CYyTb(pOaKTaMy); aMUHOTJIMKO3UAAaM (aMHUKAI[HY, TeHTaMHUIUHY, BaHKOMH-
LMHY, CTPENTOMUILMHY, KIMHAAMHULINHY, a3UTPOMULIMHY ); TETPALUKINHAM (TETPALUKIINHY,
JOKCUIIMKJIMHY); Tpernaparam HuTpodypaHoBoro psna (GpypasoHuHy, TPUMETONPUMCYJIIb-
(hameTokcazony).

YyBCTBUTENBHOCTh ONpEAEISUIach AUCKO-AM((Y3MOHHBIM METOIOM Ha TBEpPHOM
MUTATEIBHOW CpeJie MMOCEBOM CYTOUHBIX OYJIBOHHBIX KYJBTYp MHKPOOPraHU3MOB. Pe3yiib-
TaThl OLIEHUBAJIMCH 10 JAUAMETPY 30HBI 3aJePKKH POCTa MHKPOOPIaHM3MOB K aHTHOAaK-
TepUaNbHbIM IIpenapatam [5].

UysctButensHocTh K 0,1% pacTBOpy XjlopamMHHa OCYIIECTBIsUIaCh METOIOM 00e33a-
paxuBaHUs OATHCTOBBIX TECT-00HEKTOB, 0OCEMEHEHHBIX CyCIICH3HEH YKa3aHHBIX MUKPOOP-
TaHU3MOB, cofepxkamei B 1 M1 2 Mip. MEKpOOHBIX KJIETOK, B dKkcno3uusx 5, 10, 15, 20,
25, 30 munyT [5].

PesynbTatsl

[Ipn GakTEepHOIOrMYECKOM HCCIEAOBAHUU PA3IMYHBIX MUIIEBHIX INPOAYKTOB BhIZE-
JeHBl ¥ M3y4YeHa aHTHOMOTHKOYYBCTBUTEIBHOCTh 58 IITAMMOB MHKPOOPTaHM3MOB, M3
KOTOpbIX 75.9% (44 mramma) npuHaanexanu k Escherichia coli, 13.8% (8 mrammoB) -
Staphylococcus epidermidis, 5.2% (3-mramma) - Staphylococcus aureus, 5.2% (3-
mramma) - Pseudomonas aeruginosa.

U3 44 mrrammoB Escherichia coli 45.5% (20 mTaMMoB) BbleIeHs! U3 TBopora, 27.3%
(12 mrammoB) - cmeTaHsl, 15.9% (7 mrammMoB) - macna, 11.4% (5 mrammoB) - ceipa. U3 8-
Mmu mmrtamMmmoB Staphylococcus epidermidis 5 BeIIeNeHBI U3 TBOPOTa, 2 - CHIpa, | - CMETaHEI.
3 mramma Staphylococcus aureus BBIIETCHBI U3 JETCKOH MOJOYHOH CMECH, TBOpOTra M
ceIpa. 3 mramma Pseudomonas aeruginosa BRIIETICHEI: 1Ba - U3 Maclia, OUH - U3 chIpa. [Ipu
SKCIIEPTU3E MUIIEBHIX MPOIYKTOB MpHUCYTCTBUE KonnpopM (B wacTHOCTH Escherichia coli)
B OCHOBHOM OBUIO OTMEYEHO B Macce MPOJYKTa 3HAYUTEIBHO MaIOH, 4eM Macca MPOLyKTa,
B koropoir mo TP TC 021/2011 «O Ge3onacHocTH mnuineBod npoaykuum» u TP TC
033/2013 «O Oe30mMacHOCTH MOJIOKA U MOJIOYHOW MPOMYKIMM» UX MPUCYTCTBUEC HE pas-
pemraercs [3,7]. U3BecTHO, 4TO 4eM MEHBIIIE TUTP KUIIEUHON MAJIOYKH, TEM BBILIE 3arps3-
HCHHOCTb NUIIEBOI'0 IMPOAYKTA, TEM XYK€ CAHUTAPHO-TUTUCHUYCCKOC COCTOSHUC U TEM
OoJibllle OCHOBAaHMH OIIAacaThCs, YTO HA HEM MOTYT OBITh M OOJE3HETBOPHBIE MHKPOOp-
TaHU3MBI.

Wzyuenne aHTMOMOTHMKOYYBCTBUTEIHHOCTH 58 INTAMMOB MHKPOOPTaHM3MOB, BbIJie-
JICHHBIX M3 MOJIOYHBIX MPOJYKTOB ITOKA3aJl0, YTO OHU UyBCTBHUTEIBHBI K AMHHOIJINKO3H-
mam: 92.5, 88.7, 83.3% x reHTaMHIMHY, aMHKalWHY, TOOPaMHIMHY, COOTBETCTBEHHO;
¢ropxunononam: 100, 92.9, 85.7, 83.3, 73.3% x MokcudiaokcannHy, opIoKcanyHy, IUM-
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podiokcanmy, HOpQIOKCaUWHy, HATUIUKCOBOW KHCIOTE, COOTBECTBEHHO; OeTa-Jiak-
tamoB: 94.4, 89.5% x xapOeHMIMIUINHY, Lledonepa3oHy, COOTBETCTBEHHO; KapOOIIEHEMOB:
100% wumunenemy, meponeHemy, 86.7% uedenmmy; xmopambpennkony - 80.0% meBo-
MHUIETHHY; 76.7% TeTpauuKkiInHy; K NpernaparaMm HUTPO(ypaHOBOTO psina: (ypaloHHUHY,
TpumeTonpumcyibpamerokcazory 78.9%, 52.4%, cOOTBETCTBEHHO.

BrigenenHbie MUKPOOPTaHU3MBI PE3UCTEHTHBI K aMUHOTIHKo3uaaM: 88.9, 84.2, 75.0,
58.8% K a3UTPOMHUIMHY, CTPENTOMHLUHY, KJIAPUTPOMHLINHY, BAHKOMHUIMHY, COOTBETCT-
BeHHO; Oera-makramam: 100, 92.1, 90.3, 81.25, 76.9, 73.1, 68.97, 63.6, 53.3, 50.0%
He(pTPUAKCOHY, OKCAI[MIUIHHY, Ie(ypokcumy, nehalloTHHY, aMITUIMUIHH-CYIb(OaKTamy,
ayrMEHTUHY, 1Ie(a30uHy, IePOTaKCUMY, IeQaeKCHHY, IIeQTa3uauMy, COOTBETCTBCHHO;
67.9% K DOKCUIUKIINHY.
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OcCHOBHasl YacTb BBIIEJICHHBIX U U3YYECHHBIX MUKPOOPTaHU3MOB - 75.9% OTHOCHIINCH
k Escherichia coli. [TogoOHast kapTHHA 4yBCTBUTENBHOCTH/PE3UCTEHTHOCTH HAOIIOIACTCS U
y mramMMoB Escherichia coli.

W3y4yeHne aHTHOMOTHKOYYBCTBHTEIBHOCTH BBIICJICHHBIX LITAMMOB MHKPOOPIaHM3-
MOB 1oka3zaino, 4to 98.3% (57 u3 58 mraMMoB) ObUIM NMOJIMPE3UCTEHTHBIMU. AHAIIN3 T1OJIU-
PE3MCTEHTHOCTH STHX LITAMMOB IOKa3al, YTO OHHM HPOSBWIIM OJHOBPEMEHHYIO YCTOM-
YHBOCTh K JIEHCTBHUIO OT 2 10 14 aHTHOMOTUKOB, MpUYeM K 2 aHTHOMOTHKaM OBLIU MOJIH-
pesucteHTHH 6.9% (4 mramma), k 3-M — 10.3% (6 mtammoB), k 4-m — 3.4% (2 mramma), 5-
™ — 17.2% (10 mrammoB), k 6-t1 — 18.9% (11 mrammoB), k 7-mu — 25.9% (15 mramMmoB),
K 8-mu — 10.3% (6 mrammoB), k 9-tu, 11-tH, 14-T01 — 1,7% (10 1 mITaMMYy).

MapkepamMu pe3UCTEHTHOCTH 3THX IITAMMOB SIBJSUIMCH — HEe(TPUAKCOH, OKCALIMIUIHH,
e ypOKCHM, a3UTPOMUIINH, CTPEIITOMUINH, Ie(aTOTHH, aMITUIIIUIHH-CYIb(OakTam, Kia-
PHUTPOMHUILIMH, ayIMEHTHH, Le]a30iuH, TOKCUIMKINH, IeOTaKCUM, BaHKOMHIMH, Leda-
nexcuH. [logoOHas kapTUHA PE3UCTEHTHOCTH/YYBCTBUTEILHOCTH MHKPOOPTaHU3MOB K aH-
THOAKTepHAIBHBIM IIpelapaTaM HaOroJaeTcs U y IITaMMOB MUKPOOPTaHU3MOB, BbIJIEIICH-
HBIX y JItojiei B PecmyOmuke Apmenus [9].

OnHOBpPEMEHHO BMECTE C aHTUOMOTHKOYYBCTBUTEIBHOCTBHIO ObLJIa M3yu€Ha U YyBCT-
ButensHOCTh K 0,1% pactBopy xmopamuHa 19 mTaMMOB MAaTOTE€HHBIX U YCIOBHO-NATO-
TEHHBIX MHUKpoopranu3MoB (Escherichia coli - 14 mrammoB, Staphylococcus epidermidis -
3 mramMma, Staphylococcus aureus - 2 mramma), BeIZIEJICHHBIX U3 TBopora (16 mTaMMoB),
cMmeransbl (2 mramma), ceipa (1 mramm). M3 3Tux mraMMoB MUKpOOpraHu3MoB - 84,2% (14
ITaMMOB) ObLTH YyBCTBHUTENBHEL, 10.2% (2 mTamMma - o onHomy mtammy Escherichia coli
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u Staphylococcus epidermidis) oOmamanu cpemHeit ycroitumBocthio, 5.3% (1 mramm
Escherichia coli) ycroituuBocteio k 0.1% pactBopy XijopamuHa. Bce Tpu mnocnexnue
IITaMMBI BBIZICTICHBI M3 TBOPOTa.

Takum o00pa3oM, IIMpPOKas LUPKYJSOMS MONMPE3UCTEHTHBIX K AHTHOMOTHKAM H
o0amaromux cpeaHell YCTOHYNBOCTRIO M YyCTOWYMBOCTRIO K Ae3MH(EKTaHTaM (B 9acTHOC-
™ K 0.1% pacTtBOpy XJOpaMHHA) MHKPOOPTaHM3MOB MOXKET NPHBECTH K OCIOKHEHHUIO
SMMIEMUYECKON CUTyaluu B peciryonuke. OcylecTBIEHHE [IEJICHAIPaBICHHOTO OaKTepHO-
JIOTHYECKOT0 KOHTPOJS MUILEBBIX MPOAYKTOB U TEpepadaThIBAIOIINX HMX MNPEANPHATHH
SIBJIACTCA HeO6XOﬂl/IMblM 3BCHOM B CHMIKCHHUHM KOJHMYCCTBA JK30I'CHHO MNOCTYIAIOIUX B
OpraHm3M pE3UCTCHTHBIX HITaAMMOB MHKPOOPTAaHU3MOB U SABJIACTCA 4YaCTbIO IPOTPaMMbI
«I'nobanbhoii crpaternn BO3 10 caepKMBaHUIO YCTOHYMBOCTH K HPOTHBOMHKPOOHBIM
npenaparam» [4]. Mepbl 10 OrpaHMYEHUIO PACIIPOCTPAHEHHMs JEKapCTBEHHO-YCTONYMBBIX
MHKpPOOPIaHM3MOB JIOJDKHBI OBITH HANpaBlieHbl KaK Ha IpeaynpekaeHue (GopMupoBaHMs
PE3UCTEHTHBIX MOIYJISAINH, TaK U HA TIOIaBJIEHHUE YK€ C(hOPMHUPOBABILUXCS MOIYJIISIIIAH.
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KBAHTOBBIHN NNEPEXO/]I KAK MEXAHU3M
BUOJIOI'MYECKOI'O ITPOLECCA IN VIVO

9. A. TYMACSH

Toc. Yuueepcumem Cankm-Ilemepbypea, Kageopa eenemuxu u cenexyuu
tumasyan.emma@gmail.com

Jlo3a, SBIISISICH pe3yJIBTaTOM B3aMMOJCHCTBUS IBYX ITapaMeTpPOB SHEpruu (0O0YCIOBIECHHON
arerramu) u Bpemenu (D=E*T), kak MHCTpyMeHT, oOecrieunBaeT MOJIyYeHUE Pe3yJIbTaTOB, aHAIN3
KOTOPBIX METOJIOM IUAJIEKTHKH “IPHYMHA M CIEICTBHE” BBIBISIET PsiJi 3aKOHOMEPHOCTEH: ANUCKpET-
HOCTb, HEIIPEPBIBHOCTh, TOMOT'€HHOCTb, T€T€POreHHOCTb, OTHOCHTEJILHOCTD, YePEeIOBAHHE, CKAYK000-
Pa3HOCTb, CIIOHTAHHOCTh M KOPPEISALMOHHAS B3aUMOCBS3b MEX/y I'€HOTHIIOM U (DEHOTHIIOM y opra-
HU3MOB in Vivo, KOTOPBIE ABJSIOTCS JTOCTATOYHBIMH U HEOOXOIUMBIMH (HaKTOpPaMH, YTOOBI YTBEPXK-
JIaTh «KBAHTOBYIO TEOPHIO» MEXaHU3Ma OHOJIOTHYECKOT0 IpoLecca.
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AHanuz MoO0enuposanHvIx pe3yIbmamos no memoody ‘npuuuna u ciedcmeue’ — pso 3aKOHO-
MepHOCHell — KBAHMOBAsL MeOPUst KUK MEXAHUIM OUONOSUYECKO20 npoyecca

AMnquwl hwunhuwuwiny Gpynt wwpwdtwnpubph EuGpghwih (Wwjdwuwynpywé wagtunubpny), W
dwdwuwyh thnpuwgntgnipjwu wpnyntup (D=3*T), nnwbtu nLuntduwuhpniejwl gnpdhe, h hwjn £ pbpGL
YGUuwpwlwywl wnpngtulbph Uh 2wpe punipwannn ophlUwswihnienituutn. punhwunnieniu, wupln-
hwwnntpintt, hwdwutnnienil, nshwdwutbnnip)ntu, hwpwpGpwywunie)nlu, hwenpnwywunie)nLl, erhs-
pwalinLeintl, uwnUwwunteinit, W YnenGughnt nuinnuyh uww gtununhwh W $EUnnhwyh Jdhol
yeluwpwlwywl wpngbulbpnud /n vivo, npnlp pwywpwn W wuhpwdtun wwpdwl Bu hwutnwwntGint
yebuwpwlwywl wpngtuubph UGhuwuhquh «pwlwnwiht inGuncejntup» pun &penhugtph (15).

Unnbjwynndwd wpmyniiplinh wbwyhq - «wundwne L hnliwlpy opbleny - uh pwne oph-
Uwgunpniynillbn - pdwliinuyhly inGuninil, npwbu Yeluwpwliwlwl wpngbulibnh dGfuwlhqu

Dosage, being result of interaction of two parameters — Energy (conditioned by agents) and
Time (D (dosage) = E (energy) x T (time), as instrument brings about results, analysis of which
according to the method of dialectics “cause and consequence” reveal a number of patterns:
discreetness, continuity, homogeneity, heterogeneity, relativity, discontinuity, abruptness,
spontaneity and correlation between genotype and phenotype in the organism in vivo, that
characterize sufficient and necessary factor to approve the “quantum theory” of lllpeaunrep, (15) that
the mechanism of the biological process in vivo.

Analysis of modeled results according to the “cause and consequence” -- a number of
patterns — quantum theory as a mechanism of biological process

Bonbuioe KoIM4yecTBO pe3ysbTaTOB, IMOMYYEHHBIX MHOTMMH HCCIISIOBATeJIIMA U Ha-
MH, JaJd BO3MOXKHOCTb MOJAEIUPOBATH 3TH PE3YJbTAThl, YTOOBI NIPOBOJUTH AHAIN3 COT-
JIaCHO MCTOAY AHUAJICKTUKU «IIPpHUYHHA <> CJICIACTBUC).

Pa3H000pa3HOCTh MHOTOUMCIIEHHBIX areéHTOB — KaK MHCTPYMEHT W3y4YeHHUs! OUOJIOoru-
YECKUX IIPOLIECCOB in Vivo, NMOJBEPTAINCh aHAIKM3y. B pesynbrare Mmojy4mioch, 4TO 3TH
areHThl pa3HoW Hpupons! (pusznueckue, XUMHUYECKHE, OMOJIOTMYECKUE W T.1.) 00JagaroT
€IMHBIM, OOIIMM BEKTOPOM JeicTBUS — 3Hepruei (D), Kak mapamerp, B3auMOJACHCTBYS ¢
napamerpoM Bpemen (T), onpexnenser nonstue no3sl (1=2T) u sTa 103a BeI3BIBaeT OHO-
JIOTHYECKUH TIporiecc in vivo Tpu ABYX gopmax odpaboTku 1) D=cost f(t) u 2) T=cost f
).

Wzy4as 6momornveckuii mporecc MOTHON KHHETHKOH (min-max-min) in vivo METOJIOM
«103a-3pexT» BBIABUIM 3aKOHOMEPHOCTH: IUCKPETHOCTh, HEIPEPHIBHOCTH, TOMOICH-
HOCTb, T€TePOr€HHOCTb, OTHOCHTEIBHOCTD, YePEAOBaHHE, CKAYKOOOPA3HOCTh M CIIOHTaH-
HOCTb, XapakTepHu3yloline OHOIOrHuecKre MPOLECCHl if ViVo U JI03Y, BBI3BIBAIOLIYIO 3TOT
npouecc in vivo y opranusma. Kpome Toro, 3Tu 3aKOHOMEP-HOCTH OOECIEeYHBAIOT B3au-
MOCBsA3b MCXKAY HpouccCaMu, NPOUCXOAAINIMMU B OpraHU3ME U MEXKIY OpraHudMamMu in
Vivo, KOPPEJISILIMOHHYI0 B3aUMOCBS3b MEXJy NpOLecCaMy I'eHOTUIAa U (eHOTHIA, IPOUC-
XOAALIMMHU B OpraHM3ME M IIPollecCaMd MOPQOIOTHUECKHX H3MEHEHHH y 3TOro ke op-
raHu3Ma in vivo. SIBieHne Koppensiuy 1 3TH 3aKOHOMEPHOCTH, XapaKTEePHU3YIOIUe 103y U
OHMOIOTHYECKHE TPOIIECCHI, SBIAIOTCS JTOCTATOYHBIM M HEOOXOIUMBIM (PaKTOPOM, UTOOBI
YTBEpKIaTh «KBaHTOBYIO Teopuio» lllpemmnurepa, (15), 9To MeXaHHW3M OHOJIOTHYECKOTO
npouecca in vivo UMeeT (HU3NYECKYI0 NPUPOLY, KOTOPBIH OCYILECTBIISETCS IMEPEXOIOM
KBaHTa B OMOJIOTHYECKOM MaTepHalle.

Bekamu u 10 Hammx IHEH MPOBOOWIM M IPOBOASAT HCCIEAOBAHHS OMOJIOIMYECKHX
nporeccoB (MyTauuu, Mopdoaornieckue U3MEHeHHs, GU3HOTOTHYECKUE U T.J1.) Y Pa3HBIX
OpraHM3MoB, Ha4WHasg C MHUKPOOPraHM3MOB, KOHYasl BbLICHIMMU in ViVO, HCIOJIB3Yys Kak
MHCTPYMEHT M3Yy4eHHs areHTOB pa3Hoi mnpupozbl (pusznueckue, XMMUYECKHE, OHOIOrHY-
ecKHue M T.J.) C J030BOHM 3aBUCUMOCTHIO (2, 4, 8, 23). OnHako, B OCHOBHOM, aHAJIMU3 pe-
3yJIBTaTOB, MOJYYEHHBIX B 3THUX Pab0Tax, sSBISAETCS HETOJHOLEHHBIMH HEI0CTOBEPHBIM H3-
32 OTCYTCTBHSI H3y4YCHHs OMOJIOTMYECKOro Ipoliecca B IIeIOM (IOJHOW KMHETMKOW min-
max-min 3Ha4eHUsSIMH 4acTOT) HE COOTBETCTBEHHO 3aKOHAM JIHAJICKTHKH.
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CrnenoBatenbHO, BBIBOJBI, CIICIIAHHBIC aHATU30M 3TUX PE3YJIbTATOB, SIBITIOTCS HETIOJ-
HOLICHHBIMH M HeJOoCTOBepHbIMHU (6,11,24). U mosTomy, yBennueHue yucia Takux pador
TOJ] 32 TOOM MPHUBOAUT K BO3PACTAHHIO MHOTOYHCICHHBIX MPOOJIEeM B OHOJIOTHH, B MEIH-
IIUHE, B CENBbCKOM Xxo3siicTBe W T.n. (4). M3BecTHO, YTO peIIeHHe STHX MPoOJieM B
OCHOBHOM OOYCJIOBJICHO BBIBICHHEM CYITHOCTH MEXaHHW3Ma OHMOJIOTHYECKOTO Iporiecca
(Inge-Vechtomov, 2005), 1 mo3TOoMy, HaJlo OOPaTUTh BHUMaHKHE HA PYroid MEXaHU3M, TaK,
HampuMep, «KKBaHTOBas TEOpUs», KoTopas Obuia BeraBuHyTa J. [lpeaunrepom B 1947 rony,
B YeM He COMHEBANINCH U Apyrue uccienosatenu (10,11,13,24).

Pemenne >tux np06neM B OCHOBHOM CBA3aHO C MCIIOJIB30BAHUEM METOAOJOTHYCCKUX
ACIICKTOB COIJIAaCHO 3aKOHaM AWAJICKTUKH, KOTOPBIMH SBJIAIOTCA MOIACIMPOBAHUE PE3YJIb-
TaTOB M aHAJN3 ITUX PE3yJIbTATOB METOJIOM «IIPUUMHA U cleacTBus» (5,14).

Nmes BBUAY 3TO, MPOBOANM U3MEHECHUS, IPH KOTOPHIX YCIOBHAMH SBJSUTUCH CIICITYFO-
IIHMHU:

Metomom u3y4eHus BRIOpan «103a-3PQPexTy;
Kak wmHCTpyMEHT W3ydeHHs HCIONB30BA areHTHl pa3HOW NpHponsl ((pu3u-
YEeCKUe, XUMUYECKHE U T.1.);
3. TecT-00BEKTOM HM3Y4YEHHUS CIYXKII, B OCHOBHOM, MHKPOOPTaHU3M, ¥ KOTOPOTO
MOJKHO OBUTO M3ydaTh KaK OMOJIOTHYECKHE MPOLECCH (MYyTaI[IOHHBIE), TTPOHUC-
XOZSIIHe BHYTPH OpraHM3Ma, TaK M MPONecCH MOP(HOTOTHUECKUX M3MEHEHHH
KJIETOK, B HOPME UMEIOIINXCSl TOMOI'€HHYI0 popmy 110 Mopdosoruu (poto 1);
4. BbI3bIBaTh MpPOLIECC MOJIHOM KHHETUKOH, T.€. TIPOLIECC Min-max-min 3HaueHUsIMH
gacTort (puc. 1);
5. Hcrmonb30BaTh y OpraHusMa in vivo METOJ MOJAEINPOBAHUS PE3yJIbTATOB, MOJY-
YCHHBIX HAMH ¥ JIPYTHEMH HCCIICIOBATENIIMH, YTOOBI aHAIM3UPOBATh UX COTJIAC-
HO METOJY «IIPHYHHA«>CIICIICTBHCY.

I. To Havama sKcriepuMeHTaIbHON paboThl 0OpaTUM BHUMAaHWE Ha ACWCTBHE Pa3HO-
00pa3HBIX areHTOB ((PU3UIECKUI, XUMUUECKHUIT), NX KOHIIEHTPAIIH, HHTEHCUBHOCTH 00Iy-
yeHnsa. [10CKONIBKY pa3HbIe MO MPUPOJE areHTHl, nX KoHIeHTpanuu (C) 1 HHTEHCUBHOCTH
o0yuenus (I) BBI3BIBAIOT TOT k€ OMONOTHYECKHN MPOILECC Yy OpTaHU3Ma in Vivo, TO OHU
00MamaroT eAWHBIM BEKTOPOM [EHCTBHSA, KOTOPBIM MOXXET SBISATHCS TOJIBKO 3HEPTHS.
CrnenoBatenbpHO, OHA TIPU H3ITyUYEHUH UCIIONB3YyeTCa Kak oOmmii BekTop neiictus. (I, Jy).

II. Y1oObl mosay4nTh OMOJOrMYECKUH Mpolecc MOJHOM KWHETMKOW (min-max-min)
3HAYCHHUSMHU YacTOT, SKCIICPUMEHTHI MPOBOIMIN METOJOM «a03a-3hdext ¢ apyms dop-
Mamu 00pabotku (puc. 1).

Buonornueckuii mporecc MOMHONH KHHETUKOM (min-max-min) Fomin — Fomax- Famin 3Ha-
YCHHSAMHU 4YacTOT HONy4ywiau (puc 1) JeHCTBHEM OMpENCNICHHON BEIHMYMHBEI BPEMEHU
(T=cost) u uHTEpBaNa HEPTUH [Dyp — Deq] WK [Dyy — Dyy] UHTEPBATIOM SHEPTHH, 00YC-
noBIeHHBIMH KoHIeHTpanusaMu (C) wim naTeHcHBHOCTAME o0mydeHus (I) areHToB pa3zHon
MpUPOIHI (XuMHUYeckne, pusndeckue) T.e. T=cost u f(3,) mwm {(3Jy);

Buonornyeckuii mpormecc MONMHOM KuHeTHKOW (min-max-min) Fonin — Faomax—Famin
3HAYCHUAMH YacToT monydmnn (puc. 1) neiicTBueMoIipenieieHHOH BEIMYUHBI SHEPTUU
(B=cost), oOycroBiIeHHOW KOHIEHTpauueil (D.=cost), WM HHTEHCHBHOCTBIO (D=cost) u
WHTEpBaJIa BpeMeHH [ty-t4], T.e. D =cost miu D=costf(t).

[ony4eHHble pe3ysbTaThl MOKa3ald, YTO TOT K€ OMOJIOTMYECKHH MpoLecC IMOJTHOM
KWHETUKOW (min-max-min) y opraHu3Ma in vivo BBI3BIBA€TCsl HE3aBUCHMO OT (hOpPMBI 00pa-
0OTKH, YTO M CBHUIETEIBCTBYET O TOM, YTO OMOJOTHYECKHH NPOLECC BBI3bIBACTCS JICHCT-
BHEM €IMHOTO, 00mIero GakTopa, KOTOPHIM SIBIIICTCS pE3yJIbTaT B3aUMOACHUCTBHS JBYX Ia-
paMeTpOB — SHEPTHU M BPEMEHH, UTO U BBIpaxkaeTcs moHsTreM 1036l (JI=3T).

OT0 CTaHOBHJIOCH yOeaWTeNbHBIM (pHC.2), KOrga OWOJNOTHYECKHI MpoIecc MOTHON
KHHETHKOH (min-max-min) mpu OByX ¢opmax obpabotku 1) D=costf(t) u 2)T=costf(D)
BBI3BIBAJICSA paBHOICHHBIMK 3HaueHusmu dactor F,=F.'; F\=F,'; F,=F;=F;"; F,=F,' npu

N —
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JNEHCTBUAX, COOTBETCTBYIOIMX no3aM D,; Dy; D,; Ds; Dy, KoTOpBIe OBUTH OOYCIIOBIICHBI
T=costf(3) mm D=costf(t).

OT0 (aKTHUECKUE PEe3yNbTaThl, MOATBEPKIAs TO, YTO [103a SBIAETCS PE3yIbTaTOM
JIBYX TTapaMeTpoB 3Heprud U Bpemernu (JI=3T), nogsepranmce 6omee riry0OKOMY aHAIH3Y
COTJIACHO 3aKOHY TUANIEKTHKHU «IIPUYHMHA<«>CIEICTBUE» C ABYMS HAIPaBICHUAMH, KOTOPOE
MTO3BOJIMJIO BBISIBUTH 3aKOHOMEPHOCTH KakK IO OTHOIIEHHIO K J103aM, TaK M 1O OTHOIICHHUIO
K TIpoIrieccam.

III. a) Konkpernple BenmuuHbl 10361 [Dy; Dy; Dy; Ds; Dy4] (puc. 1) BeI3bIBas Omo-
Jorudyeckuil mpouecc KoHkpeTHbiMu BenmuuuHamu dactoT (Fo; Fi; Fu; Fs; Fy), cBune-
TENBCTBYET O TOM, YTO KaK OHMOJIOTMYECKUH MPOIECC, TaK M 1032 UMCIOT JUCKPETHBIN
XapakTep;

0) Pasueie Benmmunnbl 103 D,; Dy; D,; D;; Dy untepBana [D, - Dy] (puc.2), Bei3bIBas
OJIMH W TOT € MPOLECC, SIBIITIOTCS TOMOTCHHBIMU IO OTHOIICHHUIO K JJAHHOMY IIPOILECCy, a
M0 OTHOIICHUIO K PAa3HBIM BEIMYMHAM YacTOT JTOrO e Ipolecca SBISMIOTCS LeTepo-
TCHHBIMH.

B) ToT ke mpomecc, BBI3BIBasCh HMHTEpBaIoM a03b [D, — D] mo oTHomeHHnoo k
BEITMYMHAM PAa3HBIX 103 3TOTO HMHTEPBaia SIBISETCS TOMOTEHHBIM, a MO OTHOIICHHIO K
3HAYEHUSIM YacTOT 3TOTO XK€ MPOIIEcca, SBIIACTCS T€TePOreHHBIMHU.

r) Ha puc. 1; 2 BugHO, 94TO OHOJOTHYECKUI MPOIECC MOTHOW KMHETUKOW (min-max-

min) B aedcTBUTENBHOCTH F,.......... | Fooorriiii. Fyoooovno . F, 3HaueHusmu yac-
TOT BbI3bBIBACTCA HereprBHO HpI/l )IeﬁCTBl/II/I HereprBHI)IX BCJIIMYUH 03 -
| DI | D P Dy, Dy, Dy, 4TO M CBHUIETENBCTBYET O TOM, UTO Kak

71032, TaK ¥ OMOJIOTMYECKHH ITPOIIeCC MMEIOT HENPEPhIBHBIN XapaKTep, KOTOPBIH HE MOXKET
MOJIBEPraThCs SKCIEPUMETAIBHOMY N3yUYEHHIO, @ BRITEKACT U3 JIOTMYECKOTO MBIIUICHHSI.

IV. Oco0blii nHTEpEeC NpeaCTaBISET aHATU3 PE3yJIbTaTOB, MOJNYYSHHBIX TP U3yYECHUH
OMOJIOTHYECKUX TPOILECCOB MOJMHOH KHHETHKOH (min-max-min). (Hampumep, pa3HbIe
Oomonornyeckue nporneccsl A, b, B), mporcxoasamux B TOM ke OpraHu3Me in vivo, KOTOPBIH
JIaeT BO3MOXHOCTh BBISIBUTH 3aKOHOMEPHOCTH B3aUMOCBSI3H MEK/Ty STUMH ITPOLIECCAMH.

a) Ha puc 3 BunHO, uTO OTAENBHBIE Mpotiecchl A; b; B; monHo#l knHEeTHKOH (Min-max-
min) B TOM K€ OpTraHu3Me MPOXOJIAT MO ASHCTBHEM HHTEPBAIOB 703 [0-D;].[0-D;]; [0-Ds]

5

IIUCKPETHO.
0) HempepriBHOE yBenMUYCHHE YUCIa HHTEPBAIOB 103 [0-D1]...... 0-Do].neennnin [0-Ds]

MMPpUBOJAUT K HCPEPLIBHOMY YBCJIIUYCHUTIO qyuciia BbI3bIBAKOIIIUX ImpoueccoB

(A....... b....... B), To ecTh OHoONOTHYECKHE MPOIIECCHl MMCIOT HENPEPBIBHBIN XapakKTep.

B) PasHbie BenmmumHbl mHTEpBaioB 103 [0-D;] < [0-D,] < [0-D;], BeI3BIBas pa3HEIC
OuosoruYecKre Mporecchl MONMHOW KWHETHKOW (min-max-min) B OpraHusme, oOecredu-
BaIOT YepeloBaHue 3TUX npoueccoB A—b—B.

r) Ecim Ha puc. 3 o0paTuTh BHUMaHKE Ha ONpPEACTICHHYIO BelMU4nHy 1036l (D,) Ommxe
K HYJIO, IPA KOTOPOH BBI3BIBAIOTCSH pa3Hble Omonormdeckue mpomeccsl A; b; B, To st
MIPOLIECCHI OJTHOBPEMEHHO MPOUCXOMIT pa3Hoil BenmnuuHoU 9acToT Fa;Fp; Fg. D10 3HAUMT,
yto no3a (D,) uMeeT OTHOCHUTENIBHBIN U I€TePOTreHHBIH XapaKTep MO OTHOIICHHUIO K dTUM
mponeccam. A 3tu nporieccsl A; b; B, B CBOI0 ouepenp, BBI3BIBASICH MO ACHCTBHEM OTIpe-
JeneHHoM BenuunHsl 103 (D,), XapakTepu3yroTcsi TeTepOTreHHOCThIO M OTHOCUTEIbHOCTBIO.

Ha ocHoBe »Tux JaHHBIX MOXHO CACJIaTb BbIBOJ, YTO 3TH 3aKOHOMCPHOCTU — AHCK-
PETHOCTDH, HETIPEPBLIBHOCTDH, T'€TCPOT€HHOCTh, TOMOI€HHOCTb, OTHOCUTCIIBHOCTh U YCPC0-
BaHHE OMOJIOTMYECKHUX MPOLECCOB U JI03bI 00ECIEYNBAIOT B3aUMOCBSI3b CBSI3b MEXAY MPO-
1eccaMy, IPOUCXO/IIIMMHU B OpraHu3Me. TakuMH Ke 3aKOHOMEPHOCTSIMH O0YCIIOBIICHA
B3aUMOCBSI3b MEXly OPraHW3MaMH, KOTOPbIE MOKHO BBISIBUTh U3yYEHHUEM OIPEIEIIEHHOTO
OHMOIOTHYECKOTO Mpoliecca y pa3HbIX opranuzMoB — A, b, B (puc.3).

V. CymiecTBeHHOE 3HAU€HHE UMEET B3aMMOCBS3b B3aUMOJICHCTBUS IBYX MapaMeTpoB
o361 (1=0T) mpu BBI3BIBAaHUN OMOJIOTHYECKOTO Tpolecca B opraHusme invivo. [lapamerp
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JI03bI — SHEPTHs, KaK OOLIMH BEKTOP JEHCTBHS pa3HBIX areHTOB (XMMHUYecKast, (huzndeckas
W T.1.) pa3HBIMHM KOHLEHTpaUUsMu () ¥ MHTeHCHBHOCTSIMU oOurydenus (I), umes pasHble
BEJIMYMHBI SHEPTHH, MOXXHO TPEICTABUTH COOTBETCTBEHHO D¢ > D¢r> Oc; , 11> D> Oy,

a) Ha puc. 4 momydeHHBIE pe3ylbTaTHl METOIOM «1032a-3(p(PEKT» MOKa3bIBAIOT, YTO
MpHU NEHCTBUU ONpEAETICHHBIX BEIMYMH IapaMeTpoB — Dc;=cost; Dc,=cost; Dcz=cost u
Dp=cost; Dp=cost; Di=cost, KOTOpbIE MO BEIMYHWHE COCTABISAIOT C OJHOW CTOPOHBI
YMEHBIIAOIIUKCSA PsIlL, @ C APYTOi CTOPOHBI — YBEJIMYUBAIOLUHI PsL;

O «— 311 > 912 > 913> ....... >301> 3C2> 303—>0
BBI3BIBAIOT OMOJIOTMYECKHH TPOLECC TOJIHOM KMHETHKOM (min-max-min), U3MEHssT HHTEp-
BaJl BPEMEHHU [0-t], MPU KOTOPOM HPOUCXOIUT ITOT MPOLECC in Vivo, C OJHON CTOPOHBI C
YBCJIMYCHUEM SHCPIMKU YMCHBIIACTCA MHTCPBAJI BPEMECHU, a C ﬂpyFOﬁ — C YMCHBUICHUEM
SHEPruM YBEJIMYMBAETCSI MHTEPBAJ BPEMEHH, T.€, WHTEPBA]T BPEMEHH IPOUCXOJSIIETO
nporecca 06J1aJaeT CKOPOCTHIO:

0 «— <[o-t1] <[o-t;] <[o-13] <.....<[0-t4] < [0-t5] < [0-ts] — ©.

WHTepBan BpeMEHHU CTPEMHUTCS K HYIO, KOIJa0eCKOHEYHO YBEIHMYMBACTCS BEIUYUHA
sHeprun (D—0), TO €CTh, OMOIOTUYECKHH MPOLECC MPOUCXOAUT MTHOBEHHO, CKa4KO-
00pa3Ho, a ¢ APYroi CTOPOHBI, HHTEPBAJ BPEMEHHU CTPEMHUTCS K OECKOHEYHOCTH - [0-t] —
00, KOTJIa BETMYMHA SHEPTHH NMPUHUMAET HyseBoe 3HaueHue (3—0), To ecTs, mporecc in
VIVO TIPOHMCXOIUT CIIOHTAHHO.

OTH (aKTUYECKUE CYIIECTBYIOLIHE CBOMCTBA — CKaYKOOOPA3HOCTh M CIIOHTaHHOCTb,
MPOUCXOXKACHUS OHMOJIOTMYECKOro TMpollecca in  Vivo HEBO3MOXHO IMOJBEprath K
OKCIICPUMECHTAJIbHOMY U3YUYCHHNIO, OHU BBITCKAIOT U3 JIOTHUYCCKOT'O MBILIJICHUSA.

VI. Hcxoznst u3 Toro, yTo mporecchl ()eHOTHIIa U TeHOTHIIAa NPEICTABISIIOT 0COOBIH,
BR)XHBI WMHTEpEC B IO3HAaHWHM CYIIHOCTH MeXaHW3Ma OMOJIOrMYeckoro mporecca, [15],
MPOBOJIMM H3y4eHHE IIporecca MOp(OIOrHIeckoro U3MEHEHUSI METOJIOM «103a-3(dexT»
MOJI00HO HM3YYEHHIO OMOJOrMYECKOro MpoIecca, MPOUCXOINEr0 B OpraHu3Me in vivo,
UCIIOJB3YS T€ K€ YCIOBUS H3YUCHHS.

a) moj JeiiCTBUEM JI03bl BBI3BIBAIM MOPQOIOTHYECKHE H3MEHEHHS y MHUKPOOP-
TaHW3Ma, CYCHEH3Hs KIETOK KOTOpPOTO B HOpME SABISUIack romoreHHod (doto 1.) Otm
KJIETKH TOJ ACHCTBHEM 03Bl M3MEHWINCH, IpeBpamasch B Oonpmine Kpyrisie (dporto 2),
naoukoobpasusie (Goto 3) HegenuBIIHecs KICTKH. Kakmoe W3 3THX M3MEHEHHH IPOHC-
XOAUT KaK MpoLeCC MOJHOW KMHETHKOH (min-max-min) npu IeHCTBUM MHTEpBaJa JI03bI
[Do.Dy4] (puc. 1,2), a npu pasHbIX U3MEHEHUAX Mopdosoruu (a, 0, B,) HHTEpPBaJaMH J103
cootBercTBeHHO [0-/1;]; [0-11]; [0-3] (puc. 6).

AHanu3 MpH 3TOM BBISABWII, YTO Ipolecc MOP(OJIOrHIeckoro U3MEHEHHs 00JaaeTr
TEMH K€ 3aKOHOMEPHOCTSIMH, YTO ¥ OMOJIOTMYECKHUl Ipoliece, MPOUCXOASIINI B OpraHus-
Me i1 Vivo: TUCKPETHOCTb, HENPEPHIBHOCTh, TOMOTEHHOCTh M F€TEPOreHHOCTD, OTHOCHTEIb-
HOCTb, CKauKOOOPa3HOCTh, CIIOHTAHHOCTh M 4YEPEIOBAHUE, KPOME TOro, OO0ECIeUUBAIOT
B3aHMOCBSI3b MEXIYy IpoleccaMu MOpP(OIIOTHIeCKHX HW3MEHEHUH (OoybInme KpyTible
KIeTKH — A — TaloukoBHIHBIE — b — HemenuBmmecs kieTku — B), oOyciioBieHHBIM
no3oit (11 =0T) (puc. 3).

VII. Ucxoas U3 TOro, 4To KJIFOYOM BbISBICHUS CYLIHOCTH MEXAaHHU3Ma SIBJISIETCS B3au-
MOCBSI3b MEX/Iy MPOIECCAMHU ICHOTHIIA U mpolieccamu penoruna [Inge-Vechtomov, S. G.-
2005], HaM NPHUUUIOCH M3y4YaTh €€ METOIOM «Z03a-3(p(EKT», CTPOro COXpaHss YCIOBHS
00paboTKH, IPU KOTOPBIX MPOMCXOAWIN MYTAlMOHHBIM MPOLECCH Ipolec ¢ MOP(OIIOru-
YECKOT'0 U3MEHEHUS i1 ViVo OJJHOBPEMEHHO. (pHc. 5).

a) Bbm3biBas onpenesieHHBI MyTalMOHHBIA Iporecc (HampuMep — MyTalMu II0
amuHOKHcHOTe leii —leit” - A;) u npouecc MOpdoIOruueckoro usMeHenus (06pasoBaHue
OOJNBIINX KPYTIBIX KIIETOK - a) TIOJHOW KMHETHKOW (min-max-min) y MAEKpOOpTaHH3MA in
vivo (puc. 5), oOHapyxwmiaH, 4yTo o0a 3TH TpoIecca MOJTHONH KMHETHKOH (min-max-min)
MPOUCXOIAT AercTBHeM oOmero mHTepBama mo3sl [y — ] (puc. 5), omHOBpeMeHHO,
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leit™-A), npoMcXoAAIMM BHYTPH OPraHH3Ma in Vivo, M MPOLECCOM MOP(HOJIOrHYECKOTrO
M3MEHEHHMS -a Y 3TOTO JK€ OpraHM3Ma CYIIECTBYET MpsiMasi KOPPESIIUOHHAS CBSI3b.

0) ['myOokoe mM3ydeHue 3TOTO SIBICHHS — KOPPEIIINI METOIOM «Ho3a-3(pdext» npu
TEX XKe YCIOBHIX 00PaOOTKH BBISIBUIIO, YTO YEPEAYIOILIHE PA3HbIC MYyTAMOHHBIC POLIECCHI
(leit —leii” - A; arg—arg'B; lys—lys'- B) (puc. 6) u uepeayrommue npomuecchl MOphoIOTH-
YeCcKUX M3MeHeHHH (00pa3oBaHue OOJNBLIMX KPYTJIbIX - a—>TIaJOYKOBHIHBIX — O—>HEIeIUB-
HIAXCSl KJIETOK-B) MPOXO/ISIT OJHOBPEMEHHO JACHCTBUSMH MHTEPBAJIOB /103 COOTBETCTBEHHO
[Ho-0, 15[ Mo-Lo]; [Ho-Ms] (puc. 6) y Toro >Xe opraHmW3Ma, MpH KOTOPBIX MYTallHOHHBIN
npouecc — A KOppenupyeTcs ¢ IpOoLeccoM MOPQOJIOTHUECKOro U3MEHEHHs - a, MyTa-
IUOHHBIN Tporiecc — b ¢ mpoueccoM MOPHOIOrHUECKOT0 M3MEHEHHS — O, MyTaI[MOHHBII
npouecc - B ¢ mpoueccom Mopdosiornieckoro U3MeHeHHsI — B, OJHOBPEMEHHO IIPHHUMAsI
min-max-min 3Ha4eHUs] 4acTOT y TOTO )K€ OpraHu3Mma in vivo. KoHcTaTupyst pe3yibTaThl,
MOJyYEHHbIE aHAJM30M COIJIACHO 3aKOHY [HAIEKTHKH «IpPUYUHA <> CIEACTBHE»,
nosydaem: 3Heprus (D) Kak eIUHbIA BEKTOpP XapaKTEepU3yeT BCE areHThbl Pa3HOM MPHUPOIbI,
pa3Hble KOHLEHTPALMM W HWHTECHCUBHOCTH OOJYYCHUS, OTIMYAIOUIMECS [0 BEIMYHHE,
KOTOpasi SBIACTCS ONHUM U3 mapaMmeTpoB nevictBus mo3el (A=0T). A mo3a, B cBOIO
ouepelib, SBISIETCS PE3yJIbTaTOM B3aUMOJIEHCTBHS JIBYX MMapaMeTpPOB DHEPIHMU W BPEMEHU
(A=0T), c moMomIpI0 KOTOPOH OOHAPYKEH PSAA 3aKOHOMEPHOCTEH, XapaKTePU3YIOIINX KaK
JI03y, TaK ¥ OHOJIOTHYECKHH MpOLEecC: AUCKPETHOCTh, HEMPEPBIBHOCTh, TOMOTEHHOCTb,
reTepOreHHOCTh, OTHOCUTENBHOCTD, YepPEeJOBaHHE, CKAYKOOOPa3HOCTh M CIIOHTAHHOCTb, U
SABJICHUC KOPPECIIALIUU KaK B3aMMOCBA3b MEXKIAY IMPOUECCOM I'€HOTHIIA, MPOUCXOAAIINUM B
opranu3Me M mpoueccoM (eHotuna (MOpdOIOrHYecKoro M3MEHeHus)invivo. OTH Bce
SIBIISTFOTCSI HEOOXOIUMBIMU U JTIOCTATOYHBIMH ~YCJIOBHSAMU IS YTBEPKICHUS «KBAaHTOBOU
teopur» (15), 4To MexaHH3M OHOIIOTHYECKOro TMpolecca in vivo, uMmes (HPU3NIECKYIO
NpUpPOLLY, U3 ceOs IIPeNICTaBIsIeT KBAHTOBBIHM Iepexo 1 B OMOJIOTHUECKOM MaTepHae in vivo.
OTa «KBaHTOBas TEOpHWs» He3aMEeTHO pa3BuBaiiach (13) u pa3BuBaeTcs 10 HAIIMX JHEH
(10, 22, 17, 18, 20, 21,22) Oe3 gOKa3aTeIbCTBA PE3YIHTATOB UCCICIOBAHNS OMOIOTHIECKAX
MIPOLIECCOB N VIVO.

Ecth Hanmexaa, 4To TakoW MEXaHW3M OMOJOTMYECKOro Mpolecca CO CBOMMH 3aKO-
HOMEpHOCTSIMH TOJIBeprest Oosiee TyOOKOMY HM3YYEHHIO, MPUBOJUT K HAMPaBICHHOMY
PELICHUIO BO3HUKAIOIINX POOJIEeM B OMOJIOTUH, MEUIIMHE, CEIIbCKOM XO3SICTBE U T.JI.

Jlutepartypa

1. Anuxanan C.H. «HekoTopble BONPOCH MEXaHM3Ma HHIYILMPOBAHHOTO MyTareHa B KH.
OKCIepUMEHTAIBHBIH MyTareH y JKUBOTHBIX, PAaCTCHHH M MHKPOOPTaHH3MOBY», TE3HCHI
JIOKJIaJ0B, cTp. 25-50, 1965.

2. Anuxanan C.H. Jlekuus NpoMBbIIUIEHHBIX MUKpoopranu3moB «Hayka» 1968, ctp. 39-392;

3. Anuxanan C.H. «MonexyIspHBIi MEXaHU3M MyTareHa B COBPEMCHHOW reHeTuke», 1967,
ctp. 195.

4. Aospbax L. «IIpoGiemsl MyTarenesa», u3a. «Mup», 1978, ctp. 465.

5. baspoces, «[Ipobnema MpUIMHHOCTH B TeHETHKA», aBTop auc. Hayka, M, 1988, ctp. 16;

6. bonuxa A.J[. «Merogonorndeckue MpoOIeMbl MYTAIlHOHHOW KOHIEMINN», aBTOpedepar
Ic. Ha comc. y reH. cren. @umocod. Hayk, M., 1971, ctp. 20.

7. Haocon I'A. «O neicTBHU pamusi Ha JPOXIKEBbIE IPHOKM B CBA3M C OAHOHM HpoOieMoi
BIIMSIHUSI paJiusl Ha )KUBOE BelecTBoy, Il BectHuk pentrenosnoruu u paauosoruu, 192011,
crp. 45-317.

8. Haocon I'A., Kyopasyes B.M. «O06 amé0000pa3Hoil (opme KIETOK Yy IpOXKKeH,
nepenaBaeMoil mo HaciaeacTBy», Il Mukpobuosor. xyp. 1927,15, ctp. 165-168.

9. Hangcon I'.A., Poximmuna D.H., «O mome neicTBus, moie cMepTH M OHOIOTHYECKOM
no3uMeTpumny», 11 BecTHuk peHTreHonornu u paauoinoruu, 1934, T. B. 1-2, 23-34.

10. Hamuom B. A. « MHOTOMHUpOBasi HHTEpIPETANNs KBAHTOBOH TEOPHU M (yHIaMEHTaIbHbIC
npobneMbl brnodusukm», buodusuka, 2014, Tom. 59, Beim. 1, ctp. 202-208.

91



11. Ilempos /J]. ., «O HEKOTOPBIX PHUIOCO(YCKUX BONPOCAX YUCHHUS O MAaTCPHAIbHBIX OCHOBAX
HACJIeICTBEHHOCTI», 11, Bompock! punocoduu, 1958, N 7, ctp. 102-112.

12. Tapacos B.A. «MonekyJsipHbIii MEXaHU3M penapanuu MyTareHa», M. usn. «Haykay, 1982,
cTp. 226.

13. Tumogpees-Pecosckuii  H.B., Heanos B.H., Inomos H.B., «HekoTopble BOIPOCHI
paAualMoOHHON reHeTukn», II, AKTyasbHbIe COBpeMeHHOW reHetuku, M., 1966, ctp. 412-
433.

14. Twopromuxos E.®D., «HexoTopple METOHONOTHMYECKHE AaCIEKThl B HM3YYCHHUH HACIEICT-
BEHHOCTW», 11, Hayu. Tpyn. Pszanckoro men. uner., 1970, 129, ctp. 318-335.

15. Llpeouneep D. «YTo Takoe KHU3Hb C TOYKH 3peHHs GU3UKm», M., 1972, ctp. 88.

16. Crick F.H., Barnett L., Brenner B., Watts-Telin R.I. «General Nature of the Genetic Code for
Proteins», N., Nature, 1961, Vol. 192, p. 1227-1232.

17. Bordonaro M, Ogryzko V.Quantumbiology at the cellular level-elements of the research
program, Bio system 2012, 112-30.

18. Djordjevic Y.B. Quantum Information Processing and Quantum Error Correction, Elsevier,
Amsterdam. The Netherland Academic Press, Boston, M.A. USA, 2012.

19. Freeze F. «Molecular Mechanism Mutations, Molecular Genetics», 1963, Part 1, Ch. V. 2
ed.

20. Djordjevic Y.B., Markov, Chain-Like Quantum Biological Modeling of Mutations, Aging
and Evolution, Life (Basel) 2014, Sep., 5 (3) 1518-1538.

21. Melkikh A.V.E., Nonlinearity of Quantum mechanics and of the problem of wave function,
Commun. Phys., 2015, 64-47.

22. Mondd I. «Hasard et Necessite sur la philosophie naturelle de fiologie moderny, Paris,
1970.

23. Inge-Vechtomov S. G. «Abstracts papers by young scientists», Yerevan, September 8-11,
2005, p. 35.

24. Mild D. «The Sperm morphology test a rapid in vivo for germinal mutations», Bga-Schr.
Inst Veteriner mod sundesges undheit sant, 1984 N 3, p. 299-306.

Biolog. Journal of Armenia, 1 (69), 2017
ISOFORMS OF ADENOSINE DEAMINASET1 IN SYNOVIAL
FLUIDS AT DIFFERENT ARTHRITIS
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The significant elevation of adenosine deaminase activity in synovial fluids of patients at
different joint disorders was observed. It was shown that the enzyme level can be used as a
statistically significant, specific and sensitive biochemical marker for distinguishing the rheumatoid
and osteoarthritis. Moreover, it appeared that in the case of rheumatoid arthritisthe elevation of the
enzyme activity in synovial fluidtakes place mainly via increasing of small-molecular adenosine
deaminase. In the cases of ankylosing spondylitis, reactive arthritis, gout and juvenile idiopathic
arthritisthis regularity was not registered.

Adenosine deaminase— arthritis— synovial fluid—biochemical marker
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Unb&Uunghl nGwuhlwq - wppenppunlbn —upUngpuwy hennily —GELuwphdphwlwl dwnplbn

Hab01a110Ch 3HAYNTENILHOE MOBBIIICHUE aKTHBHOCTHU I€HO3MH J€3aMHHa3bl 1B CHHOBHAIb-
HO#1 KHAKOCTH GOJIBHBIX IPH PasIMYHBIX CYCTaBHBIX 3a00neBaHMAX. BpUIO MOKa3aHO, YTO ypOBEHb
AKTUBHOCTH (hEpPMEHTA MOKET OBITh MCIIOJIB30BaH B KaYECTBE CTATUCTHYECKH 3HAYMMOTO, CrielU(u-
YECKOr0 ¥ YyBCTBUTEIHEHOTO OHOXMMHYECKOTO MapKepa Ul Pa3IndeHHs] OCTE€O- M PEBMATOHMIHOIO
aptpuroB. OKka3ajoch, YTO B CIy4ae PeBMAaTOMIHOTO apTpHTa MOBBIICHHE aKTHMBHOCTH (pepMEHTa B
CHHOBHAJIBHOM KHAKOCTH IIPOMCXOIUT IIAaBHBIM 00pPa30M 3a CUET yBEINYCHUS] HU3KOMOJICKYJISIPHOI
aJICHO3UH Je3aMHHa3bl. B cilydasx aHKHIO3MPYIOLIErO CHOHIMIOAPTPUTA, PEaKTUBHOTO apTPHTa,
HOJarpbl ¥ I0BEHWILHOTO NIMONATHYECKOTO apTPHUTA 3Ta 3aKOHOMEPHOCTh HE PETHCTPUPYETCH.

Aoeno3un 0e3amuHasz—apmpumsl—CUHOBUATLHAA HCUOKOCb—OUOXUMUYECKUL MAPKeD

Arthritis is one of the common causes of people’s disability in the world. More than 54.4
million adults have doctor-diagnosed arthritis, and by the year 2040 this number of US
adults is expected to be 78 million. There are 100 different forms of arthritis. Inflammatory
joint diseases are heterogeneous group of disorders afflicting not only joint tissues but often
multiple organs in the body. The group of the joints disorders includes rheumatoid arthritis (RA),
osteoarthritis (OA),ankylosingspondylitis, reactive arthritis (ReA), psoriatic arthritis, juvenile
idiopathic_arthritis (JIA), etc. According to the studies of European and North American
populations, among these diseases RA is the most common, affecting 0.5-1% of the
population. It is a chronic, progressive and disabling autoimmune disease that causes
inflammation in the joints, the tissue around the joints, and other organs in the human body
[14]. RA results in swollen and painful joints.It ischaracterized by extracellular matrix
degradation, destruction and loss of function of joint cartilage. OAis degenerative joint
disorder which results in pain and deformity, ultimately leading to chronic disability. It is
becoming a significant medical and financial burden in a world. Optimal management
requires early diagnosis and awareness of the risk factors affected the prognosis.

Currently, diagnosis of inflammatory diseases of the joints is carried out on the basis
of the adopted classification criteria. Depending on the expected type, the clinical
examination may be supported by radiology and/or blood analysis [4]. At present, a great
task is the identification of biomarkers, which can help in differentiating the arthritis type.
This is important for applying the appropriate treatment. Obviously, the analysis of
synovial fluid (SF) might provide more targeted option to research and differentiate the
arthritis. As a biomarker for differentiating the etiology of joint diseases, adenosine
deaminase activity level in SF has been considered also [15].

Adenosine deaminase (ADA, EC 3.5.4.4) is an important enzyme in purine
metabolism. It is involved in the breakdown of adenosine (Ado), catalyzing its irreversible
hydrolytic deamination to inosine [6]. The enzyme is presented in all mammalian tissues.
Its primary function in humans is development, differentiation, and maturation of the
lymphoid system [7]. Two molecular isoforms of the enzyme are known. The small form of
human ADA (SADA) is a catalytically active protein with a relative molecular mass of 36-
38 kDa. The large form (LADA, Mm of 280 kDa) represents a complex of SADA with so
called ADA binding protein, which is identical with dipeptidyl peptidase IV (DPPIV), a
multifunctional enzyme, appearing in many tissues in cell membrane immobilized and
circulating forms [8, 3]. The ADA substrate Ado suppresses and mediates the inflammatory
processes and is provided with the protective properties against injuries. Its anti-
inflammatory function consists in decreasing of pro-inflammatory and increasing of anti-
inflammatory cytokines, in cytokine modulation of macrophages and monocytes and
regulation of inflammatory function of endothelial cells [5]. Hence, DPPIV-bound extra
cell LADA participates in regulation of Ado concentration in physiological fluids [9]. In
inflammation, a tissue injury brings to the enhancing of ADA activity in the extra cellular
medium: SF and the effusions of different pathology. This promotes the decreasing of
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concentration of the anti-inflammatory Ado and aggravation of inflammation. The increase
of ADA activity has been observed in such pathologies as tuberculosis [11], cancer [13],

rheumatoid arthritis [12], etc.
The evaluation of ADA activity level is considered as a reasonable approach in the

diagnosis of some diseases. It was assumed also as a reasonable test for distinguishing at
least of two type arthritis, RA and OA. ADA activity in SF from patients at inflammatory
joint diseases is significantly higher than at non inflammatory diseases [15]. We studied the
activity of ADA in SFs of 140 patients of Armenian clinics (57 RA and 83 OA) [1].
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Fig.1.The ADA activity in SFs of patients, diagnosed as osteoarthritis (OA) and rheumatoid arthritis (RA). The
mean values of the activities are indicated by arrows.

The analysis evidenced a statistically significant (p<0.0001) difference between the
activity levels in SFs from knee joint of two groups. Fig. 1 shows the experimental points,
representing the enzyme activity in SFs of patients, diagnosed as OA and as RA. The mean
values of the enzyme activity for these groupswere 4.9 + 0.5 [U/Land 39.6+4.5 (mean =+
S.E.M.) IU/L, respectively.Based on the ADA cutoff value of 12 IU/L, the parameters for
RA and OA differentiation were evaluated as: 94.4% — sensitivity, 93.9% — specificity and
94.1% — efficiency. Hence, our study contributed into consideration of the ADA activity
level in SFs as an additional, suitable for fast and low-cost differential diagnostic test of RA
and OA, particularly, in Armenian population.The difference between ADA activities in
SFs of RA and OA patients had been recommended also in the arthritis diagnosis in Japan,
Iran, etc. [12, 10]. It is worth of note that the cut off values in different populations are

different.
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Fig. 2. The elution diagrams at gel-filtration through the column with Sephadex G-2000f SFs with the initial
ADA activity of 30.5 IU/L (A) and 98.9 IU/L (B)
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The ratios of small- to large-molecular forms of ADA in the SFs of RA patients with
different levels of the total activity were compared [2]. Two forms of ADA were separated
by gel-filtration through the column with Sephadex G-200. The SF samples with the initial
ADA activity below and above the statistical mean value for RA patients (39 IU/L) were
analyzed in triplicate. Fig. 2 shows the presentable couple of the diagrams obtained at gel
filtration of SFs with the initial ADA activity of 30.5 IU/L (A) and of 98.9 TU/L (B). These
diagrams manifested the increasing of small- to large- molecular isoforms ratio from 0.27
in (A) to 1.57 in (B). Apparently, for the increasing of ADA-activity in RA-SF mainly
SADA is responsible.

Unfortunately, we did not have the opportunity to investigate the SFs from patients

with these diseases in amounts sufficient for performing statistical analysis.
SADATADA
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Fig. 3.The linear correlation curve between the total ADA activity and the ratio of SADA to LADA isoforms of
the enzyme in the SFs of RA patients, (r = 0.96; p = 0.0005).

Table 1. The ratios of ADA isoforms in the SFs at different arthritis.

Arthritis type Activity | SADA/LADA
Reumathoid arthritis 55.7 1.12
Reactive arthritis 63.5 0.20
Ankylosing spondylitis 56.9 0.15
Gout 53.7 0.31
Juvenile idiopathic arthritis 60 0.26

Table 1 demonstrates the ratios of the isoforms in the SFs with the close levels of
ADA from the patients of different arthritis, evaluated after gel filtration.

Conclusions: The ADA activity in SFscan be used as a statistically significant,
specific and sensitive biochemical marker for differentiating the RA and OA. In RA, the
ADA activity elevation takes place mainly via increasing of SADA. In the cases of the
other arthritis (e.g. ankylosings pondylitis, reactive arthritis, gout, juvenile idiopathic
arthritis) this regularity is not registered.
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THE RADICAL SCAVENGING ACTIVITY OF SOME SPECIES OF
ARTEMISIA GENUS, REPRESENTED IN ARMENIAN FLORA

A. BABAYAN, M. PETROSYAN, N. SAHAKYAN, A. TRCHOUNIAN

Yerevan State University, Department of Biochemistry, Microbiology and Biotechnology,
anush.babayan.90@mail.ru

Plants are valuable sources of antioxidants which could have beneficial effect on human
health. Recent investigations have shown that the antioxidant properties of plants could be correlated
with oxidative stress defense and different human diseases. In this respect flavonoids and other
polyphenolic compounds have gained the greatest attention. The present study was undertaken to
evaluate the in vitro antiradical activity of different extracts (ethanol, hexane, acetone, chlorophorm
and methanol) of Artemisia vulgaris (L.), A. fragrans (Willd.), 4. absinthium (L.) and A. splendens
(Willd.) represented in Armenian flora. 1,1-Diphenyl-2-picrylhydrazyl (DPPH) assay was used to
measure the radical scavenging activity of extracts obtained from Artemisia subspecies aerial parts.
Catechin was used as a positive reference. Different concentrations of extracts were used and results
were expressed with ICsq values.
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The Artemisia genus plants species belonging to the Asteraceae family which contain
secondary metabolic products with high biological activity are widely used in medicine,
cosmetic and food industry. About 300 species of this genus are knownand 16 from them
are described for Armenian flora.

These herbs have been used worldwide in folk medicine since ancient times. They
have been used as tonics, antimalarials, antihelmintics, and antidiabetics, and in treating
wounds, bronchitis, ulcers, and tuberculosis [1]. There are also several reports concerning
the antimalarial, antioxidant, cytotoxic, antipyretic, analgesic, antidiabetic, antimicrobial,
and antifungal activities of different Artemisia species [2]. The chemical studies on
Artemisia species indicate that all classes of compounds are present in the genus with
particular reference to terpenoids and flavonoids. The rich accumulation of essential oils
and other terpenoids in the genus is responsible for using of various species for flavouring
foods or liqueurs [3,4].

The active components of these plants include flavonoids, coumarins, sesquiterpene
lactones, volatile oils, inulin, and traces of alkaloids. The chief compounds of volatile oils
include camphor, camphene, 5-thujone, germacrene D, 1,8-cineole, and C-caryophyllene
[5]-

Changing environmental conditions are giving rise to a variety of free radicals, which
plants have to deal with them in order to survive. Reactive oxygen species, such as singlet
oxygen, superoxide ion, hydroxyl ion and hydrogen peroxide, are highly reactive, toxic
molecules, which are generated normally in cells during metabolism. They cause severe
oxidative damage to proteins, lipids, enzymes and DNA by covalent binding and lipid
peroxidation, with subsequent tissue injury. Natural antioxidant agents have attracted much
interest because of their ability to scavenge free radicals [6]. Free radicals have been
implicated in the development of a number of disorders, including cancer, neurodege-
neration and inflammation, giving rise to studies of antioxidants for the prevention and
treatment of diseases. The presence of antioxidants such as phenolics, flavonoids, tannins
and proanthocyanidins in plants may provide protection against a number of diseases; for
example, ingestion of natural antioxidants has been inversely associated with morbidity and
mortality from degenerative disorders [7]. Medicinal plants are therefore being investigated
for their antioxidant properties, and the demand for natural antioxidants and food presser-
vatives is increasing [8].

The aim of our investigation was to study the dependence of radical scavenging
activity on A. vulgaris, A. fragrans, A. absinthium, A. splendens extraction conditions.

Material and methods

Plant material.The investigated plants 4. vulgaris L., A. fragrans Willd., 4. absin-
thium L. and A. splendens Willd. were collected from Aragatsotn region (Armenia,
Mughni, 1500-1600 m above sea level, N 40° 22.085", E 44° 22.815") during the flowering
period.

Extract preparation. Plant material was dried at 60°C for 24h. 1 g powdered dried
plant material was homogenized in 10 to 15 mL solvent (ethanol, hexane, methanol, aceton
and chlorophorm) and left overnight at ~10°C. Extract was centrifuged for 5 minutes at
5000 rpm, and the supernatant was isolated. The precipitate was extracted by 4 - folds, and
the combined supernatant was dried by evaporation at room temperature. The evaporated
mass was solved in ethanol, and the extracts in different dilutions were used.

Determination of radical scavenging activity. Scavenging free radical potentials
were determined in ethanol solution of 1,1-diphenyl-2-picrylhydrazyl (DPPH) [9]. Catechin
was used as standard. Sample solution contained 125 pL (1mM) DPPH, 375 pL ethanol
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and 500 uL of test-solution (extract and catechin with different concentrations (1000 pg/ml,
500 pg/ml, 100 pg/ml, 50 pg/ml and 10 pg/mlrespectively)). Test-solution was replaced by
ethanol in the control sample. The absorbance was measured at the wave length of 517 nm
using spectrophotometer Genesys 10S UV-Vis (Thermo Scientific USA).

The radical scavenging activity was calculated using the following formula:

Radical scavenging activity (%) = A, — As/ A; x 100,

where A, is absorbance of control (DPPH without the addition of test solution), A, is
sample absorbance. ICs, calculated denote the concentration of investigated samples
required to decrease the DPPH absorbance at 517 nm by 50%.

Results and discussion

DPPH is widely used to test the ability of compounds to act as free radical scavengers
or hydrogen donors. The DPPH assay indicated the antiradical activity of A. vulgaris L., A.
Sfragrans Willd.,A. absinthium L. and A4. splendens Willd. extracts; the antiradical properties
of the studied samples are expressed in figure 1 and figure 2 (data were express as ICsy —
the extract concentration which neutralize the 50 % of DPPH free radicals). The scavenging
effect (ICs, value) was in the following order: catechin (standard) (ICs, 13.08 pg/mL (R* =
0.93)) (data not shown), A. vulgaris methanol (ICsy 832 pg/ml (R* = 0.85)), chlorophorm
(ICs 931 pg/ml (R* = 0.96)), acetone (ICs, 1000 pg/ml (R* = 0.93)),ethanol (ICsy 7407
pg/ml (R? = 0.99)) and hexane (ICs, 48077 pg/ml (R* = 0.99)) extracts; A. fragrans
methanol (ICsy 87 pg/ml (R? = 0.68)), chlorophorm (ICs, 98 pg/ml (R* = 0.84)), acetone
(ICso 307 pg/ml (R* = 0.85)), hexane (ICs, 13889 pg/ml (R* = 0.98)) and ethanol (ICs,
16129 pg/ml (R* = 0.78)) extracts; A. absinthium acetone (ICsy 311 pug/ml(R* = 0.84)),
methanol (ICs, 1103 pg/ml (R* = 0.92)), ethanol (ICs, 1466 pg/ml (R* = 0.99)), hexane
(ICso 1664 pg/ml (R* = 0.99)) and chlorophorm (ICs, 1831 ug/ml (R* = 0.99)) extracts; A.
splendens methanol (ICs, 734 pg/ml (R> = 0.89)), chlorophorm (ICs, 897 pg/ml (R* =
0.93)), acetone (ICsp 998 pg/ml (R* = 0.96)), hexane (ICs, 24509 pg/ml (R* = 0.91)) and
ethanol (ICsy 125000 pg/ml (R* = 0.78)) extracts.

Fig. 1.The DPPH scavenging activity of Artemisia fragrans acetone extract
1.0; 0.5; 0.1; 0.05; 0,01 mg/ml 1-5,C — control.
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Fig. 2.The radical scavenging activity of chlorophorm, acetone and methanol extracts of
A. vulgaris, A. fragrans, A. absinthium, A. splendens, expressed with ICs.

The radical scavenging activity value of investigates extracts was correlated with the
total phenolic content (data not shown).

The results show that hexane and ethanol extracts did not express any radical
scavenging activity, so the further investigations were carried out with the most active
fractions.

Conclusions

According to our investigation data it was possible to conclude that the highest
antiradical activity possess the A. fragrans chlorophorm and methanol extracts, whereas the
others have moderate (in case of acetone extract) or low activity.
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Phosphoribosyl pyrophosphate synthetase-1 (PRPS-1; EC 2.7.6.1) is widely distributed in the
human tissues and serves as a regulative key enzyme for purine and pyrimidine metabolism, whereas
Xanthine Oxidoreductase (XOR; EC 1.1.3.22) is the enzyme responsible for the catabolism of purine
nucleotides. These enzymes might serve as the aimmolecules for triggering of regenerative processes
after stroke. In case of inhibition of PRPS-1 and activation of XOR might serve as the targets for
prevention of the cancer development. It was recently published in PLOS (Donini S, Garavaglia S,
2017), regulation of these enzymes prevents bioactivity of the pathogenic microorganisms. Thus,
investigations of these enzymes’ activities in normal and pathological conditions might be vital for
the development of new treatment avenues.

Phosphoribosyl pyrophosphate Synthetase, Xanthine Oxidoreductase, experimental stroke

Dochopubosun nupodocdarcunraza (OGPIIC-1; EC 2.7.6.1) mupoko pacnpocTpaHeHa B
TKaHAX OPTaHU3Ma YeNIOBEKA U CITy’KHT B POJIM PETYJIATOPHOTO (hepMeHTa IpU METaboIH3Me ITypHHOB
W IAPUMHUINHOB, B TO BpeMs Kak KcaHTUH okcupopenykraza (KOP; EC 1.1.3.22) ssnsercs pepmen-
TOM, OTBETCTBEHHBIM 32 KaTa0OJIM3M ITypHHOB. DTH ()EPMEHTHI MOTYT BBICTYIIaTh B PO OCHOBHBIX
MHHUIUHPYIONIMX PEreHepaTHBHBIC NPONECCHl OENKOB IIocie MHCYNbTa. B cilydae mMHrnOupoBaHMs
(®PIIC-1) u aktuBaumu (KOP) MOryT city>kuTh B poiM MHUIIEHEH Uil NPEJOTBPAIICHUS Pa3BUTHUS
pakoBoit omyxonu. HenaBao Obuto omyGmukoBano B PLOS cratbs o Tom (Donini S, Garavaglia S,
2017), uto peryssiuus 3TUX (GEepMEHTOB MOJABIAET OMOAKTUBHOCTD MATOTCHHBIX MHUKPOOPTaHU3MOB.
Takum 00pa3oM, HcceOBaHHE aKTUBHOCTH 3THX (DEPMEHTOB IPU HOPMAJbHBIX M IATOJIOTHMECKUX
YCIIOBHSIX MOKET CTaTh KU3HEHHO BayKHBIM JUIS pa3pabOTOK HOBBIX ITyTeH JICUCHHH.

dnudpnnhpngh-whpndnudwwnuhtpwap (SNMNU-1; EC 2.7.6.1) [wju twpwdnd ntlh dwpnnc
hjncujwéplbpnud W dwnwynd £ npwbu  Ywpgwynpnn  $EpdGun wniphuubph W whphdhnhUutph
dGinwpnihquh  hwdwn, wju nbwenwd, bpp  puwlwnhU-opuhnnntnniyunwgp (RON; EC 1.1.3.22)
wwwnwupuwuwwnnt £ wyniphuubph Juwwnwpenithguh hwdwn: Wu $Epdeunubpp ywpnn Gu hwuntu qu
npwtu hhdlwywlu ntgGubpwwnhy gnpépupwgltpp fupwunn uwhwnwynigubn huuntinhg hGwnn: Ywnpnn
GU hwuntu qw] npwbu pwngytnubph qwpguwgdwup fungpunnuinn rhpwhultbp, GeE 6URGL UGYh
wywnhyntejnup (SNMU-1) W upwub] Ujnuhup (RON): Ybpgbpu PLOS-nLU (Donini S, Garavaglia S, 2017)
nwwapytl £ wju dhingp, np wju $Epdtunutph wyinphyniejwu Yupguynpdwdp Yuptih £ yuwlhuwngbiby
whunwsdhu  Uhypnopgwuhquutph  Yebuntuwynipyniup: Wuwhuny, wju $Epdtunubph wynhynipjwu
nuntdUwuphpneeyniup - $haghninghwywt b whinwpwlwywl  wwpdwulbpnd  Yupnn GU nunUwy
YGluntbwy  Ywplnpnipyntt nubgnn nuunwdUwuppniggnilubpn unp pnuddwl - Swuwwwnhutph
thunpunnLyned:

We will be discussing two enzymes: one of them is responsible for the synthesis of
purine as well as pyrimidine, the other is respomsible foe purine catabolism.

Phosphoribosylpyrophosphate synthetase-1 (PRPS-1; EC 2.7.6.1) catalyzes the
phosphoribosylation of ribose 5-phosphate to 5-phosphoribosyl-1-pyrophosphate, which is
necessary for the salvage pathways of purine and pyrimidine, pyridine nucleotide cofactors
NAD and NADP, the amino acids histidine and tryptophan biosynthesis. Three PRPS genes
have been identified: the widely expressed are PRPS1 and PRPS2 genes, and PRPS3,
which is predominantly transcribed only in testis.
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Most PRSPs belong to class I, which require Mg®" and phosphate for enzymatic
activity, but can be inhibited allosterically by ADP and possibly other nucleotides.

Class 11 PRSs are found specifically in plants which are not dependent on phosphate
for activity and lack an allosteric site for ADP

While class I PRSs transfer the diphosphoryl group only from ATP or dATP to ribose
5-phosphate, class II PRSPs have a much broader specificity for a diphosphoryl donor,
including ATP, dATP, UTP, CTP and GTP . Recently, a novel class III PRS has been
identified from Methanocaldococcusjannaschii which is activated by phosphate and uses
ATP and dATP as a diphosphoryl donor, but also lacks an allosteric site for ADP .

Mg®* forms a complex with ATP (Mg—ATP) to act as the actual substrate of the
enzyme although other divalent cations, such as Mn”", Ni*', Co*" or Cd*' can serve as
substitutes for Mg®" with relatively lower activity . Phosphate has multiple effects on the
activity and structure of the enzyme. It usually acts as an activator for the activity of
bacterial and mammalian PRSPs although SO’ can mimic the effect of phosphate at
approx. 10-fold higher concentrations .

In patients with PRPS super activity, Roessler et al. , and Becker et al. identified
mutations in the PRPS-1 gene. All patients except 1 had hyperuricemia, neurodevelop-
mental abnormalities, and sensorineural deafness; the other patient had only hyperuricemia
and gout. Functional expression studies of all mutations showed that enzyme over activity
were due to alteration of allosteric feedback mechanisms.

Thus, abnormalities in synthesis of purines might influence on the catabolism of them
and induce hyperuricemia and gout. The final enzyme, responsible for the formation of uric
acid is Xanthine Oxidoreductase.

Also, it is necessarily to mention, that very little is known about the PRPS-1 in the
stroke or experimental stroke conditions.

Xanthine oxidoredictase (XOR; EC. 1.1.3.22) is key and primer enzyme responsible
for the formation of the uric acid from xanthine and hypoxanthine.

In our previous publications we stated that regulation of XOR might have an impact
on the entire catabolism of the purines. By the utility of XOR inhibitors we demonstrated in
our experiments that inhibition of this enzyme might trigger cells genesis in vitro.

XOR and brain ischemia. It is very well documented that after forebrain
ischemia/reperfusion it might be generated excessive amount of superoxide anion radicals.
Evidence exists that allopurinol, a xanthine-oxidase inhibitor, reduces delayed cell death in
animal models of perinatal asphyxia and in human patients with other forms of organ
reperfusion injury. Thus, allopurinol pretreatment suppresses generation of superoxide
anion radicals, making XO (xanthine oxidase) the main enzyme responsible for the
oxidative damage caused after oxidative stress, early inflammation, endothelial injury. By
the other group of authors it was demonstrated that XO and cyclooxygenase are mostly
responsible for postanoxic damage of the brain. Also, it was demonstrated that hydrogen
peroxide damage is mediated through the activity of the XO in cerebellar granule neurons
obtained from 8-day old Sprague-Dawley rat pups. By the other work it was shown that
superoxide anion generated by the XO as well as singlet oxygen initiated the apoptosis-like
cell death whereas hydrogen peroxide, generated because of the activity of the glucose
oxidase and glucose deprivation in neuronal cell culture initiated necrosis.

PRPS-1 and XOR after experimental stroke conditions, induced by intracranial
injection of hydrogen peroxide.

In accordance to the literature data, allopurinol inhibits the enzyme XOR, thereby
blocking the conversion of the oxypurines hypoxanthine and xanthine to uric acid.
Allopurinol administration also leads to deceleration of the rate of de novo synthesis of
purine nucleotides.
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In our own experiments to clarify the behavior of the XOR and PRPS-1 enzymes in
the pathological conditions, first, we needed to evaluate their activities in the brain of intact
animals.

The activity of the PRPS-1 was diminished in the presence of GTP (inhibitor of PRPS-
1) as well as allopurinol, which means that purines catabolism inhibition by feed-back
mechanism might inhibit also the activity of PRPS-1.

Interestingly, XOR activity was inhibited by GTP, which might be explained or as the
influence of key regulative enzyme PRPS-1 impact on XOR activity or overwhelming
concentration of energetic source — GTP.

After comparison of the dynamic changes of XOR and PRPS-1 activities in 3 groups:
peroxide intracranial injected animals serving as the control group; phosphate treated
animals; allopurinol treated animals in peroxide treated as well as phosphate groups it is
notable negative correlation of XOR and PRPS-1activities. Strong, over activation of the
PRPS-1 and simultaneous inhibition of XOR might trigger of purine and pyrimidine
nucleotides source generation, which in turn might stimulate cells proliferation.

Also, its necessarily to take into the consideration, that patients with hypoxanthine—
guanine phosphoribosyl transferase (HGPRT) deficiency or Lesch-Nyhan disease (MIM
300322) having uric acid overproduction similar to PRPS-1super activity can also have
mental retardation and hypotonia, as described in patients with Arts syndrome .

Thus, the phosphate related elevation of PRPS-1 activity and simultaneous decrease of
XOR activity will promote synthesis of purines and will prevent above mentioned negative
side effects related with overproduction of uric acid.

In allopurinol treated animals group the negative correlation was not notable.

In contrast to the intact animals brain tissue, GTP didn’t activate XOR in pathological
condition; exception is the allopurinol treated animals group. Allopurinol after
modifications in the organism might by itself possess with the high absorption in the
conditions of very low baseline XOR activity.

It might be explained due to the formation of Xanthine Oxidase from Xanthine
Dehydogenase via limited proteolysis, because XOR is the dual enzyme and in pathological
conditions act mostly as the oxidase.

Allopurinol in hydrogen peroxide treated animals brain tissue was inhibiting activity
of PRPS-1; exception is the allopurinol treated animals group. In pathological conditions,
we might assume, that PRPS-1 might be structurally changed and behaves not as in normal,
physiological conditions.
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In this work in silico study of the interaction of artemisinin with ligand bind domain of
glucocorticoid receptor by molecular modeling methods. Artemisinins belong to the family of
sesquiterpene lactones, secondary metabolites of medicinal plant Artemisia annua, which has been
traditionally used in Chinese medicine. Artemisinins exhibit antioxidant, anti-inflammatory, anti-
carcinogenic and other activities. Molecular docking, principal component analysis, cluster analysis
have revealed three binding sites of artemisinin with ligand bind domain of glucocorticoid receptor
which are very important regions. Comparative analysis was performed with dexamethasone, which is
a corticosteroid medication. Thus, we have shown for the first time that artemisinin affects extremely
important sites of ligand bind domain of glucocorticoid receptor, it should be noted that the first
binding site of artemisinin corresponds to the interaction site of dexamethasone. This may represent a
molecular basis for ligand-dependent receptor activation and the possibility of using artemisinin as a
new ligand for glucocorticoid receptor.

Glucorticoid receptor — artemisinin — dexamethasone - molecular docking — cluster analysis

B nannoii pabote u3ydeHo insilico B3auMoaeicTBIE apTeMU3HHIHA C JIUTaH/ CBA3BIBAIOLINM
JOMEHOM TJIFOKOKOPTUKOUIHOTO PELENnTOpa METOJaMU MOJEKYISPHOTO MOAEIUPOBAHUSA. ApTeMH-
3WHHUHBI OTHOCATCSA K CEMEHCTBY CECKBHTEPIIEHOBBIX JIAKTOHOB, BTOPHYHBIX METa0OIUTOB JIEKAPCT-
BEHHOTO pacTeHHUs Artemisiaannua, KOTOpOe TPAJULIHOHHO HCHONB3YETCS B KUTAWCKOW MEAHIIMHE.
ApTEeMU3UHUHBI NIPOSBIIOT aHTHOKCUJAHTHYIO, [IPOTUBOBOCIIAIUTENIBHYI0, aHTUKAHIEPOICHHYIO U
Jp. aKTHBHOCTH. MeTonaMy MOJIEKYJISIPHOTO JOKHHTa, aHaIM3a 110 TJIaBHBIM KOMIIOHEHTaM H KJiac-
TEPHOTr0 aHaJKM3a BBIIBICHO TPU CaiiTa CBSI3bIBAHUS apTEMM3MHUHA C JIUTAHJ CBA3BIBAIOLIMM JIOME-
HOM TIJIIOKOKOPTUKOUJHOIO PELENTOopa, KOTOPbIE SBIISIOTCA Ype3BbIYalfHO Ba)KHBIMHU YYaCTKaMH.
IIpoBeneH cpaBHUTENbHBIM aHANIM3 C KOPTUKOCTEPOMIHBIM IIpENnapaTroM AekcaMmera3oHoM. Hamu
BIIEPBbIE [T0KA3aHO, YTO APTEMU3UHUH BIHAET HA UPE3BBIYAIHO BaXKHBIE YYACTKU JIUTAH]| CBSI3bIBAIO-
UM JIOMEHOM TJIIOKOKOPTHKOUIHOTO PELENTopa, NMPHU 3TOM MEPBBIA CalT CBA3BIBAHUS apTeMH3HU-
HUHA COOTBETCTBYET CalTy B3aMMOJCHCTBHS JEKCaMeTa30Ha. JTO MOXKET MPEACTaBISTh MOIEKYIIApP-
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HYIO OCHOBY JUISl JIMTaH[-3aBUCHMO} aKTHUBAILMH PELENTOPA U PACCMOTPEHNUSI BOSMOKHOCTH HCTIONb-
30BaHUS apTEMH3MHIHA B KAYECTBE HOBOTO JIMTAH/A AT 3TOTO PELENTopa.

I'mIoKOKOPTUKOUAHBIN PELENTOP — APTEMU3UHUH — IEKCAMETa30H — MOJICKYJISIPHBIM JOKUHT —
KJIACTEPHBI aHaJIH3

Uju  wphuwwnwupnid hpwywuwgywé E wpntdhghuphuh W gyniynynpuinhynhnwiht puywihsh
thawun Ywuwnn nndtuh thnfuwgntgnipjwl niuntduwuhnpnpnil insilico dnlGyntiwiht dnnGpugnpdwu
JGennutph dhgngny: WUpwnGdhghuhUuGpp wwuwnwunwd Bu ubupyhpbnwtUwihu jwywnnuubph puunw-
Uhphu, hwunhuwUwiny Artemisiaannua nGnwpnyuGph Gpypnpnwihb UGunwpnihn, npu wdwunwpwnp
ogqunwgnndyntu £ shuwywlu pdoyniejwl Jtg: UpinbGdhghUuhUutnp gnigwptpnud U hwwopuhnwuwnwihl,
hwywpnppnpnwihu, hwywpwngybnwdhu W wy) wywmhdnipinibutp: UnGyniwihu nnphugh, hhdbwywu
pwnwnphstph yGpinedniejwl, Yiwuwnbnpwihu yepinénejwu dhgngny hwjinuwptbpdb) £ wnpunbdhghUhuh
W guntynynpinhnhnwiht pLywihsh (hgwunywwnn nndtuh dhg U Juwdwl Gpbe Ywie, npnug sw-
thwquwlg Ywplnp GU: Ywwnwpdt) £ hwddwnwywu gGpineénceinit nGpuwdtnwgnuh npwbu Ynp-
wnhynupbnnhnwihu nbnwujnieh htwn: Wuwhuny, wnwghu wugwd gnig E wpdb, np wpwnbdhghup
thnfuwagnnud £ gyniynynpinhynhnwih puywihshih thqwlnyuwnn nndtuh htwn swthwqulig Yuplenp
Ywjptph hGwn, punnpnud Upw wnwehu Ywipp hwdwwwwnwupuwunud £ nbpuwdGunwgnuh thnhwagnb-
gnijwu Ywiph htwn: Uw Ywpnn E dniGyngqwihu hhdp hwunhuwuw) thgwunhg Ywhuwé puywihsh
wywnhywgdwl W wpwnBUhghuh nhunwnydwu huwpwydnpniejwup npwtu Unp |hqwln:

QunLynlynpunplynpnuyhl pbuwypy - wpnbdhghUpl - nbpuwdtinwgnl - Unjthnyuyhl nnphliq-
Ywuinbnuyhl Yepnconcaynty

Artemisinins, secondary metabolites of medicinal plants Artemisia annua belong to the
family of sesquiterpene trioxane lactones, traditionally used in Chinese medicine [1, 6].
Artemisinins exhibit a wide range of biological activities, such as antioxidant, anti-
inflammatory, anti-carcinogenic, immunomodulating, antimicrobial, antiamiloidogenic
anthelmintic, antiviral,etc. [8,19]. Artemisinins may contribute to formation of free radicals,
modulate multiple signaling pathways, including TLR, Syk tyrosine kinase, phospholipase
C, phosphatidyl inositol-3 kinase / protein kinase C cascade, mitogen-activated protein
kinases, B-catenins [11, 8], and also the transcriptional factors STAT-1/3/5, NF-xB , Spl
and Nrf2 / ARE, as well as NR3. In vitro studies in human hepatocytes revealed the
activation of the constitutive androstan receptor (CAR, NR1I3) [5] the main mechanism of
artemisinin mediated induction of CYP3A4, CYP2B6, and ABCBI1 [18]. However, the
exact mechanisms of action or molecular targets are not well studied. There is a major task
for the identification of molecular targets for artemisinin. Preliminary in silico screening
using TargetNet [23] showed that the optimal target for artemisinin is the ligand-binding
domain of the glucocorticoid receptor (LBD GR). Ketosteroid receptors including human
glucocorticoid (hGR) play a vital role in the maintenance of numerous functions such as
metabolic and homeostatic regulation through the interaction with glucocorticoids [16,
20].Glucocorticoids are known to play a significant role in orchestrating cell-cell
communication, which is necessary for the coordination of development, growth,
metabolism, immunity and used extensively for inflammatory disorders [7, 14]. However,
this is a double-edged sword approach with beneficial therapeutic actions alongside serious
adverse effects [22].1t should be noted that a lot of modern research has been focused on the
development of novel compounds such as selective glucocorticoid receptor agonists or
selective glucocorticoid receptor modulators , that can be used as anti-inflammatory drugs.

In silico study was performed for the identification of binding sites of artemisinin with
human glucocorticoid receptor and comparative analysis with common used drug
Dexamethasone (9-fluoro-11b,17,21-trihydroxy-16 a methylpregna-1,4-diene-3,20-dione).

Materials and methods

LBD of hGR was selected from the Brookhaven (RCSB) Protein Data Bank (PDB)
[3]. In order to validate the accuracy of the obtained results, co-crystallized dexamethasone
ligand was extracted from the LBD of hGR and performed blind docking.To build the hGr—
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ligand complex, using Autodock Vina [21]. 100 docking runs were performed. Principal
component (PC) [12] and cluster analysis using K-means algorithm [10] was performed on
docking results. Cluster quality was assessed using Davies—Bouldin Index (DBI) ,Silhouette
Score, Dunn Index and the pseudo-F statistic (pSF or Calinski Harabasz) [2]. The root-
square-mean-deviation (RMSD) was calculated using MDTraj library [13]. The RMSD
between the predicted conformation and the observed X-ray crystallographic conformation
was then determined.Maps of hydrophobic and hydrophilic interactions for artemisinin and
dexamethasone with hGR were also generated. Ligplot was used for the identification of
interaction modes of artemisinin [23]. 3D visualization was done using Pymol [9].

Results and discussion

The docking procedure accuracy was assessed by examining how closely the centroid
[13] pose extracted from 100 runs (binding conformation) by re-docking of co-crystallized
ligand 9-fluoro-11b,17,21-trihydroxy-16a-methylpregna-1,4-diene-3,20-dione (dexametha-
sone) resembles the binding mode obtained by X-ray crystallography. The RMSD value
between the two superimposed poses of dexamethasone co-crystallized ligand, bound to
hGR (PDB ID: 4UDC) and its conformation obtained after re-docking was 0.5 A (Fig.1).
The RMSD value for the predicted pose is less than 2.0 A, which indicates that the
prediction is of good quality [21].

-

Figure 1. Superimposition of docked poses of dexamethasone (blue) with its crystallographic structure (red)
conformation (RMSD: 0.5 A).

Principal component analysis and cluster analysis using k-means demonstrated that
there are three binding sites of artemisinin to LBD GR. The first binding site (cluster)
contained 65% of docked poses with the highest binding affinity (-7,069+0,479%cal/mol).
An optimal number of clusters were chosen, simultaneously accounting for a low DBI,
High Silhouette, High Dunn Index and high pSF values [2].

Comparative analysis of the interaction of artemisinin and dexamethasone demonst-
rated that the first binding site of artemisinin matches the interaction site of dexamethasone
with LBD hGR. (Fig 2 a, b).

Dexamethasone forms 3 hydrogen bonds with hGR between (Figure 3, Figure 4b) Leu
563, Gln 570 and Thr 739 residues. It should be noted that dexamethasone forms hydrogen
bonds, while artemisin does not. Artemisinin interacts hydrophobically with Asn564,
GIn642 u Tyr735 (Figure 3)
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Figure 2.a) Binding mode of artemisinin in the catalytic pocket of hGR (PDB ID: 4UDC): 1, II and III — binding
sites .b) Superimposition of docked pose of Dexamethazone with its crystallographic structure (RMSD: 0.5 A)

4
4

PHE7 49(A)
BBusce )

GLINE70(A Y\ by
_ L LEUSELL
. Y -

TilBra7 8

Figure 3. Putative Hydrogen bonds (black line) formed between
Dexamethasone with LBD of hGR (PDB ID: 4UDC).

The hydrophobic interaction analysis of the first binding site demonstrated (fig 2a )
that A, B, C u D rings of Artemisisin interact with a — helixes H3, H7, H10/H11 and BA-
sheets of LBD GR. Aminoacids of H3 and BA play an important role during dimerization of
LBD GR and aminoacids of H5 - dimer stabilization [4]. Aminoacids of H3-H7 (550-
653a.a) are responsible for the binding with chaperone Hsp90[15], and H3, HS u H12 - co-
activator NcoA-2 binding site [23]. In the second binding site A,C,D rings of artemisinin
interact hydrophobically with the aminoacids of H9 and H10 and in the third — H1,HS and
HS8 with A,B,D rings. Aminoacids of Glu542, Val543( H1, HS) are responsible for the
dimerization stabilization of LBD hGR[17] Artemisin interaction interacts hydrophobically
with the aminoacids of the first binding site: Met560, Leu563, Phe623, Met646, Leu732,
I1e747, Phe749, Arg611, 3rd binding site like dexamethasone.
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All glucocorticoids interact with ligands including dexamethasone through GIn642,
while Tyr735 plays an important role during ligand interpretation and receptor transacti-
vation. The interactions with these amino acids play a critical role for conformation
changes of the receptor. Both artemisinin and dexamethasone interact with Ile747 and
Phe749 of the loop that is located before AF- 2 helix. These interactions provide the
stabilization of AF-2 during its active state as well as the dimerization of LBD GR. This
presents a molecular basis for ligand dependent activation of GR [4]. Comparative analysis
of the first binding site of artemisinin with LBD GR with dexamethasone demonstrated that
have common amino acids that participate during the interaction. Each ligand has its own
peculiar interaction with other amino acids, which can explain GR conformation changes
and this can promote the formation of alternative protein surface and affect co-regulator
binding.

Phefild
(EA}

(HT) ’%
Mulfulf

A B
Figure 4. Binding mode of the 1-st cluster artemisinin (PDB ID: 4UDC) (a) and
dexamethasone (b) in the catalytic pocket of hGR.

In this study we have shown for the first time that artemisinin affects extremely
important sites of LBD GR, it should be noted that the first binding site of artemisinin
corresponds to the interaction site of dexamethasone. This may represent a molecular basis
for ligand-dependent receptor activation and the possibility of using artemisinin as a new
ligand for GR.
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Bio-hydrogen (H,) production is considered as one of the promising ways to generate
ecologically clean and renewable energy from various cheap and effective carbon sources like
glycerol or industrial wastes. Experiments were carried out to reveal the H, production by Rhodo
bacter sphaeroides MDC6521 during mixed carbon (succinate, glucose and glycerol) fermentation
and the input of the F F;-ATPase in this process. The results show that bacteria grown in a medium
containing glucose and glycerol (15 mM) in addition to succinate (15 mM), exhibit an increase not
only in H, production, but alsoin F,F;-ATPase activity of membrane vesicles obtained from them.
Significant ~1.7 fold increase of DCCD sensitive ATPase activity was obtained with glycerol addition
compared with control (30 mM succinate), and since it had a positive effect also on H, yield, further
experiments will be performed to obtain the optimal succinate/glycerol ratio to get the maximum
H2 yleld

Bio-hydrogen production—Rhodo bacter sphaeroides - mixed carbon fermentation

UGLUuwgpwslh (Hy) wpunwnpneeintup hwdwpynud £ Eyninghwwbu dwpenip W yGpwpunwnnynn
EuGpghwjh unnwgdwu fununnwdUwihg ninh' pwquwehy Edwule wpryntbwytun wdhuwsduh wnpjnputph
(gLthgtipht, wpnynibwpbpwyw pwthnuutn) Yhpwndwu huwpwynpniejwdp: ®npdbph Uwwwnwyu E Gnbp
pwgwhwjint)y Rhodobacter sphaeroides MDC65271-h Ynnuhg Hx-h wpunwnpnipjul  wnwldluwhwn-
Uniejniblibnp uwnp wéhuwduwhtu (unLyghtwwn, gqyniyng L gihgbpht) fudnpdwt wwjdwuuGpnud W FoF;-
UGdwagh ubpnpnudp wyn gnpépupwgnud: Upnyntupltpp gniyg Bu wnydbg, np untyghuwwnhg (15 JU) pwgh
Uw W gyntyng (15 UU) L grthgtphu (15 JU) ywpniuwynn dhgwywjpnd wéwé pwyntphwubpp npulen-
npnud BU ng Jhwju Hy-hwipunwinpneejwl, wyp bwl pwnwupwihu ppinhyutph FoF-USdwagh wynhynipjwu
fupwund: ¥8UN-qaujntl FF-USdwgh wynhynigjwlu ggwih® ~1.7 wugwd wé tE gpwlgyb) uncy-
ghUwwh W gthgbphuh (15-wywudV) fuwnuncpnnud unnwghgh (30 U uncyghbwwn) hwdtdwwnniejwdp, W
pwUh np wjiu nlubp npuywu wgnbgniejntt bwle Hy-h Giph Ypw, hGuwguw nuncdUwuhpneeiniulitn
Uhpwywlwgdtbl' unwlwint wnwybiwgnyu Hy-h e wwwhnynn untyghtww/gihgbphu - hwpwpt-
nnLpEnLup:

YGLuwgnwoLh wpuwnnpneainti-R. sphaeroides —fuwnn wépuwdluyhl fudnpnid

[IpomsBoactBo 6uoBomopona (H,) cuntaeTcs mepcrneKTHBHBIM CIIOCOOOM TTOTyUCHHST YUCTOM
1 BO300HOBIISIEMON SHEPTUH U3 PA3IHYHBIX JCIIEBHIX U (Q()EKTHBHBIX HCTOYHUKOB yTIIEPOAa, TAKIX
KaK TIHMLEPHH MM IPOMBIIUICHHBIE OTXOIBL. BBUIM TPOBENEHBI MCCIIENOBAHMS IS BBISBICHUS
ococbennocrelt Beimenenuss H, Oaxrepueit Rhodobacter sphaeroides MDC6521 npu cOpaxuBaHHU
CMELIaHHBIX UCTOYHUKOB YIIEepoA0B (CyKIMHAT, II0K03a U riauuepuH) u posnu FFi-AT®da3sl B 3TOM
nporecce. Pe3ysbTaThl IOKa3bIBAIOT, YTO OAKTEpHH, BHIPALICHHBIC B CPEe, COAEPIKAIIEH TIIIOK03y U
rmunepuH (15 MM) B nononHeHue kK cykuuHary (15 MM), 1eMOHCTpUPYIOT yBETHUEHHE HE TOJIBKO
Beixona H,, HO Taxke AT®da3HOl akTUBHOCTH MeMOpaHHBIX Be3UKyIH. lIpu nobaBineHuu riuiepuHa
JAUK/I-gayBctButenpHass AT®a3Has akTHBHOCTH yBenWuYMBalach B ~1.7 pa3 IO CpaBHCHHIO C
kxoHTposieM (30 MM cykuunar). Tak kak q0OaBJIeHUE TIIUIEPHHA TTOJOKUTEIBHO CKA3bIBaJOCh U Ha
Beigenennn H, Gakrepueli, OymayT HmpoBeAeHHI NalbHEHIINE HCCIECJOBAHUS Ul HOJyYECHHUS OITH-
MaJIBHOTO COOTHOIIEHHS CyKIIMHAT/TIINIEPUH, 00SCIIeUNBAIOIET0 MaKCUMaNIbHBIHN BEIXox H,.

Ilpoussoocmeo 6uosodopooa —Rhodo bacter sphaeroides—copasicusanue cmewanpvix ucmoy-
HUKO8 y211ep0006
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H, is an energy carrier with high energy content (122 kJg ™). It is recognized as the
most promising alternative to fossil fuels as it is clean, renewable, and efficient [1,10].
Biological H, production with microorganisms is considered as more perspective way of H,
production at an industrial scale, not only compared to chemical production, but also
compared to other biotechnological methods, due to a variety of substrates and organic
wastes the microorganisms can use [7,11]. Photosynthetic purple non-sulfur bacteria such
as Rhodobacter species are promising candidates for the H, production due to their high
substrates conversion rate [3,6]. Under anaerobic conditions Rhodobacter sphaeroides,
isolated from Armenian mineral springs, has been shown to perform a photo-fermentation
of various carbon- and nitrogen-containing organic substrates with H, production [2,4,5].
The selection of the source for H, is a serious problem, because it strongly affects the H,
yield by photosynthetic bacteria. The source should be relatively inexpensive and be
effectively utilized by bacteria resulting in high H, yield. Various organic substrates,
generally used in laboratory for research on H, production have been used in our research
previously, providing a fast and efficientH, production [3,6]. But one of the key problems
was always high cost of various organic carbon and nitrogen sources. A key to the solution
of this problem can be the use of different organic wastes, which are cheaper and more
effective for H, production and can provide inexpensive energy generation and
simultaneous waste utilization [9]. The promising results obtained by our group for H,
production during substrate utilization led to number of questions regarding the
mechanisms of this process. The analysis of pathways of H, production during substrate
utilization is difficult due to a complex composition of industrial wastes. One way to
address this issue can be analysis of H, production process during a mixed carbon
fermentation using a limited number of carbon sources [8].

Materials and method

Phototrophic bacterium R. sphaeroides strain MDC6521 (Microbial Depository
Center, National Academy of Sciences of Armenia, Yerevan, Armenia, WDCMS803),
isolated from Arzni mineral spring in Armenian mountains, was cultivated in glass vessels
of 150 ml capacities with plastic press caps in anaerobic conditions on Ormerod medium
with different carbon sources upon illumination (~36 W m ) as described previously [2-
5,9]. The growth of batch culture was monitored by changes in optical density (OD) by
Spectro UV-Vis Auto spectrophotometer (Labomed, USA). Specific growth rate was
calculated as In2/doubling time of OD within a logarithmic growth phase, and it was
expressed as h™' [2-5].The medium E, was determined during R. sphaeroidesanaerobic
growth by potentiometric method using a pair of redox electrodes: platinum (Pt) and
titanium-silicate (Ti-Si) electrodes [2-5]. The H, yield was calculated by the decrease of E,
to low negative values during bacterial growth and expressed in mmol/L[2-5].ATPase
activity of R. sphaeroides membrane vesicles was estimated by the liberation of inorganic
phosphate (P;,) in the reaction with ATP by themethod of Taussky and Shorr [2-5]. Various
reagents of analytical grade were used in this study. Each experiment was repeated three
times to determine deviation, which is presented as error bars on the figures.

Results and discussion

The growth was monitored during R. sphaeroides cultivation in media containing
different carbon source combinations. The results were compared with the control, which
contained 30 mM succinate as a carbon source. Bacteria grown under mixed carbon
fermentation conditions exhibited slight increase of specific growth rate, compared with
control (Fig. 1).
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Specific growth rate, h’

" 30 mM succinate
I 15 mM succinate+15 mM glucose
[ 15 mM succinate+15 mM glycerol

Fig. 1. Specific growth rate of R. sphaeroides MDC6521 during mixed carbon fermentation.

As for the H, production, during mixed carbon fermentation conditions, the change
was significant in case of glycerol, but not the glucose addition (Table 1). There was a ~2.3
fold increase of H,yield after 72 hours of growth, compared with control. Since, such an
increase in H, yield couldn’t be explained by bacterial growth enhancement only,
membrane associated systems should be examined to find out the possible causes.

Table 1.The effect of mixed carbon fermentation on Hyyield ofR. sphaeroidesMDC6521.

H, yield, mmol/L (72 hours of growth)

Control (30 mM succinate) 2.240.1
15 mM succinate + 15 mM glucose 2.12 +0.1
15 mM succinate + 15 mM glycerol 5.06+£0.2

Consequently, we have analyzed effect of mixed carbon fermentation on DCCD-
inhibited F,F;-ATPase activity of R. sphaeroides MDC6521membrane vesicles. The
results show that bacteria grown in a medium containing glucose and glycerol (15 mM) in
addition to succinate (15 mM), exhibit an increased F,F;-ATPase activity of membrane
vesicles obtained from them (Fig. 2).

I =0 m M =uccingts
50 - [ 1S mi suednste +15m M ueoss
[ 15 mM sucdnate +15m M gyosral

304

Fig.2. DCCD-sensitive ATPase activity of membrane vesicles of R.
sphaeroides MDC6521 during mixed carbon fermentation.

DCC Dsensitive ATPase activity (%)

Significant ~1.7 fold increase of DCCD sensitive ATPase activity was obtained with
glycerol addition compared with control (30 mM succinate).Since it had a positive effect
both on bacterial growth and H, production, further experiments will be performed to obtain
the optimal succinate/glycerol ratio to get the maximum H, yield.The role of F F,-ATPase
in bioenergetics of R. sphaeroides during mixed carbon fermentation can also be considered
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in application in biotechnology as a tool to interfere the hydrogen metabolism in these
bacteria.
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In dried vine fruit production much attention is paid to the development of technologies and

methods for inhibition the growth and evolution of potentially toxigenic fungi. The most effective

method

to limit the fungi growth is the treatment of raw grape with sulfur dioxide. However, the
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usage of SO, is limited by international sanitary regulations. The purpose of this work is to identify
the correlation between sulfur dioxide content and the contamination degree of dried vine fruits by
filamentous fungi, as well as to determine if the quantity of sulfur dioxide in dried vine fruits sold in
Armenia meets the requirements presented in international sanitary rules and regulations.

Sulfur dioxide — dried vine fruit — grape — filamentous fungi

2npugpwd fuwnnnh wpunwnpnipjwl Ube Ubd npwnpnieinu £ nwpadnid wyninbughw) Rn-
Lwéhu Uhgbhwy uuytph wdp W qupgwgnudp wpgbiwynn inbhubninghwubphu W dGennutphu: Uuytph
woéh uwhdwlwhwydwl wdEuwwnpnyniuwytun JbennUu £ hnudpwihu fjuwnnnh dawynwdp §6Uph Gplyop-
uhnny (SO,): Uwywju SO»-h Yhpwnnudp uwhdwlwthwyjwsd t dhpwgguihl uwlhunwpwywl Ywun-
Lwlwpgbpnd: Wu wphuwwnwuph Uwywwnwyl £ npnptbp SO»-h wwipnibwynipyjwu W Jhgbihwy uuytpny
snpugpwéd fuwnnnh wnunnunjuwénLejwl wunhéwuh vhole Ywwp, hUusgwbu Uwl pwgwhwjntp pE 3w-
jwuwnwunwd hpwgynn gnpugnwéd  fuwnnnnd SO,-h wwpniuwynigyntup nppwuny £ hwdwwwwnwu-
fuwunwd Uhpwqguwjhl uwuhunwpwywl ywunuGphu W Unpdtphu:

bouph Enlopupin —snpwignué puwnnn — fuwnnn — Upgbyuwy ullyén

B nmpomsBoxcTBe cymenoro BHHOTrpajga OONBIIOE BHUMAHUE YAENSETCS TEXHOJOTHSIM M Me-
TOJaM WHTHOMPOBAHUS POCTa W PAa3BUTHS MOTCHIMAIBHO TOKCHI€HHBIX TpuOoB. CambiM 3¢ dek-
THUBHBIM METOJOM ISl JIMMHUTHPOBAHUS pOcTa TpUOOB sBIIsieTCsl 00paboTKa CHIPHEBOIO BHHOTPAna
auokcunoM cepbl. OnHako, ucnonb3oBaHue SO, JMMHTHPOBAHO MEXIYHAPOAHBIM CaHUTAPHBIM
3aKOHOJATENbCTBOM. lLlenbio HacToslield paboThl SBISETCS BBISBICHHE KOPPEIALMH MEXIY
COZICp)KaHHEM JIMOKCHZA CEpPBl M CTENCHbI0 KOHTAMHUHAIWK CYIICHOTO BHHOTPAJA MHULEIHAIBHBIMU
rpubamu; a Takxke ONpeleIeHUEe COOTBETCTBHS MEXKIYHAPOIHBIM CAHUTAPHBIM NPaBUIaM U HOpMam
KOJIMYEeCTBA AUOKCH/A CEPhI B CYIIIEHOM BUHOTPAJIE pean3yeMOM B ApPMEHUH.

Jluokcuo cepvl — cyuienvlii BUHOZPAO — BUHOSPAO — MUYEUATIbHBIE SPUOBL

Favorable climatic conditions in countries with well-developed viticulture contribute
to the spreading of mold fungi potential producers of ochratoxin A (OTA). As a result of
mycological analyzes carried out by many authors in different countries OTA was
frequently detected in grapes and grape derived products, especially in different types of
dried vine fruits [1, 2, 9, 10]. In order to reduce the risks of contamination of the final
product during dried vine fruit production much attention is paid to the development of
technologies and methods for inhibition the growth and evolution of mycotoxigenic
filamentous fungi. The use of appropriate agrotechnical means and fungicides in grape
cultivation can significantly prevent the growth of fungi and contamination of final product
by toxigenic species [6]. In post harvest period, the most effective method for limiting the
development of mold fungi is the treatment of raw grape with sulfur dioxide [8].

Sulfur dioxide (SO;) is used in both gas state and powder form of its sulphite,
bisulphite and metabisulphite salts. These compounds are considered relatively strong
preservatives because of their strong antimicrobial activity. It also acts as an antioxidant
that prevents oxidative processes, which results in a discoloration of final product [3].
Some sultana and raisin types of grape are treated with sulfur dioxide for getting a lighter
and golden color [7]. Sulfitation of row materials is usually carried out by gas fumigation
or immersion in 2-3% sulfuric acid solution. In Armenia dry sulfitation is widely accepted.

However, it was reported that the residual amount of sulfur dioxide can have a
dangerous effect on the health of consumer. Food intake with sulfite content, according to
Settipane [16], caused acute allergic reactions in humans and anaphylactic shock with a
fatal outcome. It is also known about dangerous effect of SO, on asthmatic patients [18].
SO, and sulfites greatly reduce the absorption of vitamin B1 in human organism, which can
lead to a number of health problems, such as chronic headaches and impairment of
memory. The residual amount of SO, in the grapes and in the products of its processing
should not exceed the limit of 1500 mg / kg, established by the Codex Alimentarius [4].

The purpose of this work is to identify the correlation between sulfur dioxide content
and the contamination degree of dried vine fruits by filamentous fungi, as well as to
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determine if the quantity of sulfur dioxide in different varieties of dried vine fruits sold in
Armenia meets the requirements presented in international sanitary rules and regulations.

Materials and methods

Mycological analyses of dried vine fruit samples were carried out with direct planting
and serial dilution planting methods [12]. The dilution includes following steps: 1) shaking
the product suspension for 15 minutes on a shaker; 2) infusion for 10 minutes; 3)
preparation of serial dilutions 1:10 and 1: 100; 4) surface plating from dilutions on nutrient
mediums. Plates were incubated at 25+1 °C for 7 days. Following nutrient mediums were
used: CYA (Chapek-Yeast Agar medium, HiMedia Ltd.), GYA (Glucose-Yeast Agar
medium, HiMedia Ltd.), and MEA (Malt-Extract Agar medium, HiMedia Ltd.).

The quantity of microscopic fungi in 1 g food was detected according to NF ISO 7698-
91 [5]:

¢
®= m:i+0.1 nod

Z C —sum of colonies of fungi grown in all dishes; d — dilution coefficient;

n; — number of dishes used for I dilution; n, — number of dishes used for II dilution.

The quantity of SO, in dried vine fruit samples was determined by aspiration method
[20]. The method consists of 3 stages:

1. Determination of free SO, — involves aspiration a mixture of sample homogenate
and 25% phosphoric acid solution, for 15 minutes and titration with 0.01M NaOH solution
until an olive green color appears. Registration of title value (A).

2. Determination of bound SO, - involves aspiration 15 min and simultaneously
heating solution with content of a sample homogenate. Titration of solution with 0.01 M
NaOH until an olive green color appears. Registration of title value (B).

3. Calculation

£A7 % M= R2.06 = 1000
Free SO, (mg/l) = v Bound SO, (mg/1)

_ (Bl xMx3IZ.08x 1000

v
Total SO, (mg/l) = Free SO, (mg/l) + Bound SO, (mg/l),
M = molarity of the NaOH solution, V = sample volume

Results and discussion

In recent years the volume of imports of dried vine fruit exceeds the volume of its
production in Armenia [17]. Dried grape are imported into Armenia mainly from Turkey,
Iran, as well as from other countries: Uzbekistan, Kazakhstan and USA (California). The
results showed that the contamination level of Armenian, Uzbek and Kazakh dried vine
fruits by filamentous fungi often exceeds the maximum permissible level of this parameter
presented in local and international sanitary rules and regulations (table 1). According to
SanPin 2.3.2.1078-01 maximum permissible amount of diasporas of molds in 1 g of dried
vine fruit is 5 x102 CFU/g.
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Table 1. The number of fungi species in genera isolated from dried grape produced in different
countries and the contamination level of samples

The number of species isolated from dried vine fruit samples produced in
different countries
Genus . Iran / .
Armenia USA Uzbekistan | Kazakhstan
Turkey*
Aspergillus 13 6 3 3 3
Penicillium 10 4 2 2 2
Mucor 2 2 1 2 2
Alternaria 1 - - - -
Trichoderma - 1 - - -
Syncephalastrum 1 - - - -
Total number of species 27 13 6 7 7
Contaminationlevel | 2.2x10*° —| 2.3x10° —|1.8x10° —|2.7x10> — | 1.82x10°> —
(CFU/g) 4.3x10° 4.8x10? 3.64x10% 5.8x10° 1.7x10°

* Sometimes it was difficult to find out exactly from which country (Iran or Turkey) the product was imported

In order to identify the correlation between content of sulfur dioxide (SO,) and
contamination level of dried vine fruit by filamentous fungi, the quantities of bound and
free sulfur dioxide were determined in 30 samples of dried vine fruits by aspiration method.
The high total amount of sulfur dioxide up to 1350 mg/kg was observed in Iranian and
Turkish samples (seedless variety) (Fig. 1). The contamination degree of these dried vine
fruit samples (sultana) by micromycetes did not exceed the value of 1.9x10? CFU/g. In
local produced samples of white varieties of dried vine fruit the content of bound and free
sulfur dioxide met the requirements of Codex Alimentarius Commission [4].

At the 30 mg/kg residual amount of sulfur dioxide the contamination level of samples by
fungi exceeded the value of 7.4x10° CFU/g. This does not meet the microbiological safety
requirements set out in SanPiN 2.3.2.1078-01 [14]. The content of "free" sulfur dioxide (SO,)
in Iranian and Turkish samples was in range of 45 - 80 mg/kg. The inhibitory effect of SO, on
quantity of viable spores - potential producers of ochratoxin A occurred when the residual
amount of free sulfur dioxide was 60 mg/kg. In analyzed samples of Iranian and Turkish dried
vine fruit the total content of sulfur dioxide was 900 - 1350 mg/kg, which did not exceed the
maximum allowable concentrations. But it was very high and could harm consumer with
diseases in upper respiratory tract. The total content of sulfur dioxide in samples of Armenian
white dried vine fruit was detected within 600 - 800 mg/kg. Sporulation degree of these
samples was in rang of 2.3x10% 7.4x10* CFU/g (Fig. 1).
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Fig. 1.Correlation between SO,content in dried vine fruit and their contamination level by filamentous fungi
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Dried vine fruit produced from black or dark red grape varieties are not treated with
sulfur dioxide, which causes the high contamination degree of black dried vine fruit
samples by filamentous fungi. The results of mycological analysis of 11 Armenian black
dried vine fruit samples showed high contamination levels of analyzed samples by
micromycetes: in range of 4.6x10°— 4.3x10* CFU/g.

Sulfur dioxide and its derivatives have long been used for treatment of raw grape as a
preservative inhibiting the development of mold-forming fungi and other microorganisms.
Previously, SO, was included in the list of safe chemicals, for which no control was
required. But based on the results of studies that proved its dangerous effect on the human
health, today its quantity in food products is limited by the international sanitary rules and
norms. For this reason many scientific works are done to find safe biological methods to
prevent contamination of food products by filamentous fungi.
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Transmission of pain from periphery to the cortex depends on integration and signal
processing within spinal cord and higher structures of brain. Several molecular and biochemical
mechanisms contribute to the phenomenon of sensitization and persistent pain, wherein every
nociceptive factor has its own specific way of action.

The aim of this work is to observe the influence of different noxious agents on serotonin and
adenosine level changes in different regions of central nervous system using as a background the
modified version of classic formalin test.

We determined the levels of adenosine and serotonin evoked by formalin, capsaicin and
Freund’s adjuvant injection in the lumbar segment of the spinal cord and hippocampus using HPLC
technique.

The role of abovementioned mediators at different levels of nociceptive information
transmission is discussed.

pain, modification of formalin test, serotonin, adenosine, high performance liquid
chromatography.

Swlwjht  wanwyutph  tnfuwnpndp  dwjpwdwuhg  nwh  gifunintnh Yen Yuyws
nnuntntnnid W gifunintnh Ywenigwépubnnid hunbgpwghwihg W wgnwyh wnngbuhughg: PwqUwehy
UniGyniwihtu b yGuuwphdhwywu dhuwuhquubp hwugtgunid GU uGUuhinhqughwih W hwpwwnle guyh
wnwpwguwl, npuintbn jnLpwpwlgnip gwy wnwgwglnn gnpdnu ntuh hp jnipwhwnncy gnpdbiwnén:

Whwwwlueph Lywwnwyu E nhinnwpytp tnwpptp gwy wnwwgunn wagtunubph wgnbgnieintup
uGpnunuhuh W wnBunghuh ynugGUwnpwghwih dpw Yeuinnpnuwywu Lywpnwiht hwdwywpgh wnwpptn
pwahuubpnud® hhdp punniutiny nwuwywl $npdwihlwiht pEunh dnnhhlywgywsd nwppbnuyp:

Utn Unnuhg npnzybi £ $npdwihuh, Yuwwuwhghth W Spnjunh wynijwnh wpwgwgnwé gwyh
wpnniupnd wnBunghuh W uGpnuninuphuh YnugBunpwghwu nnunintnh gnunywiht pwdund W hhwn-
Judwnd pwnan wpnnituwydbuinnipjwl hEnniywiht ppndwwnngpwdbhwih Gnwuwyny:

Pulwnyyws E 4bpp Updwd dhgunpnwiujnietph ntpp gwywjht nbntywunydnieiwl thnfuwlgdwu
wnwppbn Jwywpnwyutpned:

guwy, pnpdughuyhle - pGuwnh  dnnhdhlwghw, ubpninnUpl, wnb&lunghl, pwnpdn  wpnynbw-
ybunnipiwl hnnlyuypl ppnndwinngnuphu:

Tpancmuccust 6oiu ¢ nepudepun B KOPY TOJIOBHOTO MO3ra 3aBUCHUT OT HHTErPalldH U
MPOLIECCUHIa B CIIMHHOM MO3Te U BBICUINX CTPYKTYpax TOJIOBHOTO MO3ra. Pa3jIHyHbIC MOJICKYJISIPHBIC
U GHOXMMHYECKHE MEXaHH3Mbl BOBJICUCHBI B (DEHOMCH CCHCHTH3ALMH M HPOJIOHTHPOBAHHOM GOIIH,
HPH 3TOM KaXIblii HOLMIEIITHBHBIN (aKTOp UMeeT CBOM crieu(pUIECKUii Ty Th BIUSIHHS.

Llenbio DaHHOTO HCCICIOBAHUS SBISICTCS W3YUCHHE BIHMSHUS PA3IMYHBIX 0OJIb-HHIYLHPYO-
mux (GakTopoB Ha YPOBHE CEPOTOHHHA M a[CHO3MHA B PAa3IMYHBIX Y4acTKaX LEHTPAIbHOW HEPBHOI
CHCTEMBI C HCIOJIb30BaHHEM MOAN(DHUIMPOBAHHON MOJIEIN KIACCHIECKOro (hOPMAIMHOBOTO TECTA.

Hamu 6GbUTO TIPOBEICHO OMpEAeieHne YPOBHS CEPOTOHWHA U aJ€HO3WHA B TIOMOApPHOM Cer-
MEHTE CIIUHHOTO MO3ra, a TAKXKE B THUIIIOKAMITE ¢ IPUMEHEHHEM BBICOKOI(P(EKTUBHOM KUIKOCTHON
xpomarorpadum.

OGcysknaercsi poiib BBIICOTMEUYCHHBIX MEIHATOPOB HA pPAa3IMYHBIX YPOBHSIX Iepeladyd
HOLMLIENITHBHON HH(OpMAIHH.

6016, MOOUDUYUPOBAHHBLL POPMATTUHOBBIT MECN, CEPOMOHUH, AOEHO3UH, 8bICOKOIPpexmus-
HAA HCUOKOCMHAS XPOMATOSpahus.
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Introduction

The amazing property of our nervous system is detecting and interpreting a wide range
of thermal and mechanical stimuli, environmental and endogenous chemical irritants. When
intense, these stimuli generate acute pain, and the setting of persistent injury, both
peripheral and central nervous system components of the pain transmission pathway exhibit
tremendous plasticity, enhancing pain signals and producing hypersensitivity. When
plasticity facilitates protective reflexes, it can be beneficial, but when the changes persist, a
chronic pain condition may result. Biochemical, electrophysiological and pharmacological
studies are elucidating the molecular mechanisms that underlie detection, coding, and
modulation of noxious stimuli that generate pain.

In functioning of nociceptive and antinociceptive systems a special modulating role
belongs to different neurotransmitters and meuromediators, particularly serotonin and
adenosine.

Serotonin is a mediator in central nervous system, which participates in sensation of
pleasure, comfort, regulation of cognitive functions, appetite, sleep/awake processes. The
pathways in nervous system which participate in perception of painful signals intersect with
those which participate in regulation of emotional status, particularly on serotonin level.

Results of some investigations have shown a spinal analgesic action of 5-HT released
from brainstem structures [20, 21]. Since 1969, researchers have investigated stimulation-
induced analgesia, which reveals that serotonin (5-HT) excites inhibitory interneurons,
resulting in inhibition of dorsal horn neurons [9].

It is shown that the reduction of serotonin concentration leads to attenuation of
analgesic effect [3], reduction of pain threshold [10] a higher frequency of pain syndrom
development.

Serotonin reuptake inhibitors in certain cases are used to reveal the chronic pain. It is
supposed, that the analgesic effect of serotonin can be partly mediated by endogenous
opioid system as serotonin promotes the release of beta-endorphin from anterior pituitary
cells [22].

Contemporaneously it is proven that exogenous serotonin induces a severe pain in the
site of injection. Presumably serotonin along with histamine and prostaglandins plays a role
in development of pain impulsation in the locus of injury or inflammation affecting the
corresponding receptors in target tissues [19].

The stimulation of large sensory fibers leads to the release of adenosine triphosphate
(ATP) from their terminals in posterior horns of spinal cord. The ATP then transforms into
adenosine, which affecting the specific Al receptors blocks the transport of nociceptive
information in synapses of thin sensory fibers. However depending on dose adenosine can
demonstrate an opposite effect, enhancing nociception. Thus, adenosine is considered as
neurotransmitter, which has a modulatory effect on pain formation mechanisms [18].

The aim of this work is to observe the effect of different noxious agents in some
regions of nervous system on serotonin and adenosine level using modified model of
classic formalin test.

Materials and methods

In this study male albino rats were used weighting 200-250g. The animals were
housed in plastic cages by six. The minimal adaptation period was 10 days. The rats were
kept in 12 hour light/dark cycle with food and water ad libitum. The experiments were
approved by Ethics Committee of Yerevan State Medical University.

In our experiments 7 groups were used: 1. Control group, 2. Single injection of 5%
formalin solution, 3. Two subsequent injections of 5% formalin solution with five days
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interval, 4. Two subsequent injections of Freund’s adjuvant with 5 days interval, 5. Two
subsequent injections of capsaicin, 6. Two subsequent injections of 10% and 5% formalin
solution respectively with 5 days interval, 7. Two subsequent injections of 5% formalin
with 5 days interval, where gabapentin was administrated 10 minutes before the second
injection.

Formalin test. In our experiments we used the modification of classic formalin test by
adding the second injection of noxious agent with five days interval. Before any injections
rats were let in glass chamber for adaptation for 15 minutes. A 5% formalin solution
(0.5ml/kg) was subcutaneously injected into the dorsal surface of hind paw. After injection
each animal was returned into the glass chamber with a glass in the bottom to observe limb
position changes hidden from frontal view. The pain behavior was registered for an hour
using a computer program (Lab View, National Instruments) written by us [6], which
allows to record animal’s per second pain behavior using the scale from 0 to 4, where 0 —
there is no pain behavior, 1- the injected paw changes its position but is still in the contact
with the floor of chamber, 2- the injected paw is over the chamber floor and there is no
contact with any surface, 3- the injected paw is flinched, 4- the injected paw is licked. Pain
behaviors are expressed during each period of three minutes intervals during the initial
acute phase (0—10 min) or the second, tonic phase (15-60 min). The animals undergo
euthanasia immediately after the end of experiment with a Nembutal solution (100mg/kg).

High performance liquid chromatography (HPLC). Samples were taken from rat
spinal cord, hippocampus and prefrontal cortex immediately after the decapitation within a
minute. All the samples were freezed, then homogenized, centrifuged in 20000 rpm.
Sample preparation: a protein precipitation technique was used by adding 3 times more
acidified acetonitrile. After the centrifugation with 12000 rpm speed the supernatant was
transferred to LC-MS. The mobile phase had the following composition: 0.1% formic acid
aqueous solution: acetonitrile 60:40. The flow rate was 0.4 mL/min, injection volume was
10mcL. 268.0-136.0 MRM transition was used for Adenosine MS detection and 177.0-
160.0 MRM transition was implied for serotonin MS detection. The calibration curve used
covered concentrations between 6.5 ng/ml and 650 ng/ml for quantitation of adenosine, and
10 ng/mL and 10 mcg/mL for quantitation of serotonin.

Staistical analysis. Statistical analysis was performed by the one-way ANOVA (IBM
SPSS version 23.0 and MS Excel 2007). A multiple comparison Post Hoc Test (Tukey) was
applied to identify groups differing significantly from each other using Bonferroni
correction. Data were reported as mean + SEM.

Results and discussion
As results of our experiments demonstrated, formalin injection into the dorsal surface
of the left hind paw led to a two-phase pain response: first phase starts immediately after

injection of noxious agent and lasts until 10 min and the second tonic phase, which starts at
15 minutes and lasts until 60 min.
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Fig. 1. The value of the pain response (the values shown on vertical axis are obtained by summation of per second
pain behavior of experimental animals after injection of noxious agent during the first 15 minutes, where 0 = the
injected paw is not favored, 1 = injected paw has little or no weight on it, 2 = the injected paw is elevated and there
is no contact with any surface, 3=the injected paw is flinched or shaken, 4 = the injected paw is licked) in the
injected paw in the first phase during single and double injections of noxious agent in the modified formalin test.
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Fig. 2. The value of pain response after formalin injection during the last 45 minutes (the pain intensity is
calculated as in Fig. 1) in the injected paw in the second phase during single and double injections
in the modified formalin test.

As it can be seen from the results, all the noxious agents (formalin, capsaicin, Freund’s
adjuvant) demonstrated similar patterns in both phases. In the first phase, in double
formalin group, the value of the second injection was higher. The formalin+gabapentin
group did not demonstrate any changes in first phase, which is in agreement with literature
data [1, 16], indicating that gabapentin does not affect the acute phase in formalin test. In
the group with subsequent injection of 10% and 5% formalin the first injection value is
higher as it could be expected, but in the second injection the pain value significantly
lowers. Both, capsaicin and Freund’s adjuvant, demonstrate a similar pattern with formalin,
showing lower values.
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Concerning to the second phase, in almost all groups the second injection value was
lower, than the first one. The lowest value compared with the first injection reveals the
group with subsequent injections of 10% and 5% formalin. Gabapentin significantly
lowered the second phase of the formalin test.

HPLC results
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Fig. 3. The quantitative definition of serotonin in rat spinal cord and hippocampus measured by HPLC
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Fig. 4. The quantitative definition of adenosine in rat spinal cord and hippocampus measured by HPLC

As figure 3 show, the highest level of serotonin can be observed in the group with
single injection of 5% formalin. The injection of formalin increases serotonin level both in
spinal cord and hippocampus [17].

The slight changes of serotonin level were observed in all the other groups. Some
literature data indicate, that the injection of Freund’s adjuvant significantly increases the
serotonin level both in spinal cord and in hippocampus [4]. The minor changes can be
explained presumably by insufficient time for inflammation to develop. In the group with
subsequent injection of 10% and 5% formalin the low concentration of serotonin can be
explained most likely by the increased pain threshold, which is likewise observed in
formalin test in both first and second phases.
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Interestingly in formalin+gabapentin group the serotonin level was about zero, despite
some works indicate, that gabapentin increases blood serotonin [12].

Gabapentin decreased the serotonin level both in spinal cord and in hippocampus.
However, several observations are consistent with the idea that gabapentin modulates Ca**
channels, particularly if channels are modulated in a subtle manner. It is possible, that
inhibition of monoamine neurotransmitter release [2,13,15] is caused by an interaction of
gabapentin with Ca?" channels. However, there are there are some results, indicating that
gabapentin increases the concentration of serotonin in whole blood [12]. These authors
speculate, that increased serotonin might be due to changes in serotonin metabolism or
uptake in platelets.

The inhibitory action of serotonin on structures of the dorsal horn may be mediated by
activation of opioid-releasing interneurons. In animal models the opioid antagonists
attenuate the analgesic effect of intraspinal serotonin; similarly, serotonin antagonists
interfere with analgesic effects of morphine infused in or near the spinal cord [8].

Serotonin is released in spinal cord by descending systems that modulate
somatosensory transmission and can potently depress primary afferent-evoked synaptic
responses in dorsal horn neurons.

Additionally, serotonin receptor antagonists, given to rats intrathecally, inhibited
experimental pain response [5], suggesting, that excitatory serotoninergic descending
pathways facilitate the expression of pain. It is likely, that serotonin inhibits, as well as
promotes pain perception by different physiological mechanisms [7].

As it can be seen from Fig. 4, the highest level of adenosine is observed in the group
with subsequent injection of 10% and 5% formalin both in spinal cord and hippocampus.
Interestingly, the concentration of adenosine lowered while administrating gabapentin.

Adenosine regulates pain transmission in the spinal cord and in the periphery, and a
number of agents can alter the extracellular availability of adenosine and subsequently

modulate pain transmission, particularly by activation of adenosine A1l receptors.
Moreover, there is a significant increase of adenosine level in Freund’s adjuvant and
capsaicin groups in spinal cord and hippocampus. The use of capsaicin (which activates
receptors selectively expressed on C-fibre afferent neurons and produces neurotoxic actions
in certain paradigms) allows for an interpretation of C-fibre involvement in such processes.
In the spinal cord, adenosine availability/release is enhanced by depolarization (K,
capsaicin, substance P, N-methyl-D-aspartate (NMDA)), by inhibition of metabolism or
uptake (inhibitors of adenosine kinase (AK), adenosine deaminase (AD), equilibrative
transporters), and by receptor-operated mechanisms (opioids, 5-hydroxytryptamine (5-HT),
noradrenaline (NA)). Some of these agents release adenosine via an equilibrative
transporter, indicating production of adenosine inside the cell (K*, morphine), while others
release nucleotide which is converted extracellularly to adenosine by ecto-5'-nucleotidase
(capsaicin, 5-HT). Release can be capsaicin-sensitive, Ca*"-dependent and involve G-
proteins, and this suggests that within C-fibres, Ca®'-dependent intracellular processes
regulate production and release of adenosine. In the periphery, adenosine is released from
both neuronal and non-neuronal sources. ATP is released both spinally and peripherally
following inflammation or injury, and may be converted toadenosine by ecto-5'-
nucleotidase contributing an additional source of adenosine. Release of adenosine from
both spinal and peripheral compartments has inhibitory effects on pain transmission [14].

Conclusion

The pain information in the CNS is controlled by ascending and descending regulatory
systems, in which endogenous substances play a modulatory role.
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Serotonin acts substantially on spinal cord level, and affects descending pain pathway.
It is important to mention, that classic formalin test, which proposes a single injection of
formalin, significantly increases serotonin level in spinal cord. So it can be considered as
“early” stimulation-produced mediator.

Possibly, the stimulus intensity is also related with serotonin release. Interestingly it is
in agreement with our results of formalin test. It represents the second phase. In formalin
test all the second injections are lower compared with the first injections. Concerning to
adenosine, it is possibly a “late” mediator. Adenosine represents the first phase of formalin
test respectively with first and second injections.

Presumably, regulation of descending inhibitory modulation proposes, that or higher
brain areas directly communicate with descending nociceptive fibers, either this
communication is polysynaptic, acting through intermediate relays.

So our results let us to conclude, that the route from higher brain areas is not direct and
depends on variety of factors, i.e. stimulus intensity, type of injury, number of injections,
thus, the intermediate levels of descending pain pathway can undergo changes, affecting the
level of mediators at spinal cord level.
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Currently are shown rapid growth of polyamines and nitric oxide (NO) quantities in blood
serum during malignant tumors in different organs. Increased NO generation in cancer cells may
contribute to tumor angiogenesis and metastatic ability by up-regulating vascular endothelial growth
factor. The goal of workwas to researchin human blood serum the changes of polyamines and NO
quantities in different stages of prostate and bladder cancer. Polyamines and NO quantities were
determined in blood serum of 11 healthy individuals (34-63 years old) and patients with prostate (28)
and bladder (20) cancers (48 patient,I-III stages, 44-73 years old) who were hospitalized in the
National Centre of Oncology RA aft. V.A. Fanarjyan. Total polyamines quantity compared with
standard was increased by42.5%, 54.5% and 76.8%, respectively in I, II and Illstages of prostate
cancer, and 59.5%, 64.8% and 87.9%, respectively in I, II and IlIstages of bladder cancer.The
quantity of nitrite anions was increased by 125% in prostate and bladder cancers patients blood
serum.The increase of NO and polyamines concentrations in blood serum in earlier stages and the
increase in parallel to cancer development confirm, that this metabolic pathway of L-arginine has a
significant role in promoting tumor growth and development. We suggest that downstream of
polyamines and NO quantities might have antitumor effect on cancer development.

cancer, polyamine, NO, arginase, tumorigenesis, antitumor potential
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Ltpywjnwdu gniyg £ nnpgwé wynihwdhUubphl NO-h pwlwynipjwl Yupney wép wpjwl 2héncyncd
wnwnpptp opgqwuutnnd swpnpwy nienigpUbnh wnjw)niejwl dwdwlwy: Rwngytnwihu pgheubpnid NO-
h W wnihwdhuuGph wpunwnpdwb wép Ywpnn E Uwwunbp nienigeh wughngBubghu W JGdwgut)
UGinwuwnwwnhy  huwpwynpniejnibiutpp® pupwubing  wunpwjhu  Eunnebihw; wdh gnpénup: Utkp
hGnwgnunipjwu Uwwwwyu E nwuncdUwuhpbp, Jwpnne wpjwu 2hénynud - wynthwdhulubphle NO-h
pwlwynipjwl thnthntuntejntlubnp 2wgwlwywagtndh W Jhquwwpyh pwngytnh qupguguwl wnwppbp
wuwnhswultph dwdwlwy: MnthwJdhuuGphle NO-h pwlwywywl thnthnfuntejntlutpp neunwluwuhpyby £
11 wnnng wuhwuwnh (34-63 lnwntywu), pwgwlwywgbnah W Uhquuwwpyh pwngytin ntugnn hhywunutnh
wnwl 2hénLynid (48 hhywun, I-III wuwnhdwl, 44-73 tnwpBlwl), npnup hGnwagnunijwl BU gpwugdby
dwuwpngjwuh wudwl 33 Nnnigepwpwlwywl Ugguwiht YBUnpnunwd: Swqwlwlwgbnéh pwngytnh
nGwentd wnihwdJdhultGph gnidwpwiht pwbwyp wenng fudph hwdGdwwn wénud £ 42.5%, 54.5% W
76.8%-ny, huy Uhquuuwnyh pwngytnh dwdwuwy* 59.5%, 64.8% W 87.9%-ny, hwdwwwwnwupiwlwpwnp
pwngytnh qupgwgJwu I, 1T W [T wunhdwuutpned: Unwgywd wpnntuplubpp gniyg GU wnytl, np uinnwghg
fudph hwdtdwwn wpjwu phéntyh Uhunphin wuhnUubph pwlwyp 2wqwlwlwgbnéh W Jhquuwwnyh
pwngytnh nGwend wénd £ 125%-ny: Ipdwunnipjwl Jwn thnybpnd wnhwdhuuGphle NO-h pw-
Lwynipjwl wép wpwl 2héntynud W hGnwgw pwpdpwgnidp qupqugdwl wunhdwUhu gniquhtn’
hwuwnwwnnud £ L-wpghUhuh Untpwhnpuwlwywihu ninnne wju JGinwpnihnubph Ywplnpwaniu nbpp
ninnigeh wéh fupwldwl W qupgugdwu gnpépUpwgltnnd: UBlp Ggpwywgunwd Gup, np wnihw-
Jhuutphle NO-h pwlwynipjwl Ujwagnidp Ywpnn £ niuGUuw) hwywninnigpwihu wgnbgnieinitl pwng-
ytnh qunpguwguwu gnpdplpwgnLd:

puwngltn, wnipwdhl, NO, wnghliwg, nienigewqrywgnid, hwlwnienigeuwypl wninblghuy

B Hacrosimee Bpems yCTaHOBJIGHHO yBENIMYCHHE KOJIMUECTBA MOJMAMHHOB U OKHCH a30Ta
(NO) B CBHIBOpPOTKE KPOBH BO BpeMs 3JI0KaYeCTBEHHBIX HOBOOOPa30BaHMI B pa3HBIX OPraHoB. YBe-
nnyeHue koindectBa NO M MOJMAMHUHOB B PAKOBBIX KJIETKAX MOXKET CIIOCOOCTBOBAThH aHTHOTEHE3Y
OITyXOJIM U METACTaTHYECKHM CIIOCOOHOCTSIM C MOMOINBIO PEryNUPYIOIero (akropa pocra HIO-
Tenus cocynos. Llenbio paboThl OBIIO MCCIENOBAHUE M3MEHEHHUs KoluuecTBa nmonuaMuHoB u NO B
CBIBOPOTKE KPOBH YEIOBEKAaHA PAa3HBIX CTAAMAX Pa3BUTHA paka MPOCTATHI M MOYEBOTO ITy3BIpS.
KomnuectBo mommammuuoB u NO ompenensiii B chiBopoTke KpoBH 11 3m0poBeix (34-63 ner) u
TIAIMEHTOB C PAaKOM IIpeACTaTeNbHON xkene3sl (28) m MoueBoro myseipst (20) (48 mammenros, I-1I1
cranuy, 44-73 roxa), KoTopsle ObUTH TocnuTanu3upoBansl B Hanmonansasiit Llentp Onkonornu PA
nmenn ®Panapmxsna. Obmiee KOIMYECTBO IIOJMAMHHOB IO CPAaBHEHUIO CO CTAHJAPTOM YBEJH-
yuBaetcs Ha 42.5%, 54.5% u 76.8% coorBerctBenHo Ha I, II u III cragusx paka mpencrareiabHON
Kenessl ¥ Ha 59,5%, 64,8%, 87,9% cootBerctBenHo Ha I, II u III cramusx paka MOYEBOTO ITy3BIPSL.
Pe3ynbTathl HccnenoBaHKH TOKa3alu, YTO KOJMYECTBO aHMOHOB HUTpUTA OBLIO yBenuueHo Ha 125%
B CHIBOPOTKE KPOBH OOJBHBIX PAaKOM INPEACTATEIBHON JKENEe3bl M MOYEBOTO ITy3BIPS. YBENNYCHHE
kxoHIeHTpanuu NO ¥ IOJMaMHHOB B CBIBOPOTKE KPOBHM Ha PaHHWUX CTaJUAX M yBEIWUICHHE Mapai-
JETBHO C Pa3BUTHEM paka IOATBEPXKIAIOT, YTO 3TOT MeTaboinmdeckwil myTh L-apruHmHa urpaer
B)XHYIO POJIb B CTUMYJIMPOBAaHHU POCTa M PAa3BUTHUS OITyXOJH. MBI IIpeAronaraeM, 4To IOHIDKCHNE
KoJIM4ecTBa rmojauaMrHoB 1 NO MOXeT 0Ka3aTh MPOTHBOOITYXO0JIEBOE BO3/ICHCTBHE Ha Pa3BUTHE PaKa.

pak, nonuamunsl, NO, apeunasa, onyxonezenes, npomueoonyxonesblii

Introduction

The heterogeneous nature of prostate and bladder cancers makes it difficult to
understand the molecular mechanisms controlling benign and malignant cell growth [6].
Therefore, it is important to continue to improve current diagnostic and treatment tools and
determine new prognostic variables. According to the World Health Organization, the age-
standardized death rate due to cancer in Armenia is 39.6 per 100,000; making it the first
highest nation globally for cancer deaths [12]. Earlier reports focused on the expression of
arginase and NO-synthase (NOS) in murine or human primary cancer tissue as well as
malignant cell lines and emphasized its potential role in the promotion of tumour growth
via polyamine synthesis or down-regulation of NO-mediated tumour cytotoxicity [5, 9].
Since polyamines are vital for cell proliferation, it is possible that the increased level of
ornithine, due to the elevated arginase activity, linked to the development of carogenesis
[3]. Over past decades, NO has emerged as a molecule of interest in carcinogenesis and
tumor growth progression [2]. NO either facilitates cancer-promoting characters or act as an
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anticancer agent. The dilemmain this regard still remains unanswered.Increased NO
generation in cancer cells may contribute to tumor angiogenesis by up-regulating vascular
endothelial growth factor (VEGF), and VEGF-induced neovascularization may increase the
tumors’ metastatic ability. Although several reports have addressed the protumoral effects
of NO, few have demonstrated the contrasting role of NO in mediating tumor regression.
The studies have shown that high levels of NO inhibit epithelial-mesenchymal transition
(EMT) and reverses both the mesenchymal phenotype and the invasive properties of human
prostate metastatic cells. Although these tumoricidal roles of NO have been proposed, most
experiments have been performed in vitro and such findings have not been reported in
cancer patients. It has been suggested that NO concentrations found in tumors are
insufficient to produce apoptosis and other tumoricidal effect and are likely to facilitate
angiogenesis and tumor dissemination.

The goal of this article was to study the involvement of arginase and NO-synthase in
prostate and bladder cancers development by the change of polyamines and NO quantities.

Materials and methods

Patients.This study was performed with blood serum of patients with prostate and
bladder cancers who were hospitalized in the National Center of Oncology named after
V.A.Fanarjyan (Yerevan, Armenia). Arginase activity, polyamines and NO quantities were
determined in blood serum of 11 healthy individuals (34-63 years old) and patients with
prostate (28, male) and bladder (20, male and female) cancer (48 patients, I-III stages, 44-
73 years old). None of the patients had received chemotherapy. The Tumor-Nodes-
Metastasis (TNM) system was used to describe the cancer stages (Table 1). The surgical
intervention and also other diseasesof the patients in different stages of disease
development was not taken into account. The study was approved by the Bioethics
Committee of Armenia, and informed consent was obtained from all patients.

Chemicals. Chemicals for determination of arginase activity, NO quantity and TLC
were obtained from Sigma Aldrich Co. Ltd. and Carl Roth GmbH + Co. KG (Germany).

Determination of arginase activity. Arginase activity was determined by the
colorimetric method of Van Slyke and Archibald with some modifications [1, 8]. In
supernatant was determined the final product of the catalysis (urea). 1 ml supernatant, 0.25
ml 3% (w/v) diacetyl monoxime (DAMO) were added and boiled in water bath during 45
min. The intensity was measured with spectrophotometer in 487 nm. Activity of enzyme
was evaluated with the received urea, in micromoles in 1 sec (kat).

Separation of serum arginase. For purification of the enzyme the procedure
described by Beriiter et al. for human liver and erythrocytes, was used with some
modifications [8].Separationof arginaseisoenzymes were performed by the method of
Kossman with some modifications [1, §8]. The column (2x40 cm) containing Sephadex G-
150 was balanced with Na-phosphate buffer (pH 7.2) and 40 fractions each one of 4 ml
were collected. 4ml of low-molecular-weight protein fraction after gel-filtration was passed
through the column CM-cellulose (CM52, 1x18 cm), balanced against 5 mM Tris-HCI
buffer, pH 7.2, elution speed was 24 ml/h, 32 fractions each one of 4 ml were collected.
The peak of arginase activity adsorbed on the column with a linear KCl gradient (0.0-0.5
M).

Dansylation and thin layer chromatography (TLC) analysis. The method of Seiler
(1970) was used with some modifications as follows [4]. Tissues were extracted in 0.2M
cold HC10y at a ratio of about 100 mg/ml HC10,. Dansylpolyamines were extracted in 0.5
ml benzene, and vortexed for 30s. The chromatogram was developed for about 2h with
chloroform-triethylamine (25:2, v/v) solvent system. The dansylpolyamine bands were
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scraped, eluted in 2 ml ethyl acetate, and quantified in 505 nm.The quantity of polyamines
is presented in nMpolyamines in 1 ml serum.

Griess assay for NO quantity. Nitrite was measured by theGriess assay [11]. Briefly,
100 pl Griess reagent were added to 100 pl of each of the above supernatants. The plates
were read at550 nm against a standard curve ofNaNO,. The values were corrected forthe
NO*+ NO* content of water, andthe recovery ofNO*was calculated.

Data processing. Results were expressed as means + SD and evaluated by Student's -
test (single sample) using Statistica software (StatSoft 10.0).

Results and discussion

The aim of this work was to study the correlation between arginase activity,
polyaminesand NO quantities at prostate and bladder cancer and in case of possibility, to
suggest use it as a diagnostic test and treatment.We found an increase of arginase activity in
73,8% of patients (True Positive, Table 1). The calculated values ofarginase activity test
sensitivity [TP/(TP + FN)], specificity [TN/ (ITN+ FP)] and accuracy
[(TP+TN)/(TP+FP+FN+TN)] in serum of prostate and bladder cancer patients were 83.4%,
81.7% and 83%, respectively (see Table 1).

Inprostate and bladder cancer group of stage I activity of serum arginase was increased
by 61,52%, in the group of stage II by 118,27% and the group of stage III by 194,23%
comparing to the healthy group (Fig. 1). This insinuates that arginase may have some role
in promoting tumor growth and development and its activity can be considered as an
important marker to determine disease progression or regression.

Table 1. Characteristics of patients and arginase activity test in blood serum from patients with
prostate and bladder cancer.

Number of
Patients | Sex Age Cancer |[Stage| TNM Characteristic of test um. e %
patients

11 49=15 - - - True positive (TP) 40 67.8

16 60=11 I T1NgM, False positive (FP) 2 34
T | Male Prostate T2NoMo

19 i 58=14| (men, 28) I 707 | True negative (TN) 9 152
and d bladder TaNoMg
Female ('m e ell Ta.NoMo,

13 649 romen e III | TsNoMyg, | False negative (FN) 8 135

men, 20) .

T4aNoMo

In blood serum patients with prostate and bladder cancers Gel chromatography (GC)
revealed 1 peaks for arginase activity (Ve = 104-116 ml) and 2 peaks for protein quantity
(Ve = 44-52 and 104-116 ml) (Fig. 2).
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Fig. 1. The change of arginase activity in blood serum during different stage of prostate and bladder cancer
(n=patients in table 1, p<0.001).

The influence of substrate concentrations, varying from 0.1 to 2 mM, on enzymic
activity (fractions after Gel chromatography, 104-116ml, for each cancer group n=7,
p<0.05) was studied in 0.2 M Glycine buffer (pH 9.5), 0.2 ml SuM MnCl,. From this data a
Lineweaver-Burk plot with a Km value of 2 mM was calculated for human serum arginase
with prostate and bladder cancers, which is near by characteristicfor the liver and
erythrocytes type isoform of arginase (arginase I).

To confirm this fact, lon-Exchange chromatography (IEC) of the second peak fraction
(low-molecular fraction, Ve = 116 (A) and 104 (B) ml) was performed. In Ion-Exchange
chromatography arginase activity curve is presented with 1 cationic isoenzyme peak (Ve =
92 ml), (see Fig. 2, Cand D). For prostate and bladder cancers, it was revealed that the only
isoenzyme expressed in serum was cationic form (arginase I) (see Fig. 2).
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Fig. 2. Arginase activity (A) and protein quantity (m) curves after Gel (A, B) and Ion-Exchange (C, D)
chromatography of serum proteins prostate (A, C) and bladder (B, D) cancers patients (n=7, p<0.05) (stage II, For
Gel chromatography the protein obtained after several steps of purifications (see materials and methods) was
applied to a Sephadex G-150 column (2 x 40 cm) and eluted with Na-phosphate buffer (pH 7.2). The enzyme
obtained after Gel chromatography (Ve = 116ml) to a CM-cellulose column (1 x 18 cm) equilibrated with 5 mM

Tris-HCI, pH 7.5, eluted with a KCI concentration gradient.

Total polyamines quantity compared with standard is increased by 42.5%, 54.5% and
76.8%, respectively in I, I and I1I stages of prostate cancer, and 59.5%, 64.8% and 87.9%,
respectively in I, II and III stages of bladder cancer (Fig. 3 and Table 2). The increase of
polyamines quantity coincides with the increase of arginase activity, what shows the
correlation between them during the disease.

0-Origin
1-5PM
2.5PD
3-PUT

Fig. 3. Quantitative and qualitative analysis of blood serum polyamines of a healthy (A), prostate and bladder (B)
cancer patients (A, R,SPM —0.29, RSPD — 0.45, RPUT — 0.82); B: 62'- bladder (stag II), 63-prostate (stage 1I),62'-
RSPM-0.32, RSPD-0.48, RPUT-0.68; 63-R,SPM-0.33, RSPD-0.45, RPUT-0.76 (n=7, p<0,05, PUT — putrescine,

SPD — spermidine, SPM - spermine).
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Table 2.The change of polyamines quantity in blood serum during different stage of prostate and
bladder cancers (n=10, p<0.001).

nM Polyamine/ml serum

Stage of cancer Polyamine Bladder Prostate
PUT 10.2+0.23
Norm SPD 8.6+£0.14
SPM 153+1.4

PUT 17.4£1.1 15.7£1.5

I SPD 18.4x1.6 15.6+£0.9

SPM 18.6+1.8 17.3£0.8

PUT 17.9£1.3 16.4£1.3

II SPD 18.2+1.1 17.7£1.1

SPM 20.1=1.9 18.6x1.3

PUT 18.4%1.1 17.3£1.1

I SPD 21.9+1.9 20.2+1.9

SPM 23.8+1.2 22.8x1.2

Our results have shown, that the quantity of nitrite anions was increased by 125% in
stage II prostate and bladder cancers patients blood serum (Fig. 4).It indicates the
acceleration of metabolism as a result of disease, because a large amount of a building
material is needed, and polyamines and NO are essential factor for tumor growth.

=
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e
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Nom Stage 1

Fig. 4. The change of nitrite anions quantity in blood serum of prostate and bladder cancer patients of stage 11
(n=7 for norm, n=11 for cancer of stage II, p<0.05).

Analyzed results show that arginase activity, polyamines and NO quantity are
significantly increased during prostate and bladder malignant cancers and that this increase
is in correlation with the cancer stages. So, we can draw a conclusion that arginase and NO-
synthase (NOS) are the important partakers of cancerogenesis and can be considered as an
important diagnostic and treatment tools for cancer development. The practical importance
of our work is through the change of arginaseand NOS activity, we can influence on
polyamines and NO quantity, thus influencing on cancer cell’s metabolism.

The feature of the arginase and NOS family that makes them attractive as therapeutic
targets is that there are a host of small molecules that inhibit these enzymes [7, 10]. Since
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modern medicine has no effective cure for the malignant cancers and tumors, scientists are
interested in finding a potent agent with non-cytotoxic properties. We suggest that arginase
and NOS inhibition may have some antitumor effects on the cancer development as it
inhibits polyamines and NO levels, precursor of cancercell proliferation, tumor
angiogenesis and metastasis. Our results can be as a base to use this model for the study of
other inhibitors of arginase and NOS for the determination of productive and non-cytotoxic
antitumor concentration. The inhibitors of arginase and NOS will allow changing the
course of cancer development. Taking into account the above mentioned, in our next
project we will research the anti-tumor potential of the arginase and NOS activity inhibition
by nor-NOHA (N®-hydroxy-nor-Arginine), L-NAME (L-N-Nitroarginine methyl ester)
and mixed, administered for 5 weeks against 7,12-dimethylbenz(a)anthracene (DMBA)-
induced mammary carcinogenesis in rats.
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ANTIOXIDANT PROPERTIES OF STEVIA (STEVIA REDAUDIANA
BERTONI) DURING IMMOBILIZATION STRESS
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The changes of antioxidant enzymes — catalase and peroxidase activity and lipid superoxide
oxidation processes in rabbit blood have been determined in conditions of immobilization stress long
duration. It was also studied stevia (Stevia rebaudiana Bertoni) effect on oxidant and antioxidant
systems. It was revealed that with stress effect duration lengthening fat superoxide oxidation
processes is activated and malonic dialdehyde amount is increased. It was shown that antioxidants
contained in stevia suppress oxidation processes providing preservation of activity of antioxidant
enzymes in blood. It can be suggested that stevia leaves antioxidant properties are a measure of
correction of immobilization stress results.

Immobilization stress — stevia-malonic dialdehyde-catalase

Nruntduwuhpyby £ dwgqwph wpjwu Jdte thwhnubph gtpopuhnwihl opuhnwguwl gnpdplpwg-
utph W hwywopuhnwuwnwihu $Epdtunubph’ uunwiwgh W wbpopuphnwagh  wywnhyniejwlu thnthn-
funcejntlubnh  ophUwswihnientlutnp wlpwpdwglnn  uppbuh Gpwpwwl wgnbgnipjwl  wwjdwu-
utpnud, huswbu Uwl hGunwgnndt) £ Jdenpwtuninh  (Stevia rebaudiana Bertoni)wqntgnipniulw)n
gnpépupwgltph Upw: 8nig £ npybi, npuenptuh wgnbgniejwl nlnnnipjwl Gpywpwgdwlp qnigplpwg
dwaqwnh wpwu Jbp tupwuynd U dwpwbph gbpopupnwiht opuhnwgdwl gnpéplurwgltpp, hugh
htwnlwupny pwpépwunwd £ Jwinuwihu Gpywinthhnh pwuwyp, huy Jdbnpwpununnd  wywpniuwyynn
hwywopuhnwuwmwihu hwwynipintt niubgnn Uniebpp 6upnud BU opuhnugdwl  gnpdpuwgutnp’
odwunwytiny wpwu Jbe hwywopuhnwuwnwihu $tpdtunubph wywhyniejwl wwhwywudwup: Unw-
swnydnwd £ JGnpwpuninh wnbpllubph hwywopuhnwuwnwihl hwwnynienilubpp Yhpwneb, npwbu wu-
2wndwgunn upntuh hGunlwuglutpp 2unynn Uhgng:

Wipwindwaglinn upntu-uGnnwfunun-dwnbuyhl Enluynthpn-yunmuwwq

W3yueHbl 3aKOHOMEPHOCTH HW3MCHCHHS IMPOILECCOB IMEPEKUCHOTO OKHCICHUS JHMUAOB U
AKTUBHOCTH aHTHOKCHIAHTHBIX (PEPMEHTOB KaTasia3bl U MEPOKCHIA3bl B KPOBH KPOJIMKOB B YCIOBHSIX
JUTUTEJIHOTO BO3JCHUCTBUS MMMOOMIIM3AaLMOHHOTO cTpecca. Taroke ObLIO HCCISIOBAHO BIIHMSHHE
AQHTUOKCHUIAHTHBIX COCIUHEHUH JHCTHEB CTEBUU (Stevia rebaudiana Bertoni) Ha 3TH TIPOIECCHI
Tloka3aHo, 4TO MOCNE [UTUTEIHFHOTO BO3ICHCTBHS CTPECCca B KPOBH Y KPOJIHMKOB aKTUBHPYIOTCS MPO-
LIECCHI TIEPEKUCHOTO OKHCIICHWS JUIHAIOB W TOBBIIIACTCS KOJIHMYESCTBO MAIIOHOBOTOJUAIBACTHIA.
AHTHOKCHJIQaHTHBIC BEIIECTBA, COJACPIKAIIUECS B JIMCThS XCTCBHH, IOJABISUIA OKUCIUTEIbHBIC
MPOIIECCHI, TEM CaMbIM COJCHCTBYS COXPAHCHHIO AKTUBHOCTH AHTHOKCHUIAHTHBIX (EPMEHTOB.
TIpemiaraercs, aHTHOKCHUAAHTHBIC CBOWCTBA JIMCTHEB CTCBHU HCIOJB30BATH KaK MEpPY KOPPEKIHH
MOCJIEICTBHI MIMMOOMITH3aLIOHHOTO CTpecca.

Hmmobunuzayuonnvlii cmpecc—cmeguss — MAI0HO8bII OUANbOeUO-Kamanasa

Treatment of organism resistance effective measures to different stress factors is one
of actual problems of medico-biological sciences, since the stress is a basis for development
of numerous pathological processes. In the beginning state of the effect of stress factors,
hypothalamus-hypophysis-adrenal system is stimulated, the amount of biologically active
compounds in organism enhances, the level of red-ox processes changes that play an
important role in organism adaptation to environment altered conditions and viability
providing. Nowadays sharp change of human lifestyle results in motor activity
confinement, and organism natural viability is possible only at sufficient motor background
which makes a favorable impact on natural processing of organism physiological functions;
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especially the investigation of physico-emotional stresses, including immobility becomes
relevant.

In the case of influence of different stressful irritants superoxide oxidation processes
of lipids strengthen, amount of intermediate and final products of these reactions increases
in blood plasma which cause structural and functional distortions of different organs and
tissues [3,4]. To confine these pathologies the important role belongs to antioxidant
enzymes of organs and tissues (catalase, superoxide-dismutase, glutathione-peroxidase)
which are the first ring of intracellular defensive mechanisms against free radicals. The
effect of stressful irritants is accompanied by deviation of the equilibrium between free
radical processes and organism antioxidant system [2]. From this point of view the studies
directed to the revelation of different preparations possessing antioxidant property are
considered to be quite actual topic. Among plants containing anti oxidant compounds it
should be mentioned the stevia which contains flavonoids and glycosides (Stevia
rebaudiana Bertoni). This herb is known due to its anti-inflammation, anti-sclerotic, anti-
allergic, bactericide and anti-histamine effects and is applied as medico-preventive measure
[10, 12].

Taking into account the role of antioxidant system enzymes in regulation of free
radical processes, we have had a task to study regularities of lipid superoxide oxidation and
antioxidant system activity changes in combined effect dynamics of stevia and
immobilization stress in rabbit blood.

Materials and methods

Studies have been carried out on 10 rabbits with the same sex, weight in the same
feeding and caring conditions by two variants. In the first variant the changes of lipid
superoxide oxidation processes and activity of enzymes (catalase and peroxidase) were
studied in immobilization stress effect (control group). For immobilizing of animals they
were fixed 5 hours a day during 30 days on the experimental table. In the second variant the
studies were carried out in combined stress dynamics of stevia and immobilization stress.
Stevia crushed leaves with 0.5 g/kg weight were added to animal feed each day then
animals were exposed to stress effect. Studies in rabbit blood were realized in norm, after
immediate stress direct effect, then one time per 5 days during 30 days.

Catalase activity was determined by manganese-metric method, peroxidase activity —
by spectrophotometric method [5].

Results and discussion

In the first state of studies the changes of malonic dialdehyde amount as well as
catalase and peroxidase activities in rabbit blood were carried out in immobilization stress
effect dynamics. It follows from analysis of the results that in early stress state for animals
exposed to immobilization stress effect the amount increasing of malonic dialdehyde being
final product of lipid superoxide oxidation is observed (Fig. 1). After 5 hours of stress
effect the amount of malonic dialdehyde increased by 160%, after 5 days — 106%, in 20"
day — 119%, then it begins to decrease then in 30™ day the amount of malonic dialdehyde
was higher by 41% as compared to norm.
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Figure 1. Immobilization stress effect on malonic dialdehyde amount,
catalase and peroxidase activities in rabbit blood.

As far as the activity of antioxidant enzymes is concerned after 5 hours from the stress
effect, the catalase activity increases by 21 % as compared to the norm, and after 5 days —
by 10%. Catalase activity increasing at the early stages of different stress factor effect was
mentioned by other authors as well [6, 11]. With stress effect influence enhancement in
chronic stage the catalase activity gradually decreases. In 15" day its activity decreases by
11% compared to the norm, in 20™ day — by 16%, 25" day — 20%, 30" day — 22%.

As it follows from the figure 1, regularities of the peroxidase activity change
depending on stress effect duration are preserved as in the case of catalase; if only catalase
activity begins to decrease in 15" day after stress exposure, the peroxidase activity
decreases in 25" day compared to the norm.

Concluding the results of this stage it is obvious that with stress duration enhancement
the intensity of lipid superoxide oxidation remains higher from the norm even in the 30"
day of stress effect, but the activity of antioxidant enzymes in stress early stages rises, in
chronic stage — decreases from the norm.

Literature reviewshowed that according to the some authors at immobilization stress
long duration, lipase, phospholipase are activated by catecholamines and glucocorticoids
that strengthen fat superoxide oxidation processes. The result of this is that the
enhancement of superoxide oxidation product density suppresses the activity of antioxidant
enzyme activity [4,6]. It is also known that in conditions of oxidative stress or oxygen
active form formation a distortion of antioxidant system enzyme functions can occur [9].

As it was mentioned, antioxidant enzymes are the first area of intracellular defense
against free radicals and belong to peripheral stress confining system. Hence the
strengthening of organism antioxidant power should contribute to increasing of activity of
the mentioned enzymes. Taking all these into consideration in the next stage of experiments
the changes of antioxidant enzyme activities and lipid superoxide oxidation in blood of
animals exposed to stress and fed by food enriched by stevia leaves that in turn are enriched
by antioxidant have been studied.

As it is obvious from Fig. 2, in blood of animals fed by stevia and exposed to
stress during 5 hours the malonic dialdehyde amount increases by 148%, after 5 days of
stevia receiving and stress exposure — by 49%, in 10" day — 13%, and with stress duration
lengthening it starts gradually decreasing in such way that in 30" day it is lower by 26%
than the norm. What concerns to antioxidant enzymes in dynamics of stevia and
immobilization stress combined effect the catalase activity does not decrease, vice versa the
activity gradual increase is observed and in 30‘hday it is higher by 13% than the norm.
Higher criterion is observed in 20" day — by 118%. Similar regularities are observed at
studying of peroxidase activities.
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Figure 2.Combined effect of immobilization stress and stevia (Stevia rebaudiana Bertoni) on malonic dialdehyde
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amount, catalase and peroxidase activities in rabbit blood.

The obtained results can be explained by suppressing effect of natural antioxidant
compounds contained in stevia leaves on fat superoxide oxidation processes preventing the
performance of inhibiting effect of their products on antioxidant enzyme activities [1].

It was shown the antioxidant effect of tea plant Echinodorus grandiflorus on rabbit by
other authors. It was revealed that tea preparations prevent stimulated damaging of lipids
and proteins by sodium aside as well as contribute to restoration of antioxidant enzymes —
catalase and superoxide-dismutase [7]. It was also shown that flax seedling polyphenols
and omega-3 fat-acids decrease chronic stress effect in rabbits [8].

Therefore, it might be concluded that in stevia (Stevia rebaudiana Bertoni) leaves
antioxidant compounds can be a measure of correction of immobilization stress results.
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Estradiol belongs to a family of steroid hormones that primarily controls the reproductive
system. 17f-estradiol (E2) is the predominant and most biologically active estrogen. Growing
evidences suggest that E2 may have a regulatory effects on immune system and can directly influence
the function if cell-mediated immunity. Nevertheless, the effect of E2 on innate immune cells,
particularly monocytes and neutrophils, has been so far poorly investigated. This study was aimed to
investigate in vitro production of TNF-a, IL-13, MCP-1 and IL-8 by whole blood cells following
short-term exposure (4 hours) to 17f-estradiol (E2) in the presence or absence of LPS. The impact of
E2 on B2 integrin (CD11b/CD18) and L-selectin (CD62L) expression on the surface of human blood
monocytes and neutrophils was also evaluated. We demonstrated an inhibitory effect of E2 on LPS-
induced TNF-a production, the feature that could play a critical role in the regulation of inflammatory
response. Expression of CD62L on neutrophils and monocytes was also decreased in the presence of
E2. Thus, the results of our study indicate that E2 may have an immunomodulatory action on innate
immune cells and modulate ongoing inflammatory response.
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OCTpagnon OTHOCHUTCS K TPYTIE CTEPOMIHBIX TOPMOHOB, KOTOPBIE TJIABHBIM 00pa3oM KOHT-
PONHPYIOT PENpOnyKTUBHYIO cucTeMy. 17B-sctpammon (E2) sBisercs OJHUM W3 OCHOBHBIX W HaH-
OoJsiee OMOJIOTMYECKH aKTHBHBIX 3CTPOreHOB. HakoIIeHHBIE CBHAETEIHCTBA yKA3hIBAIOT HA TO, YTO
E2 cmocoben oka3bIBaTh peryysTOpHEIA 3()(GEeKT Ha MMYHHYIO CHCTEMY M CIHOCOOEH HENOCpPEeACT-
BEHHO BO37eiicTBOBaTh Ha (DYHKIMOHHUPOBAHHE KJIETOYHOTO 3BEHa MMMyHHTeTa. TeM He MeHee,
Bo3aelcTBue E2 Ha KJIETKM BPOXIEHHOIO MMMYHHTETa, B 4aCTHOCTH MOHOLUTHI M HEUTPOHIBI
0CTaeTCs MIOX0 M3yYeHHBIM. TakuM 00pa3oM, IEIbI0 JAHHOTO HCCIIEN0BAaHUS SBUIIOCH U3YdEHHE in
vitro npoaykimu TNF-a, IL-18, MCP-1 u IL-8 xieTkamu LenbHOW KPOBH MPCiie KPOTKOBPEMEHHOTO
(4 gaca) BozneiictBus 17B-sctpanuona (E2) B mpucyrcTBun mwin orcyretBun LPS. Kpome Toro 6puta
mpoBezieHa oreHka BozaericTeua E2 Ha skcmpeccuto B2 maTerpmaa (CD11b/CD18) u L-cenextnna
(CD62L) Ha mOBEpXHOCTH MOHOIIUTOB M HEHTpO(MIOB KpOBHM 4YenoBeka. Hamu ObUT mpojeMOHCT-
pupoBaH HHrHOMTOpHBIA >hdekr E2 ma LPS-mnmynmposannyio mpoaykmuio TNF-o, ocoben-
HOCTB/CBOMCTBO KOTOPAasi MOXKET UTPaTh KPUTUYECKYIO POJIb B PETYIISIMU BOCHAIMTEIBHOIO OTBETA.
Oxknoeccust CD62L Ha HelTpoduIax ¥ MOHOLMTAX TaK jke ObUla CHIKeHa B pucyTcTBuu E2. Takum
o0pa3oM, pe3yabTaThl HAIIETO HCCIIENOBAaHMS YKa3plBalOT Ha TO, 4To E2 MoXeT MMeTh MMMYHO-
MOZYJISITOPHOE BO3JCHCTBHE HA KJIETKH BPOXKIECHHOTO HMMMYHHTETa U CIIOCOOEH MOIYJIHPOBATh
Pa3BHUTHE BOCIAIMTEIBHON PEAKIIHH.

Heumpo@uisl, MOHOYUMBL, ICMPAOUOT, 2EHHAS IKCNPECCUS, YUMOKUDL

Hormones are chemical messengers secreted by endocrine glands that regulate
numerous biologic processes, including growth and development, reproduction, immunity
and homeostasis. The link between immune and endocrine systems is being increasingly
recognized. The regulation of this well-balanced machinery occurs through interactions of
hormones with receptors on immune cells which modulate immune cell response and
function. Various observations suggest that sex hormones may not only simply affect the
immune responses but may also predispose persons to allergies and autoimmune diseases
[1]. It was suggested that high incidence and prevalence rates of autoimmune diseases in
women could be associated with the hormonal fluctuations to which they are exposed
throughout life [1]. Particularly, it was shown that estrogen (or 17f-estradiol) can broadly
affect innate and adaptive immune processes through estrogen receptors expressed on most
immune cells. Despite many known links between E2 and immune function, the exact role
of this hormone in inflammation is controversial. While pro-inflammatory features of 17p-
estradiol were previously reported [2], recent evidences suggested anti-inflammatory effect
of E2 [3]. This study was aimed to analyze the production of TNF-a, IL-18, MCP-1 and IL-
8 by whole blood cells and determine the expression of [, integrin and L-selectin on
monocytes and neutrophils from healthy subjects after E2 exposure in the presence or
absence of LPS.

Materials and methods

Sampling. The study was approved by the Ethical Committee of the Institute of
Molecular Biology of the NAS RA (IRB IORG0003427). Venous blood samples were
obtained from 12 healthy women (mean age of 33 £ 3,4 years). None of the selected donors
was taking any medication at the time of the experiments, or suffered from acute/chronic
diseases. Blood of selected women was collected in the mid follicular phase to minimize
diversity of estrogen levels in the blood.

In vitro stimulation of whole blood with E2 and LPS. Peripheral blood samples was
collected in EDTA tubes, and diluted 1:10 with RPMI-1640 medium (Gibco) containing
10% fetal calf serum (FCS) and 2 mM L-glutamine (Sigma). The blood was distributed in
24-well plates and stimulated with E2 (100uM) in the presence or absence of LPS (100
ng/ml) for 4 hours at 37°C.

Cytokine measurements. Cytokine content in supernatants was measured with
specific immunoassays according to the manufacturer's instructions. Cytokine production
was analyzed using Human IL-1p, IL-8, TNF-o and MCP-1 ELISA MAX Deluxe kits
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(Biolegend, UK). The samples were read at 450 nm in a 96-well plate reader (HumaReader
HS, Human Diagnostics Worldwide, Germany).

Flow cytometric analysis. At the end of stimulations, cells were harvested and
incubated with fluorescent mAb toward CD14, CD16, CD11b, CD18, and CD62L for 30
minutes. Labeled cells, after further washing, were resuspended in PBS supplemented with
1% BSA. Antigen expression was analyzed on a Partec CyFlow Space (Partec, Germany).
10 000 events were collected from each sample.

Statistics. Statistical analyses were carried out using the Statsoft Statistica package
(http://www .statsoft.com). All values are given as means + standard errors of the means.
For continuous variables, groups were compared using the paired Student’s t-test. P values
< 0.05 were considered as significant.

Results

Effect of E2 and LPS on surface expression of CD11b, CD18, and CD62L. In
neutrophils, LPS significantly enhanced membrane expression of CD11b/CD18 (P <0.01).
In monocytes, LPS exposure resulted in increased CD11b surface expression (P <0.05).
Expression of CD62L on neutrophils were suppressed by LPS (P <0.05), while in
monocytes the level of CD62L remained unchanged after exposure to LPS. Presence of E2
did not substantially affected LPS-induced expression of surface CD11b, CD18 or CD62L
on both cell populations. In absence of LPS, E2 administration significantly suppressed
cell-surface expression of CD62L on both monocytes and neutrophils (P <0.05) (Figure 1).
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Figure 1. Effect of E2 (100 pM) and LPS (100 ng/ml) on expression CD11b, CD62L, and CD18 surface markers
in neutrophils and monocytes from lysed whole blood. Data represented as mean fluorescence intensity
(MFI) £ S.E.M. Neutrophils were identified according to FSC/SSC gate and showing CD16™" and
CD14 staining. Monocytees were identified according to FSC/SSC gate and showing CD14" staining. *P <0.05,
**P <0.01 compared with the untreated control group (Ctl).

Cytokine production by whole blood cells in the presence of E2 and LPS. A low
level of constitutive IL-1f, IL-8, TNF-a and MCP-1 was detected in supernatants from uns-
timulated control cells. Administration of endotoxin increased the levels of all tested cyto-
kines in whole blood culture supernatants in comparison to unstimulated group (Figure 2).
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Figure 2. Effect of E2 (100 uM) and LPS (100 ng/ml) on the production of IL-1p, IL-8, TNF-a and MCP-1. Data
are presented as means + S.E.M. **P <0.01, ***P <0.001 compared with the untreated control group (Ctl),

P <0.05 compared with the LPS exposure.

Treatment of cells with E2 had no significant effect on production of all studied
cytokines. E2 exposure had an inhibitory effect on LPS-induced production of TNF-a (P
<0.05) (Figure 2).

Discussion

In the present study we investigated immunomodulatory properties of primary female
hormone 17f-estradiol and its role in LPS-mediated innate immune response. We observed
a modulatory effect of E2 on neutrophils and monocyte-derived molecules which are
involved in the regulation of inflammation. E2 did not affect cytokine production in
cultures of whole blood cells, but notably suppressed LPS-induced TNF-a production.
Besides, E2 administration diminished production of MCP-1 and IL-1p in LPS-treated cells
(albeit data is not significant). Available data in the literature concerning effect of estradiol
on endotoxin-stimulated cells is highly controversial. Different research groups
demonstrated that production of cytokine such as IL-1f and IL-8 could be inhibited or even
potentiated by E2, depending on experimental condition [2; 4; 5]. Our results suggest
activation of adhesion properties of the cells by E2 as reflected by the decreased expression
of CD62L (decrease in the expression of CD62L is due to shedding effect). Together these
results indicate that under inflammatory condition E2 is capable of attenuating cytokine-
mediated inflammatory responses of innate immune cells, presenting promising way to
prevent excessive inflammation.

In conclusion, our experimental findings have provided additional evidence of the
immunomodulatory properties of 17B-estradiol which is of special importance for
regulating aberrant immune responses during steady state and inflammation.
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CRONIC ACOUSTIC STRESS AND A, . ADRENOBLOCKERS
EFFECT ON OPEN FIELD ACTIVITY OF THE RAT

A.L. MANUKYAN
Department of Medical Chemistry YSMU after M. Heratsi
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It is shown that among hazardous factors of the environment the high level of indust-
rial, transport and community ambient noise are extremely dangerous, which drastically
decrease the resistibility of an organism, promote different diseases development and
particularly lead to the Cognitive disorders, affect learning, memory, perception, and the
problem solving [20,15,17]. The latteris much likely to be associated with an increase of
the stress hormone release and the oxidative stress (OS) development [1]. Epidemiological
research provides the possibility of an integral risk estimation of community noise based
directly on the empirical data gained under the genuine conditions of exposure, considering
factors potent to amplify or attenuate the noise exerted effects [21].

The data obtained serve as evidence of the structural reorganization and the functional
change of bio-membranes in experimental animals under the noise action due to lipid
peroxidation (LPO) process activation and o-Tocopherol exhaustion in tissues and
significant protective effects of antioxidants and the stress —limiting compounds, among
which we consider adrenoblockers [14]. Our investigations have shown a harmful action of
chronic noise on the protein oxidative modification processes intensity both in plasma and
Erythrocyte Membranes and the modifying effects of ap.adrenoblockers on oxidative
intensity, as well [14,22].

Considering all the above mentioned it is necessary to study effects related only to the
noise influence in experiments, eliminating possibility of side effects.

Open field activity enables scientists evaluating locomotor behavioral activity,
including the Total distance travelled, Average speed, Number of line crossings, Total
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freezing episodes, Total time freezing, Average freezing score, Number of entries to the
center zone, Time in the Center zone, Distance travelled in the Center zone, Corrected
integrated path length for the Center zone, Time in the Periphery zone, Number of entries to
the Periphery zone, Distance travelled in the Periphery zone, Time freezing in the Periphery
zone, Corrected integrated path length for the Periphery zone was investigated first by
Calvin Hall [9,10], who verified behavioral reaction of rodents by means of encountering
defecation and urination.

The open field test nowadaysis one of the most well-known manipulation in animal
psychology [3,4,5,]. The open fieldactivityof differentvariantsareavailable for application -
differing in shapeof the environment (circular, square or rectangular), lighting (lighting
from above with a bulb above the open field or lighting from underneath with a bulb placed
under a transparent floor, usually red light is used), presence of objects within an arena such
as platforms, columns, tunnels [18,19], etc. Taking into account existing data [16], the open
field is a successful devicefor evaluating behavioral damage in animal under the noise.
Researchesconducted earlier have revealed that pre-exposure to moderately intense light
and white noise facilitated open field activity measured by initial activity, lowered
defecation scores, and supplementary measures (rearing, grooming, center field penetra-
tion) [12,16]. Ultimately, in the given research we applied the following 4 parameters:
Total distance travelled, Average speed, Total freezing episodes, Number of entries to the
center zone,

Materials and methods

Investigations were carried out on the white male rats weighing 150-200 g kept in
ordinary vivarium conditions. The animals were divided into 4 groups: rats of the 1¥ group
serve as a control, rats of the 2™, 3 and 4 groups underwent 91 dB(A) noise influence
with maximal energy in the region of average and high frequency; the duration of noise
influence was 7, 30 and 60 days, each day 8hr noise exposition; animals of the 3™ group
were injected Mesedin (10mg/kg) intraperitoneally, animals of the 4" group were injected
Beditin (2mg/kg) intraperitoneally, the first injection 12hr before the first exposition to
noise action. Injections were repeated every 24 hr. Noise applied was obtained from the
white noise generator joint with attenuator. The acoustic system supplied the reproduction
in the range of 63-16000 Hz.

A square open field [6,11] is represented by the wooden square-shaped plate (60x60),
in which in regular periods (6x6) 36 pits of 3.5 cm in diameter and of 2 cm in depth are
done. From edges the plate was covered by the walls of 20 cm of height. The proximal 15
cm proximal to the edges of the arena were considered as "peripheral zone" and the central
30x30 cm area was considered as the "central zone".The rats were replaced in the middle of
the plate, after which during 5 minutes the active dislocation time was recorded t (in
seconds).The manipulation usually involved compelled confrontation of a rodent with the
situation. The animal was placed in the centerand the following behavioral items are
recorded for a period ranging from 5 min: horizontal locomotion (number of crossings of
the lines marked on the floor), frequency of rearing or leaning (sometimes termed vertical
activity), grooming (protracted washing of the coat).

In given situation, rodents spontaneously preferred the periphery of the open field,
then the central part, so that the rats moved close to the walls (thigmotaxis) [13]. The
central part prevailing and spending time in the central part, as well as, decrease of the
latency are considered to be indications of anxiolysis [7, 8].

Each trial was recorded for latter analysis, using a video camcorder positioned above
the apparatus. Rats of line cross were obtained with an automated camera-based computer
tracking system on a computer with the camera fixed to the ceiling, 2.1 m above the
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apparatus. The research has been approved by Institutional Committee on Bioethics and
corresponds to the principles of the Manual of Operation and use of the laboratory animals
published by US NIH (Ne 85-23, reconsidered in 1985).

Statistical analysis was made using BioStat. Significance of means’ difference was
evaluated using paired Student Newman — Keuls test (Anova). (p;- compare with control,
p»- compare with noise).

Procedure

Ratswere transferred to the test room from their home cages and were placed into the
center or one of four corners of the open field and allowed to explore the apparatus for 5
minutes (Pic. 1). After the 5 minutes test, rats were returned in their home cages, after
which the open field was cleaned with 70% ethyl alcohol and permitted to dry between
tests.

Picture 1. Rat is placed into the center or one of four corners.
Results and discussion

Our results indicate the initial behavioral response to stress in an open field is
activation. Chronic acoustic stress generally lowered open field activity [14] and prevented
the activation effect, and that was restored by chronic injection of a,.adrenoblockers
(Mesedin and Beditin).

Fig. 1 shows that the total distance travelledfragments in open field test under the
acoustic stress conditions after 7, 30 and 60 days have different tendency of changes
depending on the duration of experiment. Total distance travelled reports the total distance
that the animal travelled during the test period [2].

Total distance travelled was significantly lower (p<0.001) in the 2,3 and 4™ compared
to control groupsafter 7 days noise action. Administration of a,-adrenoblockers Mesedin
and Beditin prior to noise action to the animals produced remarkable changes on the stress
elicited activity and revealed noticeable regulatory effect onthe open field activity after 30
(p<0.001) and 60 (p<0.001) days compared to the noise group.
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Average speed reports the average speed of the animal during a test. The result is the
Total distance travelled during the period divided by the Test duration. Overall activity as
well as the amount of time was measured with video-track in the open field (Pic. 2).

Animal 21 (Test 21) P Il Animal 15 (Test 15)  » Il Animal 5 (Test 5) P Il Animal 6 (Test 6) [l

K N B+N M+N
Picture 2.

Fig. 2 shows average speed in open field test under the acoustic stress conditions after
7, 30 and 60 days.In rats, which were injected Mesedin the average speed was significantly
higher (p<0.05) thanin the noise group, where average speed was significantly lower
(p<0.001) after 7 days. Yet, under the action of noise after 30 and 60 days the average
speed of noise group became more lower (p<0.001), compared to control group, but in the
Beditin (p=0.001) and Mesedin injected groups (p<0.001) the average speed partially and
significantly increased by influence of ay-adrenoblockers.
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Fig 2. Average speed of animals under the noise action (n= 6, 8hr noise /day)

Behavioral and locomotive activity was also characterized by number of entries to the
center zone as well and the locomotive activity of the rats also estimated by number of
entries to the center zone. By their behavior rats in the open field prefer to be near to a
protective wall, rather than exposed to danger out of the open, but a rival forage instinct
will stimulate them to explore.

Fig. 3 shows number of entries to the center zone in the open field test under the
experimental conditions.The noise action lead to the drastic decrease of entries to the center
zone. Beditin injected animals also reveal the same tendency, entered less times into the
center, what was less expressed compare for noise group (p<0.001 in the noise group and
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p<0.01 in the Beditin group compare with control).

Rats of the Mesedin injected group reveal non-significant (p=0.26) decrease of entries
to the center zone. The same direction of changes observed after 30 and 60 days of noise
action. Nevertheless the recovering effect of Mesedin was appeared after 30 and 60 days of
noise action, where rats of the Mesedin group spent more time in the center(non significant,
pi=0.56),
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Fig 3. Number of entries to the center zone (each group is of 6 animal, 8hr noise /day)
thanthe control rats.

Fig 4. shows significant differences across categories in number of entries to the center
zone under the influence of Mesedin and Beditin. Rats of Mesedin group spent significantly
more time in the center, then noise group after 7 days (p,<0.05), 30 days (p,<0.01) and 60
days action of noise. Moreover, after 60 days action of noise, there was significant
(p2<0.05) higher scoreacross Beditin and noise group.
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Fig 4. number of entries to the center zone across categories (each group is of
6 animals, 8hr noise /day)
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Total freezing episodes reports the number of times the animal frozen during the test.
The number of freezing episodes was encountered from the starting period of time [2]. For
the control animals’ a number of freezing episodes increases in the time.

Fig. 5 shows that total freezing episodes in open field test under the acoustic stress
conditions after 7, 30 and 60 days have different direction of changes depending on the
duration of experiment. The motor activity of 2™ group animals significantly decreased
after 7 days of noise influence compared with the control group. An opposite direction of
activity was observed after 4 weeks action of noise. The most interesting was the fact of
restoring control level of studied parameter after 8 weeks, which could be evidence of
adaptation reaction.This was partially and significantly (p<0,001) restored by the Mesedin
and Beditin effects after 7 days. The 30 days action of noise was of a particular interest,
where chronic stress reduced basal activity and Total freezing episodes in open field was
significantly (p<0.001) increasedin all threeexperimental groups. However, after 60 day’s
influence of noise action Total freezing episodes of the noise group no significantly
(p=0.42) decreased compared to the control group. Meanwhile a score of Total freezing
episodes was significantly greater of Mesedin (p<0.001) and Beditin (p<0.05) injected
groups, which was conditioned with restore effects of a,.adrenoblockers. These findings
were justified statistically, and are presented in Fig 6, which shows significant (p<0.001)
differences between the groups (Noise and Mesedin) after 60 days influence of noise
action.
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Fig 5. Total freezing episodes (each group 6 animal, 8 hr noise /day)
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Fig 6. Total freezing episodes between the groups (each group 6 animal, 8hr noise /day)
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Conclusion

In conclusion, chronic noise action decreases locomotor behavior and increases an-
xiety, intensity of whichdepend on the duration of noise action. Administration of o,-
adrenoblockers Mesedin and Beditin to the animals reveals a regulatory effect under the
chronic acoustic stress conditions, the efficiency of which depends both on the duration of
noise action and the studied examples.
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Citric acid is widely (75%) used in the food, drags and chemicals productions. Commercially,
citric acid is produced from molasses. However plant polyfructans such as inulin are not studied for
production of citric acid point of view. Inulin contains 97% fructose and 3% glucose. Considerable
amount of inulin contains the tubers of topinambur (Helianthus tuberosus) (20-25%). The main aim
of present studies is the development of a new microbiological one stage technology with application
of the new isolated original strains of fungi for the production of citric acid from a new raw material —
topinambur. With this purpose the active strains from Aspergillus genera have been isolated. It was
shown that indispensable condition for citric acid biosynthesis from inulin by microorganisms is the
presence of their inulinase activity. The isolated and selected strains have inulinase activity. It was
established that topinambur (inulin) is perspective source for production of citric acid.

Citric acid — inulin — bioconvertion - topinambur

Yhwnpnuwpentl  (wjunpbl ogutwgnpéynd £ ullnh (75%), hUswbu Lwl nEnwagnpéwywu W ph-
Jhwlwl wpryniuwptpniejwl Ute: Ipduwywuncd wju wpunwnpynud £ JGjwuuwhg: Uwywju pniuwyuwu
wnh$pnLyunwulbnp, ophuwy hunthup, gnbrt s6U nLuntdbwuhnytl Yhinpnuwerdh unwgdwu hwdwn:
huntihup 97% $pniynnqu W 3% qpniynqu wwpnibwynn wnihuwhuwnphn E: bunchuh qquih pwuwy-
utip (20-25%) wwpniuwyynd U gGnbwpibénph - wwiwnpuepnud  (Helianthus tuberosus): Niuncduw-
uhpnipnllUGph  hhdlwlwu Uwwwwyu B Jdwyb Jhwihny Jwupbwpwlwywl inGpuuninghw®  unp
JGynuwgdwé pnppnuwubyh  prwdutph  dhgngny  gGunuwpuuénphg (hunchl) Yhunpnuweryh wpunw-
npniejwl hwdwp: UGYnwuwgyt) GU Aspergiflus gnhU wwwnywunn pnppnuwulyh Unp 2unwdutnp, npnup
odnJwd LU Yhunpnuwepyh uhUebgh nlwynipjudp: Mwpqyby £, np hunihuhg Yhunpnuwereyh
YGUuwuhUptgh hwdwp wuhpwdtn wwjdwu E JhypnopquuhquuGpnid hunt huwquihu wyinhyntejwu
wnywjntpjnLup:

Mwnqyby E, np gbnbwpibénph wwiwnputpp (hunchl) hGnwuywpwhu hnwdp Gu hwunhuwuncd
Uhunpnuwppryh unwgdwl hwdwn:

UhupnlUwypent — hunypl — Yebuwlnuybpupw - gGunlbwpilidnn
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JIlumonHas kucnoTa mupoko (75%) ucrons3yeTcs B MHUIIEBOH, a TakKe B (hapMarieBTHIECKON
U XUMHYECKOH NPOMBIIIIEHHOCTH. B OCHOBHOM OHa MpOHM3BOIHUTCS M3 Menmacchl. OfHAKO pacTH-
TeJIbHBIE TOJIU(PYKTAHBI, HATIPUMEP HHYJIMH, HE H3YYCHHI [UIS IPOM3BOJACTBA JIUMOHHOMN KHCIIOTHL
Wuymun — 3t0 nmonmcaxapun, cogepskanmit 97% ¢pyxro3sl u 3% IIIIOKO3BL. 3HAYUTENBEHOE KOJH-
YECTBO MHYJIMHA COJCPXKUTCS B KIyOHsSX TonuHamOypa (Helianthus tuberosus) (20-25%). OcHoBHas
leJIb MCCIICIOBaHUM 3aKiIIo4YaeTcsi B pa3paboTKe HOBOM MHKPOOHMOJIOTMYECKOH OJHOJTAITHOM Tex-
HOJIOTHH C TIPUMEHEHHMEM HOBBIX BBIJEIECHHBIX INTAMMOB IIECHEBBX I'PHOOB AT MPOM3BOJCTBA
JMMOHHOM KHCIIOTHI M3 TonuHamOypa. C 3Toi Ienbio OBUTH BBIAENEHBI aKTHBHBIE ITaMMBI ILIEC-
HEBBIX TpuOOB pona Aspergillus. IlokazaHo, 4TO HEOOXOIUMBIM YCIOBUEM Ul CHHTE3a JTMMOHHON
KHCIIOTHl H3 MHYIHHA MHKPOOPTaHW3MaMU SBIISETCS HAMYHe WHYJINHA3HON aKTMBHOCTH B HUX.
M3y4yensl 0COOCHHOCTH BHEKJICTOYHOW HMHYJHMHA3bl U JUHAMHKA OMOCHHTE3a JIMMOHHOMN KHCIIOTHI B
XO/ie KyJIbTHBAUH TPHOOB, a Takke BBIIOJIHEHB! HCCIEIOBAHUS M0 ONTUMHU3anuu yciosuil. [Toka-
3aHO, YTO TONMMHAMOYp (MHYJIMH) SIBISIETCS IEPCHEKTHBHBIM CBIPEEM JUISl TPOM3BOJICTBA JTMMOHHON
KHCIIOTBI.

Jlumonnas kucioma — unyaur — OUOKOHGEPCUSA - MONUHAMOYD

The production of citric acid is one of the leading fields of applied microbiology.
Citric acid is widely used in food (more than 75%), chemical, pharmaceutical industry,
medicine and other industries. In the world about 12000000 tons of citric acid are produced
annually [1-7]. Citric acid is widely distributed in the plant world. A significant amount of
it contains citrus fruits, especially in Chinese magnolia vine, in pomegranate juice, lemon
and others. At the beginning of the 20™ century, plant resources were used for the
production of citric acid as a raw materials. Currently, citric acid production is relieved by
microbial synthesis. Commercially production of citric acid is produced from molasses.
Various microorganisms, in particular fungi from the genera Aspergillus, Penicillum, yeast
Candida lipolitica, Yarowia lipilitica and others have rather high synthetic activity [8-12].
However, little is known about bioconversion of inulin (fructan) to citric acid. Inulin is
widely distributed in the plants belonging to the families of Compsitae, Liliaceae and
Gramineae. Inulin is a polysacharide, which contains 97% fructose and 3% glucose.

Inulin is widely distributed in plants, especially among the species of the family
Composite, Liliaceae and Graminae. In particular, the considerable amount of inulin
contains the tubers of topinambur (Helianthus tuberosus) (20-25%) and the roots of
chicory. The tubers of topinambur also contain simple sugar (9-15%). Inulin draws great
attention as a comparably cheaper raw-material for the production of fructose-glucose
syrup, ethanol (especially as an alternative source of energy) and various oligofructans and
other compounds [6].

The main aim of present report is the study of possibility of bioconversion of inulin
into citric acid with application of the new isolated original strains of fungi as well as
development approaches for one stage production of citric acid from a new raw material —
topinambur (Helianthus tuberosus).

Materials and methods

Microorganisms strains of fungi capable of producing citric acid from inulin were
isolated from rhizosphere soil of topinambur. For the isolation and screening of micro-
organisms capable to produce citric acid the Czapek agar medium was used (g/L) inulin as
an only source of carbon 20, NaNOs; -2.0, KH,PO,-1.0, MgSO,. 7H,0- 0.5, FeSO,. 7H,0-
0.001, KCI -0.5. The strains that displayed rapid growth on the mentioned medium have
been isolated and identified as Aspergillus niger and selected for further studies. For studies
of citric acid production the strains was cultivated in the same Czapek liquid medium.

Inulinase activity was measured in the reaction mixture consist of 3% of inulin in 0.05
M acetate buffer, pH 5.5 and 0.5 ml of enzyme solution. Incubation of reaction mixture was
carried out at 45° C for 15 min. Reaction was stopped by boiling of mixture at 100° C. The
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amount of reducing sugar was assayed by Somogy—Nelson method [7]. One unit of enzyme
activity was defined as the amount of the formation of 1 umol fructose/min at 45° C. Total
sugar was measured by antron method [8].

The quality and quantity of citric acid was carried out by HPLC (Shimidzu LCsolution
Analysis Report using for analysis of organic acids Shpdex RSpak KC-118, 300x8mm at
40°C, injection amount 10mkl) and titration methods [9].

Biomass was determined after collection by filtration, washing and drying at 105° C.

The extract from well crushed tubers of topinambur have been made by water
extraction at 65-70°C for one hour. After filtration the filtrate was used for fermentation.

Results and discussion.

For production of citric acid from topinambur it is necessary to isolate new strains of
fungi producing acids.

With this purpose fast screening method has been developed to identify the active
strains among. preliminary Isolated strains. The strains of fungi have been growth on the
agar nutrient medium of Czapek with metil rot. During of growth in case of acid production
the red zones around colonies are developed. The some strains of fungi belonging to the
Aspergillus genera and producing citric acid from inulin and single sugar has been isolated.
Their physiological and biochemical peculiarities have been studied (the part of this studies
will be published later) (Fig. 1). Further studies was carried out with higher active strain 4.
niger N1.
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Fig. 1. HPLC analysis of citric acid in extract from topinambur tubers after surface fermentation
(t-30° C, pH-6.0) by A.niger N1

It was shown that indispensable condition for citric acid biosynthesis from inulin by
microorganisms is the presence of their inulinase activity for hydrolysis of inulin to
monosaccharide. The isolated and selected strains have inulinase activity. The extra cellular
inulinase has been isolated by the worked out method using adsorption and gel
chromatography on DEAE-ToyoPerl 65M and Sefadex G75, G100 and its physical and
chemical properties (pH, and t-optimums, t and pH-stabilities, substrate specificity,
molecular mass, etc.) were studied. The dynamics of extracellular inulinase biosynthesis
during cultivation was studied as well. The study of peculiarities of isolated inulinase have
shown that the maximum activity observed at pH 5.5 and temperature 45-50° C as well as
we investigate the thermal stability and pH-stability which was 60° C and pH 6.5
respectively..
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Fig. 2 Influence of temperature and pH on inulinase activity (a) and stability (b)

Study of peculiarity of isolated enzyme have shown that the maximum of activity of
extracellular inulinase be observed at 45-50° C and thermostability up to 60 °C. It was
shown also that the optimum pH for inulinase activity is pH 5.5, as well as pH-stability in
the range of pH 3.5 to 6.5. Correlation between inulinase activity and synthesis of citric
acid have been shown. The studies on optimization of the conditions: composition of
incubation medium, concentration of substrate, aeration and other factors for bioconversion
of inulin. Into citric acid have been carried out. The maximum amount of citric acids
observed on 13-15 days of fermentation of 15% solution of inulin. thesis of citric acid from
different substrates: sucrose, fructose, inulin, during growth of A. niger have been studied.
It was shown that the yield of citric acid from fructose and inulin is very close.
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Fig. 3 Synthesis of citric acid from different substrates during the growth of A. niger-1
The close results was observed in case of surface and submerged fermentation of

extract from tubers of topinambur containing 5% and 15 of inulin. The yield of citric acid
from solution with 15% of inulin more than three times.
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Summarizing of obtained results we can mentioned the possibility of bioconversion of
inulin and simple sugars in tubers of topinambur into citric acid at surface and submerged
fermentations by isolated strain of 4.niger N1 The higher level of yield (70-80%) citric acid
from topinambur (inulin and simple sugar) has been shown. It is important to note that the
production of citric acid from topinambur is at the same time economically profitable. The
yield of produced citric acid from topinambur comparing with sugar beet is much more
than twice. The production of citric acid from topinambur is waste less and safe for the
environment. The residual after extraction mass of tubers and over ground vegetative mass
is highly valuable for forage and raw material for obtaining biogas.
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Fig. 4 Synthesis of citric acid from topinambur during surface (1) and submerged (2) fermentaion by A.niger-1
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(inulin content 5% (a), 15% (b), at 30°C and aeration 1 L/min.

Thereby for the first time it was established that topinambur is perspective source for
microbial production of citric acid.

The researches create the necessary prerequisites for develop one stage biotechnology
for production of citric acid from topinambur.
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Glycerol as a waste material of biodiesel and other industries can be considered for biological
hydrogen (H,) production. Upon Escherichia coli glycerol fermentation formate, ethanol and etc. are
produced. Formate decomposition by fromatehydrogenaselyase enzymes lead to H, and CO,
formation. Four [NiFe] Hydrogenase (Hyd) enzymes are involved in this process for activity of which
heavy metals can be required.The results obtained identify the conditions when reductive conditions
has essential role for H, production in E. coli upon glycerol fermentation. Moreover, mixed carbons
or addition of some heavy metal ions enhance H, generation. These approaches might be applied to
regulate H, metabolism upon bacterial industrial wastes (glycerol) fermentation resulting enhanced
H, production.

Escherichia coli; H, production, oxidation-reduction potential; hydrogenase enzymes;
glycerol/formate fermentation

Qhgtpnip npwtu YEuuwnhgbih W w) wpunwnpnienluubph pwthnu wpnn £ hwgnnnipjwdp
Uhpwnyb| YeLuwenwduh (H,) unmwgdwl hwdwn: Escherichia colFhu glhgbnnih fudnpdwl dwdwuwy
wpuwnpnnd £ odppUweent, tpwung W wy yGppUuwunietp: Upguwpent gnwdhuihwg $bpdtunp
UpgUwpeniu ybpweénwd £ UhUsle Hy-h W COx-h: 2npu [NiFe] hhnpngbuwg (3hn) $EpdtunuLn, npnug
wywnhynipjwl hwdwp dGunwnubp U wuhpwdtywn, dwulwygnd U win gnpdpupwghu: Unwgywd
ndjwiubpp yywynd Bu, np yGpwywugudwsd nbnopu wnuntughwiny Jdhpwdwjnpp twywlu E grhgbpnih
fudnpdwl pupwgenid £. coli-h Hy wpunwnpniejwl hwdwp: vwnp wéhuwdUh wnpjnipubpp W npnp dwlin
JGinwnutn upwund 6U Hy-h wpunwnpnieiniup: Wu Jninbgnudubpp Ywpnn GU Yhpwnytbp Hy-h Ujne-
pwihnfuwlwyntejwl  Ywnpgwynpdwl Uwywwwynd b Yuwwunbl wpnyntbwptpuywl  pwihnuutnhg
(athgtipnihg) YeLUuwgpwdUh unwgdwl fupwudwup:

Escherichiacoli, H> wpwnwnnnyeynil, oupnwidGpuwlwliqunn wlhwliwyninblghuwy, hhnpnqtlwg $n-
uGlunuln, qihglinny Upglwysent fudnpncd

I'munepon — oTxo OMOAN3ENBHOTO U APYTHX NPOU3BOJICTB MOXKET OBITH YCIHEHIHO HCIIONb-
30BaH A1 nomydeHus 6moBogopoxa (H,). B mpouecce Oposkenus rimuepona Escherichia coli BbI-
JIeTsIeT MyPaBBUHYIO KHCJIOTY, 9TaHOJ M JApyrHe KOHEYHbIe MPOXyKThl. depMeHT (hopMHuaT BOIOPOL
nrasa TpancdopmupyeTr MypaBsrHY0 KucioTy 1o H, u CO,. Uerbipe [NiFe] ruaporeHassl, st akTH-
BallMM KOTOPBIX HEOOXOAMMBI HOHBI METAJUIOB, YYaCTBYIOT B 3TOM mpouecce. [lomydeHHbIe pe3yiib-
TaThl CBHIETEIbCTBYIOT O TOM, YTO CPela C BOCCTAHOBJICHHBIM PEJOKC MOTEHIHAIIOM CyIIECTBEHHA
npu Opokenun E. coli anst nponsBoacTsa H,. JlaHHBIE MOAXOABI MOTYT ObITh MPHUMEHEHBI AT PeTy-
nupoBaHus MetabonusMma H, y Gakrepuil E. coli, COneHCTBYSl MPOMBIIIIEHHOMY MONYyYeHHIO OHO-
BOZIOpOJIa U3 OTXOMO0B (TIHLIEPOIIA).

Escherichia coli, npoussoocmeo H,, oxkuciumenbHo-60cCmano8umensHulll NOmeHyuar,

Gepmenmul cuopocenaswl, bpodiceHue IuYepos/MypasbuHoll KUCI0mbl

Molecular Hydrogen (H,) is being recognized as an energy alternative for the future. It
is clean, renewable with high energy content, as the energy dismissed upon its combustion
(~142 kJ g is ~3.5 fold greater than oil [1, 9, 10]. Dark fermentation is considered as one
of the most favored technologies for H, production with a great potential for
commercialization in the near future. In this respect, genetically and metabolically easy
manipulating bacterium Escherichia coli,performing dark fermentation andleading to H,
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formation is good candidate to refer for biotechnological proposes [9, 10]. Moreover, the
use of cheap substrates (agricultural and food industry wastes) rich of nutrients can be used
for Hy production. This will lead to low-priced H, generation with immediate waste
treatment [2, 7]. In this regard, glycerol which is commonly recognized as an industrial
significant waste, can be used as carbon source by bacteria for H, and other valuable
chemical compounds production [2, 9].

H, is produced from formate, the end product of glycerol or sugar (glucose)
fermentation of E. coli, by formate dehydrogenase H (FDH-H) and hydrogenase (Hyd)
enzymes [4, 8, 10]. In E. coli possessesfour [Ni-Fe]-Hyd enzymes encoded by hya, hyb,
hyc, hyf operons, respectively.For functioning of Hyds and FDH-H heavy metals Ni and Fe
and Mo, respectively, are involved and make available pathways for proton and electron
transfer during H, formation or oxidation [4, 5, 8]. The operation direction (H, formation or
oxidation) of Hyd enzymes is depends onmany factors, such as carbon (glycerol or glucose)
source, pH of the growth medium, etc.: it was stated that Hyd-1 and Hyd-2 function in H,
oxidation upon glucose and H, production modes upon glycerol fermentation [4, 9, 10]. The
optimal activity of Hyd-1 was detected under anaerobic conditions, at acidic pH and in the
presence of formate, whereas Hyd-2 was at more reduced environment and alkaline
pH[4,9,10].

Direct effect of metals on Hyd enzyme activity was also proposed, as the addition of
Fe®" affected H, production rate by E. coli in vivoand increased it in vitro at pH 6.5 and pH
7.5 during glycerol fermentation [11]. On the other hand, formate is considered a rich-
energy compound as the oxidation and reduction potential of the formate: H, couple is very
reduced (-420 mV) [12, 13], can be additional energy source during energy restricted
(fermentative) conditions [5]. E. coli produces and initiallysecretes formateout of the cells
to prevent acidification of the cytoplasm. When the drop of bacterial growth pH is accrued,
formate is re-imported into the cell trough formate channel FocA and metabolized [5].
Pyruvate formatelyasedirectly interacts with the FocA and regulatesformate translocation. It
was proposed that the 4yc operon is regulated solely in response to formate concentration at
low pH. Moreover, formate in flux may result the destruction of Ap, therefore the control of
formate metabolism is very important [5,10,12].

The metabolism of bacteria is known to be a set of redox processes affecting ORP.
ORP drop (down to -550-600 mV) during anaerobic growth of bacteria in the absence of
external electron acceptors has been well-established [12, 13]. ORP is proposed to be
valuable for monitoring changes in the metabolic state of bacterial cultures in
biotechnology and for optimizing yield of fermentation yields, and has been shown can be
useful to discriminate between bacterial species [13].

Thus, many factors such as different ORP, mixed carbon (formate and glycerol) and
heavy metal ions (involved in redox reactions of FHL system) influence on bacterial
growth and particularly H, metabolism are investigated and discussed in the present work.

Determination of E. coli batch culture oxidation reduction potential and H,. H,
production by bacteria is determined by various qualitative and quantitative methods [12,
13]. It might be determined by chemical reaction of color disappearance during interaction
of potassium permanganate (KMnO,) solution in sulfur acid (H,SO,) with H, [18].
Chemical detection and gas chromatography of H, require gas extraction and calculation of
its solubility in an aqueous medium. The use of a couple of oxidation-reduction (for
example, platinum (Pt) and titanium-silicate (Ti-Si)) electrodes measuring ORP has certain
advantages. In contrast to Pt, Ti-Si electrode readings are not affected by the presence of H,
(or oxygen) in the medium; this allows differentiation of H, in the growth and assay
medium under anaerobic conditions [12,13].Transformation of ORP data into quantity
(concentration) of H, expressed in mol/L [13].
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Oxidative and reductive routes of glycerol fermentation by Escherichia coli batch
cultures and their regulation by oxidizing and reducing reagents. ORP critical role in E. coli
growth in anaerobic conditions [12,13] means that various oxidizers and reducers affecting
ORP can mediate growth of bacteria. ORP kinetics and H, production was measured in
bacterial batch cultures by the difference of pair of redox Pt and Ti-Si electrodes readings
[6]. An impermeable oxidizer K;[Fe(CN)s] (I mM) and reducers DTT (3 mM) and
dithionite (1 mM) were implemented for application of ORP initial positive (+235+10 mV)
and negative (-250=10 mV) values to bacteria, respectively. In the presence of K3[Fe(CN)g]
E. coligrowth at different pHs was inhibited resulting in decrease of ORP only to 130+5mV
at the log growth phase[6]. In this conditionORP positive or less negative may oxidize thiol
groups on bacterial surface and affect on membrane transport and enzymes like FoF; or
TrkA under anaerobic conditions, leading to low activity of key enzymes in bacterial
fermentation metabolism [10].

Table 1. The effects of reducers on H, yield by E. coli BW25133 during growth under glycerol
fermentation at different.

Growth H, yield, mol/L
medium
pH Control Reducers
DTT® Dithionite”
5.5 0,10£0.01° 0.80+0.04 °© ND ¢
6.5 0.73+£0.02* 1.30+£0.04° ND
7.5 0.70£0.03? 1.40+0.05°¢ 2.00+0.05 ¢

“bacterial culture was of ~8 h growth; °3 mM DTT, 1 mM dithionite were added into
the growth medium; ®bacterial culture was of ~3-4 h growth; ¢ ND: not determined.

In order to carry out the metabolic processes efficiently, it is very important to
maintain the intracellular environment in the reducing state. However, membrane-
permeating reducing reagents DTT and dithionite, reducingORP to negative values (-
280+12 mV), inhibited the growth of E. coli during glycerol fermentation in a
concentration-dependent manner [6]. Obviously, extreme reducing conditions may lead to
instability in the metabolism. Besides, it was stated, that upon glycerol fermentation DTT at
different pHs and dithionite but not oxidizer at pH 7.5 stimulated ~2-3 fold H, production
in the log growth phase (Table 1). Similar effect with DTT was observed previously during
glucose fermentation in E. coli [13]. Probably, the reduced environment might lead to
formate concentration increase which then can be source for H, and CO, [6]. It should be
noted that because of instability of this reagent in acidic environment effect of dithionite on
bacteria was investigated only at pH 7.5.

Escherichia coli hydrogen production in batch culture upon formate alone and
with glycerol co-fermentation. To understand the effect of formate on growth in batch
culture, H, production at different pHs (5.5-7.5) during glycerol fermentationin E. coli and
AhyaB, AhybC, AhycE, Ahyf Ghydrogenase mutantswith deletions of different key subunits
of Hyd-1 to 4, respectively, were investigated and main experiments are illustrated in Fig. 1
[12].10 mM formate ~2 fold and 30 or 50 mM formate, completely inhibited wild type
growth during glycerol fermentation atpH 5.5, whereas at pH 7.5 and 6.5 formate in the
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same concentrations stimulated or had no effect on bacterial growth [12]. So in other
experiments when needed 10 mM formate was supplemented to the growth medium.

From the beginning of the lag growth phase the drop of Pt and Ti-Si electrodesform
positive to negative values was detected in wild type upon glycerol or formate alone or their
combined conditions, pH6.5 (Fig. 1,a). H, formation was observed in wild type with the
yield of 0.75 + 0.03 mmol/L at the end of log growth phase, formate supplementation lead
to 0.83 + 0.05 mmol/LH, generation at early log phase, which was stimulated ~1.1 fold
upon formate and glycerol co-supplementation at pH 6.5 (Fig. 1,a). The same stimulating
effect by formate or in combination with glycerol was observed at pH 7.5 [12].Increased,
1.45 to 2.2 £0.05 mmol/LH, production was detected during growth of 4yaB mutant upon
all substrates combinations utilization at pH 6.5 and formate alone at pH 7.5, except upon
glycerol only fermentation at pH 7.5 at the beginning of log growth phase. Note, H, was
not produced in AycE (with defective Hyd 3) mutant. H, was also produced in AybC (with
defective Hyd2) mutant during glycerol fermentation at pH 6.5 with the yield of 0.8 + 0.05
mmol/L, and again stimulated ~1.2 fold to ~1.3 fold during formate alone or with glycerol
combination (Fig 1,b).Thus, in the cells grown both with external formate and glycerol H,
production was stimulated [12]. This stimulation was not pH dependent. The effect can be
contributed to Hyd 3 increased activity upon bacterial glycerol fermentation.

400 200
ORP, mV 100 ORE, ¥ Time, h
200 | 0
'-q\q._‘\ Time, h 100 —e—wild type, pH 6.5
0 ‘ . L - L _w 204 =o~wild type, pH 7.5
0 3 4 5 6 7 —_ 300 ——hyaB, pH6.5
=200 —~Ti, C i —e—hyaB, pH 7.5
’ -S040
——Pt,G+F 400 —hybC, pH 6.5
400 =x=Ti, G+F ol —e—hybC, pH 7.5
P4, F
-600 L —-T,F b)

Fig. 1.The kinetics of ORP by E. coli BW25113 and Hyd mutants during co- fermentation of10 g/l glycerol (G)
and 10 mM formate (F). a) Only E. coli BW25113 ORP kinetices are presented, pH 6.5; control (C) was ORP
kinetics in the medium with 10g/1 glycerol; b) The ORP kinetics by E. coli wild type and
Hydmutants at pH 6.5 and pH 7.5.

Enhancements of Escherichia colihydrogen productionbyheavy metal ions and
their mixturesduring glycerol fermentation.In the study [11] E. coli growth was
followed during 10 g/Lglycerol batch culture fermentation at pH 5.5 to pH 7.5 in the
presence of various heavy metal ions with different oxidation states, as Ni?*, Fe*' or Fe*',
Mo®" and their mixtures at various concentrations. It is worth to mention that the metal ions
concentrations were used relaying on the results for E. coli and other bacteria [4, 5, 11]. H,
production yield was 0.75+0.02 mmol H,/L at 12 h growth of E. coli at pH 6.5 during
glycerol fermentation, and it was noticeably stimulated (1.9 to 3 fold) in the presence of
mixtures of Ni*'+Fe®", Ni**+Fe* +Mo®" or Fe**+Mo®" (see Table 2).
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Table 2.H, production yield of £. coli BW25113 during glycerol
fermentation in the presence of heavy metal ions.

pHS5.5 pH 6.5 pH7.5
Growth conditions® : :
H, yield, mmol H, yield, mmol H, H, yield, Iln el Tk H21 yleld.’ el
L L L L~ (station growth
: (log growth phase) phase)
Control® 0.50+0.02 0.75+0.02 0.75£0.02 0.81£0.02
2 0.75+0.03 0.7740.03 1.35£0.01
Ni 00l 0.7120.03 (p>0.05) (22005 r0.000)
" 0.60+0.02 0.75£0.02 0.83£0.02
Fe (020.05) 0.70+0.02 (p>0.05) (120.05) (520.05)
| S o | SRS | S
Mo 0.60+0.03 0.750.03 (5-0.05) 0.640.03 0.8120.03
(p<0.05) (p>0.05) (p>0.05)
P 0.70£0.01 13020.01 0.81:0.01 1.35£0.01
Nit+Fe (p<0.01) (p<0.001) (p<0.05) (p<0.001)
- 0.6420.02 0.80£0.02 1.36£0.02
Ni**+Fe e0.025) 0.80+0.02 (p>0.05) (20,03 0000)
Fe Mo 0.60+0.01 2.20+0.01 0.75+0.01 1.3520.01
(p<0.05) (p<0.001) (p>0.05) (p<0.001)
T 0.57£0.03 1.4040.03 0.7740.03 1.38£0.03
(p<0.05) (p<0.01) (p>0.05) (p<0.001)
e ey o 0.7740.01 1.500.01 0.810.01 2.24+0.01
NiT+Fe"+Mo (p<0.002) (p<0.01) (p<0.05) (p<0.001)
e e 6 0.68+0.01 0.840.01 0.83+0.01 1.5040.01 (p<
NiT+Fe"+Mo (p<0.01) (p>0.05) (p<0.05) 0.001)

10 g/L glycerol was added into the growth medium; 50 pM Ni**, Fe*‘or Fe’*, 20 uM
Mo®", were supplemented into the growth medium when mentioned; ° oxidation-reduction
potential measured by Pt electrode; ¢ control was without metal supplementation; ¢ p for
difference between the experiment and appropriate control

Similar data were obtained at the certain conditions but at pH 5.5: though the H,
production yield was ~1.5 fold decreased (0.50+0.02mmol H,/L) compared with pH 6.5,
but metal ions addition again stimulated H, yield, particularly ~1.5 fold upon addition of
Ni*"alone and Ni*'+Fe*", Ni*'+Fe* "+ Mo® or Ni**+Fe?"+ Mo®" (see Table 2).

Interesting datawith FE. coliwas observed during glycerol fermentation at pH
7.5.Effects of metal ions on H, production yield were intense at station growth phase: H,
production yield was ~1.7 fold stimulated upon all metals (Ni**, Fe*", Fe*" and Mo®") and
2.7-3 fold upon Ni**+Fe**+Mo®" mixture supplementations (see Table 2). Some metals
have a role in Hyd enzymes biosynthesis and maturation processes, or they might affect
enzymes activity [4,5,11].

Concluding remarks. Thus, ORP might one of the physicochemical parameters to take
into account for optimizing fermentation processes and developing H, production
biotechnology.Oxidizers and reducers were used for application of positive and negative
ORP values, respectively. Although bacterial growth was repressed upon oxidative and
reductive stresses both, the reductive conditions only stimulated H, generationupon glycerol
fermentation.Externally supplied formate regulatesH, production and cell growth in E. coli
growing on glycerol.Moreover, mixed carbon (co-supplementation of formate with
glycerol) might have industrial advantageous application to enhance bio-hydrogen
production.Note, responsible Hyd enzymes are relived upon mixed corbon utilization. In
addition, some heavy metals (nickel (Ni*") and iron (Fe’*, Fe*"), molybdenum (Mo®"))
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having a role as structural components of Hyd and FDH-H enzymes stimulate bacterial
growth and H, production upon glycerol utilization.

Consequently, glycerol co-fermentation with organic acids, effects of reducing
reagents, heavy metals ions and effective strains could be considered as novel approaches
to enhance H, in production (Fig. 2).The coupling of H, production to utilization of waste
materials containing high concentrations of glycerol may same time provide economic and
environmental benefits. The results might be taken into account for optimizing fermentation
processes on glycerol and developing H, production biotechnology.

I Reductive conditions I

Combinations of
some heavy metal

carbons

ions Fig. 2.Approaches to
enhance H, production by
E. coli BW25113 during
Effective strains glycerol fermentation.
Acknowledgements

The author thanks to Prof. A. Trchounian (Yerevan State University, Armenia) for
voluble comments and discussions. This work was supported by Research grants of State
Committee of Science, the Ministry of Education and Science of Armenia, to AT (#13-
F002 and 15T-1F123), USA based Armenian National Science and Education Fund grant to
AP (NS-biotech-4376 and NS-Microb-3212).

References

1.  Chu S., Majumdar A. Opportunities and challenges for a sustainable energy future. Nature,
488, 294-303, 2012.

2. ClomburgJ.M., GonzalezR. Anaerobic fermentation of glycerol: a platform for renewable
fuels and chemicals. Trends Biotechnol, 31, 20-28, 2013.

3. HakobyanL., Gabrielyan L., TrchounianA. Ni (II) and Mg (II) ions as factors enhancing
biohydrogen production by Rhodo bacter sphaeroides from mineral springs, Int. J.
Hydrogen Energy, 37, 7486-7491, 2012.

4. Pinske C., Sawers R.G. Anaerobic formate and hydrogen metabolism. EcoSalPlus. DOI:
10.1128/ecosalplus.ESP-0011-2016.

5. Pinske C. and Sawers G. The importance of iron in the biosynthesis and assembly of
[NiFe]-hydrogenases. Biomolecular concepts, 5, 55-70, 2014.

6. Poladyan A., Avagyan A., Vassilian A., Trchounian A. Oxidative and reductive routes of
glycerol and glucose Fermentation by Escherichia coli batch cultures and their regulation
by oxidizing and reducing reagents at different pHs. Curr. Microbiol., 66, 49-55, 2013.

7. Sargsyan H., Gabrielyan L., TrchoinianA. Novel approach of ethanol waste utilization:
biohydrogen production by mixed cultures of dark- and photo-fermentative bacteria using
distillers grains. Int. J. Hydrogen Energy, 41, 2377-82, 2016.

8. Sargent F.The model [NiFe]-hydrogenases of E. coli. Adv. Microb. Physiol., 68, 433-507,
2016.

9.  Trchounian K., Trchounian A. Hydrogen production from glycerol by Escherichia coli and
other bacteria: An overview and perspectives. Appl. Energy, 156, 174-84, 2015.

10. Trchounian K., Poladyan A., Vassilian A., Trchounian A. Multiple and reversible
hydrogenases for hydrogen production by Escherichia coli: Dependence on fermentation
substrate, pH and the FoF,-ATPase. Crit. Rev. Biochem. Mol. Biol., 47, 236-249, 2012.

158



11. Trchounian K., Poladyan A., Trchounian A. Enhancement of Escherichia coli bacterial
biomass and hydrogen production by some heavy metal ions and their mixtures during
glycerol vs glucose fermentation at a relatively wide range of pH.International Journal of
Hydrogen Energy, 42(10), 6590-6597, 2017.

12. TrchounianK., Abrahamyan V., Poladyan A. ArmenTrchounian. Escherichia coli growth
and hydrogen production in batch culture upon formate alone and with glycerol co-
fermentation at different pHs. International journal of hydrogen energy, 40, 9935-9941,
2015.

13. Vassilian A., Trchounian A. Environment oxidation-reduction potential and redox sensing
by bacteria. in: Trchounian A (Ed) Bacterial Membranes. Ultrastructure, Bioelectro-
chemistry, Bioenergetics and Biophysics Research Signpost, Trivandrum, Kerala (India)
163-195, 2009.

Biolog. Journal of Armenia, 1 (69), 2017

THE STUDY OF CALCINEURIN ACTIVITY IN
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In present study the changes of Ca2+/calmodulin-dependent protein phosphatase calcineurin
activity in pathophysiology of ovarian cancer has been investigated. Calcineurin activity has been
determined by the spectrofluorimetrically in plasma and tissue samples of the oncologic patients with
different stages of disease. Results obtained suggested that, depending on the stage (I, II, III) of
disease, calcineurin activity was shown to be increased in the plasma and tumor tissue of ovarian
cancer patients. It is necessary to emphasize that changes in calcineurin activity in the
pathophysiology of ovarian cancer also depend on tissue differentiation.

Calcineurin - ovarian cancer — inflammation - tissue differentiation

Lbnyw wpuwwnwupnd nwuncdbwuhpyt) £ Ca2+/l4LuLUnnnLth-UthJJuJL wnnnthu dnudpwinwq
Yuighutjnhuh wywhyniejwl thnihnfuniegnilp édwpwltph pwngytinh wwendhghninghwnud: Yw-
ghutjnhuh wywhynieniup npnaytp £ hhjwnnipjwl wwpptp thntpnud - gnidnn - pwngytnwjhu
hhjwunutph wwquwih W hjncuduépwihu dnpubpnud uwytyunpwdninphdbnppy Gnwlwyny: Uwnwg-
Jwé ndjuubpp yywyned Bu, np, hhdwunnegjwu thniihg (1, 1, 1) Ywhudwé, Yuighubphuh wynhyneeiniuu
woénw £ dJwpwllbph pwngytnny hhywunubph wwquwnud W nienigewiht hjneudjwéened: 3wpy £
pUNgdGL, nn Yuighutiphuh wynhdniejwl tinthnfunteinip ddwpwlitph pwngytnh wwendhghnin-
ghwjnd Ywhujwé £ uwle hjncujwdpwihu nhtiptughwghwihg:

Guyghltgnhls - dywpwiiienf pwngytn - pnppnpnd - lncudwspuyhl nhdbntlghwgpu

B Hacrosmeii pabote OpII0 M3y4YeHO U3MEHEHHE akTUBHOCTH Ca2+/KambMOyINH-3aBUCHMOM
nporenH Qocaraszsl KadbIUHEHPHHA NPU NMAaTO(GU3UOJIIOTHN paka SIMYHUKOB. AKTHBHOCTH Kajb-
nuHeiprHa OblIa OIpesesieHa CHeKTPO(IyOopUMeTpHIecKH B 00pa3nax IuIa3Mbl U TKAaHH OHKOJIOTH-
YeCcKUX OOJBHBIX C PA3NIMYHBIMU CTaausMHu 3aboneBanus. [lonmydeHHblE NaHHbIE MOKa3alH, 4YTO
aKTHBHOCTh KajbliHeHpruHa B 3aBucuMocTd oT ctaguu (I, II, III) 3aboneBanus yBenuuuBaercsi B
TIa3Me U OMyXOJeBOH TKaHU OONBHBIX C PAaKOM SIMYHUKOB. HeoOGxoammo moauepkHyTh, 4TO HU3Me-
HEHUs aKTUBHOCTH KalbIMHEHPUHA MPH MaTOPU3MONIOTHH PaKa SHYHUKOB TAKXKE 3aBHUCST OT AHUG-
(hepeHIMAIN TKaHEH.

Kanvyuneiipun — pax auunuxog — socnonenue — ougepenyuayus mrxameu
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Currently the most promising area of biomedical studies is detection of endogenous
molecules and signaling pathways that may serve as a target for the new anticancer drugs
without side effects, unlike radiation and chemotherapy. Among the targets of modern
anticancer drugs are mitogenic-activated protein kinase (MAPK), MAPK kinase (MEK),
protein kinase C (PKC), vascular endothelial growth factor (VEGF), antiapoptotic protein
Bcl-2 and other molecules [5]. It should be emphasized that Ca*'/calmodulin (CaM)-
dependent protein phosphatase calcineurin (CN or PP2B) is a partner of PKC, MAPK,
MEK, VEGF, Bcl-2 and other protein targets for anticancer drugs [3, 6-7, 9, 12-13].
Recently, we have detected and identified the following proteins as CN-multiprotein
complexes: S100-A9 protein, Histon H4, Copine-1 and -3, etc. [2]. It is already established
that these protein partners of CN are involved in pathophysiology of cancer.

CN is a key enzyme leading to activation of the immune system by participating in the
synthesis of several cytokines (interleukin (IL)-2, IL-4, IL-5, tumor necrosis factor (TNF)
a, interferon (INF) v, etc.) via dephosphorylation and activation of NFAT (nuclear factors
of activated T cells) transcription factors [7, 9, 12]. It should be noted that the
Ca”"/CaM/CN/NFAT signaling pathways are involved in pathophysiology of cancer as well
[9-10]. It is necessary to underscore that CN demonstrates bifunctional activity depending
on different physiological and pathophysiologal conditions of the organism. Its activity was
reported to be decreased in pathophysiology of cervical cancer [11] and sarcoma-45 [1]. In
contrary, CN activity was found to be increased in lymphoblastic leukemia [10]. Thus, CN
demonstrates different activity in pathophysiology of cancer. We hypothesized that the
opposite effects of CN in pathophysiology of cancer may depend on tumor-bearing organ,
stage of disease and other reasons. Therefore, the study of changes in CN activity in plasma
and tissue samples of untreated patients with primary ovarian cancer was the main goal of
present work.

Material and methods. Sample collection and preparation. The blood and tissue
samples from postoperative material of untreated patients (n=15) with the I, II and III
stages of primary ovarian cancer were provided by the National Centre of Oncology after
V.A. Fanarjyan (NCO MOH RA). The plasma of healthy donors (n=5) and histologically
checked healthy parts of remote tissue were used as a control. Histological study of the
postoperative material was conducted by the Laboratory of Clinical Pathomorphology at
the NCO MOH RA. The most cases of ovarian cancer were diagnosed as a moderately and
poorly differentiated adenocarcinoma. Age of patients ranged from 45-80, and the average
age was 61 years.

Blood was collected into sodium citrate (3.2%)-coated vacutainer tubes and cent-
rifugated at 1500 rpm for 10 min. Plasma was separated into aliquots and stored at -70°C.
Tissue samples were homogenized with 5 volumes of 50 mM Tris-HCI, pH 7.5 buffer,
containing 0.05% Triton-X-100, 0.1 mM EDTA, 1 mM ditiothreitol (DTT), protease inhi-
bitors, and centrifugated at 100 000xg for 60 min at 4°C. The supernatant was separated
and stored at -70°C as well. Protein content in samples was determined by Bradford assay
[4].

Calcineurin activity. CN activity was measured spectrofluorimetrically using 4-
methylumbelliferyl phosphate (4-MUP) as a substrate. A typical enzyme assay was
performed in 1 ml of incubation mixture, containing 50 mM Tris-HCI, pH 7.5, 0.5 mM
DTT, 1 mg/ml bovine serum albumin, 1 mM MgClz, 0.3 mM CaClz, 1 uM 4-MUP, and

necessary amount of enzyme (100000xg tissue homogenate or plasma). One unit of enzyme
activity is defined as amount of enzyme that caused the formation of 0.1 nM of 4-
methylumbelliferon (4-MU) at 32°C for 1 h. After incubation the reaction was stopped by
addition of 0.25 ml of 30% trichloroacetic acid. After centrifugation at 5000xg, the pH of
supernatant was adjusted to 8.0 by addition of 0.5 ml of 1 M Tris. The quantity of 4-MU
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was determined fluorimetrically using Perkin-Elmer MPF-44A spectrofluorimeter. The
fluorescence was measured at 445 nm (Excitation at 365 nm). As control the substrate and
enzyme were incubated separately.

Statistical analysis. Data were analyzed statistically by one-way ANOVA using Origin
61 software. Statistical significance — p<0.05. All data were expressed as mean+SEM.

Results and Discussion. Results obtained have been demonstrated that in plasma of
ovarian cancer patients CN activity was shown to be increased in the I, II and III stages of
disease by 6.6, 10 and 11 times, respectively, compared with control (Fig. 1a). A similar
picture was observed in tumor tissue of these patients. As shown in Fig.1b, CN activity was
shown to be increased in the I, II and III stages of disease by 3.3, 4.8 and 5.8 times,
respectively, compared with control.

The changes of CN activity depending on histological differentiation were studied as
well. Among the patients studied, there were no women diagnosed with well differentiated
adenocarcinoma. We have found that CN activity in plasma of patients with moderately and
poorly differentiated adenocarcinoma has been increased by 7.5 and 11.5 times,
respectively, compared with control (Fig. 2a). Similarly, CN activity in tumor tissue
samples of patients with moderately and poorly differentiated adenocarcinoma was higher
by 3.2 and 5.5 times, respectively, compared with control (Fig. 2b). Thus, in case of poorly
differentiated ovarian adenocarcinoma CN activity is significantly higher than in
moderately differentiated adenocarcinoma. These data are consistent with the
abovementioned results since the advanced stages of cancer are characterized mainly by
poorly differentiated cells.

a 1400 * b 1400
p 1200 * T = 1200
= =
E 1000 - = 1000
= 800 s *
22 600 1 32 o * 1
P o & 600 *

< 2 ——
Z 400 = 400 |
=
= 200 % 200 4|_1—|7 |
> o 11 & o L1

control  Istage IIstage III stage control  Istage IIstage III stage

Fig. 1. CN activity in plasma (a) and tumor tissue (b) of primary ovarian cancer patients. *-p<0,05 for the I stage
(n=5) compared with control (n=5), and for II (n=5), III (n=5) stages compared with the I stage.

The significant increase in CN activity in all stages of ovarian cancer indicates on
similar increase in the level of proinflammatory cytokines (IL-1, IL-6, IL-2, TNFa),
because, CN participates in the synthesis of these cytokines via activation of NFAT [7, 9,
12]. Indeed, the increase in the level of some proinflammatory cytokines, depending on the
stage of ovarian cancer, has been demonstrated by the other studies [8]. Abovementioned
cytokines could be synthesized by tumor cells, as well as by the immune system cells
(macrophages, T-lymphocytes, etc.) since the organism uses the inflammatory response to
fight against the neoplasms. However, such a chronic activation of the immune system
contributes to chronic inflammation, which in turn stimulates tumor progression. Currently,
ovarian cancer is shown to be associated with inflammatory processes [8]. Therefore,
down-regulation of CN activity may be beneficial for ovarian cancer patients.
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Fig. 2. CN activity in plasma (a) and tumor tissue (b) of primary ovarian cancer patients depending on tissue

differentiation. *-p<0,05 for the moderately differentiated adenocarcinoma (n=5) compared with control (n=5),
and for poorly differentiated adenocarcinoma (n=5) compared with moderately differentiated adenocarcinoma.
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Thus, in present work we have shown for the first time the involvement of CN in
pathophysiology of ovarian cancer, as well as demonstrated that changes in CN activity in
plasma and tumor tissue of patients with primary ovarian cancer depend on stage of disease
and degree of tissue differentiation. Data obtained in this study can be used to develop new
anticancer drugs for which the Ca®>*/CaM/CN/NFAT signaling pathways can be a target.
Acknowledgment. We thank to NCO after V. A. Fanarjyan (MOH RA), particularly
the Laboratory of Clinical Pathomorphology, for provided oncological samples.
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The in vitro cultivation conditions for obtaining the isolated culture of Crupina
vulgaris were firstly developed. Callus culture was obtained on MS (Murashige and Skoog)
basal medium, supplemented with 2.0 mg/L indole 3 acetic acid (IAA), 0.2 mg/L kinetin,
but further growth was supported on both MS medium and it's modification, containing 6-
benzylaminopurine (BAP) 2mg/l, IAA - 0.5mg/1,

Crupina vulgaris- callus culture

The Crupina genus plants species belonging to the Asteraceae family which contain
secondary metabolic products with high biological activity are widely used in medicine,
cosmetic and food industry. Plant materials from Asteraceae family might be bioactive
secondary metabolites that have the potential to treat different afflictions. Examples of
these compounds include phenols, phenolic glycosides, unsaturated lactones, sulfur
compounds, saponins, cyanogenic glycosides and glucosinolates [7, 9]. A number of
species are considered invasive. Different plants contain different bioactive compounds and
these vary with area, climate and mode of agricultural practice if they are not present in
wild environment. Herbivory, pathogens and competition are the driving forces that induce
plant species to develop chemical defense compounds. These plant origin compounds are
good models for elucidation of their functional roles in medication and treatment of
different afflictions. Poisonous plants exposed to frequent grazing by animals are
commonly rich in alkaloids which have many biological activities including anticancer
potential [S]. However, the growth regulatory properties of some plant metabolites allow
them to act as chemotherapeutical agents. Flavonoids from Scutellaria baicalensis act on
cyclin-dependent kinases to inhibit cancer cell proliferation [1]. Members of the Asteraceae
family produce a large number of various secondary metabolites that show biological
activity. Among them, sesquiterpene lactones and flavonoids are the most interesting ones
from the pharmacological point of view. These substances are known for their reported
medical efficacy e.g. strong anti-inflammatory, antimalarial, antioxidant, antitumor activity,
as well as for the fact that they increase immunity and decrease the risk of atherosclerosis,
arthritis and gastrointestinal disorders [7]. In many cases, the a-methylene group in the
lactone ring of sesquiterpene lactones, being potentially able to bind the nucleophile sites of
biomolecules by conjugate addition, manifests their biological activity [4].

The genus Crupina comprises three species: vulgaris, crupinastrum, and intermedia.
Ranges of C. vulgaris and C. crupinastrum overlap in Spain, Italy, Greece, and Turkey,
although in each case, C. vulgaris grows on more northern or more mesic sites than C.
crupinastrum [2]. The range of C. vulgaris extends northward to the dry valleys of the Alps
in Switzerland, France and Italy, where it is restricted to open grasslands on steep south-
facing slopes [10].
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C. vulgaris normally grows on calcareous loam or clay loam soils of limestone parent
material, and is rarely found, usually as an accidental introduction, on sandy soils or over
siliceous (acidic) parent material [3].

Material and methods

Plant material. The investigated plant C. vulgaris Cass. was collected from
Aragatsotn region (Mughni) in Armenia (1500-1600 m above sea level, N 40° 22.085", E
44° 22 .815") during the flowering period.

Obtaining of isolated cultures. The leaves and stems were used as explants. To
isolate tissue cultures the explants (approx. diameters of explants - 0.8 to 1.2 cm) were
sterilized with solution of 330 mg/L mercuric chloride and 660 mg/L cetylpyridinium
chloride for 8-10 min followed by four rinses with sterile distilled water. The sterilized
explants were individually aseptically placed into petri dishes, containing 20 mL Murashige
and Skoog (MS) nutrient medium [6], supplemented with 2.0 mg/L indole 3 acetic acid
(IAA), 0.2 mg/L kinetin, 0.1 g/ myo-inositol, 0.1 mg/L thiamine HCI, 0.5 mg/L
pyridoxine HCI, 0.5 mg/L nicotinic acid, 2.0 mg/L amino acetic acid, 30 g/L sucrose and 8
g/L agar. The explants were placed in thermostat at 25°C (for the initiation of proliferation
processes). Afterwards the formed primary callus tissues were placed in the flasks (50 mL)
then replaced to the thermostat (in the same conditions).

To optimize medium composition for shoot multiplication, in vitro cultivation was
performed in MS basal medium (including vitamins, sucrose and agar), supplemented with
BAP-2mg/l, IAA-0.5 mg/l. This medium was conditionally named MR3,. Both of media
were adjusted to pH 5.8 with 0.1 M NaOH before autoclaving for 20 min at 121°C. The
cultures were placed in growth chamber at 25°C and illuminated with a 16-h photoperiod
(natural daylight, supplemented with artificial light (approx. 150 pmol quanta m~ s )
provided by a white fluorescent lamp (Philips Inc., 36 W). Callus tissue further stable
growth was supported in both MR3p medium. /n vitro micro-propagation of C. vulgaris was
carried out using modified variant of nutrient medium.

Results and discussion

The leaves and stems were used as explants in this investigation. Callus formation was
occurred only on the explants of leaf origin. The proliferation begins on 7-8" days on MS
medium and the primary callus was formed on 18-20" days of cultivation. On the MS
medium C. vulgaris callus culture has darker color and growth was generally directed over
the surface of the agar medium (Fig. 1a), whereas the growth on MR3, medium callus tissue
was directed upward. Callus tissue of C. vulgaris had granular consistency and light yellow
color growing in dark conditions (Fig. lb).\

s -

Fig. 1. Callus cultures of C. vulgaris, growing on MS medium (a), growing on MR;y medium (b).
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After several passaging light color of callus culture has changed into a light brown
with patches of white meristematic zones. Such tissue undergoes spontaneous
organogenesis under the light (Fig. 2).

Fig. 2. Organogenesis of C. vulgaris on the MR3p medium.

On the same nutrient medium root formation occurs. The leaves and roots of C.
vulgaris regenerated plants were placed on the MRj, fresh nutrient medium and callus
culture was formed in these conditions.

Generally, the growth cycle of calli was ended on the 27-28" day, but in case with in
vitro plantlets — on the 35-40" day of cultivation.

Conclusions

Summarizing data of our investigation might be possible to conclude that isolated
culture of C. vulgaris can be obtained using MS medium modified variant in which the
concentration of different auxins is prevalent on the cytokinin concentration of more than 7
fold.

Previous studies unveiled the high metabolic activity of isolated cultures of different
plants growing in Armenia [8, 11, 12]. The metabolic activity of C. vulgaris on in vitro
cultures is not reported. Since both in vitro cultures and intact plants of C. vulgaris have
intensive growth rate, they can be used as model systems in biotechnological investigations
to produce valuable metabolites.
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Superoxide dismutase (SOD) is an antioxidant enzyme that plays an important role in the
defense system of the body. The aim of this study was to investigate the changes in activity of
superoxide dismutase (SOD) in the plasma and tumor tissue of patients with gastric cancer depending
on the stage (I-IV) of disease. It has been shown that SOD activity in the plasma of gastric cancer
patients is significantly reduced compared with SOD activity in the plasma of healthy donors. In the
same time tumor tissue SOD activity is increased compared with healthy (histologically examined)
control tissue. The results obtained indicated that changes of SOD activity in plasma and tumor tissue
of gastric cancer patients depend on the stage of disease.

Gastric cancer - superoxide dismutase - reactive oxygen species

Uniwtpopuhnnhudnitnwgp (UON) hwywopuhnwlGunwiht $Epdkawn £, npp Ywplnp nbp &
fuwnnid opqubhqih wwunwwbnnwywb hwdwywpgnid: Uju hsunnwgnunegjub Gwwwnwyb Ep neuned-
Gwuhptp UON-h wywnhynipjwl  thnithnfunipynitGp  utnwidnpuh  pwngybnny hhywlnGeph  wpjw
wwqgiwjntd b nienigpwihb hintujwépnid Jufujwé hhdwbnnipjwb qungugdwb thnihg (1-1V): 8nyg
t wipdbl, np unnwdnpuh pwngytnny hhywbnbbph wpwb wiwgiwnid UON-h wywnhdnipnibp Gw-
Owywihnpbbt Gwgnid £ wenng nnGnpbtph wpuwb wjwqiwnid UON-h wywnhynigwl hwibdwwn:
Uhlbnybo dwdwOwy, nienigpwihG hjniujwépnid UON-h wyuinhynipyntGb wand £ wenng  (hjntu-
Jwoéwpwlnptl qO0O0dwé) uwnnighs hnudwépnid UOD-h wywnhynipjwl  hwibGdww: Unwgywd
wnyjwibbpp gnyg GG wwihu, np unnwidnpuh pwngytnny hhywlnbbph wwqdwnid L nienigpwhl
hintujwépnid UOT-h wywinhynipjwb thnthnfunepyntbp Yufudwé  hhjwbnnipjwlb thnihg:

Uunwidnpuh pwinglyin — uniwbnopupnnpudniunwq — ppywdth wlwnpy dubn

Cymnepokcuaaucmyrasza (CO/l) - aHTHOKCHAAHTHBIN (PePMEHT, KOTOPBIN UTPAaeT BaXHYIO POJIb

B CUCTEME 3all[UThl opranusMa. Llenbio faHHO# paboThl ObLIO MCCIIEIOBaHNE U3MEHEHHI aKTHBHOCTH
cynepokcugaucmyTassl (COJl) B uma3Me W OIMyXOJEBOM TKAaHW MAlMCHTOB C PAaKOM JKEIyAKa B
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3apucuMoctd ot ctaguu (I-IV) 3aboneBanus. beuto mokasaHo, uto aktuBHOcTh COJl B mma3me ma-
LHEHTOB C PAKOM JKEIy/IKa 3HAYUTENIbHO CHI)KACTCs 10 CpaBHEHHIO ¢ akTuBHOCTHIO COJI B miiasme
3JI0pPOBBIX OHOPOB. B TO ke Bpems1, B omyxoseBoii Tkanu aktuBHOcTs COJl BO3pacTaer 1o cpaBHe-
HUIO ¢ aKTUBHOCTBIO (pepMEHTa B 37J0pOBOH (THCTOJIOTHIECKH UCCIEIOBAHHOM), KOHTPOIBHOM TKaHH.
TonyuenHble pe3ysbTaThl MOKa3aly, 4To u3MeHeHus aktuBHoctiH COJ] B m1a3Me M TKaHU MalUeHTOB
C PaKOM JKeJTy/IKa 3aBUCAT OT CTaJuM 3a00JICBaHUS.

Pax sicenyoka — cynepokcuooucmymasa — peakmughvle opmvl KUCIOPOOA

Gastric carcinoma (GC) is one of the most common neoplasms in the world. The
pathogenesis of GC is not completely understood. Nutritional, microbial, and genetic
factors acting in a multistep and multifactorial process have been proposed [5].
Oxidant/antioxidant balance has been suggested as an important factor for initiation and
progression of cancer, because reactive oxygen species (ROS) and changes in the cellular
redox state activate multiple signaling pathways, participate in the regulation of cell growth
and death, and induce the synthesis of proteins regulating cell protection in both
nonmalignant and malignant cells [8]. Oxidative stress produced by the imbalance between
ROS and biological antioxidant system can damage cellular macromolecules, leading to
DNA and protein modification and lipid peroxidation [4].

SOD is a key antioxidant enzyme, scavenging the superoxide radical (O*), which is a
precursor molecule for all other reactive oxygen species and their derivatives and can either
promote or suppress tumor formation in human gastric mucosa. It has been found out that
Ca®'/calmodulin (CaM)-dependent protein phosphatase calcineurin (CN), which is key
enzyme leading to the activation of the immune system by participating in synthesis of
several cytokines via dephosphorylation and activation of NFAT (nuclear factor of
activated T cells) transcription factors, is sensitive to oxidative stress and may be
modulated by the intracellular redox potential [10]. CN was reported to be a partner of both
SOD1 (Cu,Zn-SOD) and mitochondrial SOD2 (Mn-SOD) [11]. Recently, in our laboratory
it has been shown, that activity of CN has been changed differently in the pathophysiology
of gastric cancer depending on the stage of disease [9]. Considering above mentioned and
the controversial literature data concerning the changes in SOD activity in pathophysiology
of cancer [6, 13], the aim of this study was to detect the changes of SOD activity in plasma
and tumor tissue of patients with gastric adenocarcinoma in all (I-IV) stages of disease.

Materials and methods. Studies were conducted on a group of 30 patients with gastric
adenocarcinoma, including males and females, mean age 62 years, who underwent radical
gastrectomy for gastric cancer at the National Center of Oncology after V.A. Fanarjyan
(Ministry of Healthcare, RA). Patients were not treated by radio- or chemotherapy before
surgery. The plasma of healthy donors (n=6) and histologically checked healthy parts of
remote tissue were used as a control.

Blood samples (3ml) were collected into sodium citrate (3,2%)-coated vacutainer
tubes and plasma was separated by centrifugation at 1500 rpm for 10 min. Tissue samples
(1-2g) were homogenized in 5 volumes of 50 mM Tris/HCI buffer (pH 7,5) containing
0,05% Triton-X-100, 0,1 mM EDTA and 1 mM ditiothereitol (DTT) and protease
inhibitors. Supernatants were obtained by centrifugation at 10000xg for 60min at 4°C.
Supernatants and plasma samples were stored at -70°C until determination. Protein content
in samples was determined by Bradford assay.

The activity of SOD was measured spectrophotometrically using Agilent Cary 60 UV-
VIS spectrophotometer by the method of Sirota [1].

Data were analyzed statistically by one-way ANOVA using Origin 61 software.
Statistical significance —p<0,05. All data were expressed as mean+SEM.

Results and discussion. Results obtained have been demonstrated that in plasma of
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gastric cancer patients SOD activity was shown to be decreased in the I, II, III and IV
stages by 68.5%, 75.5%, 78.3% and 80.4%, respectively, compared with control (Fig. 1a).
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Fig. 1. SOD activity in the plasma of healthy donors and gastric cancer patients in different stages of disease (a),
and SOD activity in healthy control tissue, as well as in tumor tissue in different stages of disease (b).
"p<0.05 for the I stage (n=6) compared with control (n=6) and for the II (n=8), III (n=8), and IV (n=8) stages
compared with the I stage.

As shown in Fig. 1b, the activity of SOD was considerably higher in tumor tissue
compared with the activity in healthy control. SOD activity was shown to be increased in
the I, II, III and IV stages by 33.5%, 11.6%, 7.6% and 7.58, respectively, compared with
control.

Our data obtained have been indicated that the activity of SOD is changed differently
in plasma and tumor tissue of gastric cancer patients among the subsequent stages of GC
development. Reduction of plasma SOD activity depending on the stage of GC may be due
to an increased endogenous production of ROS in plasma of gastric cancer patients, which
is rises from I-IV stage [2]. It is well known that gastrointestinal tract is a key source of
ROS, which production has been shown to increase in the gastric mucosa of persons
infected with Helicobacter pylori, but a large amount of ROS was generated in response to
an active inflammatory reaction in the stomach, even among those without Helicobacter
pylori infection [15]. Despite of the protective barrier provided by the epithelial layer,
ingested materials and pathogens can cause inflammation by activating the epithelium,
polymorphonuclear neutrophils (PMNs), and macrophages to produce inflammatory
cytokines and other mediators that contribute further to oxidative stress and elevated level
of ROS [14].

Extensive research during the last quarter century has revealed that reactive oxygen
species produced in the body, primarily by the mitochondria, play a major role in various
cell-signaling pathways, by activating various transcription factors (e.g., nuclear factor
kappa B (NF-«kB), activator protein-1, hypoxia-inducible factor-1a, and signal transducer
and activator of transcription 3), which have been shown to play an important roles in
regulating of constitutive or inductive expression levels of SOD [7].

Paradoxically, ROS also control the expression of various tumor suppressor genes
(p53, Rb, and PTEN). Similarly, c-radiation and various chemotherapeutic agents used to
treat cancer mediate their effects through the production of ROS, to destroy malignant cells
by inducing apoptosis. Interestingly, ROS have also been implicated in the
chemopreventive and anti-tumor action of nutraceuticals derived from fruits, vegetables,
spices, and other natural products used in traditional medicine [3].

Considering the fact that many human tumors have been shown to express high levels
of SOD, which has been associated with aggressive tumor characteristics [12] and our data,
we think that up-regulation of SOD activity in gastric carcinoma tissue most likely serves
as a protective mechanism against superoxide radicals for cancer cells and targeting SOD
may be a promising approach for the selective killing of cancer.
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