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PEQULIARITIESOF INTERACTION OF ETHIDIUM BROMIDE
WITH DIFFERENT GC-CONTENT DNAS

P.O. VARDEVANYAN, R.A. KARAPETYAN, M.A. PARSADANY AN

Yerevan State University, Department of Biophysics

In this work the formation of the ligand-DNA compés by different mo-
des using absorption and fluorescence spectrosoaplyods has been investtiga-
ted. Comparison of the obtained results has regtehke existence of two “strong”
types of binding modes one of which shows fluoressggnal and therefore rep-
resents fully intercalated geometry. Second typéstiong” interaction has no
fluorescent signal. The nonfluorescent binding esponds to the ligand hemi in-
tercalative strong binding sites on DNA, where feszence of EtBr is quenched.
Nonfluorescent complexes are formed in the minooge of DNA with a signifi-
cant affinity to GC-pairs.

DNA — ethidium bromide (EtBr) - intercalation — hemercalation —
fluorescent complex — nonfluorescent complex

Uphuwnwpnid Jjubdwt b $imnplughinnuyhtt uybjunpnuynuyhugh dkpnn-
ulipn] htnmwgnuyk) £ YL@ hquin Ynuukputikiph wwuppbp tnwbwliukpny wew-
owgnidp: Unwgywd wpmynibpttph  hwdbdwnmpymihg pugwhwpndty &, np
qnjnipjnih nitth ,mdbnt Juudwt knubuljh Epljnt nhuy, npniighg Ukl nith $inin-
ptugkimuyghtt wqnull b hunbpyupughnt  Epjpuswthnipoit:  ,Qdbnt Gn-
Juwgntgnipjut tpypopn whyp sniuh $ninphugbiinught wqnuily: 2y ninphugkigng
Quuynulp hudwwywnwupibinud £ YUE-h Jpu thquiigikph fhuwhinbkpjujjughnt
Enutwlny Yuwwdwlh wbknkphl, npnbn ER-h $mipbughiighwt dwpnd e
Opninpliugkuignn  Ynuuybputibpp wowewnud Eu YUE-h thnpp wlinumd b
pwbwluhg phudwlygnipinit niikt GC -qnyghph Wjuindundp:

Lo — kppnhnidh ppnupn (BF) — plunkphuyughu — Ghuwpinbpluyughu —
Ginipkuglkiignn Inuy kpu — sppninplugkigny §nuwkpu

B nanHoit pabote uccnenoBaHo odpasoBanne JJHK-nurann xomiuiekcoB pas-
HBIMH CrHoco0aMHM € TOMOIBI0 METOI0B a0COpOIMOHHOH U (iyopecueHTHON
criekTpockoruu. COMmoCTaBIeHHE MOJMYYEHHBIX PE3YJIbTaTOB BBISBHIO CYLIECTBOBA-
HME JBYX THUIIOB «CHJIBHOTO» croco0a CBSA3BIBaHUS, OJMH U3 KOTOPBIX uMeeT (iayo-
PECLICHTHBIN CHTHAT U TPECTaBIsIeT co00i MHTEPKAIALHOHHYI0 reoMeTpuio. Bro-
pOii THII «CHIBHOT0» B3aUMOAECHCTBUS He UMeeT (uryopecueHTHoro curHaia. Hed-
JyopecIHpIollee CBA3bIBAaHHE COOTBETCTBYET MECTaM CBsI3bIBaHuUs Juranaa Ha JJHK
MOJYMHTEPKASILUOHHBIM ciocoboM, rie diayopectenims b3 tymmres. Hedmyopec-
LUPYIOIME KOMIUIEKCHI 00pa3yroTcs B MainoM skenodke JIHK u obmamaroT 3Haum-
TeIBHBIM cpoicTBoM k GCArapam.

JHK — 6pomucmutti smuouii (BD) — unmepransiyus — ROIyUHMepKansiyus —
@ryopecyupyiowutl KOMnieKc — HeQhyopecyupyowuti KOMIIEKC




P.O. VARDEVANYAN, R.A. KARAPETYAN, M.A. PARSADANYAN

The binding parameters of the intercalator etidihnomide (EtBr) with different
GC-content DNAs have been determined by absor@ti@hfluorescence methods. The
obtained experimental data provided a clear evigesfcexistence of fluorescent and
nonfluorescent “strong” complexes at the low boltBr with DNA base pairs ratio
(r<0.25). The binding constant (K) and the number a$ebpairs corresponding to a
binding site (binding site size, n) of the first; @hd R) and second (¥, n,) interactions
have been calculated. The total number of the bipdite size r= 1,5 and nf=2
registrated by absorption and fluorescent methesigactively have been independent of
the GC-content whereas;rchanged with variation of GC-portion for nonfluczest
mode of interaction. The fluorescent complex cqroesls to intercalative model. The
nonfluorescent complex is externally bound fornkEtBr which exists at bow occupancy
ratios and is not the same as the electrostaticstipilized external bound with
phosphate group one.

DNA is regulated and affected by many differentetymf molecules that interact
with this biopolymer in various ways. Specificallintercalative binding by small,
planar, cationic aromatic molecules is one of seveodes of such binding. The recent
investigations showed that majority of intercalatamight form more than one type of
complexes with DNA (multimodal ligands). Ethidiumromide (EtBr) is one of the
prominent representative of the multimodal ligaslkich at small drug to DNA base pair
ratio (r) values may form two types of “strong” cplexes with DNA, one of which has
been proposed to be in a stably bound externalngnchode and another one is in the
well described intercalation mode [2,7,11]. It te®en shown that this external binding
mode depended on the concentration of counter{la¥, concentration of the ligand
and appeared more frequently in GC-regions of DNMistence of the significant
affinity to the GC-regions led us to an assumptiwat different number of binding sites
for this ligand on different GC-content DNA are eldable.

In this work absorption and fluorescence spectnegenethods were employed to
provide direct evidence of in formation of diffetemodes of the ligand-DNA
complexes. Comparison of the obtained results geal/a clear evidence of existence of
two “strong” types of binding modes one of whichosled fluorescent signal and
therefore represented fully intercalated geome®igcond type of “strong” interaction
had no fluorescent signal providing the clue foteemxal binding mode. It is suggested
that the nonfluorescent strong complex is formechémi intercalation of in the minor
groove of DNA. This complex is stabilized by hydeogbonds between the ligand and
nucleophilic centers of guanine which is exposed accessible for the ligand in the
minor groove.

Earlier we have shown that at low ligand conceitrst EtBr may form two
“strong” fluorescent and nonfluorescent complexeghwB-form of DNA. The
fluorescent complexes were referred to the “strorgie and corresponded to
intercalation of this ligand which includes theérson of the planar phenanthridium
ring into the hydrophobic region of double stran@dA (ds-DNA) base pairs [13]. The
nonfluorescent binding corresponded to the ligagwhilintercalative strong binding sites
on DNA, where fluorescence of EtBr was quenchedhds been suggested that
nonfluorescent complexes formed in the minor groaBNA with a significant affinity
to GC-pairs.

It is revealed the relationship between the GC-eunvf DNA and binding modes
of EtBr we determined the binding parameters ofrEt®lecules using the absorption
method detecting the total concentration of adsbidie DNA molecules of the dye and
the fluorescence method showing the amount of datated in the double helix
molecules [6,10].




PEQULIARITIES OF INTERACTION OF ETHIDIUM BROMIDE WIH DIFFERENT GC-CONTENT DNAS

Materials and methodsDifferent GC-content DNAs (CI. perf., $&C; calf thymus
DNA(CT-DNA) 42%GC and M. lysod., GC) and EtBr were purchased from Sigma Chemical
Co. and used without further purification. Otheeticals used were of analytical grade. Solutions
were prepared with double distilled water. Experitaevere carried out as previously reported [11].

Hydrodynamic and fluoremetric experiments show thigrcalation process is realized by
hydrophilic transfer of EtBr from solvent to thenting site on ds-DNA. These models of interac-
tions are accomplished exclusively at low liganchaantrations (& 0,25) and referred to the
“strong” mode of fluorescent and nonfluorescenhptexes, therefore the experiments here were
carriedoutat & r < 0,25.

Results and DiscussionThe experimental results of investigation of effet
GC-content of DNA on EtBr binding process are repreed on Fig. 1.

Parameter r vs. free dye concentrationg {fas been calculated using both the
absorption method for total concentration of boumalecules (curvel) and fluoremetric
method for intercalated EtBr molecules afee ligand concentration; @urve 2). The
binding curves obtained by two independent methards different. The discrepancy
between these curves can be explained by the mesémonfluorescent EtBr molecules
registered by the absorption technique. The bindingves for the nonfluorescent
complex as vs. G (curve 3) were obtained by subtracting curve Znftbat equal free
dye concentrations;C

The binding parameters of EtBr fluorescent and lnonéscent complexes have
been obtained by Scatchard analysis of the absoratid fluorescence spectra (Table 1.).

Table 1. Thermodynamic parameters of the complexes of BiBr different GC-content DNAs.
lonic strengthu =20mM N&; p H6,9; t=25C

The data of Table 1 show that the binding constant$ stoichiometry of the
complexes estimated by absorption method are pedgti independent of the
GC-content and correlated with the data publisimethé literature [6,13]. The binding
site of the fluorescent complexesIn2,2+ 0,1 is also in accordance with experimental

DNA
Cl.perfinges CT M. lysod
Mettod
Kx10°,M1] n, b.p. | Kx10°,MT | n, b.p. | Kx10°,M? | n, b.p.
Absorption 9,3+0,10 | 10,0 1,2,6:00,15 |9 1,1+0,12 10
Fluorescent 8,9+ 0,10 12,0 1+0,15 11 1+0,12 12
Nonfluorescent 6.1+ 0.06 5,0 6.5+0.07 5 6.4+ 0.08 5

data available in literature [1,3].

The binding parameters of the nonfluorescent coxresldisted in Table 1 show
that the binding constant K for low and high GC-content DNAs are the same
(K,J0,8010°PM™) whereas this parameter noticeable higher (£21®BM™) for CT
DNA which may reflect the base pair distributiofffeliences in CT DNA (blocks of this
DNA can be considered having random base pairildigion) while the Cl.perf and
M.lysod DNAs may consist of AT and GC clastergpegively, the structure of which
will differ from that of DNA with random base palistribution.

It is known that sequence specificity may be domadaby ability to select
binding sites on the bases of groove width allowiogtimum van der Waals’
complimentary and hydrophobic surface burial, rattan specific hydrogen bonding
interactions with the groove floor [4]. Therefore wegistrated weak affinity of EtBr for
Cl.perf and M.lysod DNAs.
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Fig. 1. Adsorption isotherms of EtBr on different GC-cortBNAs based on the analyses of
absorption (curves 1, r vs; and fluorescent (curves 2v3.G ) spectra of the complexes.
Curves 3 (fvs G) were calculated for nonfluorescent complexesuiytraction of curves 2

from curves 1 at the same @lues.
Cl.perfr.(A); CT (B); Mlys (C).p=20mMN&, pH 6,9,4=28C.

Hydrodynamic and fluoremetric experiments show thiatow ligand concent-
rations intercalation process realized by hydrophotansfer of EtBr from solvent to
binding site where complex stabilized by non comalenolecular interactions (e.qg.
hydrogen bonds and van der Waals interactionsjsaamtlependent on ionic strength of
solution [12]. On the contrary according to our esimental data nonfluorescent strong
complexes are very sensitive to the environmenici@momposition and completely
abolished of high concentration of N@esults are not presented).
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The above-mentioned experimental data reveal tramgtbinding sites on DNA,

where fluorescent and nonfluorescent complexes farmed. The nature of the
fluorescent intercalation complex is well studi&dBr intercalates in A and B forms of
the helix.

n

gl

6+ ~\\‘~

i

0 20 40 6C 80 10C
GC,%

Fig. 2. Dependence of bindings site size (n) on GC-cordEBNA. Dark circles for EtBr non-

fluorescent complexes. Open circles data for nendatative complexes of EtBr from [1].

It is reasonable to suppose that the nonfluoressgnng complex is formed

owing either to the EtBr partial (incomplete) irdaiation in the double helix or in one
on its grooves [7]. In the first and second mod#tg phenanthridine ring of EtBr

molecule will be accessible for,8 molecules to quench the dye fluorescence [5% It

well known that EtBr intercalates in the doublebheh the side of its minor groove [9],

hence the supposition concerning the quenched exnfptmation in the groove seems
justified. The existence of EtBr fluorescent anchfmrescent strong complexes on
DNA eliminates the contradictions arising upon #isorption and fluoremetric studies
of the kinetics of its binding to DNA. The absogptitechnique registered two or three
binding kinetics, whereas the fluoremetric one cleig only a single kinetics.

REFERENCES

Borisova O.F., Scholkina A.A., Karapetyan A.T.,08aya A.N.Heterogeneity of
strong binding sites of ethidium bromide on DNAuéilescent and nonfluorescent
complexes. (in russ.). Mol. Biol32, p. 855-862, 1998.

Bresloff D.J., Crothers D.MEquilibrium studies of ethidium-polynucleotide inte
actions. J. Biochem20, 12, p. 3547-3553, 1981.

Borisova O.F., Golova Ju.B., Gottikh B.P., ZibrossA Ilicheva I.A., Lysov Yu.P.,
Mamayeva O.K., Chernov B.P., Chernui A.A., Shckiylal A.K., Florentiev V.L.
Parallel double stranded helixes and the tertidryctire of nucleic acids. J.
Biomol. Struct and Dyn§, p. 1187-1210, 1991.

Chaires J.B.Energetics of drug-DNA interactions. Biopolyme#s}, p.201-215,
1998.

Lane A.N. Conformation of nucleic acids: problems and sohdioln ACS
Symposium Series 682, Molecular Modeling of Nucl&ids (eds. Leontis, N.B.
& Santalucia J.), p. 106-121, 1998.

Le-Pecq J.B., Paoletti CA fluorescent complex between ethidium bromide and
nucleic acids. Physical-chemical characterizatidol.Biol., 27, 1, p.87-106.
1967.

10



10.

11.

12.

13.

14.

P.O. VARDEVANYAN, R.A. KARAPETYAN, M.A. PARSADANYAN

Monaco R.RA Novel Major Groove Binding Site in B form DNA fdEthidium
Cation. J.Biomol.Struct.Dyn25, 2, p. 119-125, 2007.

Nikholaev V.A., Surovaia A.N., Sidorova N., GroldkiivS.L., Zasedatelev A.S.,
Gurskii G.V., Zhuze A.LLigands with affinity to specific sequences of BXase
pairs. X. Synthesis and binding of netropsin anaésgcontaining chelating copper
ion oeotide with DNA. Mol. Biol. (russ.R7, 1, p. 192-210, 1993.

Sobel H.M. Tsai C.-C., Jain S.C., Gillbert S\@sualization of drug-nucleic acid
interactions at atomic resolution. Ill. Unifyingsttural concepts in understanding
drug-DNA interactions and their broader implicaoim understanding protein-
DNA interactions. Mol. Biol.114, p. 333-365, 1977.

Tischenco E.l. Karapetyan A.T., Borisova OHeterogen complexes of ethidium
bromide and their role in stabilization of (dA)nHjeh structures. (in russ.). Mol.
Biol., 30, 6, p. 1370-1377, 1996.

Vardevanyan P. O., Antonyan A.P., Parsadanyan MDAvtyan H.G., Karapetyan
A.T. The binding of ethidium bromide with DNA: Interamti with single- and
double-stranded structures. Experimental and MédedMedicine.35, 6, p. 527-
533, 2003.

Vardevanyan P.O., Antonyan A.P., Parsadanyan MDaytyan H.G., Boyajyan
Z.R., Karapetian A. TComplex-Formation of Ethidium Bromide withPoly[d(F}-
Poly[d(A-T)]. J. Biomol. Struct. And Dyn22, 4, p. 465-470, 2005.

Waring M.J.Complex formation between ethidium bromide and eicchcids. J.
Mol. Biol., 13, 2, p. 269-282, 1965.

Wartell R.M., BenightThermal denaturation of DNA molecules. A comparison
theory with experiment. Physics repot26 2, p. 67-107, 1985.

Received 28.10.2010

11



Lwjwuinwbh Qhwnnieyntbbbph Uqquiht Uywnbdhw Lwjwunmwbih YUEtuwpwlwwd <whnbu
HauuoHanbHas Akaaemus Hayk ApmeHuu BuoAoruueckul XypHan ApmeHuu

National Academy of Sciences of Armenia Biological Journal of Armenia

c@Onpéwpwpwlwl b nbuwlwl hnnjwobhp «xcnepumenmanshsvie u meopemuyecKue
cmambovu®
*Experimental and theoretical articles

BuoJor. :xypu. Apmenuu, 4 (62), 2010

CPABHUTEJIGHBINA AHAJIN3 JTEACTBUSI HEKOTOPBIX
HPOU3BOJHBIX XOJIMHA HA BHEKJIETOYHYIO
QJIEKTPUUYECKYIO AKTUBHOCTb OAUHOYHBIX

MOTOHEMPOHOB CIIMHHOI'O MO3I'A KPBIC B YCJIOBUSIX
IKCIHEPUMEHTAJIBHOI'O IT'HIIOTUPEO3A

T. C. XAYATPSH, 3. 10. APYTIOHSH, B. O. TOITY351IH,
H. P. KAPAIIETSH, A. 3. ABAKAH

Hncemumym moukotl opeanuyeckoti xumuu um. A. JI. Muoscoana HAH PA,
Epesanckuii 6azoebvii meouyunckuil konnedre Ne 1, 000 «TUAP», Epesan

OGcyskaaeTcsi BONPOC NPUMEHEHHsI 3 CUHTETHYECKHX TIPOM3BOJHBIX XOJIMHA —
HomMeriiaTa 2 — (IUMeTHIaMIHO) 5THI0BOro 3dupa N — (i1 —Metorcnbenzomn) — DL
— (eHnnananuHa, foaMermwiara 2 — (MMETHIAMHIHO) 3THIOBOrO 3dupa N — GeHzomn
— DL — Banuua u HommeruiaTa 2 — (IMMETHIAMUHO) 3THI0BOrO amuaa N — (1 — me-
Tokcubensomn) — DL — (eHmrmanannHa y KpeIC B YCIOBUSX 3KCIIEPUMEHTAIBHO BBI3-
BAHHOM! TATOJOTHH IMTOBUIHON JKENe3bl — THIOTHPEO3e. [10TyIeHHbIEC Pe3yIbTaThI
CBHJICTEILCTBYIOT O TIOJIOXKUTEIBHOM 3((PEKTe JTaHHOrO KOMIUIEKCA COSMMHEHUI Ha
BHEKJIETOYHYIO ()OHOBYIO U BBI3BAHHYIO DIEKTPHYECKYIO aKTUBHOCTH OJAUHOYHBIX MO-
TOHEHPOHOB CIIMHHOTO MO3Ta KPBIC B YCIIOBHAX THIIOTHPEO3a. PerucTpanus u aHains
3J1eKTPO(H3HOIIOrMIECKHX TT0Ka3aTesell CIMHHOrO MO3ra KPBIC IIPOBOAMIIACEH TIOCPE/-
CTBOM CIEHAIBHBIX IIPOrpaMM B pexxume on-line

MOmOH@ﬁpOHbl —d)OHOBaﬂ AKMUBHOCNb — 8bI36AHHAA AKMUBHOCMb —
cunomupeos —XoJliuHosble I’lpOu3800Hbl€

Mumdiiwuppdl) £ 3 fumhuh uhlipbnhl wéswbgpuubph-inqitphjun 2—(gh-
Ubppjunthtn) -+ tphp bpbph  N—(y—Ukpopuhpkiqnpy)—  DL—dupjuiwuhup,
jndbphun 2—(mhdbphjudhun) tphy Eptiph N—phugnhi—DL—(uihtuh b jnplbphjwn
2—(ghdtphuuhin) Ephp wihnh N—(g—dkpopuhpkiqnp))—DL—$kupjmjuhh wq-
nhgmpniip wpbbnibph Juhwbwgkndh thnpdwpupuljwt Epuwbwlny hwpnigyus
Juwuguéph® hhwnphplngh dudwiul): Unwgqus wndpujubkpp Juynud &b, np
phthuut  dhwgmpinibubph wdjup hwdwliuwpgp nppujut  wopbgnipnih nibh
nnunintnh wpwdhtt pupdwbbpnubtph Gultnughtt o hwpngyws wpunwpeouwht
EEjunpuluwt  wlnhympjut Jpu  npduwljub hhwnphpbngh  wuydwhbbkpnud:
Nnunintnh Lkjnpudhqhnnghuljut gmgubhokph qpuiignidp b Jbpnismpiniip
Yuwnwpyty ko hwnndy spugptipny’ on-lne ntdhunud:

Cupdwbbipnibbp (bpulknughl wlnpynipmneh (hupnigyud whnpynyemnil (
hpwynphplng ( junhlih wéwbgruybibp

In these series of investigations the action oh@line synthetic derivates — iod
— methylate 2 — (dimethylamino) ethyl — N — (p —toxgbenzoil) — DL — fenilalanyn
ether, iod — methylate 2 — (dimethylamino) ethyl — benzoil — DL — valin ether and
iod — methylate 2 — (dimethylamino) ethyl — N — {pmetoxybenzoil) — DL —
fenilalanyn amid on rats with experimental hypotiigism is discussed.
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The obtained results show the positive effect ebéhsubstances on extracellular
background and evoked electric activity of rat'snap cord single motoneurons in
condition of hypothyroidism. The recording and gs@ of the electrophysiological
factors of rats spinal cord was done by means efiapsoftware in on-line mode.

Motoneurons — background activity — evoked activitypothyroidism —
choline derivates

Bonesun murosuaHoi xeesnl (LK) sBistoTcs 0qHONW M3 caMBIX pPacpocTpa-
HEHHBIX (OPM MATOJIOTHH UeNoBeKa. B mocienHue ronsl BO MHOTHX PEernoHax ApMEHUH
OTMEUEH 3HAYUTENIBHBII POCT YaCTOTHI THPEOHIHBIX 3a00JI€BAHUI, UTO CBA3aHO C yXYII-
[ICHHEM DKOJIOTHYECKOH OOCTAHOBKH, HEOCTATOUYHBIM MOCTYIUICHHEM B OpraHHU3M Ho-
Jla, HETaTUBHBIMHU CIBMTaMH B IUTaHUM HACEJIEHHs, BO3PACTAHHEM YaCTOTHI ayTOUM-
MYHHBIX OOJIe3HEH.

B crpykrype maromormii II[)K mo wactore m conmasbHOW 3HAYNMOCTH OIHO U3
Bemymux Mect 3aHuMaeT rumotupeo3 ([IIT). TTIT — kIMHUYIeCKUii CHHAPOM, BbI3BaH-
HBI JJIUTEIBHBIM, CTOMKUM HemocTaTkoM ropmoHoB DK B opranusme, compoBox-
JTAIOIIMMCSl CHIDKEHHEM uX Ouonormueckoro s¢¢exra Ha TKaHeBOM ypoBHe. OOmie-
u3BectHO, uTo I'TIT (MHKCEmeMa) MOXKET OBITh Kak BPOKIEHHBIM, TaK U MPHOOPETEHHBIM
B pesynbraTe nopaxenus DK pazauyabiMu maTonoruyeckuMu nporeccamu. JlTuTens-
HOE€ U CTOMKOE TMIIOTUPEOUTHOE COCTOSIHHE OpraHMu3Ma MOKET IIPUBECTH K MHUKCEIEME.
[puunnsl, Be3bBatonue ITIT u MukceneMy, BecbMa pazHo0Opas3HbL. DTO 3a0oseBaHue
MOXET BO3HHKHYTbH B Pe3yJbTaTe JJIUTEIHHO MPOTEKAIOINX TUPEOUAUTOB UM CTPYMHU-
TOB, HaIU4Ms omnyxoJsieBoro nporecca B 1K, a Taxke B mocieonepaluoHHOM Nepuojie
Ha IO0YBE TOTAIbHO Mpou3BeAEHHOW Tupeoujdkromuu. Ilpuunnamu paszsutus I'TIT u
MHKCEJIEMbl MOXET OBITh MEepel0o3MPOBKA PAAMOAKTUBHOIO Homa MM HM30BITOYHAS
JIy4eBasi Tepamnus, a Takke HapylleHue peryiasTopHbix BausHuid Ha LXK co cropons
rurnoranamo-runodusapHoi obnactu ronosaoro Mosra. B 1K npu paznnunbix Gopmax
I'TIT u MUKCeneMBbI, KPOME BBIPAXKEHHBIX CKICPOTUYCCKUX U aTPOPUICCKAX U3MCHEHHIA,
MOXET HEPEIKO COXPaHATbCA (OJIHKYJIIPHOE CTPOSHHE THPEOMJHOH MapeHXHMBI C
OYEHb HU3KHM YIUIOIIEHHBIM DIIUTEINEM; B OTHX CIy4asx KoH(urypauus GoHKyinoB
MIPEUMYILECTBEHHO HENpPaBUIbHAS, pa3Mepbl UX 3HAYUTEIILHO YMEHbIIEHBl. MHTEepdoI-
JIMKYJSIPHBIE OCTPOBKM BCTPEYAIOTCS PEIKO W O0pa3oBaHBl OHHM INIPEUMYLIECTBEHHO
MeJTKUMH aTpoduuHbIME KileTkamu Tupeonanoro smurenus. LK npu T'TIT u muxce-
JleMe Jallle yMEHbIIEHA, 3JIaCTHYECKOH, HHOrAa IJIOTHOBATOM KOHCHCTEHIMH, Oyporo,
ceporo WM po3oBoro seta. [Ipu croiikux, 3amymeHHbIx Gopmax mukceaemsl B 1K
HEpe/IKO MOXXHO OOHAPYKHUTh THOWHBIC BOCTIAJIMTENbHBIC O4ard (CTpyMHTHI), HH(EKIH-
OHHBIE CrlelM(HYECKUE TPAHYIEMbl CHPHINTHICCKOH, TYOepKyIE3HON MM aKTHHOMH-
KOTUYECKOH TMPHPO/BI, HOBOOOPA30BaHHsI PA3IMYHOIO XapakTepa M XPOHHYECKHE Hec-
nenuduUeckre THPEOUIUTHI, IPUBOIAIINE K PAa3PYIICHUIO TUPEOUIHOH MapeHXUMbI U
3HAYUTEJIbHOMY CHM)KEHHIO, @ MHOTZIA M MOJHOMY NpeKpalleHuio e€ (GpyHKIHOHAIBHON
nesrenpHOCTH (atupeosy) [1, 10, 12, 17-19, 21]Io naHHBIM GONBIIMHCTBA UCCIIEN0BA-
TeJiel, pacpoCcTpaHEHHOCTh 3a0olieBaHUs cpenu HaceneHus cocraiseT 0,5-1%,a c
yueToM cyOkimuHuueckux Gpopm MoxeT gocturath 10%.I1atorenernuecku I'TIT moxpas-
JeTIsIeTCs Ha TePBUYHBIN (THPEOTCHHBIN); BTOPUYHBIN (rUmodu3apHbIil); TPEeTUUHBIH
(rumoTasaMUYeCcKHil); TKAaHEBOH (TPaHCIIOPTHBIH, epudepudeckuii). Bropudnsie u Tpe-
tiunble Gpopmbl I'TIT (Tak Ha3biBaeMblil teHTpanbHbId [ TIT) CBSI3aHbI ¢ MOPaKEHHEM TU-
[oTaIaMO-THIIO(U3apHON CHCTEMBI IIPH TaKUX 3a00JeBaHUSX, KaK aJeHOMbI runodusa,
uHGOAPKTH U HEKpo3bl runodusa (pa3ButHe X Bo3MoxHO npu IBC-cuHmpoMe U mac-
CHBHBIX KPOBOTEUCHUSIX) M JIp. DTHOMOTMYECCKUMH (haKTOPaMH TaKKe MOTYT OBITh BOC-
ManuTeIbHbIe 3200JCBaHKs TOJOBHOTO MO3ra (MEHUHTUTHI, SHIE(DATUTHI U JIp.), XUPYP-
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T. C. XAYATPSIH, 3. 10. APYTIOHSIH, B. O. TOIIY35H U ap.

THYECKHE U JIy4eBble BO3SHCTBUS Ha runo¢u3. CHmkeHne (HyHKIHOHAIBHON aKTHBHOC-
i DK npu nenrpansubix popmax ['TIT cBsizaHo ¢ 1eUIUTOM THPEOTPOIIHOTO FOPMO-
Ha (TTT). Hedurur TTT npu 5ToM MOXKET OBITh M30JHPOBAHHBIM, OJHAKO Jallle OH CO-
YETACTCs C HAPYIICHUEM CEKPELHU JPYTUX TPOIHBIX TOPMOHOB rumodusa (B TaKHX CITy-
Yasix TOBOPST O TUIOnUTynTapusme). [loMruMo nprobpeTéHHBIX (pOpM THIIOTHPEO3a, Cy-
LIECTBYIOT BpOXIEHHBIE QOpMBI 3a0oneBanus. YacTora BpOXKAEHHOIO T'MIIOTUPEO3a B
Apmennn cocraBiser B cpeaHeM 1 ciyuait Ha 4000 HOBOpoOXneHHbIX. [TpuunHamu
BpoxxaerHoro ['TIT moryt ObITh arutaszus u pucrutasus DK, renernuecku o0ycnoBieH-
Hble Je(eKThl OMOCHHTE3a THPEOUIHBIX TOPMOHOB, TsDKENAs HOIHAsE HEIOCTATOYHOCTS,
ayrouMmyHHbIe 3aboneBanus II[JK y mMartepu (43-3a MPOHHKHOBEHUS TUPEOOIOKHPYIO-
[IMX aHTHUTENT Yepe3 MJIAICHTY), JeUeHHe THPEOTOKCUKO03a Y MaTepu THPEOCTATUUCCKHU-
MH IIpernapaTaMy WiIH PaJloaKTUBHBIM HonoM. K uuciy peaKux npuyuH CleayeT OTHeC-
i Bpoxka€HHBIN neduuut TTT, a Taroke CUHAPOM nepudepudecKoll pe3suCTEHTHOCTH K
THPEOHHEIM TOPMOHAaM. B KOppUTHpOBaHMH BBHIIICOTMEUEHHBIX HapylIeHHH ocoboro
BHUMAaHUS 3aCIy)KHBAaeT IIPUMEHEHHE XOJIMHOBBIX d(HPOB M aMUAOB aMHUHOKHCIOT H
MENTUIOB, 3aCIy)KMBAIOIINX CYIIECTBEHHOIO BHUMAHUS C TOUKH 3pEHHs OCOOCHHOCTEH
UX CHHTe3a M OHMOJIOTMYECKOH aKTUBHOCTH, MI'PAIOLIMX Ba)KHYIO POJIb, Oylarojmaps HX
CXOJCTBY 110 XMMUYECKOH CTPYKTYpe ¢ HEHPOTPAHCMHUTTEPOM ALETUIXOIMHOM, B CUCTE-
Me HeHpOIHIOKPUHHON peryismu kietku [4, 5]. CornacHo pe3ynbTaTtaMm HCCIieI0Ba-
HU TToceqHuX JeT [22, 23], XONMHOBBIMA 3(QUPaMU OCYIIECTBISIETCSA PS BaXKHEHIIHX
(GYHKIMH B pacTeHUsX, a Takke B OpraHU3ME 4YeIOBEeKa M JKMBOTHBIX. BMmecte ¢ TeM,
MPOJOJDKAIOT OTCYTCTBOBATh CBEJCHHUS OTHOCUTENEHO IPUMEHEHHUS d(HUPOB XOJNHHA TIPH
I'TIT u pe3ynpTaToB WX AeicTBHs Ha MortoHeidponsl (MH) cmunHOoro mosra (CM) y
MIIEKONUTAIOMIX. McX0mns U3 IONCKa ONTUMAIBHBIX CPEACTB, CTUMYJINPYIOMNX M Oa-
TONPHATCTBYIOIINX JICUCHUIO 3TUX BEChbMa CIOXKHBIX M PacIpOCTPaHEHHBIX MAaTOJIOTUMH
OpraHu3Ma YesIOBEKa U JKUBOTHBIX M C yYETOM BBIILICOTMEUYEHHBIX OCOOCHHOCTEH XOJIH-
HOBBIX ()UpPOB ¥ aMHOB, HAMU CHHTE3MPOBAHBI TPH MPOU3BOAHBIE XOJIUHA—HOAMETH-
nat 2—(muMeTHIIaMIHO) 3THII0BOTO 3¢upa N—(—merokcubensonn)— DL—penunnananmnna
(I2®), #onmermmar 2—(MUMETHIAMHHO) STHIIOBOTO 3¢upa N-Oemsonmn—DL—Bannna
(OA2B) u #ioqMeTHaaT 2—(IMMETUIIAMHUHO) 3THIOBOr0 amuaa N—(i— MeTOKCHOeH30mI)—
DL—¢penmnanannna (JA®D) 1 IpoBEICHO MEKTPOPUIHOIOTHISCKOE HCCIENOBAHUE HX
nevicteusg Ha MH CM y THIIOTHPEOUIHBIX KpBIC.

Mamepuan u memoouxa. DKCIEPUMEHTBI ObUTH MOCTABICHBI HA 55 KpbIcax — camIiax, Mac-
coit 200 — 22Q, pa3nenéHHBIX Ha CICIYIOIIHE TIOAOBITHBIC TPYIIIBL TICpBasi — HHTAKTHBIE XKUBOTHBIC
— 59K3.; BTOpast — )XHBOTHBIE ¢ dKcrepuMeHTanbHbIM [TIT, BeI3BaHHBIM THpeouPKTOMuUeH, — 109K3.;
TPEThsl — XKUBOTHBIE ¢ dKcriepuMeHTanbHbIM I'TIT, nomyyasiuye BHyTpuMblieuHble uHbeKuu 10D B
no3e 200Mkr/kr Macest Tesia — 109K3.; ueTBEpTast — KUBOTHBIE ¢ 3KcriepuMenTanbHbM [TIT, mosy4as-
1IMe BHyTpUMBbIIedHble nabekimn JI9B B no3e 200Mmkr/kr Maccesl Tena — 103K3.; msitasi — )KHBOTHBIE €
skcnepumMenTanbhbiM TTIT, nosy4vasiune BHyTpuMbliedHbie nHbekimn JAD B no3e 200 MKr/kr Mac-
cbl Tena — 109K3.; mecrtast — )KUBOTHbIE ¢ dkcnepuMenTanbHbM [TIT, monmydaBuime coueTaHHbIEe BHYT-
pumbiednsie uabekuun 1@, 0B u JIAD B noze 70 MKT/KT MaccChl Tea KaKIOr0 COEIUHEHUS —
10 9K3.. Uccnenyemple COSqUMHEHHS BBOMIINCH IOIOMNBITHBIM JKHBOTHBIM B Tedenue 1 mecsiia.
Jlo3upoBKa 3THX COeAMHEHMH OblIa M30paHa ¢ y4ETOM MHTEHCHMBHOCTH JaHHOM matosoruu IIDK u
TOKCHYECKMX CBOKMCTB OTHX mpenaparoB. Tupeowmdkromusi y 50 Kpbic oOCyIeCTBIsUIACH I10
CIIe/lyIoIIeMy aJropuTMy. [l MpOBEASHUsT ONepalM KPbIChI MO 3)UPHBIM HApKO30M (DHKCHPO-
BaJIMCh B noyioxkeHnu Ha crmHe. Jloctyn k DK ocymiectsisiics depe3 paspe3 koxu B o0nacTu 1ien
rHON okono 3,5—4cm. 3arem obHaxam [LIDK, npomsBomwmu otmpenapoky 2/3 e€ yacti ¢ coxpa-
HEHMEM IapaliTOBUIHBIX JKEJIE3 U C TIOMOIIBIO OCTPHIX HOXKHHUIL JI0JIM OTCEKAJIH, IIOCTIE Yero MO Kax-
JIYI0 U3 HUX MOJBOAWINCH JIMTaTypbl. PaHbl MOCII0IMHO 3ammBamich. JKHBOTHBIE XOPOLIO HEPEHOCHIH
oneparuio u ciyctst 0,5—14 nocne onepanyy MOAXOIMIM K KOPMY M BOJE. 32 KaXKIbIM JKMBOTHBIM B
MEepHOA JIauM IPENapaToB BENOCh WHIMBHIYaJIbHOE HAOIONEHHE € KaXIOAHEBHOW perucrpanuei
KIMHUYECKNX Mokazareneil. [Tocnemyromnue 351eKTpou3HoIorniecKie NCCIe0BaHus ONO3IeKTpIYec-

14



CPABHUTEJIbHBIN AHAJIU3 JIENCTBHS HEKOTOPBIX ITPOU3BO/HBIX XOJIMHA HA BHEKJIETOUHYIO DJIEKTPUYECKYIO. ..

Kkux nokasareneil CM IpoBOMIINCE B OCTPOM 3KcrepuMente. [1ox 3¢pupHbIM HapKo30M KphICY 00e3]1-
BIDKMBAJIN JMTUIIMHOM M TIEPEBOAMIIA HA UCKYCCTBEHHOE JbixaHue; CM nepecekasicst o] HOBOKaHHOM
YIBTPa3BYKOBBIM HOKOM Ha ypoBHe T2-T3. locne npouHoit uKcarmu mosCHUYHO — KPECTLIOBOTO OT-
JieNla TI03BOHOYHHUKA B CTEPEOTAKCHUECKOM NPUOOPE NMPOM3BOAMIM JAMUHIKTOMUIO JJAHHOH 00IacTu.
DneKTpO(U3HOIOrHYECKUMHE METOIAMU H3ydaliach BHekeTouHas (oHoBas (DPA) u Bb3BanHas (BA)
JEKTPHYECKast aKTUBHOCTH OAMHOUHBIX MH CM y HHTaKTHBIX U THIIOTHPEOU IHBIX XKUBOTHBIX. Peruc-
Tparwio ¥ aHaau3 BHeKJIeTouHol @A u BA omunounsix MH CM npou3BOAMIM € TIOMOLIBIO CIELHa-
JIbHBIX NPOrpamMM Ha kombtotepe. Ipu 3amicu BA opunounsix MH CM npoBoaiach OleHKa CTaly-
OHAPHOCTH MPECTUMYJIBHON M MOCTCTUMYJIBHOM aKTUBHOCTH HEHPOHA TOCJIE NEKTPHYECKOTo paszpa-
MKEHHS! Ce[JaJIMIIIHOrO HepBa. BriOopka craiikoB MpoBOAMIIACH C MOMOILBIO AMILUIUTYIHOIO AUCKPHMU-
Hartopa I0CPEICTBOM MPOrpaMMHOIO aHaIM3a. Beraucisiiack ckoib3sinast yacrora (st Kaxasix 10
MEKUMITYJIBCHBIX MHTEPBAIOB C LIArOM 5 HHTEPBAJIOB), CepUasbHBIC THCTOrpaMmbl 10 50 mopsizxa,
TUCTOTPaMMbl MEXHMITYJIbCHBIX MHTEPBAJIOB, HA OCHOBE KOTOPBIX BBIUMCISIACH CPEIHSS 4acToTa
(hOHOBOTO HEHPOHAIBHOTO MOTOKA OJUHOYHBIX KIIETOK, @ TAKKE CIIAHKOBasi BHIOOPKA HECKOJIBKUX (10
20) noBropenwii 10 U nocne pasapaxenns. [locrenyromuit anam3 @A u BA ogunounsix MH CM
KPbIC OCYILECTBIISUIN 110 &JITOPUTMY, OAPOOHO OIMMCAHHOMY B HALIMX MPEIbIAYIINX CTaThsX [2, 3,6 — 9)].

Pesynemamut u oocyycoenue. Ha puc. 1 npuBeneHbl NpuMepsl KyMYJISATHBHBIX
(puc. 1, mynkTer 1-3, a, 6) u cymmupoBanusix (puc. 1, myrkter |-Ill, B) mpect-
HMYJIBHBIX U MOCTCTUMYJBHBIX TUCTOrpamMM BHekieTouHod @A u BA ogunounoro MH
CM y MHTaKTHBIX XUBOTHBIX (ryouna 1400Mk; myHKT |, a, 0, B); y THIIOTHPEOUAHBIX
*uBOTHBIX (rnyounHa 1400 mk, myHkr I, a, 6, B) ¥ y TMIIOTHPEOUIHBIX >KUBOTHBIX,
nonyuaBimux 9@ (riayouna 1400mk, nyskr lll, a, 6, B). CornacHo naHubiM myHKTa |,
(a, xpusbie 1, 2) B kapTuHe BHekieTouHoir @A um BA oamuounoro MH CM mabmro-
naercsi TpaHcdopmanus perynsipHoro tuna paspsna @A onuHouHoro MH B nmauednyro
«qIaTOJIOTHYECKYI0» aKTUBHOCTH (pHc. 1, MyHKT 2, a, KpuBasi 1) C MOYTH MOTHBIM HUCUE3-
HOBCHHEM BBI3BAHHOTO CHHanTH4deckoro orseta (puc. 1, myHkr I, a, kpuBas 2), KOTo-
poe, BEPOSATHO, MOXKHO OOBACHUTH HarojorundeckuM BiusHueMm [TIT. Ananusupys BbI-
LIEU3JI0’)KEHHOE, MOXKHO clieslaTh BbIBOJ 0 ToM, uTo npu ['TIT mpoucxonur peskoe ype-
xeane @A m BA ommnounoro MH CM, mo cpaBHEHHWIO C aHAJIOTHYHOW KapTHHOM
JAHHBIX AIICKTPOPU3HONIOTHYESCKUX MMOKa3aTesied y WHTaKTHBIX JKHBOTHBIX (puc. 1,
IyHKT |, a, kpuBble 1, 2),9T0 MOKHO OOBSCHUTH, IIO—BUANMOMY, HEAOCTATKOM KaJIbIIHS,
BeChbMa XapaKTepHbIM 111 JaHHOHU maronoruu 1K miekonuraronmx.

ITocne BBenenus JIDD Habmomaercss 3QQekT HOpMalU3alMU MMAaYeYHOW aK-
tuBHOCTH ofguHOYHOro MH CM c mepexoqoM B <«HOPMAaJbHBIN» PETYISPHBIA pa3psn
MH ¢ coxpaHeHHEM ¥ YBEIWYCHHEM BBI3BAHHOIO CHHANTHYeCKoro orBera (puc. 1,
nyskrT |, a, kpuBsre 1, 2),4to ToBopHT 00 ycmennu aeicteus JI2®. Uto ke Kacaercs
uMITybcHOTO motoka (puc. 1, mynkr lll, 6), To 31ech mocne BBeaenus [P (mo3a 200
MKI/KT MAacchl Teja), OH IMPEICTABICH PEryJISAPHBIM BHAOM (POHOBOTO HEHPOHAIBHOTO
paspsna MH. Ananornunsle cBury BezBanHoro otsera nipu [ TIT B 2 — 3pasa oTpaxe-
HBI M Ha CyMMapHbIX ructorpammax (puc. 1, mynkr Il, B), a npu aeiicteuu 0P — Ha
cymmapHbix Tucrorpammax (puc. 1, myskt |ll, B). AHanusupys HaHHBIH PHCYHOK,
MOXHO CIIeNIaTh BBIBOJl 00 aKTUBHPYIOIIEM IIPOTEKTOpHOM jaeicTBUU JIO®D Ha BHeKie-
tounyto ®A u BA oaunHounsix MH CM KpbIc Npu 3KCIIEPUMEHTAIBHON TUC)YHKIMA
HPK —TTIT.

Ha puc. 2 npuBeneHsl MpuMepbl KyMyIsSTUBHbIX (2, myHKTHI I-11l, a, 6) u cym-
MupoBaHHbBIX (MyHKTHI -Il, B) mpecTHMyNBbHBIX U HOCTCTUMYIbHBIX THCTOTPaMM BHEK-
nerounoit @A u BA onunounoro MH y rumoTHpeoHIHBIX >KUBOTHBIX, MOJY4aBIIMX
J9B (rny6ouna 1400Mk; nyHKT |, a, 6, B); y THHOTUPEONIHBIX )KHBOTHBIX, MOMYYABIIHX
JA® (rnybuna 1400 mk; nyukt I, a, 6, B); y THOOTHPEOMIHBIX KHUBOTHBIX,
MONYYaBIINX coveTaHHbIN KoMiuieke 1D, 19B u JAD (riay6una 1400mk; nyskr I,
a, 0, B). [Tocne BBemenus JIOB B no3e, ananoruuuoit 19D (puc. 2, myHKT |, a, kpusbie 1,
2) mabmrogaeTcss dacTWYHas TpaHcpopMmanus madedroro tuma @A u BA oguHOIHOTO

15



T. C. XAYATPSIH, 3. 10. APYTIOHSIH, B. O. TOIIY35H U ap.

MH CM B perymspHbIii THIT pa3psiaa; B KapTHHE UMITYJIbCHOTO MOTOKa (puc. 2, myHKT |,
6) TakKe TMPONEMOHCTPUPOBAH PpETYISAPHBIA BuI (oHOBOro paspsga MH, HO
0 CPaBHEHUIO C KapTUHOW MMITYJIbCHOT'O TIOTOKA, TTOXYYeHHOU Ipu npuMmeneHunu 1250
(puc. 1, mynxr lll, 6), BoccTaHoBIEHME (POHOBOTO HEHPOHAIHLHOTO pa3psia OMHHOIHOTO
MH CM BrIpaxeHO ropasno ciiadee, 4To MO3BOJISLET 3aKIOYUTH O Oosiee c1abo BBI-
paxxenHoM neiictBuu J19B Ha ¢oHOBYIO puTMuKy oguHounsix MH CM kpbic no cpas-
Henuto ¢ 1D®. Ha cymmapHubix rucrorpammax (puc. 2, myHKT |, B) OpH MpUMEHEHHH
JIOB oTpaxxeHBI CIBUTH BbI3BaHHOTO oTBeTa oxuHouHoro MH CM B 1-2 pasa, 4to
JHMITHAN pa3 NoATBepkKAaeT Oonee cnaboe nporexkTopHoe aericteue JIOB mo cpaBHeHHUIO
¢ 10®.

YHC O HHTEPBANOE

a 170 Hun (%)
= ss 1004 17 men
B - onH= dmc
| 504
T T T 1 -I'I'IM w
50 [ 00 150 HC
500 Mc GHH
a YHCTI0 HHTEPBaNoB MR (%)
2 i 27 .50
. B 17 mcn
I I K 25 OnH= dmc
d 3

500 mc
YHC IO HHTEPBANOE HIN (%)
a 150
130
2 =7
m .-
L = 1
~
d |lll T ] ¥ T T T b T T 1lk
6 !ll’ “ II||I [l 1 I
- 500 mc

Puc. 1. KymynstusHsie (a) 1 cymmupoBansbie (B) mpe (1) —u moctcTuMybHbIe (2) THCTOrpaMMBbI
(hOHOBOIA M BBI3BAHHON aKTMBHOCTH OJMHOYHOT0 MOTOHeHpoHa (rny6ouHa 1400MK) BEHTPAIBHOTO
pora CIMHHOTO MO3ra Kpbic B HopMme (myHKT 1 a, 6, B); OAMHOYHOrO MOTOHeipoHa (TiyGHHa
1400 MK) BEHTPaIBHOIrO pora COMHHOIO MO3Ta KPbIC MpH runoTupeose (MyHKT 2 a, 6, B) U Ou-
HOYHOTO MOTOHelpoHa (riayouna 1400MK) BEHTpAIbHOTO POra CIIMHHOTO MO3Ta Y THIIOTHPEOH -
HBIX KpBIC, oy4YaBumx B TedeHue 1 mecsia 2@ (myHkr 3 a, 0, B). Ha «a»: opauHara — 4uciio
HMITYJIBCOB JIO U TIOCJIE CTUMYJISILIK HepBa, abcIucca — BpeMsl pEerHCTPaLiii UMITYJIbCHOTO TI0TO-
ka. Ha «G»: xapTHHa MMIIyJIBCHOTO MOTOKA IOCJTIE CTHMY/LILUH HEepBa B W3OpaHHOM HHTEpBaje
BpemeHH. Ha «B»: opanHaTa — MpOLEHT UMITYJILCOB (B OMHAX) OT 4ucia mpod, abcuucca — mocie-
JIOBAaTEeJIbHOCTH OMHOB.
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Puc. 2. Kymynstusasie (a) 1 cymmupoBannbie (B) mpe (1) —u moctcTuMybHbIe (2) THCTOrpaMMBbI
(hOHOBOIA M BBI3BAHHON aKTMBHOCTH OJMHOYHOT0 MOTOHeHpoHa (rmy6uHa 1400MK) BEHTPAILHOTO
pora CIIMHHOTO MO3Ta THIIOTHPEOUIHBIX KPBIC, MOMy4aBiux B Teuenne 1 mecsia JIOB  (mynkr 1
a, 0, B); oMHOYHOrO MOTOHE#poHa (rmyouHa 1400 MK) BEHTPAJIBHOrO pora CIUHHOTO MO3ra TH-
MOTHPEOMIHBIX KPBIC, MOTyJaBmnX B TedeHune 1 mecsina JJA® (myHkr 2 a, 6, B) U OIHHOYHOTO
MoTtoHelipona (riny6una 1400MK) BEHTpaJIbHOTO pora CIIMHHOTO MO3Ta Y THIIOTHPEOUIHBIX KPBIC,
MONy4YaBIIKMX B TedeHune 1 mecsia coueranusiii komiuieke 2@, 0B u JJA® (uyukr 3 a, 0, B).
Ha «a»: opauHaTa —4uCiI0 MMITYJIbCOB JI0 M HOCIIE CTUMYJISLIMKI HepBa, abcuucca — BpeMsi PerucT-
paLyy UMITyJIbCHOrO NOTOKA. Ha «0»: KapTHHA MUMITYJIBCHOTO MOTOKA M0CJIE CTUMYJISILIMM HEpBa B
n30paHHOM HHTEpBaje BpeMeHH. Ha «B»: opauHaTa — MPOLIEHT MMITYJIbCOB (B GMHAX) OT 4HCiIa
1po0, abcrrcca — NOCIIe0BAaTEIbHOCTh OMHOB.

IMocne Beenenust JIAD B no3e, anamornanoi 2P u 19B (puc. 2, nyskr Il, a, kpu-
Beie 1,2), nabmomaercst 6onee ycuneHHbIH 3(GeKT TpaHCHOpMAUU MAYSYHOTO THUIIA
DA u BA ogurnounoro MH CM o cpasHenuto ¢ J[2® u /I9B; B kapTuHE UMITYIBCHOTO
motoka (puc. 2, myHkT I, 6) mokasan 3¢pGeKkT BOCCTAHOBICHHUS TIPAKTHIECKH IO HOPMBI
(hOHOBOTO HEWPOHATIBHOTO pa3psijia C MEPEX0I0M ero B perysipHbiid Tun orBeta MH. Ha
CyMMapHbIX THCTOrpaMMax NpHu npuMmeHeHuHn JJA®D npencTaBiIeHO pe3Koe YCHIICHHE
BBI3BaHHOTO 0TBeTa oanHOouHOro MH CM B 5-6 pa3 (puc. 2, mynkr I, B), uTo cBUIe-
TEJICTBYET O OOJiee CHIbHOM, aKTUBUpYoLeM aelcTBun JJA®D Ha BBI3BaHHYIO PUTMHKY
onunogHslx MH CM 1o cpaBrenuto ¢ 12 u /3B, 4ro, BEpOsITHO, CBHIETENBCTBYET O
OoJiee CHIIBHOM IPOTEKTOPHOM JCHCTBUU Ha 3JIeKTpodu3nonornueckue nokaszarean CM
KpBIC aMHIOB XOJMHA MO CPaBHEHHIO C 3(UpaMu XOJIMHA, BCIEIACTBUE XUMHUYECKOH
CTPYKTYpPBI JaHHBIX COCTUHEHUH U 0OCOOCHHOCTEH NX CHHTE3a.
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B oTnensHOI cepun UCCIeNOBaHUIA C LIENBI0 YCTAHOBJICHHUS OCOOCHHOCTEH BIHs-
HHS KOMIUTEKCa aMuIoB U 3¢upoB xomuua (0@, 19B u JA®D) y rUIOTHPEOHIHBIX
KpbIC ObUTH 3aperucTpupoBanbl mokazarenn @A u BA oaunounsix MH CM (rmyOuna
1400wmk; puc. 2, nyukr lll, a, kpusbie 1, 2).TlonyueHHbIe AaHHBIC CBHICTEILCTBYIOT O
TOM, YTO B JJaHHOM ciiydae HaOmromaercss Oosee ycwieHHBIH 3¢ dekT Tpanchopmanun
®A u BA omuHounoro MH wu3 mauedHoro Tuma paspsia B peryisipHbIA TuI, IO
cpaBHeHuio ¢ JI9®, u B ocobennoctu ¢ /9B, HO HE MPEBOCXOMSAIIMIA MO CBOMM ITOKa-
satersim JIAD. Uro kacaercst uMITyabcHOro motoka (puc. 2, myskr I, 6), To 3mecsk, moc-
Jie BBE/ICHHS BBIIICOTMEUCHHOTO KOMIUIEKCA TPENapaToB, OH TAK)KE MPEICTAaBIICH Pery-
JSIPHBIM BUJIOM (pOoHOBOTO paspsina MH, 4To, HECOMHEHHO, CBHIETEIBCTBYET O IOJIOKH-
TEJILHOM BIIMSIHUU JIJAHHOTO KOMIUIEKca rpu skcriepumenTansHoM ['TIT. ¥V runorupeona-
HBIX KpBIC TIPU IpUMEHeHHH codeTtaHHoro komriekca /123®, 19B u JAD npoucxonst
TaKoKe BBIICYIOMSHYTHIE CABUTH BbI3BaHHOTO 0TBeTa MH B 3—4pa3a, uTo mpeBoCXoanT
J2® u 9B, Ho He gocturaer JJA®D. 310 oTpakeHO Ha CyMMapHBIX THCTOTpamMMax
(puc. 2, mynxr lll, B).

Takxe B HAIIMX HCCIEIOBaHUSIX OBUIM W3y4deHbI Oolee BbICOKHE 1103b1 (DD,
JI9B u IAD (300, 500, 70@kr/kr Macchl Tesia) Kak B OTAEILHOCTH, TaK U B Pa3HBIX MX
COYETaHMAX; OJJHAKO BBLICHWIIOCH, YTO 3TH J03bl OKA3bIBAIOT I1aTOJOTUYECKOE BIIUSHHE
U Ha KIMHUYECKOE COCTOSHHE Yy IOJOMNBITHBIX JKMBOTHBIX. IPOMCXOAUT H3MEHEHHE
LIEPCTSHOrO MOKPOBa, MUTMEHTALUU KOXH, ITOTeps OPUEHTAIMH U 3pEHUs, BHI3BaHHBIE,
BEPOSITHO, BBICOKOHM CTENEHBI0 TOKCHYHOCTH HCIIONB30BAaHHBIX I103 U AIEKTPO(HU3HO-
nmormdeckux mokaszarened A m BA ommHouneix MH CM, 3akirodarommxcsi B Mpo-
SIBIICHUM <d1aueK», YTO CBUJAETEILCTBYET 00 ontumanbHou mo3e 2@, JIOB umu JAD
npu T'TIT, cocrapistomeit 200 MKr/kr mMacchl Tena. [IpuMeHEHHEe COYeTaHWU JaHHBIX
IPernapaToB B TaJbHEHIINX HCCIEIOBAHMAX MBI CUMTaeM HEIEIeCOOOPa3HBIM, TaK Kak
npu npumenennn JJA®D 3apeructpupoBan 6oiiee BhIpakeHHbIH 3P PeKT TpaHchopManuu
[AYEYHOr0 <qIaTOJIOTHYECKOr0» HEHPOHAIBHOIO THIA pa3psala B <«HOPMAJbHBIH» pe-
ryJispHblid Tan paspsana MH. O1oT ¢penoMeH, BeposiTHO, 00YCIIOBIIEH OCOOEHHOCTBIO XH-
MHUYECKOH CTPYKTYpBl aMHU/I0B XOJIMHA U CBOOOIHBIM MX NPOHUKHOBEHHEM UYe€pe3 remMa-
to3Hnedanuueckuii 6aprep. M3ydenue 3 QpekToB Gosee HU3KHX 103 ATUX COCAMHEHHN
CTaHeT MPEeIMETOM HAIlINX MOCIEeIYIOMNX UCCIIeJOBaHHUH.

B pesynbTaTre mpoOBENEHHOrO aHaNW3a IOMYYEHHBIX JaHHBIX MbI IPUIUIM K
BBIBOJlY, YTO B II€JIOM HUMEETCS IOJIOKHTENbHBINH 3P(EKT OT NPUMEHEHHS XOJIMHOBBIX
npousBonHbiXx npu I'TIT. Wtak, pe3ynpTaTel paHee MPOBEICHHBIX HCCIECIOBAHUMN Jei-
CTBUSL XOJNWHOBBIX Tpom3Bomubix [11, 13-16, 20, 24]a Takke pe3yibTaThl CEPUH
HCCIeI0BaHNH TMoKa3anu >()(GEeKTUBHOCTD AEHCTBHS NMPOM3BOIHEIX XOJHHA, B OCOOEH-
Hoctu JIA®, na BHeknetounylo PA u BA omumnHounsix MH CM kpeic mpm 3Kc-
nepuMeHTanbHO BeI3BaHHOM ['TIT.
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N3YYEHUE KOMIIVIEKCOOBPA3OBAHUA
HoAOPUIIOTOKCHHA U 3TONIO3UJA C JHK
METOJ0OM ABCOPBIIMOHHOM CIIEKTPOCKOIIUA

AJL. AHTOHSIHY, A.C. PSI3BAHOBA?, P.P. BAPJIATIETSIH?

Epesanckuii 2ocynusepcumem, 6uonozuueckuii axyromem, kagedpa 6uousuxu
2 . o . .
Poccuticko-apmanckuii (Cnasanckuii) ynusepcumen, meOuxko-ouosnoeudeckuii paxyivmem

MeTooM CHEeKTPOPOTOMETPUUECKOTO THTPOBAHHUS HCCIICTOBAHO KOMII-
JiekcooOpa3oBaHue MOJO0(UIUIOTOKCHHA M €r0 MONYCHHTETHYECKOrO MPOU3BO/I-
Horo - srono3uga ¢ JHK pasmuunoro I'Ll-comepkanus. Ilomydensl 3HaueHHs
koHcrauThl (K,;) 1 uncia mect (N) cBs3biBanus 5Tux guranaos ¢ JJHK. O6uapy-
JKEHO, 4TO 00a nuranja npeanouturenbaee cBszpiBatoTes ¢ JIHK ¢ Beicokum AT
cojiep:kaHueM. BrisiiieHo, 4to o6a nuranaa ¢ JIHK ces3biBarotes Gonee yeM of-
HEUM criocobom. [TokazaHo, uto K, aromosuaa ¢ JIHK umeer Oonbiiee 3HaueHme,
yeM K, Moa0pHIIoToOKCHHA.

JHK - nodogurnomokcun (PtoX) —omonosuo - cnekmpul no2nowenus
- npeobpaszosanue Cxemuapoa

Zhwnugnuuty E vupptp GC -wjupm twymipjundp YUE-ukph htn wnyndhin-
umnpuptih b tpw huwuhtptnhl ulbulilg]m]_h‘ Ennunghnh  Ynuug bpugnpugmup
uykljinpndninndtinphly mhnpuwb dkpnym]: Unwugdl i FuE-h htn ugn thquib-
ubph Juudwt hwunwnmih (Ky) b juypdwb wnbph pyh (n) wpdbpubpp: 8nyg k&
npll], np kplm (hquitinibple b twepnpljhnpkt juupdoud o pupdp AT-wqui-
poittuljmpudp FuE-h htwn: Fugwhugnl) k np plim (hquinubpp Fu@-h hln
Quupdnud B dkhg unflyh bnubuljubpny: 8nyg b wpyky, np FuB-h htan binnuinghnh
Yuyydwt hwuinwnn ip wdbh Ubs wpdtp niith, put wnyn$hynunnpuhh nhugpnud:

QU — ynpndpymnnpupl (Prox) — binmynghn — [jwhdwi uwklpnplkp —
Ulhkwnswipnh dliunanpunid

The complex formation of podophyllotoxin and itsréesynthetic derivative
— etoposide with DNA of different GC-content has bedemestigated by the
spectrophotometric titration method. The valuebinfling constant (i and num-
ber of binding sites (n) of these ligands with DRAve been received. It has been
revealed, that both ligands preferably bind with DNf high AT-content. It has
been shown, that the value of &f etoposide with DNA is higher, than in the case
of podophyllotoxin.

DNA - podophyllotoxin (Ptox) — etoposide — absamp8pectra — Scetchard
transformation

BianmoneficTBre HU3KOMOJIEKYISIpHBIX BemecTB — nuragaoB ¢ JIHK nccnenyer-
csl pa3nUYHBIME MeToAamu (abcopOumoHHBIM, ¢uyopumerpudeckuMm, SIMP u T.1.),
KOTOpBIE TO3BOJISIOT OOHAPYXHUTh HE TOJBKO CTPYKTYPHbIE OCOOEHHOCTH KOMILIEKCOB,
HO U ONPeeInTh TePMOIMHAMUICCKUC ITapaMeTpsl cBsi3biBanus [3,9,16]. I1pu aTom, ams
aHaJM3a AKCIIEPUMEHTAIBHBIX JaHHBIX 110 aAcOpOLMH JMIaHIOB Ha MaKpOMOJIEKYJe
Ba)KHBIM SIBJIICTCS JIOCTHDKEHHE COCTOSIHHS, KOTJa BCE MeCTa Ha MAaKpOMOJIEKYIIE,
JOCTYITHBIC IS CBSI3BIBAHUS, [TOIHOCTHIO 3aHATHI IUraHaom [21].

20



WM3YYEHUE KOMITJIEKCOOBPA3OBAHNS MOJJOPWITIOTOKCUHA U DTOTIO3U/A C JIHK METOJIOM ABCOPBLIMOHHOMA. ..

UsBectHo, 4ro mopodumiorokcud (PtOX) M ero CHHTETHYECKHE U TONYCHH-
TETUYECKUE MPOU3BOIHBIC 00Taal0T OHOIOTHYSCKOM AaKTUBHOCTBIO U TPOSBILSIOT [IUTO-
TOKCHYHOCTb, MOAaBIIsAs mponecc ynsoenus: JJHK mocpeacTBOM CBA3BIBAHUS C TOMOHM30-
mepaszamu | u || JJHK [4-5,7-8,10-11,14,20,22DanaK0 B TOCIIEAHEE BPEMS BBIBICHO,
4ro PIOXHW ero CHHTETHYECKUE U MONYCHHTETHYSCKUE MPOU3BOJHBIC, B YACTHOCTH ITO-
MO3K I, CIIOCOOHBI TAKXKe HEMOCPeCTBEHHO cBs3biBaThes ¢ JIHK [8,27].

Jluraunsl cBsizpiBatoTes ¢ JTHK koBasieHTHO (HEKOTOpPBIE METAIJICOACpIKAIIne
COCTMHEHMS, HATPUMED, CiS-IHaMHHOTUXJIOpoJaTHHUM — CiS-DDP)umn HekoBaaeHTHO
[6,12,15,17,23] pa3nuuHbIMH MeXaHU3MaMH — HWHTEPKAJSIIHOHHBIM, BHENIHHM HIIH
9JIEKTPOCTATHYECKAM M MOTYT IIPOSIBIISAT CHEHU(MHIHOCTD K OPEAEICHHBIM OCIIE0Ba-
TenbHOCTSIM Wik ydactkam JJHK [1-2,13,18-19,24-26]Tak, Hoechst 33258 (H33258)
CBSI3bIBACTCS BHEIIHE B MayioM jxeio0ke JJHK u mposBisieT spKo BBIPaKEHHYHO CIICIHU-
¢uuanocts k AT-mocnenoBarenprocTssM [13,18-19], 6pomuctsiit atumuii (B3) uHTEp-
KaJIMpyeT B IUIOCKOCTh Map OCHOBAHHWH MPEANOYTHUTEIBHO K MHPUMHUANH-TYPHHOBBIM
mocienoBarenbHocTsIM [1-2,24-26].

YacTo CHeKTpaabHbIE XapaKTCPUCTUKH CBS3aHHBIX M HECBSI3aHHBIX MOJEKYI
muraunoB ¢ JJHK cymiecTBeHHO pa3nnyaroTesi, 4TO MO3BOILIET OMPEACIHTH TEPMO-
IMHAMHUYECKUE ITapaMeTphl - KOHCTAHTY M YHCIO MECT CBSI3BIBAHUS MPU H3yICHUH
B3aumozericteus yurangos ¢ JIHK [1,25]. Ilensio manHO#M paGoThl SBHIIOCH WCCIEN0-
BaHME B3aMMOJCHCTBHUS mHopoduuioTokcuHa u stonoduaa ¢ JJHK meromom abcopO-
[IHOHHO# CIIEKTPOCKOMHUH.

Mamepuan u memoouxa. B pabore Obutn ucnonb3oBansl Ptox («Merk» Tepmannst),
smunoxoduutorokcud (3romosnn) (ICN, Biomedicals,CIIIA), JTHK Ceotridium perfringus
(cpennee T'll-comepxanme XI'L[=32%), Tumyca tenenka (Calf Thymus) CT (XL[=42%), M.
Lysod. (X'1=712%) (Sigma,CIIIA). CoorBercTByiolre KoHueHTpauuu Juranao u JHK
MOJIyJaly IMyTeM pa30aBlIeHHsI MATOYHBIX PacTBOPOB. MaTOYHbIE PACTBOPBI JIUTAHIOB FOTOBUIIH
IyTeM B3BEIIUBAHUS CyXHX IpErnaparoB C MOCICAYIOIINM PacTBOPEHHEM B MeTaHolie. MaTou-
ueie pactBopsl JIHK momyuanu pactBopenuem cyxux mpemnaparoB B 10 MM Na-bocharHom
oyodepe, pH 7,0. CoorBercTByrouue konuentpauu JJHK onpeaensiy ¢ mOMOIIBIO CIEyOUIMX
K03() QULINEHTOB YKCTUHKLHUH: € 60~ 7400monb tem? st Cl. perfr.u € 6= 6600monb tem ™ st
Calf Thymusu M. Lysod. B paspaGoraunoii Hamu cucteme PtOX cBoGomHo pacTtBOpsieTcss B
LUIMPOKOM criekTpe KoHueHTpauuii B Na-pochatHom Oydepe. Bce mnpemaparel  Obuin
HCTIONB30BaHbI 0€3 JOMOIHUTENbHON OYUCTKH.

IMpu uccnenoBanuu pactBop PtoX mmu sTomosun turposamu pactsopoMm JHK B 10 MM
Na-pocharaom Oydepe, pH 7,0. CriekTpbl MOTIOIMIEHHST KOMIUIEKCOB OBbLIN MOJTY4€HBI B HHTEP-
Bane jumH BonH - 22(KA< 800 HM. MakCHMyM IIOIVIOIICHHUSI PAcTBOpa YHCTOTO JIMTaHIA
coorBercTBOBaJ A=290 HM, B TO BpeMsI KaK MAKCHUMYyM IIOTJIOIICHHS OJHOCTBIO CBSI3aHHBIX C
JIHK wmonekyn nuranga cootBeTctBoBan A=292 uM. [lpum perucTpanu IOTIOLICHUS
komruiekcoB Ptox mim asromo3un ¢ JIHK koHueHTpaius jguraHaa ocTaBaiach MOCTOSHHOW, a
KOHLICHTPa-IIMOHHOE ~ COOTHOIIEHHWEe [, u3MeHsulach B wuHTepBate — Kr,<0,5, rme
ry=murann/JTHK (pac-cunrano Ha napy ocxosanuii JTHK).

Ha ocHOBaHMH CIIEKTPOB IOIJIOLICHHS OIPE/ICICHbI apaMeTphl CBS3bIBAHUS U3 KPUBOM
ajcopOuun B KoopauHatax Ckerdyap/a, HOCTPOEHHBIX M0 ypaBHEHHIO [25]:

n-1
riC, =K(1-nr oo . @)
1-(n-2r
HpI/I MaJIbIX 3alIOJTHCHUAX KpUBas CBA3BIBAHUA UMECT JIMHEHHBINA BU
T —ka-e@n-r) | @
C

f
rie I -4Kcio JIMTaHI0B, IPUXOSIIEe Ha OJHO MECTO CBsi3biBaHus, C; - KOHIIEHTpALKsL
nuraamoB B pactBope, K - koncranta cBs3bBanus [3]. ComoctaBus dopmyny (2) ¢
9KCTIEPUMEHTAIIBHBIMY JTAHHBIMH, MOXHO onpenenuts K u n. s nonyvenus r/ Ciu r
U3 CHEKTPOB morjomieHust komiwiekcoB JTHK-murany onpenensiin KOHIEHTPALHIO He-
CBSI3aHHOTO Jranga C; ¢ IOMOIIBIO YPaBHEHHUS
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Ci_A-A ®
,

C0 A-A,

rae A - MmorJjonieHne KOMIUIeKca MPU JaHHOW KOHLEHTpaUuu Juranaa, Ag u A, - HOTJIOLICHHE

MOJIHOCTBIO CBOOOIHOTO U CBA3aHHOTO JUranaoB, Co=C; + Cp - noIHas KOHLEHTpalus IUraH/a B

pacTBope; r=Cb/Cp; Cp - KOHIIEHTpalKs CBA3AHHOTO JiMranaa, C, — KOHIEHTpauus docdatHbIx

rpynn JHK.

Tpubopei. CriekTpodoTOMETPHYECCKHE M3MEPEHHS MPOBOAMIM HA JBYJIYYEBOM CIIEKTPO-
¢doromerpe UV-VIS UNICAM-SP8-100 Awnrmust). M3mepeHne MOMTIONMICHAS OCYIIECTBISUIN B
IePMETHYECKH 3aKPBITHIX KBAapLEBBIX KIOBETAaX UIMHON onrtuyeckoro nytd lem. Cpenmsist
YyBCTBHUTEILHOCTH MPUOOpa B pabovyeM Iuana3oHe CIEeKTpa, u3MepeHHas 0e3 o0pasloB, paBHA
5010° eauHMI] ONTHYECKOH IJIOTHOCTH. DTO COOTBETCTBYET HM3MEHEHHIO AlN1=10% uro B
KOHEYHOM HTOTe JIaeT OOIIYIO MOTPEIIHOCTb, He MpeBbIatinyo 3%.

CrnekTpo(OTOMETpUYECKOE TUTPOBAHHE PACTBOPOB OCYIIECTBISIIN MHKPOIHUIIETKOW ¢
o6umm oobemom 10mka (“Hamilton”, CILA).

3HaueHHs MOIJIOMIEHUS] 00pa3loB BBIBOAWIMCH HAa IHCIUICH KOMIBIOTEpa C MOMOLIbIO
nporpammsl, 06paboranHo# foi. B. DnbaksHoM B cpene nporpammupoBanus LabVIEW 7.0.

Pezynomamul u oocyycoenue. Viccnenosanus B3aumopeiictus nmurangos ¢ JTHK
METOROM a0COPOIMOHHOM CIIEKTPOCKOIIUM OCHOBAHBI HAa TOM, YTO 3a4acCTyIO CIEKTPBI
TIOTJIONIEHNS KOMITJIEKCOB TIPOSIBIIIOT O0aTOXPOMHBIM CIBUT B CTOPOHY OoJiee IUTMHHBIX
BOJIH II0 CPaBHEHHIO CO CIEKTPOM HOIJIOUICHUS YUCTOr0 JIMTAHAA U THIIOXPOMHOE
YMEHBIICHHE MAaKCHMYMOB B HWHTEpBaJie M3MEHEHHS JUIMHBI BOJHBEI B IIOJIOCE IIOTJIO-
[ICHUsI [TaHHOTO JIMraHIa (HalpuMmep, MHTCPKAJIATOPOB, B YaCTHOCTH B ciydac BD).
Takast 0COOEHHOCTD CIIEKTPaJbHBIX XapaKTEPUCTHK JIMTAHIOB MPH B3aMMOAEHCTBHH C
JIHK mo3BossieT MpOBECTH KOJMMYCSCTBEHHBIN aHaIN3 dKCIEPUMEHTANBHBIX JaHHBIX MPH
CeKTpO(HOTOMETPHUESCKOM TUTPOBAHUK pacTBOpa Juranaa pactsopom JJHK u Ha ux oc-
HOBaHUH TIOCTPOUTH KPUBYIO CBSI3BIBAHUSL.

CrieKkTpsl MOTJIOMIEHUST pacTBOpOB KomIuiekcoB PtoX m stomosua ¢ JIHK 3ape-
TACTpUpPOBaHbl B wHTepBane MiuH BomH 220 A <400 HM (CHEKTPBI HE MPUBEICHBI).
Heo6X0auMO OTMETHTh, YTO MAaKCHMYMBlI CIIEKTPOB TOIJIOLICHHS JIUTAHIOB IIpH
A =29(iM yMeHBINAOTCS 10 Mepe yBenmueHus: Kouunentpamun JHK mpu TuTpoBanuu
pactBopoB Ptoxu stonosua. I[Ipu 3ToM, Bo n3bexanue pa3baBlieHHs pacTBOpa JIMTaHIIA
npu TutpoBanuu ¢ pactBopom HK, B mccienyemsle oOpasubl OIHOBPEMEHHO OBLIO
J00aBJICHO COOTBETCTBYIOIIEE KONMYECTBO Jsurasaa. CrenoBaTenbHO, YMEHbILICHHE
MaKCHMYMOB CIIEKTPOB KOMIUIEKCOB 0OYCJIOBIEHO cBs3biBaHMeM iuraHnoB c¢ JHK,
BCJICJICTBHE 4Y€ro KOHIIEHTpAIMs CBOOOIHBIX MOJIEKYJ JIMT@HAa YMEHBIIAETCs, YTO
MIPUBOJHUT K COOTBETCTBYIOILEMY YMEHBILICHHIO TOINIomeHus. V3 3HaueHuil moruomie-
Huii kommuiekcoB PtoXJIHK wu sromosua-IHK onpenenenst 3uauenus I u C; u moiy-
YeHbl KPUBBIE CBS3BIBaHUS, NMpUBeAeHHbIE Ha puc.l. Kak BUIHO W3 pHCyHKa, KpUBEHIE
cesi3bpIBanus HenmuHeknsle B cayuae JIHK Cl. perfr.u Calf thymus,s To Bpems kak B
ciyqae IHK M. lysod. kpuBast cBs3piBaHms TpsiMONTMHEHHas. HenumHeliHble KpUBbBIE
cBs3biBanms Ptoxwu sronosuna ¢ JTHK Cl. perfr.u Calf thymusykassiBator Ha TO, 4TO
HUMeeT MecTo, IO KpaifHell Mepe, ABa croco0a CBS3bIBAHMS, OAUH U3 KOTOPBHIX CHIIBHBIHA
(cnemudmaecknit), apyroit — cmabbiii (Hecneruduuecknii), B TO BpeMs Kak B CiIydae
JIHK M. lysod.B3anmozeiicTBIE IPOUCXOIUT OMHUM criocobom [25].

Ha mannune cnenuduyueckoro u Hecnenu(UUEcKoro crocoO00B B3aNMOISHCTBHUS
yKa3bpIBaeT TOT (haKT, YTO HAKIOH KPHBOW MpH cuibHOM cBszpiBanuu Ptoxc JHK Cl.
perfr.u Calf thymusmenbiire, yeM HaKJIOH KPUBOM TIPH CBSI3BIBAHMN 3TOIO3M/IA C STUMH
JIHK. B To ke BpeMsi y4yaCTKH Ha KPHBBIX, COOTBETCTBYIOIIHE CIa0OMY CBS3BIBAHUIO
oboux muranaos ¢ JJHK, coBmamaroT apyr ¢ Apyrom, a Takke ¢ KPUBOW CBSI3bIBAHHS U
Ptox, u atonmosuna B ciydae JJHK M. lysod.,dro siBisieTcs: MOATBEpIKACHHEM HECTICIIH-
¢uueckoro cBs3biBaHuMs 3TUX Jmrauno ¢ JJHK u He 3aBUCHT OT HYKJIEOTHIHOTO CO-
JiepKaHUsI HyKIIEMHOBOW KHCIIOTHI.
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Puc.1. Kpussie cszpiBanust Ptox @) u sronosuma (6) ¢ IHK Cl. perfr. (1)u Calf thymus (2),
a taoke Ptoxu stomosuma ¢ JJHK M.lysod. @) B koopaunatax Ckervap/a.

Ha ocHoBaHMM KpPUBBIX CBs3bIBaHHS 3THX JuradaoB ¢ JJHK momydensr 3HadeHus
napameTpoB cBsi3piBaHus — K U N, kotopeie 00001mensl B Tadn. 1. Kak BuaHO U3 mony-
YEHHBIX JaHHBIX, MPU CHeHU(PHIECKOM CBsi3biBaHMM 3TuX JuraHgoe ¢ JJHK coorHo-
rreHane KOHCTAaHT CBA3BIBAHUS K, on /Kpioy= 5 (T1a6i.1). DTOT pe3ynbTaT yKa3bIBaeT Ha TO,
YTO MOJYCHHTETHYECKOE MPOU3BOAHOE 3TOMO3MA npouHee ces3bBactes ¢ JAHK, wem
nog0(pUUIOTOKCHH. VHTEpeCHBIM SIBISETCS TOT (aKT, YTO aHAJOTHYHBIC PE3yJIbTATHI
nony4ensl B caydae JJHK Cl. perfr.u Calf thymus fuc. 1, a u 6), B To BpeMsI Kak B
coygae JJHK M. lysod. cnenududeckoe cBsi3piBaHHe He OOHAPYKHMBACTCS, @ KPUBHIC
CBSI3BIBAHHS O0OHMX COCIMHCHHH MPAKTUYCCKH COBIANAIOT Ipyr ¢ apyrom (puc. 1, B).
Boree Toro, cpomcrso atux smrangos k JJHK M. lysod. namuoro mensime, yem ¢ JIHK
Cl. perfr.u Calf thymus (k& 103),4to yka3biBaeT Ha TO, 4TO CHCLUPUUSCKUMA MECTAMU ISt
CBSI3BIBAHUS MOAOGHIIIOTOKCHHA €ro IPOU3BOMHBIX BIsTIOTCsE AT-6oratbie yuactku JJTHK.

Hecnemduueckoe xe cBa3piBanne PtoxX u sromosuma ¢ JJHK Cl. perfr.u Calf
thymus,a taxxe ¢ THK M. lysod.,mo Bceit BeposITHOCTH, TPOUCXOIUT 33 CUET B3aUMO-
NeWCTBUS ¢ caxapo-ochaTHBIM OCTOBOM, BCIEACTBHE 4ero 3HaueHus K coBmagaror

Ipyr ¢ npyroM, kak B ciydae JTHK pasmuunoro I'll-conepixanus, Tak u B cinydae Ptoxu
3TONO3H/JIA.
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3HaueHust ke Nc B Ciiydae OOOMX JIMTaHIOB MPAKTHYECCKH COBIIAAAIOT, TO €CTh
YUCIIO MECT NP CIEHU(UYCCKOM CBS3BIBAHMU 3aBHCHT HE OT THIA JIMTAHAA, & OT
[I0CJIEIOBATEIBHOCTH HYKJICOTHAOB B 3THX ydacTkax. Ha 3To ykasbIBaeT TOT (akT, 4ro
3Ha4YeHUs NHC, MOIYYCHHBIE JUTsl BTOPOro crocoba cesi3piBanust Ptoxu sronosun ¢ JJHK
Cl. perfr. u Calf thymus,a Taxxke 3HaueHue N, TMOTYUIEHHOE IS KOMIUIEKCOB 3THX
murangos ¢ JTHK M. lysod.,cosnagaror.

Tab6auna 1. 3nayenus koucrauTsl K 1 yncna MecT N eBsi3piBanus PtoXu sTonosuaa
¢ JIHK pazmiranoro I'Ll-conepxanus

JIHK Ptox Drono3up,
KC! KHC! nC nIIC KC! KlIC! nC nIIC
10t M1 10 m? 10 m? 10 m?
Cl. perfr.| 2,2¢+0.0 | 0,3+0.00 | 50 | 1,5| 10,0004 | 0.320.003| 50 | 15
2 3

Calf 1,1+0.0 | 0,32:0.00 | 40 | 15| 4,50.03 0.320.003 | 45 | 15
thymus 1 3

M. - 0,3+0.00 | - 2,0 - 0.32:0.003 - 2,0
lysod. 3

K. - 3nauenus K npu cniennguueckom cesi3piBanun Ptoxu stronosuna ¢ JJHK
K. - 3Hauenns K npu vecnienmpuueckom ces3piBannu Ptoxu stonosuna ¢ IHK
N, - 3HaYeHMs N rpu crierrdudeckom cBs3piBaHuu Ptoxu stonosuaa ¢ JJHK

Ny - 3HAUSHUS N 1IpU HecneupHIecKkoM cBsi3bIBaHuK PtoXu stonosuaa ¢ JJHK

Takum 06p330M, NOJIYYCHHBIC HAMU JAHHBIC CBUACTEIILCTBYOT O TOM, YTO I10J0-
d)HJI-J'IOTOKCI/IH " €ro MnoOJYCHHTETHYCCKOC ITPOMU3BOAHOEC 3TONO3U ]| CBA3BIBAIOTCA C I[HK
JABYMSA crocobaMu: ¢ APKO BBIpa)KeHHOﬁ CHeI_[I/Id)I/I'-IHOCTI)IO K AT-HOCHGHOB&TGHLHOCT}IM
1 OrpaHUYCHHBIMH MECTAMU CBA3BIBAHUSA U Hecneund)nqecxn.
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(MONTIVIPERA RADDEI RADDEI) TAJIIOK
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BriepBble MPOBENCHO CPaBHUTEIBHOE HCCICIOBAHUE JCHCTBHS JICTANbHBIX
no3 sinoB nesantuiickoir (Macrovipera lebetina obtu$au apmsuckoit (Mon-
tivipera raddei raddei ramrok s (QU3MONOrHYECKHX SKCIEPUMEHTOB. Ilo-
JIy4EHHbIE TAHHBIE TPEACTABIISAIOT LEHHOCTD I MEAUKO-OMOIOTMYECKUX HCCIIE-
JIOBaHUH C KCIIOJIb30BAHUEM SIJIOB I IIOK.

Toxcuunocmu 51006 — 2lop3a kagkazckas — 2aoioka dpmanckas — Jl/so

Unwohtt whiqud Junwpby b jhwtnnhywit (Macrovipera lebetina obtusa) t hwy-
Quljus hdtph (Montivipera raddei raddei) pnyubph dwhwignt nhnusunhbph wqnbgni-
prut hunfbdunuljut hkinwgnuinmipimu hghninghuiljwts thnpdph hwwp: Uwnwg-
Jud njuutpp wpdtp ko tkphuyugimd wyi pdouljiuwpuwiiulju htinwgnuint -
pniuttph hwdwp, npuintn oquiugnpdymu ki hdtiph poyubpp:

Pnylkph innpuplnipinil - gnipqu §nuyul - pd huyljmljul - U'kso

Comparative study of Levantindl@crovipera lebetina obtuyaand Arme-
nian (Montivipera raddei raddgiviper's venoms lethal doses action for the first
time was carried out for physiological experimenézds. Obtained data are us-
able for medicinal and biological investigationghathis venoms treatment.

Venoms toxicity — Caucasian Levantine viper — Aman viper — LR,

B nocnennne rompl Bo3poc MHTEpeC K (HU3HOJIOTUUECKN AKTUBHBIM BEIIECTBAM,
MIPOIYLUPYEMBIM PA3IMYHBIMU KJIACCaMH JKUBOTHBIX. B OCHOBE 3TOT0 JIE)KUT OrpOMHOE
pa3HoOoOpa3re XMMUYECKUX COCIMHEHHH, KOTOPbIE MOTYT OBITh HCIIOJIb30BaHbI B CaMbIX
Pas3JIM4HBIX OTPACIISAX HAPOJHOTO XO3SIMCTBA — OT HOBBIX JIGKAPCTBEHHBIX NPENapaToB B
MEIUIMHE 10 HHCEKTUIMIOB B CEIBCKOM XO3SHCTBE M IHTATEIBHBIX KPEMOB B KOCMeE-
THYECKOH IPOMBIIUIEHHOCTH. JTO (HU3MOJIOTHYECKH M (PapMaKOIOTUYECKH aKTHBHBIE
BEILIECTBA, MOJy4aeMble OT MEIy3 M YJIHUTOK, kab M calamanip, 3Meil u nayko. OnHu
MIPOYKTHI KU3HEAEATEIILHOCTH KHUBOTHBIX HCIOJIB3YIOTCS B HATUBHOM BHIE, JIPYTHE -
nocie (GppakIMOHUPOBAHUS W MYPUPHUKALUH, TPETHH CTAHOBSTCS IMPOTOTHIIAMH Ce-
MEWCTB CHHTETHYECKHX aHAJOTOB C YJIYUIIEHHBIMH CBOMCTBaMH. [Ipu 3TOM B Kpyry
HHTEpPECOB MHOTHX HCClefoBareNneil Bcerna OBUIM M OCTAIOTCS JKUBOTHBIC  SIIBI.
OrpoMHBIH 00BbeM padOT IOCBSIICH PAa3IMYHBIM KOMIIOHEHTaM SI0B 3Mei, KOTOpble
MIPOSIBILIIOT caMble pasHble CBoicTBA — (akTOpOB pocTa, (hepMEHTaTHBHON aKTUBHOCTH,
CHTHAIIBHBIX MOJICKYJ, IC3MHTETPUPYIOIINX U allONTOTHYECKHX cucTeM | T.1L. [8]. C mpyroit
CTOPOHBI, HE ocllabeBaeT HHTEPEC K LEIbHBIM SaM KaK XOpOoLIo 0Tpa00TaHHOM CO CTOPOHBI
9BOJIFOLMH CHCTEMBI, [IPEAHA3HAYCHHON TS [INTAHNUS M 3aIUTHI 3Meii [4,6,7].
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JlaBHO M3BECTHO, UTO CYHIECTBYIOT NMPUHLIMIUAIBHBIE PAa3IN4Usi MEXITY HeHcT-
BUEM 510B HEHPOTPOITHOTO ¥ TEMOTPOITHOr0 AeHCTBHS. J{is sina KoOp MpH HaJTMYMH TOK-
CHHOB, OJIOKMPYIOIHX IIepeiady B HEHPOMBIIIEYHOM CHHAIICE, Pa3HUIa B TOKCHYHOCTH
B 3aBHCHMOCTH OT ITyTH BBEICHHS OYCHBb Mana [2], B TO BpeMsl KaK IS si/1a TaJFOKOBBIX
MECTO BBEJCHUs uMmeeT Oosblioe 3HayeHue. OJHAKO B MOCIEAHUE TONbI Bee Oobliiee
YHCIIO0 HCCIENI0BAaHUM CBHAETENBLCTBYET O TOM, YTO UMEETCS OL[yTHUMas pa3HUlla B
COCTaBe M MOIyce AEHCTBHI SI0B B IIpeAeNax OXHOTO M TOTO )K€ BHIA, OOMTAIONIEro B
Pa3IMYHBIX IPUPOAHBIX YCIOBUAX M KIMMAaTHUECKHX 30HaX. JlaHHas paboTa mocesmieHa
OTIPE/IETICHUIO TOKCUIHOCTH s1/1a TIOP3bl KaBKA3CKOM, XKUBYIIEH B MPUPOIHBIX YCIOBUSIX
Ha TEPPUTOPHUU APMEHUU, U CPABHUTEIBHOMY HCCIEI0BAaHUIO TOKCUYHOCTH SII0B JABYX
STIOBUTHIX 3Mell (ayHsl ApMEHWH — TIOp3bl WM JIeBaHTHiCKOM Tamiokd (JII) u ap-
mstacko#t ragroku (AT). S JIT nposiBisieT spKo BBIPaKCHHBIE TEMOTPOITHBIE CBOMCTBA B
reMoyu3e, TeMOopparuy, NpoTea3Hol akTUBHOCTU M T.II., B TO BpeMs Kak s Al cum-
TaeTCs SA0M CMELIAHHOTO TUIIA, TO €CTh HAPsy C TEMOTPOINHBIM JIefiCTBUEM, IMEET BbI-
paXXeHHbIE HEHPOTOKCHYECKHE CBOWCTBA. Takyke HCCIEeIOBaHbl HEKOTOPHIE BOIPOCHI,
CBSI3aHHBIE C MyTAMU BBeAeHUs siza JII', uTo uMeeT BakHOE 3HAUEHUE IS BBIUMCICHUS
JIeTaNbHBIX /103 IPH BO3JCHCTBUH Ha UelioBeKa [5].

Mamepuan u memoouka. DxcniepuMeHThl Obutn mpoBeneHbl Ha 140 monoBo3pesbIX
camuax OenbIX Mblei-aTb0MHOCOB W 12 mONoBO3peNbIX camiuax OelbIX KpbIC-aIbOMHOCOB.
Vcxonst U3 NPUHIUIHATIBHBIX COOOPaXKEHHUH M0 YUCTOTE IKCIICPUMEHTOB, BBDKHBIIUX )KUBOTHBIX
HCIIONIb30BANIM TOJIBKO I KOpMieHHs 3Meid. JleTanpHyro 103y, npu Kotopoit norudano 50% xu-
BOTHBIX M0 TpomnrectBun 249 nocine BBenenns sina (J1sg), onpenensiim o merony bepewrca [3].

VccenoBanust M0 OXJIAXKICHHUIO MBIIIIL, HHOKYJIMPOBAHHBIX SJOM THOP3bI, OBLIH MPOBEICHBI
Ha YeTHIPEX MOJIOBO3PENBIX KPhICAX-CaMIlaX, HAPKOTH3MPOBAHHBIX HeMOyTamoM m030it 40 mr/kr
Macchl )KMBOTHOTO. C 06EHX CTOPOH B 00JMACTH, MPUMBIKAIOLICH K STOAMYHBIM MBILILAM, BBOIWINA
SIT, TIOCJIC Y€r0 C IKCIICPUMEHTAIILHOM CTOPOHBI HAKIIA/IBIBAIN BOASHON MEIHBINH pagnaTop, KOTOPHI
OXJaKAaa MBILIIY [0 TEMIepaTypbl Ha JBa IPayca BBIIIEC TEMIICPATypbl BOAOIPOBOJHOH BOMIBI
(puc.1). KoHTpOmb TeMriepaTypsl MPOBOIMIN IEKTPOHHBIM TEPMOMETPOM C TOYHOCTHIO H3MEPEHHS
0,2°C. Inoma b mOBpeXICHHUSI OLICHUBAIIN B COOTBETCTBUH C IUIOIIABI0 TeMOPPArH4ecKoro oTeKa.

Puc.1. HapkoTu3upoBaHHasi Kpbica ¢ OTKMHYTOM HIKYPKOW M 00Ha)KCHHBIMH MBIIIIIAMH;
CJIeBa HA MBIIIIE YCTAaHOBJICH OXJIAXKAAIOIIUHA paanaTop.

Pezynomamut u oocyycoenue. Tokcuanocts sna JII' BuepBble Obuia onpeesieHa
mamu B 90X romax mpomutoro croietus [1]. DTa BennuWHA MPU BHYTPUOPIOMIMHHOM
BBEICHUHM [UTA OENBIX J1abopaTOpPHBIX KPBIC W MbImeld (aJbOMHOCOB) COCTaBHIIA
1,8-1,9 Mr/kr Maccel JKHBOTHBIX, 9TO OBIIO HECKOJNBKO MeHbIme (a CcTago ObITh
TOKCHYHOCTh OBLTA HECKOJIBKO BBIIIE), UeM aHATOTHYHBIC IAHHBIC IUTEPATYPHI MO CPE.-
Heasznartckoii rrop3e (torma emre Vipera lebetina turanicp[2].

IIpu ompenenenun TOKCMYHOCTH sfa JII' mpu BHYTPUMBIIICYHOM BBEICHUHU
0Ka3aJI0Ch, YTO JAEHCTBHUE s/ 3HAUNTEIbHO ocnabdsercs u JI 5o At MBIIIEH COCTaBIsAET
okoio 3,5Mr/kr macchl (puc.2).
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Puc.2. CMepTHOCTP MblIILICH IPH BHYTPHUMBILIICYHOM BBEICHUU
si/1a TFOP3bI KaBKa3CKOM.

JIOBOJIBHO HEOKH/IAHHBIE JIAHHBIE OBUIM TIOJYYEHBI MPU MOAKOXKHOM BBEIECHUH
sma JIT': TOKCHYHOCTH sija ObUIa OYEHb HU3KOM M COCTABMIIA OKOJO 23 MI/KT Macchl
Mmbrmei (puc.3).
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Puc. 3. CMCpTHOCTB MBI’ TIpU ITOAKOKHOM BBEJICHUHU s1]1a I'tOP3bI KaBKa3CKOM.

[py peKOrHOCIIMPOBOYHOM OIPEACIICHIUH TOKCHYHOCTH sifa Al Mbl B3sUIH OYTH
Te ke J03bl, yTo u Juist JI[, OJHAKO BBICHHUIIOCH, YTO s Al' HECKOIBKO TOKCHYHEE
(prc.4) 1 HaM MPHUIILIOCH POTECTUPOBATH TAKXKE THAMA30H MEHBINHNX 103 (puc.5).
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Puc.4. CMepTHOCTD MBIl IpU BHYTPUOPIOIIMHHOM BBEJCHHU 5171
rajifoku apMsiHCKoil. ([IpexBapuTenbHOE OIpeeeHne quana3oHa 103,
Ha OCH OPJMHAT OTJOXKEH MPOLEHT CMEPTHOCTH MbIIIIEH).

TokcuunocTh siga Al' pu BHYTpUOPIOMIMHHOM BBEACHHHU OKa3anach paBHod 1,6
MI/KT )KHBOM Macchl Mbliieil. OHaKO NPH CPAaBHUTEIBHOM aHAIM3E TOKCHYHOCTH SA0B
IBYX BHIOB 3Mei (ayHbl ApMeHHH OBUTO, BBIABIECHO, UTO TPH Maibix go3ax (1o 50%)
TOKCHYHEE ST TIOP3bl, B TO BPeMsI KaK [IPH BRICOKUX — 511 apMSIHCKOM rajtoku (puc.6).
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Puc.5. CMepTHOCTD MBIIIEH IpU BHYTPUOPIOIIMHHOM BBEJECHHH 51/1a FaII0KU apMSHCKOMH.
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Puc.6. CMepTHOCTP MbliiIeit IPU BHYTPHUOPIOLMIMHHOM BBEACHUN
SITTOB TIOP3bI KAaBKA3CKO U TaIOKH apMSHCKOM.

Ipu uccnenoBaHUU Ka3eWHONMUTHIECKOro nercTBus sma JII in Vitro ompeaernsinu
Q10. BeIACHHIIOCH, YTO B 3aBUCHMOCTH OT NPHMEHSIEMOW NO3bI fJa M TeMIEpaTyphbl
cpenbl, B KOTOpOil paboraeT (epMeHT, BO3MOXHO M3MEHEHHE CIIEHApHUsl IPOTEKAHUS
JIECTPYKTHBHBIX MMPOLIECCOB B OPraHU3Me HHTOKCHIIUPOBAHHOTO )KUBOTHOTO (pHC.7).

T

i
o n ERERYERSER
i

Puc.7. BpeMs KoaryJsiiui MOJIOKa MOJT BO3IEHCTBIEM sia TFOP3bI PA3IMIHOM CTEEHA
pasenerus (1, 5u 20 mr/mi Monoka) npu pasnuaroii Temneparype (28°C u 38°C).

AHanornyHoe siBJeHUE HAOJIONACTCS M B CaMOM OpPraHU3Me IIPU OXJIAXKICHUU
ydacTka TeJa, KyJa ObUl BBEJICH siJ1 TIop3bl. 11011 0XJa)JaroliM BOJSHBIM PagdaTopoM
B OGNIACTH JOp3a/IbHBIX MBIIII 3aJHEH KOHEYHOCTH TeMIepaTypa Obuta Hike Ha 8°C
(260C Ha KOHTPOJBHON CTOpOHE U 18°C na oxJaxaaeMoit). BusyanpHas oleHKa
MO3BOJIMNIA 3aKIIOYUTh, UTO pPAacCIpefeNeHHe siJa B OXJIXICHHOW MBIIIE OBLIO IO
IUTOIIATH MEHBIIIE, YeM B KOHTPOJIbHOI B 1.7-2.0pasza.
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Heo06xoanmMo OTMETHTB, YTO MOJKOKHOE BBEJICHHUE sia TIP3l ManodhHheKTUBHO
Kak Ul caMOi 3MeH, Tak W NPH HAay4YHBIX HCCIIENOBAHMAX IO NPUYMHE CTa3a sua B
MOAKOXKHOW JKUPOBOH KJIETYATKE, a TEMIIEpaTypa BHEIIHUX IOKPOBOB JKMBOTHBIX HIKE
noutu Ha 8-1FC no cpaBHEeHHIO ¢ TemmepaTypoil GPIOMIMHEL JTO 03HAYAET, UTO MPH
uccnenoBanusx aeiicreus sipa JII in VivO HEOOXOMMMO YUHTHIBATS IIYTH €T0 BBEICHUS, a
in vitro Taxxe Temreparypy cCpeasl H aIeKBATHOCTh MHIICHH. MOIIHOE JeCTPYKTHBHOE
nericTBHE (epMEHTOB M aKTUBHBIX MTOJUIENITHIAHBIX COSMHEHUH s1/1a TIOP3BI IPU  103aX,
PaBHBIX [TOJIOBUHE WJIM YETBEPTH JICTAIBbHOMU, TO3BOJISIET YTBEPKAATh, YTO JIe4eOHbIH 3(-
(eKT 3Toro sa Jaie BCEro HeOOXOAMMO HCCIIeNOBaTh MPU Topa3go OONBLIMX pa3Be-
nenusix  (e.g. 1.10 u Gonee), YeM 3TO MPUMEHSETCS BO MHOTHMX HCCIICTOBAHUSAX.
Jlo3o3aBHCHMOe IEHCTBUE NPU HCCIIEAOBAHWH OTACNIBHBIX (PAKIUH W HHTEPIpeTaris
NEWCTBUS OTHEIbHBIX KOMIIOHEHTOB INPUHIUIHAIBHO PAa3IHYHEl OT KOMIUIEKCHOTO
JIEHCTBYS LEJIFHOTO f/a U HOHUMaHHUA 11eJIecO00Pa3HOCTH UX CYMMapHOI'O BO3JICHCTBHA.
OcoOCHHO OCTOPOJKHO HYXKHO HCIONIb30BaTh [aHHBIC, MONyYeHHBIC N Vitr0 mpm
MHTEPIpeTaliy AHCTBHS 51a Ha OPraHU3M, IIOTOMY 4TO 0C000€ BIMSIHUE TOKCHHOB sia
Ha CEepIEYHO-COCYIUCTYIO W HEPBHYIO CHCTEMBI, OCOOEHHO Ha CHMIIATHYECKUH OTHeN
BHC, BbI3bIBaET peakiuy oOpraHu3Ma, HpUHIHUIHAIBHO OTIMYHbIE OT PEaKIUi KYJIbTyphl
TKaHH WM I1yJla HEHPOHOB B IEPEKUBAIOIINX Cpe3ax.
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NEW DATA ON AGRICULTURE OF APARAN-III EARLY
BRONZE AGE SETTLEMENT (ARMENIA)

R.A. HOVSEPYAN

Institute of Archaeology and Ethnography NAS RAyuprof Archaeobiology

The grain hoard from vessel at Early Bronze Age &V millennium calibrated
B.C.) Aparan Ill mountainous settlement has beiedd. It mostly consists of cultivated
barley and wheat charred grains mixture with very §eeds of weeds. The barley was
represented with hulled two-rowed and six-rowedetias. The wheat grains almost
certainly belong to bread wheat, particularly comrbeead wheat and club wheats. In
general the recorded archaeobotanical situati@orisnon for the EBA mountainous
sites of Armenia. The only essential differencenfrioigher situated sites is the larger
amount of wheat (44%) in cereals ratio at Apardnwhich supposedly is due to
altitudinal and climatic differences.

Archaeobotany — prehistoric agriculture —cerealsBronze Age

Zhknwgnut) £ Uguput III qun ppniginuppui (U.p.aw. IV hwqupudjulh
ytpg, &ognunfws) (Entiughtt ptwljuwntnh juwinputphg Ukynud huynbwpbpdus
huguhwnhljughtt wuwpwpp: Ujt juquus E hhdtwljuwinad dowlndh qupnt b gn-
pkuh wshiugus hwnhljubkphg b Unjwpininkph dh putih ubkpdbphg: Supht wjunkn
ukpuyugius t phthnjunp iplpupp b puquwgwpp Juphwghwibtpng: Snpkh
hwnhlubpp wdkbub hwjuiuuwinieyudp yunuind o thwdody gnpluhb,
Uwubwynpuybu undnpulju thahml b Yymbnhly gnpbbabphu: Cunhwimp
wndwbp tjupugpjus hpuyhdwlp puntpugpujub b Zujwunwuih ebught qun
ppnuqbnupyutt hiwduypbph hwdwp: Udkth pupdpunhp htwduypkph hudbdw-
nnipjudp vhwl bujul mwupphpmipniiipn gnpkih hwdbdwnwpup dks putulnt-
piniul £ (44%) hwgwpnyubtph hwpwpbpuljgnipniinmd Uwwpwb HI-nwd, npp Eu-
punpnud kup, np Juwyws L nbnuiph pwpdpmpjut b Yjhduywlub nwp-
phpnipeiniutitph htan:

Zhwpniuwpwbiniyeinil — dplswunndwlpwl pnivwpnidnyenil —huguggh
dpuwljupnyulip - ppnbqh pup

Hccnenoancs 3epHOBOIT 3amac B OTHOM U3 KEPAMHYECKUX COCY/IOB M3 PaHHE-
oponszoBoro (koHer, |V TeicsdeneTus [0 HamIeH 9pbl, KATMOPOBAHHBIN)
BBICOKOTOpHOro noceneHust Anapas |ll. OH cOCTOMT B OCHOBHOM U3 OOyTJIEHHBIX
3epeH SYMEHS M MIIESHUIBI U HECKOJIBKUX CEeMSIH COPHSKOB. SlUMeHb Ipe/icTaBIeH
IUICHYAaTOH ABYPANHOH M MHOTOPSNHOW BapHAIMAMH. 3€pHA IIIEHULBI, IO Beeil
BEPOSITHOCTH, MPHHAJIEKAT K MIATKOMY COPTY, B YaCTHOCTH K OOBIKHOBEHHOM
MSATKOH U KapiIMKOBOW MIIEHUIE, YTO XapaKTEPHO JULl PaHHEOPOH30BBIX TOPHBIX
NaMATHUKOB ApMeHHH. EJMHCTBEHHBIM OTJIMYMEM OT MPEXKHBIX HAXOAOK
SIBISICTCS] CPAaBHUTEIIBHO BBICOKOE KOJIMYECTBO MueHUNs! (44%) B COOTHOLICHHN
3epHOBbIX B Amapane |ll, 4TO, BO3MOXHO, CBS3aHO C BBICOTHBIMH M KIIHMa-
THYECKUMH Pa3InIHsIMH.

Apxeobomanuka —npedvicmopuyeckoe pacmenueso0Ccmso
—KYNIbNypHble 31aKUu — OPOH308blll 6eK
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The territory of Armenia contains archaeobotan@atiences from several Early
Bronze Age settlements (Gegharot, Aparan lll, Tkaghr, Voskevaz, Aragatsi-berd,
Mokhrablur, Lorut, Aygevan, Elar ¢§ Shengavit), but not all of those sites provide
enough material to recover agriculture of the f@gg. Mokhrablur, Elar (). The plant
assemblages recovered from above mentioned EBA aite known and repeat each
other [4]. The territory of Armenia has also exgegs by vertical zonality, which in all
probability caused some differrences also in pgstaltures. But there was no evidence
for agricultural differences in different verticalones for prehistoric territory of
Armenia. In general only Gegharot and Aparan lésiprovide several hundred and
more grains and good for quantitative analysis,ctvhiould be useful medium for
uncovering some differences in EBA agricultureglifferent altitudes. The aim of the
current work is to study archaeobotanical situatroAparan Il site and find out diffe-
rences in agricultures of that site from Geghasgitlement - another higher situated
mountainous site of the same period and closerdista

Early Bronze Age settlement Aparan Il is situabedhe plain of Aparan (Ara-
gatsotn marz), on the right bank of Qasakh rivetthea altitude of 1860 m above sea
level. Several clay vessels are found at the sitesmme of those pots contained charred
grains (excavations of 2000). Ground stones wese falund. The site belongs to the end
of IV millennium B.C. This fact has been confirmeith radiocarbon dating of charred
grains mass (AA-40153, BP: 4455175, cal BG)(13340-3210, cal BC : 3350-
2920; LY-10623, BP: 4321+33, cal BCo2 3015-2884; BIn-5528, BP:4428+39, cal BC
(10): 3270-2920, cal BC (®: 3330-2910). The culture of the site belongshe first
phase of Kura-Araxian culture [6,1].

The part of grain mass recovered from large jaasa® had been studied by P.A.
Ghandilyan [6, 1]. The following species had bedentified by him (the first Latin
names are given as those were published (in [6]),ia {} brackets and in following
text Latin names are given according to recentriardcal system): two-rowed barley
(Hordeum distichum{=Hordeum vulgaresubsp.distichor}), multi-rowed barley H.
vulgare {=Hordeum vulgare ssp vulgarg), bread wheat Triticum aestivum
{=T.aestivum subsp vulgarg), club wheat {T.compactum{=T. aestivum ssp
compacturf) and mouse barleyHordeum murinum Ghandilyan noticed that the barley
is prevailing in sample and the majority of it igllled variety but there is naked variety
as well. We believe that P. Ghandilyan have idedtifis naked grains the hulled ones,
which lost their flower glumes during charring afallowing thousands years of
corrosion; reexamination of that material did newaal any naked barley grains.
Gandilyan noticed also the purity of the grain mass him the weeds practically are
absent, onlyHordeum murinunmvas noted as weed [6, 1].

Materials and methodsArchaeobotanical material was recovered from aryHaronze
Age vessel excavated from Aparan Il settlementipGlagical material was mixed with burnt
organic mass remained as charred dust. The sanagleliwided into tree parts; first third passed to
P. Ghandilyan, second third to us and the rest ime@diometric dating analyzes. Our subsample
of charred grains containing mass with approxinyafeliter volume was processed to separate
carpological macroremains. It is known that contfctharred material with water is supporting
destruction process. To shrink that negative efééatater processing, the sample was firstly dry
sieved with two level sieves (0.25 mm and 1 mm nwsbs) and all visible plant macroremains
were picked up. After that procedure the rest widlme plant macroremains left was wet-sieved to
uncover unrecognized remains. After drying thig péso was picked up for macroremains.

Total 4 482 units of carpological material have rbeecovered. There were no charcoal
fragments in the sample.

Results and Discussion21 taxa of Higher Plant are identified in the $tadd
material. The most of carpological material arerah cereals grains, in comparably
pure state - 96.6% and the weeds seeds and fasissst only 3.4% of total carpological
material (Fig. 1).
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Fig. 1. Ratio of unidentified cereals, wheat, barley anédgein Aparan Ill sample.

The cereals grains are comparably well presertedas possible to identify at
least genera of practically all complete grainsatidition, there are also cultivated ce-
reals grain fragments. The 56.1% of genus idebl#iacultivated cereals grains are
barley grains, 43.9% - wheat grains (Table 1).

As recovered wheat grains are morphologically vargilar with naked bread
wheat and as there are not any features which eejddt the belonging of those grains to
it we identified those agriticum cf. aestivumlt is possible to distinguish two main groups
of wheat grains, which we conventionally calledct.aestivumsubsp vulgareandT. cf.
aestivurrssp compactun{Table 1, Fig. 2:1-6).

All recovered barley grains belong to hulled vaeigtof cultivated barleyHor-
deum vulgarg The presence of asymmetric, slightly bent andllen triplet lateral
grains (Fig. 2:9-11) is evidence of multi-rowed lbdl barley presencéH( vulgaressp.
vulgare convar vulgarg. The portion of triplet lateral grains is lesath2/3 of total,
which means that hulled two-rowed barléy. (ulgaressp.distichonconvar.distichor)
also present in the sample (Fig. 2:7-11).

The taxonomical composition of recovered weedsoislarge:Lolium sp.(Fig.
3:1-3), poaceous plant (possibly bad presebaiim sp. kernels)Rumexsp. (very bad
preserved nutlets; Fig. 3:4Polygonumsp., Nesliasp (Fig. 3:5), Fabaceae gen. sp.,
Viceae gen. sp.Buglossoides arvensis, Rochek., Lycopsis/Anchusa/Nonesp,,
Galiumcf. spurium, Convolvulusf. arvensisand one unidentified plarErems of some
species of.ycopsis, AnchusandNoneagenera are morphologically very similar and the
only find from Aparan-I1ll is very bad preservedl #dbaceous plants seeds, single finds
of Polygonumnutlet andNeslia capsule are uncharred, erems of Boraginaceae and
Convolvulaceae families species are biomineraliidthose are usually being in the
most of recovered archaeobotanical materials),entiiher taxa seed material is charred.
We are doubtful concerning the age of fresh loddaézous seeds aRdlygonummutlet;
presence of those in carbonized grain hoard coellcebult of contamination with recent
seeds. Excluding those non-charred seeds from algulations will reduce ratio of
weeds down to 2.7% (instead of 3.4%) and will iases the crop ratio up to 97.3%
(instead of 96.6%). All above-mentioned weeds araraon for the studied region.
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Table 1. Archaeocarpological material from Aparan Il Early

Bronze Age settlement

Plant Taxa | Total 4,482
?(L)iI;JTIVATED CEREAL S (Gramineae), carbonized grains, 4329 96.59%
Triticeae gen. spp. /grains unidentifiable fragreént 1,547 34.52%
Barleys (Hordeum vulgarel .), Total 1,560 34.81%
Hordeum vulgarghulled) trip!et position unidentifiable hulleg 898 20.04%

grains

triplet middle hulled grains 312 6.96%
Hordeum vulgaresubsp. triplet left hulled grains 200 4.46%
vulgareconvar.vulgare triplet right hulled grains 150 3.35%
H. vulgaressp.distichon(L.) | triplet middle hulled grains + +
Koern. convardistichon
Wheats (Triticum spp.), Total 1,222 27.26%
T. aestivuni. /turgidumL. 397 8.86%
T. cf. aestivurmL. ssp.vulgare(Vill) MacKey 767 17.11%
T. cf. aestivurrssp.compactunfHost) MacKey 22 0.49%
T. cf. aestivurrssp.spelta(L.) Thell. 4 0.09%
T. cf. aestivurrssp. (small grained) 22 0.49%
T. cf. turgidumL. conv.durum(Desf.) MacKey 4 0.09%
T. cf. turgidumssp.dicoccum(Schrank) Schuebl. 6 0.13%
WEEDS, Total 153 3.41%
Poaceae, carbonized grains
Lolium sp. 15 0.33%
Poaceae gen. sp. 53 1.18%
Fabaceae, uncharred seeds
Viceae gen. sp. 4 0.09%
Fabaceae gen. spMédicagaMelilotus sp?) 20 0.45%
Trifolium sp. 10 0.22%
Boraginaceae, biomineralized erems
Buglossoides arvens{k.) Johnst. 0.02%
Rochelia sp. 0.02%
Lycopsis orientalis/Anchusa ovata/Nonea pulla 0.09%
Polygonaceae, nutlets
cf. Rumex spcharred 31 0.69%
Polygonum sp.uncharred 1 0.02%
Rubiaceae
Galiumcf. spurium charred mericarps 8 | 0.18%
Convolvulaceae
Convolvulut. arvensisL. , biomineralized erems 3 | 0.07%
Brassicaceae
Neslia sp, uncharred capsule 1 0.02%
Unidentified, charred nutlet (Lamiaceae gen. sp.?) 1 0.02%
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Fig. 2. Charred grains from Aparan Il Early Bronze Agetlsetent
1-6 - Triticum aestivum/turgidunv-11 - hulledHordeum vulgare
7-8 - triplet middle grains, 9-11 - triplet leftains.

Notes v - ventral side, d - dorsal side.
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Fig. 3. Some weeds carpological material from Aparan IillfBronze Age settlement.
1-3 -Lolium sp, charred kernels, 4Rumex sp.charred nutlet,
5 - Neslia sp. mineralized capsul®&otes v - ventral side, d - dorsal side.
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There is strongly expressed vertical zonality ie territory of Armenia and
supposedly the agriculture varied in differenttattes also in the past. It is possible to
find out some qualitative and quantitative differes in the agricultures of the past with
use of archaeobotanical methods. We had aim to ammpgricultures of the same
period populations lived in different altitudinabrzes. Particularly differences between
assemblages of cultivated plants and weeds, coltigeweeds ratios and ratio of
cultigens are the main characteristics, which weguoing to recover. There is more or
less detailed study on high mountainous Early BeoAge agriculture of Tsaghkahovit
plain (by archaeobotanical evidence from GeghaBA Bettlement; [4,2]). For this case
we studied archaeobotanical situation in Apararsitd and compared the agriculture of
it with that one of Gegharot site. Tsaghkahovit @pdran plains are practically in the
same geographical region, middle mountainous zowk anly altitudes are different:
Aparan Ill is on 1860 m a.s.l. and plain part ofgBarot site is on 2100 m a.s.l.
(difference is ~240 m).

Some notes on modern environmental conditions oé tetudied areasEach
type of soils has been formed under specific bimalic conditions during comparably
long time - centuries and millennia. Reformationsefl under change of climate and
vegetation again takes long time. The soils aroohdtudied sites are de-carbonated
mountain-chernozems (blackearth) with carbonateteap slices, which is evidence that
soils of those areas were formed under common Ibiwatic conditions. Several
characteristics of those soils, especially the tlaat carbonates moved into deeper layers
and high concentration of humus (5-12%) is evidethe¢ those soils are formed under
comparably humid and cool conditions [5]. The vageh cover in both studied areas is
presented with meadow-steppe vegetation [3]. Bitds @re in Aparan floristic region
[7]. Unlike of soil and vegetation cover the aglisnatic characteristics of Tsaghkahovit
(Gegharot) and Aparan regions are differ (Table 2).

Table 2. Some geographic and resent climatic differencesd®t Aparan IlI
and Gegharot sites environs [1].

Region Aparan Gegharot
Altitude of sites, above sea level 1860 m 2100 n
Middle air temperaturg°C)
January -6/-8 -8/-10
April (+2)+4/+6 0/+2(+4)
July (+16)+18/+20| (+12)+14/+186
October +8/+10 +6/+8
Sum of annual average o R
temperatures higher than 10°¢ 2000-2400 1500-2000
Days with temperature higher
than 10°C 135-150 115-135
Annual rainfalls 600-700 mm

These two sites are situated in neighboring agratic zones. At present the
maturity time of cultivated cereals in Gegharotageld with ~10 days in comparison
with Aparan Il site surroundings [3].

Conclusions In general, the palaeocarpological material foimaressel from
Aparan lll site is common for the Early Bronze Ageuntainous sites of the territory of
Armenia. The cereals, particularly - two and mutived hulled barleys and bread wheat
with its common and club subspecies, are the @dgnded cultigens in this site.
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The recovered weeds are common elements of prabisigrophytocenoses
(particularly cultivated cereals fields) of thertry of Armenia until recent times. The
only essential difference from higher situated Geghsite of the same period is larger
amount of wheat (43.9%) in the cereals ratio atrApdll, which supposedly is related
with altitude of the site (1860 m above sea leagl)l climate (in higher territories with
more severe climate the ratio of wheat is lessmrally not more than 10%).
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INSULIN EFFECTS ON DNA INTERNUCLEOSOMAL
FRAGMENTATION AND PARP-1ACTIVITY IN RAT LIVER
AND THYMUS CELL NUCLEI
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Yerevan State University, Faculty of Biology, Depant of Biophysics,
E-mail: ashotmarg2004@gmail.com

Tissue homeostasis is maintained by a dynamic balé&etween cell proli-
feration and cell death which is mainly executedhi& form of apoptosis in normal
physiological conditions. In this work the effedtinsulin was studied, as a strong
survival factor, on the internucleosomal DNA fragntaion as a widely accepted
hallmark of apoptosis. The isolated rat liver ahginbocyte nuclei were examined
after 24 hours of in vivo hormone administratiomzimatic activity changes of
poly(ADP-rybose) polymerase-1 (PARP-1) were evaldas playing a pivotal role
in apoptosis. The results obtained indicate that24n hours of insulin action,
thymocytes revealed a delay in apoptotic DNA fragragon. In contrast, liver
nuclei displayed an increased fragmentation intgnbkisulin had a notable effect on
PARP-1 only in thymocyte nuclei, where it signifitly lowered the enzyme’s basal
activity.

Insulin — PARP-1 activity — DNA fragmentation

Zimujwspuyhtt hndbinunwqp wuwhwwdnud £ pphotiiph wdh bt dwhdu nhtnw-
uhl hwjuwuwpulpenipjut sunphhy: Zupnuh k, np peoh $hqhninghwljws dwhp hhd-
tuwind hppuljubwind E wynwnhl Swhwwyuphny: Lipuyugjus wpliwinwi-
poud munidtmuhpyby b gnjuinbidwts hqnp gnpént’ hiunihth, wqnkgnipmiip FuE-h
hunbtpunyEnunduhtt $puqubivnnudnpdwt b wnh(U4b-nhpng) wnjhdbpwg-1-h
(MUNN-1) wlnhynipjul Ypw, pwith np Ykpghuikpu wuynujinngh pinpny huwnljw-
uhpubp L

Uwnugjwé wpryniipbpp gnyg E mmwihu, np hunijhth in vivo wqnkgnipint-
uhg 24 ¢ htkwn, wnubkwnp phunghinubph dkniuugyus Ynphqubpnid FuE-h wunug-
wnhl puqukinunpnudp nuipunnid , b hwlunpmpenit jupnh Ynphqukph, npnig
Unn phundnud E dpuqubinwynpdwt hinbkiuhgmpjut wg: MUMGD-1-h wlnhyne-
pjult ypu huunijhip npubnpnud £ tljuinbkh wgnkgmpnit dhuyt phunghwntkph
Unphqubpnid® qquihnpki hokgubiny $pdknh puquyht wljinhynipynip:

bhunypli — MULD-1-h wlhnpnipmeid — 2U0-p ppuqulbinunpnid

I'omeocTa3 TKaHEH OCYLIECTBILLETCS ITyTeM IHHAMHYECKOTO OalaHCa MEXTy
KJIETOYHOU mposudeparieil u rubespo, KoTopasi B HOPMaJIbHBIX (DU3HONIOTHYECKUX
COCTOSHHAX B OCHOBHOM IIPOTEKaeT B (popMe anontosa. B Hacrosmieil pabore Hamu
OBLIO MCCIE0BAHO ACHCTBUE MHCYINHA, MOLIHOIO (haKTOpa BHDKMBAHUS, HA MHTEp-
HykJeocoMaibHyro pparmenranuio JJHK u akrusHocTs mom(AJ®-pu6o3) nonume-
pasbl-1 (ITAPII-1), KoTopble SIBISIFOTCS OCHOBHBIMM IPH3HAKaMM amonro3a. Hariu
JaHHBIC IOKa3ajad, 4TO iN VIVO Bo3AeiicTBHE MHCYMHHA 4epe3 24 4 MPUBOIMT K
3aMeJICHUI0 HHTepHYKIeocomabHol ¢pparmenrauun JJHK B sapax Tumouuntos
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KpBIC, B TO BPeMS KaK B Sipax KJIETOK NEYEeHH HAOIIOAAeTCs yBEINUCHHE HHTEHCUB-
HocTu (pparmentanuu JTHK. MHcynuH mposiBiisieT 3aMeTHOE BO3/CHCTBUE Ha aKTHB-
HocTh ITAPTI-1 TonbKO B sipaX THMOIMTOB, 3HAYUTEIILHO CHIXKAsi 0a30BYIO aKTHB-
HOCTb ()epMEHTA.

Hncynun —axmusnocmo I[HAPII-1 —ppaemenmayus JHK

Tissue homeostasis is a major physiological inagdethat ensures a dynamic
balance between cell proliferation and cell deathhie maintenance and regulation of
normal tissue morphology and function. Tissue neaiahce is a continuous process by
which progenitor cells are recruited to differetgianto specific cell types and unwanted
cells are eliminated without affecting neighborimglls. In normal physiological
conditions the prevalent mode of cell death in mistues is apoptosis which is
precisely regulated by the interplay of variousrhones and paracrine factors, that
modulate tissue and cell-specific responses retdegproliferation and apoptosis [1,2].

A well known endogenous factor displaying such tewuy functions is the
peptide hormone insulin which plays a pivotal rislecontrol of basic cellular processes
such as carbohydrate, fat and protein metabolissceR studies demonstrated that in
addition to its well known functions insulin cansalregulate other key biological
processes e.g. cell survival, apoptosis, prolifenaand cell cycle [3,4]. It was shown
that insulin along with insulin-like growth factalGF) is capable of preventing
apoptosis in various cells and cell types by actisg survival factor [5].

In last two decades it was shown that poly(ADPs&)o(PAR) metabolism plays
a vital role in a wide range of biological struasrand processes, including DNA repair
and maintenance of genomic stability, transcrifglaegulation, apoptosis and etc. The
major enzyme in PAR metabolism in the nuclei is fimending member of poly(ADP-
ribose) polymerase (PARP) family: PARP-1. This aneyuses NAD as a substrate to
perform post-translational modification of variomsiclear proteins including itself.
Being activated by DNA strand breaks and inhibitgd ATP, PARP-1lestablishes a
molecular link between DNA damage, energy statascmomatin modification in cells.
This enzyme also plays a key role in cell's decigim commit apoptosis by depleting its
NAD" and ATP pools, controlling chromatin accessibiliyd apoptotic endonuclease
activity which is required for normal nuclear dedméon [6-8].

It is well known that thymus and liver though irffdient extent have a prominent
role in formation of immunological reactions. Comifrom this we were interested to
study how insulin affects the basic biochemicalcpsses that contribute to apoptosis,
necrosis or cell survival. In present paper we éwmath DNA oligonucleosomal
fragmentation and PARP-1 activity after 24 hoursngiulin administration in rat liver
and thymocyte nuclei.

Materials and methodsAll the chemicals and reagents were purchased f&gma.
Outbred, 6 weeks old, white, male rats (120 grameght) were used throughout experiments.
Insulin was administrated peritoneal 2 units pe® §@am animal weight in water solution after
15 minutes of glucose injection (to be approx. 91 blood fluid). In 24 hours of insulin
injection the rats were decapitated under ligheetinesthesia. Nuclei of liver and thymus cells
were isolated by the method of [9]. Sucrose sohstibuffered with 25 mM Tris (pH 7.5)
containing 150 mM NaCl, 60 mM KCI, 15 mM spermineded mM spermidine were used. DNA
preparation and electrophoresis procedures were lpmethods described elsewhere [10].

PARP-1 activity assay was based on chemical gadiotit on NAD in PARP-1 buffer
[11]. The assay was modified for NA@letection in isolated nuclei by us. Briefly, 20000f iso-
lated nuclear suspensions containing 1000 pg DN#éeweubated with CaglMgCl, (final con-
centrations of 1 and 6 mM respectively) and 0.5 MAD* for 10 minutes. The reaction was stop-
ped by removal of nuclei from reaction mixture @ntrifugation at 13000 g for 2 minutes.
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Supernatant was aliquoted to 700 pl in new tesedutn perform NAD quantitation.
NAD" content in aliquots was determined by sequentlditan of 2 M KOH, 20% acetophenone
(in EtOH) and 88% formic acid yielding final con¢eations of these agents according to original
assay. PARP-1 assay buffer was used as a refecamtaining 0.5 mM NAD and all afore-
mentioned reagents with corresponding final conmediohs. NAD+ quantity was measured by the
absorbance of NADreaction product at wavelength 378 nm. The agtitPARP-1 was defined
as the reduction of NADcontent in the samples which was determined byraciing the
absorbance of test samples from the reference.

Results and Discussioro investigate the effects of insulin on the fifdint of

no return” phase of apoptosis i.e.DNA internuclenab fragmentation, we assessed
DNA cleavage in thymocyte and liver nuclei in dele system of naked nuclei isolated
from control and insulin injected animals. The fesighow that in control samples,

oligonucleosomal DNA fragmentation in thymocyte leuevas apparent after 6 hours of
nuclei incubation in isolation media and increafigther 24 hours. In contrast, isolated
thymocyte nuclei from insulin treated animals rdgdano DNA fragmentation after

6 hour incubation, but the intensity of fragmermtativas not altered in further incubation
periods (Fig. 1).

1000bp—>

500bp—»
400bp—»

300bp—>
200bp—>

100bp—>
50bp—>

Fig. 1. DNA oligonucleosomal fragmentation in thymocyte eiiérom
control and insulin treated (24 hours) animalsraites and 24 hours of incubation.

It is known that thymus expresses no insulin remspin contrast to liver cell
which are one of the main insulin target cells glaith myocytes and adipocytes in the
body [12]. However thymus widely displays insulikel growth factor receptors (IGFR)
which have high homology with insulin receptors)([R3]. Recent works have shown
that insulin, though with less affinity, can bind IKGFR and activate its downstream
signaling cascade, which in turn results in cedlifgration, survival and activation of
antiapoptotic mechanisms. Our results that showelaydin DNA internucleosomal
fragmentation after insulin action are in good agnent with these data.

Effect of insulin on liver nuclei was evaluated &gsessing the intensity of DNA
fragmentation induced by €aand Md" ions after 0 and 60 minutes of incubation with
cations. Data presented in Fig. 2 shows no vidiiN&A degradation in the samples
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derived from the nuclei immediately after isolatiprocedure (0O hours of incubation)
from control and insulin injected animals. Howevenarked differences in DNA
fragmentation intensity were observed in the sampteubated in the presence of
divalent ions. It is obvious that insulin enhande@rnucleosomal DNA fragmentation.
We suppose that in liver cells that largely expi&snsulin affects metabolic pathways
responsible for elevation of intracellular‘Caontent which in turn, causes the activation
of cation-dependent apoptotic endonucleases.

Fig. 2. DNA oligonucleosomal fragmentation in liver nudleduced by C&
and Md" ions from control and insulin treated (24 hoursiyals after 0
and 60 minutes of incubation.

*SS — spermine + spermidine.

To examine whether the above mentioned differeicésternucleosomal DNA
fragmentation had any notable impact on PARP-1assessed the changes of enzyme
activity after 24 hours of in vivo insulin treatnteMhe results obtained from these
experiments indicate that insulin did not affeckyne activity in liver cell nuclei
(Fig. 3).

However we observed that insulin significantly stggsed PARP-1 activity in
thymocyte nuclei (Fig. 4).

It is well known that basal activity of PARP-1 stgly depends on tissue and
cell context. Our data support the results of otimmestigators that revealed high
PARP-1 activity in lymphoid organs [14]. Inactivaii of PARP-1 under insulin action
in thymocytes nuclei can be caused by PARP-1 diaioo from DNA [15] and may
prevent intracellular NAD and ATP pools depletion in thymocytes thus entranci
cell survival.
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0,12

0,08

PARP-1 actlvity

0,04

Control Insualin

Fig. 3. PARP-1 activity (relative units) of liver nuclei obntrol and
insulin treated animals.

PARP-1 activity
e
£ &

L
B
v}

Control Insulin

Fig. 4. PARP-1 activity (relative units) of thymocyte neicbf control
and insulin treated animals.
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3ABUCUMOCTDb AKTUBHOCTU HAPII-1 1
HMHTEHCUBHOCTHU UHTEPHYKJIEOCOMAJIBHOI'O
PACHIEIIVIEHUA XPOMATHUHA OT KOHIHEHTPALIUU
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M.A. MEJIBHUKOBA-ITIAPOBA
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HWccnenosano aeiictBue AT® Ha aktuBHOCTH 1oy (A JIP-pubo3uin)nonume-
pasbi-1 (ITAPII-1) ¥ MHTEHCHBHOCTh HWHTEPHYKIEOCOMAJIBHOTO paCIICTUIEHHS
XpOMaTHHA N30IMPOBAHHBIX SI/Iep KJICTOK IIEUYCHU KPBIC.

Iloka3ano, 4To NpH MHKYOALMH M30JMPOBAHHBIX SJAEP KJIETOK IEUYCHU B
cpene, cogepxkamieit AT®, pe3ko MOHMKAETCS KAK HHTEHCUBHOCTh HHTEPHYKIIEO-
COMaJIbHOIO pacLIEIIEHUs! XpOMATHHA, TaK U akTUBHOCTH saepHoit [TAPII-1. Ilo-
BemIeHue conepxanus AT® B cpene mHKyOanuy H30JIMPOBAHHBIX SAEP 1O KOJIH-
4eCTB, COOTBETCTBYIOIIMX MAaKCHUMAaIbHbIM (DH3HONIOTHYECKUM 3HAUCHUSIM, TIpaK-
THUYECKH MOIHOCTHIO MOJABIIIET HE TOJIBKO akTUBHOCTH [TAPII-1, HO 1 MHTEpHYK-
JICOCOMAJIbHYIO ()parMeHTalnio XpOMaTHHa.

TlonyueHHbIE NaHHBIE MO3BOJISIOT MPEANONOKUTh, uTo AT® Moxer ObITH
3aeifiCTBOBaH B MPOLIECCaX PEMOAEIHPOBAHHS XPOMAaTHHA NTOCPEICTBOM PETYIIH-
pOBaHMS aKTUBHOCTH XpOMaTHH-acCOIMUpoBaHHOTO epmenta [TAPII-1.

Knemounoe siopo —JITHK —I1APII-1 -AT®

Mumutuuhpty £ UGS-h wigqnbgmpimin wnh(U4S-phpnghpumhubpug-1-h (NUN-
1) wilpinpmpquits b ppotfuninhzh hinnbplmy tnunuught Senpunjnpuiurt: hinnktuhnpjuat Ypua:

8nyg L uply, np pk ppnuwnnhith htnbpimltnumbiuht- Kenpundnmiut hinnbi-
uptmpmip, Iab' NUNN-1-h wljinpympmip Wjugoud B, Epp nphqubkpl hlympugdmud Ba
UGd-h ubpiuympjundp: UEd-h pwilh wdbjpugmutn hulnipughnt dhgurjuypoid. dhish
dwpuptiuy dhqhnnghwljuin putnujubipp, gpbipk (hmdht gupmd & ny dhugt MUON-1-h
wilpunhympiiip, g il ppotunnhh hnntptmdy nundugh Senpundnpoudp:

Unugqws infjurubpp ey B iughu Buipumply, np UBS-p Jupnn b dwualnualighy
prntunhith phunnbpugnpuwt gnpsplpughty, jupquudoptyng MUON-1-h wiljnhynpyodp:

Foowlnphg =20 —NUNT-1 -UED

The effect of ATP on activity of poly (ADP-ribospplymerase-1 in isolated
rat liver nuclei and the intensity of internuclensd chromatin fragmentation were
studied.

It was shown that addition of ATP into nuclei inetibn media dramatically
suppressed the internucleosomal DNA fragmentatiah imhibited the activity of
nuclear PARP-1. Elevation of ATP content in theuimation medium of isolated
nuclei up to maximal physiological values nearlympbetely suppressed both of
PARP-1 activity and internucleosomal fragmentatbchromatin.
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These data suggest that ATP may be involved irptbeesses of chromatin
remodeling by regulating the activity of chromasissociated enzyme PARP-1.

CELL Nuclei — DNA -PARP-1 - ATP

ITAPII-1 (o (A ID-prubo3uin)monnmepasa) SABISETCS SIIEPHBIM (PEPMEHTOM C
MoJiekynsipaoit Maccoit 116k /Ia. CessbiBasics ¢ monekyiaamu JJTHK B nmuHKepHBIX yuacT-
kax Zn —punrepapiMu gomeHamu, [TAPII-1 aktuBupyeTcs W KaTaJu3HpYyeT pacuier-
nenne HAJT" Ha nukoruramun u AJID-pu6osy. Ipucoemuasis Moekynbl AJID-pu6o3s!
k Oenkam-muieHsM, [TAPTI-1 cuHTe3upyeT JIMHEWHBIC W Pa3BETBICHHBIC IOJUMEPHI
moni(AJI®pubo3br).

ITAPII-1 cumraercs ONHHUM U3 BaXHEHIINX (EPMEHTOB, KOHTPOIHPYIOLIUX
JIOKaJIbHBIE M3MEHEHUS IIPOCTPAHCTBEHHOH OpraHW3allid XpOMaTWHA U JIOCTYITHOCTh
MIOCJICHETO JJIS1 Pa3JIMuHBIX (DAaKTOPOB, ONPEAENAIONINX Te WIM HHble QyHKUuH. Tem
cambiM [TAPII-1 urpaeTr 3HaYUTENBHYIO POJb B OMOJIOTHYECKHX IPOILECccax, OINpelels-
IOIIMX KaK yCHEIIHOEe BbDKMBAHUE KIETOK, TaK M MX rudens. B gactHOCTH monaraercs,
yro runepaktuBaius [TAPII-1 sBiseTcs MPUYHMHON HEKPOTHYECKON THOENH KIIETOK,
BCJIEAICTBHE HCTOIICHUS KieToyHOoro conepxanuss AT®. Opnako mpsMble 0Ka3a-
TEJILCTBA TOI'0, YTO YMEHBIIIEHNE BHYTPUKIIETOUHOTO conepxkanust AT® sasisercs cnen-
CTBHUEM, a HE IPUUYNHOM 130bITouHOM akTuBanuu [TAPII-1, oTcyTCTBYIOT.

3nayenue AT® B 1aHHOM KOHTEKCTE BO3POCIO MOCIE TOr0, KaK OOHAPYKUIIOCH,
yro AT® sBisieTcs amwoctepudeckuM uaruoutopom ITAPII-1 in vitro [4, 7]. Otmetnm,
yro [TAPII-1 sBnsiercst yHHUKaJIbHBIM (EPMEHTOM, KOTOPBIH, HE HMEs MPOTOMEPHBIX
CyObeIMHUL], UMEET CHCTEMY AJUIOCTEPUYECKOr0 PEryIHpOBaHUSA. DTa YHHKAJIbHOCTh
obycnoBiieHa crieruduyeckoid TOMeHHOW cTpykTypor depmenta. AT® ocymecTsiser
aIJIOCTEpUYecKOe MHrMOUpoBaHue, Oylarogapsi TOMy 4TO MOYTH MOJHOCTBIO IOAABISET
ayrtononu(A JID-pu6o3)mmuposanue [TAPII-1, mpu 3TOM He AeHCTBYsSI HA CITOCOOHOCTD
ITAPII-1 k tparcnonu(AJIP-prbo3)unupoBanuio [6].

Hcxonst U3 BBINIECKA3aHHOTO, MBI IMPEATONOKUIIM, YTO IOAABIEHHE ayTOIO-
m(AD-pudo3)unupoBanus ATO GyneT mpensaTcTBOBATh MPOLECCY OTACSICHHUSI MOJe-
kynsl gepmenta ot JJHK, TeM cambiM yMeHbIIas JOCTYITHOCTh JIMHKEPHBIX Y4acTKOB
XpoMaTHHa Ui BHYTPHUAJLECPHBIX 3HAOHYKIIEas.

C nesnbio U3y4eHus JaHHOTO BOIIPOCA MbI HCCIICIOBATIM JUHAMUKY HHTEPHYKJIIEO-
COMAJIPHOTO pAcCUICIUIEHHsI XpOMAaTHHA B S/Ipax KIETOK MEYEHU KPBIC B NMPUCYTCTBUU
Pa3IMYHBIX (QU3HONOrHYecCKNX KOHIEHTparuid AT® M KOppEeNsITUBHOIO H3MEHEHUS
akTuBHOCTH [TAPII-1 B N307MPOBAaHHBIX SAPaX KICTOK IEUeHHU KpbIc (EX ViVQ.

Mamepuan u memooduka. B pabore ucrons3oBans! peakrusbl Gupmer Sigma CIIIA). B ka-
YECTBE JKCHEPHMEHTANIbHBIX JKMBOTHBIX CIyXWIH Oenble GecriopoiHbie Kpbickl Maccoit 100-120r.
Brinenenue siiep npou3Boaiiy mo Merony [3]. B KauecTBe cTaOMIM3aTOPOB SACPHBIX CTPYKTYP U
XpOMaTHHA B CPeJy BbIIEICHHUS siiep 100aBIISUIN MOJIMAMHUHBL U XJIOPUABI Kanus U Hatpus. Cpena
Boienenust copepxkana 0,25M caxaposy; 0,15mMM cnepmun; 0,5 MM cnepmunun; 60 MM KCl,
15mM NaCl; 25mM Tpuc pH 7,4.

TInoTHOCTD SiICPHON CYCIIEH3MHU B HCCIEAYEeMbIX o0pa3slax CTaHAApTH3UPOBAIH 110 ONTH-
4yeckol miotHocTH mpo0, pactBopenHbix B 0,1 NpactBope NaOH. Ontuyeckast mioTHOCTE saep-
HO# CYCIIeH3UH MPUBOIUIACH B COOTBETCTBHE C morjomienrem Ivr/mi JTHK.

Jlnst MHUOMauy HHTepHYyKIeocoMaibHoro paciiervienns JJHK suep B cpeny nx uHKyOa-
uu goGasisum pactBopbl CaCh u MgCly ¢ TeM, 4TOOBI KOHEYHAS KOHIICHTPAIHS [BYXBAJICHTHBIX
HOHOB KaJIbIMs U Maruus coctaBisuia 1 u 6 MM cootBerctBenHo. JJHK Bbiiensui u3 cycreH3un
si7iep 1Mo paHee omucaHHoM metomuke [1]. Daexrpodopernyeckue nonocs JJHK BoisBisim nocie
OKPACKH resied OpOMHIOM STUAUS.

Jns onpenenenust otHocutenbHOro conepxkanus JJHK B oTmensHbIX 3mekTpodoperndec-
KUX I0J0cax OblIa MCIOJb30BaHa CIieNHalbHasi KOMIIbIOTEpPHas IporpamMMa JeHCHTOMETPUPOBA-
uust (FUJIFILM, Science lab, Image Gauge V 0gg3paborannas st oueHkr 1uppossix doro-
rpaduii renei.
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AxrtusHOCTh [TAPII-1 onpenernsiii mo MoquduuupoBanHomMy Metoay [8]. Meton ocHoBan
Ha KOJOPMMETPHUYECKOM ONPE/eIeHHN OKPaLIEHHOro npoaykra peakiuu HAJL' ¢ anerodenoHom
(morsonieHre Npy JUIMHE BOJHBI, paBHOM 378 HM). PeakimoHas cpea cojepkana 2 Mil siiepHOi
CYCIIEH3WH B CpeJie BBIICIEHUS, B KOTOPYIO 100aBisiii  MaTtounble pactBopsl CaCh, MgCl, u
HAJI" ¢ TeMm, 4TOGBI KOHEUHBIE KOHIIEHTPAIMH YKAa3aHHBIX BENIECTB cocTapisaimu 1MM, 6 MM, u
0,5 MM cootBercTBeHHO. AT® 106aBIsIM B PEaKUHOHHYIO Cpely TaK, YTOObl KOHEYHbIE KOH-
uentpaiuu coctaisuid IMM, 5MM u 10 MM B koHe4HOM 00BEME 2,5MT.

Yepe3 8 MUH 10CIIe MHULMALN PEAKIIUH SIIPA OCAKIATIN U3 PEAKLHOHHON Cpeibl LeHTPH (Y-
ruposanuem (2 mun 8000 g).Komiuectso ocrarounoro HAJT® ompenensiM B anMKBoTax —Hamoca-
nouHoi skuakoctd (700 mxin) nocnenoBatenbHbiM godasneHnem KOH, anerodeHona u MypaBbHHO#M
KUCIoThl. KOHEeUHbIe KOHIICHTPAIMK PEaKTHBOB B PEAKLIOHHOM cpeze cocTaBms 222 MM, 2,2 %wu
44 %coorBercrBenHo. CTaHAAPTHBIN 00pa3ell cofepikall BCe COCTABIISIONINE PEAKIHOHHOMN CpeJIbl
ITAPII-1 (CaC}, MgCl, u HAJT" ), 3a uckmoueHneM saepHOii cycnensun. AkTusHOCTS TTAPTI-1
onpenensan konuaectsom HAJTY, yrunusuposansoro sapamu B Tedenue 10 mun [5].

Pesynomamut u 06cysycoenue. CornacHo noaydyeHHbIM HaMu AaHHbIM, AT® mo-
naeisieT akTuBHOCTH [TAPII-1 B u30omupoBaHHbIX sapax (puc 1).

OTHocuTeneHas akMeHocTs MAPITH
o
-
(=)

KoHTpone 7wl 5 malvl 10
KoHueHTpauma ATO

Puc. 1. [letictere pasnuynbix KoHueHTpamuid AT® (1 mMM; 5 MM; 10 MM) Ha akTHBHOCTh
ITAPII-1 B n30/1MpPOBAHHBIX AAPAX NEUEHH KPBIC.

Panee ObUTa OTMeueHa 3aBHCHUMOCTH amomnto3da or AT® [2]. U3BecTHO, YTO
aToNTO3 SBJIICTCSA AaKTHUBHBIM 3HEPro3aBUCHMBIM nporeccoM. Otcyrcteue AT unu ero
HEXBaTKa B KJIETKE IPUBOAUT K MEPEKIIOYEHUIO allONTHYECKON MpOrpaMMbl 3JIHMMHHA-
LUK KJIETOK Ha HEKPOTHUYECKYIO. BbUIO BBICKa3aHO HpeanoiioxkeHue o toMm, 4ro ATP
ofecreunBacT HAPACTAIONIHI PUTOK HOHOB C& ' B SO, 4TO HEOOXOAMMO IS AKTH-
Baun Ca'/Mg?'- 3aBHCHMOIl SHIOHYKIICA3bl M TEM CaMbIM JUIS YCIEIIHOTO 3aBepliie-
HUS “UCTIONHUTENBCKOI” (ha3bl arnonrosa.

OnexkrpodopernyeckuM paszznenenueM JJHK snep KiIeTox med4eHW W Mocienyro-
UM OUQPOBBIM IEHCUTOMETPUPOBAHHEM COOTBETCTBYIOLIHMX JJIEKTPOGOperpaMM HaM
yIaJI0Ch YCTaHOBHUTH, uTO0 AT® neiicTByeT Ha HHTEHCUBHOCTD (parmeHTHpoBanus JJHK
B M30JMPOBAaHHBIX sapax neueHu. Kak BeisicHUIOCH, npucyrcteue MM AT® B cpene
MHKYOALUH S/Iep KJIETOK MEUYSHH KPBIC YTHETAaeT MHTEPHYKJICOCOMabHOE (hparMeHTH-
poBanue JIHK. Hamm ObUIO mMOKa3aHO, YTO Hajgu4yMe B cpele Ooliee BHICOKOH KOH-
nentpamrn AT® (5 MM) momHocTsio moxasmsier dparmentammio JHK Ca'/Mg?*-
3aBUCHMOW SHJIOHYKIICa30il, YTO BHAHO W3 COOTBETCTBYIOLICH 3IIEKTpOdoperpaMmbl
(prc. 2) u mrarpaMMbl KOJHIECTBEHHOTO aHaIn3a MU(PPOBBIX JeHCHTOrpaMm (prc. 3).
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Puc. 2. [leiicteue AT® (1 MM, 5MM ) Ha nporecc HHTEPHYKICOCOMAIbHOTO PACIICILICHHS
XPOMATHHA B s/[paX KIETOK [IEYCHH KPHIC, HHKYOHPOBAHHBIX B IPUCYTCTBHH HoHOB C&', Mg,

120

100 T

80

o=1000
@<200

40 4

20 4

wnn AT (1dd) ATD (1ld) AT (1udd) ATD (Subl)
Ca M 15 mmm Ca?*Me™ 30 e Ca®*Me?* 60 mun Ca Mg 60 wurx

0 e
Ca?* M2

Puc. 3. CpaBHeHNE MPOIEHTHOTO COIEPIKAHKS BBICOKOIOIUMEPHBIX W HU3KOIOIHMEPHBIX
¢dparmenros JTHK noce nukyGauu siaep B npucyrctBud ATD (1u 5 MM).

ITonyueHHBIe HaMH pe3yJbTaThl XOPOILO COTJIACYIOTCSl € JIMTEPATYPHBIMU JIaH-
HBIMH, YKa3bIBAIOIIUMH Ha HHTUOUIINIO MUKPOKOKKOBOH 3HI0HYKIea3sl AT® B crcteMe ¢
UCKYCCTBEHHO CKOHCTPYMPOBAHHBIM XPOMAaTHHOM. V3BECTHO, 4TO 30HAMHU aTakW 3TOrO
depmenrta, kak u Ca /Mg -3aBHCHMOIT SHIOHYKIICA3bI, SBISIOTCS IMHKCPHBIC HIIH HHTED-
HYKJIEOCOMAJIbHBIE YYaCTKH XpOMaTHHA. ABTOpaMH 3TOH pabOTHI ObIJIO BHICKA3aHO MpPE-
nonoxkenue, 4ro ceszpiBanne AT® B nomene ayropubosminupoBanust I[TAPII-1 crioco6-
ctByer ykpertenuto cBs3u JJHK — depmenT, sxpaHupys ¥ TeM caMbM YMEHBILas J0C-
TYIHOCTB JIMHKEPHBIX yYacTKOB Ui 3HIOHYKIeassl [4]. Takum obpa3om, TaHHBIE, TOTY-
YeHHbIe HaMH IIpU HccienoBaHuu jeiictBusi AT® Ha mpolecc HHTEPHYKIEOCOMAIbHOIO
pacIIerieH!ss XpoMaTHHA B SIpaX KJIETOK NEeYEHH KPBIC, MOATBEP)KAAIOT THIIOTE3Y, BbI-
CKa3aHHYIO yKa3aHHBIMU aBTOpaMu, HcciieqoBaBmnMu BiusiHue AT® Ha nporecc HHTEp-
HyKJIeocoManbHOro paciierienns JTHK B MomembHBIX cicTeMax in Vitro.

Hockonsky momu(AJId-puGosnn)uposarne C& /Mg -3aBHCHMOi SHIOHYKIICA3HI,
ocymectBisiemoe ITAPII-1, momapiseT akTHBHOCTH (epMenTa [9], MBI MPEamOTOKUIH,
4yro 3ddextrBHOCTE AT®, KaKk MHTHOWTOpa Mpollecca WHTEPHYKICOCOMAIBHOTO (par-
MEHTHPOBAHHsI, PE3KO BO3PACTET, €CIIM HaM yAacTCs YBEINUHTH TPAHCPUOO3MINPYIOITYIO
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akTUBHOCTh BHyTpHsaepHoi [TAPII-1. Jlns aToro B cpeqy MHKYOAIl[MH HM30JMPOBAHHBIX
sanep neuernn BMecTe ¢ IMM AT® mu1 go6asmmu 0,5MM HAJT'. Pe3ymbTaTl 3THX OIBITOB
TOJTBEPINIHN TIPABOTY CAETAHHOTO TIPEAMONOKEHN, TaK Kak B mpucyTcTeun HAJT™ MM
AT® mMOmHOCTHIO TOAABIAET WHTEPHYKICOCOMAIBFHOE pACIICIUICHHE BHYTPHUSICPHOI
JHK (Puc. 4).

Puc. 4. CopmectHoe sieficteue HAJI™ 1 AT® Ha HHTEpHYKIEOCOMATBHYIO
¢parmenramuio JTHK (HA 0,5uM, AT® 1 MM).

Wurubupys ayromnonu(AJD-pudosun)upoanue [TAPII-1 B U30IMPOBAHHBIX SI-
pax neueHu Kpbic, AT® 3HAUNTENBHO CHUXKAET HHTEHCUBHOCTh HHTEPHYKIJICOCOMAIEHOTO
(parMeHTHPOBaHHMs, YTO CBUAETEIBCTBYT 00 YMEHBIIEHUH JOCTYITHOCTH XpOMATHHA JUIS
9HJOHYKJIea3. Ha OCHOBaHMM 3THX AHHBIX MOXHO IIPEAIONOXKHTh, YTO MCTOIICHHE CO-
nepxanust AT® B murormiasMe KI€TOK MOXKET MHUIMHAPOBATH MHTEPHYKIEOCOMAJILHOE
paciueryieHue XpoMaTHHa, BCIIEICTBUE aKTHBalMu ayropuOoswmmpoBanus ITAPII-1 u
CBSI3aHHOT'O C 3TUM YBEJIWYEHUS JOCTYITHOCTU XPOMAaTHHA JUIsl SHIOHYKJIIEa3.

B nacrosmiee Bpemst Bce OoIblie UCCiIe0BaTeNel CKIOHSIIOTCS K TOMY, YTO CTPO-
roe pasrpaHHYCHHE AMONTHYCCKOH M HEKPOTHYECKOI (OPM KICTOYHONW CMEPTH SIBIISETCS
YCIIOBHBIM, IIOCKOJIbKY Ha OZIUH U TOT € CTUMYJ KJIETKH MOTYT pearupoBaTh pa3IMuHON
¢dopmoit rubenr B 3aBUCHMOCTH OT CHIIBI, JJIMTEIBHOCTH BO3JICHCTBHS MM SHEPIeTH-
geckoro cratyca kierok [10]. B menom, monydeHHble HAMH JaHHBIE YKa3bIBAIOT Ha TO,
gro [IAPII-1 MoXxeT SBIATBCS TeM MOCPEAHUKOM, KOTOPBIA COIJIACYeT MpOIECC
BHYTPHUAIEPHON JECTPYKIUH C DJHEPIreTHUECKUM CTAaTyCOM KIETKH, HE OrpaHH4YMBas
3nauerne AT® u HAJ[" ux cyry6o sHepreTHueckoi poibio.
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POJIb AAIPEHOPELEIITOPOB B PEI'YJIAIIUN
TEMIIEPATYPHOI'O TOMEOCTA3A Y KPbIC 11Ol
BO3JEUCTBHUEM JJUABE®UTA

P.A. APYTIOHSIH, X.0. HAT'AIIETSIH, A M. BABAXAHSH,
JI.3. OTAHECSH

Hnemumym ¢pusuonozuu um. akao. J1.A.Opoenu HAH PA
HUnemumym npobaem euopononuxu um. axao.l.C. JJasmana HAH PA

IokazaHo, 4TO cOOp JIeKAPCTBEHHBIX PACTCHHN IHa0eUT y4acTByeT B pe-
TyIALME TEMIIEPATYPHOrO0 rOMEOCTa3a OpraHW3Ma [OCPEACTBOM aApeHOpeLem-
TOPOB CUMIIATHYECKOW HEPBHOI cHCTeMBbl. Biioka a MOCISAHUX CHIXKAET ero aK-
THBHpYIOIEE BIMIHUE KaK Ha QU3MUECKHe, TAK U Ha XUMHYCCKHE TEPMOPETYIIH-
pyIoLIe MEXaHU3Mbl OpraHU3Ma.

Temnepamypa —2omeocmasz — ouabepum — adpenopeyenmopol

Puguwhuwyngk) £, np phinupnyubph hwjupwsnt nhupkbhinp opquithquh
uhdywwnhl yuppuyhtt hwdwluwpgh wnpbtwpiluyhsutph dhgngny dwubiwygnid
t  opquupquh gbpduyght  hndbnunmwgh  Ywpquynpdwbp:  dhpphubphu
opowthwlnudp  poyuginid E bpw wljnpjuging wqnkgmpniip opquithquh
husybu $hghjulub, wyiybu bwb phuhwlwb ehpdwljupquynpiwi dkuwtthqd-
ubtph Ypu:

Liplwunpdwl -hndknunwg-phupkphin-wunpbiwpbluy iis

It has been established that the collection of oiedl plants diabefit parti-
cipates in regulation of temperature homeostas@@énism via adrenoreceptors
of sympathetic nervous system. The blockage of raezeptors reduced its
activating influence on both physical and chemtbakmoregulating mechanisms
of organism.

Temperature — homeostasiss — diabephite - adreerpters

B Hacrosmee Bpemsi B MEOMIMHCKON IMPAKTUKE JOCTATOYHO LIMPOKO MPUMEHSFOTCS
¢uTonpenapatbl Kak BO30OYXKIAIOIIME CPEACTBA IPH YTHETCHWH IICHTPAIbHOH HEPBHON
CHCTeMBI, OCNaONeHUH (YHKIMHA [bIXaHUs, (GYHKIHMOHAIBHBIX HAPYIICHHSX —CepICUHO-
COCYMCTOMH CHCTEMBI, & TAKKe KaK YKPETUIIONTe OpraHu3M cpezctea [2,5,7,9].

B ompirax [3] 66110 yeraHoBNIEHO, YT Gaswmk JmMoHHBN (Ocimum bazilicurm.) u
nepectyreds Gensri (Brionia alba L.) obmamaror aHTHCTpecCOpHBIMH CBOWMCTBAMH W CIIO-
COOCTBYIOT COXPaHEHHIO TEMITEPaTYpHOTO rOMEOCTa3a OpraHH3Ma MPH CTPECCOBBIX CHUTYa-
UsIX.

OnmHUM M3 MaIOM3yYEHHBIX (DUTOMPEMapaToOB SIBISIETCS COOP JICKApPCTBEHHBIX
pacrenuii - nuabedur, OoraTeiii GemkamMu, HWOIOM, BATAMHHAMH, MHKPOIJIEMCHTAMH U
JPYTAMH OHONOTHYECKH aKTUBHBIMU BelecTBaMu [1].
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Hacrosimas pabota mocBsiieHa U3y4eHUIO BIUSHUS paCTHTENBHOIO JICKApCTBEH-
Horo cOopa nuabegur Ha XMMHUUYECKHE M (U3MUECKHE MEXaHH3Mbl PEryJsilUu TeMIle-
pPaTypHOTo roMeocTasa OpraHM3Ma KpBIC 110 M [OCie OJIOKaIBI alpeHIPIHIECKHX CTPYK-
TYp CUMIIATUYECKON HEPBHON CUCTEMBIL.

Mamepuan u memoouxa. ViccnenoBauus Benuch Ha 9 OenbIX HEMMHEHHBIX KpbICaX-CcaM-
1ax co cpexHeil Maccoit 270T B XpOHHYECKOM KCIIEPUMEHTE, B TPEX CEPHAX — MO 3 KUBOTHBIX B
kaxaoil. KpbIchkl Bcex cepHil coaepKannuch B OANHAKOBBIX YCIOBHSX yXo/a H KopmieHus. Kpbicsl
MepBOi CepHuH, KOTOpbIe i nuThs mony4ann 10%#Helii BonHblid HacTol auabeduTa, CIyX uin
koHTposieM. Kpbicsl BTopoii cepuii nomydanu nuabeuT TeM ke IyTeM Ha (oHe Onokansl Gera-
ajipeHopenenTopoB 063uaaHom B qo3e 0,1mi1/100r Macchl Tena, a KpbIChl TpEThel cepun — auabe-
¢dur Ha poHe Giokaasl anbda aapeHopenentopoB ¢erramamuaom B 103¢ 0,1 Mi/100 r maccs
tena. Beero Obu10 npoBenero 30 OMBITOB, MPH CPEAHEH TeMIIEpaType IKCIEPUMEHTAILHON KaMe-
psl 14,5C.

Ilocne perucTpaniv MCXOIHBIX TEPMOPETYJISTOPHBIX IOKA3aTeNned MX PerucTpUpOBaHUE
npoposnkaiock B Tedenue 1,5 4 ¢ 30-MHHYTHBIMHM HHTepBaJaMH Ha (OHE OJIOKaabl aJpeHO-
PeLenTopoB.

B ombITax yuuTHIBaIM HECOKPATHTEIbHBIH TEPMOTeHE3, COKPATUTENIbHBIN TEPMOreHe3 H
TEeMIIEpaTypy Hepuepuueckux COCYy0B, a TAKKE ONPEACISUIH TEIUIOOTAAYY U TEIUIOCO/ICPIKaHUE
B OpraHu3Me.

Jlnst onpezenieHust akKTHBHOCTH HECOKPATUTENIBHOTO TepMOreHesa “padoune” cram MeaHo-
KOHCTaHTaHOBOI TepMoIapsl BBOIMIN B 000JOYHYIO KHIIKY Ha TiIyOuHy 5-6 cM, a s peruc-
TpalMH aKTUBHOCTU COKPATHTENBLHOTO TEPMOIeHe3a Clau TePMONap C MOMOIIbI0 HHBEKIMOHHON
UIJIBI BBOJHJIM B MSIKOTh OCJPEHHBIX MbILII Ha ryouny 1,5-2cwM.

Temneparypy nepudepruyecKuXx KPOBEHOCHBIX COCYJOB H3MEPSUI C IOBEPXHOCTH XBOC-
TOBOW apTepHH, KOTOPasi y KPBIC SBISETCS XOPOLIMM TEIUIOOOMEHHUKOM MEX]Y OpPraHH3MOM H
BHEIIHEW cpeoil. PerucTparyio TeMnepaTypHbIX HoKas3aTeneil npoBoauIn 12-TO4eYHbIM MOTEH-
uuomerpoM tuna JIIT1-09M3, noAKIIIOUEHHBIM K BBIXOAY (DOTOIEKTPHUYECKOTO YCHIIUTEIS THIIA
@-16/2c¢ ayscrBurensrocTsio 0,013€.

TemnooTaady, OCyLIECTBISEMYIO PaJHalliOHHO-KOHBEKIIMOHHBIM MYTEM, OMpEIeSUIH 110
hopmyue [4]

Hrk = m.c.(Tx - Tk),

rae Hrk — mokasatens pagualiOHHO-KOHBEKIIMOHHOM TEIUIOOTAau B Kanopusx Ha 100r
Macchl Tella )KUBOTHOrO; M — Macca KpoBH, paBHas 7,3% OoT Macchl Tena, ¢ — yJaelibHasl TerIo-
emKkocTh kpoBH, pasHas 0,93 kan/r °C, Tsa u Tk — COOTBETCTBEHHO Temieparypa “sapa’ (060-
JIOYHOI KHILIKH) U NePUPEPUIECKHX COCYIOB KOXKH.

Temoconepxanue B kaopusix Ha 100T Maccel )KMBOTHOTO ompeessiiii mo Gpopmyie [5]

Q=m.c.%t,

rze M —Macca )KMBOTHOTO; C — Cpe/HsIsl TEMI0OEMKOCTh Tesa, pasHas 0,83kan/r °C.,

°t —cpenHs TeMIeparypa “supa”’ opraHu3Ma.

Pesynvmamut u o0cyscoenue. Pe3ynbTaThl SKCIEPUMEHTOB, TPEICTABICHHBIC B
Taba. 1, MOKa3bIBAIOT, YTO Y KPbIC, MOJYYaBIINX THAOCPUT, pE3KO aKTHBHUPYIOTCS Kak
HECOKPATHTENILHBIN, TaK U COKPATHTEIBHBIH TEpMOTreHe3, HaOI0AaeTCsd XOpOIIO BhIpa-
JKEHHBIN THIEPTEPMUUECKHM 3(D(PEKT: TeMIepaTypa KeJIyJ0YHO-KUAIIIEYHOTO0 TPaKTa OT
35,46 mnossimaercs g0 36,03€ (A°t cocramsuio 0,57C), a TemmepaTypa CKEIETHBIX
MbIIIL moBeinaerca ot 33,82€ no 34,68€, unu na 0,86 €.

Jannple Tabn.l mokas3piBarOT, 4YTO AMA0E()UT BBHI3BIBACT BAa30AWIATALUIO U
MOBBIIIAET TEMIIEPATypy MepUPEepHUECKUX apTepHalbHBIX COCYJOB B Ipeenax
1,29-1,43 €, unu ot 22,59€C no 24,02€C.

Uro KacaeTcss M3MEHEHHS TEIUIOOTAaYd W TEIIOCOJCP>KaHHUs B OPraHU3Me KOHT-
POJIBHBIX KpPBIC, TO M3 JaHHBIX TaOk. 1 BHUAHO, YTO AWA0EHUT Yy 3THX KpPbIC CHHIKAI
terutootauy B nepsbie 30 muH B mnipenenax 9,0 kan/100T, a yepes 90 MuH B mpemesax
2,54kan/100r wim or 87,00m0 84,46Kan/100r Macch! Tena.

Temnoconepxanue Bo BpeMsi JneiicTBusl quabedura B OpraHu3Me KOHTPOJBHBIX
kpbic yBenuumBanock oT 2943 kan/100 r go 2990 xan/100 r wim AQ cocTaBmsn
47 ,0kan/100r.
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Ta6muua 1. Posb aipeHOPELenTOPOB B PEry/sIHK TEMIIEPATypPHOTO
romMeocrasa y KpbIC MOJ Bo3/eicTBreM aquadbedura

HUccnenyemsrii Bozn-nit Temnepatrypa®C
opraH (axrop
O6GoaouHas Jlnabedur 35,46 35,52 @ t+0,06) 35,84 4t+0,38 36,034t+0,57)
KAIIKa Jlnabepur+ 35,89 35,79 (t-0,01) 35,86(At-0,03) 35,90At+0,01)
003uan
Jlnabedur+ 36,45 36,1101-0,34) 35,80:t-0,65) 35,41Q1-1,04)
¢eHTanaMuH
CkeneTHbie Jluabedur 33,82 33,94\ t+0,12) 34,044t+0,22) 34,684+0,86)
MBIIIIBL Juabedur+ 33,87 33,91Q\t+0,04) 33,7441t-0,13) 33,6341-0,24)
003uIan
Jlnabedur+ 34,03 34,03Qt+ 0,00) 33,6341-0,48) 33,494t-054)
(eHTanaMuH
ToaKoKHBIC Juabepur 22,59 24,02(\t+1,43) 22,9541+0,36) 23,8841t+1,29)
COCy Bl Juabedur+ 21,80 22,18\ t+0,38) 22,4441t+0,64) 22,804t+1,00)
003uIan
Juabedur+ 22,44 24,000t +1,56) 22,49/4t+0,05) 22,934t+0,49)
(dheHTanaMuH
Temnnooraaya, Nuabedur 87,00 78,000 Q-9,00) 87,54Q+0,50) 84,46 Q-2,54)
kan/100 T Jlnabedur+ 95,00 92,370.Q-2,63) 104,66 Q+9,60) 89,704 Q-5,30)
003uan
Jlnabedur+ 95,10 82,200 Q-12,90) 97,124Q+2,02) 84,706Q-10,40)
¢enranamMun
Tennocoznep- Huabepur 2943 2948 Q+5,00) 29754 Q+32,0) 29904 Q+47,00)
JKaHHe, Jlnabedpur+ 2979 29700 Q-9,00) 29764 Q-3,00) 29884 Q+9,00)
xan/100T 003u1aH
Jluabedpur+ 3025 29970 Q-28,00) 29714 Q-54,00) 2932 Q-86,00)
(heHTanaMuH

Pe3ynbTaThl 9KCIEPUMEHTOB, MOJyICHHBIC Ha KPBICAX BTOPOM CEPUH OIBITOB, MMO-
Ka3bIBalOT, 4To Ha (oHEe OJoKambl Oera-aApeHOpPEeNenToOpoB MUabedUT CHUKACT aK-
THBHOCTb KaK HECOKPATHTENBHBIX, TAK M COKPATUTENBHBIX MEXaHH3MOB XHMHYECKOH
TepMoperymsuu. JleficTBUTENBHO, U3 JaHHBIX Tabu.1, BuaHO, uTo uyepe3 30 MuH mocine
OnoKagsl OeTa-aIpeHOPEIeNTOPOB TEMIIepaTypa JKeIyJOYHO-KHIIEYHOTO TPaKTa MO
Bo3zeiictBuem auabedurta y kuBoTHBIX oT 35,89€C cHmwkamace mno 35,79C, wim B
npeaenax 0,10C. B nanpHeliieM akKTHBHOCTh HECOKPATUTEIBHOTO TEPMOTEHE3a TOBBI-
majiack ¥ TeMIeparypa 000109HON KKK depe3 90 MUH HoCTHTaNa HCXOJHOTO YPOBHS
u cocrasisuia 35,90C.

Yro KacaeTcsi MEXaHM3MOB COKPATHTEILHOTO TEPMOIeHe3a U COCYAUCTON TepMO-
PETyISTOPHON pEakIH, TO COIIacCHO JaHHbIM TaOn.l, nuabGedur Ha ¢oHe OIOKAIBI
OeTa-apeHOPEICTITOPOB CHUKACT TEMIIEPATypy CKEJIETHBIX MbII B npeaenax 0,24T
wm ot 33,87C no 33,63C u BbI3bIBACT Ba30MIIATAIIMIO, TOBBIMIAS TEMIIEPATYPY
apTepualibHBIX KPOBEHOCHBIX cocynoB koxu B mpenenax 1,0C, mim or 21,8C no
22,87C.

Wsydenue neiictBus nuadbeduta Ha MEXaHH3MBI TEIUIOOTHAYH H TEILIOCOICP-
*aHHs Ha (oHe ONoKabl OeTa-aAPEHOPEIEITOPOB CUMIATHIECKO HEPBHOH CHCTEMBI
MoKaszano, 4ro auabeduT B OTHX YCIOBHAX CHI)KAeT TEIUIOOTAAYy B Ipeierax
5,3 kan/100 r uwmu ot 95,0 mo 89,7 xan/100 r maccel Tena, a TEIUIOCOAEPKAHUE
noBeiiaeT B npeaenax 9,0kan/100r wmu ot 297910 2988kan/100r maccsl Tena.

Pe3ynbTaThl 9KCIEPUMEHTOB, IPOBEACHHBIX Ha Kpbicax 3-if cepHH, MOKa3bIBAIOT,
qro nelicTBue nuabedura Ha QUMKO-XUMHYECKHE MEXaHU3MBI TEPMOPETYIALIH OCY-
[IECTBISICTCSl M Yepe3 anb(a-aapeHEepruieckue CTPYKTYPHl CHMIIATHYSCKOW HEPBHOM
cucteMbl. J[eficTBUTENbHO, U3 JaHHBIX Tabm.l BHAHO, 4TO MpH BBEOCHUH KpbICaM JHa-
O6edura Ha (oHe ONOKaABI aNb(a-aJAPeHOPELENTOPOB aKTUBHOCTh KaK HECOKPATHTENb-
HOTO, TaK M COKPAaTHTEILHOTO TEPMOTeHEe3a CHIDKACTCSl 3HAUMTENBHO CHIbHEE, YeM
nuabedura Ha GoHe Onokansl Oera-aapeHopenenTopoB. Tak, TemmnepaTypa 000d0YHON
KHIIKHK Ha (QoHe OJIoKanbl anbda-aapeHopeenTopoB cHmkanace Ha 1,04C, unu ot
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36,45T no 35,41€. TemmepaTypa CKEJIETHBIX MBI B AHATOTHYHBIX YCJIOBHSAX CHH-
saercs Ha 0,54€C, wnm or 34,03€ o 33,49€.

Yro kacaeTcsi TMHAMUKH U3MEHEHUS TEMIIepaTyphl nepudepuyecKux cocyoB, TO
nuabedut Ha (oHe Oiokaasl anbda-aapeHopenenTopoB B nepBbie 30 MHUH BBI3BIBACT
Ba30UJIATAIIMIO M TOBBIIIACT TEMIIEPATypy O3THX cocynoB B mpenenax 1,56C wmm or
22,44T no 24,00C. B nanbHeieM NMPOUCXOAUT ciiabasi Ba3oIUIIATAIMS, U TEMIIEpa-
Typa cocynoB uepe3 90 muH neiicTBus quadedura nossimanacs Bcero Ha 0,49C wnm
ot 22,44€ no 22,93C.

JlanHble TaOJIHIIBI TOKA3BIBAIOT, YTO B Pe3yJsibTaTe Caboi Ba3oMIaTaIlMy TEIIO-
oT/Iaua gepe3 KOXKHBIE COCYIbI CHmKaercs B mpenenax 0,4-12,9xan/100r wim ot 95,1
mo 82,2 kan/100 r maccel Tema. UTo KacaeTcss H3MEHEHHUS TEIUIOCOIAEPIKAHHS, TO OHO
cHipkaercs B npejenax 86,0xan/100r, wiu or 302510 2939kan/100r mMaccsl Tena.

W3 aHanmu3a MmoMy4eHHBIX JaHHBIX MOKHO 3aKJIFOUNTh, YTO AHabeUT ydacTByeT
B PEryJISILIAU TEMITEPATYPHOIO0 TOMEOCTa3a OpraHu3Ma 4epes aJpeHOPerenTopsl CuMITa-
THYECKOW HEPBHOM CHCTeMbI. BloKaja MOCIEAHUX CHHXKAET aKTHBHOCTH KakK (hH3H-
YECKHUX, TAaK U XUMHUYECKUX TEPMOPETYIUPYIOIIUX MEXaHU3MOB OpPraHu3Ma.
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O HEKOTOPBIX MOP®O®YHKIINOHAJIBHBIX
OCOBEHHOCTAX TUMYCA IITHUL

I'10. IOI'OCAH, KA. IKNBAHSAH

Epesanckuii cocynusepcumem, buonocuueckuti ghaxyibmem, kageopa 300102uu
kjivanian@ysu.am

C npuMeHEeHHEM OOLIETHCTONOIHYECKUX, (PEPMEHTOXHUMHYECKHX U TUCTO-
XMMHYECKHX METOIHK OITHCaHbl HEKOTOpble MOpP(O(YHKIHOHAIBHBIE OCOOCH-
HOCTH TUMyca JOMAIIHKX Kyp. OMHCaHbl UTOAPXUTEKTOHHKA SIUTEIHAIBLHOIO
peTHKyJIyMa, paclpeeieHue B KOpe 1 MO3rOBOM BEILIECTBE OpraHa JuMQOoLHTOB
pasHoro ypoBHs auGepeHIPOBKH, 0COOEHHOCTH LIMCT U Tenel ['accais, BbIsiB-
JIeHBI TaKke JBa BHOa MakpodaroB. OnHcaHbl TAKKE TYYHBIC KICTKH THMYCa
UBITUIAT U 0OCOOEHHOCTH HX JIOKAJIHU3AIMH B OPTaHe.

Tumyc - ypinaama

Cunhwimp  hmujuswpwbuljub, hpdbinwphdhuljwin & hhuinnphuhwlub
ubpnnukph  Ghpundundp tjupugpymd &u wbught hunJbph  mpguqtndh  dnpdn-
dnitghntiuy npny wnwbdwhwinmpymbibp: Ljupugpdmd & byhpblughtt gutgh
nupusuljul jurmgquspp, wwppbpulpful nwppkp  dwluppulitbpod - qininjnng
(hd$nghinttiph wpwpwopunidp opquith Yhnnud b dhgmlnwd, ghunbph b Zwuwgh
dwpduhjutph wnwbdtwhwnlympmbbbpp, huyntwpbpgl) o twb  dwljpndugbph
bpynt wbuwly: Vjwpugpdnud o twlb &nbph mpguglndh wupupn pehoutpp
opquitmu tipuitg inknuiljuduit wpwiduthuninlnpynciibpp:

IMipgugknd - &nkp

Some morphofunctional features of house hens’s tisyare described by
application of general histological, enzymatic-cheahand histochemical techni-
ques. Epithelial reticulum cytoarchitectonics, disttion of cortical and medullary
different level differentiation’s lymphocytes, cgsts and Hassall's corpuscles’s
features are also described. Two kinds of macroghage revealed. Mastocytes and
their localisation features in thymus are also dbed.

Thymus — chickens

Tumyc NTHL, TakkKe KaK y IPYrHX BBICIINX MO3BOHOYHBIX JKUBOTHBIX, SIBIISIETCS
LEHTPaJIbHBIM OPraHOM CHCTEMbl UMMYHHUTETA, TA€ pasMHOXKAOTCA T-TMMQOLUTH U
MIPOUCXOIUT MX CeJeKUUs. Bompockl ocoOeHHOCTEl CTpOeHMs AaHHOrO OpraHa HITHUIL
MPUBJICKAIOT BHUMaHUE MHOTHX HccienoBateseit [1-4]. MoxHO yTBep)KaaTh, 4TO MOCIe
TUMYyCa MJIEKOIMTAIOMX, TUMYC ITUI] HanOoJee U3y4eHHbIH Cpeu BceX MO3BOHOYHBIX
KHMBOTHBIX. B Hamly 3ajaduy BXOJMJIO MOJYYEHHE JONOJIHUTENbHBIX JaHHBIX 0 MOp(O-
(GYHKIMOHANBHBIX OCOOEHHOCTSX THUMyca ITHIl ITyTeM HpHBICYEHHS METOHOB dep-
MEHTOXMMHUYECKOT'0 aHaJIM3a, a TaK)Ke T’MCTOXUMHYECKHX METO/IOB BBISBICHHUS TYYHBIX
KJIETOK U MIMIIPErHalluK CepeOpoM.
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Mamepuan u memoouxa. MateprasioM Juisi pabOTBI MOCTYXKHIM 00pasiibl THMYca 2-Mecsd-
HbIX IpIuT, Maccoii  300-400r. JIns B3ATHA MaTepHana HBILIAT yMEPIIBIUIA IO IITyOOKUM HapKO-
30M. Kycouku Tumyca dukcupoBanu B skuakocTsix bysHa u KapHya 1 nozBeprayii 00bIMHO# MHCTOIO-
rudeckoit obpaborke. OJHOBPEMEHHO, B LIENISIX BBISABICHHS aKTUBHOCTH (DEpPMEHTOB, OBLITH MOTy4YEHBI
CBEKE3aMOPOKEHHBIC KPHOCTAaTHBIE cpe3bl. [lapaduHOBbIE cpe3bl TOMIHHON B 5-6 MKM, OKpaliBaim
IeMaTOKCHIIMHOM U 03HHOM, MUKpodykcuHoM 1o Ban ['M30Hy, TOyHIMHOBOH CHHBIO U IMIIPETHUPO-
Bas cepedpom 1o Pyry. Ha kproctaTHbIx cpe3ax TomunHoi B 10 MKM BBISIBIISUIM aKTHBHOCTD CYKIIU-
HaTAErMIPOreHasbl, KUCIoh (ocaraspl 1 HecieUpUUECKUX dCTepa3. AKTUBHOCTD CYKIIMHATACTHIPO-
reHasbl BBIABISLUIH MeTooM Haxitaca v COaBT., OCHOBAaHHOM Ha HCIIOJIb30BaHUM B KauecTBe cyOcTpaTa
HATpo-Cr. Cpessl HHKyOHPOBAITH B TeUeHHe 2X 4 B pacTBOpe cybcTpaTa npu temneparype 37°C. Toc-
JIe 3aBepIICHU HMHKYyOAIMM Cpe3bl IPOMBIBATH B (DH3HOIOIMYECKOM pPacTBOpe, (PHKCHpOBaIM B
10%+0oMm (opManHE U 3aKIFOYAIN B CMECh TIIMLEPHUH - KelTaTHHa. AKTUBHOCTH KHCIIOH (ocdaTazbl
BBISBJIUI METOZIOM a30COYETaHMs ¢ HcHonb3oBaHueM AS+HadTono. Cpessl HHKyOHUPOBAI B CMECH,
conepxaieii pocdar nadrona AS-Bl i anazoHoBy0 cosb —npouslii cuanit PP.Cpe3sbl nHKyOHupoBa-
7 B Tedenne 3 4 mpu Temmeparype 37°C, Janee MPOMBIBATH B AMCTIITAPOBAHHOM BOJE H 3aKITO-
YaJu B CMECh IIMIIEPHH - xKenaThHa. Ha cTpykTypax, o0nafaronmx akTHBHOCTEIO (DepMEHTa, BbITaa
0CaJI0K A30KPACHUTENIs, LIBET KOTOPOro (OT Ceporo K0 CHHE-YEpHOro) 3aBHCEN OT CTCNCHH aKTHBHOCTH
(epMeHTa. AKTHBHOCTb HECHELM(HUECKUX OSCTepa3 BBIBSUIA METOAOM ['OMOpH, HCIONB3Ys B
KayecTBe cyOcTpata o-Hadruianerar, ViHkybauus npogospkanack B Tedyenrue 30 MUH NpH KOMHATHOM
Temneparype. Jlanee cpe3bl IPOMBIBAIN B IMCTHLUIMPOBAHHOM BOJIE M 3aKIIIOYAIN B CMECh IJIHLIEPHHA
u xenaruHa. [IpogykT akTUBHOCTH (hepMEHTa BbINAAal Ha Pearupyrolux CTpYKTypax B BUE 3epPeH OT
roiy6oro 10 CHHe-4epHOro IIBETa.

Pesynvmamut u oocysncoenue. Tumyc TOMaIIHUX Kyp COCTOUT U3 6-8 map siiie-
BUJIHBIX, YIUIOLIEHHBIX OJE€H, PAaCIOJIOKCHHBIX BAOJb IIEH B IOJKOXKHOM COEIMHH-
TenbHOM TKaHU. CHapyXH OpraH IMOKPBIT KalCyJIoH, KOTopasi COCTOUT U3 IUIOTHOM coe-
JIUHUTENbHOM TKaHu. Karicysa ero coepXuT rpyOble MyYKH KOJUIAar€HOBBIX BOJIOKOH U
COEAMHUTEIbHOTKAaHHbIE KJIETKH. Ilo Kamcyie BHYTpb OpraHa 3aXoIsT KPOBEHOCHBIE
cocynsl. Kamncyna, Takxke Kak B THMYyCe MIEKOIIMTAIONIMX, TOAOCTIaHA CII0EM PETHKYJIO-
SMUTENUONNTOB. [Ipy MMIperHanyuy cepedpoM OTUETINBO BBIBISIETCS Oa3aibHas MeM-
OpaHa, KOTOpasi CIIY)KUT TpaHULEH MEXIY KalCyJIOd U 3MUTEIHalbHbIMU KiaeTkamu. OT
KalCyJspl B MAPEHXUMY OTXOIAT CEINTHI, pa3/eNsAolinue OpraH Ha JOIH U JOJbKH, KOTO-
pble Mexay co0oi TTOTHOCTEIO He pa3beUHEHBl. B centax HMEIoTCs KoiulareHoOBEIe U pe-
TUKYJISIpHBIE BOJIOKHA. [10 3THM mpocioiikaM U o Karicyie MpoXoaaT apTepuH U BEHBI.

B TuMyce IBIUIAT XOPOIIO BBIIENAIOTCS KOPKOBas U MO3rOBast YaCTH.

ITomumo cent, B KOPKOBOM BEILIECTBE Ha Ipenaparax, o0paboTaHHBIX cepeOpoM,
00HapyXUBAIOTCS TOHKOCTEHHBIE IEPETrOPOJIKU, MPOHUKAIOIINE 0] MPSIMBIM YIJIOM B
napeHxuMy oprasa. I1o HUM IMpPOXOIAT KPOBEHOCHBIE KaMJUIAPBI, KOTOPBIE OKPY)KEHBI
NEPUBACKYSIPHBIMI  SIHUTEIHO-PETHKYJIOLNTAMH, OCHOBAaHHBIMH Ha 0a3aJbHONH MeM-
OpamHe.

OnuTenuanbHbli OCTOB THMyCa ITHII COCTOMT M3 IUIOTHO MNEpEIUICTAIOIUXCS
MEXAY COOO0H MIMPOKUX TSHKEH OTPOCTYATHIX KIETOK — AIUTEIMOPETUKYJIOUUTOB. neH-
THQUIMPOBATH MX MO3BOJSIET yMEPEHHAass aKTHBHOCTh HECHENU(PHUIECKHUX dCTepa3 B IH-
TomazMe. B KOpKoBO#l "acTH opraHa B si4eHMKax 3MMUTEIMAIBHOIO PETUKYJIyMa paclo-
JIararoTcsl KJIacTepbl JIMMQOIMTOB, 3a4acTyio ¢opMupyonpe (GoumKyIonog00Hbe
ckoruieHus. ['panuneit BOKpyr aTux oOpa3oBaHMi ciryKaT OazanbHble MEMOpPaHbI, KOTO-
PBIMH ITOJJOCTJIAHBI PACIIONIOXKEHHBIE 110 OKPYKHOCTH SIUTEIHOLUTHL. B cocTaBe ¢oiu-
KyJIOB HM3-32 OOJBIIOr0 KONMYECTBA JIUM(OLUTOB SUTEINAIBHBIC KIETKH CHIBHO pa3-
JIBUHYTBHI, BCJIEACTBUE YETO B Cpe3 MOMaJaroT JHUIIb GparMeHThl PEAKO PACIONI0KEHHBIX
GazanbHBIX MeMOpaH. JIuMouuTsl B cocTaBe (OIMKYIOB IMPEICTABIECHbl IJIaBHBIM
obpazoM Onacrtamu, Cpeay KOTOPBIX OYEHb YacTO BCTPEYAIOTCS KAPTUHBI MUTOTHYEC-
koro neneHus. JInmdoOiacTsl MPOSBISIOT OTHOCHTENBHO BBICOKYIO akTuBHOCTH CJI,
YTO CBSA3aHO C MX OOJIBLIONH PO epaTHBHOI aKTUBHOCTHIO. JIOBOJILHO KPYITHBIE,
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TEeMHO-CHHHUE 3epHa (opMazaHa — MPOAYKTa PEePMEHTATHBHON PEaKI[H B OJHMH HJIN JBa
psiAa pacronaraiTcsi B 3THX KIETKaX BOKPYT saep. B mentpansHON wactu aumdorm-
TapHBIX KJIACTEPOB, OJIAT0Aaps BHICOKOH aKTMBHOCTH KHUCIOH (hochaTasbl B IUTOILIA3ME,
BBIICIBIFOTCS. MaKpodarn — KpyIHble, OTpocTdatsie Kietku (puc. 1).

Puc. 1. ®parmeHT TkaHel TUMYyca UBILIAT. BEICOKO# aKTHBHOCTBIO KHCIO# (hocaTassl
oryaTest Makpodaru. Peakius azocoueranus ¢ Gpocparom Haproaa AS-Bl. VB. x 300.

Ha npemnapatax, o6paboTaHHBIX cepeGpoM, TUM(OIUTEI KOPBI, 33 UCKIIIOYEHUEM
MOIKANICYIAPHBIX HECKOIBKUX PSJIOB, OKPAIIMBAIOTCSA B TeMHO-KOPUYHEBHIH 11BeT. Kopa
TakUM 00pa3oM COCTOUT U3 TPEX 30H — CYOKaNCynspHOH, GOIIMKYIIPHOA U TIyOOKOH.
IMocnenuss Takxke, Kak M MEK(POIUTHKYIIPHBIE YaCTH, COCTOUT TJIABHBIM 00pasoM H3
MAJIBIX JITIM(OLUTOB.

IMomMmMoO BHIIIEOTMEYEHHBIX MaKpodaros, B Kope THMYyca NTHI] BBIAETACTCS eIe
OIMH THIl BCIIOMOTATEIBHBIX KIETOK, PACIOJATAIOIIUXCS TPYIIAaMHU, YTO CBHICTENb-
CTBYET 00 MX KJIOHAIBHOM IIPOMCXOXKJICHHU. DTO — OTPOCTYATHIC KICTKH, C OYCHb BBI-
COKOM aKTUBHOCTBbIO KHCIOH (ocdarassl, (pepMeHTa, SABIAIOLIErOcs, KaK H3BECTHO,
MapkepoM 1u30coM. OHHM XapaKTepU3yIOTCA TaKKe OUeHb OOIbLIMM OOBEMOM LUTO-
IUTa3MBl, BBICOKOIT aKTHBHOCTBIO HecTIeU(DHYECKHX 3cTepas U aprupodunueii (puc.2).

Puc. 2. ®parMeHT TKaHel THMYca UBILIAT. BhICOKas aKTHBHOCTh
HecTenu(GUIecKux dcTepas B Makpodarax. Peaxius ¢ a-HadTrnaneraToM.

V¥B.x300.
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OrMedeHHOE TTO3BOIISIET IPUITHCATh AAHHBIM KIIeTKaM (aronurapayo ¢yHkmouo. B
MOCIICIHHIE TOIBI B THMYCE YEIOBEKA MACHTU(HIMPOBAH W OXapaKTEPU30BaH CIICIHATb-
HBII THII KOPKOBBIX Makpo(aroB — 04eHb KpyHHBIX [5], KOTOpBIE, 110 MHCHHIO aBTOPOB,
SIBISIFOTCSL PA3HOBUAHOCTBIO JICHAPUTHBIX KICTOK. VM TNpHIHCHIBAaeTCST poib mpodec-
CHOHAJIBHBIX “MYCOPIIMKOB”, SJIMMHHHUPYIOMIMX MMOTHOAMOIINE MyTeM anonTo3a JUM)o-
uTHL. VICXOIs M3 BBILICOTMEYECHHOTO, MBI CYMTAEM, YTO ONMCAHHBIC HaMH KOPKOBBIC
(barouMTHI B THMYyCE IITHLL BBIIOJIHSIIOT TAKYIO K€ ()YHKIHIO.

B MO3roBoM BeIIECTBE THMYca MTHUII JUM(OIUTOB HEMHOTO, BCIIEICTBUE 4ero 0Oa-
3aJbHbIC MEMOpaHbI, Ha KOTOPBIX OCHOBAHBI TSDKH JIUTEMOLMTOB, BBISIBISIIOTCS MPH UM-
IperHauu cepedpoM B BUIE TOHKOMETIHMCTON cetn (puc.3). Mo3roBoe BELIECTBO THMYyca
JOMAIIHEH KypHIbl MHQHIBTPHPOBAHO (hOPMEHHBIMH SJIEMEHTAMH KPOBH, B TOM YHCIIE
9PUTPOLIUTAMH. 371€Ch MHOI'O KPOBEHOCHBIX KaIJLIAPpOB. MO3roBOe BEIIECTBO HHOTAA MPO-
HHUKaeT B KOPY B BHJC TSDKSH JIHUTENHOLMTOB C HEOONBIIMM KOJUYECTBOM MAJbIX, IMO-
BHJIUMOMY, 3PEITbIX JTHM(OLHTOB.

Puc. 3.BazanbHble MeMOpaHbI B MO3TOBOM BEIL[ECTBE THMYCA LIBIUIAT.
Wmnpernanus cepedpom mo dyry. YB.x300.

B TuMyce UBIUIT €CTh MHOTOYHCICHHbBIC TYYHBIC KIICTKH, PACIONOKEHHbBIC MCK-
JIFOYNTEILHO B MO3TOBOM BEIECTBE, rie obpasyioT Gombinue pocceimu (puc. 4). Oun
KpYIHBIE, OONbIICH YaCTHIO OBAIBHBIC W UMEIOT TOJCTHIC, I10-BHIMMOMY, HEMHOIOMIC-
JICHHBIC OTPOCTKU. SIOpo KpymHOe, ¢ IBYMs-TpeMsi siapbimkaMu. LluToruasmaTndeckue
IPaHyIBl TYYHBIX KIETOK KPYIIHBIC, YacTO MAacKUpYHOT sapo. OHH TNPOSBISIOT SIPKO
BBIPKCHHYIO METaxpOMasHio. PacroioKeHHe TYYHBIX KJIETOK B THMyce NTHII [0 CO-
CE/CTBY C KalWULIPAMH YKa3bIBAaCT Ha MX YYacTHE B PETYILILHUHU JEATCIBHOCTH I'eMaro-
TUMHYECKOT0 Oapbepa.

B ThMyce OBIUAT HMEETCS MHOTO LHCT — OKPYIJIBIX WIIH TPYOKOOOpa3HBIX He-
GONBIINX MONOCTEH, OKPYKESHHBIX OHUM CIIOEM KYOHYECKO#H (HDOpMbI HITH YIUTOIICHHBIX
SIHUTENHATBHBIX KIeTOK. OHM PAacIoJOKEHbI B MO3TOBOM BEILIECTBE, [JIABHBIM 00pa3oM
6mmwke K kope. Kierku, oOpa3yromme CTEHKH LHCT, POSBISIOT BBHICOKYIO aKTHBHOCTb
CYKLMHATACTHAPOTCHAa3bl M HECTICU(PHUICCKHX ICTEPa3, YTO BEChMa XapaKTEePHO IS CeK-
PETOPHBIX MHUTEINONUTOB. I[UCTHI Ha MpemapaTtax HHOTA MYCThbIe, HO OOJIbIICH YacThIO
3aIlOJHEHBI TOMOTCHHBIM OKCH(DUIBHBIM BelllecTBOM. Tenbiia [accans B THMYyCE LBIILIAT
JOBOJIBHO KpyrHbIe. OHH COCTOSAT M3 OONBLINX, HACTOCHHBIX APYT HA APYre KPYIMHBIX H
VIUTOIICHHBIX JIHUTEIUATIBHBIX KIETOK. B TebIlax MOXXHO YBHICTb OAHY WIIH JIBE 30HBI
OPOTOBEHHS KIIETOK.
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Puc.4. Tyunsie kietku B TUMyce UbIUIT. OKpacka ToayuauHOBbIM cHUM. YB.X300.

TakxuM o6pa3oM, NOTydeHHBIE JaHHbIE TOMOJHAIOT HaIllX IIPEACTaBIeHH 0 MOpdo-

(YHKIIMOHATBHBIX OCOOEHHOCTIX TUMYyca nTull. OnucaHHas HaMM KapTUHA PacIoyoxe-
HUS TUMOLUTOB B TUMYCE UBIUIAT Y 30H UX aKTHBHOT'O MHTOTHYECKOI'O Pa3MHOXKCHUS
HO3BOJIIET IPEINOI0KUTD, UTO Oyaymue T-nuMbonuTsl, monaaas B TUMYC, aKTUBHO IIPO-
midepupytoT B (omkynaXx Kopsl. B okpyxeHuu (OIIMKYIOB M B INIyOOKOH Kope
HaxolaTcs 3penble IUMGOLUTHL. Vcnonb30BaHHbIE METOIUKU IMO3BOJISIOT BBIICIUTH B
KOpe THMyca ITHIl JBa BuJIa (aronuToB. B TUMyce LBIIIAT UMEIOTCA TYYHbIE KIETKH,
KOTOPBIE PACIIONAraloTCsl HCKIIOUMTEILHO B MO3TOBOM BEIL[ECTBE.
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GENETIC DIVERSITY OF AEGILOPS TAUSCHII
POPULATIONSIN ARMENIA

N.A. HOVHANNISYAN, A.H. YESAYAN

Yerevan State University, Department of Ecology and Natur e Protection,
E-mail: bionellibiotech@yahoo.com, ayesayan@ysu.am

The goal of this study was to assess the leveleoefic diversity of wild
Aegilops tauschii by means of RAPD markers.15 RAPD primers genertatiad of
84 different sized fragments (loci) from DNA of &a6cessions oAegilops tauschii,
of which 79 markers were polymorphic over all ast@ss. The results obtained
will allow to select genetically rich germplasm fauistainablex situ conservation
of studied populations.

Wild relatives- Aegilops tauschii - RAPD markers- genetic diversity

Zhnwgnunipjub byuinwle tp RAPD dwplbputph Yhpundwdp quuhwwnby
Aegilops tauschii ynynijjughwibph ghubnhjulwt puquuquinipniip: 15 RAPD
wpuydbputph Yhpwodwdp 10 hbnwgqnujuws wnwyniyjughwibtph YuE-ukphg
wdu hdhjugyky E Yu@-h 84 hunjws, npnughg 79-p wnihunpd Ehi: Unwugjus
wprynipliikpp payy) b piunpknt b ex sitz yyupdwibpnd wwhujutbint wnwby
hwpniun b puquuqut ghubnhjuljub ynp:

dwynh gbnwyhglbn - Aegilops tauschii - RAPD dwnlytnltn
- qGUuGinhwlywl pwqdwqulinipinil

Llenbro TaHHOTO HCCIEIOBaHHsI ObUIO U3YYSHHE T'eHETHYECKOro pasHoodpa-
3us momysinmii Aegilops tauschii ¢ npumenennem RAPD mapkepos. C moMomniso
15 RAPD mnpaiimepo u3 JTHK 10 uccnemyembix nomyinsituii Obiio amrutidu-
upoBaHo 84 ¢parmenta, U3 KOTopbix 79 okazanuch nonumopdHbiME. [TomyueH-
HbBIE PEe3YJBTATHI MO3BOJAT OTOOPATh Uit €X SitU COXpaHEeHHsS TeHETHYEeCKH Oora-
TBI ¥ pa3HOOOpa3HbIil MaTepuar.

Jukue copoouuu - Aegilops tauschii - RAPD mapkepor
- 2enemuueckoe pazHooopasue

Armenia is recognized as an important centre ofcaljural biodiversity, which
played a major role in the social and economic lbgveent of the country. Due to the
abundance of wild relatives of cultivated plants tountry was defined by Vavilov as
one of the centers of cultivated plant diversity2B}. This diversity of wild progenitors
of cultivated plants represents a rich gene poplilie creation of new crop varieties
resistant to diseases, and other adaptive chaistitter Three out of four wildriticum
species occur in Armenia. These dreboeoticum Boiss, T. urartu Thum. ex Gandil.
andT. araraticum Jakubz. NineAegilops species with wide interspecific diversity have
been found in Armenia.
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As for other cereals, two species of wild rye, @maualSecale vavilovii Grosch.
and the perennigb montanum Guss. (36 varieties of which have been identifiaa
eight species of wild barley have been found. Wiild-rowed Hordeum spontaneum
C.Koch andH. bulbosum L. are of special interest for breeding.

Armenia’s richness of wheat biodiversity is of oatl and international
significance. At the national level, it underpingmy livelihoods and contributes sub-
stantially to national development. Some of thedvsipecies are known to be drought-
resistant, which is particularly important in Arni@rdue to its climate and frequent
water shortages. Others may have disease resistansbeat leaf rust and powdery
mildew and can be used in crop improvement progrtanpsoduce new disease-resistant
cultivars which will help in stabilizing yields, mimizing the use of chemicals and thus
helping to protect the environment [5]. The usevdfl relatives to improve Armenian
wheat is an important strategy for the countryegithat wheat is central to the country's
food security, culture and customs [15].

Genetic resources are the gene pool availablebi@eders and other scientists,
and in the Triticeae tribe several pools are retzsgh[19].

Crop wild relatives of wheat can be an importanirse of genetic diversity for
supplying new effective resistance genes to mogédraat cultivarsAegilops tauschii,
the wild diploid D-genome progenitor of whedtiticum aestivum L., is an important
source of resistance to several genes conferiigiieh protein quality and amino-acid
content, and resistance to biotic stresses inaiugiests and arthropods (Bahrai et al.
1998; Anker and Niks 2001). The value of wild spscas a genetic resource for crop
improvement depends on the amount of genetic véijakthey represent relative to
cultivated crops. A large number of methods arelabi@ for the assessment of genetic
variability, diversity and relatedness among geampis as well as for molecular
fingerprinting.Ae. tauschii is a self-pollinating species with occasional crpslination
[2]. Genetic exchange between sspuschii and other ones like sspgtrangulata in
primary habitats of the species do exist and ieeratommon. For some species that
have spread geographically in recent times, gersnpleonservation can be effective and
representative by collecting materials in the histd centre of genetic variability. It is
known that Ae. tauschii is characterized with equilibrious and very fragmeel
population genetic structure, that is why it istguimportant to assess genetic strcture
and the level of genetic diversity of the population order to maximize the chances of
obtaining all unique allelic variants. It has bedmown by Dudnikov [2] that in a single
Ae. tauschii accessions extremely rare alleles at several laci be found. Such
accessions could be the source of unique allelimnes at many loci, including some
with agricultural significance, particulary withairght, salt and disease resistance.

Several PCR-based systems are available that difiemplexity, reliability and
information generating capacity. These include RABBR, AFLP, among others. Each
system has its advantages and disadvantages. Tiweluction of RAPD (random
amplified polymorphic DNA) Williams et al. [20] oAP-PCR arbitrarily primed—PCR
[21], allowed DNA analysis using the polymeraseicheaaction (PCR) in the absence of
specific information on nucleotide sequences. dtvpd valuable in the characterization
and evaluation of genetic diversity within and amg@pecies and populations. RAPD
markers were used to analyze genetic variability aslationships among species,
populations and accessions Agfgilops [12] who found tha#. ventricosa (DDNN)
segregated from the other species, probably ovdrthe influence of the D genom.
biuncialis (UUMM), andA. ovata (UUMM), were clearly separated. In addition,
correlation was found between RAPD markers and emgmphical factors. The results
of Kong et al.[11] showed that the ABD and S gensnudTriticumwere most
consanguineously grouped, genomes C and U hadtivedl close relationship, and
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genome D was distant from all other genomes. Germksitance analysis of 29 acces-
sions of twoA. tauschii subspecies from different regions was assayed URKBD.
Two evident clusters based on the 297 RAPD bangsated divergence between the
two subspecies that was greater than that withie subspecies from different geo-
graphical regions: China, Iran and former USSR .[Génetic diversity among 18 Chi-
nese accessions Af geniculata was assessed using RAPD.

The objective of this study was to study patterrgehetic diversity imrdegilops
tauschii different accessions collected from Armenia usR#D markers.

Materials and MethodologyTen accessions @fegilops tauschii were chosen for RAPD
marker analyses. The accessions of were obtained ffARDA seed bank (Table 1, Fig.1).

Table 1.List of Aegilops tauschii accessions

Accession
numbers
No. Species Gaz_?_rglt)aben Origin Lon Lat Alt
ICARDA
(16)
Aegilops . ) N39
1 tauschii 1G47173 Armenia (Syunik) | E46 22 31 640
2 | Atauschii | 1G126950 Armenia (Syunik) | E455814 D% | 1.680
3 A tauschii 1G48649 Armenia (Kotayk) | E44 44 B‘;‘ 0 640
4 | Atauschii | IG 48748 Armenia (Kotayk)|  E4440 | 10 | 1.300
" Armenia N40
5 A. tauschii 1G48758 (Aragatsotn) E44 20 15 1.350
. Armenia N40
6 A. tauschii IG 126250 (Yerevan) E44 36 10 1.225
7 | Atauschii | 16126281 Armenia (Ararat) | E44 5418 Mo~ | 1.355
. Armenia  (Vayots N39
8 A tauschii 1G126337 Dzor) E45 2353 4638 1.600
. Armenia  (Vayots N39
9 A. tauschii IG 126371 Dzor) E45 1051 4356 1.000
" Armenia N40
10 | A.tauschii IG 137567 (Armavir) E043 51 11 27 1.028

DNA isolation. DNA from young, seven day-old seedlings was exé@ by application
of a modified Doyle protocol with addition of actied charcoal [1]. Fresh leaves (five plants of
each accession, 5 mg) were harvested to 2 ml tfiteezgn at —20 °C at least one day before the
day of extraction. After grinding the material witie pestle, 70Q11 extraction buffers with 1 w/v
activated charcoal (warmed to 65 °C) were added. semples were incubated at 65 °C in water
bath for 35 min. After incubation, 70Ql of a mixture of chloroform and isoamyl alcohol
(25:1/vol) were added and shaken strongly. Aftertrifeigation (10 min. at 8000 rpm.) the top
phase was transferred to a new Eppendorff tube.chlwoform—isoamyl alcohol extraction was
repeated once again. The supernatant was therfematsto a new Eppendorff tube and added
with 85 | of acetate mix (6 parts of 3 M NaOAc solution @ngarts of 10 M NEHOAC solution)
and 500l isopropanol. The precipitate was centrifuged 8000 rpm for 30 min., the
supernatant was removed and the DNA was washed Withl of 70% ethanol, and then
centrifuged for 10 min. at 13.000 rpm. The pelletswair-dried and resolved with 1Q0 TE
buffer. The extracts were stored at —20 °C ungl us
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Fig.1. Map of Armenia showing distribution Aégilops tauschii populations.

PCR amplification and gel electrophoresis. Each sample contained 0.Q8 of Taq
polymerase (Gatersleben, Genome Center, and Evrégessia), 2.511 PCR buffer, 10uM of
forward/reverse primers, 2.5 mM of each dNTP andualb0 ng of plant DNA. For RAPD
analyses 18 10 mer primers were used: OPAO1, OP@P203, OPA04, OPAO5, OPA11l, OPA
13, OPA 18, OPEO03, OPEO4, OPE07, OPE11, OPE15, @RBE2C 02 [14]. PCR (Biokom PCR
amplifier) amplification program for RAPD was 82 — 1.5 min, 40 cycles (9 — 30 sec., 36
%C — 1 min, 72C — 1 min), 78C — 10 min.

PCR amplified RAPD DNA fragments were electrophetes 2% agarose gels at 110 V
for about 2 hours, stained with ethidium bromidsuglized under UV light and photographed.
Gel images were captured in TIF files and analyzed.

To analyse obtained molecular genetic data Pop@ear8 TreeView software was used.
Data were analysed on the basis of the presenas @sence (0) of the amplified products. Pair-
wise comparisons of accessions based on preseserfab of unique and shared polymorphic
products were used to generate the observed nuohladieles, effective number of allele, Nei's
gene diversity, and percentage of polymorphic edlel

Results and DiscussionA total of 70 random decamer primers were evaluated
for their ability to prime PCR amplification of DNAfrom 10Aegilops tau-
schii accessions that were randomly selected. Fifteed(QPOPAO02, OPA03, OPA04,
OPAO5, OPA11, OPA 13, OPA 18, OPE03, OPEO4, OPERE11, OPE15, OPE20,
OPC 02) that showed consistently reproducible polyhisms were selected and used
to analyze DNA of all the 1B8egilops accessions included in this study.

A summary of the RAPD marker data for fifteen primmand distribution across
the Aegilops accessions is given in Tab. 2.

The primers generated total of 197 different siragments (loci), of which 79
markers were polymorphic over all accessions. Aangple of typical RAPD variation
for a single primer is shown in Fig. 2.

The capability of different primers to generate RARarkers ranged from 87 to
161 over all accessions. The number of polymorpdtc per population for all primers
ranged from 77 (population 6) to 89 for (populat&)n

Based on the Nei's (1973) gene diversity indexntiean diversity indices for the
10 accessions ranged from 0.5374 to 0.6730. Thigeraf diversity indices indicated a
high level of polymorphism at the DNA level amorggessions. The level of genetic
differentiation among Aegilopsauschi local populations offe. tauschii is high: the
value of Nei's coefficient of genetic differentiati, GST, was 0.53 and the estimate of
gene flow beetween them was 9.5. The low Gst vahdisate the low migration capaci-
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ty, that is why the local populations separatednfreach other by a distance of only a
few kilometres can differ considerably. On fig. Betdendrogramm for the studied

population is shown, where it is clear thta theafons located near each other have
been divided by clusters.

Table 2. Genetic diversity @egilops tauschii populations by RAPD markers

Observed | Effective Ner's The number
No. | Accessions number of | number of gﬁ/r.]e?sit OI)I morohi

alleles alleles y E Io)éi %p
1 1G47173 1.9705 1.6328 0.5694 79
2 1G126950 1.9567 1.6442 0.5730 r8
3 1G48649 1.9615 1.6012 0.6730 88
4 IG 48748 1.9167 1.5779 0.5374 85
5 1G48758 1.9643 1.6024 0.6512 89
6 IG 126250 1.9405 1.6011 0.5481 (7
7 1G126281 1.9405 1.5595 0. 6212 37
8 1G126337 1.9405 1.5932 0.5450 B
9 1G126371 1.9478 1.6257 0.5730 r8
10 IG 137567 1.9286 1.5859 0.5420 V8

M 1-12-1 3-1 4-1 5-1 6-17-1 8-1 9-110-1 2-1 2-2 2-3 2-4 2-5 2-6 2-7
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Fig. 2. RAPD patterns @k tauschii accessions obtained with primer OPAQ02
(lines 1-1-10-1) and with primer OPEO04 (lines 2-1)2M: DNA size markers
(DNA Molecular Weight Marker, Fermentas, 100 bpdied.

The average level of genetic drift also plays apartant role, sincée. Tau-schii
local populations are small and relatively isolatéfdonly some Ae. tauschii local
population remained isolated and free from immigrabover a long period of time, it
may have become a “trap” for rare alleles becatigxation of slightly deleterious

alleles [2]. The same results have been obtaindduainikov [2], who has shown
the interspecies the similarity of Gst for Aegsogsptauschii and for sspSrangulate.

Exchange of just 1-2 individuals per generationwben populations erases
genetic differences between such populations (ldkdii999), therefore the average
migration capacity of\e. tauschii seems not to exceed one kilometer per year (ife. pe
generation, since it is an annual plant). Takirtg exccount the huge range of this spe-
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cies, it can be estimated that the time necessange tauschii geographic expansion is
about 10 generations (years). These results are provedntbeance of populations of
Aegilops tauschii as a sources of important, uniggecultural traits. High levels of
interpopultion polymorphism were recorded in twakeirn wheatsJriticum monococcum
(Mn) andT. boeoticum (Bt) [10], in Hordeum species [6], ifegilops cylindrica [7].

popa

—l: -

pope

pop2
pop7

pop10

popo
pops
pop1

pop3

Fig.3. Dendrogramm constructed for all the prinsttslied.
For explanations of pop1-10, see Table 1.

RAPD-PCR was useful for studying genetic variapitimongAegilops species. It
was used to study the genetic diversity of différ&egilops species [7, 13] A. geni-
culata [21], wild emmer and durum wheat [7,8], wheat [91B] andHordeum [6, 16].

There is a concern expressed in the literaturerdays the reproducibility of
RAPD patterns from one experiment to another. Ia #study reproducibility of these
results was evaluated by replicating the RAPD aislgone on all the accessions two to
three times with five primers. Reproducibility aaged 94%. Thus under stringent reac-
tion conditions RAPD patterns were highly reprodiesi

These results demonstrated also that RAPD-PCR siadly useful to assess the
extent of genetic diversity amowggilopsaccessions and can provide practical
information for the management of genetic resourcelfection and identification.
Obtained results are showing importance of furihgestigations of genetic structure
and genetic diversity within and between populaiohstudied plants. There in need to
use AFLP markers, as these markers are co-dominatéad of RAPD and highly
reproducible.

Conclusions
The use of plant genetic resources (PGR) in crggorement is one of the most
sustainable methods to conserve valuable genesourees for the future and
simultaneously to increase agricultural productom food security. Our results show
that the territory of Armenia is one of the ricluszes of wild relatives of wheat that can
be useful source of germplasm for breeding progremwseate new crops and new uses
for existing crops, to meet breeding objectivessiastainability of crop production.
The molecular analyses protocols for screening gendiversity in
Armenian wild accessions @éfegilops tauschii have been optimized.
RAPD analyses can be recommended as cheap opiassess level of genetic
diversity and breeding potential in wild populatiosf wheat in Armenia.
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So, the isolated populations of Aegilops tauschifrmenia can be a sources of

important agricultural taits and need further iniigggion for their sutainable conservation
and use in marker assisted selection.The resutsneld will help to select genetically rich
germplasm for sustainabé situ conservation of studied populations. Also thesa dah
be used efficiently in breeding programs for imgnment of existing cultivars.
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DETERMINATION OF MERCURY CONCENTRATION IN
BANDAR IMAM MARINE SEDIMENTS (PERSIAN GULF)
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The effect of mercury from chloroalkaline unit oa®dar Imam, Iran petro-
chemical complex (BIPC) has been investigated. tBfions were chosen in
distinct and regular intervals. The samples wekerteon depth of 0—10, 10—20
and 20—35 cm in industrial wastewater dischargetpoi the Persian Gulf. They
were transferred to the laboratory and autoclave®Dar0°C for 48 hours. After
drying the samples were mixed and analyzed by usiegcury analyzer 254
AMA (Leco). Experiments showed that the concentratvf mercury in different
samples was high (29-10031 ppb) in comparison ugtltoncentration in Asal-
loyeh Blank region (12-22 ppb). It was resulted th& concentration of mercury
in sediments of Bandar Imam was higher than indstechand blank region be-
cause of petrochemical activities and chloridelisigil As the horizontal and ver-
tical distances from the wastewater discharge pe@ne being increased, mercury
concentration reduced gradually.

Marine sediments - Persian Gulf — Asalloyeh - Barideam - Mercury

Nuunudtwuhpyly £ Putiqpup Phdud, Ppub twdpuphdhwlwt hwdwhph pin-
pugfuyhufut palhg opowlu dhgwjuyp puthynn utnhlh wqpkgnpnip:
Cuwnpyk) ki vhdjuighg uintwynp hinwynpmpinitibph Jpw qunidnn15 juywb-
ubp: ‘Lunipubpp Ykpgyky ki 0-10, 10-20 b 20-35 ud unpnipjut ypw' Nwpuhg éng
wpunpujutt hnupwgpbph puwthuwt Juypnud: Lunipibpp nbnuihngk B
(wpnpuunphu b Wwlyl) wdunfuymd 60-70°C wuydwbbbpmd 48 dwdqw
pupwgpnid: 2npugilinig htwnn tdnpubpp wntdl], wyunthtnb Jepnusdwt G
Eupwplyky utnhlh 254 AMA  (Leco) 4hpmishsh oqunmipjuup:  Niunud-
twuhpmpmitiibpp gnyg ki wky, np uinhljh fnnipnitp nwppkp tdnwpbpnid
pupdp £ b qugnud £ 29-10031 ppb uwhdwbibpnud® h mwwpphpmpinit Uuwnyk
sunununjus Juyph, npunbn uy juqunud £ 12-22 ppb. Updk) b kqpuiljugmpinil,
nn twlpwphdhwljwd wphwwnwbputph b pinphnubph pwthuiwd wwndwnny
utinhljh fnnipimiip Pwlinup Puwdh bunduspubpmd wdbth pupdp k, put
sununuyus unnighs wwpwspnid: Upnwunpulwi hnupwepbph puthdwt Juiyphg
hnphqnuwfub b nipnuwhwjug htrwgdwt dudwbwl wpdwbwgpdty t utnghyh
Junnipjut wunhfwtulut bjugtgnud:

OnyJuypli buunjwdpllp - Mwpupg éng - Guuymk - Fuiup Puunl - uliphy

H3yueHo BiusiHEE PTYTH, HOCTYIAIOIIEH B Cpely C XIOP-1IEI0YHOro OJI0Ka
HeTexumuueckoro kommrekca bannap Nmawm, Upan. Bsuto BeiOpano 15 crannuii
B pery/sipHbIX uHTepBasax. OOpasipl Opanuck Ha riayoune 0-10, 10-20u 20-35
cM B Mecte ciuBa B [lepcuckuil 3aiB MPOMBILUIEHHBIX CTOYHBIX BOJ. O0Opas3iibl
MEPEeHOCHINCh B JabopaTopuio u 0OpabarsiBanuch B aBrokiase npu 60-70°Cs
teuenne 48 4. [Tocne BbicynIrBaHus 00pa3ibl EPEMEIINBAIN U aHATH3UPOBAJIH C
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MCIIONIB30BaHUEM pTyTHOro ananusatopa 254 AMA (Leco). MccnenoBanus mo-
Ka3aJy, 9TO KOHIEHTPALWs PTYTH B Pa3IMYHBIX 00pa3suax BBICOKAs M HAXOJUTCS
B nipezenax 29-10031 pphy orinune oT He3arpsI3HEHHOTO peruona Acaloiie, rue
oHa cocraBiser 12-22 ppb.Bsuto cremaHo 3aKIOYEHHE, YTO KOHIEHTPAIHA
pTytu B cenuMeHntax banmap MMama u3-3a HedTexumuyeckux padbot u cOpoca
XJIOPHU/OB ObLTa 3HAYMUTENBHO BBILIE, YEM B KOHTPOJIBHOM HE3arps3HEHHOM pe-
ruoHe. [Ipy ropu30HTAIBHOM M BEPTUKAJIGHOM YIAJICHWH OT TOYKH CIIHMBA IIPO-
MBIIIICHHBIX CTOYHBIX BOJ OBLIO 3apErHCTPHPOBAHO MOCTEIICHHOE YMEHBIICHHE
KOHLICHTPALHU PTYTH.

Mopckue ceoumenmur - [lepcudckuii sanue — Acanoiie - banoap HUmam - pmymo

Hg is amongst the poisonous and heavy metals thihite water resources and
sediments when used in several industries, for gl@nas an electrode in electrolytic
decomposition of the salt (NaCl) to produce chlerinlg compounds decompose rarely
and accumulate in some organisms such as fish fammds Intoxication due to eating
fishes contaminated with Hg has been observedviarakparts of the word, including
Minamata (Japan) that has attracted the reseatdttation to the detrimental effects
of using contaminated sea organisms (fish&kj)s research was conducted to study the
effects of hazardous wastage of the chloroalkalimé of petrochemical zone of Bandar
Imam. In this location where the wastage pours ihéosea the sediments were analyzed
[1, 2, 3, 7]. In order to measure Hg concentratiothe sediments a field inspection of
the mentioned area was done, stations were chaogbspecified samplings were drawn
(0-35 cm).

The following objectives were in mind while choggitine stations:

» determination of the relationship between Hg cotregions of the sediments and
increasing of horizontal distance from the exit,

» determination of the relationship between Hg cotegion and increasing of
sediment depth,

» determination of the effect of dominant North—wgstv) winds and ebb and flow
on the distribution of Hg contamination in the seeits,

¢ determination of the relationship between Hg cotregion and increasing of water
depth.

Materials and Methods.The site is located in the northern part of thesRe Gulf
(Bandar Imam) (Fig. 1 and 2).

X

Caspian Sea

Tehran

Fig. 1. Map of the studied area
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P OCHEMICE EMAM-KHOMEYNI
[FARABI FETROCHEMICAL PETROCHIMICAL

Fig. 2. Map showing the sampling location area

The geological history of the site reveals thatwtds00 million years ago in Precambrian
period, the solid crust of the earth was unitedthe continents were connected to each other be-
cause of the movement and water penetration irgchtile due to the volcanic activities. Some
continents and oceans were developed and in thst miche third era the Persian Gulf was ap-
peared and it was attributed to the extension ofa@i8ea into a syncline whose axe is along
Zagros, with a little deviation to the west.

Persian Gulf in the south coast is low and sargyfléor is muddy and contains some sandy
hills and coral reefs which are amongst the mogbient areas of fishing and pearling.

The climate is dry and subtropical. The weathenasduring 7-8 months in a year and the
temperature reaches to 50°C, being temperate fromeber to February.

The bed of the site (Bandar Imam) is composeday. decause of the low depth of Persian
Gulf, high temperatures and winds the surface ewdjom is relatively high. The amount of eva-
porated water is more than the entering water.dtfubflow differ in various parts.

Sedimentation occurs because of the wind, ebb lamdaind sea streams. The stream wave’s
speed reaches 11 km/day in a counterclockwisetiirecThese streams become weak at the end
of Persian Gulf (Fig. 2) and don’t transfer theiseghts.

During the investigation appropriate methods wesed>5, 6, 8].

In order to determine Hg concentration in the sedits of Bandar Imam, a field inspection
from Khowre-musa, between N=26°-30" and E=7°-49ttie north of Persian Gulf was conduc-
ted, then by sampling instruments and a motorbmatsampling was carried out at the depths
from 0.5 to 4.5 m on specified distances (every @@fers). The direction as in the Fig. 2 was
from the fishery propagation center in Mahshahré&arbandar road to the point that is located in
18 km from Bandar Imam petrochemical wastage &ie sampling was done in spring during
ebb and flow. At first 15 stations determinationsweonducted in specified distances with a
Garmin model GPS. The sampling was done every 38rmen the radius of area with 5 samples.
Fig. 2 shows the path and position of the statioBandar Imam.

In order to analyze Hg in the sediments, the sasnpkere taken to the laboratory and placed
into autoclave at 60-70°C for 48-hours and ofteyindy, were put in crucible and passed through
Nel00 mesh. Equal amounts of each sample from eaolvrkrdepth were mixed to obtain a
homogenous sample. To measure the concentratibly af the sediments of the stations, speci-
fied amount of each sample was carried to the enmiental laboratory of the School of Natural
Resources and Sea Sciences of Tarbiat Modarresetditiv for analysis with Leco AMA 254
mercury analyzer. This experiment was replicateeethimes in each station and the mean of these
replications has been reported. The above mentiorgdiment before the samples analysis was
calibrated with the BCR, NIST standard D67.
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Fig. 3. Map showing the sampling stations

Results and DiscussiorResults of Hg concentration analysis in differstations of
Bandar Imam based on the depth with at least Batiphs and Hg concentration analysis in
control station are shown in Tables 1 and 2, reissdy. In order to present Hg concentration
on different depths more precisely, the histogramrtcof Hg mean concentrations in
different stations is shown on Fig. 4.

Table 1. Hg concentration analysis (ppb) in différgtations of Bandar Imam on the depth
(Meanz SD, 3 replications)

Ne of the station Depth
0-10cm 10-20 cm 20-35cm
1 10031 6306 543
2 7593 1931 215
3 7375 7609 2112
4 5703 6933 105
5 4302 3302 2221
6 2769 2820 2405
7 2985 2625 188
8 2917 715 705
9 1969 2225 355
10 1145 801 730
11 643 471 344
12 417 355 145
13 347 176 29
14 146 6015 209
15 101000 26055 247504
Standard of deviation 25366.97 6559.331 247.504

Results of Hg concentration analysis in the sedimef Bandar Imam (Tab. 1)
indicate:
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measurement of Hg concentration in the sediment8afdar Imam (Khowre-
musa), at the sewage exit of Bandar Imam petroaterohloroalkaline unit shows
that the highest concentration of Hg is in theistad that is located in 200 m from
the sewage exit point. In most of the stationshigiest concentration of Hg is on
the depth 0-10 cm,

by increasing of sediments’ depth Hg concentratieareases gradually, so that it
becomes near zero in lower depths,

the station 12 is the place for releasing fishessimimps of the fishery propagation
center of Mahshahre and is located in 18 km from dhloroalkaline unit sewage
exit source and is regarded as the control staifoBandar Imam. Table 1 shows
that in the station 12 the pollution amount is leighan the EPA standard (2-5
ppm),

the results show that the difference between th¢hem and southern stations’
concentration is not significant. So waves of elplol #low and dominant winds
don't transfer the pollution. The station 15 whistiocated within the petrochemical
site (50 m before entering the sea) has the highgstoncentration in comparison
with other stations,

sampling in the above mentioned stations and th@ogial history of the area
indicate that the origin of sediments’ pollution gH is the petrochemical
chloroalkaline unit of Bandar Imam,

in order to get some confidence on the resultsthagollution source the sampling
procedure was also done in the special zone of dy&i.

Results showed that Hg concentration in Asalloyeds Mower than standard

(around 12-22 ppb). Values were much lower thancHgcentration in Bandar Imam
sediments (Table 2).

Table 2. Hg concentration analysis (ppb) in different stasi of Asalloyeh
(Meanz SD, 3 replications)

Ne of the station 1 2 3 4 5 6 Deviation
Concentration 18] 17 17 v 12 22 3.1885
12000
10000 -+
8000
——0-10cm
6000
—fi—10-20cm
4000 20-35cm

2000

0 A g

12 3 4 5 6 7 8 9 10 11 12 13 14

Fig. 4. Hg concentration analysis (ppb) in stations 14@mfiBandar Imam on the depth
(Meanz SD, 3 replications)
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It has been also designed to measure the leastrambdg in sediments and liquids
which acts on the basis of pure 99.99 oxygen cotidyushat contains a combustion
catalysts tube and decomposes the sample in oxsigensmedia. In this way the
unwanted elements are separated. The instrumertalisrated on the standard
wavelength of 253.7 nm and includes a golden tfdgis trap adsorbs the collected or
released Hg from the sample. This method is femtel more confident than the other
methods. The phases of the method are:

1- decomposition time: 305 s,

2- drying time: 60 s,

3- degradation time: 200 s,

4- waiting time: 45s.

Hg in the petrochemical zone of Bandar Imanwvashed in chloroalkaline industries
by cellular method. The area sediments have bed#utgwd because of Hg-containing
sewage movement into the Persian Gulf. Moreovealrse of Hg movement attributed
to the areas affected by the imposed war, it h&sred the waters. This is especially
evident in the statistics of Iran's Hg imports éstore the petrochemical zone of Bandar
Imamin 1992 [2]. So as the Tab. 1 and 2 and the Fghel, Hg mean concentrations
in the depth 0-10 cm vary from 146 to 10031 ppkthendepth 10-20 cm they vary from
176 to 7609 ppb and in the depth 20-35 cm - vaminfR9 to 2405 ppb. Therefore, it is
necessary to separate this metal from the sewagtiffeyent processes. As the main
origin of Hg movement into the sediments is duthtosewage of chloroalkaline unit of
Bandar Imanpetrochemical zone, Hg should be refined and reclycl

Results from different stations indicate that:

1. by increasing of the horizontal distance from teeage exit point of chloroalkaline
unit of Bandar Imampetrochemical zone, Hg concentration in the sedisen
decreases gradually,

2. according to the area geology, the bed soil isistet of clay (with negative ions).
As Hg is a positive ion, it forms a stable legendnplex with clay and remains on
the surface so Hg concentration decreases whiteasing the sediments depth,

3. results of northern and southern stations showthlieatiominant wind is north-west
and the waves (which are in the same direction thikhdominant wind) don’t move
pollution [4],

4. according to the geographical position of the avhih is located at the end part of
the Persian Gulf, ebb and flow of this area arekvegal don't transfer the pollution,

5. Hg has a high specific weight so it precipitatesnediately after entering the low
depth areas. Then Hg concentration decreases iwbikasing water depth,

6. the main polluting factor of the area is the chédkaline industry sewage of Bandar
Imam.

Suggestions

1. In order to control thenovement of Hg in the area the sewage exit of Hgofées
must be checked.

2. The cellular petrochemical and chloroalkalinguistries should be cancelled. In turn,
a membrane system has to be used.

3. The factories’ sewage must be refined and cliepkaperly.

REFERENCES

1. Barenes H. L., Seward T. Neeothermal systems and mercury deposits, in: H. L.
Barnes (Ed). Geochemistry of hydrothermal ore digpogViley, New York, 699-
736, 1997.

71



M. GODARZINIK, K.V. GRIGORYAN, H.S. MOVSESYAN

Esmaili Sari.Pollutants, health and environmental standardsshiad/ehr Press,
Iran, 67-82, 2003.

Grassi S., Netti RSea water intrusion and mercury pollution of socoastal
aquifers in the province of Grosseto (Southern @ngdtaly), Journal of Hydro-
logy, 237, 198-211, 2000.

Iranpana. Stratigraphy, Tehran University Press),123-60, 1981.

Marins R.V., Delacerda L.D., Villa Bosa R.Relative importance of non-point
sources of mercury to an industrialized coastalesys Spetiba bay, Se barazil. in
Ebinghaus R., Turner R.R., Delacerda L.D., Vasil@y Salomons W. (Eds),
Mercury contaminated sites, Springer, Berlin, 2@D;21999.

Schwarzenboch G., Widmer NDie loslichkeit von metal sulfide. I. schwarzes
Queckilbersulfid. Helv. chim, Acta 46, 2613-262863.

Tomiyasu T., Nagano A., Yonehara N., Sakamoto ifardR Oki K., Akagi H.
Mercury contamination in the Yatsushiro Sea, sowdlstern Japan: spatial
variations of mercury in sediments, The SciencthefTotal Environment, 257 121-
132, 2000.

Turner R.R., Southworth G.Rlercury-contaminated industrial and mining sites in
North America: an overview with selected case @sidin Ebinghaus R., Turner
R.R., Delacerda L.D., Vasiliev O., Salomons W. (Ed&ercury contaminated sites,
Springer, Berlin, 89-112, 1999.

Received 18.09.2010

72



Lwjwuinwbh Qhwnnieyntbbbph Uqquiht Uywnbdhw Lwjwunmwbih YUEtuwpwlwwd <whnbu
HauuoHanbHas Akaaemus Hayk ApmeHuu BuoAoruueckul XypHan ApmeHuu

National Academy of Sciences of Armenia Biological Journal of Armenia

c@Onpéwpwpwluwl b nbuwlwl hnnjwoGhp *Dkcnepumenmansvhsle u meopemuuecKue Cnanovus
*Experimental and theoretical articlese

Biolog. Journal of Armenia, 4 (62), 2010

PHYLOGENETIC DIVERSITY BASED ON 16SrRNA GENE
SEQUENCE ANALYSISOF AEROBIC THERMOPHILIC
ENDOSPORE-FORMING BACTERIA ISOLATED FROM

GEOTHERMAL SPRINGSIN ARMENIA

H.H. PANOSYAN

Yerevan State University, Faculty of Biology, Depent of Microbiology
and Plant and Microbe Biotechnology, Email: hparas@yahoo.ca

Nineteen thermophilic aerobic endospore-formingtérée were isolated
from Armenian terrestrial hot (Arzakan) and warmkiaurik) geothermal
springs. The phylogenetic and taxonomic diversftysolates was studied by the
16S rRNA gene (16S rDNA) analysis. The comparisbgemerated 16S rDNA
sequences of the isolates with the ones availabf@enBank database indicates
their relation to phylunfirmicutes subphylumClostridium-Bacillus group of
Bacilluslike genera. The isolates are related to eleveisp distributed in five
genera:Bacillus, Geobacillus, Sporosarcina, Paenibacillasd Thermoactino-
myces The thermophilic endospore-forming microflora wass diverse in the
Akhourik spring and included representatives of ggarBacillus and Thermo-
actinomyceswith predominance oBacillusspeciesRepresentatives of the genus
Geobacilluswere prevailing in the hot spring, in total congfitg 50% of the
detected isolates.

Geothermal springs - thermophiles — Bacillus anthted genera — 16S rRNA
gene (16S rDNA) sequence - phylogeny

Zuyuuinuth viwp (Ulaniphly) b gbpdughts (Upquijuity) hwipught winpymputphg
Ukljnuwgyly B inwubhup plipdndh) wkpnp tunnuynp wnwgwgunn pulpnbphwithp b
punn 16S nffuE-h qkih (16S nFUE) imlkninhnuyhti hwenpruljwtinipiniiikph
Yipsmpjutt nundtwuhpyly b npuig tnupunindhwljut ' $hynghibinhljuljut
puquuquimpmitp: Ublmuwugqus §opinmpuikph 16S nFUE-h uniljjkninhnughu
hwgnppuljuimpnititbph hwdbdwwnnudp GenBank-h nfjuntiph puquymd wnlju
hwgnpyuiljuiimpniiibph hkn hwununky | npuitg wqunljuibhmpmiup Frmicates
bhynudht, Clostridium-Bacillus Gupwbhinuiht, Bacillus i wqquljhg ghnkp hadphtc
Ublnruwgdus punudibpp  inyhwljwtgyl) o npybu 11 wibuwljubp  pugfujus
Bacillus, Geobacillus, Sporosarcina, Paenibacillus W Thermoactinomyces ghntipnud: @tmin-
$hy Fugnuwynp wnwgwgtnn Uhypngnpuite Uumphyh hwbpughtt wnpmpnud. phy
puquuquib E b tkpunmd b Bacillus W Thermoactinomyces ghntph ubkpljujuugnmghsubp®
Bacillus gtinh whuwlubph qb-pulondudp: Geobacillus ginh nbkuwljubpp ghipuiljpnoid
kb gbpiughtt winpnipm” juqubyng dkjmuugyus nkuwlitkph 50%:

Ephpuwokpluypl wppniphkp - plpdndpylkn - Bacillus b gknuiljpg inkuwlakp -
168 nf}UL-)h qlip (16S n2ULG) hwonppuilpmbnyenihlikp - ppyngliapu

U3 HazeMHBbIX TemibiX (AXxypuk) u ropsunx (Ap3akaH) reoTepMaibHBIX HC-
TOYHHKOB APMEHHH HM30JMPOBAHbI JEBATHAILATH TEPMOPHIBHBIX a3pOOHBIX IHIIO-
criopoobpasyromux 6akrepuii. Ha ocHoBanun anamisa resma 16 SpPHK (16 Sp/THK)
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M3YYEHO UX (HIOreHETHYECKOE M TAKCOHOMHYECKOEe pasHoobpasue. CpaBHEHHE TO-
cnepoBarenbHocTeit 16Sp/IHK M30514TOB ¢ HYKICOTHAHBIMH MOCIIEI0BATEIBHOCTSI-
mu 0a3bl gaHHbix GenBankd ykaspiBaeT Ha UX MPUHALICKHOCTH K (Gumymy Firmi-
cutes k nogdurymy Clostridium-Bacillus x rpynie Bacillusc poxcreennsiMu posa-
mu. M3omstel otHecensl kK 11 Bupam msitn pomos: Bacillus, Geobacillus, Sporosar-
cina, Paenibacillus, ThermoactinomyceBepmoduisras 3H10CIIOPOOGPa3yFOLIast
MHKpOdIIOpa MeHee pasHOOOpa3Ha B TEIUIOM HCTOYHHKE M BKIIFOYACT BHABI POOB
Bacillusu Thermoactinomyces momuanpoBanuem mpeacrasureneii poga Bacillus
TpencraBurenu poaa GeobacilluSTOMHHHPYIOT B TOPSiYEM HCTOYHHUKE, COCTABIISA B
nenoM 50% 00Hapy>KCHHBIX H30JIATOB.

T'eomepmanvvie ucmounuxu — mepmogunsl — Bacillusu poocmeennvie poov —
cexgenc eena 16SpPHK (16Sp/[HK) — punozenus

Microbial ecology of geothermal springs locateddifferent parts of the world
has been arising interest of scientists duringl#éis¢ decades [5, 10, 12, 19]. Natural
geothermal springs are primarily associated wittiogically active zones. Numerous
warm and hot mineral springs of different geotetamigin and with different physical-
chemical properties are found in Armenia, whereence of recent active volcanism is
still noticeable [1].

Thermophilic microorganisms are not grouped ingeparate taxonomic unit, but
appear in various taxonomic groups and at varitnytogenetic distances throughout the
taxonomic system [2, 5, 9, 17]. RepresentativethefgenudBacillus and related genera
have been shown to be the thermophilic aerobes fremgiently isolated from terrestrial
geothermal water environments [10, 12, 23]. Nuna¢ridassification based on a series
of phenetic characteristics is used for identifmatand classification of bacilli [14, 21].
At the present, the phylogenetic approacBagillusand related genera taxonomy is ac-
complished mainly by analysis of 16S rRNA genesS(iBNA) [8, 16, 20, 25].

Distribution of some groups of extremophilic badifi different natural habitats
(mainly in soils) and investigation of their biokewlogical potential have appeared the
basic directions of microbiological research in Ania [6]. In this context, geothermal
springs located in Armenia represent unique natiwabitats of the thermophilic
microbes. Recently, distribution of cultivable dgicothermophilic endospore-forming
bacteria in some geothermal springs of Armenia waslied and characterized
tentatively based on the phenotypic features [3je Present study reports on the
phylogenetic diversity of cultivable thermophilierabic chemoorganotrophic endo-
spore-forming bacteria isolated from earlier unstigated warm (Akhourik) and hot
(Arzakan) geothermal springs of Armenia based an dhalysis of their 16S rRNA
genes.

Materials and MethodsSampling and physical-chemical measuremehte location of
warm (Akhourik) and hot (Arzakan) geothermal minearings of Armenia was determined using
GPS technology. Water temperature and pH were medsu situ using a portative combined
pH/EC/TDS/Temperature tester (HANNA HI98129/HI1981.3Water and sediment samples of the
studied springs were collected in sterile bottled anaintained on ice until processed. Sampling
and all physical-chemical measurements were matl@wember 2008.

Enrichment experiments and microscopy enrich aerobic thermophilic bacteria, filtrate
of water (1l filtered through 0.4 pm membrane f#)eand sediment (1g) samples were inoculated
in Nutrient Broth (Difco) and incubated overnights®, 60 and 65°C with shaking at 240 rpm. Be-
fore inoculation, all samples were treated at 88%C10 min to isolate the endospore-forming
microorganisms only [4]. Cultures were further fied by streaking samples on the same medium
supplemented with agar (2%, w/v). All colonies daba on plates were picked and purified by
streaking onto the same medium at least three tififes subcultures purity, cell morphology, spo-
rulation and motility were determined by phase-casit microscopy (Nikon, Eclipse E400 light
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microscope) of freshly prepared wet mounts. Colargrphology, Gram reaction, thermophilic
growth and catalase activity of all isolates westéd using the commonly accepted methods [4].

Nucleic acid extraction and polymerase chain reatt{PCR).DNA was extracted from
pure isolates using GenEluteTM Bacterial GenomicADt (Sigma) according to the manufac-
turer's recommendations and used as a templatéienPCR assays. 16S rRNA genes were
amplified using universal primer pairs 27f (5'-GAGIGATCCTGGCTCA-3) and 1525r
(5'-GAAAGGAGGAGATCCAGCC-3") Escherichia colnumbering) [18].

PCR mixtures used for amplification of sequencestained 10 ng DNA, 5 pl 2§0PCR
buffer, 5 pul 10 mM dNTP (dATP, dGTP, dCTP and dT,TR)ul each primer (25 pmol/ul),
1,5 mM MgCl}, 0,2 plTag DNA polymerase, 2 p0.1% bovine serum albumin, and sterile water
up to the final volume of 50 pl. PCR amplificatiamas completed using a DNAEngine
thermocycler (BIO RAD). First, the templates wesndturized for 3 min at 96°C, then 30 cycles
of the following steps were completed: denaturafian30 s at 96°C for, annealing for 30 s at
55°C, and extension at 2.5 min at 72°C. The 30esywfere followed by a final 10 min extension at
72°C. PCR products were viewed under UV light afstandard ethidium bromide gel
electrophoresis.

Sequencing and phylogenetic analy$CR products were purified using GenEluteTM
PCR Clean-up Kit (Sigma) according to the manufeets recommendations, and were
sequenced with 27f primer. Sequencing was perfororeda ABI PRISM capillary sequencer
according to the protocol of the ABI Prism BigDyerminator kit (Perkin Elmer) [11].

A nucleotide BLAST search was performed in ordeohitain information on the phyloge-
netically closest relative [7, 29]. The assemblé® tRNA gene sequence was aligned with a re-
presentative set of 16S rRNA gene sequences obthiom the GenBank database. The sequences
were edited and aligned with EditSeq and MegAligh.asergene software package (DNASTAR
program). The alignments were initially done witle CLUSTAL W program option in MegAlign
and were manually adjusted. Phylogenetic trees \gererated using a neighbor-joining tree-
building algorithm. Confidence in the branching miei was determined by bootstrap analysis
(1000 replicates) [15].

Results and Discussiorstudy sites and physical-ochemical analysis of lgget
mal waters.The warm geothermal spring (Akhourik) is locatedhegt coordinates of 40°
44' 34.04 N, 43° 46' 53.95E, up to 1469 m high above the sea level, anddrapera-
ture in the range of 28.4-32.0°C, pH 6.2. The lemithermal spring (Arzakan) is located
at the coordinates of 40° 27' 36:10, 44° 36' 17.76E, up to 1490 m high above the sea
level, and has temperature »#4°C, pH 7.0-7.2. Despite the varying physical-cicam
properties of the thermal springs used for the sagpthey belong to the category of
hot springs from low-temperature fields and arerati®rized by neutral to alkaline pH
and high concentration of dissolved minerals arsegaThe hot spring is related to the
hydrocarbonate sodium class of mineral springs %28 HCQ and >20% is N3,
while the warm spring is related to the hydrocadiersulphate sodium-magnesium
class (>20% are HCQand SG, >20% are Naand Md") [1].

Taxonomic affiliation and phylogenetic relationshipf isolatesCollected water
and adjacent sediment samples were analyzed toaeahe total thermophilic aerobic
endospore-forming bacterial abundance. In totalaérbbic thermophilic strains from
the hot spring and 5 aerobic thermophilic straimenf the warm one were isolated and
identified. These strains were all rod-shaped (wétkception of one, which was
spherical), Gram-positive, endospore-forming anthlaae-positive bacteria related to
the phylumFirmicutes

According to the Bergey's Manual of Systematic Baotogy [13], the phyloge-
netic classification schemes placed the two mastprent types of endospore-forming
bacteria, clostridia and bacilli, in two differentasses of the phylurkirmicutes -
Clostridia (mainly anaerobes) arlacilli (mainly aerobes). Cla®3acilli includes the
order Bacillales and 10 families (such asAlicyclobacillaceae, Bacillaceae,
Paenibacillaceae, Planococcaceae, Sporolactobawgléee, Thermoactinomycetaceae
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and others). The familBacillaceaeis systematically and phylogenetically diverseotax
that is presently being re-evaluated. Molecular otedmic methods, based on
comparative analysis of small-subunit-ribosomal Rijgke sequences, have had a huge
impact on the classification of these organismg] #re number of taxa, including
thermophiles, has increased greatly [8, 16]. Culyethe Bacillaceaefamily has more
than 40 new genera of the same leveBasillus [13]. Considering this large number of
novel endospore forming bacteria, the new terrBatilluslike genera was introduced
[12, 27]. Aerobic spore-forming thermophilic Grarmosgtive rods isolated from hot
springs and related habitats are also taxonomicigrse. Thermophilic aerobic spore-
forming bacteria having growth optima in the tengpere range of 45 to >70°C are
classified into the several genera, includBigvibacillus, Alicyclobacillus, Anoxyba-
cillus, Ureibacillus, Geobacillus, BacillusndThermoactinomycdg0].

The aim of the present study is to reveal the pemhetic diversity of isolated
thermophilic aerobic endospore-forming bacteriaeddasn their 16S rRNA gene ana-
lysis. For this purpose, 16S rRNA genes from thigaeked DNA of each isolate were
successfully amplified by PCR and further sequenéedomology search was carried
out by using the basic BLASTN search program aiNG&| web site [28].

BLAST results for the isolates, based on 16S rRMAegsequences for identification
of the closest relatives in the GenBank databaseaeported in Table 1. The correlation of
the generated 16S rRNA gene sequences of theeisaléth the ones stored in the GenBank
database indicates that they all belon@lustridium-Bacillussubphylum group ofBacillus
like genera distributed in four familie®acillaceae (generaBacillus and Geobacillug,
Paenibacillaceae (genus Paenibacilluy, Planococcaceae(genus Sporosarcing and
Thermoactinomycetaceggenus Thermoactinomycgs They are closely related with the
members of eleven species of five genBiillus (B. pumilus, B. murimartini, B. licheni-
formis and B. simplg@xGeobacillus(G. stearothermophilus, G. caldoxylosilyticus G. ther-
modenitrificansand G. toebi), Sporosarcina sp.,Paenibacillus sand Thermoactino-
myces sp.

Among the described species, the closest relatifasolates ArzA-8, ArzA-33
and ArzA-33a weres. toebii with the sequence homology rates of 97, 99 and,99%
respectively. Successive analysis of the amplifié8 rRNA gene revealed phylogenetic
relationship of isolate ArzA-7 tdGeobacillus sp.(99%, 810 bp), ArzA-6 toG.
thermodenitrificang98%), ArzA-11 toG. stearothermophilu§99%) and ArzA-3 tdG.
caldoxylosilyticus(96%, 500 bp). Isolates ArzA-4 had identical 16SNADsequences
with 99% identity to the 16S rDNA from. licheniformis while other isolates (ArzA-2,
ArzA-10 and ArzA-13a) shared a significant simitar{96-98%) toB. simplex The
isolate ArzA-5 exhibited 98% similarity by 16S rRNgene (955 bp) t®aenibacillus
sp. Another one, ArzA-13, had the 16S rRNA gene (91 bighly similar to
Sporosarcina sp(98%).

The phylogenetic tree based on comparative stidiggeen the 16S rDNA sequ-
ences (>700 bp) of isolates obtained from water amdiments of the Arzakan
geothermal mineral spring, on one hand, and a teelacumber of membeiBacillus,
Geobacillus, SporosarcinandPaenibacillusavailable in GenBank, on the other hand, is
shown in Figure 1 (a). The phylogenetic tree comdirthat isolates ArzA-6, ArzA-7,
ArzA-8, ArzA-11, ArzA-33 and ArzA-33a constitute fart of the cluster within the
thermophilic group of bacilli (genuSeobacillug. The resulting tree reveals two groups
containingBacillus species. The isolate ArzaA-9 is related to thaugréhe members of
which were closely similar t@. simplex,in spite of the fact that the sequences the
isolate produced had the closest match Witinicutesbacterium EU810844 (98%, 955
bp). Additional phenotypic and genotypic analyses reecessary to confirm taxonomic
affiliation of this isolate. Each of the other twevealed clusters contained species from
two different generaRaenibacillusand Sporosarcina
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Table 1. BLAST results on bacterial 16S rRNA gesguences for
identification of the closest relatives in the GanB database

c 2 Isolates (;Iosegt match % o_f
S ® (temp_erature of Taxonomic afflhgtlon, Phylotype identity
S 3 isolation, T°C) accession no.
ArzA-2 (50) B. simplexAY833099 99
ArzA-3 (65) G. caldoxylosilyticu$J823099 96
ArzA-4 (50) B. licheniformisFJ435674 99
ArzA-5 (50) Paenibacillus spDQ497239 97
ArzA-6 (65) G. thermodenitrifican$J823098 98
< ArzA-7 (65) Geobacillus spEU093964 99
] ArzA-8 (65) G. toebiiGQ487459 97
N ArzA-9 (60) Firmicutesbacterium EU810844 98
< ArzA-10 (60) B. simplexGU048877 98
ArzA-11 (60) G. stearothermophiludY608948 99
ArzA-13 (50) Sporosarcina spDQ227775 98
ArzA-13a* (50) | B. simplexAY833099 96
ArzA-33 (65) G. toebiiAB116120 99
ArzA-33a* (65) | G. toebiiAB116120 99
o AkhA-1 (50) B. pumilusFJ237277 99
E AkhA-12 (60) Thermoactinomyces spB362275 97
2 AkhA-14 (50) B. licheniformisEF427891 97
e AkhA-14a* (50) Uncultured bacterium EU773370 97
AkhA-15 (50) B. murimartiniAJ316316 99

*|solates designated as Arz13 and Arz13a, Arz33/Amz83a, Arz14 and
Arz14a were obtained from the same enrichmentsfronrt different plates.

As shown in Table 1, the majority of isolates frahre warm spring shared
significant similarity (97-99%) tdacillus by their 16S rDNA sequences. The 16S
rDNA sequence of isolate ArzA-12 was identical (97845 bp) to the sequences of
Thermoactinomycesp.

The phylogenetic tree built to demonstrate thetiaiahip between the retrieved
16S rDNA sequences for the Akhourik spring andrtbkisest relatives from GenBank
is shown in Figure 1 (b). According to the presdntdendrogram, the genacillus
appears heterogeneous. The four bacilli isolateddestributed among the three distinct
groups (with the closest relatives Bf licheniformis B. pumilus andB. murimartinj
respectively). A separate group contains AkhA-Tllze 16S rDNA sequence of isolate
AkhA-14a was affiliated (97%, 725 bp) with uncubtdrrepresentatives of the Domain
Bacterig but showed less than 95% similarity whcillus sp This suggests that isolate
AkhA-14a may appear to be a novel bacterial species

As shown on the dendrogramm in Figure 1 (b), tieeeeseparate cluster that con-
tains representatives of thermoactinomyces. Acagrdd earlier reports based on 16S
rRNA gene sequence analysis [2B8hermoactinomyces more closely related Ba-
cillus species than to actinomycetdhermoactinomycespecies produce endospores
like bacilli, are aerobic, Gram-positive and thetaterant. Yoon and Park [26] suggest
that genu§ hermoactinomyceshould be placed within the famiBacillaceae

Therefore, thermophilic microflora in the Akhourikmineral spring is
taxonomically less diverse than in the ArzakanrgpriAll isolates detected in the warm
spring were thermotolerant ones and included reptesives of only two genera -
Bacillus and Thermoactinomyces with prevailing content oBacillus composing 80%
of the isolates in totaBacillusand Geobacilluswith their 5 and 7 isolates, respectively,
were the predominant genera in the hot spring.
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Fig. 1. Phylogenetic tree based on the comparative stubietween 16S rDNA

sequences of the isolates obtained from Arzakanafa) Akhourik (b) geothermal
mineral springs, on one hand, and selected membér8acillus, Geobacillus,

Sporosarcina, PaenibacillusndThermoactinomycesvailable in GenBank, on the other
hand. Scale bar corresponds to one nucleotideitutlist per 100 nucleotides.
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From the metabolic point of view, gen@eobacillusincludes chemoorgano-
trophic, aerobic or facultative aerobic (oxygerttaselectron acceptor is in some species
replaceable by nitrate) obligatory thermophiles, [2@]. In total, 50% of the isolates
detected in the hot spring samples are most clagfyed to members of the genus
Geobacillus which are known to thrive in similar habitats [lX¥]. Representatives of
G. toebii are the most distributed obligate thermophilesthia studied hot spring.
Abundance of geobacilli is in agreement with terapee regime of the studied thermal
spring & 44°C). All isolates from the hot spring that beledgo the genuBacillus were
thermotolerant microorganisms among whiclsimplexappeared as the dominating species.

Although representatives of the gendtaenibacillus, Thermoactinomycesd
Sporosarcinare commonly considered the species most frequisatigted from similar
habitats [12, 23, 25, 26], both springs samplethis study demonstrated significantly
lower content of these species.

As part of microbial communities, thermophilic esgore-forming bacteria
presumably have significant contribution in formithge composition of mineral waters,
and promote normal course of geochemical circuiationder extreme temperature con-
ditions. Moreover, apart from the thermal condiiprabiotic factors such as pH,
dissolved gases ¢1CO,, H,S, CH,) and high mineralization could act as limiting
factors for microbial diversity and biomass [22fedent studies have also highlighted
that other factors such as biogeography and gembbistory can also be important in
determining the thermophilic diversity in geothetmsgrings [24].

The results obtained in this study show the impmeaof further investigation of
the phylogenetic diversity of microbes in geothdremings to discover and isolate new
thermophilic species.
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BJIMAHUE BHEIHIHEI'O JIEKTPOCTATHYECKOI'O
HOJIsA HA TEHU DPUTPOLIMTOB

I'T. APOPYHMU, I'.B. CAAKAH

Epesanckuii 2ocyoapcmeennuiii meouyunckuu yHusepcumem, HHUL],
1ab0pamopust GUOXUMUYECKUX U OUODUUYECKUX UCCIEI08ANULL

HccnenoBano BIMSHAE BHEIIHETO dekTpoctatnyeckoro momst (DCII) Ha-
npsokeHrocTbio 200 kB/M Ha mapaMerps! CBA3bIBaHHs ()IIyOPECIIEHTHOrO 30HAA
AHC c¢ tensimu sputporutoB. [TokasaHo, 4To mpu Tpu iN ViVO Bo3meicTBHE
OCII xoHcTanTa ckopocTH cBsizpiBaHus AHC ¢ TeHsIMH 3pUTPOLIMTOB BO3pac-
TaeT ¢ OJHOBPEMEHHBIM CHIDKEHMEM KOJIMYECTBa IIEHTPOB CBs3bIBaHMA. B skc-
MepUMeHTax iV Vitro, Bo Bpemst kotoporo cessbiBanne AHC ¢ TeHsMu 3pUTpO-
IUTOB IPOMCXOAWIIO NpH HerocpencteHHoM BiausHuK JCII, KoHcTaHTa CKOpoC-
Tu cBsa3biBaHusg AHC ¢ TeHsSIMHU SpUTPOLIUTOB HE MEHSETCS, & KONUYECTBO LIEHT-
poB cBsi3piBaHMs cHIKaerca. Korma makybamms ¢ AHC mpoBogmnace mocne
MPEeIBAapUTEILHOTO BO3ACHCTBUS IMOJIS HA TEHU SPUTPOLUTOB, 3()(DekToB He
OBUIO BBISBICHO.

Onekmpocmamuyeckoe noze - menu spumpoyumos - AHC

Munftuhpty £ 200 §9AD jupfuismpiuntp wipnuphln Blljinpunanunnhly uiginh
(EUY) wqnbgmpymip Ephppnghntitph uumfpiiph htan: imnplugkinnughti gnin, UuU-h
Yuugtwt upupuandtnnpbph dpue: 8nyg iy, np iz vivo wiqnbgmpiuit wiprym tipnud kphppn-
ghnitbiph  wwndbpibph htn ULU-h Quggdwd wipugmipiutt hwununombp - Jugdwb
Ytnpnuibph  puitulh Wjwquuip gmquhbte wdémd b I viro humugmnmpymitibph
dunlwtily, tpp kphppnghnitph wundbpibph htwnn - ULU-h juynudp hpujuiiugdmd
nupnh widhpwljult wqnbgmpyudp, ULU-h Juugdwl wpugmpjuitt hwununmbp sh
tnpjnud,  huly  Juupdwb Yhtopnbbtph pwbulp Wwuqmd & Bpp ULU-h  htan
Ephpepnghinibph - wumfkpibph hlympuighwtt. hpualjutnugdmd. £ dbpghtiibpu tushuungbu
o wqnbigmpgutn Eupwnpltymg htun, nplt Epkun sh gpuiigdnud:

By Eunpunminunnply nuipw - Eppppnghunibph windbpibp - ULU

The influence of 200 kV/m external electrostat@di(ESF) on the binding pa-
rameters of fluorescent probe ANS with ghostsrytheocytes was investigated. It was
shown thain vivoinfluence of ESF led to the increase of the speedtant of ANS bin-
ding with ghosts in parallel with decrease of tm@ant of binding centers. In the case of
in vitro experiments, when incubation of ANS with ghosts vedeased under the direct
effect of ESF, the speed constant of ANS binding mat changed, while the amount of
binding centers decreased. When the incubationN\$ #ith ghosts was accompanied
after their treatment with field, any effect was oloserved.

Electrostatic field - ghosts of erythrocytes — ANS

Panee Hamut OBLIO MOKA3aHO, YTO MEPBHUYHBIA MEXaHU3M OHMOIOrMYECKON aKTHBHOCTH
BHenmHero anekTpocratiudeckoro moist (DCIT) B OCHOBHOM OOYCIIABIMBACTCS (DH3HUECCKAMI
TPOLIECCAMH Ha TPAHMIIC CPEA C Pa3INYHON MPoBOAMMOCTEEO [1]. [Tna3smatrnyeckas MeMOpaHa
SIBJISIETCSI CHCTEMOM C SIBHO BBIPQKCHHBIMH T'PAHMIIAMH KOMIIOHEHTOB, MMEIOIIMX Pa3HYIO
MIPOBOJIMMOCTb.
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ITokazaHo, yro DCII cyImecTBeHHO BIHSIET Ha CTPYKTYPHO-(YHKINOHAIBHOE COC-
TostHHE OHoornyeckux Memopan [2, 5, 6, 7, 13, 15, 16, 17QaHako B TOCTYNHON HAM
JUTEPaType MbI HE BCTPETHIH PaboT, CBUACTENBCTBYIOIINX O TE€X WIIH MHBIX KOHKpET-
HBIX CTPYKTYPHBIX MEpecTpoiikax B OHMOJOTHYECKUX MeMOpaHax Mocie BO3AeicTBHS
OCII. Ipencrasisiemas paboTa SBISETCS MOMBITKOH BOCIIOTHHUTE 3TOT MPOOEIT.

[TapameTpsl cBs3BIBaHUS (IyopecleHTHOro 30HAa l-aHmiInHOHadTamMH-8-CyIb-
¢donata (AHC) ¢ MeMOpaHO#H IpUTPOLIMTA CIYKUT UHAUKATOPOM JJIS OLECHKH MOJEKY-
JSIPHBIX TIEPECTPOCK B CTPYKTYpe MemOpansl [9, 14]. Ilenbio maHHON pabOThI ABIAETCS
uccnenoBanue in Vivo u in vitro Bousaus OCIT Ha mapametpsl cBsassiBanuss AHC c
TEHSIMH IPUTPOLUTOB.

Mareprar i MeTogHKa. B 5KCIlepuMeHTaX HCIIOIB30BaHEI Geble GeCIIOPOJHEIE KPBICH
maccoit 150-200 r. OCII coszaBasock Ipu IOMOWIM YCTAHOBKM KOHJEHCATOPDHOTO THIIA,
onucaHye KOTOpoi faHo B padoTe [3]. OnmbITHBIE )XUBOTHBIE IOABEPraauch BoszercTauio DCII
HampsokeH-HocThio 200 xB/M.  KoHTpombHBle ¥ SKCIIepMMEHTaJbHBIE  KUBOTHBIE
IeKalUTUPOBaNINUCh. VI3 KpPOBM IO CTaHZAPTHOM MeTOJAUKE W3BIEKAINCh SPUTPOLIUTSL,
BBIZEJIAMNCE MeMOpaHBI M COOGHMpa-IMCh TeHHM SpuUTponuToB mo Meroxy Jomxa [8] ¢
He6O b0 MoudUKALKEeN - SPUTPOLHUTHL IPO-MbIBAIKCH (PU3HOIOrMIeCKAM PaCTBOPOM, ITO
I03BOJISJIO YBEIUYIUTD BBIXO/, MEMOpaH.

ViccnemoBanvie TeHel SpUTPOLUTOB IPOBOAUIM METOZOM (IIOOPECIEHTHOIO 30Ha, B
Ka-yecTBe Kotoporo ucroas3oBaniu AHC, KOoTOpsIil BMeeT e/UHUYHBIN OTPHUIATE IbHbIH 3aps,
U pac-Tiojiaraerca B Haubosee GyHKIMOHAIBHO aKTUBHOM IIOBEPXHOCTHOM cJIoe MeMGpaH [9].
Monexy-st 30872 Bo30yxAanucsk npu ((360 uM, diroopecueHuio perucrpruposaru mpu ((450
HM. VccnepoBanus npoBoauau Ha criekrpodioopomerpe Hitachi MPF-4 (Amonwus).

diroopecueHINI0 U3MEPAIN B YCIOBHUAX ITOCTOSHHON KOHIIEHTPALMM MeMOPaHHOTO
6enxa (0,3 mr/mi) mpu TurpoBaruu AHC (5-100 MxM) u nocrosuuoi konuenTpanun AHC (5
MkM) pasnuusbIME KOoHUeHTpanmusamu Mem6Opan (0,1-0,6 wmr/mi). IlomydenHsle nmaHHBIE
BRIp@Xaau B OOpaTHBIX KoopguHaTax u crpowan rpapuxu mo Kiorumy (10(. Komcramry
cxopoctu peakuuu (Kc) 1 KoIu4ecTBO eHTPOB CBA3BIBAHM 30HAA PACCIUTHIBAIU 110 hopMyIIe
Cxaruapza (12(. Bemox ompemensiu mo Jloypum (11(. [lnis Xaxzgoil TOYKM M3MepeHHUs
HCIIOJIB30BAJIM TEHH 9PUTPOLUTOB, BBIJEIEHHBIE OT TPeX )XUBOTHBIX. Kaxkzas pacyerHas Touka
Gpasach Kak cpenHas oT 7 maMepe-Huit. CTaTHCTHYeCKyi0 06pabOTKY HAHHBIX IPOBOJMIM C
nomosio kpurepus CThIofeHTa.

B in ViVO JKcHepHMeHTax HCCIEIOBAIM TEHH SPHTPOLUTOB KpBIC, IIPEJBAPUTEIHHO
MOJIBEPTHYTHIX OjHOYacoBoMy BosaeiicTBuio DCII. s in VitrO OmbpITOB TEHH JPUTPOLUTOB,
HOIy4eHHbIC U3 KPOBH MHTAKTHBIX J>KHBOTHBIX, IEMIM Ha TpU dacTH. OfHa 4acTb CIIyXMIa
KOHTpoJieM. BTopyio yacts mocie 20-MHHYTHOTO BO3JIEHCTBHS 1ojis HanpsbkeHHOCThI0 200 kB/M
nrky6uposamu ¢ AHC B teuenne 20 mun (iv Vitro ). Tpersto wacte Bo Bpemst 20-MHHYTHON
naky6amun AHC moasepranu Bozzeiicteuto DCII Toii sxe HanpsikerHocTH (in Vitro 11).

Pesynvmamut u oocysmcoenue. Ha puc. 1 u 2 npusesieHsl QIOOPOMETPUICCKUE
KpUBBIC TUTpOBaHus TeHe# spurpouutoB 3ougoM AHC (a) u tutpoBanust AHC c
TEHAMH 3PUTPOIMTOB (6) B 00paTHBIX KoopAnHaTax mocie Bo3aencTaust ICII.

Ha ocHoBaHuM (QIIIOOPOMETPUYECKUX KPUBBIX OBUIM PACCUUTAHBI KOHCTAHTHI
ckopocTH cBs3biBaHud AHC ¢ TeHSAMH SpUTPOLUTOB U KOJIMYECTBO LIEHTPOB CBSI3bIBAHUS
(tabm. 1).

Kak cnenyer u3 Tabn.l, npu in vivo Bo3aeiictBun DCII KOHCTaHTa CKOPOCTH
cszpiBaHust AHC ¢ TeHstMu 3pUTponuTOB Bo3pacTtaeT Ha 94% c 0JHOBPEMEHHBIM ITOHH-
JKEHHUEM YHCIa IIEHTPOB CBs3bIBaHUS Ha 66,97%.0TH M3MEHEeHUs MCCIeAyeMbIX Mapa-
METPOB TOBOPAT 0 ToM, 4yTo BozaeicTBre DCII mpuBesio K TaKUM MEKMOJIEKYJISPHBIM
MepecTpoiikaM B MOBEPXHOCTHOM CJIO€ 3PUTPOLMTAPHBIX TEHEH, KOTOphIE, YMEHBbIIas
KOJINUECTBO LIEHTPOB CBS3BIBAHMS, U3MEHAIOT UX 3aps]l TAKMM 00pa3oM, YTO yBEIHYH-
BaeTCsA KOHCTaHTa CKOpPOCTH peakuuu. Ecnu npunsate Bo BHUMaHue, uyro AHC cBs3BI-
BAeTCsA B MOBEPXHOCTHOM CJI0€ MEMOpaHbl Ha MeCTaxX KOHTaKTa 6emok-nunug (4, 9, 14(,
TO MOXHO IIPEJIIOJIOKUTH, YTO (PUKCUPOBAaHHBIE M3MEHEHHUS ABJIA IOTCA CIICIACTBHEM
W3-MEHEHMH B3aUMHOTO PACIHOJOKEHHsS 3THX MOJEKYJI. DTH M3MEHEHHS MOrYyT OBITh
00YCITOBJICHBI TIEPECTPOMKAMHE JIUIIHIAHOTO OOMeHa B MeMOpaHax sputporuros [2, 13],
a Tak-
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e M3MEHEHHEM TTOBEPXHOCTHOTO 3apsia 3puTporuToB npu Bozaekictsuu ICII [6, 7],
a MOryr OBITh W pe3yabTaTOM IOJApH3aluH (OocHOIUIUIOB HAPYKHOTO CIIOS
MeMOpaHbl. B Tonb3y mocieqHero INpeiroNoKeHUs CBHUAETENBCTBYIOT DPE3YJbTATH,
MONy4YeHHbIe B JKCIepUMeHTax iV Vitro I, Bo Bpems koTtoporo cessbiBanne AHC c
TEHSIMH SPUTPO-IIUTOB IPOMCXOIMIO pH HemocpeacTseHHoM BinsiHuu DCII. CornacHo
MIOJTy9eHHBIM TaHHBIM, KOHCTaHTa CKOPOCTH cBsi3biBaHUSI AHC C TeHSMH 3pHTPOLINTOB
HE MEHSETCs, a KOJIIMYECTBO LIEHTPOB CBSI3bIBaHUs CHIDKaercss Ha 81,6%,To ecth BO
BpeMs BO3-ICHCTBHS TOJISI MIPOUCXOAAT MEXMOJIEKYIIIPHbIE NEPECTPOHKH BHE 3aBUCH-
MOCTH OT OOMEHHBIX IPOIECCOB, KOTOPbIE MOT'YT SBJISTHCS CIEACTBHEM IOJSPU3ALNN
OENKOB ¥ JIMIIU/IOB, YTO MOXKET NMPUBECTH K UX MPOCTPAHCTBEHHOH NEpeOpUEHTAIHH.
Crout 00pa-TUTh BHUMaHKE Ha TO, YTO B JAHHOM CIIy4ae NOHWKEHHE KOJIMYECTBA LIEHT-
POB CBSI3bIBAaHMS MIPAKTHYECKH HE M3MEHMIIO KOHCTAHTY CKOPOCTH PEaKIMH CBA3bIBAHUS,
YTO CBUJETENILCTBYET 00 N3MEHEHUH 3aps/I0B LIEHTPOB CBA3BIBAHUSA. DTO €lle pa3 MOAT-
BepKJaeT Hallle MPEeINONI0OKEHHIEe, YTO TPH iN Vitro Bo3aeiCcTBUN MEPBUYHBIM MEXaHU3-
MOM HaOJIOJaeMbIX M3MEHEHHUH SBIISICTCS MOSPU3AIHS OHOIOTHUECKUX MaKPOMOJIEKYIT
Ha IMOBEPXHOCTHOM CJIO€ MEMOpPAaHHBI.
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Puc. 1. diroopoMeTpruecKie KpUBbIC THTPOBAHHS TeHE! spuTporuToB 30H10M AHC
(a) u turpoBarust AHC ¢ TensiMu 3putporuToB (6) B 00paTHBIX KOOPAMHATAX TIOCIE
oaHO4acoBoro in vivososaeictus DCIT HanpsukenHocThio 200KB/M:
F- unmencusnocme ¢uioopecyenyuu 6 omnocumenbHblx eOUHUYAX,

AHC — konyenmpayus 30noa, MmkM,

M — konyenmpayus 6enxa meneii spumpoyumos, melmiu
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Puc. 2. diroopoMerpruecKie KPUBBIE THTPOBAHHUS TeHeil spuTpountos 30u10M AHC
(a) u TurpoBanuss AHC ¢ TensiMu sputpoiToB (6) B 0OpaTHBIX KOOPAHHATAX MOCIIE
20-munyTHOTO iN Vitro Bo3aeiicreus DCII HanpsxerHocTsio 200kB/m

Ob6osnauenus cm. Ha puc.l.

83



T.T. APLIPYHH, T'".B. CAAKSIH

Ta6auua 1. Koncranra ckopoctu cBsizbiBanust (Kc) 1 KOIMYECTBO LIEHTPOB CBA3BIBAHUS
(N) AHC ¢ TenstMu 5puTpHIMTOB IIpH iN Vitro u in vivo

Boszeiicrun DCII HanpsokerHocTeio 200kB/m

*p=0,086
IMapamerp Konrpons In vivo In vitrol In vitro Il
K, 2,1+0.69 4,08 +0,086* 1,8+0,2 2,2+0,18
x 10'M™* n=21 n=21 n=21 n=21
’g\;l’ 36,06 +5,27 11,91 +1,72* 37,83 £3,31 | 6,63 £1,18**
x 10° M/mr _ _ _ —
6 n=21 n=21 n=21 n=21
eIIKa
**p=0,0002 ***p=0,00002

Pe3ynbTaThl 9KCIEPUMEHTOB 110 iN Vitro |, Bo Bpemst kotoporo uHkyb6arus ¢ AHC
MPOBOAMIIACEH TIOCHE TpeaBapuTensHoro BozaehcTBus DCII Ha TeHHM >pUTPOIUTOB, HE
BBISIBUJIM HUKAKHX 3)(PEKTOB. DTO MOKHO OOBSICHUTH TEM OOCTOSTEIBCTBOM, YTO BPEMS
pelakcanuy MOJISKYI JOCTaTOYHO Majo sl (ukcanuu Bo3MOXHOro 3¢ dekra momspu-
3alliM, a OCTaTOYHAs MOJSIpU3aIUs HE3HAUUTEIbHA.

Takum 00pa3oM, MEKMOJICKYIISPHBIC IEPECTPOUKH B TOBEPXHOCTHOM CJIOE MEM-
OpaH, BCIIEJCTBUE MOJIIPU3AIIHA OHOJIOTHUYECKHX MaKPOMOJIEKYII BO BpeMsi BO3/ICHCTBUS
OCII, MOTYT SIBUTKCS MEPBONMPHUUNHON MHOXKECTBA U3MEHEHHI B MeMOpaHax 1mocjie BO3-
JIeHCTBHSI TTOJIs, OMMCAHHBIX paHee B padorax 2, 5, 6, 7, 13, 15, 16, 17.
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OCOBEHHOCTH MEXK3KOCHUCTEMHBIX CBSI3EN B
APATAICKOM I'OPHOM MACCHUBE

AT.CAKOJH, PI. PEBA3SH, JL.A. APAPATIIH,
9.A. CAOPA3BEKSAH, M.I'. ABETUCSH

Lenmp Dxonozo-noocpepnvix uccredosanuit HAH PA
E-mail: eco-centr@mail.ru

PaccMaTpuBaroTCsl BONPOCHI MEXKIKOCHCTEMHBIX CBSI3eH MEXIy pas-
JIMYHBIMH 9KOCHCTEMaMH - KakK ONH3KHMH, TaK M MPOCTPAHCTBEHHO Gosee
ynaneHasiMu. Crienuduka TpanchopManiy U JaJbHEHIIEro pa3BUTHsI MOCIe-
JIECHBIX 110YB, OJM3KUX IKOCHUCTEM O00YCIIOBIEHa OCOOCHHOCTSIMH MUTPALIUOH-
HBIX IPOLIECCOB, CBOWCTBEHHBIX NAHHOMY TeOrpaUuecKoMy IOSCY TOPHON
CHCTEMBI. 371eCh UMEJI0 MECTO Pa3BHTHE JIMIOBHAIBHBIX MPOLECCOB, 00YCIOB-
JIMBAIOMIKX 00Jiee BBICOKYIO MOOMIIN3ALHUIO a30TCO/SPIKALICH OpraHuKH U MH-
HepaJbHBIX BEIIECTB B MEKIKOCHCTEMHBIX CBS3AX.

V3yueHne MEXIKOCHCTEMHBIX CBSI3eH MEXIy yHAICHHBIMH YKOCHCTE-
MaMH 10 BEPTHUKAIBHOI MOSCHOCTH ¢ HOMOLIBIO BOAHO-MHUIPALIHOHHOTO TI0TO-
Ka BEIIECTB, BKIFOYAIOIIETO Pa3IMYHbIC TCHETHICCKUE KATeropruy JanamadT-
HBIX BOJI: aTMOC(EPHBIE 0CAIKU — BHYTPHIIOUBEHHBIH CTOK (JIM3UMETPHIECKIE
BOJIBI) — BOJOTOKH — PEYHOM CTOK, ITOKA3ajl0, YTO PEYHbIC BOABI MPAKTHICCKU
MOJIHOCTBIO TIPEEMCTBYIOT CTEIICHb HOHHOH M 00LIel MUHEpaIn3aluy, THIpPO-
XAMUYECKHIl THII JIH3UMETPHUYCCKUX BOJ, C(HOPMHUPOBABLINXCS B MOYBEHHOM
npodue.

Muzpauuﬂ XUMUYECKUX DJleMeHmoe — BHympuI’IOHSEHHblﬁ CMOK —
MENCIKOCUCMEMHBLE CB3U - IeCHOU U leZOGbZIZ YEHOo3bl

Lutuplynud G dpgknhunfwljupquyhtt juybphtt Jpuptpnn hwpgkp
Quupdws htywbu Unmnhl, wyiybu § nmwpwsmpjudp hpuphg hipnt wnuppbp
Eynhunduiljupglph thol thnjounuipd uugkph dhududwbulju nuunuduuuhpuwt
b hwpqundwis htn:

Uhujutg Umn quninn Fynhwdwljupgbph (winwewihtt b hbnwinnunw-
jhtt ginqutiph) dhghwdwljupquyhtt Yuwbph jnupuhwnlniemiip wuydwbugnp-
Yus k (kntyghtt hunfwiljuipgh ndjuy wphmuphwgpuiljuts gninnit pinpng dhqpuagh-
nb ypngbutbph wpwbdwhuwinlmpmnibbtpny: Ujuntn nknh b oibunod bynodhuy
wpngkutibph  qupqugnid, npp  wuwplwbudnpmd £ wqnn wjupnibuljnn
opquitwluit b hwipuyhtt ynipbtph pupdp huduypoudp:

Uhghudwljupquyhtt juygbph nunidbwuhpmpinitp’ junwpdws hpuphg
htpnt Eynhundwljuipgliph dholi ymphph opuhgpughnti hnuph Ykpmdmpyut
oqmpjulp (npp Ukpuwnpmd b hp Uk opkph wwpphp ghubknhljuljwb junk-
gnphwlibp. Uptnnpuught nknnubibp ( Gkphnquyht houp), (hqhdtunphy gptp) (
onuthnupbp ( gkwuyhtt hnup, gnyg ukg, np glwnwentpp qplipt |hndht dwnwignud
k. hnnuyhtt wpndpmd juquudnpyws hntughtt b pinhwimip hwbpugiuguw
wunh&uip, hhnpophuhuljwl nhuyp, hsybu twb pliwljutt opkph hhuwljwh
wnuyht uquh hntitbph hwpupkpmpmutbph nhup:

86



OCOBEHHOCTY MEXXDKOCUCTEMHBIX CBA3E B APATALICKOM T'OPHOM MACCUBE

Lhupulul nnupplph dhgpughw — bkphnpuypl hnup — dpoHnhwdwupquyhl
Junykp — winnupughl i dwupquglnbughl hunfwlbgnipinibbkp

The article deals with issues of inter-ecosystemdsoconnected with
synchronous studies and consideration of intefoglatof different ecosystems
spatially located closely to and distantly from lkeasther. A specificity of
transformation of closely located ecosystems (tomes after-forest coenoses)
is predetermined by peculiarities of migration meses typical of the given
geographic belt of the mountain system. There aelymiocesses used to deve-
lop stipulating higher mobilization of nitrogen-¢aming organic matter and
mineral substances in inter-ecosystem bonds.

Investigation of inter-ecosystem bonds of distaobsgstems by
vertical zones with the help of water-migrationwl@f substances (that inc-
ludes diverse genetic categories of landscape svatemospheric precipita-
tion, in-soil runoff (lysimetric waters) — waterrcents — river runoff) indicated
that practically river waters fully inherit the kevof ionic and common minera-
lization, a hydrochemical type of lysimetric watdosmed on soil profile as
well as a type of correlation of ions of basic salnposition of natural waters.

Migration of chemical elements - in-soil runeffiter-ecosystem bonds —
forest and meadow coenoses

B HacTosmee Bpemst nccieoBaHus 3K0JI0TMUECKOM HalpaBIEHHOCTH B OCHOBHOM
Pa3BepTHIBAIOTCS BHYTPH IKOCHCTEM, MEXKAY MX XKMBBIMU U KOCHBIMH KOMIIOHEHTaMH.
3amada 3Ta U OXpaHbl OKPYXKAIOLIEH Cpeabl, ECTECTBEHHO, MMEET NEPBOCTENEHHOE
3Ha4YeHHe, OJHAKO OHAa He JOJDKHA IIPEeNATCTBOBATH OJHOBPEMEHHOMY H3YYCHHUIO U
y4eTy B3aUMOCBSI3eH MEXIy pa3IMYHbIMH SKOCUCTEMaMH - KaK OJIM3KHMH, TaK U Ooiee
MIPOCTPAHCTBEHHO YyAaleHHbIMU. [lo3TOMy H3yueHHE 3THX B3aUMOOTHOIIEHUI HMeeT
IpsIMOE KacaTelbCTBO K HanboJee OCTPEIM IpobiIeMaM — yCTOHYMBOTIO Pa3BUTHS U HEp-
BUYHOH OMOJIOTHYECKOH MPOAYKTUBHOCTH.

OnHUM U3 BaXXHEHIINX MOJ0KEHHH AJIST 9KOCHCTEM ClIelyeT IIPU3HATh U3y4YeHHe
MEKIKOCHCTEMHBIX CBSA3€H, IMOCKOJIbKY MPUPOJIA JII0OOH 3KOCUCTEMBI ONpEeaesieTCs He
TOJBEKO OCOOEHHOCTSIMU CTPYKTYPBHI U PAaOOTHl COCTABISIONINX €r0 KOMIIOHEHTOB, HO B
HEMEHBIIECH CTENIEHU U BO3JICHCTBUEM OKPYKAIOLIUX COCEOHUX dKOCUCTeM. [locKoabKy
C MOMOILBIO BOJAHOM U BO3AYLIHOW MHUIPAllMy MPOUCXOIUT IPOCTPAHCTBEHHBINA MEPEHOC
Pa3JIMYHBIX PACTUTEIBHBIX M TBEPBIX MUHEPAIBHBIX YACTHII, BBITyBa€MbIX HJIM CMBIBA-
eMbIx ¢ 1mouBoi [4]. OcobeHHO CyIecTBEHHAa MEKIKOCHCTEMHAS MHUIPALHs BEIIECTB,
CBSI3aHHAs C BOJAHBIM IIOTOKOM, KOTOPBIH BBINIEIAYMBACT 3HAUYUTEIBHYIO Maccy Be-
IIECTB, HCIOJb3yeMbIX Apyrumu 3kocuctemamu [2,8]. C 3Tux mo3uumii akTyalbHBIM
SIBJISICTCS] N3yYEeHHe MUTPALIH XUMHUECKUX 2IEMEHTOB B CHCTEMe aTMOC(epHBIE OCaIKU
— OCHOBHBIE TEHETHYECKHE KATETOPHU MPUPOAHBIX BOJ (BHYTPHIIOYBEHHBIN CTOK, BOJIO-
TOKH, pedHas BOJA) [JIsi TOPHBIX JKOCHCTEM Apararckoro MaccuBa MO BCEMY BBI-
cotHoMy auanazony (3270-1128m aGCoMOTHOM BBICOTHI), a TakXKe B CHCTEME IOJ-
CTWJIKA — TI0YBa — HWH(WIBTPALMOHHBIE BOABI B JIECHBIX ¥ JIYTOBBIX LEHO3aX JIYro-
CTEITHOTr'O T105Ca, YTO MO3BOJIUT AATh KOJMYECTBEHHYIO XapaKTePHUCTUKY MUTPALMOHHBIX
MIPOILIECCOB, ONPEAESNAIONNX CTEIEHb HCIOIb30BaHMUs MOYBEHHBIX PECYPCOB UM 3KOJO-
TMYECKUX MOCIIEeICTBUH, HAPYIIAIOIIUX SKOCUCTEMHBIE CBs3H. [loaToMy Oe3 u3ydeHus u
OLICHKH MEXIKOCHUCTEMHBIX CBS3€H HE MOXKET OBITh IIPAaBUIILHO MCCIIE0BaHA U pacuiug-
pOBaHa BHYTPUAKOCHCTEMHAs! MUTpalUs, KOTOpas UMEeT NpsMOe OTHOIIEHHE K Hanobo-
JIee OCTPBIM SKOJIOTMYECKUM MPOOIeMaM.

Henblo HacTosimeidl padOTHl SIBISUIOCH KOMIUIEKCHOE 3KOJIOr0-T€OXUMHYECKOE
HCCIIEZIOBAHUE MEXIKOCUCTEMHBIX CB3€H B TOPHOM MAacCHBE, IpelycMaTpUBaloliee
U3y4eHHE HE TOJIBKO OCHOBHBIX KOMIIOHEHTOB 3KOCHCTEMbI, HO M MHIPAI[MOHHBIX
IIOTOKOB 2JIEMEHTOB, THArHOCTHPYIOIINX HanOojee BaKHbIe IPOIeCChl ()yHKINOHHPO-
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A.I'. CAKOSIH, P.I'. PEBA3SH, JI.A. APAPATSH u np.

BaHUs dKocucTeM. OHU BKITIOYAIOT XapaKTEePUCTHKY 0COOCHHOCTEH MUTPALIMOHHBIX TIPO-
LECCOB KaK MEeX1y OJM3KUMH, TaK U IPOCTPAHCTBEHHO Oojiee yJaJIeHHBIMU 3KOCHC-
TEMaMH, a Takxke TpaHc(hopMaluu XMMHYECKOTO COCTaBa OOBEKTOB MCCIIEIOBaHUS MO
BO3/I€HICTBUEM aHTPOIOTEHHBIX M IPUPOJHBIX (haKTOPOB.

Mamepuan u memoouka. C 1enbI0 UCCIEIOBAHUS MEKIKOCUCTEMHBIX CBSI3el Apararickoro
TOPHOTO MacCHBa B I[EJIOM (JIBIUHACKHIA, TyTOCTEITHON Mosica) ONPENENsII XUMUYECKHIA COCTaB aTMOC-
(hEpHBIX 0CA/IKOB M OCHOBHBIX TCHETHYECKHIX KATETOPHIA IIPHPOIHBIX BO (BHYTPHIIOUBEHHbIH CTOK, BO-
JIOTOKH ¥ peyuHast Bojia). Vi3yueHre BHYTPHIIOYBEHHOTO CTOKA MPOBOAMIOCH JIM3UMETPUYECKAM METO-
J1ioM. TTocKoBpe3HbIe JIM3UMETPhI ObUTH YCTAHOBIEHSBI 11011 ropu3oHToM 1104B (0-50c¢M), mpu oTOM He
HapyIasi €CTECTBEHHOI0 PACTHTENBHOIO TOKPOBA M MOJCTHIKA M B HAMMEHbIIEH cTereHu aedop-
MHUPYSI CTPOCHHE U CIIOKEHHUE [IOYBBI.

MeX3IKOCHCTEMHBIE CBSI3U M3ydalld TAKKe Ha MPUMEpEe 2-X MOYBEHHBIX THIIOB. JIYTOBO-CTEI-
HOTO M JIECHOTO KOPUYHEBOTr0, PACIIPOCTPAHEHHBIX B JIyTOCTEITHOM reorpaduieckom mosice. Bee mpoo-
HbIE IUIOIIA/IKU PACTIOJIOKEHBI B JTyTOCTEITHOM IOSICE C OAHOTHITHBIMH KITUMATHYECKUMH YCIIOBUSMU.
HUccnenoBany mo4Bbl, BOAHBIC BBITSDKKA M3 TIOYB M MOJCTHJIKM JIYTOCTEITHOTO T0sica Apararckoro
ropHoro mMaccuBa. M3ydaemast TeppuTopHs IpeCTaBiseT coboi npezaen HopMUPOBaHUS JIECHOH KO-
CHCTEMBI, TPaHUYaIleil ¢ JIyroBbIM coobIecTBOM. JIeCHO# 1IEHO3 MPEACTABICH CMEIIaHHBIM JIECOM, H
€ro JPEBOCTON OTHOCHUTENFHO HHM3KOPOCIBIN; JUIS MUCCIIENYEMbIX JIECHBIX ITOYB XapaKTepHA MOLHAS
MOJICTHIIKA. BOIHBIC BBITSIKKM TOJy4EHBI MPU COOTHOMICHWH TBepras (asa — Boma 1:10 s
moACTHIIOK U 1:5 [Uisi MUHEpaIBbHBIX TOPU30HTOB MOYB. B BBITSDKKAx OmpesiesieH HOHHbIA cocTa, PH,
penokc-niorentmai (Eh)u obiee conepxanue yriepona (C opr) 1Mo 0OMIEIPHHSITEIM METOIHKAM.

Pesynomamot u oécyncoenue. B Hactosmeir paboTe MBI TONBITAINCH OaTh
aHaNMN3 0COOEHHOCTEH MUTpaliyl XHMHIECKHX JJIEMEHTOB B JIYTOBBIX H JIECHBIX [IEHO3aX
OJIHOTO TeorpadhuIecKoro mosica (JiyroCTEMHOro), a TAKKe MUTPAIMH HJIEMEHTOB 110 BCe-
My BbIcOTHOMY auana3ony (3270-1127m aOCoMOTHOW BBICOTHI) B CHCTeMe aTMochep-
HBIE OCAJKH — BHYTPUIIOYBEHHBI CTOK — pedYHas BOJA, MOAXOJS K HUM C IO3UIMN
MEK-3KOCUCTEMHBIX CBSI3EH.

M3BecTHO, YTO NMPOUCXOAAIINE B IKOCHCTEMaxX OMOT€OXMMHUYECKHE OOMEHHBIE
IIPOLIECCHI CITOCOOCTBYIOT YCUIIEHHUIO CIIOCOOHOCTH IIOYBEHHOTO PACTBOPA U HHQUIIBTPY-
IOIIMXCSl Yyepe3 MOYBY BOJ K arpecCHBHBIM JICHCTBHSIM 10 OTHOLICHHIO K MHHEpaIaM.
ITpu sToM OHO mpomcxonuT Benenctsue yBenmueHuss CO, B MOYBEHHOM pacTBOpE, B
OCHOBHOM 3@ CYET OMOXMMHYECKOr0 PacIiajia PACTUTENbHBIX OCTATKOB — IOACTHIIKH [6].

OnmHUM W3 BOKHEHIIMX JTAallOB KU3HENEATEIbHOCTU TPAaBSHBIX M JIECHBIX IIe-
HO30B ClIeqyeT NPH3HATh €KEeTrOXHOe O00pa3oBaHHME CJOS OTMHPAIOIINX OCTATKOB —
MIOCTUIIKY B Pa3HOW CTEHEHH Pa3JIOKeHHUS B TOYBE WM Ha €€ MOBEPXHOCTH. DTOT CIIOH
SIBJISIETCS] HE TOJIBKO XPAHMIIUIEM XHMUYECKUX 3JIEMEHTOB — MUTATENIbHBIX BEIECTB, HO
U OIHUM M3 BaXKHBIX CTPYKTYPHBIX 3JEMEHTOB BBINICYKa3aHHBIX I[eHO30B. OHM SBIIA-
IOTCS HCTOYHUKOM BOJOPACTBOPUMBIX OpPIaHHMYECKHX BEIIECTB M OCHOBHOH 30HOM
HAKOIUICHHUS XUMHYECKHUX JJIEMEHTOB. B BOIHBIX BBITSKKAX U3 MOACTHIIOK ITPEe00IafaoT
BOJIOPACTBOPUMBIEC OPraHWYECKHEe W XUMHUYECKHE BellecTBa. [Ipu 3TOM BOIOpacTBO-
pHMBIE OpraHWYECKHE BEIIECTBA Pa3HOTO COCTaBa, KaK M3BECTHO, NPEUMYLICCTBEHHO
SIIEKTPOHEHTPANILHEL, YTO OTPaHUYMBAET UX COPOLUIO MOYBEHHBIMH YAaCTHUIIAMH H CIIO-
cOOCTBYIOT cBOOOIHOM MuUTpanuu B tanamadpte [9].

N3ydenne mporieccoB TpaHCHOPMAIMH XUMHYECKOrO COCTaBa IOACTHIIKH, ITOKa-
3bIBAaCT IMHAMHKY H3MCHEHHSI €ro B JICCHOM W JIyrOBOM LieHo3ax (Tabm.l). B mecHoit
MOZICTUIIKE OKa3biBaeTcs ropasno Oonbie K, P, Ca, Mg, Nyuem B moxctunke ayra. [Ipu
9TOM JIeCHAsl TIOJCTHJIKA OTJIMYAeTCs 3HAYUTENIBHO BBICOKMM, Y€M B JIyTOBOM LEHO3€,
YpPOBHEM OOLIEr0 coiepXaHus yriepoaa. OTH (aKTopbl CHOCOOCTBYIOT, B YaCTHOCTH,
Iepexoy OT KUCIIOW peaklMd, CBOMCTBEHHOH JIECHBIM LIEHO3aM, K IIEIOYHON B JIYTOBBIX
LeHo3ax. Bo3aMoxHO, MeHee Kucnas peakiys 1 OoJblIee ColepyKaHue KalblUs B TIOJCTHIIKE
co3zatoT Gosnee GJIArONpUSTHBIE YCIOBUS NI JKH3HEIEATEIbHOCTH MHUKPOOPTaHU3MOB, YTO
YCHIIMBACT HX CIIOCOOHOCTB MOJIHEE pa3iarath OpraHmdecKre ocTatky [1].
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OpraHu4ecKoe BEIIECTBO, C KOTOPBIM CBSI3aHBI OKHCIHTEIFHO-BOCCTaHOBH-
TEJIBHBIC YCJIOBHS, SIBISICTCS OJHUM M3 BaKHCHIIHNX KOMIIOHCHTOB IIOYBBI, IPUYEM C
OIHO CTOPOHBI, OHO BBICTYAeT KaK HCTOYHHK XHEPrHH M IHIIH, OOecreynBas
JIeATEIbHOCTh MUKPOOHBIX [[CHO30B M OMPEACIISsl TEM CaMBIM HHTEHCHBHOCTH OKHCIIH-
TEIBHO-BOCCTAHOBUTENBHBIX IIPOLIECCOB B MOYBE, C APYroil — OPraHWYecKoe BELIECTBO,
obmamasi JTOBOJBHO CHJBHO BBIPQKEHHOM BOCCTAHOBHUTEIBHON CHOCOGHOCTBIO [3],
yY4aCTBYET B 3THX PEAKIIHAX.

ITo cBOEeMy OHOXMMHYECKOMY COCTaBY MOYBCHHAsI a30TCOACpPXKAIIAsi OpraHuKa
OYCHb HEOMHOPOIHA, 3HAYUTEIIBHAS YACTh €€ BXOIHUT B COCTAaB CTOWKMX M WHEPTHBIX B
XUMHYECKOM OTHOIMICHHH coequHeHuil [7]. Iloaromy 9acTe a3oTa sIBISIETCS Kak OBl
3aKOHCEPBUPOBAHHON HAa IJIHUTEIbHBIN MEPUOA BPEMEHH W HE MPUHHMAET Y4acTHs B
OHOreOXMMHYECKON HUKIMYHOCTH [5]. JIpyras 4acTe a30THOTO (hOHAA MEHEE CIOKHOTO
XAMHUYECKOTO COCTaBa, 00JaaeT CIOCOOHOCTHIO B ECTECTBEHHBIX YCIOBUSX CpPEIbI
MOBEPraThCsl THAPOIUTHYECKOMY PACIICIUICHHIO. DTy 4acTh pacCMaTpHBAaeM Kak He-
MOCPEICTBEHHBIH HCTOYHHK 00pa30BaHusI MUHEPATIbHBIX opM a30Ta.

Ta6auua 1. CpaBHUTENbHAS XaPAKTEPUCTUKA COCTABA BOJHBIX BBITSIKEK U3 TIOJICTHIIOK
¥ TI0YB JIECHBIX U JIYTOBBIX IIEHO30B B JIyTOCTEITHOM T105IcE, MI/JI
(cpennee 3a 2005-2008r)

W3 Tabn. 1 BupHO, uTO OOuLIEe coAep)KaHUE BOJOPACTBOPUMBIX OPraHUYECKUX
BEIL[ECTB B MOJCTHIIKAX JECHOTO 11€HO3a 3aMETHO OTJIMYAeTCs OT JIyrOBOTO M MPEBBIIIAET
ero B 2 pasa. CoxmepkaHHe YIiIepoia B BOJHOH BBITSDKKE M3 JIyTOBO—CTEIHOMN ITOYBEI
(mocrenecHO y4acTOK) MO CpaBHEHHIO C JIECHOHM KOpUYHEBOHl mouBoit B 1,2 pasa
YMEHBIIIAETCs], TOTa KaK IT0 CPABHEHHIO C JIYTOBBIM IIEHO30M - B 1,9pa3.

CozneprkaHue yriieposia B BOAaX BEPXHETO TOPH30HTA JIECHOM KOPHYHEBOH ITOUBBI
MEHBIIIE 10 CPABHEHUIO C MMOJCTHIIKOH B 2,7 pa3. AHAJIOTHYHAas KAPTHHA OTMEYAESTCS U JUIs
JIYTOBO—CTEIHOM MO4YBBL. Pa3ziuums B cofepiKaHWM BOJHOPACTBOPHMBIX OPraHHYECKUX
BEIL[ECTB LIEHO30B CBA3aHbI C OCOOCHHOCTSAMH OHOT€OXMMHYECKON LIUKIMYHOCTH YIIIEpO-
Ila, KOTopas XapakTepusyercs oOBEeMOM M CTPYKTYpodl (UTOMACCHI M €€ MPOXYKTHB-
HOCTBIO, COCTABOM Oltaja u Jp. GaKTopamMH.
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Bonnas + 24 + + - - 3-
BerrsRKa pH | Copr. | C& Mg K Na NO; | NOs PO;
JlecHo# 11€H03 (CMEIIaHHbIH Jiec)
W3 nocTiiku - 253,7 | 370,0/ 330,0 480, 2100 89,9 450,0 180,0
13 necuoit
KOPHYHEBOI 57 92,4 93,0 60,0 43,0 61,0 15 4,2 0,96
OYBBI
JlyroBsiii eHo3 (rmocienecHoit yuactok, 2Qier nocie BEIPyOKH jieca) CEHOKOC
W3 nocTuiku - 2245 | 340,0/ 310, 185, 2100 56,0 142,0 110,0
13 nyroso-
CTENnHON 57 78,6 79,0 60,0 25,7 55,6 1,0 3,4 0,8p
IIOYBbI
JIyroBslii IeHO3, CEHOKOC (KOHTPOJIb)
W3 nojcTuiku - 128,3| 195,0| 200, 110, 152)0 22,0 47,0 47(9
13 nyroso-
CTeIHOI 74 | 489 50,0 35,0 15,6 32,0 0,96 2,4 0,63
MOYBBI
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Pasunna B comepxkanun uono Ca, Mg, M, NO,, NO; u PQ, Mexay JiecHbIM
LIEHO30M U TIOCJIENIECHBIM Y4aCTKOM HEOObINast; 4TO KacaeTcsi KOHTPOJIBLHOTO yJ4acTKa, TO
3/1eCh KOHIICHTPAIMHI HOHOB B BOZHBIX BBITSDKKAX Pe3ko moHmkarTes (ot 1,510 2,7 pasa).
TpeHn n3MeHeHns TaOUIBHBIX CBOMCTB IOYBHI TOCTATOYHO YCTOHUMB, TaK KaK JaKe depes
15-20net mocie BHIPYOKH Jieca COXpaHsIETCs KHCIOTHOCTh PACTBOPOB MOYBBI M BEPOST-
HOCTh 0o0Jiee MHTEHCHBHOTO INPOTEKAHMS JITIOBHAIBHBIX IPOLECCOB HE TOIBKO OPraHo-
TEHHBIX COAECPKAHNUN, HO U €€ MUHEPAIIbHONU OCHOBBL.

CrenoBaTesbHO, JIECHbIE LIEHO3bl CHOCOOCTBYIOT OOOrallleHHIO JIYTOBBIX LIEHO30B
HE TOJILKO OPraHUYEeCKUM BEIIECTBOM, HO M MHHEPaJbHBIMH 3JIEMEHTaMH, U 3TO (UKCH-
pyetcst 0oJ1ee HU3KUMHU KOHLEHTPAHSAMH JIEMEHTOB Ha IOCJIETIECHBIX yJacTKax IO CpaB-
HEHHUIO C €CTECTBCHHBIMH YCIIOBHSAMH (IO BRIPYOKH Jieca).

HeBblcokoe conep)kaHre OpraHUKH, Majiasi MOABHKHOCTD €€ THAPOIN3YEMbIX KOM-
IIOHEHTOB Ha ()OHE IMACCUBHOI'O BO3/ICHCTBUS OKHUCIIHTEILHO-BOCCTAHOBUTEIBHOIO IIOTEH-
muana (OBII) nyroBO-CTEMHO# MOYBBI OMPEACIIIOT HEOJIATONPHUATHBIA MUTATEIbHBIH
PEXHM B JIYrOBBIX LIEHO3aX. TpaBOCTOM, IPOU3PACTAIONIME HA ATUX [T0YBAX, OTINYAIOTCS
HHU3KOH IPOAYKTUBHOCTBIO.

YpoBenp obecnieyeHHs (UTOLEHO30B a30TOM 3aBHCUT B OCHOBHOM OT BBICBO-
OOXK/IeHHsT aMMMaka W3 COCTaBa CIOKHBIX OPraHMYECKUX COCIMHEHWH B IOYBE U IOA-
CTWJIKE M OT JKOJOTHYEeCKOW OOCTaHOBKH. BciencTeue 3TOro B HOYBE MOCTOSIHHO BOC-
MIOJIHSFOTCSI MUHEPAIbHbIE COEMHEHHUS a30Ta U 00eCIednBaeTcs ero HeoOXOAUMBINA ypo-
BeHb. [Ipy 3TOM JlecHas OICTHIIKA HACHIILIEHA BOJOPACTBOPUMBIMH U OOMEHHBIMH COEJIH-
HEHUSIMH a30Ta 3HAYUTEIIHHO JIYYIIe JIyTOBBIX IIEHO30B.

OcHoBbiBasick Ha nokasanusx OBII syroBoro meHosa, Ipu KOTOPBIX MPOUCXOAUT
TpancdopManys a30THBIX COCAWHEHHH, MOXKHO 3aKJIIOUHTh, YTO a30T M OpraHUYecKOoe
BEIL[ECTBO B JIYT'OBBIX IIEHO3aX IIE€PEXOAAT B Kau€CTBEHHO HOBOE COCTOSHHUE; 3TO 00Yyc-
JIOBJIUBAET Pa3BUTHE B IMOYBAX IPOIECCOB, HE CBOMCTBEHHBIX T'OPHO-IYIOBBIM LIEHO3aM:
MPOsIBJICHUE CJIA00Tr0 OIJIECHHUS, YTO, OYEBHAHO, (OPMHUPYETCS B YCIOBUSAX CE30HHOIO
nepeyBiaxHeHus. [103ToMy OKMCIMTENIbHO-BOCCTAHOBUTENbHAA OOCTAHOBKA IIOYB BO
MHOTHX CJIy4asX IIOMOTraeT BBIABJICHUIO BEJIMYMH MHTCHCUBHOCTH ITOYBEHHBIX IIPOIIECCOB
1 ocoOeHHOCTEH (HYHKIMOHUPOBAHHS IT0YB B Pa3IMIHBIX SKOJIOTHYECKHX YCIOBUSIX.

Omnpenenenue u conocrasieHue aktuBHoct OBII ¢ comepkaHueM pa3IMUHBIX
(OpM a30THBIX COSIUHEHHH B IOJICTUIIKAX W MOYBAX B JYTOBBIX U JIECHBIX IIEHO3aX JaeT
OCHOBAHHUE ITOJAraTh, YTO B 3aBHCHMOCTH OT DPAa3JIMUMil OMOTE€OXMMHYECKOH M THIPO-
JIOTHYECKOH O0CTaHOBOK M3MEHSETCSl U MHIPAlUs 3JIEMEHTOB, OJHAKO IIPU 3TOM COX-
PAHSIOTCS] MEKIKOCHCTEMHBIE CBSI3H.

Ta6auna 2. ConepkaHue U THHAMUKA JIETKOTHIPOIN3YEeMOro a30Ta B TI0YBaX PasIMIHbIX
LIEHO30B JIYTOCTEIMHOro nosica, Mr/kr (cpeanee 3a 2005-2008r.)

OOBeKT Tenerucckuii ropu- Maii Wrone CenTs16pb
30HT, INTyOHHA, CM
JlecHoii neHo3 (cMelaHHbIiH Jiec)
MOJACTUIIKA Ao-0-5 352,6 276,8 64,5
mo4Ba A,5-10 85,0 98,5 51,5
JIyroBwlii 11eHO3, CEHOKOC (ITOCIIENECHOM YYacTOK)
MOJACTUIIKA Ao-0-2 157,0 94,3 43,4
mo4Ba A, 5-10 52,6 39,7 26,2
JIyroBblii 1eHO3, CEHOKOC
MOJCTUIIKA Ao-0-2 78,2 52,5 18,4
mo4Ba A, 5-10 26,7 19,4 12,2
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JA71s1 SKOCHCTeMBI JIYTOCTEITHOTO ITosica XapaKTepHa crienuduyeckas JUHAMHUKA CO-
JIepKaHUs a30Ta, KOTOpasi 9YeTKO MPOSBILIETCS TP aHTPOITOT€HHOM BO3eHcTBIN. OXHIM
U3 aHTPOIMOreHHBIX (HAaKTOPOB TpaHCHOpMALUK Cpeibl SBJSUIACh BHIpYOKa Jeca, B pe-
3yJibTaTe KOTOPOH MMENHM MECTO 3HAUHTENbHbIE M3MEHEHHS B COCTOSHHM YXKe IIOocIIe-
JIECHBIX TI0YB. Y MOCIIEAHHX €Ile COXPaHAETCS KUCIas Peakys I0YB, YTO 00yCIOBIHBAET
YCHJICHHE JIIOBHATBHBIX ITPOLIECCOB, M KaK CIECTBHE - YBEINYSHHE BHIHOCA JIETKOTUIIPO-
JM3yeMoro asora BHH3 10 mpodwio mouBsl (tabn. 2). Ilpum 3TOM HHTEHCHBHOE
IpOTpeBaHre IOYBBI IIPH OTCYTCTBHM 3aTeHsomiero sddexra IpeBecHOro moiora
o0ycnoBnuBaeT 0Ooiee MHTEHCHBHOE IPOMYLMPOBAHUE a30THBIX COCAMHEHHUH, YeM [0
BBIPYOKH.

B pacnpeneneHny JerkOruapoNIM3yeMOro azora MO NPOQMIII0 IOYBEI 3aMETHO
BBIZICIISIETCS] CAMbIi TIOBEPXHOCTHBIH ci10ii MomHOCThI0 0-10cM, B KOTOPOM IPOMCXOSAT B
OCHOBHOM BCE€ 3JIIOBHAJbHO-aKKYMYJISITUBHBIE IIpoLiecchl. Yale Bcero MakCMMyM B €ro
CoNeprKaHUU TIPUYPOUEH K BECCHHEMY ce30Hy roja. Yersipexnetnue HabmoaeHus (2005-
2008T.) 3a AMHAMUKOM JIETKOTHMAPOIU3YyeMOro a30Ta IOKA3ald, YTO KOJHUYECTBO €ro
HETIOCTOSIHHO KaK I10 ToJlaM, TaK ¥ Mo ce30HaM roja. KoimmyecTBo ero B MOACTHIIKE JIECHOTO
[ICHO3a B TEUCHHE BECCHHE-OCCHHETO CE30HA BapbHPOBANIO B mpeaeiax 64,5-352,6vr/kr, a B
nouBe—51,5-85,0 Mr/kr, HO yXe K KOHIY CEHTIOps o0a MoKa3aTeNis CHU3MINCH, UTO
CBHJIETENHCTBYET HE TOJILKO 00 €ro MHTEHCUBHOM MUHEpAIM3aLi1, HO U O TACCUBHOM Ha-
KoruteHnH. Huskoe coepkaHue ero oTMeyanoch Kak B Hayajle BereTalyy, Tak U B KOHIIE,
T.e. HEIOCTaTOK JHEPreTHYECKOro Mareprana Uil IPOLECCOB aMMOHH(MUKAIMK B
MOICTHIIKaX OCOOEHHO XapaKTepeH JUIsl JIyTOBOTrO LieHO3a. Takas NMHAMHKA CBA3aHA C
HEOIMHAKOBOW MHTEHCHBHOCTHIO MHUHEPAIM3ALUH a30TCOACpKaIleldl OpTraHUKH, TOCKOJb-
Ky pas3JioyKeHHe JIETKOTUIPOJIM3YeMOro a30Ta B IOJCTUIIKE JIyT'OBOTO [IEHO3a MPOUCXOAUT
ObicTpee. B Hawane oceHH comepkaHHe JIETKOTHAPOJIHM3YEMOTO a30Ta B MOJCTHIIKAX
cHI3WIOCH 10 18,4 Mr/Kr, 9TO CBHICTENBCTBYCT HE TOJBKO 00 €ro HHTCHCHBHOI
MPHEpaJIM3alliy, HO ¥ aKTHBHOM BBIIIEJAYNBAHUN 33 CUET WHTCHCHBHBIX IOKIEBBIX
0CaJIKOB.

Oco0o0 crenyer OTMETUTh, YTO Ha IOCIIENIECHOM YyJacTKe IOJ BBIPYOKOH IO cpas-
HEHHIO C JIYTOBBIM IIEHO30M OTMEYAIOTCSI BHICOKHE ITOKa3aTeNIM THAPOJIM3YEMOro a3oTa
KaK B TIOJCTIIKE, TaK U B ITOYBE. DTO MOATBEPIKAAET TOT (haKT, UTO ITOCIIETECHOH JTyrOBOH
YYaCTOK HaclleAyeT MoKa3aTelHu JIECHOTO LIEH03a. JTO CBSI3aHO € TEeM, YTO MHHEPATH3aIns
OpPraHM4YeCKUX COEIMHEHUH B IOYBE IOJ] JIYTOBBIM IIEHO30M IIPOMCXOIUT Ooiiee OBICT-
PBIMH TEMITaMH; KpOMe TOro, HOYBa II0 JYTrOM IIpOrpeBaercs JIydile W ObIcTpee, 4To
TaKXKe CIOCOOCTBYeT Ooyiee IONHON pea3alyyl MOTEHIHAIBHBIX 3allacoB SHEPreTH-
YeCKOro MaTepuaa.

PaccmoTpeB BOIpOCHl MUTpalliM OWMOTEHHBIX AJIEMEHTOB B JIYTOBBIX W JIECHBIX
LIEHO3aX OJTHOTO reorpauyecKoro mosica, MOXXHO OTMETUTD OOJIBIIYIO POJIb TTOICTUIIKH B
mpoleccax IMpeBpalleHus] a30Tcojepxaiieil opranuku. [Ipy 3TOM mepexoa OT JIECHOro
[IEHO3a K MOJIOAOMY JIYTY COIPOBOXKAAETCS OOJIBIIMMH H3MEHEHHSMH B COIEpKAHUH
a30Ta W OPraHMYEcKOro yriepona, ¥ mo Mmepe (OPMHUPOBAHMS JIYTOBBIX LIEHO30B HX
coziepKaHKe B IOYBaX ITOHMKAIOTCSL.

CrenoBatenbHo, cnenuduka TpaHcGOpMalMM WU JATbHEHIIEro pa3BUTUS MOCIe-
JIECHBIX II0YB OOYCIIOBJIEHa OCOOEHHOCTSMH JIECHOTO II€HO3a W MHUIPAlJMOHHBIX
IIPOLIECCOB, CBOMCTBEHHBIX JIyTOCTEIIHOMY HOSICY TOPHOH 3KOCHCTEMBL. B JecHBIX mouBax
HUMEJIO0 MECTO pa3BUTHE OIIIOBHAIBHBIX IIPOLIECCOB, CBS3aHHBIX C YBEIMYCHHEM
aKTyaJbHOH KHCJIOTHOCTH ¥ OOYCIIOBIMBAIOUIMX OoOjiee BBICOKYIO MOOHIM3AIMIO
a30TCOMEPIKAILEr0 OPraHMYEeCKOro BEIIECTBA U MHHEPAJbHBIX JJIEMEHTOB B IIpoLiecce
TIOJIEP>KaHUS MEKIKOCHCTEMHBIX CBSI3€H C JIyrOBBIM [IEHO30M.

B MeXIKOCHCTEMHBIX CBS3X IPYTMM BaKHBIM ACIIEKTOM SIBIISIIOTCS BOIHBIE IIO-
TOKH, BKJIIOYAIOIIUE B ce0s pa3inyHble FTeHETHUECKUE KaTeropyuu JaHAIadTHBIX BOJ!
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aTMoc(epHBIC OCAIKH — BHYTPUIIOYBCHHBIA CTOK (JIM3MMETPHYECKHE BOJBI) — BOIOTOKH
— pe4HOH CTOK. DTOT OJIOK AKOCHCTEMBI 00ECIIeUHBaeT BHYTPUCHCTEMHBIE CBS3U MEXIY
KOMITOHEHTAMHU SKOCHCTEMBI, BBIHOC BEILECTB U3 Hee U (OPMUPOBAHHE IIEMEHTHOTO COC-
TaBa Pe3yJNbTUPYIONINX PEYHBIX BOJ, YeM W OOYCIIOBIMBACT peaM3aluio JaHmmadTHO-
TEOXUMHUYECKHX TIPOLECCOB B YCIOBUSIX TYMHAHOTO KJIMATa.

ConocTaBieHne XUMHYECKOTO COCTaBa JIM3UMETPHUYECKUX PAcTBOPOB B HIDKHUX
MIOYBEHHBIX T'OPH30HTAX M BOJOTOKOB B TOPHBIX IKOCHCTEMAX PaccMaTPHBAEMOrO BBHI-
COTHOTO psiZia TTO3BOJISIET B ONPE/CNICHHON CTEIIeHN PacCMOTPETh JAJbHEHIINE IPOLeCCh
TpaHc(opManiy CKBO3HOTO ITOTOKA BEIIECTB M (JOPMHUPOBaHMS peyHBIX BoA. Kak mokasa-
JIM HalIX MCCIIeIOBAaHMUS, OCHOBHBIE 3aKOHOMEPHOCTH (pOPMHUPOBAHHS BOJ MECTHOTO CTOKA
XapaKTepHbl JUI TOPHBIX JKOCHCTEM II0 BCEMY BBICOTHOMY auamazony (3270-112%
abCONIOTHO BBICOTEI).

Bozpl 1 BOIOTOKH B BHICOKOT'OPHBIX 3KOCHCTEMaX, XapaKTepU3YIONIe HaYaJIbHBIH
sTan (OPMUPOBAHUS PEUYHBIX BOJ B CAMUX HCTOKax — 3TO CJIAOOKUCIIBIE, O4€Hb Majo
MHHEpaJIM30BaHHbIE BObI, NPEUMYILECTBEHHO T'MJIPOKapOOHATHO-KAJIBIIMEBOrO COCTaBa,
KOTOpbIE IPAKTHYECKU TOJHOCTBIO IPEEMCTBYIOT YPOBEHb KHCIIOTHOCTH U CTENEHb HOH-

HO#i ¥ 0011Ie#l MUHEpATH3alluK JTU3UMETPHICCKUX BOJ] U3 HIJKHUX MOYBEHHBIX TOPH30HTOB
(Tabm.3).

Tab6auna 3. XuMu9Ieckuii coctaB aTMOC()EPHBIX OCAJIKOB, IN3UMETPHICCKUX BOJI, BOJTOTOKOB H
peuHo# Bojbl Oacceiina p. AMOep Apararickoro maccua, Mr/i (cpeanee 3a 2005-2008r.)
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abCOITIOT. BBICOTA pH Cé Mg Nel K NH4 N02 NO3 c HC03 804 PQ HMOHOB
ATM";;;S?;’”"“' 6,05| 400/ 380 020 o05¢ 08 003 159 13 12,2944 022| 384
© =
= ==
£ S
= S5 |59 803 12/ 020 11 03 031 18 53 146 [207q 459
=4 Ie)
22| BT
23
28 | 2
O S >
| iz
£ Ex | 7401002 340| 040 260 140 020 300 128 220 96 020 ,073
= = N
I;‘ ~

g
>
=

Bogoroku p 4

(3000) 6,75| 3.21| 2,12 1,03 144 030 003 186 33 1348 {4,044 | 392
PC'(‘isz;S;P“ 7,01| 7,82| 500 399 272 035 004 1p8 181 47,36 P033| 789

Peunoii crox B mpenenax paccMaTpUBAaeMOTO BBICOTHOIO psfa JOCTaTOYHO YETKO
orpakaer crienuduky GpOpMHUpPOBAHHS PEYHBIX BOJA IO Mepe Iepexoja OT JIaHAmagTHO-
TEOXMMHUYECKUX YCIOBHH BBICOKOTOPHBIX JKOCHCTEM K YCIOBHSIM CPEIHETOPHBIX: II0C-
TereHHasi HeHTpaM3alusl CIa0OKUCIBIX B BBICOKOTOPHBIX HCTOKAaX PEYHBIX BOJA U YBe-
mayenne PH 10 HEHTpaNbHBIX; COOTBETCTBEHHO, YBEJIMYCHHE THAPOKAPOOHATHOW COCTAB-
JISTFOIIEH TI0 CPAaBHEHHIO C CYNb(ATHOW; BO3pacTaHue HOHHOM 1 00mel MuHepanmu3anyu. [1o
COOTHOIICHHIO aHHOHOB PEYHBIC BOJBI HMMEIOT CTaOWIIbHBI T'HAPOKAPOOHATHO-CYIIb-
(aTHBII B UCTOKAX M THAPOKAPOOHATHO-XJIOPHUCTHI — B CPEIHErOPHBIX BBICOTHBIX MO3H-
usix cocta. [1o Mepe CHHKEHHs aOCONFOTHBIX BBICOT PEYHOH CTOK Aparalckoro Maccuba
MpHOOPETACT 1O COOTHOIICHHIO KATHOHOB CTaOMJIBHBIN KaJbIIMii-MarHUEeBbIH COCTaB, HAYH-
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OCOBEHHOCTU MEXSKOCHCTEMHbBIX CBA3EN B APAI'ALICKOM I'OPHOM MACCHBE

Hasi OT WCTOKOB. B menmom e Bomsl p. AMOepm, Kak M BOIOTOKH, INPAaKTHYECKH
TIOJTHOCTBIO ITPEEMCTBYIOT CTENeHb HOHHOM M 0o0LIeil MUHEpaNu3aliy JTH3UMETPHYESCKHIX
BOZ, CHOPMHUPOBABIIMXCS B IOYBEHHOM INpoduile, a Takke NPEHMYIIECTBEHHO U THUII
COOTHO-IIICHHUSI HOHOB OCHOBHOT'O COJIEBOT'O COCTaBa.

Taxum 00pazoM, KOMIUIEKCHBIE JIaH A THO-TEOXUMIYECKHE HCCIISTOBAHIS TOPHBIX
9KOCHCTEM Apararckoro MaccuBa, TJie NPEACTaBICHBl OCHOBHBIE THIIBI 9KOCHCTEM BBHICOT-
HOM TIOSICHOCTH cyOperviona (muarmaszon Beicor 1127-3270M), moKasaid, YTO B3aUMO-
NefiCTBIE MEXIY Pa3IMYHBIME CHCTEMAaMH HIPAET POJIb BAYKHEHIIIEr0 MEXaHH3Ma, KOTOPBIH
obecreunBaeT Kak LEMOCTHOCTh 3KOCHUCTEMBI, TAK U CBSI3aHHOCTH OTHCIBHBIX €€ KOMITO-
HEHTOB MHTPALIOHHBIMHU ITOTOKaMH BEILIECTB, AUATHOCTHPYIOIINE BayKHEHIIIIEe MEKIKOCHC-
TEMHBIE CBS3M B CHCTeMax “aTMOC()epHBIE OCAIKH — BHYTPHIIOUBEHHBIH CTOK — pPEYHBIC
BOZBI" U “JIECHOM —IOCIIENECHOM — TyrOBBIH LIEHO3BI .

JUTEPATYPA

1. Apucmosckas T.B. Muxpobuonorus mpoueccoB mnousoodpazosanus. JI., 18%.,
1980.

2. Eanamvesckuii I1.B. T @OXUMHsI MUTPALOHHBIX TIOTOKOB B IIPUPOIHBIX M HPHPOAHO-
TEXHOTCHHBIX TeocucTemax. M., “Hayka”, 253c., 1993.

3. Kaypuues HU.C., Oprog J].C. OKHCIUTEIBHO-BOCCTAHOBUTENBHBIC TPOLECCH U HX
poIb B reHesuce u miogopoauu mous. M., Konoc, 247., 1982.

4. Koeoa B.A. buocdepa, mouBsl 1 ux ucnons3osanue. M., 128., 1974.

5. Kyoespos B.H. O6 nHTeHCH(UKALMHE BOBJICUYCHHUS a30Ta B €ro0 OMOr€OXUMHUYECKUit
muka. B xu.: KpyroBopor u 6amaHc a3oTa B cucteMe IouBa-ymaoOpeHUe-pacTeHHe-
Boma, M., Hayka, ¢.280-284, 1979.

6. Munanoscxkuii E.IO., [leun E.B., Cmenanos A.A. JlannmadTHO-OHOXHMHYECKHE
CBOMCTBAa OpPraHMYECKOro BEIecTBa M CTPYKTypa moussl, [TouBoBenenue, 6, c¢.122-
126. 1993.

7. Opnos /1.C. T'ymycoBble KHCIIOTHI T04B. M., “Hayka”.

8. Pesaszan P.I'. BuorecoxumMuueckas MUKJINYHOCTh XUMUYECKHX SJIEMEHTOB M MPOOIIe-
MBI ycToiunBOCTH 3KocucTeM. [lokmanst HAH Apmenun, 98, 4,¢.357-362, 1998.

9. MacCarthy P.The priciples of humic substances. Soil Scied&$, 11. p. 738-751,
2001.

Iocmynuna 28.06.2010

93



Lwjwuinwbh Ghwnnipyntbbbph Uqquiht Uywnbdhw Lwjwunwih Ytuwpwlwlwb <wbnbu
HauuoHanbHas Akaaemus Hayk ApmeHuu Buoaoruueckul XypHan ApmeHuu

National Academy of Sciences of Armenia Biological Journal of Armenia

‘Onpdwpupwlyub b nkuwlwh hnpyushkp + SxcrepHMeHTaIBHEIE H TEOPETHIECKHE CTATEH®
» Experimental and theoretical articles *

Zuyuunuth YEiuwp. hwhinbu, 4(62), 2010
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J.L. RUTULSUL

22 PU, Upqlynguuyupluyhl huduyppk MUY, Ynunuyph dwpg ¢.8pkd
badalyan_vahan@yahoo.com

Guunupjuws nuumdbwuhpmpniitbph wpynibpubpp thwuwnnd B, np
puuy hduguljut vwupplp wuydwitbpmyd wénny hwnwwnnuyht Yo (7axus
baccata L.) utpdbph $hqhjuwnbjuininghwjut hwnlnipymbutph dhol twlwub
wnupphpmpniitbp sjub. nw hwpuynpoipinit £ pudkonud gutph poinp nbupph
hwdwp dpwliky Ukl gutths wywpun:

GLip hunmuupunnuyhln b ubpd b phgpljunnkpulininghuwljui
hunnynipmniablp i plphln

WccenemoBanus mOKa3bIBalOT, YTO ceMeHa Tuica sroguoro (7axus baccata L.),
IIPOM3PACTAIONIETO B PA3HBIX KIMMATHYECKHX YCJIOBUAX, 0CO00 He pa3IMyaloTcs
cBOMMHY (U3UKO-TEXHOIOTMYECKUMHU CBOMCTBAMU, YTO AET BO3MOXKHOCTD paspabo-
TaTh OJJMH BBICEMBAIONIMI aIIapaT /ijig BCeX CIyJaeB II0CeBa.

Tuc arogHsm i ceMA i QH3HKO-TEXHOJIOTHYECKHE CBOHCTBA li peTHKT

Results of investigations showed that the seeds of common yew (7axus
baccata L.) growing in different climatic conditions did not revealed differences
between technological and physiological properties. This gives us possibility to
develope one sowing apparatus for all cases.

Common yew l seed li physiological and technological specifications l
relict

Zuyuunwth hp wohiuphwgpuiju nhppnd, nkhtdbh wpwtdtwhwnynipniuitpny,
Jwimpudnp nnnudhg gnuinpwlwimippudp mpuwhunnndy Eebught Ephhp E npnigny
wuyUwbunpdus £ mpnyb phulhduwyuluwt wuydwbbkph b hwpooun
JEuunwpuquuquinipjut wnjuynipmniup: Gpiph ppruwuiimipjut nkuniputibpp bkpupnd
Eu 3500 wkuwl pwpdpwlupg pnyubp. 323-p Swnwpnyubp bu [2], npntg pynud Jub
wjuiyhuhp, npnup, twhijhtind qpunkgubny wthwdbdwwn plnupdwl nwpwsputp, Yih-
duyuljut b dwpnwusht gnpsdntinbph wgnbkgmpjut hnbwipny tbpuyniiu wuhwwigk Eu
thnpp Swnpmntbph juwd dktwswntph wnbupny: Fpubg pyhtt £ ygunjuwind huwnw-
upnnuyhtt YEuht (7axus baccata L.), npp Zujuunwimd wénd E Yhihowith, boliwlh,
‘Unygtdptpputh, Rtpnh, Upudbpgme U Ywyuih  wnwpuswopgwutbpnud [3]: Cuwn dbp
nhinupynudubph hwipuubnmput qpbpt ponp nwpwspubpnud wnlju k ptwljut Jtpu-
Juiigidwit pun gudp gniguithy:

Ukuht 10-25 B0 pwpdpnipjut dhtgh 150 (250)ud puh wmpudwgdny bplunnid,
huqunby dhunnni swn k (Ul).1): Uunwnnd ubpdiwnympniip uljunud £ 70-120, huly
wnuwn nuughtt wuydwtbpmd® 20-30 nmwpkljwihg: YUntwnwewgnidp wntnh b niubunad
wuphi-dughu wdhutbphts @nonunnudp wiknh £ niubinud pudmt dhgngny: Ubkpdbpp
hwuntwinud ki tnyh mwphtt' ognuinnu-ubyntdpbp wlhutibphti: Lpwtip dJwdh ki,
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2USUMSNUSPL utLNk UBL UG P $PQPUU-SERULNLNGPUYUL 2USUNRE3NPULLENE 2USUUSULE SULAEL ULSUNUSEU. ..

upwdwyp: Znipwh ubpdbwdwolp que updhp b, qujwpwidwb b puingpynid E ubpup
Uhlist ququpn, vwluyt wyt sh ukpunwdnid b ubkpdp sh wupthwlnid hp dbe [2, 3]:

Gkuht b pw pwquwphy ygupnhquyht dukpp' Nidiformis, Summergold, Nana,
Compacta, Semperaurea lt w|, oinphhy pwpdp ghnuqupynipjuil, juwjt Yhpuend ku
qub] Jubwswyuwndwi kg, hwmnjuybu bypnyulut puquuphy tpypukpnud, npunkn
onh hwpwpkpwlwi ntwnipniip puduljuih pupdp k:

Ul 1. Zwwnwupinnuyh jEunt wubnuunbplibp o ubpdbpp

Zupyh wntkny Zujwunwih winwnibpnd hwnwynnughtt YEune huptu]bpu-
Jutquiwt ndJupmipniuttpp, pvybu twb jutwswyundwi Uk oqunugnpstint htnw-
Uyuptbpp, Jdbp Yonihg petmpp B ogpllp mundtwepply i ubpdbph - hapljw-
unbkinnghuljuwt hwnlmpemtbpp  (Gpupnipmitp, hnjumnpuhwjug  wpudwgstpp,
Swjuuyht quitiggusp, 1000 ubtpdh Yohrp, ubpphtt b wpuwpht othuwb wlymbtbpp
Epuph, hnyws thwynh, nknph htn), npntp hbnwquynud upnn Bu hhdp hwinhuwbtug
ubpdugut wywpuwwnh duwldwd hwdwp. wb ugt jhpupmpnita §qunih winwn-
JEpuljutqidut wohtwnwtipitipnud bt wijuputughtt nnbumpmniiibpnud: Ukpdiwgut
wyupwinh twjupugddwt hudwp Jupbnpynud £ ubpdbph qdughti swthbpt nt bpypusmthw-
Juit Aubkpp, npnbp Jdnwlul bpwbwlmpmpit mukt guiph pujupup hpujubugdwut
hwdwp: ‘LoJws wbiunnghwljwt huwnlnippibubpny  pinipwugpymud Eu wigpbphg
ubpubph wpnwhnubnt qgnpéppwgn:

Ynp b dkpay Munduwuhpnipiut iynp ki hwinhuwgtk) 2007-2009pp. 22 winwn-ukphg
Upbpuws  Yhunt  ubpdbpp, npntg  nuunudbwuhpoipyoibtipp uwwpdlp o jupnpunnp
wuydwbikpnud: Snipwpwiynip nwpwswppowihg wrwbdtiwgyt) ki hwupnipulwb ubkpd, npnpdty
E npuitg Epupmpiniup (L) b thnjumnnubwjug npudwgstpp (D1, D2) (uly. 2): Fugh gduyhl
swithtiphg, npnoyky ki tul swjuughtt qubiquisp, 1000 ukpdh Yohep, tkpphtt b wpwpht pthdwl
wilniuubpp Epjuph, hnws thhwynh b pknhuh htun:

Ul 2. Zwinwuyinnuipht §him ukpdbph qdughtt swihbph Jhpgdwt ujubdwi
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4.L. FUNULBUL

Pwpdp unpniimpjubt mphkph bkpphtt othdwb wilnitp Yupkh b npnply  Wmiph phwfub
phpmpjut wtljudp, npp npnoynid | iynipp (gubing hwippe b nnnply dwljkplinyp niitkgnn hwppwljh
Jpw wylipwily, np Abwdnpydh hunwly wulyynd, husp b Yihth yniph phwlwib phpnipjut wilpynibp [1]:

Upwwphtt othdwl wiljniip npnpkint hudwp oqunly kup tlwbuwnnhy ghwnnwthnpdbph
hudwp twhwnbugus unblinhg, nph hhdtwlwh Jupnigduspuyhtt dhwynpp  pwpdwljumb
hwppuwl b Zwuppwlh dh suypp wipwpd widpugquws , hul) dintut niith pupdpugubyne b npnpwulh
wilynil uqdbint hiwpudnpmipinit: @npdwiidniyp npynid t hwppwlh pu b pupdpugdnud wyi-
put dundwbiuly, Uhtigh wy uljuh uwhby: @npdkpp npdby ku hhq hphuntpyundp:

Upmynilplkp b phinupynid: Miunidivwuhpnipyut wpryniipikinhg wupgyty &, np
wnwppkp  wwpwswypowitiphg  dpbpqws  ubkpdbiph  $hqhjw-nkjuinnghwulwi
hwwnlinipniiubpp punipwqpnn gnigwhoubph Ubky twljut wmwppbpnipmitubp sku
ujuwnynud (wn. 1): Ukpdbph dhoht Epjupnipiniip mwnwinud £ 6.3-6.8 U, Uks mpw-
dwgstph phwpnud® 4.7-49 dd, hull thnpp wpwdwgsdtph nphwypnid® 4.3-45 Ud
uwhdwbbpnid:

Unpniuwy 1. Zunwuyinnuight jEunt ubkpdtiph $hqhlju-inkuninghwljut hwnlynipniitipp

Swpwswopowl
Shahlyu- 2l sz |s] 2| %
wnkhiininghwljut iy < oy 3 E &
hwnlnipmutk —ér' S = S g =
1) e s 5 & £ g _I':_i
g
o)
Qduyht swthbipp,
ud
L 6.5 6.8 6.6 6.3 6.6 6.4
Di 4.8 4.7 49 49 4.8 4.8
D2 43 43 45 43 4.4 4.4
Owluuyhtt
556.0 | 563.7 | 558.2 | 568.4 | 560.2 | 565.4
quiigqwidp, ¢/jhwnp
1000 hunh
pugupdul 680 | 749 | 748 | 678 | 70.1 67.6
quiigquidp, g

Shqhjulul gniguthoutiph nuumudtwuhpnipniiitiphg pugh ntumdtwuppdty Bu twb
npny nkjuininghwljwt gniguhoutp® ubppht othdwb wlynitip' tg (=199, hsytu twb npno
niplph htn wpnwpht gthdw wulyniip. Epljue - 269, hnljws thuywn - 319, nknpb - 42

Ubpphtt b wpwpht gthdwl wtlmbubph wpymibpubpp oy o Enbp ponp
nwpwswopowbiibnhg Uptpyws ukputph hunlwp:

Puuljhduyuljut wwppkp wuydwtbpnd wénn hunwwyunnughtt YEune ubkpdbph
$hqhjuw-nbuinnghuljuwt hwnympmnibutph dhol wpdwtugpdus ny UksS wwppbpnt-
piuubkpp htwpuwynpnipnit Bu pidbnnud gutiph pninp nhwpbph hudwp dowlyly kY guitihy
wwpun:

A UYULNRESNRL

1. Qppgnppul C.U. Uuptdunhjujub Jhdwljugpnipjut nwupptpp b ghnnwthnpdh
wubwynpuwt mkunipniiipn: Gplwt, Uunnhly, 2001:
2. Yuwppwijwi J.Z. Ownwghumpmnil: Bphwb, Zujjuljul gnmiquuninbuulut
wlunbtudhw, 2005:
3. Hwppulpmlh J.2, Fupupub 9L, Znjulppul (0. Zunwuynnuhtt YEuht
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Uwnugjky I 05.06.2010
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SUreGr agunNnsShh GJ4 UGHNFLALENHh USBGENP UM3UL
ucanuushu NMNG YGLUURKRURUYUL oNdNuNHR3NFLLEN

Q.3nt. Uuruvurauy, 4.4. QuUaur3auy, Uu.L. unduhusuy,
Uu.U. 3urnt@3nru3uu, n.q. RUUUL3UL

Juywuwnwlp wenwlwl wanwnpuyhl hwdwuwnwl

Gnwgnunygbp GU wgnunwihu Untpwihnfuwlbwyniejwl  gnigwlhpubpp
wystph wmwpptp ubpniunutph W tnbEnwywu W pngbUpnipgjwu gkntph, huswbu
Uwl Upwug uwnuwséhutph dnwin: Npn2yti U jwywmwwnnthhnpngtuwagh LYQ) LW
wiwuhuwnpwluwdhbwagh (USU) wywnhynipjwl ubgnUwjht wnwwnwlnidubpp:
Swphph hGwn gbintph vhel hwjnuwpbpyb) £ $EpdGUnnwiht wynhdnipjwl hw-
Jwuwnbgnid: hwswubpnudp Uywuwnnid £ wgnunwihu Ujntpwthnfuwlwynipjwu
wywnhjwgdwup L gintinwdhup dwywpnwyh pwpdwgdwlp, npnup wwwhnyned
U hunLtuwjhU pohoutinp Uniptpny L Eukpghwny:

W6 - ulignls - wpyntly - $enpdtun - ginuinwdhl - UnGuinphupls -
uhqulyntpe - wdnbipwly

W3y4eHsl nokazaTelan a30TUCTOr0 OOMEHa pa3HbIX MOKOJIEHHH U MOPOX KO3 —
MECTHBIX U TOTeHOYPI'CKHX, a TaKXKe UX romeceil. BolsABieHb! ce30HHbBIE KOneOaHus
akTHBHOCTH (GepMmeHToB KpoBH, B uactHoctd JIII' m AJIT. KoncrarupoBaHo
BBIPABHUBAHHUE MTOPOAHBIX Pa3IH4i (PepPMEHTHON aKTHBHOCTH KPOBH C BO3PAaCTOM.
CkpemuBaHue CIOCOOCTBYET aKTHBM3AIMM A30THUCTOIO OOMEHAa M IIOBBIIICHUIO
YPOBHS ITyTaMHHa, 00ECIEYHBAIOIIETO IMMYHHbIE KIIETKH BEIIECTBOM M SHEPTHEH.

Ko3svl — ce3on —Kpo8b — (])epMeHm — 2NOMamun —KpeamuHun — Mo4esund — ammuax

The indices of nitrogen metabolism in blood of efiént breeds of goats and their
crossbreeds have been studied. Seasonal fluckiaggarding the activity of blood
enzynes have been found out, namely LDG and ALMadt been noted that the breed
differences in enzyme activity of blood equalizéhwage. Crossing makes process of
nitrogen metabolism more active and causes thargioe level to increase which pro-
vides the immune cells with substance and energy.

Goat — season — blood — enzyme — glutamine — creatinine — urea —
ammonium

Rwjwunwuh wuwulbwpnwéniejwl Juplnp puwqwywnutphg £ wjdwpniént-
rInLup, npp wwwhnynid £ pwpdpnpwy gjninununtbuwlywl Jetpputnh, Jwubwyn-
pwwbu YwrUwdebppubph wpunwnpwupp: Swynp, tnbnwlwl wjétpp odnywé sku
pwpép wplUwjhu Jptpwuynipjwdp: Un bywwnwyny 2000p. 3wjwuwnwl U Ubkp-
Uniédb pwnép Juwprlwwnynienitt ntubgnn wystinh gbntn, npnup tnpwdwhiwsytb) Gu
nbnwlwu gbnh htwn: UG GEYghw)h Jhgngny hwennyb E qquihnpbU pwpopwgut) nk-
nwywl wjétph Ywprlwwnynip)niup: Iwjnuh £, np dpbpwwnyniejwu hhupnid puywéd
tU opqwuhquntd pupwgnn Ujntpwihnpuwlwynipjwl’ hwnjwwbu wgnunwywl gnp-
6pupwgubpp, npnug nLuntduwuhpniejwU wpyniupubpp U UEpYwjwgywd BU nyjw
whuwwinwupnid:
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Nruntduwuhpyt) BU lmEnwywu W uGpypywé (engbupnipg) gbnbph wjétph W
Upwlg puwnUwdhUubph wwppbp ubpnlunubph wpjwu wgnunwihu W Eubpgbunhy
Ujnipwhnfuwlwyniejwl gnigwuhpubpp, npnup Ywpnn BU Jww niubbw] wyétph
Upbpwwnynipjwl b wnnnoniejwl htwn: Uj6tpp pnudynid GU Gntguwénnph ,Uphnt wj-
Swpniswywu Ysuinpnuntd:

Umyp U dGenp: Upiniup Jbpgdbp E ubpdnbywd  @ngbupnipgjul, wbnwywu W
hwdwwwunwuppwt  hwuwyh wnpwdwhwgdwsd wnwppbp  ubpunh  wétphg (F1, Fz, Fa):
SnLpwpwuginip fudpnd wnwudbwgybp BU 5 yEunwuhukp, npnughg ytpgytp £ 10 U wpjniy,
nbnwnpyt 1 dwdny ptpdnunwn 37° C-A wwjdwuutpnd 3.5 %-wlng Yphunpnuwperyh L GISU-
h wnywjniejwdp: Stunphdniqugnidhg htnn unwgywéd wpjwl 2hényp oguwgnpdyty t
YELuwphvhwlwu hGwnwagnunnipntuubph hwdwp: Npn2dtL BU wgnunwwl Uyntpwnuwwniejwu
npn2 Jwulbwyhgubph L wpgwuphpubph (gnttnwdhl, wdnUhwy, Jhquwujnie, YpGwuinhuhl)
pwlwyutbpp L $EpdGunuGph (LY3-jwynmwninthhnpngblwg, ULS-wjwuhUwJuhUwpwludtbpwaq,
UUS-wuwwnpunwwn-wdhuwwnpwuudbpwg, UMJ-wntunghuntquuhluwaq) wyinhyniejnilp:

UdnUhwyp W gininmwdhup npnadGp GU Jhynnnh$nighnu JGpnnh Jhgngny [2, 9]: Uh-
quntep npnayt| £ nipbwqughu Gnwuwyny [10], YynGwwnhuhup' whyphlwpeeryh htn wnwwgnn
gntuwynnp Yndw|tpuh 500-520 U Gpywnnipjwdp wihph thwy gpwugdwl dhengny [5]:

UM-h  wywhdnieiniup npnpdbp £ punn wntunghuh nGqwdhlwgdwl pupwgpnid
wnwowgwd wunuhwyh, npp unwgdtl £ Uhypnnhdnghnt Gnwuwyny [2, 9]:

WUS-h W ULS-h wywnhyntejntup npnadt £ uwybynpndnuinndtinphy tnwuwyny $tpdtuw-
hu nGwyghw)h pupwgpnid LUR-h 340 UJ wihph Gpywpniejwl nwy Ywudwu bjwqdwdp [3]:

LUwU uytyunpndninndbinphy Gnwuwyny npnpyty £ LY3-h wynhyniejncup [4, 11]:

Unwgywéd wnpryntbplbpp  Gupwpyyty GU Jhdwlwgpwywl dpwydwlu hwdwébwiu
Uwnjntnbuwnh swithwuhph:

Upyniiplbp U pllwpyned: Un. 1-nid ubpyuwjwgwé ndjwiubpp gnig Gu
wnwihu, np LY W ULS wywnhynieintup pwpép £ wdnwup b wlwup, huy U
wywhynipyniup hwywewyp' pwpép £ qupuwup: Wuywpuwnnpwlbuwdhbwah
wywhynientup uGgnuwjhu tnwpptpnie)nil th npulnpned:

Uryntuwy 1. Upjwl $EpdGUnUEph wyinhynie)nitup

DbpdtUUtD, Wotnh gentnp Pnpbwpyuwl ukgnu
Uhwynp/dl qupnnLu wdwn w2nLu
((2-wJubywl) ((3-wUubywl) ((7-wdubywl)
F1 95,6+ 8,4 195,6+ 21,5 245,8+ 23,2
F2 112,5+9,5 538,0+ 57,0 225,5+22.5
L1 F3 87,4+9,1 247,0+70,7 262,4+ 28,4
Sknwywu 117,7+12,8 289,0+ 23,4 295,8+ 31,6
fengblUpnipgjwu 105,4+ 14,2 215,0+22,4 264,8+ 34,5
F1 20,7+ 1,4 36,5+ 3,8 30,6+3,3
F2 18,3+ 1,2 57,8+ 3,35 39,2+ 4,3
uLs F3 15,7+1,8 58,2+ 0,75 31,4+ 2,9
Sknwywu 19,8+2,3 28,7+ 3,2 29,4+ 3,7
fdngtUpnipgjwl 18,5+ 1,5 30,8+ 4,5 27,4+ 2,2
F1 21,5+2,2 17,5+ 1,8 12,2+0,9
uus F2 18,4+2,2 63,4+ 3,9 18,7+ 2,1
F3 17,5+ 1,9 67,7+ 3,0 22,4+2.3
Sknwywu 27,3+3,5 19,5+ 1,3 18,9+ 2,3
fdngtupnipgjwl 19,5+ 1,8 16,3+ 1,5 16,5+ 0,9
F1 7,5+0,6 6,7+ 1,0 7,4+ 1,2
F2 8,9+1,2 7,54+ 0,46 6,0+0,5
Ul F3 8,56+ 1,1 6,58+ 1,1 5,8+ 0,7
SEnwywu 8,8+1,0 7,3+ 0,5 7,0+ 0,7
fdngtupnipgjwl 7,8+1,0 6,4+ 0,7 6,9+ 0,5

98



SUrReGM aELNShMh G4 UGPNFLALENh USTENh UMSUL UB2NLUShL NPNS UELUURKURUYUUL dNdNluNi@3NILLEN

Unyntuwy 2. Wékph wpjwt wiwqdwjh npn2 Ybuwphdhwlwl gnigwuhubpp

Wjétinh gtintpn, Uhquwujntp, UnGwwnhupu, Uunuhwy Q ntinwdhl,
(2 wdu.) Jung Jydng Uun| Jung

F1 2.5(0.2 118 (9 0,06(0,002 0.63 (0.10

F2 2.9(0.5 107 (6 0,07(0,005 0.58 (0.03

F3 3.7(0.2 91 (9 0,07(0.004 0.72 (0.08

Stnwywu 3.6(0.2 98 (6 0.10(0,005 0.42 (0.05

SngbUpnLpgjwlu 3.8(0.3 132 (6 0,05(0,001 0.62 (0.05

MGwnp £ UpGL, np wpwdwpwgndp hwuwyh hGn pbpnud £ $EpdGUUEph
wywhynipjwl hwutdwnmwpwn hwjwuwnpdwup: Uwwju inGnwywu widtph wpjwl
Wlwgdwih LY-h wynhynieintup wybih pwpap £, pwu pngbUpnipgju wd huwn-
Uwdhu wyétph Jnwn, hugp sh UYwwynd Juwgwé nunduwuhpywé dtpdGunubph
Uywwndwdp:

Un. 2-nd Upyujwgywéd ndjwiutpp gnig Gu twihu, np génwjhu nwnpptpnt-
rjnLuutpp, npnup nhwnynwd Ehu wnbnwywu wyétph gbntph Jhol [1], hwuwyh hEwn
JhwuhU Ujwqgbtgynid GU, hwjwlwpwnp, hwpdwpynnwlwl JdGhuwluhqUuuGph dnphih-
qugUwl hGnlbwupny: Wuwbu, fuwnUwédhuubph wpwl wwqdwih Jhqwljnieh
pwlwyp hwuwyh hGwn waénwd E, huy YpGwwnhuhup pwuwyp udwagnid, dninGuwiny
nbnwlwu wjétph gnigwuhutphu: Iwywuwywu E, np nw Juwyywé £ uyhwnwynt-
gwjhu Ujntpwihnfuwlw-ynipjwl hunbUuhywgdwl W wwpwnpwjhu Eukpghwih $nu-
dnypbwwhup  wbupnd Yninnwydwu hGwn: UhUlnylu dwdwlwly gyninwdhup
pwlwyp, npp UG& nbp £ huwnnud hdntuwjhu hwdwwngh peheubiph gnpénilubniye-
jwup [6,7,8], nwnUwdhulutph W pengGU-pnpgjwl gbnh wyétph Unwn wybkih pwpép k,
pwl nbEwywl wystnh wpjwu wiwguwnLu:

Ujuwhuny YuwpGh E wub, np wnpwdwhiwgnidp Uywuwnnud £ wgnwnwjihu
Ujntpwhnpuwbwynipjwl gnpdplupwgltnh fupwludwup W hdntbwihu hwdwywngh
peheutphu EuEpghwjh W Ujnieh wnpjnipny wwywhnydwun:
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NUdPY UTNSP ZUrNkE8SNRLEUL
(Shbyw i 80-wdljuh winpiy)

Pnnptg  dhghninghwjut  ghnnipul

thpjuikphg Ukyh* 22 @UU L.U. Oppkint wi-

Jui dhqhnnghugh htunhununh  jujwugny

. @ 2 ghntwlwtutphg dkyh' YEuuwpwbwluwb qh-
? - ¢ wnnipnibbkph gniunp Gwdhly Usnuinh Zwpne-

oy

o

pintyuith Yjuuph 80, ghnwdwijuyupduljui
gnpéniubnipjui 53 mwphe

N U. Zupnipniiywin suglk) & Bphwb pu-
nupnid 1930 pywluih unjbdpbph 28-hu: 1954
pywliutht wjuwpwnk; E  Gphwbuh Uhwu-
twpnidujwi-wbhwubwpnidwlju htunhwnninh
wihwubwpniduljui pulnyunbng, wrjuwnwiph
E wigh) Eouhwduh opowtinud:

1957 pyuljuthg vhtsh opu wppuwwnnid k
22 QUU L.U. Opphnt wul $hqhninghuygh
htunhuintnnud: 1966 p. wupnwwilk) b phljuw-
Sniwiljuly, hull 1987 pdwljwtpt’ pnijunnpuljub

wnkiwjununipnii:

NU. Zupnipniyuip Swjwnit ghnwlui woiwwnwip b juwnwpt) Y-
nuihubph gbpuwjupquynpdu $hghninghuyh phwqujunnid: ‘Lpw ghnwljwt wphiw-
unipniutbpp, npnup kS dwtwgdwt i wpdwbwgl] dwutwgbntbph Ynndhg, twhp-
Jud ki gninuninbuwljub pryniiutph (hwykph) dpbpunynipjut b opquhquh okp-
dwljupquynpdut nt wpjub sywlwb $niljghwbph Jpu dhowduyph otpunipjui
wqplgnipjut Uknwthquubph ntunidtwuhpnipjubp, hyybu twb gninunbnbuufuh
Yhunwuhubph ehipduljupquynpdwt hnpuntwght, dhpinppuiynipught b ywhwwnhnught
Ubjumthquubpp pugwhwjndwip b wyy dkpwihquubpnd updwywwnhl bwupnpught
hwdwlwpgh wwppkp pwdhuubph tnpwunpbubpghly puuwihsutph nkph  nunwd-
twuhpnipjubin:

Uju wohiwnwbpubph ghunwlwb b ghnwwypwlnpl Jupbnp tywbwlnipmnil
niukgnn wpnnitptbpt wdthnthdt) o UL Zwupnipniyuith 70—hg wdbh ghnwljub
wphimnwtptbpnud, hwipuybnwlwt b dvhpwqquihtt hwinbuubpnud, qiynigyt) nu
hpunwpuljytp hwdwgnudwpubph, uhdwynghnudubph, ghnwdnnnqubph dnnnjwéniuk-
pnud b wdthnhy bt tpu pnljunpujut wnbkiwjununipjut Uke:

Inljuinpuljut wnkiwjnunipjut Wwonmywinipniihg htnn supnitwyyt) Eu
N0, Zupmpmniyuih  ghnwlwb  hbwnwgnumipniatbpp,  wghpqws  ohpdwlup-
quynpiut  upnuphdhwliwt Jkjpwbhqlubph nmunidbwuppnipjubip: Vu niunwd-
twuhply £ bhhunwdhbh, Wuwppuuybwywnhn Phth, (Eghu-tujtduyhth, opuhpenghih,
undwwnnuinwwnhih, phunwnbkwnhth, wighnunki-qhuth wqnbgnipmniup opquuhqup obp-
dughtt hndknunwgh jupqunpdwt hqhjuju b phthpwljut  dkjpwbhqdubph Jpu:
Uhwdwdwbul] wwwugngdl E np htywhu ,Unphpkk ghinuunbkuwlh nghuwpubph,
wjybu b huyjulwt dnupnt ghinunbuwlh ngjuwpubph npudwwsnidhg vnugdus
hiwntwshuubph Unwnn dwpdup ,punuipht muppip  hwndwsubp nuppbp suhng G
dwubiwljgnid opquthquhg obpdwpdwljdwi qgnpépupwught:

00U, Zupmpniyuith puquphy ghnwlut hnpjusutp wghpduws b obpdw-
Jupquynplwt dkjumthquubph dpw ponyubph (UEnygh, odh) b uinpbuuyhtt gnpénttnh
wqnkgnipjubp:

U, Zupnipmilyuih ghnwlwt hbnwgnuumpmniatbph b ghnwljuquulkpy-
swljwl wojpwnwtipiiph wpnniuptbptt wdthnthyws Eu tpw 181 ghnwljub b 23
ghnwhwipudwwngkh hnpustbtpnid:
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Qhunwhbnwugnuuljub wyltwnwipubpht qgnigpupwg .UL Zwupnipniiyubp ju-
wnuwpk) b dbdwsw]u) ghnuljuquulbpyswljut wopwnwip: Lu L.U. Opphnt wbfub
bhqhninghuwyh  htunpunimunp  ghnwlwt  junphpph, Uwppme b YEugubhubph
$hqhninghwt dwutwghniwgqus ghnwfwb  junphpph, ,Mintnh  hEnwgqnunipyu
Uhowqquuyhtt juquuljbpymipjut’ PACAE wunghwghugh winwd k:

‘Luw tnlk £ winud MUZU Ghunipniattph wunbdhugh $hqhnnghwljui pu-
dutidniiph ,QEpdwljupquynpdw $hqhninghwljuts Ukjpwthquubppk nphpnh wimuad,
huy ubpjuynudu wunud E ,Mipwupunnt hwdwjuwpwih ghnnwlut junphpnh, Gphwth
whnwlwbt hwdwppwpuith  bPolwbh dwubwgninh  ghwmwlwt  funphpnh: U
Zupnpiniyuip 1997 pyulwuiht Udkphugh Yhktuwqpuljut htunhnnunh §onuhg
Sty k) £ ,Swpyu dwpnk:

00U, Zupmpniiyuin Uks wdwbn nibh hwbpuybnnpmiond phnwuwpn
dwbjuupdubph wuwwnpwundwt gnpénwd: Tnipg 17 wwph tw dwijwjupdulub
gnpéniubnipinit £ dwjuynud Bplwih whnwlwi hwdwjuwpuih bolwth dwu-
twgninnud: bpku punpny hwdbunnipjudp b gnpsht udppubnipjudp tw nupdby |
dwutwgninh nuwbtnnnipjui b §njkljnhdh hwupqupdwt puljkpt nt uhpyws dwpnp:

Uppnipjut b ghumipjut nppund tkpppus dhdwgnyt wdwinh, ghwnw-
dwbjuupduljut  phnituynp  gopénibbnipjut hwdwp 2004 pdwlwbhb
N.U. Zupnipniiyuip wupghwnpdby b 22 Upenipjut b ghnnipjut twpwpupnipjui
nulk hnipwdbnuny:

22 QUU wlhum. L.U.Oppknt
winjuill phghninghuyh hlunpinnin
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