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UChuuSULLh LCLKULNR PLNR(GUSPME

Upfuwwwuph wpnhwlwunygyniup: Ljwpnwwlwnhy wdhtwpeniubpp 46§ nbp
U fuwnnu Jwpuwunwubph opqwuhqunui: Hwup  pwlwlwwbu gbpwlyonnigniu
nubu wy wdhtwppenbph Wwwdwdp ng dhwju nintnnud wyp b Swypwdwuwhu
opnquuubtipnwi: U  wdhuwppniubph  wppht G wwwlwund  Gpylwppnu
wdhuwpenbpp L UYS-U, npnup Ywpnn GU  wnwowlw| gyniyngh U
Swpwwpepenutph  opuphnwgdwu  pupwgpnu,  Ypbpuh  ghynwd  wnwowgnn
Yownppenubph  nbwdhtwgdwt  Ywd  wyp  Gninudnpyud wdhuwppeniutiph
wnpwuuwdhtwgdwu dwuwwwphny: “wug hhduwywu wnpnip U hwunhuwun
wdhnubipp, hwnlwwbu gnunwdhup: Ybpohtu hwugnigwiht nbp niuh wdhuwtudpbiph
thnfjuwnpdwy, dwwnwlwpwpdwu b hbnwgdwu  gnpdpupwgutipnud:  GpyYwppnu
wdhuwppeniubpp b npwug wdhnubpp YEunpnuwlywu nbp Gu fuwnnd wgnunp W
Fubpghwih  ¢nfjuwplydwu  wpngbuubpnd, npwup  ubpwpnn  uyhwwynigubph
ynupnpdwghnu duwthnfunwiubpnud, W punigyniup npwug puwnpbi £ npwbu Ujwpnwihtu
dhounpnutip:

<wunhuwuwiny Uwpnwihnfuwnphs  wdhuwpeniubph  wnpnip’  ginunwdhup
dhwdwdwuwy gyniyngh wwhwuh nbiwpnid pohoubint wwwhnynud £ Eubipghwyny: Cun
npnu nw wbnh £ niwbund ng dhwju wywpnwht, wyjl wy pohoubipnud, hwnlywwbu
Eunbipnghwnubipnud, Gupwuwnwdnpuwjht gbindh U hdntuwihu hwdwlwnpgh pohoubipnud:
Mbwp Lt pungdt), np gnunwdhup punwupph wdhtwpeniubph dGunwpnihqinud L
wgnwlwihu  wpngbuubipnd  Jwulwlygnipjwu  wbuwulyniuhg updwd  pohoubtipp L
ubjpnuubpp punhwupnieniu nubt: Gupwuwmwdnpuwihtu gbindh pohoubipp, huswtiu b
ubjpnuubipp, wwpniwwynw tu hhduwlwunw dhiinpnunphndubiph ubippht pwnwuph
wpuwpht wwwnht nbinwpwfujwd pnudbwnwlyinhjwgynn ginunwdhuwg Sbpdtunp:

Lbwnwppphp E, np uGpnuubph U Gupwuwnwdnpuwihu  gbindh  B-pohoubiph
SUS-tpp wdwu Gu hpbiug Yhubiimhywlwu L Ywpqwdnphs hwwnynipniuutipny W
wwpptipdnud Bu ywpnh ptipdbunhg: Pwgh win B-pehgubiph wiwqdwwnhy pwnwupp
Ypnuw E gnunwdhtwppyh b FUYI3-h ntghwywnpubp, npnup dwutwygnd Gu npwg
waqnwywht wynhynigjwu Ywpgwynpdwu gnpdpupwgubpnud:

Vjwpnwwywnhy  wdhuwppenutph  hwdwlwpgp, npwtug  wnwowgdwu L
jntpugdwu ninhubpp, wju hpwlwuwgunn $bpdbunubpp, wqnwyubph dowynwip b
ubippoowht hwdwwwwwuluwu E$EYnnp Yunnygubipht thnfuwugndip hpwlwuwgunn
ntigbuuinnpubipp jwjunpbu nwnwiuwuppdwsé G, uwlwju, nintinh UnyRwWhnfuwuwlwihu
hwdwlwpgh nunwuwuppnigjuu wuhpwdbionnyeniup sh ujwgnid: <wynuwpbpynud
Gu  unp  Unppwihnfuwuwlwiht  ninpubp b gnpdwnnypubtp:  Wuwbu, dbp
jwpnpwwinphwinud . Lwdwywuh [Kamanan v gp. 2012] Ynndhg hwjnuwpbndb
gnunwdhupg YUYG-h  wnwowgdwu  unp ninh' gnunwdhtp npnuibp
ntywppopuhjwugnid, npu nintlygynwd £ FUYG-wdhnh  wnwowgdwdp U opowugnid k
Eyuhinnunnpuhly ginunwidhtwpepyh wnwowgnidp: b mwppbipnygnitu FULIS-h, FUUlS-
wdhnp  hwnpwhwpnd £ wppnu-ninbnuiht wwwnubpp bW ubpnpndwjuwghu
ubpwpynuwhg htnn ninbnnd gnigupbpnud £ SUY3-h wagnbignieyniup: <Gwmwppphp E,
np wyn unp ninht wynhjwunwd £ nintinh ywpnwwnpuhy fuwugupnuwiubiph dwdwuwy:
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Pwgwnyws skt twl hwdwlwnpgh pwnwnphsutinh wy Unipwihnfuwuwywiht ninhutp,
npnup  Ywpnn U nbuw) hwnndy vpwuwyniggniu: Wn wnnwng - GpyYuppnu
wdhuwpenutph wdhnubph ginfuwpynwiubpp hGnwppphp Bu, pwuh np Jupnn Gu
thnthnfubip hugwbu - uywpnwwywnhy  wdhuwpentiph - hwdwlwngh  pununphgutinh
thnfu-hwpwpbpnipniiutipp, wjuwbu £ npwugny ywjdwuwynpdwsd wypngbuubipp:

dbpoht  wwphutipht d&d  npwnpnginiu £ wpdnud - Wywpnwwyunhy
wdhuwpenwubph $niuyghwutiph nwnwuwuphpdwup ng dhwju nintinnwd, wyl hdntwht
hwdwlwpgn b Gupwuwnwdnpuwjhtu gbindnid: Snyg k wipyb) $a-h, FL-h b FUNIS-h
pwpdp  pwuwlubiph  wnluwjnyeyniup  Gupwuwmwdnpuwiht  glindh  Yngguiyubipnuy,
huunyhuh uptpligh L wpunwquwwndwu Yypw wudhowlwu wanbgniegniup, gyntyugn
undwwnunwnht wpunwnpnn Ynguyutiph a- b 3-pohoubinh wpgbjwynwip: Uh 2wpp
ghintwlwutbp wpnwpwgyws tu hwdwpnud gwpwpwfunh pniddwt hwdwp SUY(S-h
oguwgnpdnidp, pwuph np FUY(G-p wwwhnynud £ Gplupwnle unpdngihytdhw, husp
wwpwiuwdnpws £ npw  dhwdwdwuwljw  hwlwpnppnpwiht,  T-pohoubiph
Ywpgqwynphy wwwnwufuwtttbph wynhjugdwu b B-pohgubiph ntiwhlwghwih Jpw
fupwuhs wanbgniejwdp:

Ugfuwwnwuph tywwwlu ni fuunhpubtpp

Upfuwnwuph tywwnwlu £

1. <wdbdwwnb) Uywpnwwynhy wdhtwpenbtph Unpwihnfuwtwyniejwu npny
gnpdpupwgutipp nintinnu b Gupwuwnwdnpuwiht gbindnwd unpdw)nu;

2. Nuwnuuwuhpb owpwnwfunh thnpédwpwpwywu dnnbjubpnid
hhwtipghyedhwh  ypw  FUNIG-gbubpwgunn  gpnuwnwdhup (L) L
Erwunwdhu-O-unydwinh (EOU) wanbignipniup:

Wn uywwwyht hwutbint hwdwp dbp wnwye npdb) Gu - hGwnbyw) fuunhpubpp’

1. Nwnuuwuhpb] wuwwpwghtuh, npwtu gpunwdhuph  huwpwynp  wnpnip,
jntpugnuip glfunintinh b Gupwuwnwdnpuwihtu gtindh hndngbuwwnubpnd L
dhinnpnunphw) $pwyghwubipnid:

2. Nwnuuwuppbp  gnunwdhtup  jnipugndp Bupwuwmwdnpuwihu gbingh
hndngbuwwnnud U dhunnpunphwi $pwlghwynid:

3. Nuwnuiuwuppb unpbiwywnngnuinghuny hunnwygywd owpuwpwfuwnhp
thnpédwpwpwywu dnpbind  gpnunwdhup b EOU-h wignbignieyniup  wipjw
gynyngh L Gwpnwywnhy wdhtwpepenubph dwlwpnwubph dpw' ninbinnud,
Gupwuwnwdnpuwhu gbindntd b jupnnud:

4. Nuwnuwiuwuppblip wpnpuwuny hunniygwsd wpwpwiuwnh  thnpdwpwpwlwu
dnnbinud - EOU-h wgnbignygniup wppwu  gyniyngh b wwpnwywnpy
wdhuwppenubph  dwlwpnwlubph Jdpw' nnnnud U Bupwunwdnpuwihu
gbindnu:

5. Nwnuuwuhpb) B-pohoutiph  Ynywnipwinud  unpbwywnngninnghuh b fUN(S
ghubipwgunn gnpdnuubiph wagnbignipniup huunhuh wpnwnpdwu Yypw:



Upfuwwwuph ghunwyw unpnypep: Ugfuwwnwupnu gnyg £ wipdwd, np nintinh
hndngbuwwnnd wuwywpwghuh huynipwghwtu pbpnd £ wuwwpwghuwpepeyh (US),
ginunwdhtwppeYh (43) W gnunwdhup (FU) wnwowgdwup: a-Yunngninwpwpentu
(a-49) uywuwnw £ updws wdhuwppnubph wnwowgdwup b dugnd £ wybjugyws
Q3-h jnipugnip Ud-h wnlwpnipjut b pugulwjngjut wwydwutbpnw: Ldwu
wpgbjwynd nhndnd £ uwl ninbnh  dhuninpnunphnuubpnd: Uuwwpwghup  (UWL)
uywunn £ Se-h jnipwgdwup  wdnuhwlh wnwowgnwing: Usdp L LU
Uwwuwnnu Gu 3-h jnipugdwup dhinpnunphnwutipnd: Usd-p pwpépwgunud £ UG-
h, 9U-h nu wdnuhwyh Gpp btunngbu  gunwdhtwppedhg, huy LU-p  dhwju
wdnuhwyh wnweowgniip: a-4%-u obinnu £ wdhuwppeniutiph unypwihnfuwuwlynipniup
nbwh qunwdhtwppyh uhtupbgp: Eunngbt L Eygnqbu a-4S-U  wpryniuwybin
jntpugynd - £ ninbinh - dhwnpnunppnwdubpnud, . hwnuwbu - UBd-h L
whphnopuwbnudwinh (M) wnlw)niejudp:

Lbwmwagnunnipnuuubpp gnyg  Bu wydb, np Gupwuwnwdnpuwihu  gbindh
dhunnpnunphnuiubpnd wnlw £ $nupwwnwlnpjugynn gnunwdhtwg (SUF), npu
wyunhjwun £ UED-ny b a-4S-ny: Gupwunwdnpuwihtu gtindh hndngbuwwnnul UG-
h Jwd a-4S%-h wnywjnyejwu ywydwuubpnud pwpdpwunid | ginunwdhup dwwpnuwyp:

Unwgywsd ngjwiubpp JYywynid Gu ubippoowjhu Yuwnnygubpnuw
uywpnwihnfuwnphs  wdhuwpepenubph  ubipgpwddwu W pwpn  hupuwhnfuwpydwu
dwuhu, npnup pulwd Gu npwug Uwpnwinfuwnphs, Bubpgbnply L wwuwnpy
$niuyghwubiph hpdpnud:

8nyg £ wpyt, np wnubinubph  Gupwuwwdnpuwht  gbindh W ninbinh
Uwpnwuwynhy wdhtwpeniutph dwwpnwlyutpp hwdtdwnbh Gu: Unubnh ninbnnd
L Gupwuwnwdnpuwiht  gbndnW  nwnwuwuppdt £ SUNUG-npwluwdhuwgh
wpgbjwyhs' EOU-h, Q3-h nu FUYM-h uwfunpn' FU-h wugwwn U dhwutwlwu
wanbgnypniup  gnunwdhuph  punwuhph  wdhuwpenutph  dwwpnwyubph  Ypw:
Cwuwnwwnyb] £ FUNG-h  dwlywpnwyh Jpw dhwutwlwtu  wgnbgnipjut wybh
wpryntuwybinn |hubip:

Uwnpbwwngninghtup  hwywuwnhnpbu hobigunud £ GU-h, Qfe-h, QGUuIS-h
dwywpnwyp Gupwuwmwdnpuwiht gbndnd: Pwgwhwjnyt] £ unpbwywngninnghuny
hunniygywsd  thnpdwpwpwywu  owpwpwfunh  dwdwuwy FL-h L EOU-h
dhwdwdwuwljw  ubpwpydwt  wwonwwuhs  wagnbigngynitup  wdhuwpentubiph
dwywpnwyh ypw wnubnh nintinnid b Gupwuwnwdnpuwjhu gbindnid:

Ulubtiph Gupwuwnwdnpuwiht gbindh Yngulwihu B-pohoutiph  Yniynnipwjnud
gnyg £ wnpytip FUkI3-h b EOU-h huunyht-wwownwwuhs wgnbtignigyniup:

Cwpwpnwfunh dwdwuwly SFUY(G qgbubpwgunn dhwgnieniuubpp Ywpnn Gu
Fwywu |hub) Gupwuwmwdnpuwihtu gbindh Ynguwihtu B-pohoubtiph  wwhwwudwu,
huunyhup uptupbigh UL wpunwqwudwu hwdwp:  Snwnwdhup pwpbjuynd |
2wpwpwfunh Ujuuindwdp qquiynit wnhpwht' twhebihwy U hdnwwiht pohgutinh
woluwwnwupp, npp wprynip' FUNG-U wudhowlwunpbu wgnnd £ U hdniiwghu
pohgubiph - wlwphynipjwu, b Gupwunwdnpuwiht  qtindh  Ynquulwihu  pohgubinh
uhupbwnhy L ubpquinhs pniuyghwubiph Yypw:

5



SGhunwlyhpwnwlwu tpwuwlnipyniup: Unwgywd wpryntuptubpp punjwjunwd Gu
wwwnybpwgnwiubipp swpwpwiunh wwengbtiutigh yepwpbpw) b wnwowpynw U unp
dnuinbignuiubp wyn hhjwunnigjwt pniddwu hwdwn:

Cwpwpwfunh dwdwuwy FUHS gbubipwgunn dhwgnugniuutipp Ywpnn Gu
fwhwu  nbp  juwnw]  Gupwuwnwdnpuwht - gtinéh  Ynquuijuiht B-pohgubinh
wwhwwudwu, huunthuph uhtuebgh U wprnwquundwu hwdwn: <wyh wnubing U4
h Ywpgwynphs nbipp htuuniyhtuh upupbtignd b ubyptighwnd, ginunwdhup b EOU-h
dhwutwywt ogunwgnpdnidp Yupnn b fwywu (hub) gwpwpwiunph pniddwu hwpgnud:
Nwuwnp gwpwpwwnh pniddwt tywwnwyny gbipwnwubh  oguwgnpdti| ginunwdhup,
npp hwnpwhwpnd £ wpniu-nintnuiht ywwnubop bW nintinnud hnfuwpyynud wpyw
gyntyngp Ywpgwynpnn b Yeunpnuwlwu FUNS-Epghy dbfuwuhgqdubpp  fupwunn
QUkfa-h:

Uwnbuwjununipjuwt twfutwlwu thnpdwpynwip: Unbuwfununigjwu nep b
hhduwywtu pnjwunwynieniup ubpyuwjwgyb) Gu ghnnwdnnnyubipnud.

MHHoBaumornHoe Passutne wu  BoctpebosanHoctb Hayku B CobpemeHHOM
KasaxctaHe, VI MexayHapoaHaa HayuyHaa KoHdepeHuma, Anmaatel, 2012; AAB Young
scientists Conference New aspects in molecular biotechnology and biochemistry.Yerevan,
RA, June 27-28, 2013; " NEW TRENDS IN LIFE SCIENCE". Yerevan Armenia, 26-28
SEPTEMBER 2016; "THE PAST, PRESENT AND FUTURE OF BIOCHEMISTRY"
INTERNATIONAL YOUNG SCIENTISTS CONFERENCE dedicated to the 110" anniversaty of
H. Buniatian 2-3 November 2017, Yerevan; MexayHapogHaa KoHbepeHLMA
«CoBpeMeHHble TEHAEHLUMN OBUOXMMUM, pasuaLMOHHON U KOCMUYECKo buonorun: Benukuii
CucakAH U 3aH4YeHMEe ero uccnefoBaHWii». EpeBaHCKMiA rocysapCTBeHHbI yHUBEpPCUTET,
Poccuiicknii ueHtp Haykm u KynbTypbl B Epesane., 11-13 Hoabpb 2019, ct1.85-88;
INTERNATIONAL ONLINE CONFERENCE DEDICATED TO THE 90TH ANNIVERSARY OF
ACADEMICIAN ARMEN GALOYAN "NEUROBIOLOGY IN THE 21ST CENTURY", 16-17
December 2020 ARMENIA, YEREVAN. Luuwpyyt tu << FUU <. Pniuhwpjwuh wujwu
ytuuwphdhwih  huunphwnunh  ghnwlwu  funphpnh  Uhuwnbpnd,  wwpblwu
hwoybwynipjniuutpnd,  Unbupjwiht dhwgnigyniuubph  Ujnpwithnfuwuwynipjwu
lwpnpwwnnphwih ukdhtuwpubipnud:

Lpuwunwpwyjud ghunwljwu woluwwnwupubpp: UwnbUwfununtpjwu
woluwwnwuph pEdwiny hpwuwpwyyb) £ 6 ghnwywu hnndwsd b 5 woluwwnnieniu’
dhowqggqwihu b mbnwlwu ghinwdnnnyubipnud:

Uwnbuwfununipjwtt  dwqwip b Yuwnmgywdpp:  UwnbUwfununyeiniup
swpwnpywd £ wnwywgpwlwu 108 Eoh Ypw, pwnlugwd b hbnlyw| pwdhuubiphg'
ubpwénipiniu, gpwlwu wyuwpy, hGnwgnunyeyuu Unyebip U dGennubp, Juunwpwd
htitnwgnuniejwu wpryniuptbp b npwug puuwpynd, wdthnhnd, gpulwgnieiniuubp
L gpwywunypuu guwuly: Ugfuwwwupp Ubpwnnd £ 13 wynuwly L 4 ubuwnp:
Spwlwuniejwu gwuyp ubpwnnwd £ wugibpbu W nnwbipbu Ggniubpny 272 wujwunid:
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Pnpabiph pupwgpnid oguinwgnndyb) Gu htwnlyw) Sigma-Aldrich (UWUL) $hpdwjh
Wnebpp'  wuwwpwght, wuywpwghtwpent,  gnuwiwdhu,  gNunwdhuwpent,
whppnopuw$nudwwn, y-wdhtwwpwquwpeent (FUY(S), wnbunght Gndnudnpwlywu
prnt (UBD), upynupuwdhnwnbuhunhundytnnpn’ (LUY), bpwunwdhu-O-unybwn,
a-ytwnngnunwpwepnt, unpbwywngninnght (US) L winpuwtu, <bupuph  pnibbip,
Ynjwgbuwg, HBSS |ndnype, wiphwuht: Unubiinh huunyhup ntd dndujhu fungniyutinhg
unwgywd wnwouwiht hwlwdwpdhuubp, dndwjhtu fungniyph 1gG-h nbd uhupbqyus
Gpypnpnwiht dhES-upwuwnpwd widh hwywdwpdhuubp quyt; Gu  Neuromics
dhpdwihg:  Eywpwdnpbigh  hwdwp  ogquwgnpdyty £ hwwnly  FN-11 pninpe
(YEpdwupw): Uy ogunwgnpdwd uyniebpp tnb| Gu huwpwynp pwpép npwyh:

Lhnmwagnunnipiniuubipp Juwnwnyb) Gu 120-200q. quugywdny uwhwwy tplubin
wnubwnubph Jpw: Ybunwupubpp wwhyb] Gu unpdw) vttnwiht wwjdwutbpnwd, 12
dwdjw [nwuwjhu nbdhdny, dhowdwiph stipdwuwmpbwup' 22-24°C: Pnpdwpwpwlywu
swpwpwfunh nwunwuwuppdwt hwdwp wnubnubpp pwdwuyb) Gu Gpbp fudpbph (5-6
ytunwuh jnipwpwugnip fudpnwd). 1. huyhs funwip; 2. unpbwywunngnuinghuny Yud
winpuwuny Jwlwdyws owpwpwfunph thnpduwlwu fudpbp; 3. twfuopnp bGpbp op
gynunwdihu b EOU ubpwpywsd'  uwnpbiyungnininghuny b tipbip op EOU ubipwpyywd’
winpuwuny dwlwdywsd pwpwpwfiunh thnpduwlwu fudpbp: 2nppnpn opp Gpypnpn L
Gppnpn. fudpbiph Yeunwuhubphtu ubpwpyyb) b unpbyunngnininght Ywd winpuwl, nphg
dh pwuh op wug hpjwunwgwsd (hhwbipgihltidhw) Yeunwuhubpp gluwnyty Bu eny
Gebpwihtu uwnpyngh wagnbgnipjwt  wwjdwuubpnul: <Ewnwagnunnygjwu uynebin Gu
hwunhuwgl] wnubwubph  gjfuninbnp, Gupwuwnwdnpuwhu gbindp UL ywpnp:
nwywsdpubipp  hndngbuhqugyty tu 0.05U Tris-0.3U  uwfuwpnquihu (pH 7.4)
dhowydwypnud, hndngbuwwnhg dhnnpnunphnuiubpp wugwwnybp tu  nhdtiptughw)
gbunphpnigiw dbpnnny: Nintinh dhwinpnunphnwiubipp wuswwnyb| Gu pun Pnnninh
U Phjuh (Brody and Bain,1951) Mwjwnhuph b Yphpubuynsh (Mannagun u Kupcenko, 1961)
duwihnfudwdp, Gupwuwnwdnpuwihtu glindh  dhnnpnunphnwiubpp unwgyl)  Gu
hwdwdwju <nnwpunjh b niphgubph  (Hodarnau et al., 1973): UdhUwppeniubph
pwdwunuip hpwlwuwgyb) £ whphnhtu wgbnwwwihtu pnidtipnud, pH-3,9 pwpépwynin
pnRrwihu tithwnpwdnpbigh dbennny (1 ud pneh ypw hwogws 1200 Ynpwn jwpdwu b 0,5
dU  hnuwuph ndh wwpdwuubpnul) (KamanaH u  gp., 1966): EGyunpwhnptigh
wnlbnnnpyniup Gnb £ 1,5-2 dwd: Udhtwppeniubpp pwgwhwingtp Gu uhuhhnphuny
gniuwynpdwdp, www npwug wynudh unybwn ywpniiwynn uyhpuwiht ndnyenid
Epunpwlygwd wdhtwppeniubph Ywunwp swihyb) £ Specol-11-nY, 545 ud wihph
Gpywpnigyniunwd:  Udhtwppeniubph  pwuwlwlwu quwhwwnnwp Juuwnpdbp £ pun
unwunwpw Ynpbiph, npnup Ywnniglp Gu unyu wwydwutubpnd  EiEYunpw$nptigh
Gupwnpyywsd wdhtwpenwubtph wpnyniuputiph hhdwu Ypw:

Ulubph Gupwuwnwdnpuwihu qbinéh B-pohoubipp wuswwybty tu UyLhup L
niphoutiph tinwuwyny [Skelin et al., 2010]: Uhypnuynwyhwt hpwlwuwgyb) £ BM-800
[Boeco, Germany]| $yninptiugtiutnwiht dwupwnhwwyh b pdwiht pninnfughyh PC1200
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Canon dhongny: Upryntuputiph yhdwlwgpwywu ybipndnipiniup Yuwnwnyt) £ Graph
Pad InStat hwdwlwpgswihtu dpwaph dhongny: SYjwiutipp ubpluywgyt) Bu dhoht *
unwunwpu ufuwih dhohup (Mt SEM): <wjwuwnhnipjut swihwuhop punniudb) | p <
0.05:

<6SU2NSNhE3UL UM3NhLLLLNE Y LLLUMrYNRUL

Lwuh np ninbinh pohguibipp U Bupwuwnwdnpuwiht gtindh Ynqulwjh  pohgutinp
udwuynud Gu hpbug vywpnuwwynhy wdhuwpeniubiph, npwug Unypwhnfuwuwyniyejwu
dtipdbunubiph L nbgbhwwnputiph  wwpnwwyniejwdp,  hGwnwppppnipiniu Ep
ubpyuwjwgunwd  wyn  Wwpnwihnfuwnphs  wdhuwpeniubph bW npwug  bwfunpnnn
wdhnubph  thnfuwpynwiubph  hwdbdwwwlwu  nwnwWuwuhpnygniup ninnnud L
Gupwuwnwdnpuwjht  gbindnu: Lwuph np  pwqiwphy wnpnipubiphg  wnwowgnn
wuwwpwghtwppyh B-ntljwppopupjwgdwu  wpryniupnd wnwowunwd £ FUY(S-h
hndning B-wjwuht, npp wpwuuwdhuwgynid £ uwl FUNS-S-h Ynndhg [Daniel et al.,
2001] b GU4fa-h udwu Jwutwygnud £ vywpnwihnfuwnphs gnpdpupwgutipnud huswbiu
ninbnnul, wjiuwbiu k) Gupwuwnmwdnpuwihu gindnud, tuywwwlwhwpdwp Ep hwdbdwnb)
wdhnubph thnfuwpynuubpp wyn opquuubipnid:

Urynwwy 1-h wdjwiubphg Gpunwd £, np wuwwpwghuh huynipwgnudp updwd
wwjdwuubpnuw pbipnud £ SU-h qquih pwuwlh wnwowgdwu 1.6 dydn|, wju nbwpnid,
Gpp Q3-h wnwowgnuip Yuqunwd £ punwdbup 0.1 dydng (winn 2):

Unjniuwy 1

Sfuninbinh hndngbuwwnnu jwpnwwynhy wdhtwpeeniutph W wdnuhwyh

pwuwyubpp wuwwpwghup huynipwgdwt dwdwuwy (WYdn)/50dg pwnd hjnudwdp,

n=5, M * SEM)
Lidnwy Q3 9L ufe Udnuphwly
| O wnuitg 7.2+0.5 oh. oh. 1.7+0.2

huynipwg.(unniq.)

2 | buynipwgnud wnwug hwybnd. | 0.1£0.02***| 1.6+0.01* | 1.8+0.02 * | 1.5+0.2

3 |huynipwgnid + a-4F 0.3£0.03***| 2.6£0,03** | 2.7£0,03**| 0x0***
*-p<0.05 “* p<0.01; ** p<0.001 unnighsh uywwndwdp; "s.h." -sh
hwjinuwpbnyb)

Cun npnud wdnuhwlh pwuwlyp wyu tdnnd  gpbiebk sh thnfuynwd (1.5 dydng
unnighsh 1.7 dydnh nhdwg) b ufuwndnwd £ UfG-h pwuwlh wnwowgnud dhush 1.8
dydng (wnn 2): Unipwihnfuwuwynipjut wjuwhuh ninnjwénipiniup wudhowwbiu sh
Jywynud, uwlwju eny) £ wwhu Gupwnpb), np UL-hg GU L upupbtiqynud: UL-hg FUL
uhuptiqytiint  gnpdpupwgp  wybkih  wpnwhwynywsd £ o-4S-h  wnlwjnygjudp
huynipwgdwu wwjdwuubpnud (wnn 3), Gpp wnwowuntd Gu GU U U3 dhusl 2,6 dydng
L 2,7 dydn|, hwdwwwwwuluwuwpwn, huly H3-h pwuwyp Ywgdnwd £ punwdtup 0.3
dydng: Ywpbifh £ Gupwnpb), np gnunwdhup wju nbwypnud wnweowund £ wuwwpwghth
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L a-ytwnngpnunwpwperedh htn wpwiuvwdhtwgdwu nt gnunwdhtwpepeyh hbnwqu
ntiwdhnwgdwt dwuwwwphubpny: Wu thnpénud gpwugynid | Eunngbt wdnupwyh
inhy Jnipugnud (nnn 3): UL wwpniuwynn gniqwhtin thnpatipnud wybjugdws UEd-h
a-4S%-h wnfwjnyjwdp nhwngb) £ Eygngbit 33-h jnipugdw Gugnid:
Sfuninbinh  dhwnnpnunphnuiubph nbwpnd UL-h hbwn huynipwgdwt
wpryntuputipp dh thnpp wyp Bu (wgnwwy 2):
Unniuwly 2

Gfuninbinh dhunnpnunphnuiubpnid wuwwpwghtuhg wnwowgwsd ginunwdhuwepyh W
wdnuphwyh pwuwlubpp (WYdn/50dg pwpd hjnwdwsdp, n=5, M + SEM)

UL + hwybnud 93 Udnupwly
1 Q3 wnwug huynipwgdwl (unnig.) 8.5+0.6 0.17+0.02
2 huynipwgnul wnwug hwybnwiubkph 2.0+0,03 0.17+0.03
3 Q13 7.2+0.5% 0.68+0.04***
4 Ga+ UGD 6.0+0.4* 1.15£0.22***
5 a-49 0.2+0.04*** 0.44+0.05*
6 a-4% +Utd 0.50.04*** 0.85+0.09***
7 HI+ a-US 8.6+0.9 0.34+0.05%
8 I+ a-4F +ULD 9.7+1.1 0.34+0.04*

*-p<0.05 ** - p<0.01; ***p<0.001 unnighsh tyuwndwdp

Q(3-h wnlwnigyniup dhowyuwjpnid pbipnud £ wdnuhwlyh pwuwyh pwnwuwnhy
wéh, ginunwdhtwppyh pwuwyh hwjwunh tjuqiwu wywjdwuubpnd. He-h pwuwyp
unnighsh 8.5 dydni-hg hounud £ 7.2 dydn|, huy wdnuhwyh pwuwyp 0.17 dydn)-hg
wénw £ dhusk 0.68 dydnp  (nnn 3): UEd-p fupwund £ Qf3-h jnipugnuip L
wdnuhwyh wnwewgniip, husp Ywpbih £ hwdwpbp UL-hg U 93-hg FU-h huwpwynp
wnwowgdwt U hbunwqw nbqudhnwgdwu htinbwup (wnnn 4): a-4S wnwudhu L
hwinjuwwbu Ud-h  wnlwinpjwdp  tywunnwd £ wdnuhwyph  wnwowgdwun,
ujugbgubind 9a-h pwuwlyp (nnn 5 L 6): <Gwmwppppwywu £, np huynipwgdwu
dhowdwypnud  pninp - pwnwnphsubiph - wnluwjnipjwu  nbwpnuwd ywwnynd £ SH3-h
dwywpnwyh ypdwlywgpnpbu ng hwjwuwnh pupdpwgnud (nnn 8):

Gupwnpynw k, np dhninpnunphnwiutipnid Yupnn £ UL-hg wnwowuw| U, b wyu
gnhpdpupwgh pupwgpht Ywpbih £ hGnubp S9-h L wdnuhwyh pwuwlwlwu
thnthnfunigywdp: Unwgqwd ndjuiubpp yywinud Gu gunintinh hndngbuwwubpnd W
dhunnpnunphnuiubpnd - jwpnwwynhy  wdhuwpepeniubph  unipwthnfuwuwynypjwu
wmwppbipnigyniuttiph Jwuht, husp Ywwdws £ ng dhwjt npwug  dhnwpnihqih
ubjpnglhw], wj twlb ubppeowihtu  Yndwwpudbumwihqughwih hbwn:  Unwgwd
wnjwutpp fununw Bu twb UL-hg GU-h upupbtigh huwpwynpnipjwu dwuhu:

Urgnuwly 3-nud ubpyuyuwgywsd Gu Gupwuwnwdnpuwihu gbindh hndngbuwwnnud
wuwwpwghuh  huynipwgdwt  wpryniupnd wdnthwyh b wdhUwppeniubph
pwuwlubpp: <Gwwppphp £, np wju wynwwyh wpryniupubpp tdwu Gu ybpund
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ptpJwd  wnubwnh guninbinh wpryniupubpht (wynwwy 1): Unwgywd ndjuiutipp
Jyuynud Gu vjwpnwwlynhy wdhuwpeniutph U npwug wdhnubiph thnfuwtwynipywu
udwunyeywt dwuht® bywpnuwiht hinwdwdph b Gupwuwnwdnpuwihtu gbinéh pohoubipnid:
Ubd-h wybjugnip ¢ b a-4F wwpniwwynn udnipht wpgbjwynwd £ wdnuhwyh
Ynugbunmpwghwh pwpdpwgnudp:

Unynwuwy 3
Gupwuwnwdnpuwihu glindh hndngbuwwnid Ujwpnwwlywnhy wdhtuwpeeniutph L
wdnuhwyh pwuwlubpp wuwwpwaghuh huynipwgdwu dwdwuwy (Wdny/50dq punpd
hjnwjwédp, n=5, M £ SEM,)

Lidniy qa 9L ure Udnuphwly
1 |93 wnwug huynipwg. (unnig.)| 9-8+1.1 s.h s.h 0.9+0.08
2 | puynip. wnwug hwyGnuiubpp 01£0.02*%% 1.5£0.02* | 2.1+0.02* | 0.9+0.03
3 |a-ua 0.5£0.04***| 2.1£0.07** | 2.2+0.3* |0.08+0.01***
4 |93+ULD 8.910.8 | 2.3+0.3** s.h 0.7+0.08

*- p<0.05; ** p<0.01; *** p < 0.001 unnighsh ujwwndwdp; "s.h." - sh
hwjnuwpbnyb

Ugnwwly  4-nd  ubpyuwjwgwd  wndjuiubpp gnyg  Gu wwhu, np
Gupwuwmwdnpuwhu gbindh  Jdhunnpnunppnwubpp ywpniuwynd  Bu HSUS, npp
wlywnhjwunwd £ ny dhwju UED-nY wy twl a-4%-ny: Gupwuwnmwdnpuwhtu gqbindh
hndngbuwwh  puynipwghwtu UL-h hGwn UEd-h Ywd a-4S-h  wnlywjnyejudp
nintygynwd £ FU-h dwhwpnwyh hwjwunh pwpdpwgdwdp: Unwgywd nyjwiubpp
fununid  GU  wnubinh  nintinnud L Gupwuwnwdnpuwht  gbindnud UL-hg  SU-h
wnwowgdwl htwpwynpnipjwu dwuh:

Unjnuwy 4
Gupwuwmwdnpuwihtu gtindh dhinnpnunphw| $pwlghwinid ujwpnwwlywnhy
wdhtuwpenutiph U wdnuhwyh pwuwlubpp ginuwnwdhup wnluwjniypjwdp huynipugdwu
dwdwuwy (Wydn}/50dq pwpd hjnujwdp, M £ SEM, n=5)
Ldny U Qo ure QU4 | UdnUhwly

Unwug hulynipwg.(uwn.) (10.1£0.7| 0.7£0.08 | 0.25+0.03 | 0.18+0.02 | 0.6+0.04
Unwug hwybjniudbph | 9.541.0 | 0.9£0.1 0.35+0.05 |0.25+0.04*| 0.9£0.1*

NaH,PO, 7.1£0.5%] 1.65+0.2** | 0.35+0.03 | 0.25+0.06 |1.8+0.2**
ubd 8.6+0.6 | 1.25+0.15* | 0.55+0.05* | 0.2+0.02 |1.75%0.2**
Qo 9.2+t0.8 | 7.9%0.9 1.1£0.2*** 10.38+0.03** 1.1£0.2

a- 4G 7.8£0.8%| 1.5£0.2* | 0.45%£0.05* | 0.19+£0.02 | 0.95+0.1

*-p<0.05 ** p<0.01; **-p<0.001 unnighsh tundwdp
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Lwonpn. thnynud, dbip Ynndhg nwnuwiuwuhpybg Gywpnwwlywnhy wdhuwpepniutiph
pwuwyp wnubtinubph Gupwuwnwdnpuwihtu gbindnud: huswbu tpunw £ wnynwwly 5-hg
Gupwuwnwdnpuwihtu gbindp wwpniwwynw E ninbinh hwn hwdbdwwnbh tjwpnwwlwnpy
wdhuwpenubph  pwuwlubp. fpwun] wdhu, npp puswbu bW FUYG-p  Uwwuwnnd |
Ytuwpwuwlwu pwnwuputpny qyniyngh pwihwugbihniejuup [Moscecan, 1961]:
Pwgwnqwd sk Fpwunjwdhup unydwwmwgnuip opquuhgdnd FUNG-npwluwdhtuwgh
wpgbijwyhs EOU-h wnwowgdwdp [Kamanax, 1985]:

Unnwiwly 5
Unubinh Gupwuwnwdnpuwjht gbindnwd tjwpnwwynhy wdhtuwpeniutiph
dwywpnwyutpp (dydny50dg pwpd hjnwyjwsép, MESEM, n=5)

Q13 YUYl U uro EU
4.1+0.03 0.98+0.06 4.6:0.2 1.3+0.15 0.68+0.08

Glubiny gpwlwunigywu  wju  wndjwijubphg, np FUYGp  npubnpnd Lk
hwywpnppnpwjht  hwwnynigniuutp b Ywpnn £ oguwlwp (hub)  B-pohoubiph
wbwywdwu hwdwp [Tian, 2004; Tian et al., 2014] L hwpdh wnubiny
Gupwuwnwdnpuwihtt  gbindnud  FUYM-h L  Upw  dGwwpnhqdh  $bpdbunubph
wnwpwdjwdnipiniup [Baekkeskov et al., 1990; Sorensen et al., 1991; Michalik et al.,
1993; Adeghate and Ponery, 2002; Park et al., 2006; Tian et al., 2014, Wang, Wang,
2015], npwug nbpp gbndh  $nwuyghwubpnwd, wnwudht swpph  thnpdbpnd
htunwgnuyt| £ gunintinh, ywpnh b Gupwuwmwdnpuwihtu gbindh wdhuwpeeniubph
pwlwlwlwu  nthnfunginiubph - Jpw FUNUG-npwuuwdhuwgh  wpgbjwyhs'
Fpwunwdhu-O-unybwwh Lk FUYG-h vwlwlune'  gnunwdhuth  hwdwnbn
Uwjuuwywu  ubpwpldwu  wgnbgnipniup  unpbiyunngninnghwght 2wpwpwfuwnh
nbwpnud:

Lbbunwuhubpp pwdwuyt Gu 3 fudpbph. wnwoht funwipp' huwnwlwn uwnnighs,
Gpypnpn funwipp ogquiwgnpdyty £ npwbu thnpdwpwpwlwu unpbiyunngninnghuwghu
swpwpwfunh uwnnighs (3 op ubipwpyyb £ 1 dp 0,9% $hghninghwlwu [ndnype),
Gppnpn fudph Yunwuhubiphtu 3 op ubipwnlyt £ 1 dp EOU + §U fuwnunipnp: 2nppnpn.
opp Gpypnpn L Bppnpn fudpbiph Yeunwuhubphtu Ubpwplydt) £ unpbyunngnnnghu:
Uwnpbwwnngnninght ubiptipytinig 5 op wiug wju Yeunwuhubipp, npnug dnun gpwugyt b
gyniyngh  pwpdp  dwlwpnwy, (hhwbpgihytdhw), gluwwnyty B ey Getpwhu
uwpyngh wgnbgnigjwtu  wwydwuubpnwd: Uokup, np nwnwiuwuppynn  fuwnunipnh
ubpwpynuwip bwiupwt unpbiywnngninnghtuny pwpwnwfunh fupwunwip Uywuwnbi £ wju
dnnbinud gyniyngh wybih gwdp dwwpnwyh h hwjn quniu:

Urgnwwy 6-nd ubpyujwgyws ndjwiubpp Jyuynd Gu FL+EOU  ubpwplwd
ytunwuhubph dnuin 1,5 wuqwd gyniyngh wybh gwdép dwywpnwy, pwu US uwnnighs
fudpnud (23,7+1,9 ddn)/|-h nhdwg 16,5£1,2 ddny/), stwjwd hunwlwn wnubinubph
hwdbdww  (6,7+0,5 ddny/)) wju pwpdp bt 2,4 wuqwd: <uwpwynp L, np
wpbwwpwwnubpp wgnnd Gu ng dhwju huunyhup uhupbgh b wpunwquundwu, wy b
gyntyngh jnipwgdw Yypw:
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Unynwiwy 6
Uwnpbiwywnngnininghtuny fupwuywd thnpdwpwpwlwt swpwpwiuwh dnnbnwd
gnunwdhup b Epwunwdhu-O-uny$wnh hwdwwinbin ubpwpldwu wgnbignyeniup
gynyngh dwwpnwyh ypw (MSEM, n=5)
Uwnnighs us (3L + EOU) +US
6.7+0.5 23.6x1.9** 16.541.2%**f*
***_p<0,0001" unnighsh uwwndwdp; * p=0.0112" US-h ujwwndwdp

Gyniynqg, ddny/|

bbkunwuhubph  qfunintinnd,  Gupwuwmwdnpuwihtu  gbndnwd,  yupnnd
quwhwwyb Gu yywpnwwynhy wdhtwpenbtph dwwpnwlyubpp: Unnwwy 7-nwd
ubpyuwjwgywsd Gu wyu thnpdh wpryniupnid uingywd indjuiutipp:
Unnwuwly 7
Unubinnh hjnwudwdpubipnid EOU-h U GU-h hwdwwnbin ubpwpydwu wagnbignieniup
Uwpnwwynhy wdhuwpeniutiph dwywpnwyh ypw unpbiywnngninnghuwjht dnntijnid
(Uydny/50dg pwpd hinwujwsdp, M = SEM, n=5)

Unynwwly 7-h wndywubiphg Gpunw £, np US-h wgnbignigjwu ubippn

uywwndwdp

Ubunwuhubph|<nwywdp| UG > L | qUuE kU
funwipp
1 [Unnighs| Ninbn | 3.9+0.4 | 8.5+0.9 | 45+0.4 | 4.5+0.4 | 2.3+0.4
2 Lywpn | 2.9+0.4 | 2.0+0.3 | 3.2+0.3 | 0.13£0.02 | 2.2+0.3
3 blq 1.3+0.1 |4.1+0.03 | 4.6£0.2 | 0.98+0.06 | 0.68+0.08
4| us Ninbin  |2.2+0.065*| 6.5+0.7* | 4.0+1.0 | 1.7+0.1** | 1.45+0.25*
5 Lywpn | 2.0+0.18* | 1.4+0.3* 2.4+0.36% 0.4+0.07** | 1.05+0.06*
6 blg 1.240.1 |2.140.2* |3.1+0.4%| 0.7+0.1* | 0.630.1
7 |EOU+9UL| Nintin 2.6+0.3 [8.0+0.6%|6.5+0.4*| 3.2+0.5" 2.3+0.3
8 | *US | Ljwpn | 2.9+0.2 |1.6+0.25|3.940.3 | 0.65+0.1% | 1.2+0.2
9 b/q 1.4+0.2 |4.6+0.7*|7.1+0.9" 1.2+0.2* | 11+0.2*

-p<0.05 **- p<0.01 unnighsh uyuundwdp; *- p < 0.05; #- p < 0.01 US fudph

wnubitnh

opqwuubpnud  wbnh £ nwbund  Bpyluppnt wdhuwpepeniubph  ypdwywgpnpbu
hwywuwnh uwgnud, FUNG-p (4,5 dydni-hg 1,7 dydnp gifuninbinnid, 0,98 dydnj-hg 0,7
dydnp G/g-nuwd): Unwgqwd ndjuiubpp Jyuwynd Gu, np EOU-h b GU-h hwdwwnbin
ubpwpynuwp  twywunnd  F wdphuwpeniubph pwuwlubh  wwhwwudwup,
dwutwynpwwbiu  FUNSG-p  gunintinnud b Gupwuwnwdnpuwiht  gbindnwd, npunbin
ytipshtuu hhduwywunw ubipyujwgyws b Lwugbiphwuujwu Yngquyubiph B-pohoubtinnud,
npnugnwd FUNIS-p b gynityngp bywuwninid GU huunihuh uphtpbliqht bW wpnwquwndwup:
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Wuwhuny, QUYI-h pwuwlyp bGupwuwnwdnpuwiht gbtnénd nhwpbnngtu US-h
fudpnid Ywqgunw £ 0,7 dydnp, huy EOU-h b GU-h hwdwwnbn ubpwpyws fudpnd 1,2
dydni: SYL-p pwtwlyp 2,3 wuqwd, huy Sp 2,2 wuqwd gbpwquugnd k
unpbwwnngninghtwht fudph dwlwpnwyp:

Nwnwiuwuphpywd  Unebiph  wgnbgnygniup  thnpdwpwpwlwt  pwpwpwfuwnp
dnnbh ypw hwunmwwnyn | twb upwug b wdhuwepeniubph wgnbgniyejwdp huunihtup
$yninpbiughtiughwih ypw Gupwuwnmwdnpuwihu gbindh B-pohoubinh Yniunnipuwnud:

Pnpstiph  dwdwuwy dyubph  B-pohoubiph  Ynywnipwih Jpw  wybjugyb) Gu
wnwudht  wdhuwppenibp W Ynynnppwih - dhowduwypnud - hGnwgnundl |
wdhuwppeniubph wgnbgnieniup B-pohoubinnid innpbugbunwhu uhy' HH38-h hbwn
Ywwywsd huunyhuh dwlwpnwyh Jpw US-h  pwgwlwjngjuu b ubpyujnipjuu
wwjdwuubpnwi: Cunn Uwp 1-nwd ubplujwgpws wywwnybiph, unnighs (Uwwnhy) fudpnud
wnlw Gu npnpwyh pwuwyny huuniht wpwwnpnn pohoubin: US wybjugywsd uwnnighy
udnnwd npwug phyp Yupniy udugnid £ B-pohoubiph Ynyunipwghu EOU-h, SUNS-h L
QU-h wybugnwip wluhwyn wybjugunwd £ huunyht wpnwnpnn pohoubiph pwuwyn:
Wn gnpdpupwgp wybtijh wpunwhwjnjwsd £ EOU-h wybjuwgdwu, hwdbdwwwnwpwn
thnpp swihny twl FU-h, &3-h, wpghuhup b Epwunjwdhuh wybjugdwu nbwpbpnid:

EOU+US
e

”

LY.1. Lwuwpy b umphmmnq:nmngh'u wwpntuwynn B-poowiht Ynyuinnipwubpnud
huuniht wpwnwnpnn pohoutiph dwlwpnwlyp puwn $hr8-8-h pyninpbugbughwih

Lbwnwppphp £, np US-h wnlwynigjwdp  htuniyht - wpwwnpnn  pohoubiph
pwuwyp dunw k gpbpeb wuthnhnfu U4 L EOU wybjugywsd udnubipnud, hul
QU-h nbwpnid wyu unyuhul wénwd £: huswbiu unnighs, wjuwbiu k| US wwpniuwlynn
Ynywinipwubipnd htuuniphuh dwwpnwyh pwpépwgdwup ogunwagnpdwd ujnyebinhg
wdbtwwpunwhwjndwsd  wagnbtigniygyntut niuh EOU-p: Hwtu hwonpnnud Gu GU,
GUYMG L Gf3: US  swwpniuwynn Ynyunipwubpnd EOU-p fupwunwd £ huunihup
pwnpapwgnd unnighsh uywwndwdp 1.7 wuquwd, huy Gu, SU4G-U L 3 1.5;1.4 L 1.6
wuqwd, hwdwwwwnwufuwunpbiu: <wpy £ ugk), np nwunwduwuhpdby £ ujnyebiph dhwju
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dby Ynugbumpwghw (10dyg/d): <uwpwynp b uwb wgnbignipjwu swihwpwdhu-
Ywludwdnipniu:

Lywp 2-nd  ubpyuyjwgyws tu  US-h  pwgwlwnipuu b ubpYuwjniejwut
wwjdwuubnpud  huunyht  wpunwnpnn  B-pohoutinh  pwuwlubpp npwbu  pohoubiph
punwunip pwuwlh wnynu: Uyuhwyn £, np US wybjugywsd uwnighy udnipnud (p)
npwug phup 2nipe 5 wuqwd gwdn £ unnighs (Uwwnhy) fudph (w) hwdbdwn:

]II 1.

uumghy FUER QL Q[ Upghuht EWX

I P
#

10*

o ! B

Us+alue US+EOU UsS+auL US+Q4e US+Upghishih  US+ELL

piraniph wpinumpnn -pehglibp, %
c o B884L8388E8

¥ 8 & £ 8 & 8

htrumiht mipiumpnny f-pehglibp, %

Llwn 2. htunyhts wipnwnpnn B-pehgliinh puitiwlubinp nputu pohglibinh
punwuntp pwuwyh nnynu upywd wdhuwpeniubph wnfwjnyejwdp US swwpniuwlynn
w) b US wwpniuwynn (p) udnipubipnud: (M = SEM, n = 5); * p <0.05; ** p< 0.01; *** p<
0.001; # p> 0.05
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Unpuwtp, h wwppbipnieiniu US-h, wpgbjwynwd b Gupwuwnwdnpuwihu gbkingh
Ynquwihu pohoubinh gqntynyhtiwqgp, wyuhuptu huunyhuh uhtpbgh W wpwnwqundwu
Ypw gyniyngh wanbignipjuu hhduwwu wgnwlwihtu ninhtu, huwpwynp &, np EOU-p
wwhwwunw £ gqniynyhuwgh wynhy Yunpnup  SH-judpbipp winpuwh opuhnwgunn
wanbgnieniuhg: Hpw hbGn dhwuphu EOU-p  pwpdpwgubing SUYI3-h  pwuwyp
Gupwuwnwdnpuwiht gbindnu W nintinnwd, hwjwuwpwnp huswtu SUYIS-h dhongnd,
wjuwbu L hupunipnyt, wpgbuyting  wnunnhdniiwghtu nbwyghwih  pnppnpwjht
pwnwnphsp’  fupwunwd £ hwlhwpnppnpwiht - T-Ywpqwdnphy  pogwh
wwwnwufuwuubpp: <weonpnp 2wpph thnpdbipnud hbunwgnundt) £ EOU-h twjuuwywu
ubpwpldwtu  wgnbgniyeniup wnubwh  wpwu  gynyngh dwlwpnwyph b
hjnujwépubipnd Ujwpnwwlnhy wdhtuwpepeniutph pwuwlwywu thnthnfunyeniuubiph
Ypw winpuwuny fupwuyjwd swpwpwfunh nbwpnud:

Unjnuwy  8-nd ubpyujwgdwsd wpjwu qyniyngh  dwlwpnwlubpp gnyg bu
wwihu, np wnubwnubpht EOU-h twhuiwwbu ubpnpnjwjuwihu ubpwpynuip Ywufund
winpuwuh  hhwbpghybdhy  wgnbgnuyeyniup’  unpdwjugubing  wpwu  gynyngh
dwlwprwyp:

Unynuwy 8
Uinpuwuny fupwuywd swpwnpwiunny hhjwun wnubtitnubph wpjwu gynityngh
dwlwpnwyh ypw EOU-h twutwlwt ubpwpydwt wgnbgnipiniup (M £ SEM, n = 8)

Uwnnighs Unpuwt EOU + Ujnpuwt
Gyniynq, ddny/y 6.5 £0.2 24,9 £ 3,1 ¥+ 6,9+0,8"##%

*#*_p <0,0001" unnighsh uwwndwdp; #* p < 0,0001" winpuwuh uywwndwdp;
&- p = 0.045" unnighsh uwundwdp

Ubpywjwgwsd  wduubphg  bGpunwd L, np  Gupwuwnwdnpuwihtu  gbinép
wwpniuwynud £ gpbel hwjwuwp pwuwynigyjudp Ufg b FUYMG (1.7d43dng W 1.5 dydn)),
QL U (4.1dydng b 3.8 dydnp): Unpuwuh ubpnpnjwjuwihtu ubpwpynwp pbipnud £, h
wmwppbpnigyntu unpbwywngnninghuh,  GpyYwppnt wdhtwppeniutph bW SU-h
pwuwlubph  ypdwlwgpnptt hwjwuwnh  pwpdpwgdwup’  spnnubingd  bwlwu
wanbignigyniu FUNMG-h pwuwyh Ypw: Upnpuwuh ubpwpynwip EOU-h Gnopjw (0.5
g/4q) ubpwpynwihg hbwnn Yyepwywugund £ FU-h b §6-h uygqpuwlywt pwuwlubpp L
dhwdwdwuwy fupuwn pwpdpwgunud £ FUY4S-h dwlwpnwyp Gupwuwnwdnpuwihu
gbindnui: Mbwp £ ugk), np EOU-p wagnnud £ ng dhwjy QFUYUS-S-h, wy twl
ginunwdwwnnbluwppopuhjwgh,  phpnghubhhnpopuhjugh  wywhyniejul,  wjuhupu
Ywwnblunjwdhuubiph uhupbgh, huswtiu W gyniyngh pwnwuputipny pwthwugbihniyejwu
Unw:

Ugnwwy 7-h b 9-h wdjwubph hwdbdwwnieniup gnyg £ wwijhu npnawlyh
wmwppbipnigyniutbp US-h U winpuwuh wqnbgnipjudp wdhtwpeenubph dwlwpnwyh
Ypw: Wu nbwpnwd, Gpp US-p hobigunwd £ SUL-h, do-h L FUY-h pwuwlubpp
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Gupwuwnwdnpuwiht gbindnd, wnpuwup pwpdpwgund £ FU-h b 9S-h pwuwyp'
swanbiny FUNS-h wwpniwwynyjwu Ypw, hwjwiuwlywu b nw wywpdwuwynpwsd k
Gpynt nhwptinngbuutiph ghwnwnnpuhl wanbgnipjwl dbfuwuhquubph
nwnpbipnigjwdp [Zskudelski, 2001; Lenzen, 2008]:
Unynwuwy 9
EOU-h wanbignipiniup winpuwuny fupwuyws swpwpwiunh nbiwypnu wnubwnubph
Gupwuwnwdnpuwiht gbindh wdhuwpeniutiph wwpniiwyniejwu Ypw (dydny50dq
pwnd hjnujwdp/ M £ SEM, n=5)

Udhuwppeniubp ure Sl s U Ul
Uwnnighy 1.7+0.4 4.1+0.8 3.8+0.3 1.520.3
Ujnpuwt 2.6+0.4% 6.2+0.6% 6.9+0.6* 1.2+0.2
EOU + winpuwl 3.1x0.7 3.6+0.3" 3.9+0.8" 3.4+0.8"

*_ p < 0.05 unnighsh ufwwndwdp; # - p < 0.05; # - p < 0.01 wnpuwuh ujwwndwdp

Unpuwup wpgbjwynd £ gqynynypuwgp b, hwjwuwpwn, pbpnd £ Eubpghwh
wj] wnpnipubiph hwjpwjedwy, wjn pYnuw wdhUwpepeniubph jnipuwgdwup, husp
ulgpuwlwu  gpowund  hwjwlwpwp  Uwwuwnnd  E puunyhup  upupbghtu  nt
wpnwqwudwup b wunpwnwnund  gyniyngh  dwywpnuwyh  gpw:  Upnpuwup
ubpwpynuwip FUYS-S-h  wpgbjwyhs EOU-hg htinn sh wgnnud SU-h L Gf3-h
wwpniwwynypjwu  Ypw, npnup  hwunhuwund Gu GUYUS-h  wnpjnip: dbpohuhu
dwywpnwyp hwdbdwwnws huswbiu unnighs, wjuwbu £ winpuwtwiht wpwpwiuwnny
hpwun fudph  wnubinubph hbw, pwpdpwind £ 2.3 - 2.8 wuqwd: ULdwu
wanbignipniup Yyywinwd £ EOU-h huwpwynp hwjwowpwpwiunwiht wywnhynipjwi
dwuhu, pwuh np winwhuh wywnhynieniu £ ybpwgpynid FUUIS-hu [Tian et al., 2014]:
Pwgwnjws sk EOU-h uwl hupunipniu wgnbignipgniup  gynityngh  jnipuigdwu b
huunthuh uhuptigh dtfuwuhqdubph dpw: Cuwin npny wdjwiutiph EOU-p Ywpnn £ pwgh
QUuU-h  wpgbjuwynwhg  uwlb  wynpdugub]  gnunwdwnnbyuppopuhjwugp
[Losher,1980], wagnti Ywwbfunwdhuubph upupbgh, qyniyngh ubpdddwu UL
Ytuuwpwuwlwu pwnwuubtnh $nubnhwyhnwiht pwnwnpnyejwu Yypw:

Unynuwy 10
EOU-h wanbgnieyntup winpuwuny fupwuywsd pwpwpwiunny hhyjwun wnubinubpp
glfuninbinh wdhtwpenwbph wwpniuwynipywu Ypw (dydng /50 dg pwpd hjntujwdp M

+ SEM, n=5)
Udhtwppntubin uR a qL quUUR
Uwnnighs 2.0+0.2 3.9+0.8 | 3.240.6 1.6+0.4
Ujnpuwt 2.2+0.2 44+05 | 3.3+0.4 1.6+0.3
EOU +wnpuwl 2.040.3 4.1+0.6 3.3+0.7 3.2+0.5 **

** - p<0.05 unnighsh b winpuwup uywwndwdp
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Qfunintinnd - winpuwuh  ubipwpynuwihg htinn Ywnwwynhy wdhuwpeniubph
wwpniuwynipniup dunw £ gpbipk wuthnthnfu: Unpuwuh ubpwpynuwip EOU-h tinopjw
ubpwpynwhg hbnn wunpunwnunw £ dhwjy FUYG-h pwuwynygjwt Ypw, npp 2
wuqwd pwpép £, pwu hunwln Ywd dhwiu winpuwuny fupwuywd wpwnpuwfuinny
hhqwun wnubwnubpp fudpnid:

Cwjwuwlwu £, np winpuwup sh hwnpwhwpnu wpniu-nintinuiht ywwnutiop:
QUYS-h pwuwyh wybjugnuip nintinnd twju b wnwe Uwwuwnd £ SUNI3-Epghy
dbfuwuhquubiph gnpénwibnpywtu  pwpbjwydwup: Pwgh wn hwpnuh £, np nintinh
QUYle-Epghy  dbluwuhquubpp  dwutwygnd  BU - wpjwu  gyniyngh  hndbnupwah
wwhwywudwu  gnpdpupwgubipnid  [Lang, 1995] UL hbGwlwpwp wgnnud  Gu
Gupwuwnwdnpuwjhtu gtindh woluwwmwuph Ypw:

G2ruyusnrf@3nruuer

1. Muwpqgybp E, np wnubwubph guninbnnud b Gupwunwdnpuwiht  glindnu
wuwwpwaghup hwunhuwun £ FUYG-h uwfunpn’ ginunwdhuh wnpynip:

2. Cwunwwyt] £ qunintinnid b Bupwuwnwdnpuwiht  gbindnud  Ujwpnwwlywhy
wdhtwppenutph pwuwynipuwt b UnpwhnfuwtwynEwl (wuywpwghtuh L
gnuwnwdhup  nipugdwt)  hwdwudwunygyniup b dhwinpnunphnwiubpnid
bnupwnwlnhjwugynn gnunwdhiwgh wnluwjniyejniup:

3. Uwpbwwngnuninghun wnwowgpwsd hhwbipghytdhwu ninklgynd £ wnubunp
glluninnnud - b Bupwuwmwdnpuwihu  gbindnWd  SU-h,  Qfe-h, UYG-h
dwlwpnwyubph ujwgbigdwdp: EOU-h twiutwlwt ubpwpynuwip Ywufuwngbinu £
upwd wagnbignigyniuubipp:

4. Uppuwuny  wnwowgpwd  hhwbpghytidhwu  ninblgynd £ wnubwnh
Gupwuwnwdnpuwihu gbndnud SU-h, Sf-h dwwpnwlubph pwpdpwgdwdp:
EOU-h twhitwlwu ubpwpynwp Ywufuwpgbinud £ win wgnbgnuygniuubpp b
pwnpdpwgunud  FUY(G-h  dwlwpnwlp  Gupwunwdnpuwiht  gbindnd  nt
gJfunintinnud:

5. B-pohoubiph Yniinnipwynud Epwunjwdhu-O-unybwinp, FUNG-p bW FU-p npulinpnid
Gu  huunyhungbt  hwwlyneniu huswbiu  Unpdwynid, wjuybu L
unpbiywnngninnghtuh wnfwynyejwdp:

6. Unwgqwd ndjwiubpp ywnud &u, np FUYIS-h uwfunpn' gninwdhup, huswbu W
Yihupywynud - wyp vwywwwlubipny oquwgnpdynn FUYG-h wgnuhuwnubpu nt
QUYUIS-S-h wpgbjwyhsubpp Ywpnn Gu hwunhuwtw| 2wpwpwfuinh pniddwu
dhongutip:
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XAYATPAH HAPUHE XAYNKOBHA
KONMYECTBEHHBLIE UISMEHEHUA HEMPOAKTUBHBLIX AMMHOKUCIIOT B MO3IY U
MOMKENYAOYHOMN XEJIESE KPbIC B HOPME U MPU SKCMNEPUMEHTA/TbHOM
CAXAPHOM OWMABETE

PE3IOME

KnioueBble cnoaa: HENPOAKTUBHbIE  aMWHOKUCHOTHI, GTaHOJ'IaMVIH-O-CyJ'Ib(baT,

rMyTamuH,roKo3a, Mo3r, naHkpeac, auabet

B pabote npoBegeHO CpaBHUTENbHOE W3yYeHUEe codepxaHus u obmeHa
HEMpPOAKTMBHBIX aMUHOKMCIOT B MO3re 1 NOMKENyA0YHOM xerne3e. B yacTHoCcT usyyeHa
YTUAN3aumusa x aMmaoB Kak BO3MOXHbIX MCTOYHMKOB TAMK, vrpatoLuen BaxHyo porb He
TONbKO B [AEATENbHOCTM MO3ra, HO M B SHOOKPWHHOMW W 3K3OKPUHHOMW  (PYHKLMAX
naHkpeaca. [loaTBepXOeHO CXOACTBO B KONMMYECTBEHHOM  pacnpeeneHun u
MeTabonname  HEWpOaKTMBHbIX  aMUMHOKMCAOT B  ODOOMX  opraHax, Hanuyue
BbICOKOAKTUBHOW hocdaTakmBupyemon rrnytaMmmHasbel B MUTOXOHAPWMANbHOW dpakumm
noaXenyoovyHon enesbl, MoKasaH aHanornyHbli xapaktep reHepauun [AMK w3
rmytTammHa npu nogasnedun [AMK-tpaHcamumHasbl (FAMK-T) ee cneumduyeckum
nHrMbnTopom ataHonamuH-O-cynbcatom (30C). NokasaHo, YTO acnaparuH kak B Mo3re,
Tak U B NOMKENYOOYHON Xenese MOXET OblTb BO3MOXHbLIM WCTOYHWKOM FryTamuHa, a
cneposatensHo [MAMK. a-keTormytapaT B rOMOreHatax MoO3ra YCUIMBaeT BbIXO[,
rmyTaMmuHa v acnapTtaTa npu nHkybauum ¢ acnaparvHom. [lo6aBneHve B MHKYGaLMOHHYO
cpeny rrnytamata CHMMaeT NodoOHbIN 3ahdeKT a-keTornyTtaparta npy O4HOBPEMEHHOM
yCuUIneHnn BbixOoda ammuaka. B romoreHatax nomkenygoovHOW xemnesbl a-KeTornytapar
Takke Bbl3blBAET MOBbLILIEHWE BbIXOAA rfyTamuHa W rnytamata, Ho 6e3 BnusHMA Ha
ypoBeHb acnaptaTa. lNogTreepxaeHo MTAMK reHepupyloliee gencTBme Kak oTAenbHOro
BBegeHuss 30C n rmyTammHa, Tak U1 B 0COBEHHOCTU UX COBMECTHOIO BHYTPUOPIOLLIMHHOMO
BBEOEHUS.

Mcxoasa m3 gaHHbix o ctumynupytowem genctsum TAMK Ha nponudpepauuio B-
KNeToK, CUMHTE3 U BbICBOOOXOEHME WHCYNMHA, a Takke MpPOTUBOBOCMANUTENBHBIX,
TPOUYECKNX U MMMYHOMOAYIATOPHbIX CBOWCTB 3TOM aMWHOKUCIIOTHI HamMu Obino
uccrefoBaHo — BnusiHAe — npegBaputenbHoro  BBegeHnusi  TAMK-reHepupytoLmx
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coeguHeHnun, rmyTtammHa n 30C, Ha copepxaHne M MeTabonmam HerlpoaKkTUBHbIX
aMUWHOKMCMOT B MO3re W MNOMXKEeNyAoYHOW >Xerne3e W YpPOBEeHb [MKO3bl B KPOBU
WHTAaKTHBIX U NOABEPrHYTbIX BO3AENCTBUIO AMabeToreHoB (CTPENTO30TOLUMH U anmoKcaH)
KpbIC. [NokasaHo Gonee adhpeKTMBHOE TAMK-reHepupyoLee aencrtseue
npeaBapuTeNbHOro COBMECTHOrO BBeAeHus rnytamvHa u 30C, Bbi3blBatoLLLErO TakMe
3ameTHoe nopasneHve rMneprrivkeMm4ecKoro acpdekTa CTPenTo30TOLMHA.
MpenmywectBo wmcnonb3oBanusa rnytammHa u 30C Bmecto TAMK 3akniovaetcs B
NPeoaoneHMn nMn remaTto-sHuedannyeckoro 6apbepa n aktmsaumn FTAMK apruyeckunx

CMCTEM MO3ra, y4acTBYIOLWMX B Perynsunm CogepXKaHus rnoKo3bl B KpoBU. BbisiBneHbl
CyLleCTBeHHble pasnuynsa B adypekTax CTPENTO30TOLUMHA M anmoKkcaHa Ha codepXaHve
HEMpPOaKTMBHbLIX aMWHOKUCIIOT B MO3re W naHkpeace KpbiC. Tak, CTPenTo30TOLMH
Bbl3blBAET CTATUCTUYECKM 3HAYMMOE CHMXKEHUE KOHLEHTPauMu HeNpOoaKTUBHbIX
aMWHOKMUCIIOT KakK B MO3re, Tak U B NOMKENyAOYHOW Xenese, Torga Kak anmokcaH, He
BMMSAS Ha WX YPOBEHb B MO3re, MPMBOAWT K MOBLILEHWIO KOHLUEHTpauuu rnytamara u
rnyTaMmmHa 6e3 cylecTBeHHOro mameHeHus yposHs FTAMK B nogxenygodHoun xenese.
OtcyTtcTBUe addpekTa anokcaHa Ha cogepXkaHue HeMpOaKTUBHBLIX aMWHOKWCIIOT MOa3ra,
no-BMANUMOMY, CBA3aHO C HEMPEOAONIMMOCTBLIO remaTo-dHuedanmyeckoro 6apbepa And
atoro avabetoreHa. [lpeaBaputenbHoe BHYTPUOPIOWMHHOE TpEXOHEBHOE BBeAEHMWe
O0C u rmytammHa cHumaeT adeKTbl CTPEenTO30TOLUMHA W anmnokcaHa Ha YpOBEHb
HEeNpOaKTMBHbLIX aMWUHOKWCMOT B opraHax KpbiC. [lokasaHa Gonblwas 3ahdeKTMBHOCTbL
O0C B npegynpexnoeHUn  rMNeprivkemMuu,  Bbi3bIBAEMOW  alJIOKCAHOM,  YeMm
CTPenTo30TOLMHOM, YTO MO-BMAMMOMY CBSI3aHO C PasnMuMsMUM B  MeXaHusmax
LIMTOTOKCUYECKOro AencTBus AnabeToreHos.

Ha KynbType OCTpPOBKOBbIX [B-KMETOK MOMKEenyAOYHOW Xeresbl B OnbiTax in vitro
nokasaHo ycuneHve dnoopecueHumn OUNTC-meyveHoro MHcynuHa npu gobaeneHun
30C, TAMK unu rnytamuHa, 0cobeHHO BblpaxxeHHOe B criydae nepsoro. [Job6aeneHue
CTPENTO30TOLUMHA K KynbType OCTPOBKOBbIX [-KNETOK MNOMKENyAOYHON Keresbl
BbI3bIBAET PE3KOE MOHWKEHNE YPOBHS MHCYNWHA, KOTopoe komneHcupyeTtcs kak S0C,
Tak u FAMK u rmytammHom. MNonyyeHHble AaHHble CBMOETENLCTBYIOT O NEPCMNEKTUBHOCTM
npumeHeHns TAMK-reHepupytowmx areHToB (rmyTamuH, aroHuctsl FTAMK, nHrmbutopsl

TAMK-TpaHcamuHasbl) B NpodunakTMKe 1 nedeHnn caxapHoro guabeta.

20



KHACHATRYAN NARINE KHACHIK
QUANTITATIVE CHANGES OF NEUROACTIVE AMINO ACIDS IN THE BRAIN
AND PANCREAS OF RATS IN THE CONDITIONS OF
THE EXPERIMENTAL DIABETES MELLITUS
SUMMARY

Key words: neuroactive amino acids, etanolamine-O-sulphate, glutamine, glucose,

brain, pancreas, diabetes mellitus

GABA plays an important role not only in the brain activity but in endocrine and
exocrine functions of the pancreas. In this work the comparative study of the metabolism
of neuroactive amino acids in the brain and pancreas, in particular their amides as
possible sources of GABA, was carried out. The similarities in the quantitative distribution
and metabolism of neuroactive amino acids in both organs, the presence of highly active
phosphate-activated glutaminase in the pancreas were confirmed, and a similar
character of the GABA generation from glutamine was shown in the conditions of GABA-
T inhibition.

It has been shown that asparagine can be a possible source of glutamine,
consequently, for GABA as well, in both organs: brain and the pancreas. Alfa-
ketoglutarate in the brain homogenates accelerates the output of glutamine and
aspartate upon incubation with asparagine. Glutamate addition to the incubation medium
removes that effect of a-ketoglutarate while enhancing the output of ammonia. In
pancreatic homogenates, a-ketoglutarate also causes an increase in the yield of
glutamine and glutamate, but without affecting the level of aspartate. It was confirmed the
GABA generating effect in both conditions: separate administration of etanolamine-O-
sulphate (EOS) and glutamine, and especially during their joint intraperitoneal injection to
rats.

Based on the data about the stimulating effect of GABA on the proliferation of 3-
cells, synthesis and release of insulin, as well as the anti-inflammatory, trophic and
immunomodulatory properties of this amino acid, we have studied the effect of the
preliminary administration of GABA-generating compounds, glutamine and EOS on the
content and metabolism of neuroactive amino acids in the brain and pancreas as well as
blood glucose levels of intact and streptozotocin/alloxan injected, diabetes-induced rats.
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It was shown more effective GABA-generating effect of preliminary joint administration of
glutamine and EOS to rats, causing a marked suppression of the hyperglycemic effect of
streptozotocin. The advantage of using glutamine and EOS instead of GABA is their
ability to cross the blood-brain barrier and activate the GABAergic systems of the brain
involved in the regulation of blood glucose level. It has been revealed the differences in
the effects of streptozotocin and alloxan on the content of neuroactive amino acids in the
rat’s brain and pancreas. We have shown, streptozotocin causes a statistically significant
decrease in the concentration of neuroactive amino acids both - in the brain and in the
pancreas, whereas alloxan, without affecting their level in the brain, leads to an increase
in the concentration of glutamate and glutamine and a decrease of GABA in the
pancreas. The absence of the effect of aloxane on the content of neuroactive amino
acids in the brain, apparently, is associated with the impermeability of the blood-brain
barrier for this dibetogen. A preliminary intraperitoneal three-day administration of EOS
and glutamine eliminate the effects of streptozotocin and alloxan on the level of
neuroactive amino acids in the rat organs. EOS has been shown to be more effective in
preventing alloxan- than streptozotocin-induced hyperglycemia, which is probably
associated with the differences in the mechanisms of the cytotoxic effects of these
diabetogens.

An increase in FITS-marked insulin fluorescence in the culture of pancreatic islet -
cells has been shown with the addition of EOS, GABA, or glutamine. We have found that
these compounds compensate the streptozotocin-induced insulin lowering as well.

Obtained data indicate the promising use of GABA-generating agents (glutamine,

GABA agonists, GABA-transaminase inhibitors) in the prevention and treatment of

«?ﬁ"}ffﬂfé

diabetes mellitus.
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