











hwjwtwpwp Jyuwjnd £, np dpguligniginiup SUNMG-h hbin bnyt wlunhy
YEuwpnuph hwdwp pwguluynd £ Uwluwju pnpinp Gpbp  hbnwgnndnn Jupé
whbwwhnutiph pwgwhwinywsd thnfuwgntignieinitiibnp GABA-AT-h htiin dninkunud
tu Jhqupwinphth wywnhy Yeunpnupt (uy- 3-1, 3-2, 3-3), htugp Jwinbiwlgnd £, np
wjn thlthl}m.‘:pn Ywnnn Gu gnLgmphpb1 GABA-AT-p wnqblquq wqr}bgmpjmu

Llywp 1. GATI thnjuwgnbgnipjniip pGluAGABAr(]-]). pGlu-GABA-h tph| bpbiph -2  pGlu-diGABA-h (1-
3) htn; GABA-B pulwihsubph thnfuwqnbignipiniup pGlu-GABA-h (2-1), pGlu-GABA-h tph) tpbiph
(2-2) U pGlu-diGABA-h (2-3) htiin; GABA-AT $btipdbuwnh thnfuwqnbtignipyniup pGlu-GABA-h (3-1),
pGlu-GABA-h tphy bpliph (3-2) L pGlu-diGABA-h (3-3) htin
Pwunnpbii, pGlu-GABA-h, pGlu-GABA-h tphy bptinh U pGlu-diGABA-h hwdwp
wpywd nnlhtg Ybpndnipjwl wpryniupibphg Ywpbh b Bupwnpby, np wju
dhwgnipniuibph wanbgnipjwi hwdwp wninbughw) nbnwpwbwlwt phpwhtbp
Ywpnn bu hwunhuwtw] huswybu GABA-B puljwihsubpp, wjuwybu bk GATI
thnfuwnphsp b GABA-AT $bpdbuwnp:
Upwép  hhdp  hwunhuwguwy  nwnwuwuhpbine Yupd  wbwwnhnubph
ninbnwunpwiht wlwnhynyejniup’ hwdwtdwy pwlin$buht, b hwlwunghgbuwnhy
nt L8-p Yuwufubnt hwinynipyniutubpp’ hwdwbdwu MGP-hi:
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2.9U4[”F  whpngunwdwwnwihtt  Yups  whwmpnubph  nnbnwinpwht
wqnbgnipjwl  nwndtwuppauegntup: Ywpé - whwwnhnubiph - wgnbgniejwl
nwnwtwuhpnipiniup ninnh wpjwt Jpgwwnnipjwt (MUT) Jpw pwgwhwjinkg,
np nintnh wpniwdwnwhwpwpnuip fupwbbine hwanlyngn £ gnigupbpnud
dhuyi pGlu-GABA-p, dhtgnbin pGlu-diGABA-p i pGlu-GABA-h kph| tRrlnp qniply bu
udwl wgnbgnienithg:

Wyuuybiu, we punhwlnip pwjht quiplpwyh (ULL2) Yuwynuwing dwlwdyws MUS-
U fuwtgupdwt wwdwbtbpnd, bpp gpwugynud £ gmigwtihph wulynud dhtg
dbluwplyuyghu wpdbiph 63.7%-p, pGlu-GABA-h ubpnpnyuwitiwiht (U/n) ubipdndnuip
20dg/yg nbnwsw-thny bwwunnd § uwhwidwd wpwt opgwliwnnipjut
Jbpwlwgdwup, np hp wnwybwgnyt wpdtipht £ hwutnwd 35 pnwb htiun,
ghipwquitgkiny ny dhuyu hotidhly gniguiihpp 78.6%-ny, wyjl dkluwplwhts wpdtpp

13.8%-n1:
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ULljwp 2. pGlu-GABA-h wqnbignipjniup ninbinh tnbinuijht wpyrtwhnuph (MSU) dpw we punhwling plwjh
quplibpwlh Yuynuing (UCL2Y) dwlwddwd hybdhugh wwydwlibpnud; w) wattnh MSU
nnuyEpwgpnipgniup; p) MSU-h wép (%) wnububph fudpnud

Upjwl hnupp ulunud | udwgli 50-pn pnuytihg, uwlwj dhgl huly 70-pn pnwbl
gnigwihop ghpwquugnud £ UCL2-h Yuwynuing wwdwbtpnud gpwtgdwsd nintinh

inbinwjht wpyniiwhnuph Jwywprwyp (WY 2w, p):

3.9UuUR whpngnunwdwnwht Ywps yhywhnubph, L MGL-h hbwn nputg
qniquilignuiubiph  hwlwunghgbwywnhy wqnbgnipjwt  nwnwitwuhpnipinip:
Chwnwgnuynn - Qup6  whwwhnubph  nbnupwbwlwu - wgnbignugniutiph
nwnwuwuhpnupgniup oyl nidbg pwgwhw)nt) hwlwunghgbiuwnhy wlnhynigniu
nwnwitwuhpynn dhwgnigniiiph dnn’ phlc wnwppbp wpnwhwynwdniejwi:
«Tail-flick» phuwnnu, npwnbn dhwgnipiniubph hwlywinghgbiwwnhy wanbignipniup
quwhwinyn £ Ysunwuhubph wngh hbndgdwl wnbun dwdwiwlwhwinywsh
(ML) thnthnfuniggnitibipny, Yuné whwhnubiph ubpdndnuip (20 dg/yq) 30, 60,
90 L 120 pnwb htinn pny| nybg wpdwbwgnbine htinlyw) wpryniipubpp:
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PGIu-GABA-h wanbgnipjudp (20 dg/lqg, t/n) MLLd-p wék| £, wnwybjwgnyu
wndbpp  qpuitighiny  nhuwpdwt 60-pn pnwbht! gtipwqugbind ny Jhwju
Glulbnuwht gnigwihpp (34%-nd), wyle unnighs fudpnul gpuiigqwsd hwdwtdw
gnguihan - (20%-nd):  hwbupnhnh  hwlwunghgbiywhy — wanbgnigniip
wwhwwtyt) £ punhnuwy dhtis 90-pn pnybt (UYy- 3w): pGlu-GABA-h Lph| biptiph
wanbignigjwdp (20 dg/lg, U/n) gpuitigdty b hwlwtnghgbwwhy wanbgnipjuw
wybih wpwg qupquign, hush dwuhl b Ylugnud wju Lh.LULIIJ"I]], np nhuwplydwl
wpnbt huly 30-pn pnybihtt ML d-p glipwquiigh bijwbwnwhu wpdtpp dnun 50%-
ny, hugp wwhwywidb o dhtsk  phnwpldw 90-pn  pnwtl:  <wonpnhy
unghgtiwghwjh otdp phl uyuby £ tywqb, uwluwy dhugl huly nhunwpldwt 120-pn
pnwbl gbpwquigh) £ Gulbnuwghtt wpdtipp (ul- 3p): pGlu-diGABA-h (20 dg/lyq,
U/n) ubpwplynwip ninklgyty £ Ybunwuhubph MdLd-h dbdwgdwdp, npu pp
wnwybugnyt wpdbpht £ hwub) nhuwpldw 60-pn pnwbht' qbipwquughiny
Guibinwih - gmgwuhop  37%-nd: - Upnkt 90-pp L 120-pn pnybubph
gpuugnuitbpnd pbl Ujwwndl) b EpbYnp  uuquiwt dhinnud,  uwlwju
hwlwunghgbiwwnhy wantignigniup wwhuwwuyt, £ punhnwy dhusk nhinwplduwt
wywpup: Uju dhwgnipjut wgnbgnipjudp hwlwunghgbiwwnhy wlwhyniypjw wé
b Uywwndb] bwl unmghy fudph hwidbdwen 60, 90, unyuhuly 120-pn pnukihl,
hwdwwywnwufuwuwpwp® 17%, 21% L 25%-ny;: Cun npnud, nwgpuy E, np
guywqplynn wqnbignipjwt nbinnnipjudp  pGlu-diGABA-p gbipwquiugh) £ djnw
Yupé whuwnpnubipht (Ul 3q):

'(Z. % uinnighs 4% pGlu-GABA B unmghs % pGlu-GABA by bipbip m&unnighy % pGlu diGABA
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Llwp 3. pGlu-GABA-h (w), pGlu-GABA-h kphy bpbph (p) L pGlu-diGABA-h (¢) wqnbignip)niip wnttunh wnsh
htndqiwl jwnkun dwlwbwlwhwnwsh ypw (%), «ail flicks phuwnnud

bwné  wbwwhnubph  hwlwinghgbuunhy wanbgnipjwl  wpryniuptbipp

hwdbdwingti Gu L8-h pnidiwt hwdwp plnpniejut wnwohl géh dheng MYP-h

htwn, hugwbu bwl nhnwpyds b yupé wbwwhnubph b MIPL-h grigulgnudubph

hwhwunghgbwwhy  wgnbgnipyniup,  hhdp punniibing  dwdwiwlwlhg

ntnwpwunpjut dby punniifwsd  hwyntih nnaniejniup, hwdwédws nph tnp
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dpongutiph uwnbinddwl wpnyniiwybn ninh Ywpnn b hwunhuwbw) wwywgnigdwd
wanbgnizjudp  Wnipbph  gniqulgnuip wju dhwgnyeyniiubph hbn,  npntip
htwpwdnpniginit Yurw Yppwnbne hwpnth Wwneh wybh thnpp nbnwswibp,
hEnbwpwp b dendbine npw Ynnduwlyh wgnbgnueyniiipp, huly MIP-h nbwpnud
hupinuh £, np guwdwqgpynd wwwhndnn  nbnwswihbph  wwydwutbpnud wjl
gnigwpbipnud | ubinwunhy Ynnduwyh wgnbgnieni:

Pnpabpnd MGP-h ubpdndnuip (20dg/4g, b/n) ninblgdby b Yeunwuhtbph
McLd+h dbdwgdwdp 30, 60, 90 L 120-pn prwbkubpht hwdwywnwuluwupwnp
50.85%, 72.40%, 122.05% U 131.14%-nd, uinnighs fudph hwdbdwn: UGthwyn £, np
nwnwuwuhpdnn wbuwnhnubpp  hwlwunghgbiuwnpy wanbignipjudp ghonud kU
M&P-hu: Uwlwju, pninp bpbip Ywpd whbwwhnubph wnwudht gniqulignudubpp
MGL-h htiin ninbligdly Bu Jbpghtuphu hwlwunghgbwwhy wgnbgnpjwu nwppbp
wpnwhwynjwénipjwt  wnnbugnuing:  Wuwbu, pGlu-GABA-h L MYP-h
gmgulgqwd ubpdmdnudp (20-wlwu dg/yg, U/n) ninblgyt; £ MELD-h wéany
uwnnighs fudph hwdbdwin 163.35%-ny nhunwpldwu 90-pn pnwbht, husp wluhw)un
gbpwquugnud £ wnwidht wpbwwpwnubph ubpwplydwt nbwpnud nhunwplydwu
unyt dwdwbwlwhwindwdnul gputigdwd wpryntupubpp (ul. 4w):

OpGluGABA  OTRF  OpGluGABATIR DpGleGABA tply bptp OTAP UpGIvGABAtpP bpt ™0 | DpGludiGABA DMGR  DpGlIdiGABALTAR

MeLS, %

[ =T

duilutazly (prugi) ‘ dunkulazy (nnugs) dwdutbuy (pogl)

Llwp 4- pGlu-GABA-h (w), pGlu-GABA-h tppy tiptiph (p) L pGlu-diGABA-h (q) L wpbqupwihuh (MIR)
gqniquljgnufubiph wqnbignipyniup wnubinh wnsh hbindgdwl wnbun dwdwuwywhwinwsdh
(MEL) Ypw (%), «tail flick» phunnud

pGlu-GABA-h Eph; bpbph L MSP-h (20-wlwl dgyg, b/n) gniquiygdut
wwydwbpnd gpwugyty £ wntbinh MELd-h wé wykh Jwn' 60-pn pnwbhu,
Ywqudtiny uwnighs fudph hwdbdwn 121.58%, gbpwquiighiny wnwudht wwunpwu-
nnfubph updwé  gmigwuhoubph wwpg gnuwpp (Y. 4p):  pGlu-diGABA-h
Unyuwudwl gmiqulgnuip MAP-h hbn (20-whwu dg/lyg, U/n) gnigwpbpb;
pwtwlwubu wybh wpnwhwjndwsd yninkugnud uinnighy fudph hwdtidwn 60-pn
L 90-pn pnwthu, npnbn MLLD-h wép  hwdwwywnwufuwbwpwp 123.22% L
173.91% L, dhugntin inphwbwinhnh nbwpnud wju gnigwtihubipp Unyt nhnwplydwu
dwlwbwywhwinywsdubpnd  wék) U hwlwwywnwuiwlwpwp 24.86%-nd L
1




33.23%-nd, huly MIP-h nbwpnud® 72.40%-ny L 122.05%-ny (uly. 4q): Uuwhuny
nwnwWuwuhpdnn Yuwpt  whwwhnubph L M3L gniqulgnuiubpp Ywpnn Gu
hbnwtlwpwiht  hwbnhuwtw)  Ybpghtihu  hwlwunghgbuwnhy  wqnbignipjniup
wninbughint wnnwing, husp pnyp Yuow dugbgul MR- nbinwgwihbpp, U
hwwtwpwp, twl vwwuynn Ynnduwlh wgnkgniypjniiubpp:

4.9UuR whpngunwdwwnwiht  Jups  whwwhnubph L wpbqupwihth
qmiquiljgnuiutiph gudwqplinn wqnbkgnipjw nuunftwuppnieyniop® bljpnyuw-
phYy gwdh dnnbnud: Nwnwuwuhpynn whwwhnubiph L MSE-h qniqulgyuwd
Yhpwndwl  wqnbgnuegniuibpp  nwnwiuwuppdp B LRU dwlywddws U3-h
dnntiinud, npunbn gwywgnlinn wanbignipniup quwhwnyb £ yeunwupubph Juwppp
puniewgnnn wjbwhuh thnthnfunyeiniuiinny, husuhuhp B pwebinh (hqnwiutiph U
guunybph  hwlwhwlwunieyniup b npwug  deluwplh (wnbtn dwdwlwlw-
" hwwnywsdp, huswhu twl' punhwtnip gwpdnnujut wluhynyginiup «hot plates
ptuwnnu, dhust dnnbpwynpnuip b LLU Jhpwhwinnipgnitihg htwn' 3-nn, 5-pnp L 7-
pn oppht:

5. LuLd s 5 3Uld A% o ruLe
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J-uinnighs, Bl -0Glu-GABA+ AR

Lluwp 5. pGlu-GABA+MAR gqniquiligdwl wqnlignygjniup Yeunwuputph guyuwiht Jupph gniguhaubiph
dpw (%), «hot plate» phunnu; (hgnuiubiph dbyuwplh punbun dwdwiwlwhwnjwsd (LULD),
thqnidubiph  hwwhuwlwunyeni (L<); gunlbiph  dEjuwplp Jwnbtn  dwdwbwlywhwingwsd
(8ULd);, guunlybph hwlwhwlwumpynu  (8<);  awpdnufubiph dbjuwpyh  Jwwnbun
dwiwtwlwhwingwd (CULD; punhwlniy gwpdnnuuwl whunhynipini (CTU)
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Wuwku, pGlu-GABA-h L MGP-h (20-wywt  dg/lg, U/n) gmiquligwsd
ubpdndtwt wpryniipnwd quipgqugnn thnthntunieniiibipp Yluynud Bu (uy. 5), np
pnidnud unwgwd YEunwuhutiph dnin gpwtigyb £ pwpbinh (hqnuiubph deluwpyh
Epywpwégnd U jhgnuutph hwwhiwlwuniejw Ujwgnud wnwybjwgnyup 3-pn
opp, huswbu dbluwplywyht, wjuwbu £ unnighy tudph' Yppwhwindwd L pridnud
sunwgwd Yeunwuhubph hwdwudwt wpdbph hwdbdwn:

Lnytu pnidiwt wwjdwbtbipnd guwnybph deluwpyh jwnkln dwlwtwlw-
hwuindwdp bplwpwagyt b wytnwhtu gniguwtihoh hwdbdwn nhunwpldwt pninp
optipht, huly 5-pry W 7-pn opbiphts tnyuhu gbpwquitighy £ unnighg fudph wpnjniup-
ubpp: Swwnltph hwiwhwlywunyejwl ujwgnwip Lu gputigyt £ nhunwpydwl
pnpnp opbipht, uwluyl wyu gnigwthgh wybh wpunwhwjnywsd tfwqnuip unnighs
fudph hwdbtidwin gpuwigyt) § nhunwplydwt dhwjt 7-pr opp:

Cunhwlnyp wpdnnuljwl whnhynyzyniup b gwpdnuutiph dbyuwpyh jwwnkun
dwiwbwlwhwindwsdh thnthnfuniegniiubpp nhwbwwhnh L MGE-h (20-wlwi
da/lyg) qmiqulygdwd ubpwpynuihg hbinn uywnbhnpb wnwppbipdby Bu uinnighs
fudph wpmyniuptibiphg, Jyuybnd wtith enyl gudwiht wwinwufuwth dwuhb:
Wyuwytu, unmighs fudph hwdtdwn 5-pn L 7-pn optipht swpdnuwiubph deYuwpyh
bt dwdwtwywhwnywsh Eplwpwagiu wnuwib] wpunwhwjnjwsd $nup
Upw gpwtgyty £ punhwunip gwpdnnuiljul wlnhynipjwl dedwgmd gpbipt dhusl
gnigwihgh twhuwydhpwhwinwljwl wpdtiputipp, huy 3-pn opp unyuhuy gbpw-
quigh k wyn wpdbpp:

Unwgywd wpryniupbbinp Jyuynud BU wj dwuht, np pGlu-GABA-h U MQP-h
qnigwligdwt nbypnud enywnud By gwyny wwwtwynpdwd Yhunwuhubph
Juwpph tnihnfunigniiibpp’ swgnbigny  npwtg  punhwtnig owndnnuwlwu
wynhynipiwu Ypuw:

pGlu-GABA-h tphy Gpbph L MSR-h (20-wlwt dJg/lig, u/n) gmquligywsd
ubpwplydwl  wpyniupnud - (. 6) phl  (hanuitbph  dbluwpyph  pwwnbln
duwdwbwlwhwinywsdh  thnthnfunygjniiitipp unmghs  fudph  hwdbdwin  sGu
bplwpwagyty, uwywiu (hgnuiubiph hwéwhiwlwunyiwl ujwgnuip nhnwpldwt
pninp opbipht Ubluwpluyht b uwnnighs fudph hwdwudwl wpdbpubph hwdbdwn
YYuynud £ guih bjwqdwt dwupl:

Swwnlytiph dE{uwpyh nwnwuwuhpnygniip Jywynd £, np nhinwpydwu pninp
opbipht quwhwindnn gnigwihgp ghipwquugh £ deluwplwihu L uwnnighs fudph
wpdbpubipp: Cun npnu, unnighs fudph hwdtidwin: htswbu guwnlybiph dkyuwpyh
wnwybugnyu wép, wybu £ gunltiph hwwwlwinipjw wnwybugnyl
ujuqnuip  gpwugdty £ nhrwpydwu 3-py opp: Cunhwunin owndnnulwl
wlnhynipjwt nhnwpldwt dwiwbwl gpwtgyb £ wpunwhwjnywd wé unnighy
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fudph hwdbdwwn hwnlwwbu 5-pn W 7-pn opbpht: Hhunwplydwt unyu opbiphu
gpwugdk) b uwb gwpdmdubph  dGluwpyh  jwnbun dwdwuwlwhwindwsh
Epywpwaédgnud, wju nbwpnd, bBpp unmghs fudpnd wju Unyu  gniguuhop
gnigupbpnud bp bdwqdwu dhunwd: Wuwhund, pGlu-GABA-h kphy Brbph L MSGP-h
gqniqulgyuwd ubpdniddwt wprymiipubpp Jyugnd Bu, np wju gmniqubignudp b
gudh Juppwjht thnthnfuniggniiibph ypw panunud £ nhwbuwnhnh b MSP-h

qnigwlgdwup hwdwbdwt gudwgpynn wanbgninit:

w Ll W0« gung . %% tuld

1. dad

Ll

[J- uwnnighs, B - pGlu-GABA -h Eph| belip+MaA
Llwp 6. pGlu-GABA tph| bprbp+MIP gnigulgdwl wgnbgnipiniup YEunwuhtubph gqudwiht Jupph
gniguiuhgubiph Jpw (%), «hot plate» phuwninul; |hgnudubph deluwpyp wnbun dwdwuw-
Jwhwindwd (LULG); (hqnuiubph hwiwhiwywuneni (LL); gunlbph dEluwplh  wnbun
dwdwbwlwhwinjwd (SULD); guuljbph hwwhiwhwunipyniu (8€); swpdnuiubph deluwpyh
jwinbtin dwdwbwlwhwindwsd (CUL); punhwlnip swpdnquiljwl whnpynizniu (CSU)
MYPL-h L pGlu-diGABA-h (20-wlhwu dg/yg, u/n) gnigulygdwl wuydwtibpnud
(uy. 7) punhwunip wpdnnuiwl wyunhynput L 2wpdnuwiubph  deluwplyh
jwwnbun dwdwuwlw-hwundwsh thnihnfunigniutbpp hwdwnpbiny wwpqyb £, np
nhwnwpynuutiph 7-pn opp gpwugdty £ pwpdnwiubph deluwplh wnwybjugnyu
Epywpwaégnudp, huly punhwungp pwpdnnulwt whnhdnpgut fwlwt wép
wpunwhwyndb, £ 5-pn opdw  gpwugmdubpnd, uwnmghs  fudph  hwdwudw
gnigwuhzh  hwdbdww:  Wu  gnigwlgdwt  wgnbgnipiip gunlybph
hwwfuwlwunpywt b npwug delyuwpyh wnbun dwdwbwlwhwndwsh dpw
npuwpythu  wwpgdbeg, np pEL  gwwybph  deluwplp  prdnad unwgud
14
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yhunwupubph dnwn unnighs fudph hwdbdwn Gplwpwagdb) bp nhonwpydwu 5-pn
L 7-pnp opbiphts, guwunybiph hwéwfuwlwunyziniip Yeunwuhubph wyu bpyn fudpbph
dhel gpbipl skp wnwppbipdnud: Sphytuwwhnh bW MGP-h wanbgnipjwdp gpwugywsd
punhwtni pwpdnnulwl whnhynipjwt dEdwgdwi wwjdwuubpnd Jepghtubphu
wanbignyeiniup thgnuiubph el deluwplyp wnbln dwdwbwlwhwndwsh, pE
thgnuiubph hwéwhuwlwuniyeniuibph dpw gpwigk) shweonnybg:

Wuhupt, pGlu-diGABA-h L MAP-h gniqulgdwl guwywgpynn wpnbgnieniip
LS8-h dnnbnud punipwgpynd £ gniguligdwt gunlybph W punhwunip awpdn-
nuiwt wywmhdnipjwt Jpw prnwd wgnbgngwdp, hwinjuwbu YEunwuhubph
wybh Bpywpwunnl pniddwl wwjdwiubpnw:

60 % LULd 60 %, SUd 0w thg

R 0
€ [ ) : d
B Ta 0w Yon o
% 8¢

W 5 LL 2 %, 3C
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HO & Ctu
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- uwnnighs, M- pGlu-diGABA +MaP

Llwp 7. pGlu-diGABA tph| tipip+MIP qniquligdwl wqnbgniypmup Yhunwuptbph guluiht upph
gnigwupoubph  ypw (%), «hot plate» phunnd;  (hgnuiubph  dbluwplh o wnbun
dwiwbwlwhwinwd (LULD); (hqnudubph hwwwlwumpmu (L<); guwnlbph dbluwplyp
bl dwdwbwlwhwnwd (SULD); gwwnlbph hwdwhiwlwunipjnu (8€); gwpdnuiubiph
dbluwplyh unbun dwdwbwlwhwndwd (CULD); punhwlnp qwpdnnulwt wlnhyniintu
(CTw)

Wuwhuny, unwgdws wpryniipibipp hwunwinbght UG whpngnunwdw-
wwhti Yuwp6 whwwhnubph L MYP-h  gniqulignuitbiph  bwywwnwlwhwpdw-
pnue|niup, pwh np gniqulignidubpp gniguipbipnid B ng dhwju hwlwtinghgbwwnhy
wlwhynipnit, wj bwl gwwqplnn wqnbgnieniu LS-h dnnbinw, wnwtg MR-
pu punpn utinuinhy wgnbgniejwu npulinpnuiutph:
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5.9Uu4F whpngpunwdwnwhts  Juwpsé  ybymhnubph  wqnbgnpniup
tunwiywpnh dhwpwbwlwl thnhinfunieymubbph Jpw® ubpnywehly gudh
dnpbwynpdwt wwydwbbbpnud: FUYE whpngnunwdwwnwht Yuwpé wbwwhn-
ubph b MSYP-h gniqulignuiubiph gnigupbpwé hwlwunghgbiwwunhy whnhynigniup
L US8-h dnnbpnud npubnpwd  gwjwgpynn  wanbgngniup  eny;  wndbghu
Eupwnnbint, np nwnwitwuppynn gniquygnuiubph wgnbgnieyniup L3-p Yuwufubne
dbe Ywpnn £ wwjdwbwynpjwsd |hub) ns dhwjt gpwtg hwlwunghgbwwpy L
gwjwapynn, “wy twb Wwpnuwwanwwt - wgnbgnyzgudp, pwuh np o punn
gpwlwunypjwi db9 hwunhwnn nyjwubph bdwbwwnhwy wgnbgniegniup punpng £
uwl MYP-hu:

Wu wdbup hpdp hwunhuwguwy nphunwpybnte bunwtjwpnh dlwpwbwlwu
thnthnfuniggniutibpp US-h dnnbynd, hbndhpwhwuwlwt 5-pn L 7-pn opbpht:
Ywpé  wbwwhnubph  Ywpnuwwwaunwwt - wgnbgnenp pwgwhw)inbint
uywwnwyny whwwhnubphg puwnpdbp £ pGlu-GABA-h Ephy brbpp, nph dnuin
nwnwiuwuhpnipniubpnud pugwhwjndb) bp wqnbgnieniuubph wpunwhwjndwu
wybih Jwn deluwpyp:

Culps fudph L pGlu-GABA-h Eph Gebpny pnidnud unwgwd uunwljwpnh
Shwpwuwlwl thnihnfunieniitubph nwnwuwuppdwt wprynipnd wwpqykg, np
bpynt fudpbpnd k) wpnwpbipnd qupquund £ pnppnpwihtt nbwlghw' h
Wwwnwuuwl pupwgnn denniwipt b nhunpndhly-tuEypnphnunhly nwppbp wunh-
dwuh thnhnfunigyniiibph, uwlwit nbnuiht pnddwt wWwdwtubpnd  pwp
niubht wnwdb) pnyp wpnwhwpndwdmpnis, b gbpwlyonnd Bu pnppnpdwt
wpnihdtipwwnhy thnuyh nbwlyghwubpp® hi$nghwntibiph,  hhuwnhnghn-dwlpndu-
qbiph, hulw pwqdwynphq pohgubinh wnluwyniejwdp, dhugntin hulhs fudpnul
wpuwhwjnynud Eu pnppnpdwt Epunipwnpy tinyh thnthnfunigniiipp: bt
pnidnud unwgwd fudpbpnud thwpwagpyb £ bwl vwinbhnng b ubnwtghngbubg,
husp Ywpblh £ nhuwplbp npubu. quingugnn nbqbubipwinhy gnpdpupuigtinh
YYwnipyni:

Wuwhuny, U4 b whpngnunwdhbwpent wwpnwwlnn Yupé whwwnhnubph
nnwpwuwywu  hwwnyngniutph  nunWbwuppniginiup hwuwnwnbg  npwg
wnunbughuw| - huwpwynpnygpiuitiiph - depwptipjuy ghpenpnanudp, - Jyuybinyg, np
ybpohttbpu  Ywpnn  GBu  onbh  pwihpwiudws NWUG-p,  gngwpbpnd - Bu
hwlwnghgbiwwnhy wantignieiniu, niiwl bu Ywpgwynpbint LS-p* wpbqupwihth
htwn gniguligywsd Yphpwndwt ywydwlubpnd, wnwtig yepghtuhu punpng ubinuunhy
wgnbgnipjwu npubnpruubph:
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Pwgwhwjndb) £ whpngnunwdh@U4ie-h (20 dg/yg, U/n) ninbnuunpwihl
wlwhuniggniip, htush dwupt £ Juuygnud we punhwinp puwiht quipybpwlh
uwning  fuwthwudwd ninbnh wpniuwhnupp 78.6%-ny  bpwlwuqubn
niuwynipnip’ gpuitigywd jwqbp-nnuybpuwht hnupwswihnueudp:

. Cwuwnwwnyby b whpngnunwdhSU4e-h, whpngnunwdp@UWre-h kehy Grbph

L whpngunwdh) nhSUYe-h (20-wwt dg/lg, U/n) hwlwunghgbwmnhy
wqnbgnugniup, npp wpnwhwunynud £ Yupé whuynhnubph niuwlnieudp
bpywpwdagbnt wnubnubph wnsh hbndgdw jwnktn dwdwtwlwhwndwsp,
«tail-flick» phiuwnnud:

. Uywgnigyti £, np nwnwluwuppdnn Yupé wybwynhnubph hwdwlygnuwip MYP-h

htin nuntligynud £ Jbpghthu hwlwtinghgbwwhy wanbgnipjut wyninbugnuing:

. Mwpqupwyt E, np whpnginunwdh@UYE-h, yhpngnunwdhSU4re-h fphy

betiph L whpngnunwdh) nhdU4E-h gniqubgnuip wpbqupwihup hbn (20-
wlywt  dg/yg, Un) ninbhgynd toubpnwwehly gudh  dbndnwnd,  husp
wpwnwhwpnynud £ «hot plate phutnnud gwyuyht Jupph thnthnfunieynittibpny’
yEunwuhubph owpdnnuijwt  whwnpynipjwt  fupwdwup
qnigplipwg:

punhwung

. Mpngnunwdh@UY4E-h  bpehp btpliph  Lunwljwpnh - ppatbly  ubndnudng

Jwlwdwsd  shwpwbwhwt  nbnwawpdbpp  pwpbudbine hwnlnjndp
dJwwbwtsnd £, np nwnduwohpdnn whwwhnubph - L8-p  dndbnt
niuwynipmiup Ywpnn £ wwpdwuwdnpdwsd  pub] ng dhuwyt JGpghtuubphu
hwhwunghgbiwwhy  hwwnlnyeuwdp,  wyp  wb  Uwpnwwwnywl
wgnbgnipwdp:

. GUNE-whpngnunwdhtweent wwpnwwlnn Ywpd whwwhnubph L npwtg

wnnbiughw) wanbgnipjwl phpwiulbph in silico Yapindninitip eyl £ niwhu
Gupwnpbnt  Jtpghtbiphu  huwpwdnp  thnfuwgnbgnipjwt dwupte GUNIS
pulwihsubiph, FUY wdhununpwbudbnug $bpdbunh, htswbu twl' UL
thnfuwnphgh hbwn:



<rusuruydus uehusuLLeusrh suty

Unwijwt U, Pwjwuwtyu U., Ubynuwt E., Sphgnpjut U, Gonjub Y.
QUu-h L whpngnunwdhtwpeyh  wdwlgjw(ubph  hwlywunghgbwwhy
wlywnhynipjut  nwnwuwuhpnigniup// <wywupwish - pdalpwgpipmpnity, (6.3,
2019, ke 62-71:

. 9phgnpywi U, Pupwuwiywi U, dwihwpywy U, @nthywt £, Unwijub L.,
Lwpudjwl u. S(+)-2- wuhtn-3-(pEughjwdhtin)upnwhnuwppedh
nbnwpwtiwywt winhynipjwt nwnwuwuhpnyeniup/ Adaynigynit ghpniegmb
L Yppnygynily, (3. 27, 2019, £ 3-7:

. Adamyan N., Egoyan K., Karamyan S., Amroyan E., Sekoyan E. Pharmacological
pain management by GABA and pyroglutamic acid derivatives// Medicine Science
and Education, Vol .28, 2019, p. 96.

. Unufjwt L. Ubjpnywpehly  guh  Juufundp  whpngnunwdh GU4(S
nhwbwwhnnl/<wjwupwith pdaljwghipniggmb, (@2, 2022, e 109-117:

. Adamyan N., Topchyan H., Poghosyan V. et al. Synthesis and Antinociceptive
Activity of GABA and Pyroglutamic Acid Short Peptides//Pharm Chem J, 2022, Vol.
56(3), pp- 339-344, https://doi.org/10.1007/511094-022-02640-z.

. Adamyan N., Shamilyan Q., Zhamharyan A., Topchyan H., Balasanyan M..
Investigation of cerebrovascular activity of new GABA-derived short peptides//The
New Armenian Medical Journal, 2022, Vol. 16(4), pp.89-95, https://doi.
org/10.56936/18290825-2022.16.4-89.

. Adamyan N., Bekyan R., Poghosyan V. Neuropathic pain elimination by GABA-
Pyroglutamic acid short peptides// Medicine Science and Education, Vol.35, 2023,
p. 73.

Hawpa AiikoBHa ApamaH

CMHTE3WPOBAHHbIE HOBbIE KOPOTKME MENTUAbI
FAMK ¥ MUPOTYTAMUHOBOM KMCNOTbI B YNPABNEHWA
HEWPOMATUYECKOI BOMM
Pesiome

Co3afaHue HOBbIX CPEACTB AAA yNPaBneHuA HeliponaTuyeckoil Bunblo OCTaeTcA
aKTyanbHoi Npobnemoii CoBpeMeHHOI MEANLINHDI, NOCKOMbKY, HECMOTPA Ha LLMPOKMA
apceHan  feKapcTBEHHbIX — NpenapatoB,  WCMONb3yeMmblx B 370l obnactk,
HeliponaTtuueckan Gonb Mo cBOE PacnpPOCTPaHEHHOCTH WMEET TEHAEHLIMIO K POCTY W
NpesocxoauT auabeT, CEpAEYHOCOYAUCTbIE M OHKONOrM4eckue 3abonesaHnA BmecTe
B3ATbIE.

B aKcnepuMeHTanbHbIX YCNOBMAX U3yyeHa (hapMaKoNorMieckan akTMBHOCTb HOBbIX
CMHTE3UpOBaHHbIX KOpoTkMx nentuaos TAMK v nupornyTaMmHOBOW KUCMOTbI —
nupornyramunlAMK-a, aTunosoro acpmpa nupornyramunlAMK-a 1 nupornytamun
avulAMHK-a, Ha ocHoBe in silico BbIABNEHHBIX NOTEHLMANBHBIX MULLEHEN WX NeACTBUA.
JLOKWHT aHanu3 NpoTeMH-NUraHA BO3MOMHbIX B3AUMOAEHCTEBIIA MeaY UCCNEAYEMBIMM
KOPOTKMMM MEnTMAaMM W KIouesbiMu 3BeHbAmMu cucTembl FAMK - TAMK-B
peuentopom, FAT-1 TpaHCNOPTHbIM 6enkom n TAMK-AT chepmerTom, npepgonpeaenun
uccnepoBaHue LepebpoBacKynApHbIX 3(PGEKTOB M aHANbreTMYECKOW aKTMBHOCTHM
WCCneayeMbIX COBANHEHMIA.

B MOgenu OCTPOTO HapyLUeHWA MO3rOBOrO KPOBOTOKA, BbI3BAHHOTO NEPEBA3KON
npasoii o6leil COHHOW apTepuu (MOCA), ¢ npumeHeHuem MmeTopa nasep-
[ONNNEpOBCKOM hNOYMETPUM  BLIABNEHO, YTO CPEAM WCCNEROBAHHbIX MENTUAOB
uepebpoBackynApHoit akTueHoCTbI0 obnapaet nupornyramunl AMK. Mocne okkntosum
MOCA, korga Habnopanocb CHUMEHUE NOKANLHOrO MO3roBOro KposoToka Ha 36.3%,
BHyTpUGploWKHHOe (B/6) BBEjeHWe ykasaHHoro nentupa B poze 20 mr/ur
CONPOBOKAANOCH YBENUYEHUEM HApYLLEHHOrO NOKaNbHOMO KOPKOBOrO KPOBOTOKA Mo
CPaBHEHMIO € OKKNMO3ueld Ha 78.6%, BoccTaHaBNMBaA UCXOAHBIN YPOBEHb NoKasaTena.

B tecte oueHku Houuuenuui "tail flick" BbiABNEHa aHTMOLMLENTUBHAA aKTMBHOCTb
Kak OTHENbHLIX KOPOTKUX MENTUEOB, Tak M Wx coueTawmii ¢ nperabanuxom (MIB) -
npenapaTom NepBoid NUHUK NeYeHUA HeliponaTyeckoil 6onu. MoHMTOpUHE NATEHTHOTO
BPEMEHM OTAEPrMBaHWA XBOCTa B YKa3aHHOM TecTe MnoKasan, 4YTO BBEAEHWE
nupornyramunlAMK-a B8 gose 20 mr/kr (B/6) cCONpOBOMAAETCA yBENUUYEHWEM
MCCNepyemMoro nokasaTenA, AOCTMIHYB MaKCMMAnbHOro 3HadeHwA Ha 60-i munyTe
JKCMEPUMEHTA,  MPEBbILAA  MOKasaTenb  KoHTponbHOli  rpynnbl  Ha  20%.

AHTUHOUMLENTMBHBIN achcherT aTunosoro achupa nupornytamunl AMK-a passusaetca

19




Heckonbko paHblue (Ha 30-i MuHyTe HabniofeHwa), ocTasanch 6e3 CyLIECTBEHHbIX
coguros Bnnotb o 90- MuHyTbl aKcnepumenTa. [lpn BBEgEHWM nNMpOrnyTamun
oMl AMK-a 6bino 3aperucTpupoBaHo YBENWUYEHUE UCCIEAYEMOrO rokasatena Ha 60-i,
"90-i1 u 120-ii MuHyTax HabnrOAEHWA MO CPaBHEHWMIO C KOHTPONLHOW rpynnoid Ha 17%,
21% 1 25% COOTBETCTBEHHO.

MokasaHo, YTO COYETaHME KAMOOro M3 MCCReayembiX KopoTkux nentupes ¢ MMb
COMpOBOMAAETCA  HE  MPOCTO  CyMMauueil, HO UM MOTEHLMpOBaHMEM
aHTMHOLMUENTUBHOrO [EeWCTBMA NOCNegHero. YCTAHOBNEHHbIW (hakT OTKpbIBaeT
MEPCNeKTUBbI ANA BO3MOXKHOIO CHKeHWA no3bl 17D, a BMecTe ¢ 3TUM M YMEHbLUEHUA
omupaembix nobouHbix athchekToB Npenapata, TakmMx Kak Cefalua.

B mogenu Heiiponatuyeckoii 601U, BbI3BaHHOW XPOHMYECKMM CAABNMBAHMEM
CefanvLLHOro HepBa, BbIABNEHO aHaNbreTU4yecKoe penctene couetaHuii M6 un
KopoTkux nenTupos, B Tecte "hot plate”. ObesBonueatowinii achchext npenapatos
OUEHWBANCA A0 MOAEnMpoBaHuA W uepes 3, 5 u 7 paHeil nocne onepatueHOro
BMELLATENbCTBA MO PALY NMOBELEHYECKUX MOKA3aTeNel, TAKUX KaK YacToTa U NaTeHTHoe
BpEMA OﬁnHéblBaHMﬁ nan W NpbiXKOB MWUBOTHDbIX, @ TaKKeE WX OGLLL&H ABuUratenbHasa
aKTWBHOCTb M NATEHTHOE BPEMA Hadvana [ABuMmeHnid. MOHUTOPUHT  yKasaHHbIX
uHpMKkaTopos 6oneBoro nOBEAEHWA MWBOTHbIX CBWAETENBCTBYET O TOM, 4TO
coyeTaHHoe BBefeHMe wccneayembix kopotkux nentupos ¢ [MB conposaxpaerca

achdpekTa.

BNMMAHKWEM  U3YYaEMbIX

BblpaMeHHbIM  PasBUTUEM aHaNbreTu4ecKoro I'IpmmeHaTeano, 4yTO

nopasneHve Heliponatuueckoid 6o noa COYEeTaHu
COMpPOBOMOAETCA NOBbILIEHWEM 06LLEH ABMraTeNbHON aKTMBHOCTU MMBOTHbLIX, 4TO
yKasblBaeT Ha BO3MOMHOE NpefoTepallieHne cefaumu, xapakTepHoii gna Mrb.
Mopchonornueckumn  MccnepoBaHnAMM B Mogenu Heliponatudeckol  Bonw,
BbI3BAHHOI XPOHUYECKUM CAABNMBAHMEM CEAANMULLHOIO HEPBa, Ha MPUMEpPE 3TUNIOBOTO
achupa
ocobeHHOCTbIO ObICTPOro pasBMTUA aHTUHOUMLeNnTMBOro adderTa, noKasaHo, 4YTo B

nupornytamunl AMK-a, OTNMYalOLLLErocA chapMaKOKMHETUHECKOIA
ycTpaHeHuu HeiiponaTuyeckoid 6onu uccnefyemMbiMM KOPOTHMMMW NENTUAaMU NOMMMO
aHTMHOUMLENTUBHOTO U aHanbreTMYeckoro 3heKToB, 3afeicTBOBaHa Takme M WX
HElpoNpoTEKTOPHAA CNOCOBHOCT.

Takum obpasoM, YCTaHOBMEHHAA  aHTWHOLMUENTUBHAA, aHaNbreTM4ecKas,
HeWpONpOTEKTOPHaA W LepebpoBackynApHaA akTUBHOCTb WCCNEROBAHHbIX MENTUAOB
OTKPbIBAET MEepPCrneKTMBbI pa3paboTkU MOTEHLMaNbHbIX KOPPEKTOPOB HapyLueHuit
MO3roBOro KpoBOCHABMEHWA, @ TaKkMe HOBbIX CPEACTB YNpaBneHWA HeliponaTnyeckoil

6onbio Ha ocHose KopoTKMX nenTuaos FAMK u NUPOrNyTaMUHOBOI KUCNOTI.
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Naira H. Adamyan

NEUROPATHIC PAIN MANAGEMENT BY NEWLY SYNTHESIZED
GABA AND PYROGLUTAMIC ACID SHORT PEPTIDES

Summary

The development of new drugs for the treatment of neuropathic pain remains
an urgent need of medicine, as, despite the wide range of drugs used in this field,
neuropathic pain tends to increase in prevalence and exceeds diabetes mellitus,
cardiovascular and oncological diseases combined.

The pharmacological activity of newly synthesized short peptides
pyroglutamylGABA, pyroglutamylGABA ethyl ester, and pyroglutamyl diGABA was
investigated based on in silico identified potential targets of their action. The
docking analysis of protein-ligand possible interactions between the studied short
peptides and key links of the GABA system - GABA-B receptors, GAT-1 transport
protein, and GABA-AT enzyme, predefined the investigation of cerebrovascular
effects and analgesic activity of the studied compounds.

In a model of impaired cerebral blood flow caused by right common carotid
artery occlusion (rCCAQ), the cerebrovascular activity of pyroglutamylGABA was
revealed in rats among the studied peptides: Thus, after rCCAO, when a decrease
in local cerebral blood flow was manifested by 36.3%, intraperitoneal (i/p)
administration of the mentioned peptide at a dose of 20 mg/kg was accompanied
by an increase in impaired local cortical blood flow by 78.6% compared with the
occlusion value, restoring the initial level of the indicator.

In the "tail flick" test, the antinociceptive activity of individual short peptides,
as well as their combinations with pregabalin (first-line drug for the treatment of
neuropathic pain), was revealed. Monitoring of tail flick latency in the mentioned
test demonstrated that the administration of pyroglutamylGABA at a dose of 20
mg/kg (i/p) was accompanied by an increase in this indicator and reached its
maximum value at the 60th minute of the experiment, exceeding the control group
data by about 20%. The antinociceptive effect of pyroglutamylGABA ethyl ester
was developed earlier (at the 30th minute of observation), remaining without
significant changes until the 90th minute of the experiment, After the
pyroglutamyl diGABA administeration, an increase in the studied indicator was

21



© National Library of Armenia



recorded at the 60th, 90th and 120th minutes of observation by about 17%, 21%
and 25%, respectively, compared with the control group.

It is demonstrated that the combination of each of the studied short peptides
with pregabalin is accompanied not only by summation, but also by potentiation
of the antinociceptive effect of pregabalin. This feature opens up the possibility
for a reduction in the prescribed dose of pregabalin and, at the same time, for
lowering its expected side effects such as sedation.

In the model of neuropathic pain caused by chronic constriction injury (CCl)
of the sciatic nerve, analgesic effect of the combination of individual short peptides
with pregabalin was revealed in the "hot plate” test. The analgesic effect of the
drugs was assessed before modeling and on the 3rd, 5th and 7th days after
surgery, by pain behavior indicators, such as the frequency and latency of animal
paw lickings, frequency and latency of animal jumpings, as well as their locomotor
activity and latency of movements. Monitoring of mentioned indicators showed
that the combined administration of the studied short peptides with pregabalin
developed a pronounced analgesic effect. It is noteworthy that the suppression of
neuropathic pain by studied combinations is accompanied by increased locomotor
activity in animals, which indicates the possible prevention of the sedative side
effect typical for pegabalin.

Morphological studies have shown the possible neuroprotective properties of
short peptides, which was demonstrated by the ability of pGABA ethyl ester (a
peptide with the pharmacokinetic feature of a more rapid development of the
antinociceptive effect) to mitigate the structural changes in the sciatic nerve
caused by chronic constriction injury. The obtained data indicates that the
neuroprotective ability of the studied short peptides could also be involved in the
elimination of neuropathic pain.

Thus, the antinociceptive, analgesic, neuroprotective, and cerebrovascular
activity of the studied peptides was established, which opens up new prospects for
the development of potential correctors of impaired cerebral blood supply, as well
as new agents for neuropathic pain management among short peptides of GABA

£ AfS

and pyroglutamic acid.
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