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Abstract

3

Project Code : MRG4580036

Project Title : Molecular Studies of the Action Mechanism of Corymine, an Alkaloid from
Hunteria zeylanica, Using Receptor Expression in Xenopus oocytes
Investigator : Assistant Professor Dr. Pathama Leewanich Srinakharinwirot University

E-mail Address : pathama@swu.ac.th

Project Period : 2 years (1 July 2002- 30 June 2004)

Previous studies demonstrated that corymine, an indole alkaloid isolated from the
leaves of Hunter zeylanica, dose-dependently inhibited strychnine-sensitive glycine-induced
currents but its effect on glycine binding site of the N-methyl-D-aspartate (NMDA) receptor
have not been identified. This study aimed to evaluate effects of corymine on NR1a/NR2B
NMDA receptors expressed in Xenopus oocytes using the two-electrode voltage clamp
technique. The receptors expressed in oocytes injected with NR1a and NR2B subunit
mRNAs showed pharmacological properties of NMDA receptors. Effects of corymine on

NMDA-induced currents depended on glycine concentrations. Corymine (1-100 LLM) rarely

reduced the NMDA-induced currents at saturated concentration of glycine (10 LLM) but it
dose-dependently potentiated NMDA-induced currents in the presence of Ilow

concentrations of glycine (0.01-0.1 LLIM). The potentiating effect was decreased when the
concentration of glycine was increased. The NMDA-induced currents recorded from
oocytes of day 3 and 4 after RNA injection were significantly potentiated by corymine but
no potentiation was observed from the oocytes of day 6. Corymine potentiation of NMDA-
induced currents in the oocytes of day 3 and 4 was significantly enhanced by spermine and
reversed by the NMDA receptor antagonist AP-5 and the NMDA channel blocker MK801,
but not by the non-specific chloride channel blocker DIDS. There was no correlation in the
magnitudes of NMDA current potentiation effect between corymine and spermine. Taken

together, this study suggests that corymine potentiates the NMDA- induced currents by
interacting with the site different from the spermine binding site.

Keywords : corymine, potentiating effect, NR1a/NR2B NMDA receptor, Xenopus oocyte
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o'nmlunmumwu'n'[ﬂauwnoLﬂummamaauaumnnﬁ'lamn'lumamunnm') il
qnmummiﬂ'lﬂwuaa strychnine-sensitive glycine receptor tmqnwaﬂﬂﬂuuda glycine
binding site naguu NMDA receptor £3lifimifinwnanrnau smdtoeifisailumsdnenms
aangnivasmsladiiudanimiuvasiiswead NMDA TandanfinuwTiawined NMDA
xfiafilsznsLday NR1a/NR2B subunits mzlivmumiagsanniouiuszanud laold
TinudluymiuuuusrassuszivioyalasmsianszusIwindg1is wo-electrode voltage
clamp uammnmwmwwwmasmnmuuu'lﬂnunnnmmu RNA 283 NR1a uaz NR2B
subunits inmauiEnINFINsnliauTiawiaa NMDA fiagluiname flafinwminan
qmruaolﬂauuaanﬂﬁ'mwam-uwma:r NMDA wm'\tmn'uao'[nauwuaunum*mmmm
W3 glycine #lF ladfiu (1-100 wlaslus) m'ham:uw‘lﬂﬂ'lmnﬂmnn‘nmzqmwwma'f
NMDA aaadtRtainiandily giycine 1u1a 10 lulaslua  wdiillanauuinves glycine 89
0.01-0.1 lulnslus)  wuinladfiumlignTuss NMDA Li‘iu'ﬁ'u qn"'lun"n'uﬁun'nﬂ'w'm
woshimwimal NMDA RlildiAeduiulinumnly wuignBues corymine 'nuadnunm
naamnm RNA M W lwlinu Iﬂm.muqn‘i;umnnammmnm RNA 'lﬂwm'm WRINN
uuqnn.mamau 9 -ua‘lumuaummananum spermine fivatllu NMDA modulator
afienils spermine EaNIDIRLNITNIRETLTNINES NMDA Télulainnly vl lal
mupInuda corymine  YhlWiiasuudzwitmaTiuniuues RNA subunits tderlszneudiug
wwinef NMDA Wwlinuansfisnnnimilauyy  mysengnBues corymine Tunsiadunn®
NMDA nnuum'lamu NMDA antagonist afiilu competmve U8: noncompetitive l.l.!ﬂ.ﬂnn
uuum‘m non-specific chloride channel blocker uanmnmﬁmmmmannnwm corymlne
uaz spermine liflaNnufuWUTIN namsﬁnmmnuﬂmmﬁauumm‘n misangnBues
corymine lumafiunstinuvesiiawned NMDA mamnmmi*nmwwmaf NMDA #%9
hunﬂeﬂtmnmamnmuuﬂmanqnmma spermine U8z corymine wezidwlszlumide
gihofifimihauvashawinef NMDA unwias

dman : Tnffiu, NR1a/NR2B subunit, TinudTuyls, massugn® Siswieed NMDA
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1. UNW

1.1 Hunteria zeylanica Ut Corymine

Hunteria zeylanica \UuAvluAszna Apocynaceae (Hooker, 1980-1982; Ridiey
1923) TiseifismIwan indole alkaloids Lﬁua«ﬁl-x:nauagumwﬁﬂua:ﬂ"'wﬁmmﬁ
UANHIINY %uag’ﬁud'mdw 9 Y2IRTUAzUMEININ (Lavaud et al, 1982: Arambewela and
Khuong-Huu,1981)  alkaloids fumsfiionfuss ua:ﬁm'\mi']u‘lﬂﬁtgaﬁa:ﬂwm‘lﬁﬂum
fnelin luadolummiinniy Huntena zeylanica al93inwnlsn (Perry and Metzger,
1980: Whitmore, 1973) dmiuszinalng wu Hunteria zeylanica 1afimanmeals fifaGun
amiasfivwin YNYMINTBE YT Jadnmasilsznaumanivaslunasifanvasdnlai®
wuitdsznaudsdsdsziam indole alkaloid Wa1uYUe (Subhadhirasakul, 1994a; 1994b)
gIananey alkaloids 1ldvndanvasRorReftgnslumssziutae aald uazuddnay
(Reanmongkol, 1994a; 1994b) FIIENAnENY  alkaloid i’t‘!nhﬁqn'{ni:ﬁunuuﬂizmn
§una  corymine duilw indole alkaloid vhenflauazifummen {main compound) o
analdainly (Takayama et al, 1994) ﬁqniﬁiotﬁumiﬁuﬂwaomms:s}'m:uuﬂ'::m'n
(CNS stimulants) vispialuterinages (Leewanich, 1996) u‘iaﬁnmmmanqn'ﬁda‘iww
wasfurnglwliny  Xenopus wiwInda mRNA  Ausnuisnsusinialydundsves
fainesay wuil  corymine mmmﬁug\m‘l'm'la'm‘l.lm strychnine-sensitive glycine
recoptors WR: GABA, receptors (Leewanich, 1997) ua:mnﬂiﬂ"uuuﬂadmmﬁamomi‘z
U839 corymine mwhumicm'lﬁm:aanqnfiia’s'wmnaf*ﬁmaounnshaﬁu (Leewanich,
1998a) flafinwHavBY corymine lumiduds glycine receptors W1i1 corymine Sunu
glycine receptors ARREFAUNKINLA glycine 151118 (Leewanich, 1998b) wsidaldmanTn
ﬂg’iﬁmwmmm pnaMBRusI ey corymine 1§

Tnwnsiseilldmmueiu  (Rednsnslnmasengniues corymine #8 NMDA
receptors \WT1z¥ALIW inotropic receptors L¥WRBITUAY glycine receptors I fiitvas
NMUMINTTRU  (stimulatory  effects) MIvhaMwesTzULzEMEIwNENfAddY NMDA
receptors I umisdimiy giycine 117 1USuuRzB glycine aifmplualumInszquiion
\ea3 (Huettner, 1991) il'T'mna'mazhaﬁmmmi’nm'ls‘fﬁ"wmﬂaanqnfﬂm‘imwmai'ﬁﬁm‘f
fisengnTtitn NMDA receptors man ol 15 s e anusufoulnliniif



AMURANITTULUIZEM 11U Alzheimer's dementia Was Parkinson's disease ({ueiu (Muller
et al, 1995; Johnson et al, 1993; Rogawski, 1993) m'ﬁaanqn%ﬁ‘m?t‘nwmafmé'ld‘
Usznaudsmiifilasieamaeivanuansen umfiiums alkaloids @28 sunsnii
AMFUUAMIAFTINEwananula i nalnniseangn® ﬂ'rmv.m'lun'naannnff
Usrinimwlunisinenlie uasmsifieemisthades diuwdu  madidiasainlasaoms
wilypsoniuaimuanuaani@anunasing (Mathison et al, 1995) TassePamaaiif
uandanuesilienaansoduussiindjnisndeliownaofudazslialadaiu (Mehta and
Ticku, 1999; Yamakura and Shimoji, 1999) ﬁ":ﬂmqi{ mMIntisriievadTirninafuasSianw
Lapiting (subtypes) TsarduanusmanInlumisengnivesruindarimua

1.2 Receptor expression in Xenopus oocytes
- ry | - - Cal ol (% o~ o oo [ 1.01'-' Fr Y B |
sl ATMTIRNEMAinmmaaiiiioteaaui®iisia ansuvesntaiiiu 2 3% fe
msfnsfivniuFenmeeadifitie wiafiGuni in vivo study uszmIfinsfivhlunaae
- A A \ o dodo ' . .
nanad lasupnisaawiafioiavdivtasdmiliiieanuaaninfinun (Funin in vito study
r 5. . = » B Y J - J ]
mavslumandinenisuideadin  dedsamiinsmafiiiasnnissangnivaisnee
. L - = w . . . - ) vl o da & 1
FINENITSULATARIANMIMIL in vivo usilladasnisdansiiaynenuthlaffiiatulu
szauigRanIalaana §afNMULY in vito  IWTENIANENULY in vivo ezliimannld
fmaevldfanuwiinnniumerasiiliiie  leowwizluauuazdad  Inalnauqunis
' ' & - - . y -~ [
Maunwihased  wianwiafiodls wismwineruudng  Feduuszin  uszlianu
aaudutan MIANELLY in vito TWATMIANIAILMLNzEY IWTIzmun TR anTRdnTe
& 4 . - - = ¥ - e W v a A& &
Walialawzimasnindinm e  lumsdansunalnaivaufidudounniassviafiada
L] d
suduaanly
- & - L . ¢ oo -
mIannalnmisengnivasnfsengniriwiowiaed  uningieaadlaweneny
- - Y - o " 4 - W -
anesmAaienuthlefianalnmisangnivassineril Taonsfadunitmsuas
- 1 - d o e - - [V - s & P 4 R R
imnfiada glumsfinen  imafiafillagimuiniiotesnumsatuiiovaails (tissue slice)
X ¥ x4
miuaastdeaiisibe (membrane homogenate) URzNIIWIELRBILUBLED (tissue culture) %\1
ihunafianmiuafiuezaisfinet  mafleamandinofinsfisulsduan &8 msldans
[ 2 J L o hod [] [ o] -~ ]
H§ efinmniduiusswineeuRiawasy (radioligand - binding assay) inefinmanils
J !‘- W - [ ¥ -. - Gr - ] A
Toiy  Aenafldunasildduiuiiudnngnaififeduddluiome  Wessnninsed
. 4] & o P - - - -
ginn waotuaew Mlkliaidamaniunaoenwllld  wninsnmanidldweneiuda
- - - N P [ .| ' -~
aunitnsuaznailaluig Alidudauuasfinnuvindadasnni  Guanludl 1971 Tee
s o [ Y ] J [ ] |
Uninganaaita John Gurdon uazifauiiuduvadyy (Gurdon et al, 1971) sunuinla



UBINU Xenopus lasvis MANTOFILATIZHILTARN RNA vosdiddarfiadufidaninlulule
loUmeduled  nsdunvildudayefuguiidydslummanlaunuiddomandsine
twTzaaulnll 1982 Miledi uazianiinawuansn (Miledi et al, 1982) TeRgniliiAuin
Thivainu Xenopus laevis fummmﬁ'amﬂ:ﬂﬂsﬁuﬁLflu?wwmaﬁmm'lunaju GABA,
(gamma- aminobutyric acid) iffoda mRNA fugnariaunen optic lobe vl sthilu
mmzidwwaafaulngihhsfwiuimulsnoufigdy  dninmmaaimlandslaly
anumiledainafiniinuetisunn vilidauwuimwensin GABA usa Hilifiawaaivessn
snmwapriiedi livesnurieiimansofouamedle il'ua:"iﬁ'uunﬁaﬁmﬂaa mRNA 1y m3lE
mRNA fianaldensussnasnuniadainasas 1iu ny Tinurfieflazmansaduemzision
\wasuanlunga GABA, glycine, giutamate uat kainate 1@ n13lT mRNA Aldnludu
wasvasFa TN Iimunsofuansiiionneives NMDA (N-methyl-D-aspartate)  UR:
glycine & uanmm‘{ﬁ'n‘iﬁ'uﬁ'awuiﬁ'wwma%’ﬁlﬁﬂ'ﬁ'umnhinumﬁﬂﬁﬁqmﬁnumua:ﬁw
“ﬁwﬁ'ld’ﬂé'wﬁu‘s'wwmafﬁﬁagluﬁomn ua:tﬂuﬁuau":'u'hia:‘;a?i'ls‘\'mnn'nﬁnm'[ﬂuh'f
mafinvaslinuiimunninluefunnnngnisoidng  fiiedusieivdioweniluionie
14 (Soreq and Seiman, 1992)

Tumandringn inaunuisTiswesfoaniilusiedn 9 lalaslfanuuandrs
lumsssusuasdemifidiudanszdumarnuadiswaas wiafionia agonist uazansd
FmifidaranahausaFiowaes wisGunit antagonist sarin luminasauithan
waffiRedululinuiaumnifmiaviiowasffneduluiunionioll uanilusdeole 7
santarldlasldmsfidiu agonist uaz antagonist meiKITusMaRaY (Tw MINARBL
NMIFATIERIITWRe 199 NMDA ‘iwwma{ﬁ'lﬁ'v:ﬁ'agnns:e}'umsﬁnnu‘lﬁ'ﬁ‘:ua'nﬁl.ﬂu
agonist Y93 A giutamate w38 NMDA ua: glycine gmﬁuqnﬁi‘ia'lﬁ'i‘mﬁ'umﬁtﬂu
modulator N§Y polyamine ua:gnﬁ’u:‘?’o'lﬁ'ﬁ'mmsﬁtﬂu antagonist fia AP-5 uaz MK-801
Faunngnmaaffiietuninueiiiieiwsieiusionnafuss NMDA "r‘lﬁ'luﬁ"lﬁag;'lumaa

2. Ai5n1INAany

2.1 MIATLY corymine

corymine uazmififilasaiunaniieds  corymine lSUmen  Professor
Hiromitsu Takayama (Faculty of Pharmaceutical Sciences, Chiba University) corymine an
\38u9NluBs  Hunteria zeylanica 1oy Htusaunmme3vuleshe as 111'luum1m



' Hunteria zeylanica 3368 25 % ammonium hydroxide \ilutian 24 Flug wHIINAY
Wanafiaeae methanol usz chloroform anudneu nisenfissmswkameldanududud
M IANANEIU  chloroform  aueneialasly column chromatography w"ls‘fmm%qn‘{
corymine aanunltianmeasalniinisivy

2.2 da-inaaag
ol (Y - PR PP, - as
nuAlHlulasomsilledun nuWus Xenopus faevis inenflefiliturnifinananswim
- r g el e - e Y - tam ol
16 gnibhawnidssludnmniosfiudawiedsznm 1x05 was lukesdfidmsfinrung

- o -~ al . - ) -
gunpiidmaTastiuema 7 18 + 1 asmusadon ua:muquummmﬂunmmummf
i‘lﬂ-tﬂﬂé’ﬂ'[uﬁﬁnﬂ 12 Flue Tasdmuaiiuasaitolutiasszning 7-19 wiRnn e
e ¢ = o . - o - .- & -
Aldiasaivemiadiadmivifoalangn Tasldemmadada: 2-3 a51 uazvieuazen
v -" [ '3 & Y =
valfpIrteasaTIviaauaNdIiu

2.3 n1siasealdnu
ﬁﬂnuuﬂﬁﬁlﬁ'ﬂau'[ﬂunwsjum'luﬂmiaﬂ::mm 5 wWIfl WA YINITHIMRY aImuTg
LY ] J [ el - & = r Y L 7
vz 1 gy, dasuiiuiildeanuyszua 1 gu uaafuunatiaaolvuazais it
e » : A l\l o » ] L W
nunau‘iﬂ'li‘l.umaLammawu;s‘l'ﬁnm Ynnsusn'liudazWasaananniues  fine forceps
IA IJ L) -l 1]
\Renlifidnesan i ldifdanwanysallyldlu buffer Aifiiwlea collagenase Yinnsiutin
1 Lo o vn'- J [ " [l [] l-' [] J
walildulodvineuldnatia collagen Miuldagezgnisusapaanly §anlifiagluszuzf
5 nie 6 1 wmiuia RNA

2.4 N1SLAI8N RNA

RNA 283 NR1a usz NR2B NMDA subunits nniaunsin cDNA fildsuunsin
Professor Kazuei |garashi (Graduate school of Pharmaceutical Sciences, Chiba University)
#aum3 translocation 1911Ulw DH5alpha E. coli us‘f'm'lnﬂnl.un'lﬁu"‘sqnfe‘n"m Miniprep kits
(Quigen” ) %1 DNA #ilduédadn restriction enzymes uas¥innsdaaTe WS RNA Tag

w, . . s . . @ s [ > o w
14 in vitro transcription kit (Ambion~ ) thasazait RNA anasmslwiinaw udniulsv —so
asrnaleaauniiecly

2.5 m3aa RNA 17 IfTuldnu

A L -l o [ Lo [
1 RNA Aldundath lwlinuludamdauans NR1a - NR2B = 1 : 4 Tapls
microinjector 13ana7 25 wiluGas dadhluessdoafidulalodseduvesld Soas=ds



Liliiinsuwitlou RNase winila#dAlelyutlu buffer ua:u.ﬁu'l'i‘luﬂ:auﬁqmnqﬂ 18 23

walfomnasali e luseuwiiduiionead vninuapu buffer nniu uasiRonlen
({®uwbaan

[
2.6 nisiiutioya

wiynfulalilugaule 2 Ju it ldeareseuidinsfuersifionneffidainis
wiali Taelfindesfiafiunin two-electrode vottage clamp #ailsznauday electrode 2 &7 UTTY
@ KCl Tﬂuﬁ"mﬁaéw%'m.i‘]uﬁ":ﬂsiaun‘s:ua'lﬂﬂ'un‘hijwaﬁtﬁamuqumwci'wﬁ‘nﬁmu'lm'nna'
Wasi A —60 mv uszBndmibidmivianszualwimelusadussliny  msamesauns
Umnguas NMDA Sigwiaad vilasldmsiassiu NMDA 30 UM $aumiu glycine 10 UM wuae
m'lﬂ'lu'l-jinuﬁuémﬁms'{‘w Mgz'-free MBS solution {modified Barth's solution: 88 mM NaCl, 1
mM KCI, 0.41 mM CaCl,, 0.33 mM Ca(NQO3),;, 2.4 mM NaHCO,, 7.5 mM Tris-(hydroxymethyl!)

P % ’ - % [y
aminomethane, pH 7.6). @alsznaudsmanniidn 9 fs mMilmauaaaenvaddioniasiezle
NTAMINALUTINGMUTINITAMINLAATTS

3. HanIIMaaad

3.1 nMmasavamanlANINdninu1mas NMDA receptor flilsang

afinwd NMDA receptor '?iﬂﬂnguu'l-linui'lqmauﬁmamﬁ‘n’mmmﬁau NMDA
receptor ﬁﬁag'luhamw?a'lai Tevintidulaonsla Mg” -free MBS solution 713l NMDA uaz
glycine wuagasli/lu chamber Fiﬁ'hinm'wag: ufnmaiufinu§iteafiiiedu nenmsido
wuin

1) m3l& NMDA ua: glycine adluluansazasfindaideslinuy Mlvifiansnsoutin
uheanvaInszualWimelulinu  (NMDA-induced  current)  @amansodasananiiin
downward defection ilp clamp wadveIlInUIA 120 B9 -20 mV ussdnEmMENIUEIWRAT
finduszi/dumilu upward defection 1iie clamp # +20 mV &3 +100 mV (@Ufl 1)

2) mIl¥ NMDA 1wed1s 9 ssilviSunanrzudlwihfiAedualfowllarwanu
(duduves NMDA AlY (dose-dependent) ATyt uLas NMDA fivniwiinnsnsuauaaniiu
n"‘smﬁwmmwaummgaqﬂ (EDsp) fifinszanmu 50 UM qﬂ'ﬁ 2)
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;nl'?; 1. WA®A3 reverse potential 183 NMDA receptors
A) 1w tracing uFAINTITMAVAURIVEY NMDA receptor #a NMDA Lﬁahinugn clamp @286
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1w control. uaaITayad21s mean + SEM., n =2 X
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. d' r J L*) Q‘; L7 dﬂ L d' =
3) NMDA-induced current ﬂLﬂﬂﬁummmgﬂuuU:.lvl.mua'lmm'mmu NMDA receptor

competitive antagonist (AP5) Wa: NMDA receptor channel /noncompetitive blocker (MK-801) LAz
andaaiuldiflalwansfiilu NMDA receptor modulator (spermine) (FUA 3)

3.2 qngﬂao corymine @8 NMDA-induced current

3.21 corymine il'ut'l‘:o NMDA-induced current
Wafinw1i1 corymine ®wAInEUS) NMDA-induced current law3alai NMDA
2u1@ 30 w3a 100 UM il glycine TuIA 10 UM Nauaggmﬁan'l-ﬁ'tﬂumﬁ'uﬁu elw
corymine 30 UM wiauriu NMDA 100 LM wuin corymine lig&ansnaa NMDA-induced
current 1#  nmifiu corymine tfu 100 UM uNINAA NMDA-induced current #Lfigen
NMDA 100 UM léidndas  luniessiudia corymine 100 UM vl¥ NMDA-induced
current  tRuiwdialvniousn ussaaaslumslvnfifiaas Lfia'tﬁ"ﬁ"\sia‘lﬂﬁna:Lﬁuﬂ'nuga
299 NMDA-induced current fiag § WUNSLA (gﬂ'ﬁ 4) \danemaumTduiidlasirhamand
A&t corymine leWr dihydrocorymine (no 1), pleiocarpamine (no 2), (+)-isoburnamine {no
3), pleiomutinine (no 4), hunterioside (no 5) Wat strictosidinic acid (no 6) Turuia 100 UM
WU A ITRaNaaI A WHand 8Ny corymine wm:ﬁm'smmg'm NMDA receptor competitive
antagonist (AP5), NMDA receptor channel /noncompetitive blocker (MK-801) W&t non-

specific chloride channel blocker DIDS livihlWifiauTingnisnidonss (31]‘?; 5, 6)
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Abstract

Previous studies démonstrated that coryming, an indole alkaloid isolated from the
leaves ot Huwmrer zeviunica. dose-depenidently inhibited strychnine-sensitive glycine-
duced. currerits but its effeet on glycine binding site of the N-methyl-D-aspartate
(NMDA) receptor have not been identified. This study aimed to evaluate effects of

coryming on NR1a/N]

2B NMDA receptors expressed in. Xenopus-oocytes using the two-
electrode vohage clamp technigue. Effects of corymine on NMDA-induced turrents
depended on glyeine concentrations. Corymine (10-100 uM) dose-dependently
potentiaied NAIDA-induced currents in the ‘presence of low concentrations ‘of glycine
(00101 pdD. The potentiating effect was decreased when examined at high
congentrations (1-10 uM) of glycine, The NMDA-induced currents recorded frori
oocytes of day 3 and 4 after RNA injection were significantly poteritiated by corymine
but no potentiation was observed from. the oocytes of day 6. Corymine’ potentiation of
NMDA-induced currents in the oocytes of day 3 and 4 was significantly enhanced by
spermine and reversed, by the NMDA receptor antagonist AP-5 and the NMDA channel

blocker K1K801, but not by the non-specific chloride channel blocker DIDS. There was

urrént potentiation effect between corymine
and spermine. Taken together, this study suggests that corymine potentiates the NMDA-

induced currents by intéracting with the site-different from the spermine binding site;

Keywords: corymine, pofentiating effect; NR1a/NR2B NMDA receptor, Xenopus oocyte



|. Introduction

Corymine is an indole alkaloid isolated from the leaves of Hunteria zeylanica , a
plant native to Thailand. We previously demonstrated that this alkaloid potentiated the
convulsions induced by strychnine, a competitive glycinc receptor antagonist, and
picrotoxin, a non-competitive y-aminobutyric acid (GABA) receptor antagonist, in mice
(Leewanich, 1996). Morcover, in previous electrophysiological studies using a Xenopus
oocyte receptor expression model we have found that corymine inhibits preferentially
strychnine-sensitive glycine receptor function rather than GABA receptor function,
suggesting that blockade of strychnine-sensitive glycine receptors mainly contributes to
the convulsion potentiating effect of this alkaloid (Leewanich, 1997; 1998).

Glycine acts as an inhibitory neurotransmitter for strychnine-sensitive glycine
receptors in the spinal cord and as a co-agonist on strychnine-insensitive glycine binding
site of the N-methyl-D-aspaptate (NMDA) receptor. Evidence indicates that intrathecal
administration of glycine enhances, rather than inhibits, strychnine- and NMDA -induced
convulsions by acting on the strychnine-insensitive glycine binding site of NMDA
receptors (Larson, 1988). Thus, it is likely that the seizure-potentiating effect of
corymine in the animal model may involve activation of the NMDA receptor.

NMDA receptor plays important roles in the pathologies of the central nervous
system (CNS) and is a target for several therapeutic agents, including NMDA agonists,
antagonists and modulators (Heresco-Levy et al., 2002; Koch, 2004; Schwartz, 1996:
Tamminga, 1998; Watkins, 1994; William, 2001). Three NMDA receptor subunit
families (NR1a-h, NR2A-D and NR3A-B) have been identified (Dingledine et al., 1999;

Monyer et al., 1992). Native NMDA receptors in the mammalian CNS are thought to



consist of tetrameric, heterooligomeric assemblies of NR1, which possesses the glycine
binding site and mandates channel activity, and NR2 subunits, which possesses glutamate
binding site and modulates functional and pharmacological properties of the NMDA-
gated channel (Hirai et al., 1996; Ishii et al., 1993; Laube et al., 1998; Monaghan and
Larsen, 1997). Evidence indicates that different subunit combinations (or “subtypes™)
have distinct biophysical and pharmacological characteristics (Hollmann and Heinemann,
1994; Priestley et al., 1995; Williams, 1993; Woodward et al., 1995), yvielding potential
for the development of NMDA receptor subtype-selective therapeutic agents (Williams,
1993). Of the NMDA receptor subunits, the NR2B subunit is particularly interesting
because it is involved in several CNS pathologies including acute and chronic pain,

stroke and head trauma, drug-induced dyskinesias, and dementia in Alzheimers disease

and Parkinson’s disease {Blanchet et al., 1999; Chazot, 2004; Myhrer, 1998; Tang et al.,
2001).

To further clarify the mechanism underlying the seizure-potentiating effect of
corymine, in this study we investigated using a receptor expression model of Xenopus

oocytes whether corymine can modulate the functions of NR1a/NR2B NMDA receptor.

2. Materials and Methods
2.1 NRI!a/NR2B RNA preparation
cDNA clones for NRla and NR2B were kindly provided by Dr. K. Igarashi
(Faculty of pharmaceutical Sciences, Chiba University). The circular cDNAs were

linearized with Notl (NR1a) or EcoRI (NR2B) and transcripted into cRNAs in vitro



with T7 (NR1a) or T3 (NR2B) RNA polymerase using a mMessage mMachine
transcription kit (Ambion, Austin, TX, USA). NRla and NR2B cRNAs were diluted

with nuclease free water to = 0.5 pg/ul of each and were mixed at a ratio of 1:4 before

injection.

2.2. Qocyte injection

Nenopus laevis (Xenopus express, Cape, South Africa) were anesthetized in ice-
waler and a lobe of the ovary was removed and placed in sterile modified Barth’s
solution (MBS: 88 mM NaCl, 1 mM KClI, 0.41 mM CaCl;, 0.33 mM Ca(NOs),, 0.82
mM MgSO,. 2.4 mM NaHCO;, 7.5 mM Tris-(hydroxymethyl) aminomethane, pH
7.6). Oocytes were then isolated manually and defolliculated by incubation in 1.5
mg/ml collagenase (type 1A, Sigma, MO, USA) at 19°C for 1 h in calcium-free MBS
solution. cRNA mixture were injected into oocytes, stage V-VI, (27.6 nl) with a
microinjector (Drummond, USA). For expression, the oocytes were incubated in MBS

containing 2.5 units/ml penicillin and 2.5 mg/ml streptomycin at 18°C.

2.3. Electrophysiological recording
Responses to NMDA were recorded using a two-electrode voltage-clamp
amplifier (GeneClamp S00B, Axon Instrument, Foster City, CA, USA) at a holding
potential of .60 mV unless noted otherwise. Electrodes were filled with 3 M KCl and
had resistances of 0.5-5 MQ. Oocytes were positioned in a 50 pul chamber and

continuously perfused with Mg“-free MBS solution at 1 ml/min at room temperature.



The drugs were applied until a plateau or peak of the response was observed. Data
were recorded simultaneously on a computer hard disk. The washout period for
recovery was 3-5 min, depending on the concentration of drugs applied. Most data
was expressed as mean + S.E.M. For statistical analysis, data were subjected to an
unpaired r-test using Sigma Stat® (ver3.0) program. EDs values and correlation

coefficients for curve fitting were determined using Prism® (ver2.0) program.

2.4. Compounds

Corymine used in this study was isolated from the leaves of Hunteria zeylanica as
previously described (Leewanich, 1997). N-Methyl-D-aspartate (NMDA), glycine,
(5R,108)-(+)-5-methyl-10,11-dihydro-5H-dibenzo[a.d]cyclohepten-5,10-imine (MK801),
4,4 diisothiocyano stilbene-2,2-disulfonoc acid (DIDS) and spermine were from Sigma
(St. Louis, MO, USA), 2-Amino-5-phosphonopentanone (D-APS5) was from Tocris (MO,
USA). In the experiment, corymine was dissolved in dimethylsulfoxide (DMSO) to final
DMSO concentrations (< 0.1 %) that induced no change in membrane current on its own

and which had no effect on NMDA-induced currents in control experiments (Blank et al.,
1997).

3. Results

3L Pharmacological properties of the expressed NMDA receptors
We first characterized the pharmacological properties of the expressed NMDA

Teceptors. Bath application of NMDA containing saturated concentration of glycine (10




uM) to oocytes injected with NRla and NR2B ¢RNAs elicited inward currents at clamp
potentials of —~100 to ~20 mV and outward currents at those of +20 to +100 mV (Fig. 1A).
A concentration-response curve for NMDA was made at a clamp potential of —~60 mV.
The EDso value was 54 £ 12.2 uM (Fig. 1B). In further experiments, we used 30 uM
NMDA plus 10 pM glycine. as a control (unless specified elsewhere).

The responses elicited by 30 uyM NMDA plus 10 uM glycine were dose-
dependently reduced by the competitive antagonist AP5 (Fig. 1C) and the noncompetitive
antagonist MK801 (Fig. 1D). Spermine (100 uM), a NMDA modulator, enhanced

NMDA response at glvcine concentration of 0.1 pM but not of 1 and 10 uM (Fig. 1E).

2.3. Potentiating effect of corymine on the expressed NMDA receptors depended on
glycine concentration

To investigate the effect of corymine on the expressed NMDA receptors, oocytes
were applied with 30 uM NMDA plus various concentrations of glycine (0.01 —10 pM)
in the presence and absence of 100 pM corymine. Corymine remarkably potentiated
NMDA responses at low concentrations of glycine (0.01-0.1 uM) but had less or no
effect at high concentrations of glycine (1-10 pM) (Fig. 2). The NMDA responses-
potentiating effect of corymine disappeared easily after washing out by infusion buffer
(Fig. 2A). The potentiating effect of corymine did not occur in all of cocytes that showed
NMDA responses. Percentages of oocytes in which the NMDA response was potentiated
by corymine application were 100 (4 of 4), 56 (22 of 39), 54 (7 of 13) and 17 (8 of 46) %
when examined in the presence of 0.01, 0.1, 1 and 10 uM glycine, respectively. When

corymine at 10-100 uM was tested, the potentiating effect was dose-dependent (Fig. 3).



3.3 Potentiating effect of corymine on the expressed NMDA receptors depended on day
after cRNA injection

To clarify a factor that influences the variation of corymine effect on the NMDA
response in oocytes, the potentiating effect of corymine was elucidated at day 2 to day 6
after cRNA injection into oocytes. When applied with 30 pM NMDA plus 0.01 or
0.1uM glycine, corymine pronouncedly potentiated NMDA response in oocytes recorded
at day 3 after cRNA injection. However. the extent of potentiation by corymine was
gradually decreased until day 6 (Fig. 4A). Percentages of oocytes that showed corymine—
induced potentiation of NMDA currents were 0 (0 of 3). 100 (5 of 5), 71 (12 of 17), 40 (4
of 10) and 20 (1 of 5) % at days 2, 3. 4, 5 and 6 after cRNA injection, respectively. When
10 uM glycine was used, the potentiation by coryminc was rarely observed in neither day
(data not shown). Corymine (1-100 uM) hardly potentiated NMDA responses in oocytes
recorded at day 6 after cRNA injection, while spermine, a NMDA modulator, remarkably
potentiated the NMDA response (Fig. 4B). Percentages of oocytes that gave the NMDA
responses more than control were 0 (0 of 5), 0 (0 of 5), 20 (1 of 5) and 100 (5 of 5) for

corymine 1, 10, 100 uM and spermine, respectively.

34 Potemi‘a!ing effect of corymine on the expressed NMDA receptors was enhanced by
Spermine and antagonized by AP5 and MK801

To study a possible mechanism by which corymine potentiates the NMDA
currents, the effects of spermine (a NMDA modulator) and other antagonists (APS,
MK801 and DIDS) on corymine potentiation were examined. After NMDA response

was potentiated by 100 M corymine, either spermine (100 uM), APS5 (10 uM), MK3801



(100 pM) or DIDS (100 uM) was co-applied and the changes of NMDA response were
observed. Simultaneous application of corymine and spermine to oocytes caused a
significant increase of the NMDA responses when compared to that of corymine alone
(Fig. 5A, B). In contrast, the effect of corymine was significantly decreased by co-
application of AP5 and MK 801, but not by DIDS. A linear regression analysis revealed a
correlation coefficient of 0.5251 between the magnitudes of the potentiating effects of

corymine and spermine (Fig. 5C).

4. Discussion

The present study has demonstrated that corymine can potentiate NMDA receptor
function in the presence of low glycine concentrations in Xenopus oocyte injected with
NRla and NR2B cRNAs. Data suggested that the potentiating effect is mediated by
corymine interaction with the site which may be different from a spermine-binding site
on the NMDA receptors.

In this study, we found that corymine did not activate the NMDA receptor
channel in the absence of glycine (data not shown). In contrast, corymine enhanced
NMDA-induced current responses in the presence of low glycine concentrations (<0.1
‘M), indicating that corymine can positively modulate the NMDA receptor function and
that the effect is dependent on the presence of glycine. It is generally estimated that
glycine concentration in the synaptic cleft of glutamatergic synapses is lower than the Kp
value (100 - 500 nM) of glycine for high affinity glycine binding site on the NMDA
receptor (Buller et al., 1994; Kew, 1998; Priestley et al., 1995; Supplisson and Bergman,



1997, Wilcox. 1996). Taken these findings together, it is likely that corymine can

enhance little current responses of NMDA receptors at low extracellular glycine
concentrations.

The glycine-dependent action of this alkaloid is quite similar to the action of
spermine on the NMDA receptor mediated response (Benveniste and Mayer, 1993;
Durand et al., 1993; Durand et al., 1992; Masuko et al., 1999). This allow us to infer that
corymine, like spermine, may potentiate the NMDA response by increasing the affinity of
glycine for the glycine site on the NMDA receptor (Benveniste and Mayer, 1993;
McGurk et al., 1990; Zhang et al.. 1994). However. corymine did not show the NMDA
response-potentiating effect in every oocvte during the experiment period, while
spermine potentiation of the NMDA response was invariably observed in every cell (data
not shown). Moreover, it is of interest to note that combination of corymine and
spermine potentiated the NMDA receptor-mediated current response in oocytes in an
additive manner and there is not a good correlation between magnitudes of corymine and
spermine effects. Together, these findings suggest that corymine and spermine do not
share the same binding site involved in positive modulation of the NMDA receptor
function.

The reason for the cell-to-cell and day-by-day variability of corymine-induced
Potentiation of the NMDA response is unclear. It may be due to a difference in the
¢xpression between NMDA receptor subunit compositions, NRla and NR2B, with
different sensitivities to corymine in Xenopus oocytes, 1.., corymine-sensitive and -
insensitive NMDA receptor subunit compositions. The corymine-sensitive NMDA

Teceptor subunit complexes may be not expressed to the same extent in all cells injected

10



with NMDA receptor subunit cRNAs or not stable enough to show the potentiating effect
of corymine during the experiment period of 5-6 days after injecting NMDA subunit
cRNAs. In this study, each oocyte received cRNAs of NRla and NR2B subunits at a
ratio of 1:4 to avoid NR 1a homomer formation (Kleckner et al., 1999). However, we can
not exclude the possibility that the NRla or NR2B homomers, or both are generated
(Garcia-Gallo et al., 2001; Mcllhinney, 2003) since spermine reportedly potentiates the
function of NMDA receptors consisting of NR1 homomer and NR1/NR2B heteromers
(Benveniste and Mayer, 1993; McGurk et al., 1990; Zhang et al., 1994). Thus, it can be
inferred that the corymine-sensitive NMDA receptors expressed in the oocytes may be
either the NR1a homomer or the NR1/NR2B heteromer.

The exact mechanism by which corymine potenitates the NMDA receptor-
mediated current response in Xenopus oocytes remains unclear, but there is a possibility
that corymine apparently potentiated the NMDA receptor function in Xenopus oocytes by
activating Ca®’-dependent CI” channel since NMDA-induced increase in intracellular
Ca® likely induces CI" curmrents via Ca?’-dependent Cl” channels which are natively
expressed on the oocyte membrane (Leonard, 1990; Miledi and Parker, 1984; Weber et
al., 1995a; b). However, in this study the potentiating effect of corymine on NMDA-
induced current was not affected by DIDS, a non-specific chloride channel blocker,
Suggesting that Ca2+-dependent CI” channel activation is not involved in the effect of
corymine on the NMDA receptor function.

Evidence indicates that the NR1a/NR2B NMDA receptor is involved in learning
and memory (T. ang et al., 2001). Moreover, psychiatric disorders such as schizophrenia

@ppear to implicate the NMDA receptor hypofunction (Javitt, 1994; Mohn et al., 1999;

11



Olney and Farber, 1995). Thus, the potentiation of NMDA receptor-mediated responses
by corymine may be beneficial for the treatment of these diseases which involve NMDA
receptor dysfunction.

In conclusion, this study suggests the potentiating effect of corymine on the
NMDA-induced currents at low glycine concentrations probably via the site different
from the spermine-binding site of NMDA receptors. The positive modulatory action of
corymine against the NMDA receptor function is likely involved in corymine potentiation
of strychnine- and picrotoxin-induced convulsion in mice. = However, further
investigation is needed to better understand the mechanism underlying corymine

potentiation of the NMDA receptor function.
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Figure chc?ds

Fig. 1. Pharmacological properties of the NMDA receptor expressed in Xenopus
oocytes injected with NR1a and NR2B cRNAs. A) Tracings and I-V relationship show
reverse potential of NMDA-induced currents at around 0 mV in an oocyte applied with
30 uM NMDA plus 10 uM glycine at various clamp potentials. B) A dose-response
curve of NMDA relative to the maximal response elicited by 300 tM NMDA. C) Dose-
dependent inhibition of 30 pM NMDA (plus 10 uM glycine)-induced currents by APS5.
Each data represents the mean £ S.EM. from 2-4 oocytes. D) Dose-dependent
inhibition of 30 uM NMDA (plus 10 pM glycine)-induced currents by MK801. Each
data represents the mean + S.E.M. from 4 oocytes. E) Potentiation of 30 uM NMDA
(plus 10 HM glycine)-induced currents by 100 pM spermine at various glycine

concentrations. Each data represents the mean = S.E.M. from 4-10 oocytes.

Fig. 2. Potentiating effect of corymine on the NMDA receptor expressed in Xenopus
oocytes injected with NRla and NR2B cRNAs depends on glycine concentration.
Oocytes were applied with 30 uM NMDA plus various concentrations of glycine (0.01-
10 uM) in the presence and absence of 100 uM corymine. A) Tracings from oocytes
show potentiating effect of corymine in various concentrations of glycine. B) Data are
expressed as percentages of control NMDA response. Each column shows the mean +
S.E.M. and each open circle shows data from individual oocytes. The number in each
parenthesis indicates number of cocytes that give response higher than control to

number of tested oocytes.



Fig. 3 Poter?tiating effect of corymine on the expressed NMDA receptor in Xenopus
oocytes injected with NR1a and NR2B cRNAs was dose-dependent. Corymine (10-100
uM) dose-dependently potentiated NMDA response at 0.01 uM glycine on day 4. Data
are expressed as the mean =+ S.E.M. of percentages of control NMDA response from 4

oocytes.

Fig. 4. Potentiating effect of corymine on the expressed NMDA receptor in Xenopus
oocytes injected with NRla and NR2B cRNAs depended on time after cRNA injection.
A) Potentiating effect of corymine was followed from day 2 to day 6 after RNA
injection. QOocytes were applied with 30 uM NMDA plus 0.1 uM glycine in the
presence and absence of 100 uM corymine. Data are expressed as mean = S.E.M. of
percentages of control NMDA response from 3-17 oocytes.*, p < 0.05 and **, p <
0.005. B) Effect of corymine (1-100 uM) and spermine (100 pM) on NMDA response
at 0.1 uM glycine on day 6. Data are expressed as the mean * S.E.M. of percentages of
control NMDA response from 5 oocytes. *, p < 0.05 and **, p < 0.005. The number in
each parenthesis indicates number of oocytes that give response higher than control to

number of tested cocytes.

Fig. S. Effects of spermine, AP5, MK801, and DIDS on corymine-induced potentiation
of NMDA currents in Xenopus oocytes injected with NR1a and NR2B cRNAs. Currents
were elicited by application of 30 yM NMDA plus 0.1 pM glycine in the presence and
absence of test drugs. After the NMDA currents were potentiated by corymine (CO, 100
uM), cither spermine (SP, 100 uM), AP5 (AP, 10 uM), MK801 (MK, 100 uM) or DIDS

(100 pM) was co-applied with. A) Tracings from an oocyte show additive effect by



spermine and inhibitory effect by AP5 and MK801. B) Percentages of control NMDA
response are expressed as the mean + S.E.M. from 3-4 oocytes. *, p < 0.05 and **, p <

0.005. C) Correlation between the extents of potentiation caused by corymine and

spermine. Data were obtained from 24 different oocytes. Each point indicates the data

from individual oocytes.
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