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—Abstract )

Modulation of Bujaijung-tang and Bojungikgi-tang on Inhibitory
and Excitatory Neurotransmitters Activated Ion Channels
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To research the characteristics of ion currents induced by Bujaijung-tang and Bojungikgi-tang,
nystatin-perforated patch clamp technique under voltage-clamp condition was used. Periaqueductal gray
neuron was dissociated from Sprauge-Dawley rat, 10-15 days old. Cytotoxicity of Bujaijung-tang and
Bojungikgi-tang showed incubation time and concentration dependent manner. lon current activated by
Bujaijung-tang and Bojungikgi-tang were inhibited by bicuculline and strychnine and CNQX. It can be
suggested that Bujaijung-tang and Bojungikgi-tang modulate inhibitory and excitatory neurotransmitters-,
GABA, glycine and non-NMDA, acticvated ion channels. Modulatory effect of Bujaijung-tang and
Bojungikgi-tang was more greater in inhibitory neurotransmitters. Low concentration of Bujaijung-tang
which dose not elicit ion current itself, activated GABA and glycine induced chloride currents. In this
study, we can found that the activation of Bujaijung-tang and Bojungikgi-tang on non-NMDA subtypes
of glutamate receptor is its major action mechanism and can be used as very effective Herb treatment

on Myasthenia gravis patient
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ZFgFold 2329 AAFHA A oAl
AZAFEA (AChR)Ol g g9 Yoz
8 335 otMAFUFLAI s Z
o #Fuge] FA7t dojus Agot & 2
23852 nicotinic acetylcholine receptor (nA -
ChR)el th3t A (antibody, Ab)ol oJ3to] WA
5= 27bE948 (autoimmune disorder) 8 4%
S2A o] Abel 93t AChR #7F ZAaHAY
ACh$} AChRY ZA%o] aliso] Aoz £3
29] weaknessE Z#stA Bt®. @A o A
ANg We GEXEE neostigmine, pyridos -
tigmine Z-& acetylcholinesterase 2AlAjy HY
AAA Fol AHEHZ, o] FAH} FH] Ue
A5 ¥4 BAE 1 o a2u @A YA
27Y%F 2gE 8 AREHL de PES 2

FHFE EAAIEd EA7 QA @on uehA
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o] 9lt}. Nicotinic acetylcholine +4HMe Fo¥
A2 nicotinic cholinergic synapses®] A&}H
3 Aok 779 subunits®
non—covalent interactions& 32 od A&
g FHOCE afard F=E ayapBddy F 7t
A g 31 Uk F £29 acetylcholineo] a
subunits®] A=Y e} o} o] 2
7t Al Hol Na’, K*, Ca®* 28l1 Mg®™* o] &
A @k a8 o] A% Ca¥'H Mg™'e oA
el 18 2 4FL vHA F3l Na's Kol
Zo% 9% A 90, A AN Bl
% (HFrERB) L R3S (HWhaEH)
gt} fare o] HFE nicotinic acetylcholine
44 ZA¥AQ tubocurarine® nicotinic ace -
tylcholine ©]2 ¥& &A1l procaines] &) 9
ol QA A so] RajolFes REI|HE nj-
cotinic acetylcholine °|2E¥28 #A4sA7|E=
£o] ASE UehiR o wehr FajojFea B
FA71BL 279F EAlA acetylcholine %
Aol 3l upregulation®t ZE EHE vebd R
olgtn A FLAG.

ABARY BHEE FASE o8] A4S &
A %A y —aminobutyric acid (GABA)$} gl -
ycineZ FFAZAC dxA AN AFAL B
AE chloride AFE F7HA HAHE FEIA
AP0 ma glutamate: @) £F9 ol
g FAEE F/AA FEAY AAAY Az F
23, B dfonE da) gostely 2RgZ
o AHFHI U FAIFFY BEY7|HY oA
AR FRA ARG E- odte] 4SS E
AZHEY o] 2FZ (ion channel)ol tjg z24=
£2 patch clamp technique o] 43t} AP
}.

rosette 2%¥g

0. A= g 2y

1. NE=SY A (MTT assay)

kAo FEo WY Al WE NESAE
AAR7l 93k MTT-based cytotoxicity assay
£ AWl ol MEujokol BES= AEY
TE FAse WHog HoRlE MXEY mit-
ochondrial dehydrogenase’} 7|13 MTTE AF&
A2 formazanC.& WEA|7| = ZES o] 438 A
2% FFE OD)Y @2 Aokdles HEY F2
sttt} P815 mastocytoma (mouse)E 10 %
FBS7} ##¢ DMEM 94 5% C0.-95%
0z, 37T &7t FASE AE jg7]o)A uloka}
%t 1812 P815 mastocytoma MEE 96 well
plateo] well% 2.0x10°9) ¥4} 558 B3
T kel 100 E AHULESITh Skl HAFFE
7} 1ng/me, 10mg/meo] HE& Hxsta gFFAE 3
AetA] G HEZE dzFeR itk 2447
3 48X F% 5% C0.-95% 02, 37C &7}
fFASE AT wjgrlelM el F MTT
solutiong 10x¥ 7+t 5 4417 F2b w3k
1 ¥ solubilization solution® 100zf 7}t
dFrE YR Fo| el x=2HA oA 8o
overnight A|Z1 ¥ ELISA reader® 690nmo|A
EFFEE AT H 595mmolA ZAE FYRE
A% % AESY A52 JeRSI

2. BH3YUH MFMEY B2

489w A NAME (periaqueductal gray n -
euron) & T 2 wHoz Rasgd'?. g
o A 10¥lM 159 §)¥= Sprague—Dawley 3
HE Zoletil 50 (10 mg/kg im)O2 v}d ¥ 4
€ Ao microslicer (DTK-1000, DSK, To -
kyo, Japan)& A48t 400 ym FAZ slices®
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DENT FHERA AT} LFE sliceE 1
ng/6mll EE2 pronase® 30~40¥7F 32TeA
aaxe ¥ oloJAM 1mg/6me 559 ther - molysin
o7 U 2HOT 108 54 MY} &
A#2 ¥ slicest incubation solution®lA 5%
C02-95% O, EZ7|AZ 1A o4 bubbling $
¥ AHgsgict

ZANA ARAL B FAPIE o83
micropunchingdt8 2 d standard solutione} £
= culture disholA #717F ©& micropipette
£ ol g3te] IAACE Rl olgE e
2 2og dd AFATE 58U culture dish
ujete] 25l

2z
2
o

3 b |

HajolF e Hab 4g, AN 4g, WE 4g 3%
4g, 2 4g 1T HFYGS ¥7] 6g AN
4g, A% 4g, Fx 4g B 2g WH 2 T g,
NE 1g9 w&R Az ZHzHE 104 F7
FZ 5N B¢ 28 32 F AN ofFH3ta
ol 7Y ¥F F T2 U2E SAsA LY
de Butg 70T 9% 2@ F AREIth
FFAE AAA L T
ution®l] 843t} AHE-3t5ict.

Zoletil 502 France®} Vibac®lAl strychnineZ
USAY RBIIM 183 D-2-amino—5-phos -
phonopentanoic acid (D-AP5)$} 6-cyano—7—
nitroguinoxaline—2,3—dione (CNQX)+¥ USA9
TOCRISOIA FU3tsich. 2 9] & 3] AHgd

pronase, thermolysin, nystatin, bicuculline, tu -

+ standard sol -

T

bocurarine, GABA, glycine, glutamate % 1 9
BE Xk USAY Sigma AFES ARSI &
AE ‘Y-tube' method' P2 Eojagion o] W
He 10~20msHel ABHE F49 £ uA
& 4 Qi

Incubation  solution®) g #
(mM): NaCl 124, KCl 5, KHzPOs 1.2, MgSOs
1.3, CaCly 2.4, glucose 10 18] NaHCO; 24.
o] gd9 pHE 95% 08 5% COE A%
bubbling 8%} 7.42 %3tk Standard solution
o 24& g 2o (mM): NaCl 150, KCI 5,
MgClz; 1, CaClz 2, glucose 10 18|32 N-2-
hydroxyethylpiperazine— N —2—ethanesulphonic
acid(HEPES) 10. o] €99 pHe tris—hydr -
oxymethylaminomethane (Tris~ base)& %9
748 w39}t Nystatin-perfo -rated patch
recording®ll AHEE+E internal pip - ette solution
g 24L& g3 2o mM): KC 150 233
HEPES 10. o] #99] pHE Tris—base® ¥
7282 23909 10mg/m nystatin® ok
stock solutione 200pe/ml7} HEE 3X3dto A}
435t

o]
z24&

4. MR &F

AR F4E Axe] 7P AL nystatin
perforated patch recording W& AHE-3H o
patch—pipette 9}7°] 1.5 mm<l glass cap -
illaries® ©]&3t9 two stage pullerZ THEATH
o] 2452
plifier (List—Electronic, Darmstadt / Eberstat,

3 2 0
SHT

EPC-7 patch clamp am-
Germany) & R399 21 storage oscilloscope®
#2389 thermal-head pen recorder (Recti-
Horiz—8K, NEC San—ei, Tokyo, Japan)Z 7|%
gt BE A AL (22~24T)elN A3}
9t;. A¥AF}E meantstandard error mean
(SEM) o2 EAESSH Student's t—testZ &
A Agste] p-valueZt 0.05015d o oJn] Q&
Ao T
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1. RX0|ZEY E5A7|1H9 NESY &
At

BaolZe 1ng/m o2 24A17F WSk Al EYEE
1.68£0.04, B5U7%Y 1lng/mOZ 2447 WA
FFEE 1.7220.0322 Jeh} dzF 3%
1.60£0.095 ¥ o]z} YA (n=6, p) 0.05).
BalolF8 10mg/m oz 2417 vk Al EJEE
1.60%0.03, BFY7Y 1mg/mlOZE 24A7F wok
Al FFEE 1.6010.0108 Veh} 9A] gz
F45 1.62+£0.07% E ztol7t AT (n=6, p)
0.05). mWepA 24212 v Al F-AjolFHY B
7% EFolAM AEEAC] Yehr] 452 ¢
F A} (Figure 1A).

FAolFe Img/mlOZ 48A1ZF Hjek Al P
0.89+0.042% dx79 F3E 1.3510.058% 7
Ao fod AXEAHE JeRNeH (=6, p
0.05), BZY7Y IngmOZ 4877 Wik A] &

FEE 1.1630.0422 Yeh} gz o] vlatel 32k
#aslel 94 AESHE YERY (=6, p

0.05). FA}o)F% 10mg/mOZ 48AIZF vjeF A &
FEE 0.371£0.0302 d279 FFE 1.35£0.04
2 3% AXE4E YT (n=6, p {0.05), X
Z7]9 10ng/mOE 48A1ZF W%k A] ZFEE 0.85
200128 tjzFo vlgle] 9] AEZAS JeR)
At (n=6, p €0.05). Wt 48417t v Al #
Aol 57 BFA7|S TR HEEA o] Uehto
o FEo] met AEEA0] FUlsgle) =f B 2
oM Fao| 3o HESA o] BFol7|gur} &
Zog Byt (Figure 1B).

2. FXO|SEI 2FAIIHO 2510 FLUE
O|2T &0l bicucullined] 0|X|E Y&
FAo| 5% 0.5m/milE FARS o AFA T
A 71EEE o] ARE FH3Y dzxFor &
I 0.5me/mee] FtolFH2 GABAL T84 A
Q1 107'M bicuculline #o] Foste] 7125
o] HFE vzt h Bicucullined ¥ajo|Z%
@502 Foiflg of 7|SHE o] HFE 81.56

A M contro!
1 mg/ml
3 10 mg'mi

Absorbance (A595 - AG90)

Bojunglkgi-tang

Bujaijung-tang
Incubation time (24hr)

B controt
B B 1mgm
10 mg/mi

Absorbance (A595 - A690)

Bujaijung-tang

Bojungikgi-tang

Incubation time (48hr)

Figure 1. Cytotoxicity test of Bujaijung—tang and Bojungikgi—tang. + means p<0.05 compared to control.
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A
3 0.5 mg/mi Bujaijung-tang
IR 0.5 mg/mi Bojungikgi-tang
VH = - 50mV B 10-4M bicuculline
] =
a (] o - - ]
- .r "~ r - - { - f
L} ‘ ’ J ‘
u
q / l 100pA
24sec

*

=1
//
/
/

control
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0.5 mg/ml 0.5 mg/ml
Bujaijung-tang + Bojunglikgi-tang +
10-4M bicuculline 10-4M bicuculline

0.0 -

Figure 2. Effect of bicuculline on ion current induced by Bujaijung—tang and Bojungikgi—tang. lon current activated
by Bujaijung—tang and Bojungikgi—tang was significantly inhibited by bicuculline. * means p<0.05 compared to control,

+4.95% AA8AT (n=5, p €0.05) (Figure 2).

BZ71% 05mg/mg thEToR 3t 0.5mg/
me EZ71%3 107'M bicucullineg Zo| $9
e o 71EHE o] AFE vwslgen 1 3
# bicucullineE EF971%o] 2d fEd o2
AFE 85.4515.67% AASHA (n=4, p <0.05)
(Figure 2).

3. BX0IZE 2FAIIEO st 7Y
& o|2FF0| strychnineO| D|X|s F&

Fa0l5% 0.5m/mE FoARS o AAA T
A 7N1EHE o|LAFE A YRTLE dn
0.5mg/mee} #2053 glycine &4 A
107*M strychnineg& o] Sojgle 7|&25E o]
AFE v @Rk Strychnined F#Alo|FH ¢E
o2 RANE 9 J|EHE o2ARE 90.92%
3.30% AT (n=4, p <0.05) (Figure 3).

BEo7e 0.5mg/mE URTLE 81 0.5mg/
me ¥%71%3 107'M strychnineg Zo] §9
e d JIEHE o RAFE v eH 1 &

10

7} strychnine® RZF7|%ol o3t {FHd o]
AHE 95.15+3.38% JASET (n=4, p <0.05)
(Figure 3).

4. RXOIEY 2FAJIYA 25l 7Y
El 0|2 R0l D-AP57t DjX|= GE

RAolZEY 05mg/mE FARE o AFAH X
A NEHE o] AFE s RTOE g1
0.5mg/m2) Ha}olZetn} glutamate® NMDA +&
A 284 107'M D-AP5E o] gy 7|2

E o] 2AFE vtk D-APSE Rzlo|F%
GE0g Foifig o /EHE o]2AFE v
AA AR R (3.72£2.99%, n=8, p)
0.05) (Figure 4).

BZE7% 05my/me WRFOE 1 0.5mg/
me 2397|439 107'M D-AP5E Zo] Ry
€ o 7185 o|AFE vndUe 1 FY
D-APSE RBFY7|%e| ot Rt o|2ARE
ol QA AAsA EPo (2.28+1.85, n=7,
py> 0.05) (Figure 4).
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. BXo|5EI 23U7I”H st RY
£l O|2FF0l CNQX7} 0|l B#

Balol5e 0.5mg/mE FoIfE o ARFAHE]
A 7155 E o|LAFE R dRToE 1
0.5mg/mee] #Ato]58 3 glutamate?] non—NMDA

7125 E o] 2AFE vt CNQXE #AolF
g gEoz il o 7|2HE o|2ARE 19.98
+4.38% AA3GcHn=5,p €0.05) (Figure 5).
BZA7|E 0.5mg/mE HEZLE &3 0.5mg/ml
o 7193 107'M CNQXE o] FAHe o
71EHE o] 2AFE vEaR e 1 A% CNQXE

-’

F43 2FAA 107'M CNQXE o] Fojste]  mzols|ge] st fid oLWRE 1288%
A B 1.2 7
1.0 7 | '
3 0.5 mg/mi Bujaijung-tang
M 0.5 mg/mi Bojungikgi-tang 0.8 7
VH = - SomV B8 10-4M strychnine ?
0.6 2
n ||
=] = a - - - 0.4 -
&
$
i

24sec

l 100pA

0

0.5 mg/mi

0.5 mg/ml
control  Bujaijung-tang + Bojungikgi-tang +

10-4M strychnine  10-4M strychnine

Figure 3. Effect of strychnine on ion current induced by Bujaijung—tang and Bojungikgi—tang. fon current activated by
Bujaijung—tang and Bojungikgi~tang was significantly inhibited by strychnine. * means p<0.05 compared to control.

A
3 0.5 mg/mi Bujaijung-tang
W 0.5 mg/ml Bojungikgi-tang

VH = - 50mV N 10-4M D-APS

[ [
= [w] [me] - - -
" - - - r - f -/
r°ror
v q v / / / l 100pA
24s8c

\

\

{ang and
\\\\\\ \
\\\\\\

/

NHH
N
.

N
.

7 / .
0.5 mg/ml 0.5 mg/ml|
control  Bujaljung-tang + Bojungikgi-tang +
10-4M D-AP5 10-4M D-APS

Figure 4. Effect of D—AP5 on ion current induced by Bujaijung—tang and Bojungikgi—tang. lon current activated by
Bujaijung—tang and Bojungikgi—tang was not affected by D-AP5 significantly.
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2.86% AAEET (n=9, p €0.05) (Figure 5).

6. EXI0|ZED 2S2AJ|EO GABAO <2
8l M3l5l= chloride B F ZHAE
GABA©ll 28to] s chloride Afl tE
Balo|zete] 28-S APtk 10°M GA -
BAol o3&t BAB}HE o|ARE WERTLE

31 2 AARE o]XARE HFEAIIA e
0.01mg/mes] FRpo]FHE o] Eojx 7|EHE
o] LAFE nuEgrt RAlelFHL GABAY 9
3lo] futEl: chloride ¥HFE 8.96+3.10% %3
&5t (n=5, p €0.05) (Figure 6).

GABA9) 9j8le] ftsl= chloride FFol gt
BZoyge zazg4s A¥HPT 10°M GA

A
] 0.5 mg/mi Bujaijung-tang
8 0.5 mg/mi Bojungikgi-tang
Vi = - S0mV B 10-4M CNQX
- -
jm} a s} m » -
o fororo
J J j I 100pA
24s8c

B 12
i.

1.0 1
0.8 ,///

0.8

£ o041

02 1

0.0 -

0.5 mg/ml 0.5 mg/ml
control  Bujaijung-tang +  Bojungikgi-tang +
10-4M CNQX 10~4M CNQX

Figure 5. Effect of CNQX on ion current induced by Bujaijung—tang and Bojungikgi~tang. lon current activated by
Bujaijung—tang and Bojungikgi—tang was significantly inhibited by CNQX. * means p<0.05 compared to control.

A
O 105M GABA
B 0.01 mg/ml Bujaijung-tang
VH = - 50mV M 0.01 mg/mi Bojungikgi-tang
- =
[mm] [ws] am]

j

R e

B “1

101 g

Relative /aaga

_

control ol oty

Figure 6. Modulation of Bujaijung—tang and Bojungikgi—tang on GABA activated chloride current. Chloride current
activated by GABA was potentiated by Bujaijung—tang while Bojungikgi—tang had no effect on GABA activated chloride

current. * means p<0.05 compared to control.
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BAol 93t} ZABEHE o]ARE dRToR
3 1 AARE olRAPFE HFLAIIA ¥E
0.01mg/me RFA7IHE Fo| FojAl JIFse
o]2AFE vl RF7|%E GABAY 9
3l fsl= chloride ARol F%& XA 4%t
tH(6.80£6.08% %%, n=4, p> 0.05) (Figure 6).

7. BX0|5Y3 25A7I”Q glycined] 2
5101 M35l chloride B& XHXE

Glycineel 9J3l9 f'#=e chloride AfFol of
@ Raolzge zuALL Agsdth 107°M
glycineol} o3t} EA3}E = oJAFE URTL
2 31 I AARE oRAFE FEAIIRA gE
0.01mg/me] FzolFHE o] FoqA 7|EH:
o] LARE vttt FApolFHL glycineol 9
3t FEHE chloride AFE 26.75£7.19% %
A3t} (n=12, p €0.05) (Figure 7).

Glycineo] 93t} 8= chloride FFel o
& BFyIge 2RI AYHUL 10°M

2 31 I AR ol2ARE FLANIIA gx
0.01mg/mte] HFA79E Zo] T 7|8HE o
2ARE vlwslsith HFY79E glycineol ¢}

FEEHE chloride Aol 98¢ vAA ot

(22.51+10.31% %%, n=8, p) 0.05) (Figure 7).

8. EX0|Z€L 2FA7IHO glutamateol
oJsiof gABIEE 012 ME ZHXZ

Glutamateol] 23t} @l o] ARl didh
Bao|zge z2244¢ A8 107°M gl -
tamateo] °J3led EAHE o]LARE dRFO
Z 31 I AAHRE o|AFE KA ¥E
0.01mg/mee) Fzlo|FFE o] Foji 7|&HE
o|HFE v} FAo]FH-E glutamateol
gt} s o] AFe ALE wAA stk
(6.44£4.10% 94, n=7, p) 0.05) (Figure 8).

Glutamate®] 93te] FEsle o] AR gt
BE71%e 2H%4E 4889 10°M gl -
tamate®] 23le] gAsHE o|XAFE dRTL
2 31 I AARE o|RARE FLAIIA gE

gycines] st} BYBSE ol LAFE 2FO
A
O 10-M glycine
B 0.01 mg/m| Bujaijung-tang
VH = - 50mV M 0.01 mg/mi Bojungikgi-tang
- -
= oo | jum} -1 o}
) J ’J‘ 1{ '1,{ 1[
| 1 ; i
1 |
; Ll b \ 250pA
=l

B 2.0 7
1.5
£ ’ /
.% 101 P Z 7
H .
K4
E 0.8
0.0 - “
0.01 mg/m! 0.01 mg/mi
control Bufaijung-tang Bojungikgi-tang

Figure 7. Modulation of Bujaijung—tang and Bojungikgi—tang on glycine activated chioride current. Chloride current
activated by glycine was potentiated by Bujaijung—tang while Bojungikgi—tang had no effect on glycine activated chloride

current. * means p<0.05 compared to control.
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2XOISHI 2EYJIH AXMY X FFY NAWE BP0 AS10| FYsIGE O[2BE TPRE

0.0lmg/mee] RFAZGE Zo] FA 7|EHE
ol XAFE HlmdAh EFY7IFS glutamatedl
A&te] FaslE o] AR FBE vXA dstrt
(7.06£5.08% %3, n=8, p) 0.05) (Figure 8).

V.2 #

ZREFE dAH o7 B RNCE AF R
WTEY @R, A2 ol 5 FHRY) FAo|
F2 Yepdz, 2849 mzel A Hoe] AA
Hoz YtV aRYgze s &
B WF, 1 FANE B3] el sk Ao
2 Qa8 oo’ mEz A AR HEHS
e3hetA) 2wkl MlAe ERY & AAY F
£2 s HEst Ezael YAE FAsHA &F
Z8 U= Reg w1 9t mh 2RgE
ANE iR WERGWE WEBE 59 9
FHgol & el 543 spEEgel 4
o] BrP¥ B AgeME YAelN 2F8F9
Ago] &L Yt FAIFRY BFYEE
Ag3tel Ralo|Zgn mEoly|go] JAA AA

g EA9 GABASY glycine &A% 24
AAg 249l glutamate TEA vlxE= I
nystatin—perforated patch clamp® |78ttt

oA o] MEEA AdoJME 242t i Al
Halo|5e3 BFAI|G EFN HEFYHo] Y
EhtA] gistoy 48417 Wi Ale ExlolF g
BEA78 BFoM AEEAo] yehgon ghof
A Fxol wep MESAo] F7HEIRL FAjolF
B AEEA] BFY/F BHO E ZoR e
%ot

GABA$} glycine FFA73ANM Fa8 A
A ARAREEAZ gelA o9 GABAE GA-
BAx 842t GABAs F#4AE EAsAIIE=H
GABAx &A= chloride ©l& $29 @4=E
ZAsto ofg] zFM AT JAY 2AE G
Fate Roz gain duP?. ol#¥ GABA Ei
GABAs 84 agonist?! muscimol ©] GABAa
&4 AgsA I chloride $27F |A
o] AXe BAEZE AAsA =, bicucullined
GABAx #8419 Z43 dAFLE 8l CI7 &
27} dels Re g 9. =8 glycine®
chloride ¥2% ¥ THAE FEIAA AN

tlo >

[
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Figure 8. Modulation of Bujaijung—tang and Bojungikgi—tang on glutamale activated ion current. lon current activated
by glutamate was not affected by Bujaijung—tang and Bojungikgi—tang.
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AAAY 222 24359 stry - chnined glycine  38¢] FEZ=E #tdol non-NMDA FE£AE
FEAE AP, Balo| 29 uF G glycined 2 FFL @A geu”. D-APSE
date] FEEHE olARFe 5AE AYs Az NMDA #£AE Hdgyoz IdAsd CNQXE

Halo|Fe (0.5mg/m) & BE571% (0.5mg/md) ol
ot fisHe o|2AFE UWFE GABAY
glycine 8A& =3t} YJERH= chloride o]
AFUE & F AU =& kA A2 o]
AFE UEA e AFEd F20|5% (0.01
mg/md) & 25719 (0.01mg/md) ol & GABAS)
glycined 2l3te] 8435+ chloride ©]2F29
ZAZLAME Falo|lFEuo] GABAS glycine
o oj&te] GitElE chloride AFE F7HAA
FEA oA glutamate® HFFE FFA
A9l %L synapsedl EAEH HAHE GEF
NA FES dodlE 242 ¥3A A9 =@
ischemia*| & glutamate$t aspartate$t #& &
A ARAY BFY fE7l FHECEM ex-
citatory neuron®} F#o] &3 e] o]ZHe] neuron
9] death?] 9%l0] HY® o]} & glutamate 7}
calcium-independent effluxell 2| Ao o3 A
o2 anoxia*l glutamate® presynaptic release®
ZAA)719 glutamate neurotoxicity® #AAlZ
Je Ao HuHAR®, FHAY AAHLEEAA
glutamate &3+ inotropic glutamate &9}
metabotropic glutamate #&A2 3AA F 7HA 2
EFHY, inotropic glutamate TEAE TEAE
A3 7l B wet 2A NMDA (N-me-
thyl-D-aspartate) & non-NMDA &=
759 non-NMDA #&3d= thr] AMPAS
kainate’} EFEcH”. NMDAS non- NMDA 5%
Ae We AZAHEA FAd EAsty 3oH
non-NMDA +8A & cation& FHA7 ¥
NMDA %&#%* monovalent jon% Ca® iong& %
#A7)H o] NMDA $43e Mg” ionol o3 #
gEc®. £¢ NMDA $#4A%E glycined] 98 2

non-NMDA F&HE& gty 1gke] ExlelF
Y (05mg/md)# HF:A7V8 (05mg/mi)oll st &
UdEE oLAFAE gluitamate F&F F non-
NMDA +&AHE AF3q Yeyds o|2HFE
¥t e Ao2 YE oy NMDA 849
ot o]2AFE VIEHA %At FY AAZE
o] 2AFE FHAINA Gt ATk FAFH
(001mg/m)? BFY71% (0.01mg/me)S glutamateo]
g o|2HFoAE obF¥ AL wXA gtk
netA 1FEe HzolFeE BFY7|Ho] non-
NMDA F&H& #A38 €L nicotinic ace -
tylcholine &8 A& 233t 24”7 o] & &
gAY F AEINHLE AZHALTY F FAolF
B3 BFofrigel oste NBMEY Fol29 F
Fert F7HECEN A3 F HERY FEA0
ZA5Y 2834 zads Jehges ¥4
& 4 .

of AfdA e UM 2FEFY A& &
Hi e MFEHES Brarme A
F2po|FH-9% KfEPA-& <KFER MR
7> #E5E HAZAN FE BEEESR AT B
HEF, RCiEEom, O VW, FRIKE BEPEE, &
AT, BAEN T 34 A8} AwolH
FE BEEEY BEEE F T3 He&dd
P BEA/GE <HER> £2d WA B
BRERZ I FHAIT, REAK FREE IR
s, KAEK WKZ), &HE% RELT BE
Tz Q% AEKIL FERE 535§ 83e
Autoln] F2 ERES, FRTE 39 T34 3
£do”,

2 AgelM Bt &3t FAjo|FRH BF
7%l AFMLY A 71948z chloride
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$X01ZYY 2EATIH) AMY ¥ EEY MAVE WHO| 2510 WU E OB ZFXRE

ARE FEA7IE RoE dehd AL wif Fv
e AMdoltt, @EA 0T && (M), +% (M
Bold #Aaor EASA gon, %9 F&
2 shst (BPHB) Y FROZA ofn FZo]
FA gl wet o] ALY W Fzlo]
83 BFoU|%o] chloride AFE FLAIIE
AL B HorAle] B¥OE Q% apoptosis?’ & W
sk AH7F Q1g Aot

oY A% FIAE FHste HA Fxo|FHTH}
BFARE A4 9 T84 ARAEEAY 93}
of ggEE AFARLY o|2FRE ZF A
T USE ¥+ U2, glutamate® non-NMDA
FEAE AFse Ro] B 449 FLF A5
7149 R Aztsojzitk. T GABAS
glycine FEAE A=HO2N RYA Y F482
gholFE 4T glogzt FE5oAn,

V.2 &

QoM ZFHFY A8 AHEHE FRlolF
23 BForge] JA4 AA3ALEA (GABAS}
glycine)] 93t EAss= o2 g2} FEA
AAHNLEA (glutamate) o 2J3t} EA33}s = o
2>E2) v d&E AW (voltage clamp)
&loll A} nystatin—perforated patch clamp@ ¢+
3tsict.

TEEY §Ao|FH (0.5mg/m)H RFY7|E
(0.5mg/ml) & AZHEAA o]AFE YehiH,
o|g{gt o] 2HFE GABA ¥ glycine F&H4 ==
o 9§ o] 2AFE ofg} glutamate receptor F
non—-NMDA subtyped #A=8te Yehts oj23
FE EFstT Qvt. weka] FAolFRH HFYT)
2 glutamate non—-NMDA & <3t
A= o] 2328 2As 1 FEE Yehl

e oft o

E Rog ygEAn
AEr Halo|F® (0.01mg/m)S GABAS}
glycine] 2% chloride A{FE F/HFHOY

glutamate®] 2§ o] 2AFAE ARE vXz] G
stk A=Y BEAVY (0.01mg/m)& GABA,
glycine 281 glutamate 5o Q&g n|xA
%3kt

2 AYY dFHE Bt HAojF¥ T nFY
< glutamate® non-NMDA F&AE AFd=
Zo] & gkl o3 A8 71H9 iz A7
5ol H Rzlo|Feu} M| AdAg P £
4 ARAEEAY ot EAstEE ARAE
o o|2BEE ZAET Y& ¢ F AT

VI 32Ed

1. Fambrough DM, Drachman DB, Satyamurti
S. Neuromuscular junciion in myasthenia
gravis: Decreased acetylcholine receptors.
Science. 1973:182:293~5.

2. Vincent A. Immunology of acetylcholine
receptors in relation to myasthenia
gravis. Physiol Rev. 1980;60:756 ~824.

3. F¢4 ngEd AuFARELE MEF
golstd 7Y FuH. 1981:166~7.

4. A AgosgAstnd dA. 79
A2 MEAdF. 1995:164~79.

5. BAE @R BATRERKLRFR 273
3ot 7]| 2 ®/AL 1994:431~3.

6. Changeux JP, Revah F. The acetylcholine
receptor molecule: allosteric sites and the

1987;10:

ion channel. Trends Nerosci.

245~50.

7. ARF, A9A, ANY, o1FY, FAG old
A, WFEPRTS @hasBl g ol&3F
¢} nicotinic acetylcholine 4. &4



The Journal of Korean Acupuncture & Moxibustion Society Vol. 17. No. 4. Sept. 2000.

10.

11.

12,

13.

14.

channels.
569~602.

33]4], 1999;14:35~43.
Macdonald L, Olsen RW. GABAa receptor

Ann Rev Neurosci. 1994;17:
Peng YB, Lin QL, Willis WD. Effects of
GABA and giycine receptor antagonists
on the activity and PAG-induced inh -
ibition of rat dorsal horn neurons. Brain
Res. 1996;736:189~201.

Maione S, Marabese 1, Sca Rossi F,
Berrino L, Palazzo E, Trabace L, Rossi
F. Effects of persistent nociception of
periaqueductal gray glycine release.
Neuroscience. 2000;97:311~6.

Chen L, Huang L-YM. Sustained pot -
entiation of NMDA receptor—mediated
glutamate responses through activation
of protein kinase C by a p opioid.
Neuron. 1991:7:319~26.

Kim CJ, Rhee JS, Akaike N. Modulation
of high—voltage activated Ca®* channels
in the rat periaqueductal gray neurons
by W-type opioid agonist. J Neur -
ophysiol. 1997;77:1418~24.

APE FFIFEF dig Q4H a7
thehstel &3], 1996:17:190~211.
Edmonds B, Gibb AJ, Colquhoun D. M -
echanism of activation of glutamate
receptors and time course of excitatory
synaptic currents. Ann Rev Physio.
1995;57:495~519.

15.

16.

17.

18.

19.

20.

21,

Rothman SM, Olney JW. Excitotoxicity
the NMDA receptor—still lethal
after eight years. Trends Neurosci.
1995;18:57 ~8.

Rubio I, Torres M, Miras—Portugal MT,
Sanchez—Prieto  J.
release of glutamate during in vitro
anoxia in isolated nerve terminals. J
Neurochem. 1991;57:1159~64.

Seeburg PH. The molecular biology of
glutamate receptor channel. Trend Ne -
urosci. 1993;16:359~65.

Ascher P, Nowak L. The role of div-
alent cations in the N—-methyl-D—asp -

and

Caz+-independent

artate responses of the mouse central
neurons in culture. J Physiol, 1988;399:
247 ~66.

Johnson JW, Ascher P. Glycine pot -
entiates the NMDA responses in culture
mouse brain neurons. Nature. 1987;
325;529~31.

Lo wenE HA. meAsmEse, e A
&35t 7le & BAE 1989:569~99.

Cagnoli CM, Kharlamov E, Atabay C, Uz
T, Manev H. Apoptosis induced in neu -
ronal cultures by either the phosphatase
inhibitor okadaic acid or the kinase
inhibitor staurosporine is attenuated by
isoquinolinesulfonamides H~7, H~8 and

H~9. ] Mol Neurosci. 1996;7:65~76.

17



