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Study on the Effect of Gamigehyuldeung-tang on
Gultamate Receptor, free Radical and Brain Damage in Rats

Jong suk An, Dong Hee Kim', Yun Sik Kim, Young Gu Lee®, Jong Ho Park, Uk Namgung® In Chan Seol*

Department of internal medicine, Collage of Oriental Medicine, 1. Department of Pathology, Collage of Oriental Medicine,
2. Department of Neurophysiology, Collage of Oriental Medicine, 3 ; Department of internal medicine, Collage of Oriental Medicine, Daejeon University,

This study was investigated to prove the effect of GMGHT on the gultamate receptor, free radical and brain
damage in rats sujected to Brain Ischemia The results were as follows ; 1. GMGHT showed significant inhibitory effect
of GMGHT on LDH release induced by NMDA, AMPA, and kinate. 2. GMGHT showed significant inhibitory effect of
GMGHT on LDH release induced by BSO and Fe*". 3. GMGHT decreased coma duration time in a infatal dose of KCN
and showed 30% of survival rate in a fatal dose. 4. GMGHT decreased ischemic area and edema incited by the MCA
blood flow biock. 5. GMGHT showed improvement of forelimb and hindlimb test after MCA occulusion in neurological
exemination. 6. GMGHT showed no significant change after MCA occulusion in pathological observation as normal
group. These results indicate that GMGHT can be used in the brain damage sujected to Brain Ischemia. Further study
will be needed about the functional mechanism and etc.
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MEESMAEEO] Glutamate receptor} Free radical 3 ¥4t B350 Dkl @&

AEH ZEHol T Wol2hg, KCNE ol 8ot 2ol tig
A% H SIS disdol WE BAER L) 3 ENE B
Sl /AT AAE IV olol sk vloltt.

4 4

1. g
1) &8
2 Ugol AL8E HEE F= AE 180~250g9 Sprague-

DawleyZl(SD) 84 rat?}l 18~20g9 International Cancer
ResearchZ|(ICR) mouseE &5 40| U&= tHIHESEHE
olA PRSI ARESINIL, HE GU7A 18 AE(RTd
221% ol4, ZAgk 8.0% olsh AR 5.0% oI5l £3|2 8.0%
ol3l, && 0.6% 014, ¢l 04%014 <2} vligl A1E Co)} 8

€ EE5] FF3L, 42 22T, Yl S 50£10%, £ A7+
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Table 1. The Compositions of Gamigehyuldeung-tang

B OE % g2 & A &)
2 Mm% Spatholobus suberectus 80
[- =0 Xanthium strumarium 80
B B Angelica pubescens f. biserrata 80
2 & Pogostemon calbin 6.0
b = Crataegus pinnatifida var. major 6.0
® ¥ Perilla frutescens 60
X F Aucklandia lappa 40
2 N7 Benincasa hispida Cong. 40
53] £ Arisaema amurense var, serratum 40
A B E Areca catechu 20
% - Pineliia ternata 20
B K Citrus unshiu 20
8 7t Atractylodes macrocephala 20
® % Poria cocos 20
B & Magnolia officinalis 20
E B Platycodon grandiflorum 20
1 = Cnidium officinale 20
A0 Anemarrhena asphodeloides 20
' M8 Phellodendron amurense 20
#H E Glycyrrhiza uralensis 20
5 I Angelica dahurica 2.0

Total amount 820

3) AleF H 7171
Aol AR AJ2FS Sigma(U.S.A)ollA] T-2) gk buthionine
sulfoximine(BSO), kainte N-methyl-D-asparate(NMDA), ferrous
chloride(Fe™), a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic
acid(AMPA), potassium cyanide (KCN), dulbecco’s phosphate

buffered saline(DPBS-A), cresyl fast violet, paraformaldehyde,
3.8% sodium citrate, 2,3,5-triphenyl-2H-tetrazoliumchloride}
FJ A 2K Korea)o| 4] FI8} gerorane(Enflurane F|A4]), normal
salined} Bayer Dental(Japan)oilAl F$} xantopren VL,
optosil-Xantopren activator 5& AMZ3SIGCE 7171 serum
separator(%4 X}, Korea),

centrifuge(Beckman Co., US.A), rotary vaccum evaporator

minos-ST(Cobas Co.,  France),

(Biichi 461, Switzerland), deep freezer(Sanyo Co., Japan), freeze
dryer(Eyela Co., Japan), autoclave(Hirayama, Japan), ultrasonic
cleaner(Branson Ultrasonics Corp., U.S.A.), roller mixer(Gowon
scientific technology Co., Korea), vortex(Vision Co., Korea),
brain matrix(ASI Instrument, Warren, ML, US.A), royal
Multi-Plus(Royal Medical Co., Korea), camera(Nikon, Japan),
ACL-100 (Instrumentation Laboratory, US.A.) S AFE35IRICH

2349
1) 29 HE
GMGHT 28 & 3,000m¢ round flaskol] 21 SF<% 2,000mt
2 ¥2 Z 7 e £E, AMES 33 HY(3M filter
paper)5}il, 0] &JAM-E rotary vaccum evaporatorollA] et &
Z3l9tt E5F A& -70C deep freezerollA} 4417} S0t &
AL, 24417t B9 freeze dryer2 2 X5 18 85¢
9 Bg dojA dflo] EQ3 5L E Helilggol 343l
A3t
2) Med HEET AR
(1) In vitro test
© e 1 DBEME Y
AAAZY vigeg QoA 158 F mouse EHOLY
neocortices& E2)5l £AS T MEZ LKE & 1x10°/ well
9] HIZE 5% horse serum, 5% fetal bovine serum, 2mM
glutamine, 2ImM glucose”} ZFHE Eagle’s minimal essential
media(Eagle’s salts, supplied glutamine-free)Ql BiQYUZ o]
Bhd 100ug/ mé poly-D-lysine} 4ug/m¢ laminineZ coating® 24
well plateo] EF8l 37T, 5% CO; ui71olA] viUBIATE
3-5 Lol gliaQl HAIZ AXF7] Ad) Ara-C 2 A2I$ F,
DIV 7-10 o] &0 dEE BT
@ &84 AZEH9 |Fu B4
Neuronil} glia7} ZEHE thx] 312 MEE excitotoxins
(NMDA 20uM, AMPA 20uM, kainate 50uM)E A2l5l 21mM
glucose®} 26.5mM bicarbonate7} ZEHE  Eagle’s minimal
essential mediad] 24 A7} SO vlFSIAECE A2 M FEAR= 24
Al & &2 AZZRE AR fei¥ LDH 84 € £33l
Berslsiict.
® 41EE 549 Fein 24
Neurond} gliaz} ZEE ok I& HEe
stress(Fe?* 100uM, buthionine sulfoximine 10mM)E X235l
21mM glucose$} 26.5mM bicarbonate7} ZEHE Eagle’s minimal
essential mediao] 24A]|7VEQY HHUBIFTE A1A M EAS 244)

oxidative
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(2) In vivo test
O BHHE fY 4
Hx}5l8 2L Schubert™o] ol £3)%ick GMGHT
T2 3ol 20g ICR mouseE 71£08 ZHH 56mg
/20g/dayg HEIAl@S 0.2me0] S3AIA oral zonde(thE7
71, Korea)& 0} &38}o 18] AT ZA3I¥Ct tixF2 HAS
=2 ) A8% 5E9 YolAESE 475 stk BFE
o 308

Zoj) H)X)AREO) 1. 87mg/kg KCNE ICR mouse 0]&

wol FAls % FE UKIE A4D T, B WIS =2 1)
MNY AIZHE SBHACH KON S WEAT SHE A7
0] 302 Fol XIAQ 3.0m/ kg KCNG mlE® FAls)0d A
AtEE Htrh

@ =24 H3E we 4 (Middle Cerebral Artery
OcclusionMCA)

SD rat 8ul2lE 1222 8l tiEF T GMGHT E4F2
2 TRIIGTE S sWMCA) i 2417 Holl 4E ratd)
X5 Z£85+1 GMGHT 56.6mg/200g/day S We)4l@d4: 2meol
Sl 3+ Fogh
SHI aHFlolA E RIZEE BA}
= 34d5l1 HEH 71E
ABIHCE

MAIA oral zonde(th&717], Korea)E 0|8
Sulxsy Hi 488
St =4 HoE ek 24403
2Eeg1 5l1g

mEo

=

(2o o

o}
=,
=

CCA

Fig. 1. Schematic representation of position of silicone rubber cylinder
during occlusion of right middle cerebral artery(MCA). ACA : Anterior
cerebral artery. PCA : Posterior cerebral artery. ICA : Internal carotid artery. ECA
* External carotid artery. CCA : Common carotid artery. SCA : Superior cerebral artery.
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Fig. 2. Schematic representation of position of silicone rubber cylinder
during occlusion of right middle cerebral artery(MCA). ACA : Antertor
cerebral artery. PCA : Postenior cerebral artery. ICA : Internal carotid artery. ECA
. External carotid artery. CCA : Common carotid artery. SCA : Superior cerebral artery
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@ Silicon rubber cylinder &}

Silicon rubber cylinder A2 Nagasawa”) =9 2ol uk
2} 4-0 749 1Y E BetilDeknatel Inc., Japan)E Hust 2
olZ At < JHl o & ol MEE UEUCH & Lolg 18
mE HE & FIHE 42 silicong & 03m FHZ o5 gl
Holl 9FA 8mm FHZE HAA Y silicon rubber cylinderE 2FEQLL.

© 4 Holdg /e

Ratg <&thol IFAIZIL  Royal Multi-Plus(Royal
Medical Co, Korea)E AFE3I NO(OMISIE 4)9} Ox(A14)2)
Higg 7328 ZF6I enfluraneZ J¢ ©iHSICH
Nagasawa'9] wholl W} 2 £¢2 AL v)F Aol &
4E FA FTE FooHA s34, vgdsH % 93
SUE 22T F E45UWi JFSHE &0l SHE 9
ST HESHY ol tIEE Mg TZ2E AAE el
F AR HIE A1E5E ZFEOEN 55 FulHSUE H4
ST & & A7 302 oI E 3o, AFALLAE A}
Bl A2 5l4€ TEHGIKI HAME vlFHM B892
o, U EHUE AL 608 EQF N0t 0,2 90%9} 10%
HIEE 31 Aita AEE FUSIHOR 4 1208 &ol =37
BE 1adk 9A qBFE olch -

© sigHy ¥ BEE 53

FE& UAI Zo ratlA] & AMo] brain matrix(ASI
Instruments, ML, USA)E 0|88l 22mFAY
coronal brain slice® P& & 0] £ 8 slicelh2 HENEIA 2%
triphenyltetrazolium chloride (TTC) M & 715131 37 CollA] 20
27 eiBIget. TTCo Qlal A4 ZA 2 2 g4oF o
A=Y, HEo] gojg ZA) 2 GAER Ao 2N i ZA D
9] 720} 713Nt Y £5 F HIZ AWRE Hoj §46la,
il RA'S 10% formalin neutral buffer® IIAAIZATCH
coronal sliceof| 4] 518HAE SEIIN L, SIEHE &
okeNgl Aloll Yl ArEEIAT?.

Q=
T=

Warren,

Hroo
FTEET

C

EOER%) = vy x 100
: ) AB
BRE) = o x 100

A : Zt Coronal slice0ftA{2] 0@0{ FUE [y H5 PiN(nd), B« 2 Coronal sliceOil
Mol EH’< CHYl 84 24%(ad), C @ 2} Coronal slceQlA Q] &1 E_,

@ A148H dal

B sY dH & A4LE MEF Foll gl
24219) MASHE HAE 485l Suix sy wHsjol o A7
318 2¢ FEE SH6INCE 41488 24 BT E Bederson'
9] uio) 95l I AT E forelimb 4=EF 2 E, hindlimb2

ox
uEy

28ECE o Hag e Hdol mE 55 8=
Table 28} ZITh
® ZR&HH wat

Z AEF O REE HESH HEXES HFEYZEE] 2m T
HoZ F/MT TS s1EY £49 |0E HEE Tk ¢
ol 2t REES TTC H & FA| 4% paraformaldehyde T3

rToEw hand
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of 24412+ ¢t TESIPCE 170l 888 7 RAEL 52¢=
FEEAA 1241 4| & B419) o) wlg} &3E sk 4
ST2F g4 L xyleneo] £F IFHE AR oS meld B
< MEBIGTE A8 ol oS UFEAEY &4 BEE
Nissl A0 thh ¢ GAog, alghl £8& 01831 4m
FAZ o dde v gulid R genEE A9 o
F 0.1% cresyl fast violet Mol U204 3027 &4 =
95% alcoholZ BHAHGIL <= W FHARFE vlAl ol BGH
o} BEKE0)ZH (Olympus-BH2, Japan)dlollA] #Z 2 ARl &g
Sixict

Table 2. The Neurologic Examination Grading System

Grade Neurologic examination
Grade 0 No deficit
Fore- Grade 1 Forelmb flexation when suspended by the tail
imb Grade 2 Reduced forepaw resistance to lateral push
Circulating behaviour during suspension
Grade 3 (body twisting)
Immediate placement of the behind back on to
k‘ﬂng» Grade 0 the table(normal)
m Grade 1 No {imb placement / movement
(3) EAAE

48 ZIE= unpaired student’s T-testE A2l EAXNE]
Bl Sm P<0.05 0|3l &AM FALE BEHSIHC

4 A

1. In vitro test
1) A ZEal gt Yol g
(1) NMDAo) 2|8} A Z&2b0) cigh goj g
IR TEE 62.08+4.62(%), GMGHTE 100, 300, 1000, 2000 g
/ml EE 2 Eoigl AEF2 242} 73.84+2.21(%), 59.87+5.45(%),
32.88+6.30(%), 24.50+5.97(%) 2 LIERLT 1,000 pg/ml ST 0]4}9]
A FolA FAHUA LDH TS AABITHFig. 3).
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Fig. 3. Inhibitory effect of GMGHT on LDH release induced by NMDA

(2) AMPAo] gt M Esdol theh Yol

I EZS 46.07+1.50(%), GMGHTE 100, 300, 1,000, 2,000
pg/nt BEE Boldl AETS 27 3819:258(%), 27.03:
2.20(%), 16.01:3.31(%), 14.87+3.38(%)2 LIERL} 100 pg/ml ST
ol4al Ag oM F-94UA LDH |EIHE AXISIHTHFg. 4).

100 ¢

%LDH release
E3 [+] ©
o [=3 o

n
(=]

o

alone 100 300 1000 2000

GMGHT (ug/ml)

AMPA20uM (24hr)

Fig. 4. Inhibitory effect of GMGHT on LDH release induced by AMPA

(3) Kainateol] 2]t MZEL&4ol thidt Yo 734

RS 47.25+6.56(%), GMGHTE 100, 300, 1,000, 2,000
we/ml SEE B3 HEE2 ZZ 25.60:4.24(%),
18.45:3.05(%), 19.051.62(%), 9.54:2.10(%)E LIER} 100 yg/ml
sk olye dEFolA Fo4UA LDH REl#E ARSI
(Fig. 5).

%LDH release
S o @ o
o o o S

n
o

alone 100 300 1000 2000

GMGHT (ug/mt)

Kainate50uM (24 hr)

Fig. 5. Inhibitory effect of GMGHT on LDH release induced by
Kainate

2) free radicaloll QI8 ME L o] S Yo E T
(1) BSOol| 28t M E&Y] thgh Wolgn
ARS 5263£541(%), GMGHTE 100, 300, 1,000, 2,000
pe/mb BEE  FA8 4TS AT 2275:4.17(%),
6.46+3.18(%), 12.072.97(%), 2650:7.31(%)E L}ER} 100, 300,
1000 pg/ml ZE2 Fo8 ATl Y UAA LDH 7
g AHBIACHFig. 6).

(2) Fe¥'ol) Q3+ M E&0) thdh o a3
RS 57.34+3.07(%), GMGHTE 100, 300, 1,000, 2,000
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QIEY - YES - YRA - 08T - WEL - UE2 - AP

pg/ml STZ B0 AT 742 2746:5.03(%), 39.17+
3.19(%), 17.44+3.89(%), 19.90:2.08(%)Z LIEh} thE ol HIGho
BE 4@ T4 894 JA LDH SEES A SIRCHFig. 7).

100 3~
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BSO10mM (24 hr)

Fig. 6. Inhibitory Effect of GMGHT on LDH Release Induced by BSO
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Fig. 7. Inhibitory Effect of GMGHT on LDH Release Induced by Fe

2. In vivo test
1) BxEEal EH'Q"_P s
(1) KCN gt g4 Al nlRle 53
HIXIAFZEQ) KCN(1.87mg/ke/20g iv.)oll Sl #4% ICR
mouse®] E=A}7H2 A F0] 20.57+4.45sec, GMGHT &2
17.26+5.10secE LIEN}TH(Table 3).

Table 3. The Duration of Coma in ICR Mice induced by KCN(1.87mg
kg iv.)

Group Sec
Controt 20574445
GMGHT 1726510

a) : Mean + Standard Error, Control : 187mg/ke KON 1v. Injected group after oral
admnstraton of normal salne GMGHT : 187mg/ke KCN iv. injected group after oral
agmnstraton of 56me/20g of GMGHT extracts

(2) KCN &t Y& nlAls an
AlZF9] KCN(3.0mg/ke/20g iv.)oll 9la) REE tHEZY
0%t HIdky GMGHT B2 30%8 YWEEE B

- 732 -

Table 4. The Survival rate in ICR Mice induced by KCN(3.0mg/kg i.v.)

Group %
Control 0
GMGHT k]

a) : Mean * Standard Error, Control : 30me/ke KCN 1v. njected group after orai
administration of normal saline. GMGHT : 30me/kg KCN Lv. injected group after oral
administration of 56me/20g of GMGHT extracts

2) F2H5 ol i E3
(1) B s ol whg 518 BE W BESd v)xie 53
ExEY ol wE ol W (Fig 8o F5E(Fig 9,
10)2 tix ol Bl5kd GMGHT FaiZollA #X81A 24 g3t
& VeI

45
40 | _
35
30
25
20
15
10

3 Control
W GMGHT

Ischemic Ratio(%) in MCA

it dtn,

1 2 3 4 5 6 7 8
Slice

Fig. 8. Ischemic ratio in MCA occluded SD rats. Controi : Oral adminis
-tration of normal salin, GMGHT : Oral administration of 56.6me/200g of GMGHT

25
s 20 1
ES
c
215 r
® > & Control
=3
10 b M GMGHT
;
2 5 F H
0 : ) P o Y L

1 2 3 4 5 6 7 8
Slice

Fig. 9. Edema ratio in MCA occluded SD rats

Control GMGHT
Fig. 10. Ischemic and edema in MCA occluded SD rats. Control : Oral
administration of normal saline, GMGHT : Qral administration of 56.6mg/200g ot
GMGHT
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(21 ABESEHE FAt
@ Forlimb test
Forlimb9] AASHE EZL ZTS 3.00£0.00, 2.25:0.25,
2504028, GMGHT &£032 1.00+0.00, 1.75:0.25, 1.75:0.252
LIERt SHSYE BCKTable 5).

Table 5. The Neurogenic Grade of Forlimb Test of Rat Treated in
GMGHT

Neurogenic grade

Sample

Operation Hypoxia Recirculation
Control 300£000 2.25£0.25 2501028
GMGHT 150£0.28 1.75£0.25 1.75£0.25

al : Mean £ Standard Error, Control = Oral adminstraton of normal saline, GMGHT : O
ral admnstraton of 56.6me/200g of GMGHT

@ Hindlimb test

HindlimbQ] A1A8H] S5 AT 1.00+0.00, 1.00+0.00,
1.000.00, GMGHT Z&J 3 0.50+0.28, 075+025 050£0.252 L}
Bl SHELE Bk Table 6).

Table 6. The Neurogenic Grade of Hindlimb Test of Rat Treated in
GMGHT

Neurogenic grade

Sample Operation Hypoxia Recirculation
Control 1.00£0.00 1.00£0.00 1.00£0.00
GMGHT 050+0.28 0.7520.25 050£0.28

a) : Mean + Standard Error, Control = Oral adminstraton of normal salne, GMGHT : O
ral admnstraton of 56.6me/200g of GMGHT
(3) 2SS HE A
O 8gT
Cresyl fast violet (CFV) &% ZA3} Zdr9) thxmlRojaie
MNEHZEE TR 659 thx)u & E(cortex layer) Tt 2t Zoll &
7%}— NEZEC] & TEFRAC) &S| M35 550 EA L}EM
& & 118l A)Z(large pyramidal neuron)yE0] Z19} GAN S
Qﬂr/} FHol= A1 212 EHET E BEIUCE
SimkEE9) CA1~3 G HRojA BRAHS ST TN TlE}

NEZYO] CFV Gao) 23 FAUEE Holt MEST Th FuY
g 7R HEE0l 87 BATIUCHFg. 10).

0] BBl B HE

Fig. 11. Light micrographic appearance of the cerebral cortex and
hippocampus, Cresyl fast violet stain, x100. A : Normal cerebral cortex
portion, B : Ischemic cerebral cortex portion, C : Normal hippocampal formation
portion, D : Ischemic hippocampal formation portion

@ HEE

HEZOAME B4 b Follal FaEE uixdg
NS AHOZE 659 Thy) 1) & E(cortex layer)9] 0]
HE)1, 86 AM3EH 550 AN UeEb: & Iavls ME
(large pyramidal neuron)E0] cresyl fast violet &J4loll 748} &
AEE Hoh B SEd 48 U iyt D)2g o
A the TZ B9 FEo] (YL R RS MEZAE2 &5
i MEL ZAAE EREEIL, FHols L AL &=
(vacuole) 0] BERAUCE. F4 i ZH&9) SnIFHAE o)
£ CAl~4 89 EE7} X]olo|ZHdentate gyrus) HZoljA] T
Atr) = MAXNZES cresyl fast violet H4Rol] Z3 @S Ho)
= I AEZED HinY S2 de 7K IR-MESO] F
Z #2FHACE OE SEE &4 U v siviE A

rmN

r

)

FHAE TR CZHAZES AY HolX @1 FZ B-ME
AEE0] BATACHFig. 12).

il

E% Be 24

[U

Fig. 12. Light micrographic appearance of the cerebral cortex and
hippocampus, Cresyl fast violet stain, x100. A : Normal cerebral cortex
portion, B : Ischemic cerebral cortex portion, C : Normal hippocampal formation
portion, D « Ischemic hippocampal formation portion]

@ GMGHT o3+
BYHIG £4US B txTRY BRolM ZA
AAE SARICH

Fig. 13. Light micrographic appearance of the cerebral cortex and
hippocampus. Cresyl fast violet stain, x100. A : Normal cerebral cortex
portion B : Ischemic cerebral cortex portion, C : Normal hippocampal
formation portion, D : Ischemic hippocampal formation portion

- 733 -



QEY - USH - YBA - 018T - LEL - B - AR

SAFEAA FHME EA WA 22 ol SNV B9
Z0| CAI~CA4 & BE3} Aol FHHY majn|SHE
S0l o7t 4F 2Avt QUL FRIMESS WS Holx)
S0l WAMQ ZASE 4A7AS BA 299} Lol LT
(Fig. 13).

i 2

BWNE RERS et 4019 Ald &gt AFelo|tt. 1]
=AY HEFLE QIS AN HigHTt oF 2ulo] 0|2 & 2X]
oltht. mZdME HES0] &0l MHAZE ETH AN {0lo]
o, AHAARLE Q17 10vrE ) oF 2005 9) SHA17} ol LHs}
EACE ¥EiA ok, el thEHQ) A8 8y XY
BB A £FNZ QF) K9 AF&40] ofr|xo]
wEAY galzligl 25, 27, s g 4doile
oz doldlelie bR Y 3. HlEE QI
AEzEY Hool gt dFe HASH HBAFYY =F,
hyperventilationg E¢t SWEW OIS A BUES A% F
Mt 853} H3 HEZol ZHa, BarbituratesE 0|83 o)
AFZ9] Z+A, Calcium channel blockers®] 0]&, Glucocorticoids
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QI5kd gfol20) Sl AldA &uhg @RSA17| 1 o2l
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ol 49 ZFo] SFUER MIZTul ATP ilo) ZAago]
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