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ABSTRACT

The effect of herbal medicine on cultured cerebral
cortical neurons induced by glutamate
neurotoxicity

Mi=Young Lee* - Bong-Joo Kang* - Yoo-Sik Yoon - Seong-Gil Hong* -
Byoung-Joo Gwag+ and Dong-Wuk Cho*

The effect of herbal medicine on glutamate mediated neurotoxicity was studied
in mouse neurons in primary culture. Immature cerebral cortex neurons (ED14)
were maintained for up to 2 weeks in vitro, and we investigated the expression
pattern of neuron differentiation and cytotoxicity of cell death, including LDH
activity. Neuronal maturation initiated on day 7 and the susceptibility to
glutamate-induced cell death was highly sensitive on Day 11 (Fig. 1).

Thus, the exposure of the neurons to glutamate caused a dose(0.lmM ~1mM)
and time(4h ~ 24h)-dependent neurotoxicity (Fig. 4). Glutamate-induced
neurodegeneration was prevented by Shipchondaebotang(SD), Yollyounggobonda
n (YG), Yugmijihwangwon(YJ) and the death of neurons exposed to glutamate
was blocked by the NMDA receptor antagonist MK-801(Fig. 5).

*) T3t ATY =31%Y] Aging and Regimen Research Team, KIOM
**) obF it o7 ofst ok st 4 Dept. of Pharmacology, Ajou University School of Medicine
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[Abbreviation] ED(Embryonic day), LDH(Lactate dehydrogenase),
NMDA (N-methyl-p-aspartate)
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BAEY] waAAe] B3 A7 A9 gle AAY HHA dix AFAEY x
Zlupek e AE B3 Ao amyloid @B A e AEHAY glutamate 2174
24P NAaqAA Y g ATE el folF RoE LA gonzg B
ATodME x3HRA 4 AAARAR X E FAA TS 27 Al=dS
&48 NE

T3 °¥omam Z AHAEY w5E AAAIH AX g 4
IS NFAEY] 27 MFAN2ES I, BAH, MEAHFY dEAQ BERML
MRS AWS, BT R ABkA, BEARES ARHET, MENRES +
BB, BEACHBIE HE QB HE B2 OBERE PERFEAE BEE K
FHA BEES FREE SHBEEE NBIlK BAET ThEse EmEk
P52 zAsd 5% dolrgith

I. 44
1. Al

FBS, glucose, sodium bicarbonate, trypan blue, poly-L-lysine, laminin, cytosine
arabinoside, glucose, sodium bicarbonate, Trinton X-100, LDH OPT(Sigma, St. Lo
uis, U.S.A), MEM, penicillin-streptomycin, insulin—transferrin-serenium A, horse s
erum(Gibco BRL, NY, USA), paraformaldehyde(Kanto chem., Tokyo, Japan), Avidi
n biotin complex reagen, 3,3 -diaminobenzidine(Vector, Burlingame, U.S.A.)

2. etk AlRM =

Table 19} Z <A &
Woz oAEy 38y F
7], @)l 308 EFFEI F, A A
Mesh (#100, @150um)E ZWAF 3
3000g® HAAEEsIY FFAE FAHYG. o *J%—%ﬂ%
Japan)Z AFAAZNF FHAZAA -20 ColA ZB3A
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3. MAMZHY

wjobd el 1499 ICR mouseZ2HH H=IE AATFL ¢ 2dE& Minimal



102 #=zg st T AT Al4d A13. 1998

Essential Medium (MEM)elA £2)3lgth £ AXE 200 g, 3 mint YA E
st &AL FHoZ UHE pasteur pipet® MEE EH3ATE 10 % fetal bovine
serum (FBS)3 50 U penicillin streptomycin, 21 mM glucose, 38 mM sodium
bicarbonateE f 3 MEM ulXjo] AEE 0150 £m2 meshZ FHAA 04 %
trypan blue® AtoldE MXE #F3t1, 0.1mg/ml poly-L-lysine® 0.1lmg/ml
laminin®. 2 FWA 2 ¥ 24 well (15 mm) culture dish (Becton Dickinson, New
Jersey, US.A)dl 2~25 X 10° cells/mt B HES BF39 37 C, 95% air/s %
CO’zANA 3 QH®. 3Y F 10 M cytosine arabinoside® H7Hsf Fo
AZANEZANE YJAANIIZ 5 % FBSE ¥ MEM  HiHAd)
insulin-transferrin-serenium AE 371389 n] 3ok

4. Immunostaining

v F A7) Al A X E phosphate buffered saline (PBS, pH 7.4)2 33 Mg ¥
4 % (v/v) paraformaldehyde® 3083 A2 AXE IAHAFIZ 025 % (wW/v)
Triton X-1002.2 AETg FAAN F 10 % (v/v) horse serume 2 H 504
1 2%E& @ 12 A2 microtubule associated protein-2(MAP-2)¢] £©]
A<l anti-MAP-2 (1:20008 1 % (v/v) horse serum3} &7 4ToA 2417t v] LA
713 221 FAZ+E anti-mouse IgG (1:200)02 AH§3le 1A1ZHEQE F2dA g
3l T} Avidin biotin complex reagentE Alg&3std 2x3AE Az 33
~diaminobenzidine®. 2 2MAZl ¥ Hu|HFoz #AFFYc Zt dAvFit PBSE
A A At ‘

Tablel. Components of prescriptions

Prescriptions Component Weight(g) Source
Ginseng radix 4.68 a4k
Sagunjatang(SD) Hoelen 4.68 AA
WETi&E Atractylodis Alba rhizoma 468 T
Glycyrrhizae radix 4.68 T3
Rehmanniae Preparata rhizoma  4.68 9
Samultang (SM) Paeoniae radix 4.68 o4
Y% Cnidii rhizoma 4.68 AT
Angelicae Gigantis radix 4.68 5
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Prescriptions Component Weight(g)  Source
‘ Rehmanniae Preparata rhizoma 30 9
Corni fructus 15 T
Yungmijihwangwon( Dioscorea tuber 15 =%
b _ Alismatis rhizoma 11.25 oA
VNN
Paeoniae radix 11.25 oA
Hoelen 11.25 A A
Rehmanniae Preparata rhizoma 30 4
Corni fructus 15 T4
Dioscorea tuber 15 =%
Palmihwan(PL) Alismatis rhizoma 11.25 bl
NS Paeoniae radix 11.25 S
Hoelen 11.25 Sl A
Cinnamomi cortex 3.75 =T
Aconiti tuber 3.75 =
Ginseng radix 4.68 a4t
Hoelen 4.68 A A
Atractylodis Alba rhizoma 4.68 T
Palmultang (PM) Glycyrrhizae radix 468 &
N Rehmanniae Preparata rhizoma 4.68 =4
Paeoniae radix 468 o3
Cnidii rhizoma 468 Ry
Angelicae Gigantis radix 468 5
Ginseng radix 3.75 =44
Hoelen 375 A A
Atractylodis Alba rhizoma 375 T
. Glycyrrhizae radix 375 T
(SShIJ)I))chondaebotang Rehmanniae rhizoma preparata 3.75 9
T Paeoniae radix 375 ol
Cnidii rhizoma 375 QY
Angelicae Gigantis radix 3.7 FAR
Astragali radix 3.75 A
Cinnamomi cortex 375 o
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Prescriptions Component Weight(g)  Source

Cuscutae semen 15 T

Cistanchis herba 15 T3

Asparagi tuber 75 T3

Liriopis tuber 75 T

Rehmanniae rhizoma preparata 7.5 ¢

Dioscorea tuber 75 2%

Achyranthis radix 75 T

Eucommiae cortex 75 T

Morindae radix 75 T

Lycii fructus 75 3E

Comni fructus 75 T3
?;};younggobondan Hoelen 75 A Al
R E A Schizandrae fructus 75 A
Ginseng radix 75 a4t

Saussureae radix 75 G

Thujae semen 75 T

Rubi fructus 75 K

Plantaginis semen 75 T

Lycii cortex 75 A

Acori graminei rhizoma 75 =

Zanthoxyli pericarpium 75 A

Polygalae radix 75 T3

Glycyrrhizae radix 75 T

Alismatis rhizoma 75 )

5. Lactate Dehydrogenase(LDH) &3

LDH(lactate dehydrogenase)= A X Ao EA3lE TAEA FAS B¢ AX
Be FHetA] FAT, AETge] &4 4L A Axye= -5_’-315401 AU 2
wadnt, 429 LDHE 24t% NAD+E 2E IF¥43 NADHE AAA7H,
olw NAD+7} Atslgol wal 340 nmolX FR =71 st —-i-‘?—ﬂ A Z 8t
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o W&¥ LDHS AHEE 23T 5 JA®. 229 A8 50 «LE Hstod 100
L LDH OPTS 4 HH2AlA  spectrophotometer (Molecular devices,
California, US.A)Z J¥F3E9 WEL FAHAY Ax99 LDH levelE
glutamateZ A& F7) Qo) 2438 1, glutamatedt FFAE 23 5 AEEA
g Ao dgAle AMErRzans s, Axel LDH HdHesd
Trinton X-1002.2 A&l H, o] digr WMEE=Z el

< 9% 2dE2 glutamated A dtd AXW &S
H ABAEL S Jedle 11~1399 AAAEFHR 0.1 m
. FE9 glutamate® MEMOl Z+Z} s 4413, 6413, 124]
F, 2473 Bk wigslz Hol v]&® LDHYE SR AEXENES FA3AT
GlutamateZ 13 F=% AFAE &40 e AExRsFIAES BEY, o7
3 SuxEY AAdEE dFaEdS < 0.25 wg/mé, 0.5 mg/me
2 FXM3te glutamates} A 12A13F F¢F vt =439t Glutamate 9
AEARZE NMDA 84 24 MK-801 1xME glutamatest 37l 24412+
Aqste] NAAE &4ES Bttt @23 SAXMEE SPSS 80 z2aHe
% Independent ¢-test®} one-way ANOVAZE £ Scheffeld® o2 P<0.05 #<
Foddle FEo 2 stAth
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Z71M et NAAES] RHaAAgS BRI Fig. 1949

PAZE oo vtg e RS AFE77 4717
2) DIV (days in vitro) 39l= AEA7ZF AXEA AAEE717
& B F glon DIV 7 RHE AXAY AFE77 SA8A
EFS B 4 vk DIV 11 FRode AAAE7 22 58
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o] A Hste E&S UL vl 1344 MAP-28 AZAXLE HEY
A A AAAEZF MAP-20] FA Q) whEg Ho AAFAEIES AT
(Fig. 2).

2. §EAAHZ Qs MELA U3}

E AL NEESE dodle 2959 duUd Al dHE& AAS A AF
AEEY Festxe wstE BASIY AFAAXLE] FAsA E3str] A#3)
£ DIV 76 24Xzt e 48U L AAs wged Z5 dFE AXEY AX
A7t BAHAT AAEVNE AY A= JARZE JER AT (Fig. 3).

2. GlutamateOfl 2ist MAMIES AlZt, So&H &1}

FE8A glutamateT & A7t A& @

o gt U waty FHFES AN T}y
¥ 9| glutamate MEXELES BUgS

G Ao SojHe whgo] UEpon] AZt]EAOo 2 05mMelA 4A7F wj%d
F9L wW AFAIGEo] FHQ w2 YehITHP<001). wEAd Hz AEA
%%—% B2 05 mM9 glutamatedEE 12A]7F vl <kdl A 99 50% AAHETEAY
£2 H9 025mM9 glutamateZ 12417 wj et AL EAES F =319 oHFig.
4).
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kA BE A ALEE BAZ —t— B, 20 AAYRY, Suxgd, 4
PuEGS OS2 glutamated] 23 A ﬂié‘—’z}Oﬂ e FFA BREEAE B
. 50% AESAES B 025 mM-—] glutamate®} &7 0.25 mg/mie] HoketA
AZPTZ AZTW 2HES B4 W AAd Ry ARTEY, SuAgde] 4
AEES dAd F9AA 23E Jehddth. Glutamate 05 mM¥% zHzZhe] &
aasfm 05 mg/meg 1243 MFEA e Wl AAUEs AP
1 577 %l%l"ﬂ% e oA EF F9AHel e JAAT dAZ '
02 veguth £ glutamates] 9% Ho) 459 5744 FFLA
#HE Hgkgd 025 mM glutamate 0.25 mg/mee] FIFARTE 05mM
glutamate, 0.5mg/m¢ SABATE7F o £ AHE HGT, SUAFAS A3
e gAdAE FRAdEAH R H&g B AXEGd A dErE UNch

©
oft
2



oo} - AET &4 - 3L HHEF 25 U HEd AFAE BAE glutamate S HE I £5ET 107

E3 NAEMAEY £4S GlutamateE F X319 222 non-competitive NMDA
antagonist?] MK-8012 glutamated] W& HNEEFAAELE EBRSH,
glutamated W3t A @G0l FAAUA VeI o gi2TRTG AEAESC] T
2o (Fig. 5).
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Fig.1. Phase—contrast
photomicrographs illustrating
the neuronal development.
Cells were cultured for 1 day
(A), 3 days (B), 6 days (C),
11 days (D), 15 days (E).
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Fig. 2. MAP-2 staining demonstration that nearly all cell
are MAP-2-positive neurons on the 13th day in culture

Fig. 3. The Photomicrograph of cerebral cortical neurons treated with serum-free
conditions for 24hr. Cells were presence (A) or absence (B) of serum
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Fig. 4. Dose response curves for glutamate-induced LDH release in primary neuronal
culture. The results are expressed as percentage of the cell death with Triton
X-100. Inhibitory effects of significantly different when compared to control
group. * P<0.5, » P<0.01. Mean * SEM (bars).

Ceolideath (%)

control glutamate PM PL $D YG YJ MK-801

Fig. 5. Inhibitory effects of Korean traditional prescriptions on glutamate—induced
neuronal death. Cultures were exposed to 0.25 mM glutamate(G) with 0.25 mg/
mé prescription and 0.5 mM glutamate with 0.5 mg/mé prescription for 12 hr, and
effects of MK-801 (1 uM) on glutamate (0.25mM) - induced neuronal death.
Inhibitory effects of significantly different when compared to giutamate-induced
group. * P<0.5, = P<0.01. Mean = SEM (bars).
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B AFdME Hak mEEE ez duitdos A A2 + de A"
S A AN =3dqez dous AAFA BEE 78t od W
T 8B5S LotR gt ABMEZ zowdEte BlE 27FH ABAETL
H3tEe AFE BFeo 2y, AFEVIVE AEHFT FHE ZAHAA A7
| AFsta 79 T ABEZY A Fobsy] AAeis 11dels AEE71¥

Aol S MEAY 277k Frher) ARBE w2 Ve axs: 2%E
RothFig. 1). £F zdujdels AZAEe] 2Fe wIF 129 TL 14Y0)

JetdaH0s At MR 13d0] MAP-22 AZAEE AGIAAGL
o P WSS B RO Hop AZALI TLIRYL FUY F AN

HFig. 2), A8AF AAAE F}AAT DIV 79 #&EE°] DIV 11~139
glutamateo] w3 LDH W¥3lg Bl ¢ ¥e& Aoz Hol DIV 72 glutamatedi
A% AAAE &4 @ g S AR 5 gk ojgd AR FHYIEQ
B39} glutamate AASAo] g H&d AAMATY 2HYs} AL
F om, o3 A AAME 2o AYEHA V)
of NFE W2 FgFg + vt wEtx B dPAAE *E
ANZAAE7F @23 DIV 11~139) A A8t R )

Y A4 e glutmates AF54E Yed7d 2% AL AR
AV, WL M Z4, 23 Axe Felo e JFL v METAES 2
Aed BAPen, dwdow AL HHo] FYSAT S HVHoR I
8 AAAT G FAATHV D Ptk A ARATA FHUE 29
< ZHA 3?97 B oled AA=ANG Fol7] 93 Ao RE WMAE A
3712 B P B AP NE AAATEY sHF BEAY ZFeL
st AYEHA AEAIES FeEFgHA FFo2 RS AT AAFHE
< EHHFig. 3). T3 w3dAFY FJuUd HIHANRBEERE FEEH)

glutamate®] A3 X9 A17+S multimple comparisons test& %% Scheffe
02 YolHgtE W 4AIZ A E 0.1mM, 6A17F vk A= 0.5mM, 12413 )
02mM=z W2 AAg3A P<0.059] FAHUE Aolg HALH, 2443 o]
Ae dAFE ool old I FEAA EL ol Btk mebd 12413
WFo g 025mM™ 05mMe) glutamates ©8 ATF olo] gy @k aF(E
dolE Gt AR dF R HHAdrg, SuAFdo] JAFHAEEAS BE
2371 3%k 05mM glutamate®t 05 mg/mle] #FFAlFEANAE AMUYRY
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FuEAFo] AFAMAEEA dF TI(P<0.05)7F ARem, 025 mM glutamate
¢} 025 mg/mt 7S] BAA T AANRE(P<0.05)T AF 1EX(P<0.05), {7
A1 AP<O0DANA AMEEA A Fdle 235 BAH(Fig. 5).

Y A7 Fs) BHE glutamate AFZ40] oA NMDA &4 Z&A
¢l MK-8013 nitric oxide synthase & #|#1<] N-nitro-L-arginine (N-Arg)& #
RS W glutamate A7t Fo] mel MK-801°) B 73 R33HAE JeERd
o2 Hol glutamteo] 2 AAEAL NMDA F&A9 A&oz A3 vehd
gz Busol AP MK-8017 ketaminee AAZAEWZE &43 NMDA F43%)
2 oA % AAENS B3P o2 NMDA 484 diie yxyz A7
A EAA glutamated] 23 A AN FEEAS] T8 AL viAstE e RAog &
#2 A. BEgA MK-8012 M2t glutamated] g JAEH7} Qee &
A& HFig. 9).

gofetAle] MAMEEL B BEzg9] sjHo] YA YA gov2 o
2 Bo-2% Z& AFZAEYA wuPe TRAFEE FAsn®, B-amyloid
peptide(A fP) 2.2 ABA X HPARPE FEdte] Ao AAMEAE FA
AFHE dolE Havl Qi AZEg, o)y AAAE HPFAAH v
BA REEHE EQE w3l #dE HABAEY &49A 7xA8 2 088
F AS Aoq AZ4EHY HYPA APoly HAZRATY XN5A AL 2 A5HEY
o ojutA g RoZ Algdt}
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