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Effects of Daejo-whan on the Ischemic Damage of Cerebral Neurons in Culture

Se Hong Park, Kwang Ro Lee, sun jun Bai, Sang Su Cheong, Sei Young Kang,
Sang Kwan Lee, Sung Keun Lee, Ji won Yoon, Kang Keyng Sung*

Department of Neuroscience and Internal Medicine, College of Orinental Medicine, Wonkwang University

This study was performed to clarify the neurotoxic mechanism of nerve cells damage by brain ischemia. The
cytotoxic effect of ischemia was determined by XTT assay, NR assay, superoxide dismutase(SOD) activity, amount of
malondialdehyde(MDA), lactate dehydrogenase(LDH) activity, protein synthesis and tumor necrosis factor(TNF)- a
activities after cerebral neurons derived from mouse were exposed to ischemia for 1~30 minutes. In addition, the
protective effect of extract of Daejo-whan{(DJW) on ischemia-induced neurotoxicity was examined in these cultures. 1.
Ischemia decreased cell number and viability by XTT assay or NR assay when cultured cerebral neurons were
exposed to 95% N2/5% CO. for 1~20 minutes in these cultures. 2. Ischemia decreased SOD and protein syntheses,
but it increased amount of MDA and, LDH and TNF-a activities in these cultures. 3. in the neuroprotective effect of
DJW extracts on cerebral neurons damaged by ischemia, DJW extracts increased SOD activity and protein synthesis.
while, it decreased amount of MDA and, LDH and TNF-« activities after cerebral neurons preincubated with herb
extracts. It suggests that brain ischemia has neurotoxicity on cultured mouse cerebral neurons, and the herb extract
such as DJW was very effective in blocking the neurotoxicity induced by ischemia in cultured mouse cerebral neurons,
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AIEAHO! ABSMHEAES EM Bl |X]= S

& - 71980 W Amfoll @ @7 BAHA ek

Ololl FBES KEAC] EME REY KiEmLMmd o)X
= S8 KAl A6k mEY Ml A EIRES
FEAIY & 2Hlske AiEge] tidh KEAY BFEH R o
ol XTT assay, NR assay, trypanblue exclusion test, LDH &4
&3, INF-o 84 &3, SOD &4 &3, MDA & % vhuig
gdo 58E Sold FES BRE IA710l @SSl nlolth
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1. &
1) &2

A HEgol FES SES ICR AEQ Hguert G55 4
%3 99 4xE FERsIAC
2) okl

& EEO AMESH KRS EHS HEEAHE N JASIH
18 HBS 71E0E 80, Eite EXASK BILBHR
BrolAl BEASH & B%sll FRGIIC

Table 1. Prescription of Daejo-whan

EH B £ B 3 A &)
% E Hominis Placenta 30.00
EHHE Rehmanniae Radix 150.00
& R Testudinis Carapax 56.25
Mo Eucommiae Cortex 56.25
AP3% Asparaqi Radix 56.25
" 1B Phellodenari Cortex 56.25
4 B Achyranthis Tuber 4500
EM2 Liriopis Tuber 4500
ERE Angellicae Gigantis Radix 4500
A F Ginseng Radix 3750
A%F Schizandrae Fructus 18.75

Total amount 506.25

2. 94

1) ®iE9 R/E
RIEO) BAIS SISl KBA T4 HE 100 g2 EF4
1 09 7 @RBBAZ0N I, BIBE KESIC 2 A7 S
OF BHEIE AIESH & 3,000 rpmoliA] 20 E7F A4 EE]5HIL, T
& SH7IE AUSHT ¥ GREmESIA 24 A7 BRETRS!
o 95 g (8 95%)0] 2L A|ZS AYTH
2) B RS
A HEOl A8 oHIZE  dimethylsulfoxide (DMSO,
Merk), XTT (Sigma), NR (Sigma), trypsine(Sigma)2 Z}Z} 57
ol o] AN E vHEo] Wkt RSt £ B g g
S O 2 3|4 Al8SIHU EQd e HY BEEel Holel
o ARESIITE KA FEEQ FoE Y &Fwd =0
% 022 m9 micropore filterE 0183l FHdkd AMESINUTE
3) #Hhm H5E
KAl 221t B §(1998)°9) Yol wel 7ot
Kot 5, 4% 3 dE dFA HEG HEZXE trypsing 0] &
¢ diglsol Qskd Eelgt thE phosphate buffered saline

(PBS)C. & AZEICE AlA 17 & Eagle’s minimum essential
medium(EMEM, Gibco)2Z 3 3 A& & Relg HEER
poly-L-lysine(Sigma) 2.2 AEE 96-multiwello] 3 x 107cells/
welld] WEZ AHZE 2FINCE EFF HMEE 36T, 5%
CO,/95% airs ZEE HL7] WolA] EHsl o, 3g 7H480
ZAZ 2 BRECE uEcly 7 4 S¢t 1ZR % K Wkl A}
83l
4) EO F8

FIEEEE 98l MIEE glucose-free Hanks' balanced
salt solution(HBSS, Gibco) 2.2 11511, 95% nitrogen/5% CO;
2 2ZE F27olA 4B S EAIY £ HEE &
il A
5) IS MmBEYE W KEA FFEY BHEER o

1) XTT 8

XTTY] EBE {6l Holgoh} SIREEE RED &
B KEFACMMEE PBSE 3 3] AlASH & A AlZES} 3 mg/ml
9] XTTE welld RIRBEE 3|45l @] 37T, 5% COZ &
¥ 27104 SRS B5Eo] ¥8¥ F ol DMSOZ
S T spectrophotometerZ 530 nmollA BT E &6}
of HREEN HE BAESIAUCL

() NR 8%

NRY] Z82 Mosmann(1983)79] 2hdol W) & 518o)
L SIUFEES ATt B® O KEWEMIEE  phosphate
buffered saline(PBS)2E 3 3] AlA & Ay AZEF 5 mg/mid
NRE welld 2 & BEE 34510 W th2 3 Al S0 37T,
5% CO, 22 ZE¥ F2710lA] HHGIFC BR 25 ¥ PBSE
3 3 MAES o2 1 % formalin®E RES =
spectrophotometer 2 540 nmollAl EBTE ZH5k] ey
& wmESIIC

(3) MZES ZAL

S0V SIREEE YEAIR SO R KiumiS Mk
£ PBSE 3 3] MIA$ ¥ hemocytometerE O] &3} trypanblue
exclusion testo] 95l HR#N W& RESIFCH

(@) vun gy 58 |

CHHZIY A2 A5k siEont AUFEER AFHAIY
S0 EES KA MIEY 04 % sulforhodamine BE 200 4
A F7bel 1 A7 SQF A 20 WS th2 1.0 % acetic acid
23 8 AHsIHrt MX &8 F 10 mM Tris baseZ 0] &3}
SRB-bound proteing =91 % ELISA reader® 540 nmollA] &&
TE EH5I HERT | RESINCL

(5) LDH g4 &4

slgolu} SlrR&Eol g LDH 49 FF L2 HEe
Takahashi £(1987)'%9] kol Wk &, LDH kit(Atron lab,
Japan)] F4712% 1.0 mlE AZ 10 cm@) FHo € & o
7lofl AAQ) ZREE o] & S ThS 37TolM 10 E71 gt
SAIZTE BHS 98 £ HXY 30 mlE ol EBE % 570 nm
o4 EBLE ST HREET i J/ASIUCH

(6) TNF-¢ &4 &3
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HHE - OlBE - MIME - Y5 - ZAIG - olYB - 0182 - XY - 8FF

FEoI UFEEZ0] TNF-e ol UlXl= &S XAl
ATl KEMRAEES LEAIL Q¢ XNTIF F= anti-rabbit
TNF-a &} phosphatase - conjugated goat anti-rabbit IgG 2
2,2-azinobisE A2I8F ChS 450 nmollA] B BAFIIC

(7) SOD &4 =3

sigolu} SIEEE0] e SOD &89 FF2 15 ml
Tris-buffero] 0.1 ml 4887 FAUSHE &W T 25TollA] 10
2 BQ HiSAlZct ¥ ¥E # 005 ml IN-HCE 7151 &
EEE £ 420 nmollA] FETE FE06K) HEFD LE BE
tict.

(8) MDA &

S0V SJUREEE MG MIRMIEE Tokl MEE
Faiet # ol BsAE 8000 rpmofiA] AALZIS IS 4E
4 05 mE F5lo] 10 % TCAZHT & St B8 28
% thiobarbituric acid(TBA) 30 mlE 7151 95TColA] 30 27}
5124171, 4710l n-butanol} pyridineE 7}51cd 1,200 rpmoll
A 15 2 B AT & 4BAE FHol 530 nmoilA
spectrophotometerE 0| &35k E&3IRCt

6) Hat &R

HER &R di$ 3949 82 ANOVA Fof Student-t

testol] 2112, pate] 0.05 o}l AT [T AL E KL

ol

2947

1. 5189 MEz=Y
1) NZE BEE B4
1) XTT 8%
SIE RO =&Y Aol Wt 58 K& o)X
T BEE AP H819 SIEAHZE ZEE 27014 AE
€ 27} 2 BolA] 16 B B¢ &A1Y F A EQ NEEE XTIT
assayHoll Ql5lo] HANET vl RAGIRCHTable 2, Fig. 1).

Table 2. Time-dependent relationship of cell viability on ischemia by
XTT assay in cultured mouse cerebral neurons

Exposure Time XTT absorbance(530nm)
to Ischemia 0 min 2 min 4 min 8 min 18 min
0 058007 056+004 055+005 0521003 050+£006
lschemia 056+008 046+£002 035+004 027+002° 0.12+001"

Cultured cerebral neurons were treated with ischemia for various time intervals. The
values are the mean=SE for 6 experiments. Significant differences between groups are
marked with asterisks. p value, *p<0.05: *p¢001.

@ control
£ tschemia

Cell viability (%)

Control 2 4
Ischemia exposed time (min)

Fig. 1. Time-response relationship of ischemia in cultured mouse
cerebral neurons. Other legends are same as the Table 2.

9 NR &

UHAIZE BQ EES AKBCERES Ca”, Mg'-freeQl
Hank’s balanced salt solution(HBSS, Gibco)2 2 3 3] X&st &
SIEUHE ZEE H2700AM MEZE bzt 2 BollA] 16 2 &
&8 & AxY YEES NR assay Holl 35l Hakra
Bl ZAFSI%CHTable 3, Fig. 2).

Table 3. Time-dependent relationship of cell viability on ischemia by
NR assay in cultured mouse cerebral neurons

NR absorbance(540nm)
0 min 2 min 4 min 8 min 16 _min
0 064+008 0621007 060£004 058005 057+006
Ischemia  061+£004 054+002 043£003 027+£004" 018001

Cultured cerebral neurons were treated with ischemia for various time intervals. The
values are the mean+SE for 6 experiments. Significant differences between groups are
marked with asterisks. p value, *p¢0.05: ™p¢001.

Exposure

B controt
T 1schemia

Cell viability (%)
®
°

can;r‘:l 2
jschemia exposed time {min)

Fig. 2. Dose-response relationship of ischemic condition in cuitured

mouse cerebral neurons. Cell viability was measured by NR assay. Other

legends are same as the Table 3.

2) MES ZA}

SERTo &Y A0 Wt 2R KEmEAES 25
3ol niXle GEE ZABY] A5l S8R 2ER H
7oAl MEE 742} 5 BolA) 20 B EQF L EAIY) & AEHE
trypanblue ZAVHol 9510 HAREH vl ZAKSIATHTable 4,
Fig. 3).

Table 4. Time-dependent relationship of cell number on ischemia by
trypanblue exclusion test in cultured mouse cerebral neurons

Cell number(1 x 10'per/mi)
0 min 5 min 10 min 15 min 20 min
0 064008 0624007 0680004 058005 057+006
lschemia  061£004 054+£002 043£003 027+£004* 019+001™

Cultured cerebral neurons were treated with ischemia for various time intervals. Cell
number was defermined by trypanblue exclusion test. The values are the mean=+SE for
6 experiments. Significant differences between groups are marked with asterisks. p value,
{006 *pK001.

Exposure

R control
120 £ wehemia

Cellnumber (%)

Cnnt;t;l ‘~ = 16 15 20
Ischemia exposed time {(min)
Fig. 3. Dose-response relationship of ischemic condition in cultured

mouse cerebral neurons. Cell number was represented as percentage(%).
Other fegends are same as the Table 4.
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RgRol REEmSMmEel Sk \igadl viXls g8

2 KER FEES BR
1) sOD &8 &3
() ZmS FE
Slgo] B& AR vIAlE g8 sOD &84 &4
oA £ sl SELHE 288 F2710M Hzg 2
7t 8 2ollA] 20 2 B¢t eEA1Y) & SODY} #d g 4T vl
i ZARSIATHTable 5, Fig. 4).

Table 5. Time-response relationship of ischemia by SOD activity in
cultured mouse cerebral neurons

Exposure Time SOD activity Decrease rate of SOD
to Ischemia {unit/mg protein) activity(% of control)
0 min 456113 -
8 min 371108 186
12 min 32+12 316
16 min 209+03" 542
20 min 188+06™ 588

Cultured mouse cerebral neurons were exposed to ischemia for 8 12, 16 and 20 min,
SOD activity was measured by colorimetric assay. The values are the mean£SE for 6
experiments. Significant differences from the control are marked with asterisks. p value *

p(005: ™ p(001.

100 -

80 4

60

40 o

SOD activity (%)

Control 8 12 16 20
fschemia exposed time (min)
Fig. 4. Time-dependency of SOD activity on ischemia in cultured
mouse cerebral neurons. Other legends are same as the Table 5.

Table 6. Dose-response relationship of DJW extracts for their
neuroprotective effect on ischemia by SOD activity in cultured
mouse cerebral neurons

SOD activitytunit/mg protein)

Exposure 0 OJW 1 DIW 2 DJW 3
(40 w/ml) (80 w/ml) (120 w/ul)
0 N7x25  458%17 47934 436£15

Ischemia 182+09 37311 342104 298+23
Cuttured mouse cerebral neurons were preincubated with various concentration of DJW
extracts for 2 hours before treatment with ischemia for 16 min. The values are the
mean+SE for 6 experiments. Significant differences between groups are marked with
asterisks. p value, * p<005: * p(001.

EE Control
120 4 [T tschemia

SOD activity (%)

Control 40 80 120

Fig. 5. Dose-dependency of DJW extracts for their neuroprotective
effect on ischemia in cultured mouse cerebral neurons. Cultures were
preincubated with various concentration of DJW extracts for 2 hours. Other
legends are same as the Table 6.

(2 KEX FEEY BR
SIE Rl oal A R KIEMCHR s KB
FEE0| SOD 849 &Fd W3lol nixle € R 9
5l DJWE 2¥z} 40(DJW 1), 80(DIW 2), 120(DJW 3) g/ me<)
SLTZ o) 2 X]7F SO AT TIE 018 ThA] SI-EAE]
B2 ZEE 271004 16 2 &0t MzIg £ 0]50] SOD 4o
nRlE @S TAIBIYCKTable 6, Fig. 5).

2) MDA B
(1) Eme &

180l B Kol nXis g8 MDAY oFEH
39 FHolA ZAKY| fislod S8 E ZER 271014
HEE 242} 2 BollA] 26 & S L&A F MDAY QEHE)
€ F4F Hla ZARSIITHTable 7, Fig. 6).

Table 7. Time-response relationship of ischemia by MDA activity in
cultured mouse cerebral neurons

Exposure Time MDA activity Increase rate of MDA
1o Ischemia {nmole/mg protein) activity(% of control)
0 min 98107 -
2 min 114205 163
10 min 127108 296
18 min 154106 571
26 min 176108 796

Cultured mouse cerebral neurons were exposed 10 ischemia for 2, 10, 18 and 26 min.
MDA activity was measured by TBARS assay. The values are the mean+SE for 6
experiments. Significant differences from the control are marked with asteriks. p value, *
p{005 * p¢001.

220
200 -
180 -
180
140 -
120 <
100 o
80 4
80 o
40
20 o

.

Amount of MDA (%)

" contro 2 10 18 28

Ischemia exposed time (min)}

Fig. 6. Time-dependency of MDA activity on ischemia in cultured
mouse cerebral neurons. Other legends are same as the Table 7.

Table 8. Dose-response relationship of DJW extracts for their
neuroprotective effect on ischemia by MDA activity in cultured
mouse cerebral neurons

MDA activity(nmole/mg protein)

Exposure 0 Daw 1 Diw 2 Daw 3
(40 vg/ml) (80 g/ ml) (120 ug/ml)
0 105108 124+05 97106 113104

Ischemia 172207 19609 12.9£05" 13.3+06™

Cultured mouse cerebral neurons were preincubated with various concentration of DJW
extracts for 2 hours before treatment with ischemia for 18 min. The values are the
mean+SE for 6 experiments. Significant differences between groups are marked with
asterisks. p value, * p{0.05 ™ p<001.

(2) KM FE2EY HE
SERTo 9F £A4E #5R KiSES M it KER
Z&E0] MDA 849 &8 H3lol rAlE @8E AP 9
3ol DJWE z}z} 40(DJW 1), 80(DJW 2), 120(DJW 3) pg/me
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BNE - OlHE - MAE - i - 2HG ol - olgE - XY - 82E

SEE sl 2 417 0 BAZIS THS 0] & T slEAH
2 2EY AL7A 18 B 50 X2ld % ol5o] MDA 84
ol BlAl WEHES FARBIICHTable 8, Fig, 7).

W control
L] tschemias

Amountof MDA (%)

Control 40 80 120

Fig. 7. Dose-dependency of DJW extracts for their protective effect
on ischemia in cultured mouse cerebral neurons. Cultures were
" preincubated with various concentration of DJW extracts for 2 hours. Other
legends are same as the Table 8.

3) LDH 84 &3

(1) Ens g8

Slgol 8 Aimaamd vl ¥8S LDH 849 &3
ol ZABI] K81l SlEUHE ZEE F271olA MEZE 2
2} 8 BollA 14 B 5¢F &A1) & LDH 848 & a2 vl
ZA}5IHcHTable 9, Fig. 8).

Table 8. Time-response relationship of ischemia on LDH release in
cultured mouse cerebral neurons

Bposute Time 10! o iy | gmin | 10mn | 2mn | 14 min
LDH Release N -
mu/m 135412 [ 16414 [ 1821177 [ 212+16% | 235118

Cultured mouse cerebral neurons were exposed to ischemia for 8, 10, 12 and 14 min,
LDH activity was measured by LDH kit assay. The values are the meantSE for 6
e)é%e(;gnems.( gié;niﬁcant differences from the control are marked with asterisks. p value, *
(005 ™ pC001.

220
200 e
180 .
180
140
120
100
80
[ 14
40
20
o

LDH activity (%)

Control 8 10 12 14
Ischem!ta exposed time (min)

Fig. 8. Time-dependency of ischemia in cultured mouse cerebral
neurons. Cultures were exposed to ischemia for 8, 10, 12 and 14 min,
respectively. LDH activity was determined as % of control. Other legends are same
as the Table 9.

2 Kigh FEEY HR
SIERTA sl &MY HR KSR et KR
ZF&E0] LDH gdoll w|ile &2 £k sl DWE
242} 40(DJW 1), 80(DJW 2), 160(DJW 3) g/ mtS] SEZ sl
ol 2 A7k B BAZIT thE o8 thA] SIEUHE Y
271014 12 8 §¢t A2lgt F ojEol LDH &4 nmixle &

8tg ZAYSICHTable 10, Fig. 9).

Table 10. Dose-response relationship of DJW extracts for their
neuroprotective effect on ischemia by LDH activity in cuitured mouse
cerebral neurons

LDH activity (mU/ml)

Exposure 0 DIW 1 DIW 2 DJW 3
(40 wg/ml) (80 wg/ml) (160 wg/ml)

0 15915 15614 15317 151+£13
Ischemia 274+18 2119 21020 198+15"

Cultured mouse cerebral neurons were preincubated with various -concentration of DJW
extracts for 2 hours before treatment with ischemia for 12 min, The values are the
mean+SE for 6 experiments. Significant differences between groups are marked with
asterisks. p value, * p(0.05 ™ p{001.

M control
[ 1schemia

LDH activity (%)
-
4

Control 40 80 160

Fig. 9. Dose-dependency of DJW extracts for their protective effect
on ischemia in cultured mouse cerebral neurons. Cultures were
preincubated with various concentration of DJW extracts for 2 hours. Other
legends are same as the Table 10.

4) TNF-¢ 84 &%
(1) Eme g
Slgol 8 KimEME viile € TNF-2 9 84
9 EHollA A7) H5kd MEE SEYHE 2EE F27]
ollAl 22} 6 RollA] 18 B SO L&A & 518 A4z
WE TNF-¢9 g% HIE Fard vla ZALGITi(Table
11, Fig. 10).

Table 11. Time-response relationship of ischemia on TNF-a activity
in cultured mouse cerebral neurons

Bxposute T | gmin | 6mn | 10mn | t4mn | 18 min
NF-a * &
(o/mp |028007]032::006| 0362004 | 0402005" |047£002

Cultured mouse cerebral neurons were exposed to ischemia for 6, 10, 14 and 18 min.
TNF-a  activity was measured by immunosorbent assay. The values are the mean+SE
for 6 experiments. Significant differences from the control are marked with asterisks. p
value, * p¢0.05: ™ p<001.

220
200 o P
180 -
160 -
140
120 o
100 -
60
60 —
40
20 o
o <

TNFe(%)

Control L] 10 14 18
lschemia exposed time (min)

Fig. 10. Time-dependency of ischemia in cultured mouse cerebral
neurons. Cultures were exposed to ischemia for 6, 10, 14 and 18 min.
respectively. TNF-a activity was determined as % of control. Other legends are
same as the Table 11.
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KEAO] KESHEMIES) i #ol viXie S8

(2) KR FE8Y R
SIERTol Ao &4 BR NERQEREY g KER
ZEEO] TNF- ¢ 8ol nX]= &S A7) Sidle] DIWE
Z}Z} 50(DJW 1), 100(DJW 2), 150(DJW  3) peg/meS] T2 ol
ol 2 A]7F QU HAMEIF Tl ol T SlEUEIE 2EE
2704 14 2 &2 Azict & 0]E0] INF-¢ Edol nlx]&
Hekg EABIKACHTable 12, Fig. 11).

Table 12. Dose-response relationship of DJW extracts for their
neuroprotective effect on ischemia by TNF-« activity in cultured
mouse cerebral neurons

TNF-a  (ng/ml)
Exposure 0 DIW 1 DJw 2 DJW 3
(50 wg/m) (100 w/m) (150 we/ml)
0 022+003 023001 024004 026+007
fschemia  0.08+0.01 018002 0152005 0.21£006™

Cuitured mouse cerebral neurons were preincubated with various concentration DJW
exracts for 2 hours before treatment with ischemia for 14 min, The values are the
mean+SE for 6 experiments. Significant differences between groups are marked with
astenisks. p value, * p<0.05 ™ p<001.

M control
140 - T3 tschemia

TNFa(%)

Control 50 100 150

Fig. 11. Dose-dependency of DJW extracts for their protective effect
on ischemia in cultured mouse cerebral neurons. Cultures were
preincubated with various concentration of DJW extracts for 2 hours. Other
legends are same as the Table 12,

Table 13. Time-response relationship of ischemia by protein
synthesis in cultured mouse cerebral neurons

Exposure Time Protein synthesis Decrease rate of protein
to Ischemia (% of control) synthesis(% of control)
0 min 10084 -
1 min 872+76 128
5 min 726164 214
10 min 46.7+32" 533
20 min 3H8+28" 64.2

Cultured mouse cerebral neurons were exposed lo ischemia for 1, 5 10 and 20 min.
Protein synthesis was measured by SRB assay. The values are the mean+SE for 6
experiments. Significant differences from the control are marked with astensks. p value, *
pe0.05 ™ pe001.

100 -

80 -

60 o

Protein synthesis (%)

- Control 1 8 10 20
lschemia exposed time (min)

Fig. 12. Time-dependency of protein synthesis on ischemia in
cultured mouse cerebral neurons. Other legends are same as the Table 13.

Slgo] chiAgtdol niXle BEE ZAGH) 6l EE
KEmEARE sEdulz 288 27104 1~20 2 ¢
e & Slgol WE e ol HIlE ZASIATHTable
13, Fig. 12).

(2) KEN FE29 BHR
SlEol ool &4 R KRGl e KERI &

£80] Wiz gdoll piXlEs & RAKBYP] Adlkd DIWE
2}2} 50(DJW 1), 100(DJW 2), 150(DJW 3) ug/meS] SEE vl
ol 2 A]ZF St AAZS T2 0lE THAl SI8AHE ZEE
H271014 10 B S0 Melgt & o]Fo] vhd ghyel viXl&
Hste ZAISIGTHTable 14, Fig. 13).

Table 14. Dose-response relationship of DJW extracts for their
neuroprotective effect on ischemia by SRB assay in cultured mouse
cerebral neurons

Protein Synthesis(% of control)

Exposure 0 DW 1 DJW 2 DWW 3
. (50 we/ml) (100 wg/ml) | (150 we/m)

0 10063 10076 10058 100+84
Ischemia | 422+68 864+78™ 83.7+92" 758481

Cultured mouse cerebral neurons were preincubated with various concentration of DJW
extracts for 2 hours before treatment with ischemia for 10 min. The values are the
mean=SE for 6 experiments. Significant differences between groups are marked with
asterisks. p value, * p<0.05 ™ (001 :

S Control
£ techemis

Protein synthesis (%

Control 50 100 150

Fig. 13. Dose-dependency of DJW extracts for their protective effect
on ischemia in cuitured mouse cerebral neurons. Cultures were
preincubated with various concentration of DJW extracts for 2 hours. Other
legends are same as the Table 14

3l Z

&Y Zrlole HEE HIRS A9 71dadn 22 5
S VERRAIT HHo} b1 JAEH ginh| et oslgdn ¢
2 348 Zdich = vobiie 489 e wA
P H 20 HEEE HIRE B W A0S 22 Aol Arn
7171 Bofgiths o] YEAEA Hoid e HIxe o ¥
HHO SHE AaAR7IY U S4FHAK FEsRE
A7t BES) AYHL Yo, 38 Zolole HEF
9] E7lofl olsf HYFAT H5{8o] Uy uiet @71 o
gah8o] YR, I d HAlZe &4 ASIA 2 olu

M
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A S - O|ZE - iHE - a4 - ZHE - ol - oldE - XY - §8E

2 2un AR, HHEA] MEWY) A2 ZTS M T 4
B9 Q1IEHIS0] ARhE)7] tEo] 012 Qla) ARIAMUS] ATP
9 M=ol FaEH, o1 d4o] A7 X&sEw A=
NEo) SHETE VEMOEHN HZEAY FAht MEY &4t
2 Aok B w3 o] A2 S718MZAE ARIAUY
ARFGHO Qdf {I2AR717E BY W=D, o]Eo] MW
o] £S5l glutathione peroxidaset} catalase % superoxide
dismutase(SOD)oll Q3 X|EEIA] RohL S0 HXo] o
X ZF HEHe susd BoP. B8), 2958EAHEE
(amyotrophic lateral sclerosis, ALS)®] & S0j|4]= SOD-1 gene
9] HEdwolol 93l0 nlA SODol o3l HBEA 2& ds
717t @A) Hdol SHEOEN sk UEH KIS
off SBICF. Wk HEES AR 98t sk A
- WS BHo] AS ¥ o} MAXIRTIG AHEE &4
AEW 8549 84 AE bRl AsHALAH A thd &
oL, MZU cytokineQ] 2HISIT WES o] i, £
3l, AMRRIR7)E E2Y o] -Atd BHE AT ERM o}
Dl AkS BHiSithe Ro| WEAIHA AAafel7Is B84 o}
o] 4ke) A5 AN tish 7)1 FHo) B9l thale] Hfich
MM = JAAIRTIE B2 ol BulA glozR Al
ZUW9| glutamate $8% £9 Sl N-methyl-D-aspartate
(NMDA) receptorE THEAA1F| T, o] dog MzEW
Ca” 9918 Bl 269 FHE MEYOEN MEE &4
P mE MEW ZEY 7t olAMuxk] G
-dependent protein kinase c(PKC)Q| &4 & HTA|UCEH A
ZE HE UXE HEAIA 2= AR AAKE Zsicia ¢
PO, migka 22o) Mg ulRs HES g g
Hol SIUZ EISHIS] B LEXAA Y NMDA 84
o] 2 £S ROBCEN XRENE UERIDZ RIPTL
UYTH. ol 9t BRI FZol HEIEoIL RS} 2 A4E
Agol SlerRsg0] AT S5 UEIH LS UEhE 4
22 JIX A Ytk Ro] PHAHA SES tUOE B 4
oA SRIFEE St lEHa] it @7} gds] ol%
A1 ”qw,m)_

MENE Q% MMERES EEEdME bRl Bok=
Ro2?, 9 BAFRS A - X - WK - BE Y BIE o
A Uom, EmmmEE W EHHE 59 Wiy ERe U
A Do, kol oME ol BB - Kk - WK - IR
E #]9 B UEhA EEE SRR, B% B B,
mH SS9 KEBRUL B3 Hol, BRERIE SE -
BE 9 KEEO] VeI Hol RFEN, BB, KRS
B @K SO KREBES 72 A83kT Ui

& BBl ARRE AEAS ARG kB Dol A8
WgElol oM, (HEER) MolMs Bk NERB'S B
WIITHL Slch A4S BRSH KERN HanEe sy
o] AP FKMOE HBARE - FHAE - WHEE - MR
% - REN#H SOT Q% WES AEsked 28591 Jon,
HZols R BRE B EY BHEER SREY Be Bt

AEE 5ol 2851 Ak,

KERL Bl thole] AnEH 7%= “&if, i,
M, FRS BORBGEOT MEAY EkI USm o7l
HFEE RASH mAA0l Brth BFL, BRKF, AB2 4K
O EI} ULk TR KBS A FEol MBI A
BOE BRI MECT Mmsl=y KFEHES 43122 A%
£ ol Aoit¥'&} BIT & ABAS MBS Mols MBA,
ElRE E9 Wesol KHEE BEAS AOE fFME A#HSIL
Baske BER7 A EHOILL

olo] AMAH= BISEN - KERMS B0l U= KiEAO]
SIEE QI8 ABIHEEIS X151 &40l D)X gake Yo}
7] 95l KigmEamol QP SEAE ST &
N2 BEE Y MES0| HElE BN CH, KBRS A
2I3t & SIPAENE F2AIA SOD &4, MDA B3, LDH &4,
TNF-g¢ 84, Tzl 314 2 429 Henshs Hale Bl
Ch A 12 ARSTHEMRO 2~16 2EQ 58S SUKIY &
NEYEE HIE XTTHYS ol85l ZABIE 23 BYF
ol B3l HYERT A7kl vlEsl MZWEG0] ZAUCH
E35], SIERE 8 Rolxe kol ulid 519 %, 16 HolAlEs
240 %9 BEEES Bl §OI8 ZAE VERNACHTable 2, Fig.
1). ol $ Zah= SlEol BR AiEEEMEY SHANE Vet
Wohe A Ao|din). S NR assayH 2 01851 M EZYES
2 ZAK & 21 SEKEAIZ0 vEisl ZAaEAC) B8,
HERT 8 HolA: Fakro) Hisle] 466 %% 16 RollAlE
333 %9l YEES Ho RFT ZUE UERHACHTable 3, Fig.
2). ol AT/E 51O UZNEY KM Zol &4 ZeHE
THe Borgers £(1990)"9) 729} YR5I%ACt ol olutg
YA HE AAXR77 HNEE S4AR 23 RoE 4
2. 319, slgo] KESmMmY <& wisol vjXe g8
g RARY] Y5l S1E S AmMIES 5~20 271 M2Is
A3} NPAIZol wiek 4ol HIsk] A2 £8 d4g |
Bow, B3] HYRT 15 B Jol= AT5rt Bakzol vlskd
50 % ol4 ZABoEN A8 MEY &4 UERARITHTable
4, Fig. 3). o] 2= B A MZUEEY 40 YA
o, OB}E BIEA] WAB AAXIG7 o) 8 M ZRY) X2 4
SISl QIS &g HIRGK] TIAEY Ae S 2
NZ &9 Qolo) Zutetn MZECH D). ofdl ol g9l shig
E 2 A8 UojAM 5180] LDHY 84 E714171 1, ez
Tee 22T ALE UEkd7) tEoith

HYE QIS ARG HINE HEEIo] A131E &43) BAH
E718 golds] Sidkd 2 dgdAE $KIgasd shiel
SODS} &A1 ZAGH HUTY 8 ARGk 8~20 2 5
Ol BB S BT 3 SOD FHE RAGIE 2T, HERT AL
ol met 4ol vlsld SIS BAE BYOn, E5] 518 16
21} 20 BollAlE Bkl Hlglol 212 458 %9} 412 %E B4
Tlo] §lEo] {31H 43 YPS B0l Y RCE UER
CHTable 5, Fig. 4). WEA 518A] HEE ALAR7I7E A28t
2 Eusie] MEW SRISIEA0 BHS AXEoEN MEL
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KERC] AR MIES M Higol mxl= &

& HglE ZAKSH7] Y15l TBARS assayoll 218t MDAS| By
B4 g o 27 SIE /T Al wie} Farol Hiskd MDAS)

€ HUOEZH ¥ AafElol At AR Hitst
29 EZo] 98k AT o]Z AT MEUS Fiislasol
g89A 3 22 AZEUE ZUS AR HzPrh(Table
7, Fig. 6)*%.

&lgo] LDH &doll viile dge ZAI) Aslo 58 K
fEmE ] 8~14 B E¢ slgg Meldt 23 M)Al ut
2} ool Hislel LDHS g4o] 715 om, 53] s1ER/E
%10 2 ol% Rels Fihrd visld {5 B718t AR
LIERTHTable 9, Fig. 8). ol2iet 4B A= 518l Qo A&
Arsigo] 843 HUSS wHFE A2, 2 dgoi 8
Eoll 2§t MDAY] &1} SODY] &4 E718 HH AHAANRY)
7} DESHA Bolsll ASS & 4 ATt T, 5180l TNF-¢ 9
ol niXls B RG] Aol JEE BR ANmEH
fiol 6~18 2 &¢t Kt 23 AERT ATl wek Fakzol
815lc] TNF-o 9] &40o] £718 A2 UEhdri(Table 11, Fig.
10). 0|2i8 A= Kham S(1995)%0] 4AXIS717F @BUTiA)
ZollA] cytokinel} intracellular adehision molecule(ICAM)} Z
2 BAES Q4o ExN sudge fuskls ardus
URIBINCH, 5] HEE ANARYI7E TNF-0 9 g8€ &
e Jhsyol & ReE Yy
£S5 slgo] ARt mixls JEE RAY] Hslo BE
Kegiigdiiac] 120 2 & sldg {8 2 Melrjz
meZ} Fikzol vislkd RS ZAE HciTable 13, Fig. 12).
olzgigt Ao slgo] NB TSRSl Qg M ERLS] &0
U gRslg 40 g8 [alE xad AXNY slgo] MEL £
It BEYE 83l AEY dRFgtgol Boldhs WEAA
e viRsl SlEaAe 2 vudgdAe 285k HE
27\13oIL A FAY 84 2 A6KIE 7Hsdol &8
A0E YAy, 3ig, sig4elolx Kt £&20] SOD
S} MDA &0l plXlE FEe ZALG] Y5l & Rk
Aol KR FEEQ DJW 1, DJW 2, DJW 38 2}2} 40, 80,
120 pg/mi0) =T 2 MAEISH & SES FUAIYU A, 58 A
2l iz Zol ulsle] SODS &4 F719 MDAY X 4 g
BUOEN SIEE A MEI &4 Yol AQFE Ve
(Table 6, Fig. 5)(Table 8, Fig. 7). Olgi¢} Hile KA F&EE
9] THHEES AARIR7IY A8l &gl st SilstE et
22 rIgH e VENICEN UAXIF7I0) A3l &4e gt
S48 E7ht AZIISRISE A 2ol AQRE
SZECH. we, AT Ao BWE ol AB T 22
B REEEO] A1EIE £4OF Q3 FES W MRS
LolskAU BEsiiche A7 ne dxisldct X8t 518/
AEolAl Kigh, £&E0] LDHS} TNF- o 9} 840l pixle S8
2 2P| Hdle] Kigh £EEQ! DIW 1, DJW 2, DJW 3&
“Aziet & slgE FYAIY 23 LDHY 42 318 Aelsh
HET BIgld KA FEE TAEA 2F fast daE 2

% Opi(Table 10, Fig. 9), TNF-¢ 9] &40l JAoiMT DIW 11
DIW 371 518 AM2Ig tiEToll Hldkd TNF-« 9] 88 & |aldl
Al B2 ASE UERGTHTable 12, Fig. 11). 2841} DJW 29)
22 38 Mg iz ol vldla] TNF-a 8] 8482 ZARFS
L SO HolX| et olzid A A= Fdo] Aa) 43
HE AAXIF7100 28 A- Y] MASRES I cytokine®] 4|
718 K& FEE0] ERIFENE UERIO] AlgHE &0
BHE WEMBE B3 NeE 44En, ol B 489
MDAFZolLt SODY| &4 &7t sol JWaslL ot

KER Z2EE0] GRSl o|= FEE TABP A
gl RER FEEQ DIW 1, DIW 2, DIW 38 WAZIet 2%
HE Azl iz ol vlsld 2F {ASHA E76ITHTable
14, Fig. 13). o] 3IEE Q13 &4t Qe vulZghd ) dde
AL AZABS £48 B53F Z2aela 424En, B3
¥ A7 AMoANE KER FEE0]| SODY 84 & &714]
1 AHoZ Hot sl¥Al MY ALAIR719) 418K &alg &
URHEO] A AL AR, 0139 ZBE 8
3 KBA FEEE 518 SUTol AA2IS AL SER 2
§ MZLEAA] UERE 848lE A0 A8l AdAshrs g
3, v A5 5€ ZHHCE ARNSIFC) & BlEA 4
HE 4LAR719] s &4 KiEfL S&80] Adle Zat
S 4Zigch 22U 4o Z T AXEn| A Bl 9 ME
v RS HEht 2ARE B8 B9 RAUA Wi 22
A7 6 ggsielal ARt

a4 &

ol o5l SwEE MmMREgel st KEh 2%
B9 BiEBRE Yoley) Y3l kA RS2 B£8R AN
Bi@iao] 2217 AR £ BN 1268 S50 SE3I¥ch
HESE % SOD g4, MDA 8%, LDH 84, INF-« &4,
SRB assayoll 9|3} GHIABME ZAlSl tied 2e WS
PIACE KR S22 @iMo) 98 KEGFEALMIS SOD &
M A2 Q051A S71K1311, MDA 84 5712 Qol5iH
4Al7190, LDH 84 5718 895 ZaRlzich AR &
BEE22 milol o3 KEFMEMIEY TNF-o 84 Z718 g9
BIA ZAAIH L, KA RS2 giIol I3 KiswE AR
DRIt ZAE KOSk S7HAIFCH

PES) RE B3I KER 2SES SODEY 7t
MDA &4 74, LDH 84 24, TNF-o &4 Z4, vla g
e E7RILCEN EMmAl A8 QARSI 98 Ak
S/ BES s At Jol bR HilE Y FiR Sol
BSOS BRGH EEE 4 ol BeEct ‘
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