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Effects of Sopunghwalhyul-tang Water Extract against Xanthine Oxidase / Hypoxanthine(XO/HX)-
Induced Neurotoxicity in the Cultured Mouse Spinal Sensory Neurons

Kyung-Suk Yang, Sun-Ho Shin

Dept. of Internal Medicine, College of Oriental Medicine, Wonkwang University

In order to elucidate the toxic mechanism of oxygen radicals in cultured mouse spinal sensory neurons, cytotoxic effect of oxygen radicals
was evaluated by MTT assay and NR assay. In addition, protective effect of Sopunghwalhyultang(SPHHT) water extract on oxidant-induced

neurotoxicity was investigated on these cultures.

Spinal sensory neurons derived from mice were cultured in mediums containing various concentrations of Xanthine Oxidase /
Hypoxanthine(XO/HX). Cell viability was measured by MTT assay and NR assay.

XO/HX-mediated oxygen radicals remarkably decreased cell viability of cultured spinal sensory neurons in a dose-and time-dependent
manner. And also, SPHHT blocked XO/HX-induced neurotoxicity in these cultures.

These results suggest that oxygen radicals are toxic and SPHHT are effective in blocking against the oxidant-induced neurotoxicity in
cultures of spinal sensory neurons of mice. (J Korean Oriental Med 2000;21(1):29-39)
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Aol A8 71| HREARIEAQ v Fofstn

AA e EXSA LS B A7) AV il DNA
E dgAige, 88, BEREHEE SEAo| =AY
(excitatory amino acid, EAA)9] EH|E {L#A]7] 12,
AZU Ca2+e 58 BINA 2= MR iR =
oy, '

B Ay AN BEGEmMS-S HR e (LK
aEE)vd Xg £EE oY, F2 EFS tdaged
dolA M, FEIAE BH o2 ggro] ghrhem, EE
N, BE, AL, BT, &0, R, Bl i, i, A
1, FEO 2 HRY BAHSE R - & - 5% - el o3k
o FEfFE = —EY RS FiRd Bz deEA7e
oI Th.

AF7A BRERES 4% 483 AT2E fpol
145, S, REAMERY B8 ATE Hasidm, Fol
Raol Bt vlxs 9% a8 478 Bk

ok BRARE & SA4E 5B FREREER
o wX= Qe g A1 obA HIA Radch

olo FH= HUAEMZC] MEBHE o3l &€
R BHEREWSHRA nlXle 33 R8sk Y3t
of AF A ¢ 2] WS TS B o
& ¥ %9 Xanthine Oxidase / Hypoxanthine(XO/HX)Z
Aot Mg B8k, XO/HX of¢ JTEP%I%B
fos) Bbfy a5 datd BUGEMES FIEMRE &
st froat ARE Ao Eashe o]t

BRUH A Fi&

1. 4%

1) gy

& EB Y 2L ICR AEY A% 344 A7
et g AHE @m 3tk

2) 1

A Eil A4 BRGNS EHRAES (HBE
Yol RISt o, gt BRI SARRRCIA
A T gogste] ARSI, BGMES NED 4
&< U5 2L

Prescription of Sopunghwalhyul-tang(SPHHT)

- = HH(g)
A R @AEx4)
& B Radix Angelicae Gigantis 4x4=16
Sl # Rhizoma Chuanxiong 4x4=16

&AL Radix Clematidis 4X4=16
g i Radix Angelicae

Dahuricae 4X4=16
s 2 Radix Cocculi Seu

Stephaniae Tetrandrae 4x4=16
" M Cortex Phellodendri 4x4=16
H OB Rhizoma Arisaematis 4x4=16
' 7k Rhizoma Atractylodis

Japonicae 4x4=16
% & Rhizoma Seu Radix

Notopterygii 4x4=16

CEEOR Ramulus Cinnamomi 4x4=16

F A Flos Carthami 1.2%x4=48
= E Rhizoma Zingiberis

Recens S5H(10g) x4=40
O - 204.8¢
2. B AE

D) e 345

BRI ME 204.8g8 S/ 3 A Zetado
Y1 5HIERE et 2/‘1 e}t FEE ¥ 3,000rpm
ol A 20-,—7} ATt A 512 AdEsd &
HAGHRATON A 242t ugRzgstel 27t 33.27g9) &
T AIRE ATk

2) B Bl

& g Al&3dt kA 2+ xanthine oxidase(XO,
Sigma)2} hypoxanthine(HX, Sigma)Z A XO&
100mU/ml, 10mU/ml, 1mU/mle] H&Z AL HXE
10()mM 10mM, ImMe] A& e Wotio] B3
o 3 EHE 9Y AR o 4 AlgsAY Zedt
& A7 AR Hrlet ALgst

3) MifuE &

TRERE TSRS ¥+ Michikawa $%¢] e
o2} APt & AF 1399 BF AN A& Hx
21 & 0.25% trypsin©] ¥3+H phosphate buffered
S.’:l.line(PBS)o 2 Ag3% 36T, 5% CO2/95%air2 =3
8 3oy oA EEkAT) BESET 10% fetal
bovine serum (FBS, Gibco)o| ¥3t¥ Eagle s minimum
essential medium(EMEM Gibco)2. 2 33] H]Zi—}
Pasteur 9]H 02 A XE EAZit) Eeld ATE
Poly-L-lysine (Sigma)©. 2 Ax]g]¥ 96-multiwelloj] 3><
10cells/welle] D=2 A X E BEF3AT 39 AT
3Y ZHHo2 NZE BERCR nEste $on 7d
TR EEEE A Bl AMgstgch

4) B A AT

FEFREH BT A7 o B mSilel rlxe g
< FEs] Adt] RPN #HES WIS 0.6%-
D glucose7} &2 MEMC.Z 33] A& & thg 2] &



BURGEILE Bl XO/HXo) <8l $R5E #E e X wg (31)

%9 xanthine oxidase(X0)$} hypoxathine(HX)o] ¥3
HEERNA 1-12A 7 B9 A F 43t

5) HiteEE 2 PR E

(1) MR ot

O MTT E&

MTT<3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte-
trazolium bromide(Sigma) E &S Mosmann®2] ¥ o)
o)At MEEHHEY & ’&ﬁ}zﬂ*‘ A2 e 5EE A
fz€ PBSZ 33 4133 F A Ax3 50mg/mle
MTTE welld HHBEE 843 ¥o] 37T, 5% CO,
2 2449 ZL7dA EESAAG. £E $E5F
dimethylsulfoxide (DMSO, Merk)E A &g ot
Microelisa Reader2 570nmo| A FHFEE 2L gz
T2} Mg EHE Fa T

@ NRE

Neutral red(NR, Sinma)®] F&< Borenfreud 2
Puernere] Hllo] ulgit), & o8 JEE 2] xanthine
oxidase(XO0)¢ hypoxathine(HX)& Al2lat 5% il
ffaS phosphate buffered saline(PBS) 2.2 33] A3 & A
g A 23 Smg/mie] NRE welld HFRER 3431
Qe g 3417 $¢F 37T, 5% CO.2 24 E 3 L7
A RS BB 9E5F PBSE 33 AX3 1%
formalin® 2 133}1 1% glacial acetic acid2 )3
kg Microelisa ReaderZ 540nmol|d FF =2 =43}
o 2L R FEsi T

® SRB &

FHBEY BRGEDECR 430 B AP
HEERE AN 0.4% sulforhodamine BE 20044
A7bete] 1A 7 Bt Aol w3 the 1.0% acetic
acid® 33] A& slgth A2 248 & 10mM Tris base S
o] -3ty SRB-bound proteing =91 % ELISA reader
Z 540nmolA FREE S8t 2T ik HFHE

stk

@ LDH E£&

LDHEA 9] 272 W3 ¥ Takahashi 52| W <]
3] 331t} =, LDH kit(Atron lab, Japan)2] &47])3
o 1.0mlE 27 100m°7 FHA Y& F o7]d HA
BN 9o 2 T3 v 37CoA 1087 ¥HeA]
Zth 108 3 34 J% BAN 3.0mlE o] £33 ¥
570nmel| A FBEE Aot hETH e HA
k.

6) Hist BB

#5 #R) 0P 49 23S ANOVAF
Tukey-Kramer multiple comparison testol] 2}3}% .21 p
Zro] 0.05 o]8tel R4t §2J3t Ao & st

"R BiR

1. BRA BEe MR

1) MBes G2 AT

(H)MTT E&

Eek VL 558 TRERE S vl wEe
137 98t xanthine oxidase(X0)7} 1mU/mlol A
50mU/ml 7}A]9] ztzhe] jgEe 238 Bl 64l
b &}t BES ¥ xanthine oxidase(X0)9| HURRE
MTT assayt] o] ©|te] FA3H &R 1mU/ml XO A 2] 9
e A2 A&go] YRF(100%)0] Hlste 80.3%=
eyt 72y 10mU/mle] A2l e 69.7% =2 o1
th t& vA Jergth =38 30mU/ml 50mU/ml
xanthine oxidase(X0)E& #] 8|3l A ¢ o]o] ME&L 7+
7} 53.0%(p<0.03)9} 42.4%(p<0.01)E tjZ7ol| v]std
BF fr9)8tA Bl YERstth(Table 1, Fig. 1).

Table 1. Absorbance (% of control) at 570nm Wavelength
for the MTT Assay on Xanthine Oxidase(XO) in
Cultured Mouse Spinal Sensory Neurons

MTT Decrease of cell
XO(mU/mb absorbance(570nm) viability(%)
control 0.66+0.08 -
1 0.53+0.05 19.7
10 0.4610.03 30.3
30 0.35+0.04% 47.0
50 0.28+0.02%* 57.6

Cultured mouse spinal sensory neurons were treated with various
concentrations of xanthine oxidase(XO) for 6 hours. The values are the
mean+SE for 6 experiments. Significant differences from the control are
marked with asterisks. *p<0.05; **p<0.01
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Fig. 1. Dose-dependency of xanthine oxidase(XQO). XO-
induced neutotoxicity was measured by MTT
assay in cultured mouse spinal sensory neurons.
Cultures were exposed to 1, 10, 30 and 50 mU/ml
XO for 6 hours, respectively. The results indicate
the mean+SE(n=6). **p<0.05; **p<0.01.
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Xanthine oxidase(X0)$} hypoxathine(HX)7} A] 7t
el HE FEREREIRMEY niXe HEE A
93t 30mU/ml xanthine oxidase(X0)% 0.2mM
hypoxathine(HX)7} £ #2Me1A PrHiRAR A
fag 247 [~12413F Bt #ES & Alxe AEES
MTT assayHoll ©|dt] 23} Hlk AT AR 1A
2 #EREA = HEZF(100%)) B8t 66.0%2] et
FEE BT 3 A #Eel| SlolM e 574%2 df
Z7o Hgte] tha @& AEES VeI oM 6X3t 5

<
12A]7F 7ol QoA E 41.1%(p<0.01)e] H&ELL 7}
2 VFehith(Table 2, Fig. 2).

Table 2.Time-response Relationship of Xanthine
Oxidase(X0Q) and Hypoxanthine (HX) by MTT
Assay in Cultured Mouse Spinal Sensory
Neurons

lo

WS A R 10mUmle] Heold Az A
E&& dET(100%)9 Hlgtd 73.8%E U RoH
20mU/mld A= 60.7%2 JEFgth E£3F 40mU/ml,
80mU/ml xanthine oxidase(XO)| e 22 52.5%
(p<0.05), 32.8%(p<0.01)2 E}TH Table 3, Fig. 3).

N

Table 3. Absorbance (% of control) at 540nm Wavelength
for the NR Assay on Xanthine Oxidase(XO) in
Cultured Mouse Spinal Sensory Neurons

XOmU/ml)  NR absorbance(540nm) Dif;;‘l’i‘:y Czl;:)eﬂ
0 0.61+0.05 _
10 0.45+0.06 262
20 0.37+0.04 393
40 0.32+0.03* 475
80 0.20+0.02%* 67.2

X0/ MTT absorbance(570nm)

HX|  ohr Thr 3hr 6hr 12hr

0 10.5840.06|0.53+0.05|0.52£0.04 | 0.52+0.07 | 0.56+0.03
30 |0.41+0.05]0.350.03|0.31£0.06 | 0.28 £0.04* | 0.23+0.01**

Cultured mouse spinal sensory neurons were treated with 30mU/ml XO and
0.2mM HX for various time intervals. The values are the mean=+SE for 6
experiments. Significant differences between XO/HX untreated group and
XO/HX treated group are marked with asterisks. **p<0.01

140 4
0 [ XO/HX omU/ml/m M

120 4 [J XO/HX 30muU/mi/m M

3 ]
£ 0] L 1 T T T
8 J
w80 4
o 4
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® ] *k
8 40 4
o _
3 20 -
control 1 3 6 12

XO/HX incubation time(hour)

Fig. 2. Time-dependancy of xanthine oxidase(XO) and
hypoxanthine(HX) in cultured mouse spinal
sensory neurons. Cultures were exposed to
30mU/ml XO and 0.2mM HX for 1, 3, 6 and 12
hours, respectively. Cell viability was measured by
MTT assay. The results represent the mean+
SE(n=6). **p<0.01.

(@) NR E=

R THEIREHEMRE Car, Mg freeq] Hank
s balanced salt solution(HBSS, Gibco)2 2 33| A& 3t
% xanthine oxidase(X0)7} 10mU/mlicfA] 80mU/mi7}A]
o BEE 27 T3 EERAA 66Xt 1R T o]
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Cultured mouse spinal sensory neurons were grown in media
containig various concentrations of xanthine oxidase(XO) for 6
hours. The values represent the mean+SE for 6 experiments.
Significant differences from the control are marked with asterisks.
*p<0.05; *¥p<0.01
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Fig. 3. Dose-response relationship of xanthine oxidase
(XO) in cultured mouse spinal sensoty neurons.
Cytotoxicity was measured by NR assay. Cultures
were exposed to 10, 20, 40 and 80 mU/mi XO for
6 hours, respectively. The results indicate the
mean+SE(n=6). *p<0.05; **p<0.01.

Xanthine oxidase(X0)9} hypoxanthine(HX)7} 35T
el wheh BFEEREMEHITRS] v e pEs A
98t MCV(midpoint cytotoxicity value) ¢l 40mU
/ml/ xanthine oxidase(X0)¢} 0.1mM hypoxathine(HX)
REANA 1~124]F B3t 5583 § 2 AP 2 A 2]
AEEE TR HR 1A FFRA e dE2L(100%)
o Hlgte 65.2% % VEFGOH 3A7F ok A E
60.5% % WERTH £3F 6417 B 12413 v el & 2+
Z} 47.7%(p<0.05), 26.2%(p<0.01)Z JE}sTHTable 4,
Fig. 4).
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Table 4. Time-response Relationship of Xanthine
Oxidase(X0Q) and Hypoxanthine(HX) by NR
Assay in Cultured Mouse Spinal Sensory

Table 5. Dose-response Relationship of Xanthine
Oxidase(XO) and Hypoxanthine(HX) on Total
Protein Synthesis in Cultured Mouse Spinal

Neurons Sensory Neurons
X0/ MTT absorbance(570nm) XOMX (mU/ml/mM) Total Protein (% of control)
HX!  opr 1hr 3hr 6hr 12hr control 100+10.4
0 045+0.03 046+0.06 043+0.04 0444005 042+0.02 15 0 ggf;g
40 10351005 030+£0.06 026+0.04 021+0.03* 0.11+0.01%* 20 51.4:*:—6.2*
Cultured mouse spinal sensory neurons were incubated with 40mU/ml XO 40 32.54+4.9%*

and 0.1mM HX for various time intervals. The values represent the mean+
SE for 6 experiments. Significant differences between XO/HX untreated
group and XO/HX treated group are marked with asterisks. *p<0.05;
*#p<0.01
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| [ XO/HX OmU/mi/m M
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XO/HX incubation time(hour)

Fig. 4. Time-dependency of xanthine oxidase(XO) and
hypoxanthine(HX) in cultured mouse spinal
sensory neurons. Cultures were exposed to
40muU/ml XO and 0.1mM HX for 1, 3, 6 and 12
hours, respectively. Cell viability was measured by
NR assay. The results represent the mean+
SE(n=6). *p<0.05; *"p<0.01.

2. BEHHYC| YR

1) SRB % &

(1) XO/HX¢] 4

XOMX7} #3# T mEimind oA wEs 3
oA o] oA Aty 9std XOHX7} 5-
40mU/mymM7t2] 27y 23he ROl 6A1ZE F<t
HEE $ XOMHX| o g Tl /o] Hslol vzl
23 #ER SmU/ml/mM XOHX A glolx = wide] 3
Aol hZF(100%)9] Hvl3td 75.6%=2 Vel T
10mU/ml/mM XO/HXS] HaloE tzzd v]5d
63.7%2 & A Jeytoh E£3 20mU/ml/mM
XO/HX$} 40mU/mli/mM XO/HXE A3 A9 gug
g 7t7t 51.4%(p<0.05)8 32.5%((p<0.01)E Yeht
2ol Hstd 2% F93tAl @A JEeRsith(Table S,
Fig. 5).

Cultures mouse spinal sensory neurons were exposed to 5, 10, 20 and
40mU/ml/mM XO/HX for 6 hours, respectively. Amount of total protein
was measured by SRB assay(540nm), and shown as % of control. The

results indicate the mean+SE for 6 experiments. Significant differences
from the control are marked with asterisks. *p<0.05; **p<0.01

120
100J
c3 ]
oS 80+ T
“‘6 c
» O
O 60 *
R
§ L 40 *x
20 4
Q s ' N :
contro! 5 10 20 40

XO/HX concentration{mU/mi/mM)

Fig. 5. Dose-dependency of oxidase(XO) and hypox-
anthine(HX) of total protein synthesis in cultured
mouse spinal sensory neurons. Other legends are
the same as the Table 5. *p<0.05; **p<0.01.

(2) BEJEE Mi5(Sopunghwalhyultang, SPHH- T)2| itk

B HEERSEIMCHIl thet XO/HX| 2hshA &4
o] 3lojA] SPHHTS] ZHERE F ©uide] o4 wig Sd
A FEE7 st XOMXS MCV %k (mideytotoxi-
city value)2l 40 mU/ml/mM XO/HX oA 6417 &=
ot =2A1717] 3A7F Ael|, 15~150pg/ml SPHHTo| 7}
7t T3 BRmlA AAY S $ SRB F FEA S A
o 1 A3 F v ¢F Hsle XOHXHE: Az
3t 745 ET(100%)] Blgtd 51.3%= VhERSET
40mU/ml/mM XO/HXE A& 35t7] Ao 154g/ml
SPHHTZ AA2g A $& tZT(100%)°] B]3td
59.4%% Webyt i, 35ug/ml SPHHT, 754g/ml SPHHT S
AR e A4 tzgo vekd 27165.6%, 75.1%2
Jebyith. £3), 150pg/ml SPHHTS AX 23 A $&
83.4%(p<0.05)= XOMHXTe] Aelof vl 5& F¢
A€ JEF T Table 6, Fig. 6).
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Table 6. Dose-response Relationship of Sopung-
hwalhyul-tang (SPHHT) for its Neuroprotective
Effect on Xanthine Oxidase(XO) and Hypox-

Table 7. Dose-dependency Of Oxidase(XO) and
Hypoxanthine(HX) on LDH Activity in Cultured
Mouse Spinal Sensory Neurons

anthine(HX) in Total Protein Synthesis
XO/HX control 10 20 40 80
Total Protein (% of control

otal Protein (% of control Amountof | 148+ | 164+ | 203+ | 239+ | 305+

ﬁ())(/ Concentration of SPHHT LDH Release | 1.7 18 17 | 36 | 52%*
Oug/ml 15ug/ml | 3Sug/ml 7Sug/ml | 150ug/ml Cultures were exposed to 10, 20, 40 and 80 mU/ml/mM XO/HX for 6
hours, respectively. Amount of LDH release was represented as % of
0 100+7.3 | 100+6.7 | 100+5.4 | 100+£8.1 | 100+5.6 control, and measured at wavelength of 570nm. The results indicate the
340 | 51.3+6.2 | 594+6.4 | 65.6+4.4 | 75.1+7.7 |183.419.6* mean+SE(n=6). Significant differences from the control are marked with

Cultured mouse spinal sensory neurons were treated with SPHHT. Cultures
were preincubated with 15, 35, 75 and 150x#g/ml SPHHT for 3 hours,
respectively. After then, cultures were exposed to 40 mU/ml XO/ 0.2mM
HX for 6 hours. Amount of total protein was measured at wavelength of
540nm. The results indicate the mean+SE for 6 experiments. Asterisks
indicate the significant differences between groups. *p<0.05

140
] 7] XOZHX OmU/mi/m M
= 120 [] XO/HX 40mU/mi/m M
T 4
=
S 100 L 1 I 1 i
5 T
-
2 80
>3 ]
=
£ 60
S 4
& 40
E J
S 20
‘—
contro! 15 35 75 150

SPHHT concentration (ug/mi)

Fig. 6. Dose-dependency of Sopunghwalhyul-tang
(SPHHT) for its neuroprotective effect on xanthine
oxidase(XO) and hypoxanthine(HX) in total protein
synthesis. Other legends are the same as the
Table 6. *p<0.05.

2)LDH &8

(1) XO/HX¢] f2

XOMX7} #% HhiamSMind vixe ¥Es
LDHZ4 =9] ZHel|A ##s}7] 9ste] XOHX7} 10-
80mU/m/mM7}+A] ztzt g3hel ss&iol A 647 B9
A T MlEENNE 29 LDHYS 223 It
B ggstEth 2 &R 10mU/ml/mM, 20mU/ml/mM
XOMHXAZ AN E hZTF 100%(14.841.7)0 H]3}od
747} 110.8%(16.4+1.8), 137.2%(20.3 £ 1.7)& WEbtth
E8 40mU/ml/mM, 80mU/ml/mM XO/MHX ] ol A&
Ztzk g 22l B3t 161.5%(23.9+3.6)(p<0.05),
206.1%(30.5+5.2)(p<0.01)E UEpth. LDHEA £ <
MCVgh& 40mU/mi/mM XO/HXe| Helo)A Vel
(Table 7, Fag. 7).
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asterisks. *p<0.05; **p<0.01
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Fig. 7. Dose-dependency of oxidase(XO) and
hypoxanthine(HX) on LDH activity in cultured
mouse spinal sensory neurons. Other legends are
the same as the Table 7.

(2) BrJAE M5 (Sopunghwalhyul-tang, SPHHT) 2] %

R BHREISME] dig XOHXe] et &4
o 9lolA SPHHTS| ##E LDHEAZ=ZHAA ik
317 93t XO/HXS MCVZ< 40mU/ml/mM
XOMXigEN A 6413t B¢t =ZEA17]7] 3A17F Aol 15-
150pg/ml SPHHTo] zt7} 239 ol AA et
T ol9) MEURE FESIETE 1 AR 40mU/ml/mM
XOMXTHE Az|dt ¢ E2d 13.8+1.49] vlate
32.6-+2.9% etk a2t 15¢g/ml SPHHT X 2] oA
t XOHXTE e th2T(100%)0] vldte] 68.4%
2 VEsITh B3 35ug/ml, 75¢g/ml SPHHT A 2] 3191
Me XOHXTHE A2 g diztd vgte 242t 63.5%,
592%2 Jepgov §o4 YA @kt a2
150pg/ml SPHHTS] Aol E 41.7%% Ve
XOMXTHS A g gt )27 vgted go)8lA 7438t
tl(Table 8, Fig. 8).
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Table 8. Dose-response Relationship of Sopung-
hwalhyul-tang(SPHHH) for its Neuroprotective
Eftect on Oxidase(XO) and Hypoxanthine(HX) in

LDH Release
i Amount of LDH Release
X0/ Concentration of SPHHT
HX
Oug/ml 15ug/ml | 35ug/ml T5ug/ml | 150ug/ml
0 13.8+14 [1324+13/134+1.2 | 133+15 [12.1+1.6
40 | 32.64+2.9 (2234+3.1|20.7+1.8 |19.3+1.7%|13.6£1.2%*

Cultured mouse spinal sensory neurons were treated with SPHHT. Cultures
were preincubated with 15, 35, 75 and 150x¢g/ml SPHHT for 3 hours,
respectively. After then, cultures were exposed to 40 mU/ml XO/ 0.2mM
HX for 3 hours. LDH release was measured at wavelength of 570nm. The
values are the mean=SE for 6 experiments. Asterisks indicate the
significant differences between groups. *p<0.05, **p<0.01

= 140 { ] XO/HX omU/ml/m M
% 120 ] ] XO/HX 40mU/mi/m M
(]
Swl I T T T
s
© 804
=
£ e ] "
= J
g 40
I 4
o 204
_l 4
0 ' . —_ |
control 15 35 75 150

SPHHT concentration (¢ g/mi)

Fig. 8. Dose-dependency of Sopunghwalhyul-tang
(SPHHH) for its neuroprotective effect on oxidase
(XO) and hypoxanthine(HX) in LDH release. Other
legends are the same as Table 8.
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oA % o|o] A &3k I HAgel M= HetA i
BEo] 9A gou Hd FEAAETe] KRR
A Superoxide Dismutase(SOD)-1 §22te] EA o]
g3ithe Aol YEAUA BREHET B2 mhwRE
o] BAdstn ol SO} ERAHmES FEH
et 71ATE S BEamEd it fiEe 2
fa A28 A2E A8k e B gE] FES
e 758 AFE Agstd o3 Y.

53| gt AEete] AA RS 304
Z #at olz} AAARr)9 sl Nitric Oxide(NO)
o} Az 280 24 FHifol 713 Z2 9 Peroxynitrites
Aste] g L 7143 Atk ok 3 g
Aot AA ZAM FEA M AHEAA)S BHA F5=
gthe Aol grax o, $uld EAAT N-methyl-D
aspartase(NMDA) &4 2 HEA AP o2 A XY
Ca2+9] fEHIS Amdy 1 27 Ees S84
71 Wk o2} VolrbA E il FERS gttty g
t}. 7 del® EeFEEmhiE protein kinase C(PKCOY
cyclic AMPS} 22 ol AR gzt ks nF 224
MEiES vt gop.

BFZamAs Ay 33, J9 8 Bu opzt 295
Az siEn 2o AZRwHe Besty deler 9
HAWA 0|5 Wuld] g X8 FHAN BEREHE
of g AAAE] AalA £ g A& ¥
A FAE 9E)7] 95t A7t o] FoAST. £ A
JME o3 =9 Xanthine Oxidase(X0)$¢} Hypox-
anthine(HX)& AF M &4 el w3 FEERGIMT
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Mol =271 & X0 HXVF AAA 2 BlA & 9
82 MMT9} NREAH o 2 BA% A3}, XOHXE A
2lgt w9} Azl vldEste FEERE MRS A
FS A ARG o] 2L AT XOHX A
o M HEADAAAAL 54E Uedlitke B
IU® 49 H2AM 5 B wdet daET]oln
A Zol] XOHX7}t 5ol vld|ste] Al 2o YEEE AA
s ZaAATE d3ane dAe & F dom?
ol MeEHmET F3U T2AHAE FAET e
AAN LA ARA ez A5ta &4E Foe A& AN
sk AT, 2 A3 glej XOHXIt AF 9 #
% TRETEEEY] 4< Jehd 2e X0t BE
o2 T HX9 A3843d o3 Adxd Aoz Az
Htl. E3] XOHXE AZBAETWE catalaset} glu-
tathione peroxidase®} Z-& a3l gao] &4 FO2
A A E Lo ste] AAHA %a BEREHESS
2R o& 7hsA o] vl =

2 Ao 3loI & XOHXE THERE Sl 4

3 wxo vldsted AEe LDHEAZ7He 993
& s AaAZEY ol f9 ddS FHIH
ST, el = & Age] MTTEA ol NRE
NS v 2ake] Tl FFEA T LDHEAE =
Mo ATE 2 ) XOsh HXE HAEete] &4 4 ol
FGAE A Aoz BZETP.

XOU XO/HXS| el 3t ffadiss At
7] 93t 1~50mU/mle] XO7} Zt2 oje] 52 ¥
¥ el o A FEERALTHEAIIES 6A1ZEE < ket ¥
MTT assayo] °|& #ifufas SHsida. 2 23
X092 Hex=d vlgsly st filnel 4fEo]
iUt tHTable 1, Fig. 1). =8 XO/HX<] Ag] A7t
o3t AL 2AE] 93t 30mU/mi X0 0.2mM
HXoJ A 1~12A17F B¢t 742 #58 HiERE it S
vl ok3t 23 XOMHX Az Alzte] vldlete] fileel 4
HFEHS Fo8H A ZtH(Table 2, Fig. 2). XO9 it
o] tigt A3 NR assayol oJslo] 2ARsE7] 948t 10
~80mU/mle] XO7} 217 8] 52 T3He vk
A HEEREWHEMIES 6A17HEt W3 & NR assay
o o)& MERES S 1 A7 X0 Al
To Hl#std FosiA el AFrERe] st Ath
(Table 3, Fig. 3). =3 XO9} HX2] Hz] A|7tel| o3t 4
k2 zAbet7) 9 dte] MCV el 40mU/ml XO9t
0.1mM HXo N 1~12A7F 59t 47} #58 HEaRim
EAMRE woFet & 2ARRE A3} XOMXe] Azl A7t
vl sl Mol £HFES Fo3HA F A ZtH(Table 4,

(o]
Fig. 4). Z2oe §4F2ES vEG AIFEEE

N A /R = e
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FusEI ATHIAA 59 FIA B9 A2
Slo] ¥ut 5ol FFAAAL B B2AAAZ 4
S e AAE £4S 9UL AT o8 BEde
L3} gl FRARN olF WA R gt E
A7} 908 AAFIn, B 4G BEGUILE
o) Belgy YN €)% BARET) LHE 2AH) 9

.

stod A A £F Eeldto] wlokdt FHERE MY
of MFHMEY s XOHXE At & BEEIM
5 EIE STy LDHEAY S4 2

Attt

2O A 2ALE 93 SRBEA 9 lojA] XOMHX7} 5
~40mU/ml/mM9| s 2 747t 39 wjgdel K&
FHRETHIHIRE 6A17F B i oket o2 e A Y
< ZAK 23, XOHXS AelFxd v#|std Foh
Fol 8 A5 EAtHTable 5, Fig. 5). 121} XOHX
©] MCV #9) 40mU/ml/mM XO/HXE 6417+ 59+ &h§
BTN X glelr] Al 15~150ug/mle] BEE
ol 27 3bd kAo A 3AZE B AAe & 73
* A Fxd v|#Etd FORA] fof3t gy B
HE B9 tH(Table 6, Fig. 6).

XOMX7} BhEREmE M nxe Jgd dg
LDHEA 2418 98] XOHX7} 10~80mU/ml/mMe]
FEE 470 139 AN 6417 Bt U Y o
LDHZA EE ZAlgE A3, XOMHXe A5 v
3lo] LDHEA 9] e B ¥ thTable 7, Fig. 7). 12)y}
XO/HX2] MCV 79l 40mU/ml/mM XO/HXE 647}
1t el A 2lslr] el 15~150ug/mle] BURE
o] 27 Loke wgd oA A7 B A g A
<, AYe w29 vidsted LDHEAYY wHPE ERT
(Table 8, Fig. 8).

ojzrd Ay ZAE FHEY, XOHXS} 2L Bk
BT BLR 85 o8l Ml £fRe B
S iEel diste] HiS JEh o]of g BURGE M
& MG Fo7t FeNA g By, LDHES i
§ 2o BHahid oty S48 BRI
o] AHES BN Res ARk Ea BURE M
o] iAo 2 Myl AHE BAMSIEHGCRE A
RS U FH R e S ¢ F Ao
olof thgh B3t HlE FEHHS YelM e Fypdy, 43R
20 2 2R SHA 5 B A7) o] FoiAok
g Aoz Alg¥dd.

O

HRGE % RUGe] Bk Emizke o8 mfaite

Figisle S HIsh] st A AR AA £l u)
G HTHEEMEHIEE 98 X9 Xanthine
oxidase(X0O)$} Hypoxanthine(HX)o] & ujj okl o
A8l A BRGNS FBHeE 34 59 AXz
e AEE 5ol BRIEMEC] 8 FiERaa i
fol P& 93S #ES 29 o3 22 485 ¢

Ak,

1. XO/HXE MTT assay % NR assay©l] 2|3t fifut
e I UA B AT

2. XOHX® Exfvn) 18ffel o mfEaEtke] st
BREEIL Sy RS DN A S Fold A B
A A _

3. XOMHX2| Eebhy e 3 stk st
FRGEM% RigkS LDH 848 fA3A @b
A7
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