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Protective Effect of Yangguksanwha-tang Metabolized by Liver Homogenate
on Hypoxia-reperfusion Induced PC12 Cell Damage

Yunjo Soh®
Departmant of Neuroscience, Graduate School of East-West Medical Science, Kyung Hee University, Yongin 449-701, Korea

Abstract — The protective effect of Yangguksanwha-tang (YST) against hypoxia-reperfusion insult was investigated in
PC12 cells. To elucidate the mechanism of the protective effect of YST, cell viability, the changes in activities of superoxide
dismutase, glutathione peroxidase, catalase, caspase 3 and the production of malondialdehyde were observed after treating
PC12 cells with YST which was metabolized by rat liver homogenate. Pretreatment of YST with liver homogenate appeared
to increase its protective effect against hypoxia-reperfusion insult. The result showed that YST had the highest protective
effect against hypoxia/reperfusion at the dose of 2 pg/ml in PC12 cells, probably by recovering the redox enzyme activities

and MDA to control level.
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ATk, webA] AlaEuleel] ogh tekE Aol HeAdo] Fts)
2 et FEAAAN vehe o2l 3, diikee] &7
£ B F glv 23lo] itk £ A3eAE 2k 2ol Yel}
£ k2] Uxb-F3 a3} (first-pass effect)E AEul Ao
A YeR)7) ¢J8) gekEg 7F et wheAIZ] F AlA o
Agstdet. aste] sEAZ M vER s RS uk} a3
£ AEuiEd oM s VR gt 3 okE9] V]AE A7sIsith

A 20 FAASIEE QoA J1 WIAHE] AR R
Ao shels s detilks 9 =4 HER7 ) 783 A
FatalEdol 3o At Weld WslE BN Hdog o
2] Atk e EREFECA Ak X571 o
A7t Hof A Pk ool Ari= FAAER e 2871
w3)7] Yoto] 7 AT SFAMSNEE WAl § o] FekE
o] AArA/ATFOl 23t MM L] &S HEsR= A A
3 AEd e MES B3Ik 459 SOD, GPx, CAT
of tigt &8 FAsI%ch
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=133
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ENE

Alek2 Bradford Reagent, NADPH, t-butyl hydroperoxide,
Potassium phosphate, Trichloroacetic acid, Glutathione Per-
oxidase assay kit 5+ Sigma Chemical Co.(St. Louis, MO,
US.ANIA 438Isith 1 819 Aok B9 e das AR
a3l

M= ¥

PC12 AlZE AZAES) 54¢ el AE= vls AX
ZF 23%(America Type Culture Collection, Rockville, MD,
USA)NA FoF whol ALE-3F3A T A EE 5% fetal bovine
serum(FBS)# 10% horse serume] ¥ DMEM A} ZEnjjokeH
ol 5% CO,, 95% 71271 L 37°C AEH|ek7]olA wieksisict.

A LISlEo| X

£ A3l ARgE JAAEe Ay st el ¥
5 Wkt AU 8-S Table [# Zom 13(48.0 292 3000 m/
round flaskell F 11 2000 m/9] FATE 7slo] Wzr|7F Fakd
Heg7lolA MRE 308 71ds ¥ ATAE oAnjst S
A Az

Zh E201 28 YZLtstEtol HX2

FANSRS v Alstr] 1621%F A, w2 DMEMe]
A MEMC2 wAsle] eFgstrlztt. 332l 7+ Homogeniza-
tion Buffer(0.25M sucrose, 1mM EDTA, 5mM Potassium

Table I - The amount and composition of yangguksanwha-tang

shok g (7R 4EA) ek £%@
AR B ) Rehmanniae Radix Preparat 80g
AT F(HLHE) Lonicerae Caulis 80g
A WGE™) Forsythiae Fructus 80g
AL AHUAE 1) Gardeniae Fructus 40¢g
uhSk(H ) Menthae Herba 40g
A B(E18E) Anemarrhenae Rhizoma 40g
A (kT Gypsum Fibrosum 40g
BEE (5 ) Ledebouriellae Radix 40g
N (FIF) Schizonepetae Herba 40g
] 480g

phosphate, pH 7.4, 1mM DTT)e] ¥ o] homogenization ¥
9000X gollA] 4°CellA] 20% F<t AAEa] e, daEy 3
AR S H3lo] SEETA} EAT ARSSIITHAYSAS S9 23]
olal gh.!V i) okEri} Fav) EAshs S9 FE(100
ug/mhzh FAASIE20 ug/mye AIZPER HFSAIZL & 1 mi¥)
# 3l 0.22 pm Syringe Filterg ©]-83}] Hois} st o)
Ay A e FAANEEE plate™ 10 cells/wells] 96 well
platee]l Mz|atlct. Aaka wijoke N, 85%, H, 5%, CO, 10%
7} Eol9le A AkAnl k7] (ThermoForma, Co. Marietta, OH,
US.AYIN 48213} o}F04%| 11, A (reperfusion) F2E CO,
5%, air 95%7} €010 /420 wld71el 617t F]) o) F
ojZlct.

MTT Assay

AE BEEE 57311 A8 MTT(3-[4,5-Dimethylthiazol-2-
yl]-2,5-diphenyl-tetrazolium bromide) assayS AF23F3ith
MTT reagent(5 mg/m/ stock) 96 welle] 10 W €& & 37°C
incubatorollX 2A7F F<F RESAIZICE ¥iA]E A4S 5 DMSO
150 w2 ¥-& % 70°C incubatorold] 10%7F =<1 o8- ELISA
readerZ ©]4-31%J 570 nme} 650 nmellA] EATE 57380 Al

FRAEES S8l

st 54 Y 53

SOD(Superoxide dismutase)?] BT Z4-2 Oyanaguid]
g AHEEIRTE? @okshd, sampled 83 H(10 W, 25 W,
50 p)Z 100 WS Reagent A(0.5mM hypoxanthine, 10 mM
hydroxylamine HC, pH 7.0l 713 ¥, H,0 250 wWs 413’ 10
E7r A2 wljeksleivt. o] & Reagent B(5 mU/ml xanthine
oxidase/EDTA-phosphate buffer) 100 w2 Z} tubecl] @1 37°C
incubatorellX} 3027t WAL HES- FAE 18] Reagent C
(300 pg/m! sulfanilic acid, 5 pg/m/ N-1-naphthylethylenediamine
and 16.7% acetic acid) 1 m/& ¥ 208 & 550 nmol|lA] 3%
=5 238k SOD 1 unitd 550 nmelld] 352 24319
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okAARslER] PCI2 AIE BE a7} 99

¥ | hypoxanthine-xanthine oxidaseZ%-E Q= superoxide
anion® B4E 50% SASt= SODY %oz Fsgin).
Catalase 95 Abei] ¥ wal o] Faol 9J3) H,0,
7} Hy0%+ 0,% #3li== dalg o)gslo] F43it} H0,2
71AR 8l 240 nmollM FFES] WSS 473t 10 (HHoz
S73l3dch Catalase®] $UEE 1% F2bol| 1umole & H,0,
& FAPIE 84 k2 1 wite® 39 5183}, Glutathione
peroxidase(GPx)2] #J2 GPx assay kit(Sigma Chemical Co.)
¥ o] g38lo] 33tk 50 mM Tris/HCl buffer(pH 7.4), 5 mM
EDTA, 2.1 mM reduced GSH, 0.25 mM NADPH} glutathione
reductase(0.8 unit)7} o3+ %0“ 920 et &4 70w
(03~1.0mg DHZAE Z 42 F 10w 30mM t-butyl
hydroperoxide & #7Fstod ¥H-g-& AlZF8HITE. GPxS] 84
340 nmellA 4 F1F 5% HH 07 EA3I9) GPxo] BAEE
i 52t 1umole 2] NADPHE A7) kS 1 unit®.2 &
2] }3itt. Caspase 32] Z7L ApoAlert Caspase Colorimetric
Assay Kits(Clontech, Palo Alto, CA. USA): AFE-slod =43}
Aok MEE 4843 AN/ ABF vk T iR E AlA
g by MEE 33k Wustel 122 %<F 103 sonication
glod 12,000x g, 4°CollA 1027F 94 Beleiginh 9aRs =
45 AL 96 well plateo] 50pug YT Caspase 39 7]l
1mM DEVD-pNA 5w ¥ &, 37°C 5204 1417 B4t

HFAIZ] F- 405 nmollA] S F5E A5
Malondialdehyde >

TPrFlA g2 TBARS Mo 574515100, thicbarbituric
acid(TBA)?} 34138k do] whg-8le A4 =)= malondialdehyde
(MDAYE F3%=Z 573312tk Sample 200 woll 400 we] cold
10% TCAZ ¥z 12,000% goiw 108 33 4°CollM 94 &
skoITh AEd 500 wE #Hgk F 0.67% TBA 500 wWek 411 1
A13F E<9t Boilings 3 the 532 nmollA SR TS A5k}

Data £4{
A0 33] o)A} AAIEl] 11 FHEHS meantS.D.E A6}
% ow, Student's t-testE A|#W3l] p<0.059] o4 2l

1= Aog Fesigitt

Ny HD Y nE

FEARANA Yeh s oFE9 7t Fao)] 93 giatdgre
PC12 A3z uliek A3el] 7] Slsf FAAES S9 BElog )

o5 AR F AIEO HElsklt). PC12 AES Aai/AugGe
T Heshs Hzo) FANNEE diMEES 2] Al 89 ¥

(100 pg/m)7} FAAIEH20 pg/miye AIZHEE 5E, 108, 15
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Fig. 1 —The protective effect of metaholized Yangguksanwha-tang
(YST) on hypoxia/reperfusion (H/R) induced PC12 cell
damage at various time points. Cells were treated with
2 ng/ml of YST which was pretreated with 100 pg/m! of S9
fraction of rat liver homogenate for 0, 5, 10, 30 and 60 min
while incubated at anaerobic chamber for 48 hr followed by
incubation at CO, incubator for 6 hr. Cell viability was
measured by MTT assay and described as the percentage
of control.

TR ATRSE 2E
%’L e 40}04 dAAEG ] FEE 0.5 pg/mi,
1 ug/ml, 2 pg/ml, 10 pg/miE VProla A2 xajst £ A
Ag%%% = gs}Oﬂn}(Flg 2). MTT assay 2% A1} A|Z2] wh
1% FANVs T S9 B3-S 587 vhSAI RS
EE0) 7P = el s F5E dhgolde Ak

i}%*ﬁﬂ FEES 2ugmiE Hsle
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Fig. 2 - The dose-dependent protective effect of Yangguksanwha-
tang (YST) on hypoxia/reperfusion (H/R) induced PC12 cell
damage. Cells were treated with 0.1. 0.5, 1, 2 and 10 pug/mi
of YST which was pretreated with 100 pg/ml of S9 fraction
of rat liver homogenate for 10 min and incubated at
anaerobic chamber for 48 hr followed by incubation at CO,
incubator for 6 hr. Cell viability was measured by MTT
assay and described as the percentage of control.
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Table II - The anti-oxidant enzyme activities in PC12 cells after Table III — The level of malondialdehyde (MDA) in PC12 cells after
Hypoxia/Reperfuson (H/R) insult Hypoxia/Reperfuson (H/R) insult
SOD Catalase GPx MDA
100+8.3 100+10.5 10074 Normoxia control 100+11.3
Control normoxia (2.1+£0.2) (13.8x15) (8.1%1.3) H/R 150.1+13.2*
(U/mg) (U/mg) (U/mg) H/R+YST (2 pg/mi) 143.8+11.5%
H/R 104.2+9.8 665x9.3*  76.6+8.7* H/R+mYST (0.5 pg/ml) 125+9.7
H/R+mYST (0.5 pg/md) 98.2+103 72.9+87* 82.3+6.6 H/R+mYST (1 pg/mi) 131.3+11.3
H/R+mYST (1 pg/ml) 96.9+89  751x8.1*% 100.8+84 H/R+mYST (2 png/mi) 112.5+10.4
H/R+mYST @ug/ml) 101.3£92 96.5+9.2 100.1+94 H/R+mYST (10 pg/ml) 131.3+89
H/R+mYST (10 pg/m/) 103.8+1.7 75.7+7.2* 123.6+75*%

The activities of superoxie dismutase (SOD), catalase, glutathione
peroxidase (GPx) were determined after treated with various
concentrations of metabolized Yangguksanwha-tang (mYST) as
indicated in Materials and Methods. Enzyme activity was described
as the percentage of control. Data are expressed as means (% of
untreated normoxia control)+S5.D. (n=6). *Significantly different
from the corresponding values from the control (p<0.05).

AR g B 5

WA= 2318 Mo gl 7k T ot w2t
A 2] FE05 pgmi~10 pg/m)2] YAt 89 F8-E 5
T HEE AL 3 Abs) el Fofske §4-2797 Malondialehyde
(MDA) 78|31 HlZAPH] #ASK= caspase 39 A4S S5t
itk
HEZE HP A 2 e X S xSt
o HFARE o7, AZARY 7P & 4 g AE
HAZS ZHSH= free radical?} peroxynitrite®] 43430t} 419 w}
2hx SHEEol ol tirbe ARSI Aakir/AldRel] st
2EHA oA a3 HAst] A3l AE U st a4
SOD, GPx, Catalase®] #44-& £743131em 7 Z9ZE Table II
of Yehdgitt. SODS] -4 AAR/ATF off 23t AEe| Ao
Al @Ado] Frlsigl ot YAAEES Aejet AXoAE dix
7} ¥]EkgAT). SODS] 4ol Frhet AL ATFAl Aba
9] f1lo] F7IHER ol Welab] d#l Aoz Algdrt. GPx
o] FAEE dxrry Fo8k wWekot ofAalslg-g A7
39S Wl E48g0] FTRISen 2 pgmie] E=elx 7 o
7 vl gk JERISIch AAkA /AR gt AE# A
oAl Catalase®] B/J== vzl visl fofsh weg & 5
otk ey FAAEES AEslsle W Catalase G4 E/d0]
F7¥e13iar 2 pgmie] s=olM 71 &3Fo|gich
A AE# A9 indicator® ¥E2 MDAe] tst
2o 9=

F2 kst
E-A 815 cH(Table D). AX/R @Rl o351 AE
Eﬂj Qlsll MDA7} ?Loil vl 158 AT Zrlsielont o)

AL g GANSRE AEEle W MDAE Zash dixTe)
el A2 ofe )&ﬂﬁ 2EAAT S3ESES At

gick. B S9 L s T} HA) B AT A7

3t Ao MDA thF R} o d3] gttt o] AL 7hE
2o o8l tjabEl okAArElEe] 7 AAEL) o galE o

AAARFERE ALE REVRE AE PAY

The level of malondialdehyde (MDA) was determined after treated
with various concentrations of metabolized Yangguksanwha-tang
(mYST) or 2 pg/ml of YST as indicated in Materials and Methods.
Data are expressed as means (% of untreated normoxia control)
+8.D. (n=5). *Significantly different from the corresponding
values from the control (p<0.05).
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Fig. 3 — The change of caspase 3 activity in hypoxia/reperfusion (H/
R) induced PC12 cells by metabolized Yangguksanwha-tang
(mYST). The activity of caspase 3 was measured in PC12
cells after treatment with 2 pg/m/ of mYST for different
times as indicated in the Materials and Methods. The
activity of caspase 3 was described as the percentage of
control.

MFAFES] final executorE LA caspase 3= AAR/AH
F7} Rsge] wlg}t &o] S7RISITHFig. 3). AIKPEE caspase
39 &79& F4T A Al vlloF 48r71el Aol gl
o I F Asigick, et oFAilelES A)st ol caspase
39 B WHsh= Aok 92 v} H|RS ke HojFol
JEAEE ] MERT 282 caspase 39 2R F3A Hof
LpA] ok Aoz AZbEIT),

& (ischemia)oll oJ3t AL %52 s ATAF o
3 Al ol 7ERe] Al Wle] wigle]l Z1Qish=d), Al Wi
H3lolli= electron transport®] A, ATPS] #4, pH 74,
A o) Ca®t Z7), glutamate®] ¥, arachidonic acid®) &
7}, cytokine®] ¥4, free radicals®] A4ket BEAE 49| ¥4,
WEate] 24 Fol glon] olE 53) free radicals?} peroxynitrite
of &8t &4 Ca’t 9& proteased] calpain®] &%, QA2 9]
24, poly ADP ribose polymerase(PARP)Q) &4, AEAFE 3
o) B43lel 2L 7)o dojdr} 16 ol gt FHAAME
+49 717 SFEHR|EY kst e Ee SFEH0E
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g2 Hrpsk T st TR, o) EE T 7
9 AFY F30] Fesltn A k90 oo 77
Aghe] T B Bt FFAFAEY AP FAd e
Z Zgsha glon, FRAAAEEL ol Hldsle] FH2 A
7F 534S ol gslo] WEE opu|At SF o] Ee) 2
TR0l o)X=t FRAABME 1AL Fo3h 7179
i == o

o= 01313} 7124 9o MFTIAW} FEA A, 7+,
Axslolry T AlAARES] 217 HEZAR] Bojxo] %‘ﬂt
A7Eol ~7¥HL 21% ZAloltt, HE# Ao A] Uehl= o
M &2 S8 W AT Aol Elshe B34 9
&t AbglA A E | X (oxidative stress)’} 23 7139 sz
o}

Az 9lon, AFA A Hehhs AlsEuALY] 75§°ﬂ
@t F8 6& “H7HZﬂi geiths 2AS0l AXE R
G212 NAA ABelM RolE ABME 1ALl AkshH iEEﬂ

27} Bojsiths SAEE S8 @940 A
AbslAfe] o3t 38 AFMES] TAYA] &7, Parkinson's
disease ] substania nigracllA] Fe?*2] 712 Glutathione]
742 dopamine®™ 2| Absla-go] 2§ BAYAtA B4,
Huntington's disease®] striatumels] Fe?*e] 27129 =9 & 5
it

AE g 4o A4do] S718H lipid peroxidationo] &
3t membrane T-%2] k7], OH )3t DNAS] &4, o)5A%
T2 SHE &k Ababse] o5 dize] Wy 52
AT 1ATS] 9g10] & 5 QIeh® H A A el B}
7_% 3;5— 715 Aofoll mX)= free radical 2] JTo| A
371 Q)T free radicale 38 3 Z= ol lipid
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associated proteinOﬂ A4S F3, o8 A &4 e AT
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Catalase, GPx 52 &47}) #31, B3t free radicals sk
irono] F4-31¢] free radicale] £ 23t 7540 EohP )
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At 870] & FEE Ao 2N Al EEH= 48S

he g

50 54

Vol. 49. No. 1. 2005

ZaAF)E e AXA "k o} E F3) Aol 493} 5
o} Z¥7t FESH ke RBISlE|E ab) oFEl] 8-S A, o)
2 Adelx] ¥skE e T @yske AR wiskEr|E o
t}39 o2 59, cortisoneo| v} enalalprilE T} &l <3
inactive formollA] active drug®.® Wsh= BT &8}
B Ao Aujol Akl S9 8 kS 3 § AE
B3 52wt Z7kislet ols dAke oFAAtsige] Bt a3
Ao AEE BT3B on, o] kg Fojs Asehgare]
STt ARAE FF0 2 FEsH e Z|oshe 2oR
AtEgh

a =

[e]

>

foll A 7H ‘ﬂ‘ﬂO] ARGEE AR shuRl ALk
o] Ag714& EATE A7etdeh. AlEafekadelA
7F ZAeA HE]—L}— okEe] UAl-53}t a3 (first-pass effect)
e Aol JehlZ] Sl Farksls 1 48 4k

AR F- A M2lsigint. ejste] FEAENA YEt

oo mfu

%

t okzo] ht EFE AR E YERIA 3 3 oF
P‘ & ATagTh & A8 Ave Akl #3
2wl Bolel Fap) 9leg EO%?E Qo o
wo] 518 0] Wojo] H-8% AmokE® 2 4 9l
e A Py

wa

o
N

ZAbel s

o] A= HHBEAR P 27 EAF/NEAL (HMP 01-
PJ9-PG1-01C003-0003)Y ]3]} o]FojFlon o] ZHAL=HY
of I Aol B2 =88 £ 2 dEHEAA ZA=RYch

Mo
gh

1) Murray, C. J. L. and Lopez, A. D. : Mortality by cause for eight
regions of the world global burden of disease study. Lancet

349, 1269 (1997).

2) x%g__;] 7101,ﬂ 71u]xi g]@].g_
A HEF AL B
423 (1993).

3) 284, ZAF, H9A, 2B, oPEAE, oPEA, olukE 1 HYE
Z F o] el 29 FHAT. 2174328} 41, 681 (2002).

4) Fisher, M. and Brott, T. G. : Emerging therapies for acute
ischemic stroke: new therapies on trial. Stroke 34(2), 359
(2003).

5) Chan, P H. : Role of oxidants in ischemic brain damage. Stroke
27, 1124 (1996).

6) 27, 2717, AFY, o184 HETl B AIFAH

A, Wiy, S, WA -

[
At FaefustE= 10,



102 A5 %
. hgtetehg 23k sl 2] 1001), 25 (1989). 19) Siesjo, B. K. : Pathophysiology and treatment of focal cerebral

7 AR, $U9E . FFAEEe aEel B3t AP AT Ass ischemia. Part I: Pathophysiology. J. Neurosurg. 77(2), 169
o) =3 7, 273 (1984). (1992).

8) wildsl, =715, ol G, WA, o3, 7EE : HA 20) Schoepp, D. D. and Conn, B J. : Metabotropic glutamate
A HEF] digt 448 AT A e d=EA 10, 665 receptors in brain function and pathology. Trends Pharmacol.
(1987). Sci. 14(1), 13 (1993).

9) o7, 1AL Ao|n|BEE, W, Fiapilo] WA
et 2 =4 HAFF v I FFATAEA 9Q),
259 (1999).

10) o5, o4 : AFHBEIEE ¥ W ATl Ak B
g A7) wiElel Al gAlElEe] & slelEdT
=T 8(1), 117 (1999).

11) Brandon, E. E, Raap, C. D., Mejjerman, L., Beijnen, J. H. and
Schellens, J. H. : An update on in vitro test methods in human
hepatic drug biotransformation research. Toxicol. Appl.
Pharmacol. 189(3), 233 (2003).

12) Oyanagui, Y. : Reevaluation of assay methods and establishment
of kit for superoxide dismutase activity. Anal. Biochem. 142(2),
290 (1984).

13) Aebi, H. : Catalase in vitro. Methods Enzymol. 105, 121 (1984).

14) Lipton, P. : Ischemic cell death in brain neurons. Physiol. Rev.
79(4), 1431 (1999).

15) White, B. C., Sullivan, J. M., DeGracig, D. J., O'Neil, B. ],
Neumar, R. W, Grossman, L. I, Rafols, J. A. and Krause, G. S. :
Brain ischemia and reperfusion: molecular mechanisms of
neuronal injury. J. Neurol. Sci. 179(51-S2), 1 (2000).

16) Jenkins, L. W,, Povlishock, J. T, Lewelt, W, Miller, J. D. and
Becker, D. P. : The role of postischemic recirculation in the
development of ischemic neuronal injury following complete
cerebral ischemia. Acta. Neuropathol. 55(3), 205 (1981).

17) Sato, M., Hashimoto, H. and Kosaka, E : Histological changes
of neuronal damage in vegetative dogs induced by 18 minutes
of complete global brain ischemia: two-phase damage of
Purkinje cells and hippocampal CA1l pyramidal cells. Acta.
Neuropathol. 80(5), 527 (1990).

18) Krause, G. S., White, B. C.,, Aust, S. D., Nayini, N. R.
and Kumar, K. : Brain cell death following ischemia and
reperfusion: a proposed biochemical sequence. Crit. Care Med.
16(7), 714 (1988).

21) White, B. C., Sullivan, J. M., DeGracia, D. J., ONeil, B. ],
Neumar, R. W, Grossman, L. I, Rafols, J. A. and Krause, G. S. :
Brain ischemia and reperfusion: molecular mechanisms of
neuronal injury. J. Newrol. Sci. 179, 1 (2000).

22) Graham, S. H. and Chen, J. : Programmed cell death in
cerebral ischemia. J Cereb. Blood Flow Metab. 21, 99 (2001).

23) Thomas, M. and Jankovic, J. : Neurodegenerative disease and
iron storage in the brain. Curr. Opin. Neurol. 17(4), 437 (2004).

24) Bharath, S., Hsu, M., Kaur, D., Rajagopalan, S. and Andersen,
J. K. : Glutathione, iron and Parkinson's disease. Biochem.
Pharmacol. 64(5-6), 1037 (2002).

25) Jenner, P. : Oxidative stress in Parkinson's disease. Ann.
Neurol. 53 Suppl 3, 526 (2003).

26) Moos, T. and Morgan, E. H. : The metabolism of neuronal iron
and its pathogenic role in neurological disease. Ann. N. ¥
Acad. Sci. 1012, 14 (2004).

27) Takeuchi, N., Matsumiya, K., Takahashi, Y., Higashino, K. and
Tanaka, E : Thiobarbituric acid reactive substances (TBARS)
and lipid metabolism in alpha-tocopherol deficient rats. Exp.
Gerontol. 12, 63 (1977).

28) Kim, Y. D., Sohn, N. W, Kang, C. and Soh, Y. : DNA array
reveals altered gene expression in response to focal cerebral
ischemia. Brain Res. Bull. 58, 491 (2002).

29) Gilgun-Sherki, Y., Rosenbaum, Z., Melamed, E. and Offen, D. :
Antioxidant therapy in acute central nervous system injury:
current state. Pharmacol. Rev. 54(2), 271 (2002).

30) Pirmohamed, M., Madden, S. and Park, B. K. : Idiosyncratic
drug reactions. Metabolic bioactivation as a pathogenic
mechanism. Clin. Pharmacokinet. 31, 215 (1996).

31) Park, B. K, Kitteringham, N. R., Pirmohamed, M. and Tucker,
G. T : Relevance of induction of human drug?metabolizing
enzymes: pharmacological and toxicological implications. Bz J.
Clin. Pharmacol. 41(6), 477 (1996).

J. Pharm. Soc. Korea



