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Abstract

Through observing effect of BOPEASAN(BPS) on an aging white

rat’s Metabolic Enzyme System

Kim In-su, Oh Min-sukOh Min-suk, Song Tae-won.
Dept. of Oriental Medicine Graduate School Tae jon University

Through observing effect of BOPEASAN(BPT) on an aging white rat's metabolic enzyme
system, the following conclusions were addressed

1. The guantity of the lipid peroxide in lung of was decreased meaningfully in all of experimental
subject groups, relatively to counterpart groups.

2. Cytochrome P-450, Cytochrome bd, NADPH-Cytochrome P45, was decreased meaningfully in
the experimental subject groups B,C and D.

3. superoxide dismutase, catarase, grutathione peroxidase, was increased meaningfully in the exp
erimental subject groups B,C and D.

4. glutathione, glutathione S-transferase, glutathione redutase, y -Glutamyleytein synthetase, had
no meaningful change in the experimental subject groups.

Regarding the above conclusions, the Bopeasan was affecting positively on both lipid peroxide a
nd the enzyme system, as well as it has efficacy of suppressing the phenomena of aging, Therefo

re, the Bopeasan is, hereafter, expected to be applied clinically.
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10.000xg for 20min ‘

Mitochondnal pel]e{ cyl,OS(l)lic
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0.IM K P buffer
105.000xg for lhr

Michsomal
fraction

supelnatant

Scheme I. Preparation of mitochondrial,
microsomal and cytosolic fractions
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mM EDTA, 20% glycerol, 0.5% sodium cholate

2 04% Triton N-101°o] &€ 01 M
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microsomal suspension(]l mg protein/mé) & M

sodium dithionite® 91 R&TG v
CO gas® 1750 bubbling ¥ 34 400-500mm)
AOROCEE sk 450-490mel A B I el 2}
o] 2 cytochrome P-450 Co complex®] 2%
BOwOCE® 91 mM em'& RIHIBlY  Esh e
ch

(2) Cvtochrome b5 & & W&

Omura$t SatoE it e 1K 3 5} o
cyvtochrome b5e] BICHF BELA Abel o] MoLE
£ WidtEd. & microsomal@BEi-e 0.1M
buffer(pH 7002 fEA2 =
wol NADH E#i#E7 0.2mMe]
HE2E 3 oh-g 4249} 409nmoll A WCIEE AE
gk olme molar extinction cocfficients=
185mM 'em 2 89}

{3) NADPH-cytochrome P450 & & %@

Dichlorophenolindopheno{DCIP) 2] % /& @A
% 600l 17/ flegsle] Eg s st
. & microsomal# g  005M  phosphate
buffer(pH 7.7, 10°M EDTA £#)2 WEAA 1
mg/mée] TEE BER UHE &
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&3 10”"M NADPH #%# & 7} st s %37}
liml {%% &3 oW NADPH %B#k& ¥& ¥
30°Coll Al 1M ®XES M E WMiEste molar
extinction coefficient® 21lmM'em™ 2 st th.

(4) Glutathione S-transferase®] it W&

Habig59 H&E™d #sel MW 35 mil
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ImM glutathione, ImM 1-chloro
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(5) Superoxide dismutase(SOD2] #Gi# M
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{(6) Catalase®] 1&¥E W

50mM phosphate buffer(pH 7.0) 15miol &3
100l E ek 30mM HaO, @ el 3wl gy
S 1me st 240mmel A B0 S 2R #
#eato] Wi sk ok

(7) Glutathione peroxidase® Gt W

Pagliast valentine® JF#¥ ol #3i¢ 0.75mM
hydrogen peroxide, 6mM NADPH %  40mM
%479 0.1M Tris buffer(pH 7.5)

andked phEE 340nmel A ‘WLJI &
Masl 2 fFE finEel Ele ivEE st
vt mEENLPEel WAL s 120% lrg protein©] &
k8= NADP2l &8 nmole® A7t gt

(8) Glutathione reductase®] iH¥L Mi:

Mize# Langdon® J7gk'ell #Esbel fER 3.0
m% 0.1M potassium phosphate buffer(pH 7.5),
0949 mM EDTA, 46 mM oxidized glutathione,
0.16mM NADPH 9 ##%%400-600ug HEIH)S
make] 37TCelA 10760 KHEAIZL F 340mmol A
NADPHY #A 5 B Wi st

(9) 7 -Glutamyleystein synthetase®| &t %

glutathione®|

ol A BY S

Richman® Meistere] Jjik™o] #sle] jzMER
35m¢% 0.1M tris HC! buffer(pH 8.0), 89mM
L-glutamin acid, 094mM EDTA, 32mM

MgCly,1.35mM ATPSt 8 3#47:(100-300ug T A)
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Table 1. Effect of water extract from Bopeasan{BPS) on heart lipid peroxide content in eight

month rats

Group Dose ContenttMDA nmole’g of tissue)
tng'kg) 0 1 2 3 4lweek)

Normal 102+1.24a

Control 2481 263b

BPS A 100 206+2.30" W 206+ 1.92" 196+ 150"
B 200 163+192 15.0=1.13" 1672218 1561164
C 300 182+ 1.65 163167 154=1.75° 149+1.87
D 400 172*187 15.7=1.02¢ 15.0*1.01° 153118

200, 300, 400mg/kg! daly for one to
The assay

Rats were orally admunistered water extract from Bopeasan(Q. 100,
four weeks. The animals were decapitated 24hr after administration of last treatment of entract.
procedure was described in the experimental methods.

Values represent mean T S.D.(n=8). Values sharing the same superscript letter are not
ditferent each other(p<0.03) by Duncan’s multiple range

significantly

test.

"_:;‘»“ B rNormal
E Bl control
Ez‘.\ Bl mes a
BH eBrs B
BEF BPS C
] P D
Weelk
Fig. 1. Effect of water extract from Bopeasan{BPS) on heart lipid peroxide

content in eight month rats.

— 647 -



6  KHEABEK GRBRREH KK BE IR

2. fib #l#kF glutathioned] & &) vAE HE
s el &4 o)A glutathioned] &{L(H
uM/g)e MIES #HR OLEEN 100%(2.47L£0.13))
Bt HBHES 47%(1.161009)2 4 ENMUA

o Eol Ry A st 2 #RAHAA FER
e W3 A ti(Table 2, Fig. 2).

Table 2. Effect of water extract from

Bopeastan(BPS) on heart glutathione content in

eight month rats

protein)& WES #HE EEH 100%(0.37=0.026)
o ¥sle] WIS 205%(0.7610.033) 82 TiEH
AA wmsolzl Ak Egstey g B, C, Dol
A BB BB el BEEMNACA
v HEMYE AL E UeEliA i (Table 3, Fig.

il

i

Table 3. Effect of from

Bopeasan(BPS) on lung microsomal cytochrome

water exlract

P450 activity in eight month rats

Group Dose Content Percentage Group Dose Content Percentage
(mg/kg) W mole/g of tissue of Normal (mg/kg) nmole/mg protein of Normal
Normal 247 + 013 1009 Normal 0.37 = 006" 100%
Control 116 + 0.09™ 47% Control 076 = 0043 2057
BPS A 100 138 2 0.11° 56% BPS A 100 078 = 0.036” 210%
B 200 127 + 014 52% B 200 058 * 00419 157%
C 300 112 = 006" 46% C 300 057 = 0.004° 154%
D 400 1.28 + 012" 529% D 400 060 t 0.000" 162%

Rats were orally administered water extract from
Bopeasan(0, 100, 200, 300, 400mg/kg) daily for
consecutive one weeks. Rats were decapitated 24hr
after the administration of last treatment of extract.

The assay procedure was described in  the
experimental methods. Values are expressed as mean
T S.D. for eight experiments. Values sharing the
same superscript letter are not significantly different
each other(p<0.05) by Duncan’s multiple range test.

s 185

] — l B Normal
‘g 1.0 ’:;; B control
£ — B mrsa
== @ ®rse
ER epsc
o8 - [] ePsD

g =

Fig. 2. Effect of water extract from

Bopeasan(BPS) on heart glutathione content in

elght month rats.
3. Cytochrome P450¢] {&thol vix& ZE
P4509]  {ERE(EAL

Cytochome nmole/mg

Rats were orally administered water extract from
Bopeasan (BPS, 0, 100, 200, 300 400mg/kg) daily for
consecutive one weeks. Rats were decapitated 24hr
after the administration of last treatment of extract.

The assay procedure described in  the
experimental methods. Values are expressed as mean
+ SD. for eight experiments. Values sharing the
same superscript letter are not significantly different
each other(p<0.05) by Duncan’'s mnultiple range test.

Wils

nmole fmg prolein

] mes D

Fig. 3. Effect of water extract
Bopeasan(BPS)

P450 activity in eight month rats.

on lung microsomal

4. Cytochrome b5 & 8ol nX &= M

kgl &40l Cytochrome b3 (B4
nmole/mg  protein)S  WEd AR ILEEF
10026(0.198 % 0.012)°ll ¥ &} HIERES

1899%6(0.375£0.02D & HEM A sl
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o kst g B, C, DM FEMSE B4 eIt Table 5, Fig. 5).
# vetd Ak (Table 4, Fig. 4). Table 5. Effect of water extract from
Table 4. Effect of water extract from  Bopeasan(BPS) on the lung  microsomal
Bopeasan(BPS) on the lung microsomal  NADPH-cytochrome P450 reductase activity in
cytochrome b5 content in eight month rats eight month rats
Grou Dose Content Percentage Grou Dose Content Percentage
roup (mg/kg) nmole/mg protein of Normal TOUD (g k) nmole/mg protein/min  of Normal
Normal 0.198 = 0.012° 100% Normal 1365 £ 1.12° 100%
Control 0.375 + 0.021° 189% Control 36.48 £ 128" 266%
BPS A 100 0362 £ 0015 182% BPS A 100 3550 + 133" 261%
B 200 0.255 & 0.024° 129% B 200 2359 = 120 173%
C 300 0248 = 0.032° 125% C 300 2155 = 116 158%
D 400 0212 + 0.020° 107% D 400 2049 + 123" 150%

Rats were orally administered water extract from
Bopeasan (BPS, 0, 100, 200, 300, 400mg/kg) daily for
consecutive one weeks. Rats were decapitated 24hr
after the administration of last treatment of extract.

The assay procedure was described in  the
experimental methods. Values are expressed as mean
= SD. for eight experiments. Values sharing the
same superscript letter are not significantly different
each other(p<0.05) by Duncan’s multiple range test

nmote/mq protein

from

Effect of
Bopeasan(BPS)  on

Fig. 4. water extract

the lung microsomal

cytochrome b5 content in eight month rats.

5. NADPH-cytochrome P450 reductase® &tk
of mxlE PE

NADPH-Cytochome P450 itk
(Bf7: nmole/mg protein/min)& BTE #HFE L
T 100%6(13.65£0.12) o ¥ 5} o ¥
266%(36.48+1.28) 2 HEMSUA sl A
HE st EERE B, C, DAX HEMIIT B E
e uiglen HEE AdAM BEHSE mAE

reductase 2}

Rats were orally administered water extract from
Bopeasan (BPS, 0, 100, 200, 300, 400mg/kg) daily for
consecutive one weeks. Rats were decapitated 24hr
after the administration of last treatment of extract.

The assay procedure was described in the
experimental methods. Values are expressed as mean
*+ SD. for eight experiments. Values sharing the
same superscript letter are not significantly different
each other(p<0.05) by Duncan’s multiple range test.

soo
|
45.0
1
|
40.0, - o
_ 350
£
& 30.0 S
i}
e
; 25-&5— — Normal
- 2, ol B control
¥ 2p.0 oy T
E | e B prsa
15.0) <22 = BPS B
HH B wvpsc
0,00 [] spsD
5.0 1
|
¢ = i
Fig. 5. Effect of water extract from
Bopeasan(BPS) on the lung microsomal

NADPH-cytochrome P450 reductase activity in

eight month rats.

6. Glutathione S-transferase®] iGttol] vlx&
2

Glutathione-S-transferrase €] irdicd (BEfL
nmole/mg protein/min)& FES HR OILEH

1009%(24.8£1.20)0 ¥i3le] HEEAF-S 46%(115%
1492 HENUA mbsERen], A HEFANA
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B ¥w3s gt (Table 6, Fig. 6).
Table 6. Effect of

(Table 7, Fig. 7).

water extract from Table 7. Effect of water extract from
Bopeasan(BPS)  on  the lung  glutathione Bopeasan(BPS) on the lung  superoxide
S-transferase activity in eight month rats dismutase activity in eight month rats
Grou Dose Content Percentage Grou Dose Content Percentage
AToup (mg/kg) *nmole/mg protein/min of Normal 1TOUp (mg/kg) *nmole/mg protein/min of Normal
Normal 248 £ 1.20° 100% Normal 426 £ 0.22° 100%
Control 115 = 149 6% Control 213 + 018 50%
BPS A 100 106 = 1.10° 43% BPS A 100 244 + 015" 57°%
B 200 133 = 133" 4% B 200 395 = 027 934
C 300 1y + 197" 48 C 300 383 = G20 90
D 400 108 £ 1.56" 44°% D 400 405 £ 020 9524

Rats were orally administered water extract from
Bopeasan(BPS, 0, 100, 200, 300, 400mg/kg) daily for
consecutive one weeks. Rats were decapitated 24hr
after the administration of last treatment of extract.
The assay procedure was described in  the
experimental methods. Values are expressed as mean
= SD. for eight experiments. Values sharing the
same superscript letter are not significantly different
each other(p<0.05) by Duncan's multiple range test
= 1 1. 2-dimtro-4-nitrobenzene

25.0]

- E—
|

N
54
=]
| I

|
|

== : EEE T
T @

1000

snmole/mg protein/min

5.0

OCBEEE@E

Fig. 6. Effect of
Bopeasan(BPS) on the

water extract from

lung  glutathione

S-transferase activity in eight month rats.

Iy

7. Superoxide dismutase®l EfEol nx = &
Y (B p
mole/mg protein/min) &  MWEd FEROLEH
100%(4.26£0.22)l Hsle] BWHEAFS 50%(2.13%
0182 HEMUA B otz 2 f#gste #®
B B, C, DollA HEHUE #BmE Jeiidc

i

Superoxide dismutase$]

Rats were orally administered water extract from
Bopeasan (BPS, 0, 100, 200, 300, 400mg/kg) daily for
consecutive one weeks. Rats were decapitated 24hr
after the administration of last treatment of extract.
The assay procedure was described in  the
experimental methods. Values are expressed as mean
+ SD. for eight experiments. Values sharing the
same superscript letter are not significantly different
each other(p<0.02) by Duncan’'s multiple range test.

*unit - 1 unit of superoxide dismutase activity was
defined as the which inhibited the reduction of
alkaline DMSQO-mediated cytochrome C by 50%

_5.0|
4.0 = T
| =
& ,:::: B Normal
E: == E@ control
: Bl BrPsa
= Z il sPs B
Ed spsc
—T [] BpsD
o —
Fig. 7. Effect of water extract from
Bopeasan(BPS) on the lung  superoxide

dismutase activity in eight month rats.

8. Catalase®] fEtEol w21z W&

Catalase] i&itt (B{Z: xmole/mg protein/min)
& BhES AR LHER 100%(1.8910.023)00 %3}
o] HMEHLE 41%(64811.028)2 HEEUA B
Hojz AT kst EEAE B, C, DA HE%
Ae WnE YA Table 8, Fig. 8).
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Table 8. Effect of from

Bopeasan(BPS) on the lung catalase activity in

water extract

eight month rats

Content
Group Dose ~ 7 mole/mg Percentage
(mg/kg) Drotein/min of Normal
Normal 189 + 0.023° 100%
Control 0.78 £ 0018 1%
BPS A 100 083 + 0011 44%,
B 200 123 % 0028 65%,
C 300 136 + 0024 72%
D 400 147 * 0.015° 78%

Rats were orally administered water extractrom f
Bopeasan (BPS, 0, 100, 200, 300, 400mg/kg) daily for
consecutive one weeks. Rats were decapitated 24hr
after the administration of last treatment of extract.
The assay procedure was described in the
experimental methods. Values are expressed as mean
+ SD. for eight experiments. Values sharing the
same superscript letter are not significantly different
each other(p<0.05) by Duncan’s multiple range test.
*  hvdrogen peroxide decreased

2.5 ISR
2.0
1.5 =
B c
1.0/ -
p
m
2.5 = BE:
ol
Fig. 8. Effect of water extract from

Bopeasan(BPS) on the lung catalase activity

in eight month rats.

L

9. Glutathione peroxidase®] 7hithol pjx|:= &

Glutathione peroxidase 2| & (B
nmole/mg protein/min)g  WES FHFR IEEH

100%(18.7£0.23)0l ¥isled HHEFELS 50%(9.36*
0.1NE HEMUA Hd =R AFY HEKsld &'
7 B, C, DAMAEEMNJE ®wnE Jdepddt

(Table 9 Fig. 9).

Table 9. Effect of water extract from
Bopeasan(BPS) on the lung  glutathione
peroxidase activity in eight month rats

Grou Dose Content Percentage

Troup (mg/kg) *nmole/mg protein/min of Normal

Normal 187 = 0.23° 100%

Control 936 £ 014" 50%

BPS A 100 108 * 0.10° 58%

B 200 149 = 0107 80%
C 300 163 £ 0.194 87%
D 4w 153 = 0.16° 82%

Rats were orally administered water extract from
Bopeasan (BPS, 0, 100, 200, 300, 400mg/kg) daily for
consecutive one weeks. Rats were decapitated 24hr
after the administration of last treatment of extract.
The assay procedure was described in  the
experimental methods. Values are expressed as mean
+ S.D. for eight experiments. Values sharing the
same superscript letter are not significantly different
each other(p<0.05) by Duncan’'s multiple range test.
* 1 oxidized NADPH

Normal

Control

BPS A
BPS B

BPS C

BEEEDR

BPS D

Fig. 9. Effect of from

Bopeasan(BPS) on the

water extract

lung  glutathione

peroxidase activity in eight month rats.

10. Glutathione reductase®l ol
7

=

U A

EH (WAL
glutathione nmole/mg protain/min)& MEE &
FOIFER 100%(8.8610.23)0 Wt HHEES
45%(397£0172 HEHUA #WoEHd AR
HEpsted & BB HEMN IS e 1%
4 (Table 10, Fig. 10).

Glutathione reductase®]
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Table
Bopeasan(BPS)

10. Effect

of

on the

water extract from

lung

glutathione

reductase activity in eight month rats

activity

(Group Dose glutathione nmole/mg Percentage
(mg/ke) o of Normal
protein/min
Normat 886 * ()'23: 100%
Control 397 £ 017 45%,
BPS A 100 413 = 014" 47%
B 200 386 + 021° 44%
c 300 390 £ 019 44%
D 400 408 t 015" 46%

Rats were orally administered water extract from
Bopeasan (BPS, 0, 100, 200, 300, 400mg/kg) daily for
consecutive one weeks. Rats were decapitated 24hr
after the administration of last treatment of extract.
The assay procedure was described in  the
experimental methods. Values are expressed as mean
£ SD. for eight experiments. Values sharing the
same superscript letter are not significantly different
each other(p<0.05) by Duncan’s multiple range test.

£
5
@ Normal
; Conltrol
ES B BPsa
{ erss
B} Bpsc
(] BPsSD
Fig. 10. Effect of water extract from
Bopeasan(BPS) on the lung glutathione

reductase activity in eight month rats.

11. 7 -Glutamylcystein synthetase®} #Ettel wl
e BE

Glutathione S-transferrase®} i&t: (M40 pi
nmole/mg  protein/min) EPES KR EERF
100%(5.34£0.30)° ¥5ld HERES 51%(2.73%
0092 HEMUA HAHAR AFH HEste] 2

HEAA HESE e
Fig. 11).

Table 11. Effect of
Bopeasan(BPS) on the lung 7 -Glutamylcystein

gl cHTable 11,

water extract from

synthetase activity in eight month rats

activity

Group Jose : R, Percentage
(mg/kg) :Jrotein/min Y& Gf Normal
Normal 534 = 0.30° 100%
Control 273 + 0.09™ 51%
BPS A 100 287 + 019" 54%
B 200 268 £ 0.15 50%
C 300 279 £ 021" 52%
D 40 28 * 024 54%

RRats were orally administered water extract from
Bopeasan (BPS, 100, 200, 300, 400mg/kg) daily for
consecutive one weeks. Rats were decapitated 24hr
after the administration of last treatment of extract.
The assay procedure was described in the
experimental methods. Values are expressed as mean
= S.D. for eight experiments. Values sharing the
same superscript letter are not significantly different
each other(p<0.05) by Duncan’s multiple range test.

E
<
_S B Normal
E B control
lr_, B BPsa
[} BPS B
B Bprsc
] ePsD
Fig. 11. Effect of water extract from

Bopeasan(BPS) on the lung 7 -Glutamylcystein

synthetase activity in eight month rats.

V. & %
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A XM #bbEol Mol RMMERN olX= B 1

T £l WEFH FER FFHEEY o
£ e BERoE 4£WEY @R Winol
I R RITH: BMER A, BB, BEEr Bt
7t B AEERES dE EStE BN
HEEN ]l (BT MY NS BRE 46
Jol WiRHE RS Bk

ZiBig&ol o3 B2 E W5, HE% AHE
b 88 MWEEERERD %o ME st
9y, AKE BEEET, OBOYE{LE ) Ve
IR OIS Tlhe S

MIFH A E E e R A 4 e
NS 2 1R, FERSHEER, L85, HR
v, MRS el MR EHER, MBg, MR
&, MMLEERS, 00 REHR $E, fBn 5
Mo 2 collagen?] #Ab, Hlr#iLs, &FHMEH
PGS g, MEEN HRENOR fad st
ZAb, Ml &‘51!:9} ik, %o e #ik,
HieMfe £ &8, £y FRHOZ Mt
o] shg, ;@J"W‘J«] fﬁﬂ‘a KRED S 1L, W E
i BAR TS st qopEee

o] & Hdilr#IL® (free radical theory)& #1t
7 #ITEE B MK HiKE free radicaldl
o M Bty Bfio] FRE BHA £5
& RSO fBE2 A BRAR B¥e iKY
superoxide énion hydroxy radical, hydrogen
peroxide 5% Z<2 EHEEEHQ free radical2 #
fislo] JEES BB LKES H#ITAA MY
WS, Al %k Mol I e DNAC|
e MBS FEAA LR BES Hit
Ao gs %1&7} EiTeEohe HpAdd £
Riger fEL HRE WEste %“?—'0 ﬁf‘-?i}ﬁil
71 A% &I B Har #irEE 2% F s
olth, Zavt AHERE o] ?ﬁf&@a’«%«] e
L 2REH HME REsn EHEHE MRS e
PrEtirEle]  HiBgLR7Y FESI=H superoxide
disrmutase(SOD), glutathione(GSH),
glutathione glutathione

= 7l

catalase,
peroxidase, reductase,
protein  bound-SH,

Fol old &%

glutathione S-transferase,
nonprotein bound-SH, HEp%l
¥ n shg ot

BB M e <HE> <EM - LW EKE®HR >4J
of ‘4 A CIRIAIRE, HBithHE, %%@.A
IBARE T L, W, BiAE, ©EOIRE, k@%ﬁ
b, KBS, WOBEVR, BOREEMIET &, $k
A%\ﬁ,%ﬁﬂ%,ﬂA%%ﬁ]lq]ﬁ,%ﬁﬁ
*, GANFEE, AR, KB%, B4, SH,
AeEE, AABELT e d9a, <8l TE

B>Vl Y e BRRELAGE, ZREEMAT, BN
Fre b, TR, TGS, BEH-AM, H 8
/’ [”’ /\ 1 WE C» iﬂkﬁ& """ /\ P}i, H'h%:}é. %%y[t&

”mkmfd,%%ﬁ,mﬁ%M$ﬁ,ﬁﬁ,ﬁW
MR, R RT o st fEghel se) mE g
W4 o) gl $iate sl o,
CEHPES VO] vhebd 384 Hdele L RER,
KR, AR, RIS ER, SR, SEBKRL
ol MR A IEHE (1R, K
B, %;%w IR gy e
2 Fusta qlo

W KM Ly KE A >Vl
Woh, MHELGLS da
%@,%mgwwx"aa.ﬂﬂ BRSO R SEE A
b & oSS A At
TIOEHES R IEREBHEOVE
S, MR, ®EY, WBRS g19en,
RO R EEEHClA BE #{ro] HRIBIES
wE T mmEY HOmY, MR Wt
B waHkr™® oz urstn Sl fEflel
=3

ol o] MEHAME T mEHS Bl A
FE Hdol gd AR 2 MRS Fgol
THste]l ol B H#: WA Hstel < HEEE
“’1&&9 AWS #H et CEWY M

S WIEIY free radical Ba#/E hooz Ampg
%q

R e <FPIEEHILR>NA WMEZE, b
FithiE" ot sl LS WESIY 4aiiBe
HIFSE <API»OIME “BfR, X 2 8
of AfEe] MEBEEES BE/TIIT MEBRANAM B
5= FRE FHI0D shdon <KM ORI
>l E WEHEE EBAEAET & sd Ay

01 ']

“KERKE, RIE
BT e e
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ol HGEE FZdtd Ko LEclgna diE

if, ®EE <HBREE>Y NRBE JdA IS
Wwate gl o BmEAAM 44 78 F e %

ISR MILE WiiRe EEsdh
wte B EEEe<HBEE>YN A

Mg s WMEEE wmete BeR B, o,
B e, U SR BRslicd ®BH
o WS ?’iﬁé'}‘; WITM’ZO] il X B
o OREE HEoR #Muistyl dste ARSI
E 2] flT?ri-L.J)r glutathione, Cytochrome p-450,
Cytochrome b5, NADPH-Cytochrome  1P450,

glutathione S-transferase, superoxide dismutase,
catalase, glutathione peroxidase, glutathione
reductase, 7 -Glutamyleytein synthetase2} ¥4
& tatskch

MY EH BRRIEES NBRIK
fEol 23t oyt EE 3 BREGEEC] O.7F MmE A&
el el el BRELIEE S Gl S
BB A, AfEEES (K FAIZIS Tl MRS
odef7bAl gD mES ol lvd &
BRitol A 18 FPE M kst 4R
dE WLE YEIWAT(Table 1, Fig. 1)

Glutathione& BB SlojA i HEEE fF

Wetedl, B glutathione® vitamin E¢ o &
of B¥E WAty @EE{LE BFstn], 2R

£ vitamin E ®ZER®RD oi % Belste] e
T, Fitasde, M, OFE TSl ed™, i
I glutathione®) A#fboll vl A3 HES BH
R odoe #gee fltHTable 2, Fig. 2).
Cytochrome p-4502 48 HBEE do7ls
4B EWES KIBMHER vFol iR F
2 Hﬂi ety HEftE W o)y FE{LAY KR
a2 WD Cytochrome p-450 Mtfbol m] 3|
oS g BT ODE N HEted HEAo)
HiEs mme kel A ®EH B, C DIAAM HE
#ole WA E YeElA Y (Table 3, Fig. 3).
Cytochrome b5¥ cytochrome P450% &7 4
EAW HHstn BApFe] HuA HE HOHE
2 NADPH-cytochrome P450 reductase$t HE{F
Alg &l ol EA YA B A4, hormoned 8 X

1§

HeFol Arf A BICRfEC] A3 HTE ¥
R pEZ g ded”, Kk dgdA i
WAl Heted WAl HI¥3I Mg REEAA
PR B, C, DA HEM: A E JER
tHTable 4, Fig. 4).

Microsomal mixed function oxidase:%ol fré

1 endogeneous substance$t ol &7 {Uge] w

& EHE A, T BREEE AL RifEol SlolA
&5 FAL ETR ahE GilgEt e sleR
2 A 9ly- NADPH-cytochrome P450 reductase

1= flavoprotein component®  HAE  terminal

oxidase&l cytochrome P4502i2 “A@3le=u] My

rEe Sed™ Ak AdellAl EEtel ¥ete ¥

FEhEe) Hixs| Mg KAkl A fEafr B, C, Dol
A AiEMdE My E HeEbRIH(Table 5, Fig.
5.

ANMIA glutathione
N2k
Kol=Eed Wy
glutathione S-transferases 4:§8 SHHGA &
HElo] glom AIMIE glutathione S-transferase
o] BN T8 &E s PHOETHY
POt fRE e REEM S RN ERmeR
N-acetyl conjugate® R Hitt Al 7l oI
o] KES o %ﬁ"] Mo g bed A
Qed™ & A" & B HEK b
MRS JEIJ A (Table 6, Fig. 6).

Superoxide dismutase(SOD)¥> ARl HEE{L
KK B LOARRL B b shubol, dfBoll M
xanthine oxidase, aldehyde oxidase %9 ®#&
oHEe)  EEMLZ ¥ Eoj2 superoxide  anion
radical & H'Ozh-— A HHAIE e R vk
#E st (S XD gdedV K 48
A J:.#%ﬁioﬂ Yol HERte] WiEs) WA E R
oA EEAE B, C, DIlM FEHUE #WMmE e
2l ch(Table 7, Fig. 7).

Catalaser H:0:5 H.0%F 0.8 #sie BEH
diof] FBAT ReR d4HA Jdow fEiEfgEel Y
alcohol®} fEfLol & BREASIE Ao A=
= RAew  EMMEE Riksed SOD,

Glutathione S-transferasew™
S-transferase®}  mitochondria %

glutathione  S-transferase&®
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glutathion peroxidases} ©l 8o #E7L e AL
2" K AolM EEErel Batol WMol MK
& @AE KEgol A BER B, C, DolA fEH:S)
= #WnE Jebd A tH(Table 8, Fig. 8).

Glutathion peroxidase® Se’t F9A42 5o
elen free radical® H:0Z BAlA 4 lE 1§
PSS AT HHlEATlE MR BHo M
{68 glutathion vitamin E&} v Bo] LERHAINET
frol BRE(EE Bhlkdhe fFHE 7t e AL
2R Aol IER Aol Watel WMol MY
g ORpEl A EEE B, C, DAl A EMAE =
2 vel gl (Table 9, Fig. 9).

Glutathione reductase® A§{t%! Glutathion®
RIS FRE A de Aoz K 4y
o 4 Hrp2 gt glA W (Table 10, Fig. 10).

y -Glutamylcytein synthetase2 Glutathioned]
AER &Re HEANE FHE 2 de A
o2™ K AgelM ¥ge it AAHTable

11, Fig. 11).

L9 #5RE MImAETE HRIFS BN
sk, BEEuiEE SREE HEMUA WA
don,  fE{tEFEMHES  Cytochrome  p-450,

Cytochrome b5, NADPH-Cytochrome P450 4%
o %ﬁiﬂmﬁ&_ﬂ BIE7E 200mg/kgld F o] EEEHT B,
C, DAlM fHEMUA BAsFom M HT
v superoxide dismutase, catalase, glutathione
peroxidasedl A f{E&#F B, C, DM HEMUA
wstg ek, Lo EESRE ol MiAS &
MR AW HE Bohe & B3 @i
M2 Bk MEEHEA FESE A niEeR
#iol WE e MK BERETFE LHEAE
Hoz FEEW @z ERM HE MRt
FaR=IRN=

V. i

poify
2

LER BAF N Hhtifo] BB R vl
ANe pEe B5Y AR O3 2 BRe o
A

1. W EREEREE o
FrdA B st

2. Cytochrome  p-450,
\IADPH—CyLochrome P450-
A CHEMSIA Hb e

3. superoxide dismutase, catalase, glutathione

RS 2 WA H

Cytochrome b5,
‘M B, C, D, 9

peroxidasey HEEEE B, C, D, oM #HEMUA
3# bn sk s o},

4. glutathione, glutathione  S-transferase,
glutathione reductase, y ~Glutamylcytein
synthetaset= 2 BEEHAIAM HFEH e #le
At

Lol #RE Bol wilife]l MA@l E
2 @M ER HTY BES FADL ZLE
HMEEol v AL ZEBW mk BN el 7]
th=e] 2T
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