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FATREMRIEE BRE T RAESAFBERT  FREAR
BaT ERBELSFYAFLABNREAAE (LT E-
AEFZ C- A F A -HEZARBRGEL T E N HFLEL
WRBREEAIGHERGERER LESE) - ATH%AF E
HITRABRRTEANHERRHITRBILA/LHEZEE M
EATARFR, o

22 &t Sprague-Dawley K & » #~ 5 & 24 /a5 o R

£ 4 diethylnitrosamine (DEN) (15 mg/kg body weight){f & %%
B ZBEEL MERIARGELEFEHRZE - EXNE HALE
3 #4488 & ¥ Fx e phenobarbital (PB) (50 mg/100 gm diet)4F
ARER Y R 6 18 A B R RS R BT EAT LT A
W wRRAABELE R E RENBAETBR/FR i
prostaglandin E2 (PGE2)/R & BT Bk 45 Bt # & (glutathione, GSH) 2
£ % B pki® 8.1LER(GSH peroxidase, GSH Px) ~ £ B+ kR
J& #3(GSH reductase, GSH Rd) - £ Bt H pk5h & % 85 (GSH S-
transferase, GST) -~ gamma-glutamyl transferase (GGT) R & G ¥
&g (protein kinase C, PKO)EEE7E M, A B A2 R
GGT-positive & PGST-positive foci & R & 4§ o

ERET AR RAFNBELAFERE  LEERBLEE



ZoNE% (<005 - 4% E 22BN Etemas @
E8 560 E B AALR B (p<0.05) AT B GST~GSH Px~GSHRd
B E O 22 4 BA BRI B4R 48(p<0.05) /g GSH 4-¥ ~PKC
& GGT F 4 ~ PGST-positive Fo GGT-positive foci # B X @#%
NEmBEF PGE2EE » KB SABELE -
HERGFoEE L EFEF IR GHTEBILELSE 2
#oL DEN #%/PB RETHEEBEOERRAFRE - &X
R LB AL AT » BAL/ A H - FELER R EAT
T 4 B 49 A AR, o

BleEss - A K E - BBcHIK - AR F B2~ & A
GGT-positive foci & PGST- positive foci.
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BEIVHA-_FER—BEEEEMETALBGEYE - B
' AREAEBARARZERAMATHEZRAZ — - BiE

WRUOBBESMAFR  LaRTREREE T BREMNK
RERERFABAAY » MRREFRIDEEZEZAL - £
RE R T T S F E I FH F E (nitiators) ~ 4T & #
(promoters)‘\ & A F M 208 M 3 38 2R JE 4 (cocarcinogens) Y 4
TEREDI S BRETHEFTERBEEELNERFo8LE R
E~#4 % C(Zaridze et al., 1985) -

AL FE AREEEEL T TABRORAREAIE > €
TRk tm e REE % B B K E (Parker. 1991) © %&£ & E 89408
BB ESRIN THSLLEHET  mBEARERLE gL
FENRBHRIFRTITHBERS AR RIFOAILEEF
REEAEMB LABARN@BELAGBES TePEem
fa¥ GSH 2 2R GSH BME (44 ME— S H T mipain
g bshsE(Lii et al., 1998; van Lieshout et al., 1996;  Mitchel and
McCann, 1993)- sh 9} » 44 & E 7 48 PGE2 84 4-m ~H#p %] PKC
EPE AR A TR E R FUEMF P 89— R (Yano et al,, 1997,
Azzi et al., 1997) -

BTHEAERERTTUAE BB EBPRBETE LR
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BT AT R e 2 eI E » LIETTEEe91F A 44 -



X B &’ =

A & & (free radicals) s,

BEAAEARRHEETFTZIR TR FoOEME AR
ETamatnadi  USABBEAAL O RARE
“F(superoxide anion) ~ £ &, & & F(hydroxyl radical) ~ A5 & $2 &
thiB £ b4 B & H(lipid and other peroxy radicals) ~ — &AL £,
(nitrous oxide) % - M 5 & B & & £ % & 1t A (hydrogen
peroxide) ~ fs & i £,4t 4 (lipid peroxide) ~ £ &, 4 F (singlet
oxygen) ~ =R £ 8 (hypochlorous acid)Z # 8 R| 445 A Z M A »
F-(reactive oxygen species) (Punchard and Kelly, 1996) - &M 4,
TR AR A@ENILAIL R AR AR SKFER R FHATR

' A AEMEFALANS T e ETEF AR o
KR HE T BEE R R ERAER R E AT
HFHAERR Y € F REFH A5 F48 A £ (Chance et al,
1979) - B FAERAERETTEHANBNRLALE
BMAFR T EREIARELFRAELA RN ERA Y T

VERASTERE-FRERELS TR ERERREAL
HEBHK B ELETBRAL - BT RA - BEARAUE
B P A% B (DNA) % 48 » B4E 4= i % 45 ¥ 7 28 o (Gilbert,



1981) - BB H SR ROV AL A GRFBHME wEEME
%) | #(tardive dyskinesia) ~ 3K B RRARAL ~ SERURMER & X -
4t ~ B bk 18 8815 E B %% (Lohr et al., 1988; Horvarth and Ip,
1983) -

8 o AR B g A A R

BREERBBENRESSERM: £ 1993 £ Yano %
AN BEATIHE AR BREF A AL A A 4-
nitroquinoline 1-oxide 3 £ AL REEE B v - #F ras B
# Bl (oncogene) 7 A NIH3T3 @4 mbprk ¥ ' FREEF ta
R AAAERBALET MR LTS ras FEElam
4R % A B (Irani et al, 1997) o BIWATE £ R ey 5T 52 F 5 5,
L8 1B AR 3% A& %l (peroxisome proliferator) 3% 4 AT % 85 » & &
871t Kupffer's a2 A K2R ATL 8T » EMmBEITFER
A (Rose et al., 1999) -

HABBATHBHFSENS T BT RBEHR?

— MR AEDNAESAER T Z2RKE(E —) Olinski % A(1998)
s a AL ERKACHBRE ) AR ERLBETHES
RARE - ERMRMEEREFLARETFBOHAR > B RS



OXIDANT DNA DAMAGE
mutagenesis/clastogenesis

% { & activation of proto—oncogenes
* inactivation/loss of tumor suppressor genes

FREE RADICALS o l

[Y

o
* air pollutants 5 ALTERED GENE EXPRESSION
* radiation e
. xenobi:tics —> e * te'rminal d'ifferentiution
+ metals E] * mitogenesis
« inflammatory r + mitoinhibition

cells ©

* respiration

—

Selective
Genetic Clonal Genetic
Damage Expansion _ Damage
— —_— s CLINICAL
< DA T CANCER
repair repair

INITIATION PROMOTION - MALIGNANT CONVERSION

B—. B d&#A%5E#%4% (Guyton and Kensler, 1993)



Wistar A 8 A B E B U R ER > FBE ¥ 8
hydroxydeoxyguanosine £ & # B8 3% L » B s k34
FFRMmOERE AR BREATRESHEEEA & (Ogawa
et al, 1995) - MIEA R EMREY: wiB A LExEH -
organochlorides ~ barbiturates & 4 /& * 3% 5% I W 7T 5 BLAT
FHR S TFASEYER iy B 8-hydroxydeoxyguanosine & &
&, #(Klaung et al, 1995) - A EXBRTT 4 B &3] BB E
WHBRE Ba b A EELEDNA RRBEE FMA -

EHBAHGHEACE &K

AMETETARAERG BRATHERELE » F R
FhOBCEREEGE - ATHABRRDERGEHEEL
EVMBRAE-—EHERENRA LRGBS BPaiEd
AHa —RBAALTTER - A - AXGRACELTLL
Fréam » Raibr FREGHETE S Bl F(ot |k
E~B-BVRAEF)RAREES Tt i Cr £BE MK
[glutathione, GSH] ~ Jk#) *» Mt A /LB E A LB BB ALY
% 1L B (superoxide dismutase) - 45 & (catalase) - £ Bt H KB &,
AuBR(GSH peroxidase, GSHPX)Z Frigar » A A MEE R T



& FL £ 1615 4 (Cotgreave et al., 1988) -

it fAbn FHILAALEF2 M v Ald GSH ~ GSH Px -
GSH reductase (GSH RO)=Hz K&y R » R L KT UE
ZH4e - GSH R—E=ZMKS T & 7v-glu-cysgly =A%
BRFTHER Y R—RBEEF AT EF S48 EE sk
. GSH IT#] A GSH Px 1 Wi H2O2 KA H20 » sAMS{K %

[a—y

RBE
GSH Px
ROOH +2GSH . ROH +H20 + GSSG
(Jcaob, 1995)
w7 A A by GSSG *T4dh GSHRA £/ » B& B A& GSH -
(Skrzydlewska and Farbisxewdki, 1997) =

2. GSH 22 R EWBE %425 E aGATE&B4EER
CRGSH#RmERRELFE@E =) -

3. GSH 2 #2sem M5 R34 R » GSH #:8 GST a9tk B 24+
R B & A TR s Ry e AR+ AR BEE B (Reed,
1990; Neal et al ,1987) (H =) -

4. GSH 4#H B EOHmB R S S #Fmp L ¥ L2 ohi
(Kosower and Kosower, 1978) -

gL em GSHHYEXREET » ik ¥ GSH 22X HATH
ik (Meister, 1984) « 4 FTRS R 5] i P & GSH #7



a-Tocopheryl a-Tocopheryl quinone
a-Tocopherol chromanoxy ~—————p Dimers
radical Trimers

Tocopherol regene- GSH synthetases

ration systems GSH 4

NADP

GSS5G
reductase

‘Ascorbic

acid GSSG

- Dehydro-/semi-
dehydro ascor-
bic acid

Ascorbate

ductases NADPH

GSH NAD
NADH

Bl —. #4 % E & 4 (Chow, 1991)

10

Cysteine .
Glutamic acid
Glycine



Glutamate Cysteine

ATP
v-Glu-Cys synthetase

ADP + Pi

v-Glu-Cys

Glycine

ATP
GSH synthetase

ADP + Pi

GSH

R GSH transferase

-------- GS-X conjugate

ADP + Pi

GS-X conjugate

= £k PR -E BRAL B 4R 3 2 % #] (Ishikawa and Akimaru, 1993)
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©, 4 B A& b B g4 o Hamilos % A (1989) £ in vitro 3k & F
mAREEBMAERER S GSH TEA 2000 1M
buthionine sulfoximine £ ¥ 2k 4y tm BB 3% s Hp 43R % » B8~ GSH
Hirtmpp AR Lo B - AHBEMAR LY £535 1 GSH
=] LA Hp ] 4% 1 #5 (promotion) A& 4 #x, #A (progression) /iy 18 [ B 49
& JEJE & Ay v diethyl maleate (7] 8887 GSH B B)# B R A
BE B A AR E R Pk oeh 38 A 4T i B (Slaga, 1995) - sbéh F
GGT(gamma-glutamyltransferase)i® & & 305 A {2 G 4 A%, 0
A GSH A4 F%3 % (Warren et al., 1993) - #5557 GSH

PSR £ R e B AR B AR L

BEFE

4% B ABWREBMEGSEF Y £ 1922 SRR ERA
KB A/ R #A W (Evans and Bishops, 1922) » 12 & 2|
1936 5 A A BEFhTHRIBER LT LRETE
(tocopherol) (Evans et al., 1936) - 1938 s 44 £ E &) &%
3 (Fernholz,1938) - B AR T AANMEELE T E BihGhe 2
RERB —BBER A4 - RALYARET 5% tocols &
trienols W% - MR BERMEFEBBRMLERRAXT 44
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a~pB~v -~ SwA(BwW)- 3 tocopherol & HE A #E MR
IR B a> > 7> 6 (Century and Horwitt,1965) - Tocopherols
BEMmFLE SRR BE A Y E 5% 5548 B (Burton and
Ingold,1981) o FxAu#4)# + &5 o -tocopheryl acetate (TA)Fvw « -
tocopheryl succinate (TS)% B 44 % E &34ty - RHH—42
¢ -tocopherol #7 4 # % B & 48 4L 89 L 8,15 7F M (Burton and

Traber, 1990) -

®E FERHEERME

$AEF E s RERBMENENE oA AEHBE L B A
B T R F s a8 40 B b R F 4 (peroxyl radical) & A5 K 1%
GRS R ETABTE] » € B & B & AT 5] AR 64 48 45 (Burton
et al.,1983; Ingold et al..1987) - £ E 44 5 E B4 ¥ v R
WAL AAL R AFEEM 0 % 2 g -tocophenol B A &k AEM
(Bunyan et al.,1961; Burton and Ingold, 1981) -

AVBEETERBEEER ARBEEERSGME B
LoF S AT - S AN RS % 8 b0 g
' MEREEBEANLAL HednGE 4L FEsAH A

I3



Position of

Tocotrienol

Trivial Names (Abbreviations)

Tocotrienols

Methyl Groups Tocopherols
5,7, 8 ao-tocopherol (a-T)
5, 8 B-tocopherol (B-T)
7, 8 1-tocopherol (v-T)
8 5-tocopherol (5-T)

a-tocotrienol {(a-T-3)
B-tocotrienol (B-T-3)
T-tocotrienol (7v-T-3)
8-tocotrienol (6-T-3)

B 44 & E 2442 &3 Machlin, 1984)

14



BEE o AR A& P ey A R 35 (phytyl tal)Sr NBE Py RAET
HE L& S LR R B RS E B AL IR BRI Y TR
SRREARASL ALY A G R w B A B & & (hydroxyl
radical) ~ & 8,41t & & & (peroxyl radical) & #B &,/b 8 & &
(superoxide radical)m 7] B £ B AR LB ' TRALY RARBE
M 3% 4% R JE 1 #7 (chain-breaking) $¢ &, 1t %] (Burton and Ingold,
1989; Machlin, 1984; Packer, 1991; Ahn et al., 1995) -

#4 & E ey S ks A A B8R E 8 A A (OH-group)
" REAETTFLEHA  MACHABHBE LA L EER S
#(tocopheryl radical) - 464 5 FE BB EATHRETC S A A hAE
ALARIEE B EEN RERT:

TH +ROO™— T'+ROOH
T + ROO"—>nonradical product
(Ham and Liebler, 1997)

2 F E e bR ETEaGEFT E BLAAABERR B
KA % E a9484May et al ,1998) - 464 £ E A ki
nAfbAesd ETRIAENRE HP LS R GRS
(phospholipase) ¥} s Ais T 9 1E B » B — S B E L A W H &
(arachidonic acid)ay X # 44 5 E LTHGE RS M
FEARE SR AR A F £ 004 A (e.g protein kinase

15



C,PKO) (B 2)

Prostaglandin E2 (PGE2)x A E 5 %t

Eicosanoids & =+ 48 4 516X 3 /W AL B A5 2 435 e
By —BEM ' A% o JE A v B 48 B 8 1LER(cyclooxygenase)/F A
' TEARMPIRELF 2 » PCE2 PR A F — & fe £ WG B s
42 fg £, 1uEk(lipoxygenase)fE Al A =T £ sx 3kt & & 4 (LTBy) -
Ficosanoids & A X & A G AN iam i L oy 8 Js 8 A2
(phospholipase A,, PLA2 /5 » R L T &M LS —
B A B AT EE ey FL A v G R YIRS B R A LER i ALER G
18 @ A R B #E#E6Y eicosanoids - WmAEA IR BB A S,
BERSERBHABAMLTHEY » RAFEANE A/LEEE
BEMBBHE ) mis A bEER R EWR 2 AAK(E S

PCGE, A B LA SR LB AR a&mE AFTRY
& ' PGE, T i BB iR ~ A F £ (enin) & ~ % 4M TR
BRI EHASBREK Y EMEZE S BE RIS Bt
R A P18 o B 3 4 % A2 % M (Codde and Beilin, 1986),% 1
%% & MG E-1(interleukin- 1) F 8520+ L& B R BT
PGE, i % L 91 » 3 B 054 F JF Bl B2 48 L5 % 1% %y (nonsteroid

16



Chain-Breaking Antioxidant Singlet Oxygen Quencher

W R

I3

' \
[}
/ CH

y > CH,  CH,  CH,
Tocopheroxyl radical Ho cH,
CH, cH,
CH,
Example: d - alpha tocopherol
Enzyme Regulation and / \ Fluidity Regulation and Ordering
Membrane Stabilization Enzyme Modulation (e.g., protein kinase C)
. ’ e a
oo M Ono'. ) gg,z f!ongg—.;"“g
‘-“\
AN Tl A
Phospholipsse —» free unsaturated fatty acid + lysophospholipid Phospholipid
{e.g., arachidonic acid, a substrate {with polyunsaturated fatty acids)

for poxygenase, and cyclooxygenase}

B #4 E E 4 38 o4 (Packer, 1991)

17



=\ = COOH Cytochtome P-450
- e e e e Epoxyarachidonin Acid

Arachidonic Acid

’ M ooH " oH
[o Ly oWy Ve COOH =N\ COOH =\ COOH
(SO qoo< —
A N\ A N\ N\
O0OH

OOH 5HPETE SHETE
PGG, 12-HPETE
LTA Synthase
1 Peroxidase
, cO,H o
COzH o e COOH AN cooH
s .
I
<j/ o.@/\/\/\/ J ot Loukottiene Ay
) 7 0 12.HETE
HO . OH P /
PGE,
/ PGH, LTA Hydiolase Glutathione-S-transferase

[
" \ / e / \ Ho coott
. FGlz HO = .
e COOH el .
/" H CsHy M OH Gty M ?

Cys-Gly
!

\
PGD, :\ Leukolriena B
t/ y-Giu
/ Leukotriene Cy

. 64 v Mg 2 X 3 (Ara and Teicher, 1996)

18



anti-inflammatory drugs, NSAIDs) #p#] PGE, &£ & ' Rl & % &4
¥ % 4 (Ferrari et al., 1996; Sirko et al., 1989); Sano % A(1992)%
RALBEGEIER 6 X5 ARR T, 54 %RE PGE, » 44132
% PGE, THSEMG XA ERRFTRTRERGERE - 75
HER@EmE » PCE, AITHEE L@ FReiBath

3 # % indomethacin (cyclooxygenase Hp 4] #|)dp# PGE, 4 & ?

BT NESmEERaEie ) MAETEEF@RB A
FE &2 #H 1 Bm PGE, A7 3% E " ba B0 55 4% 4o B 69 4E
77 (Somers et al., 1989; Suzuki et al., 1994) - gbsh b £IbE & Fv
FRE BB ER@EE i FRBIE AN E N
A 42 lipopolysaccharide (LPS)#]#4% A & % €69 PGE, 2 £ (Wu
et al., 1998) - 4 in vitro K A& F *» FiAw 10° ~ 10° M PGE, T #p
PlERMEASZAREBR@BERLEERES E 890
(Melnik et al., 1991) » B85 PGE, TH £ BB N LB RIE - &

UAEXFRERTo PCE2 AN EA S ELE I -

PGE, #1878 7 5, # B 4%

BRI R A AREPAR D B BB R EF 4L 1976
% Rao % Abraham #5 H SR TR ER A ]/ B8 WHLE

19



mpAE AEAEBEAKRTSF R TN AWHER - ALY
PR Tl 0 B A A SR E A Al El(eicosa — 5,8,11,14 —
tetraynoic acid)i§ T # SRR FE AL B m I £ /F R
(Rao and Abraham 1997) - B T B mBash » A&~ R

mLAEEBEaR Y FTHERSHF SEE PGE, v
aspirin ~ indomethacin & 32 7] SAHp#] k2% & K (Rao et al., 1993;
Estensen and Wattenberg, 1993; El Attar and Lin, 1987) o 7 434
azoxymethane (AOM) 3 & F344 X E&HBEEH » B
aspirin & ¥ 5154 3% PGE, B & » [ 85 3t 8 2 3p %] aberrant crypt
foci (ACF)#9 7% Au(Li et al., 1999) o ot MG B 82+ — 35 B B8
ARG TERBE PCGE, REABRBOBREF HE
48 B = (Mahmoud et al., 1999) - & 24 £ X kB8~ PGE, 1878 &
mEH Btk o T NSAIDs #pH RS 4 R4EA » THRESE
B H T3 AALERE M » M SR PGE, & s AT 3k (Ara and
Teicher, 1996) -

e g B—Fd@ s B PGB B A R A% » Santora
% A(1976)5p 45 i PGE, T #p | k295 A& & - ! El Attar & Lin (1993)
2 NFE O B dm B kR SCC-25 Hidw 10° ~10° M PGE, 8% v &%
U T SCC-25 ta stk DNA 45 - ABL — 6 £ 6584
BRI EAT B9 P 2 TR B L35 38 o dm i, PGE, &9RE » RT3 4]
4 B ¥k 84 4 K (Ottino and Duncan, 1996) - 885~ PGE, # X El &8
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BRYEBTHEEF XERFGER -

#% % E #1 PGE2 & Bl 4%

4 FERA SN BEE AR A E R R
FEEFRTBEEENIE ) LATE LB T PLA2 K
WA A0 A W E (Parker, 1991) - AL R EHEARMIZHN
PAEY o HmB B e A B A & B A R T p RIS B BE
ARG E M T AR GE & v MBS 89 & 4 (Pentland et al., 1992) - 38 &
LB R IEA B S A PCE2 BB T —ER#8 5 AR AL
BRF R EE ) 2R A MAE Y mARAIEHHBAY
A& v T BRI B LBEE M MR > PGE2 4 A(Land et al,
1979) » B éhdtiu R EStaRpr AT R E 0 2 LPS
FLERia @S RBAEHENY ) ZRGEALLEE E
T H]sLEE £ E M 0 Mk PGE2 & & (Wu et al, 1998) -
Tomohiro % A(1997)3A urethane %%/ BB % A & * a8
PGE2 BB 3 fm » £k & ¥ Hinée & | E (400 mg/kg diet)
RIS iR ® 7 PGE2 BE B34 MR A K 2R Z B
ShiRME PGE2 v 4 & E 3% MR £ s ed A RlAkdrd] - £ %
RHRGANARITER & T RERAEAE T E (800 mg/R)
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30 RE B SR Bk amgt £ E R E R ZEHw(p<0.0001)
v % PGE2 4%, B 89 88 F &-(p<0.005) (Meydani et al., 1990) - 3
Kol LBk EE®EE E Tk PGE2z A 0 12 Ottino &
Duncan (1997)%f BL- 6 Z & 5B mtked A% 0 HR5m 10
rwgml 4 FE » TAE #HrH BL-6 afatr 4 Kk 0 Bl g
¥ PGE2 3£ B 4 9 B8 3% /o (p<0.0025) - 2 K B-CRAALA 4 %4
Frlm R EATIER ) TERA ML £ E 7 D2 # PLA2 5% »
38 ho PGE2 BT84 '8 4t A& vo 45 B o4 B3 (Tran et al., 1996) - &
IEXBRERBET 45 E TRBPE PLA2 - BAALERTE
Mo EMBEPCE2 R - BEAEFE/FANEBHEHEARE
¥Rt PGE2 RELAXTHE » &Ml R R E RE AR

& & % &5 (Protein kinase C, PKC)

PKC B 7 % 2, B / Bk 2, 8 (serine/threonine) & & i + 7
1977 S£##E3 > HEHEBRR BT F ey — 28 F Nishizuka,
1986) - PKC R EFEILHA FH AR TRy A REA » 44
11 #& B 4888 classical/conventional PKCs (¢ ~ S 1 ~ S ~ 7)
S FENH 7778 KDa + B # phosphatidylserine (PS)- -

diacylglycerol (DAG)- & Ca**-dependent #§ # % ; non-
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classical/novel PKCs (8 ~ € ~ 7 ~ 8)aFE#4 %4 80KDa * &
PS-% DAG-dependent &% » {21 E Ca’ 4% #2; atypical PKCs
(¢, 0/ ) FE# % 67KDa v A DAG-% Ca”-independent &%
%, @ PKCuaF &4 115 KDa * % /% novel R atypical
PKC 2z Fj(Schenk and Snaar-Jagalska, 1999) - £ s r9 3R 612
BEY PKCHEEZAELE L ) HBa8FTRHy PKC &5
TEARRAEYE AWELAT B FEHFHAHELK
AREPKC 4 LEHUMIA A &S » PKC 813 5494
% 4093 ) flde Ca¥-channel ~ K™~ Na™ ~ Cl'ag 384% » 3 &
nicotinic acetyicholine ~ gamma-aminobutyric acid subtype A
(GABAA)#% receptors L7 fE 5 88 KBEAY & U A& R R ALk
A (Conn and Sweatt, 1994); & -FF AL & » LA phorbol ester f]
P PKC 8F s ST 5546-Fi§ AL Ca*’~channel #¢4uv Ca’ 8y if
A v gbg PKC 77T 48 4% myosin light-& heavy-chain #;8£1L »
B8~ PKC -5 Lk % o5 5 & B (Nishikawa and Hidaka, 1994);
EFRBAET @ HARFTBA R N EPEAARIEL 2
phorbol ester % 4t PKC » 3 2l & # T # Na-K'-
adenosinotriphosphatase (Na*- K*-ATPase)i& ¥ 1 & [ &5 i fv
PKC #p#) #|(GF-109203X) s BT #p%] Na'- K'-ATPase /&%
#ar PKC 7T 4 2 91 5 B My 3 -7 18 3% 1@ 22 (Carranza et al., 1996);
A AR MR AR F L B E £ & serotonin R IEBF



Channel
opening

Aeceptor stimulation

Ca?+

&

Phospholipid

degradation P DG (e

PKC

L‘" FFAs LysoPC

—4

Control of membrane funclions

Growth and
differentiation

Bl £ . & R AL e i A 3R 2 4 & (Nishizuka, 1992)
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€124 PKC BB Eefemisi L b fia MrREE
#¢ B % Bl (Wang and Friedman, 1990); #RA TR 424%™ 2 » 89
B EEBWEFT @B R T taitey 45 LA tumor necrosis
factor-a (INF-a)REX F el » TURELE T @B o
interleukin-6 (IL-6) * # IL-6 & —F F btk Fimin » T F
&) resorption 4 F > 2% ] 8575 hv phorbol ester 7E4Li F ta i
PKCa » Al 7T 3 &) IL-6 R > i M #p 4] 42 F fm fio & 47
resorption (Kozawa et al., 1997) o & 34 & Bk T 4= PKC #95k ££
ERAERAREFIHEELAEL -

PKC &5 & & W t4

PKC ARamM A EEBGRE Y T2 REaME 28
S AER BRI Pt ¥A: - ArSeliEZR
B BEGTHARAE@RTEHAMK ) EMEFFRAGERE
#| 4o phorbol ester & PKC 7E4/t#| » &7 PKC FHiL 8% R
8 W R B A 4B M M - Bit £ A (1999 . 7.12-
dimethylbenz(a)anthracene (DMBA) & & & %& 3% & # 12-O-
tetradecanoylphorbol-13-acetate (TPA) &R & BB BB &Y

BB 4 T 4R 45 & IR #(dietary energy restriction) * & %
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BRTOH L BB LR A PKC FHRAEGERRALE
THRREL —SEBRNUAERAEALEEELEASEAMN
v Fitzer & A(198)i5 L &G T oy —RIEBL T A FLEHE
ey PKC »#emuSaBatr kM E  BrEe SRS
BEBREAELHEBE P PKC WHEATEZRREZ— - £33
% 4m Jo #k(MDA-MB-231) 44 51 32 + 12X tamoxifen (NSAIDs)& 3
WmBgkR Y A 5-20 mM BYRER Y TR mkE R B
B2 8, PKC 7F 4t 23 4] (Gundimeda et al., 1996) - £EE
BMBRLEBRA Y el @ L &kE E0E B2 — Herbert
(1993)is h B mm S d h R EEBE E L AR Bl
BAMEFLABBAEBNLATNA LY T FRTHAE Y THL n
vitro 2 in vivo X, sbiFEBRE S PKC mipiE» §4F
staurosporine (PKC #p# %) » T 3% /& 4m Ra i Z 4 A 69 AT -
P #e 4 Fischer 344 R BB TH BARBE R R
diethylnitrosamine (DEN) (200 mg/kg body weight) 2 3% 4 #] v &
15 BARBHBEETERLEL £ R ELEER ZHK
3t A AFRR R B4 B ARG a8k 0 PKC 4 B EE1L3 £ (Porta
et al, 1997) > H A L X B T4 PKC Flo@@m 4t R R8BS E
BT -
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#4 % E &2 PKC & B4

PKC £ g2 4% %8 %) 8 % (membrane-dependent enzyme) o
BBt E AR R R AEEN - 42 FE ARt eLd
P EEoh AR L S gL FE S EH et &
R @R EMPEBRBYB RN - PKC £7F
LR EF SR AteEE L MBERSFE SRR
B A FEM s Ricciarelli £ A(198)#E 44 % E TG ELE
B G e EE typell » % PKCo £558846 8 PKCa B & % -

ESE@BETERFAN 2 ARARETERERS
i 8 ¥ 82 > 24 phorbol myristate acetate (PMA)R] ¥ B *% 4= i, 9
Bk i A 5 E  FRESpBELRTEETE Y A
PKC 7 78 A # H#p 4 3 % (Sakamoto et al., 1990) o Sl % 35
Wita B AR (ATIS) B+ B 70 BoF R fe je ik (HeLa) B AT38 % A%
e F B B HERTIpH Wb jotk PKC %1 0 3 B F B5dp
#] A7r5 B k3 A (Fazzio et al., 1997) » 45 k7% B % 89 5%
#2F 2 PKC B RAERERBER T ARBROERZ —
BB T AR ER T HAEFETHEF &K PKC
M Bl R R R & A E £ (Koya et al, 1998) - &3 24k Bk EE
wHA R ERE &4 PKC Fib » 2B %E PKC #7 e
YEA - |
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B 7% 4= B (Preneoplasia cell) $2 §F 5% & #x &9 Bl 1%

AEBEMRBET E¥ B2 BE nEmner » A2
RABEE ANt It e SR E R s T EL TR
B MERATR@RAE FTHARAE Y BT E

B R R TR A AT e B 00AR0 ) KRB R AT R AR AR
TommAEER —RERLEA - —RFRTE (— )-
H + gamma-glutamyl transferase (GGT) 2 placental
glutathione S-transferase (PGST) # B F A AT B aBiZw » i
A B AT e R 3 R R e B by B 245 4% (Sato, 1989; Dragan et
al, 1995)

GGT T &1t v -glutamyl group #&#% %| H & peptide &% L &Y

£AF% YLy MRS —18 v -glutamyl peptide - M fE3E % A AR
BRI B R A ¥R BATREL LR % 0 MRS 5
B RFEE 5RE GCT - LB RBEHNFFTRBTEL
mRPRTER Y GOGT #hEMHAFBEE L3 % (Nagh et al,
1991) » A % B BALE LM RAATRBATE @B LA * GGT -
positive foci # B B EmMHEAL FHEABILEERR. EHULRHE
WCERED R REFHEFEALSN (DEN % initiator, acetyl-
aminofluorene (AAF) ~ phenobarbitol (PB)% promoter) % =] 3%

%% GGT - positive foci 7z, (Tsuda et al., 1984) -
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TABLE I
MARKER EnzyMES FOR PrENEOPLASTIC HEPATIC LESIONS?

Enzymes with decreased activity

Carbohvdrate-metabolizing enzymes
Liver-tvpe isoenzvmes of glveolysis (glucokinase, aldolase B, pyruvate kinase L)
Glucose-B-phosphatase (G6Pase) and other glyconeogenic enzymes
Glycogen phosphorvlase (liver type; — glycogen storage)

Amino acid-metabolizing enzymes
Tryptophan 2,3-dioxvgenase
Serine dehydratase

Drug-metabolizing enzymes (in phase I)
Cytochrome P-430s
Mixed-function oxvgenases (aryl hydrocarbon hydroxylase)
NADPH P-450 reductase
Glutathione peroxidase (Se-dependent)

Other enzymes
ATPase (Ca®>*, Mg dependent)

Enzymes with increased activity

Carbohydrate-metabolizing enzymes
Glucose-6-phosphate dehydrogenase (G6PD)
Nonhepatic (fetal-type) isoenzymes of glycolysis

Drug-metabolizing enzymes {(in phase II)
UDP-glucuronosyltransferase (tvpe I, or fetal type)
Epoxide hydrolase (EH) -
DT-diaphorase (quinone reductase)
Aldehyde dehydrogenase (NADP™)
Butyryl esterase

Glutathione-related enzymes
Glutathione transferases (GT) (1-1, 3-3, 7-7)
y-Glutamyltransferase (GGT)
Glutathione peroxidase (Se-independent) (GTs 1-2, 2-2, 7-7)
Glutathione reductase
(Total glutathione)

F—. FPHEAT % 40 BB 2 4= e 42 32 (Sato, 1989)

N
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PGST 42 1984 %5 Sato £ A B A& A A ik d R
Imsidr o R FEA e GST X - AEFREM =i ¥
FAREB Y {ELEITER B F PGST - positive foci & — R 4F
F54Z o A aflatoxin B1 45 & %% X 8478 £ AL 83 » PGST
% a2 & mRNA 23697k F ¥ mwi & (Poweretal, 1987) -
PGST #% 32 & T #5329k % F- 21 69 ATJE 4= 2 > 2 DEN (200 mg/kg
body weight; 10 mg/kg body weight):&4T38% + @ XE A KL TH
3, PGST-positive foci 7 5%, ¥ & 2h AAF & promoter * 3f ¥ BA 3]
AT 2 £ 3 28144 0 PGST - positive foci J§& 4 A & XA
&4 foci (Sato, 1988; Takahashi et al., 1987) -

i PGST ~ GGT positive foci AF— #& & AT % 7 a6 B4F45
4297 Tatematsu % A (1985) L DEN &3%%%] » m A PB ~ N-2-
fluorenylacetamide %/R &% » 2R UL AT A&
R\ A &3 GGT - positive foci 77 & 3 PGST — positive
T AT %3 PGST - positive foci B]F 5 ~ 10 %R %&#H GGT -
positive foci - /&4 695 % F + Tatematsu F A (1988) HE
PGST £ 4F A AT s 69 36 R 2 8 GGT ##& » m GGT RITH
PIETREARERANEUEFT - BILATRAEFA LRER
%8 % PGST - positive foci & pAIL % 2.8 7538 25 GGT - positive
foci 15 A AT IE T A5 4% ©
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AR T &

—. ##t

URGE

= B AERITRESERA

AE B A Peraino % A(1971) 893 X, 35 2 vk i
Sprague-Dawley (SD)K BEATEBRAT R e £ - B Bl #1 € %)
HFCHEAEEY SD KR R RA R A 24 LR
v A 4t DEN (15 mg / kg body weight)sh #4245 27
(initiation) "8 FLZ A HA M B BF L A AT B MR R I A AR -
HAB BN METR=ZE,HAHEEEE 22480
=8 A FEE¥@a(n="T) 4% % E4 74 (500 mg/100g
diet) (n = 7) s £& 24 BHREBME - FFHERAERT A4
F s HasrF e 4E PB (50 mg / 100g diet)VF A 1T & |
(promoter) » KRR HHBFE—RBE W FREEH
% 22 +1°Cr masp(light cycle) 8:00~20-00 « 474 &
RW—RTPFERABELETUE R EHRAKAEER
B AABE CO2 B RR Y GBI 1.5 ml @ik
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i

» )94 0.15 ml $ikk & % (50 mM EDTA & 0.7 mg/ml
indomethacin in PBS (4 1.2 mM NaH2POs » H20 ~ 17 mM
NazHPO4 « 7TH20 A& 140mM NaCl)) *» EA 1.5 ml 2 Z 3
SEF N ACTRA 1500 g B0 5 4 RERB R A
Rty BN 1S ml MEHSEF T » HAALT 80CH
RET Aoy PGE2 BE - B ESKIER
6 ml sk » B4 0.6 ml $ugkaBH (50 mM EDTA in PBS)
v BN 1S5 ml OB L500x gEEee 10 548y RLEE
BREN LS ml BEESE » RALET 80CAHRERF
HOBREA A REELEE RGBT ob - BTG AR
B FEAVMBRRAFETER | om Ba ' EARER
e ok L ARAL ) FAKARERE ) AANET
80 CARIE ' FRAETLRARILIEEIMH AR LR
AR o RIS IT A BB AR E R T ERA R AKX
ANETF80CHBRME » FAKEATEER 24 -

. R RAREk

AR RAE—  REALAFESET o AZE £ Y
AFEBZERERAASELEFENERORGELO S E



1A FEEFEER - RIRBRAGALLETENES

A F A5 ERAARERNBETEAE 1 I

Ak F E (500 mg /100 g diet)fF B4 7L » HALE R A&
Z@a%RE -

. 4% £ E B B & (Catignani and Bieri, 1983)

B 0.1 g FFEAen 0.9 ml 50 mM =5 474 sk (pH
TOVEATIHE » HE RARAER 200 ul HERGBEEL LR
E ol e sma e A8RA 200 oA
100 p1 «a-tocopheryl acetate (50 ng/ml, in 100% Z &4 %
REJRERS 1 58 Bioa 200 yl 2RER 1 4
48 M ACTURI500x g 3 548 ' REBREMN 1.5ml
MEBHRCET ) FBRTERBEZRER - B KELEY
LR AE AR BB 350 ul FEE &ERB(0.45
pm)@&IEAR v B 200 pl EABFHELARNEF Y EA S0
ul 7 HPLC *» R EMEAE P44 5T ERE » REE
BaREE ) B4t £ B RE M ng/g liver 72’%1‘ v A 4

4 % E B B R pA 1 g/mg total lipid & 5% -



HPLC % #48m.

1-6200A intelligent pump » L-4200 UV-VIS detector » D-
6000 interface & LC organizer (Hitachi, Tokyo, Japan);
mobile phase: methanol : dd H20=98 : 2 (v / v); flow rate: 1.2
ml / min; detector wavelength: 290 nm; sensitivity: 0.01

A.U. F. S. (absorbance units full scale);

HPLC column: 3.9 x 300 nm stainless steel packed with

micro Bondapak C18 (Waters Inc., Miford, MA)

. B5 'H 1% .4t & W (lipid peroxidation)4-#7: (Fraga et
al., 1988)

FFag oA SO0 mM k8. 87 42 1815 % (pH 7.0)35 & (1.9, wiv)
T 0.2 ml B{ER Y ERAKSFRE A 0.3 ml 50 mM
BiEE 47 4 Bk (pH 7.4) ~ 0.5 ml 3% sodium dodecyl
sulfate(SDS) ~ 2 ml 0.1 N HCI ~ 0.3 ml 10% phosphotungstic
acid & 1 ml 0.7% thiobarbituric acid (TBA) s & 434 »
L1000 CAR#B30 4548 BENSAKBS 54 /oA S5Smll-
T E#(1-butanol) 3 Bx. TBA reactive substances (TBARS) * %

1100x g ~ I8CTFa#w 15 948 » REERASEY B



4% (F-4500, Hitachi, Tokyo, Japan) 4& excitation 515 nm »
emission 555 nm F AT AW o FIAFEBRALR 1, 1, 3, 3-
tetramethoxypropane (TMP) FrfE R &9 & dh b v T3

B b P TBARS EZ » 2l nmole/g liver & & 7= B4 -

B R 45 e H IR $ A4L AR 4% B H BK(GSH /GSSG)
2% (Reed et al., 1980)

FFRESA 50 mM #hEk 4742 Bris g (pH 7.0) (11 9, wiv)¥g
H oo 04 ml BHERMAZEES 2.5 mM phenanthroline
2z 10% perchloric acid (PCA) * $#% % 40 5248 + H 4 C T A
2000x g 8 3 4480 B 400 u] LR 0 w40 pl #
#4464 100 mM iodoacetic acid (TAA)ERR * #E £ 18 hv
A KHCOs ok FAudhim 2 RAeb Bk » B RE 15 o4
% v B 440 11 3% 2, 2-dinitrofluorobenzene (FDNB, in
99.5% TER)EMR ¥ RAMHEN ACTRE » & 4000x g
BS54 BB LBk EERE045 um)BEA 0 %
HPLC #4754 * GSH & GSSG 3£ % :4 nmole/mg protein
%57 48 OGSH GEE %% GSH R E vk 2x GSSG i (4

GSH = GSH+ 2x GSSG) -
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HPLC #3322

18R] % & 365 nm

ik 1.2 ml/ min

#8458 solvent A : 80% ¥ &2
solvent B : solvent A : stock solvent B (20: 80, v/v)
(stock solvent B: 272 g CH3COONa + 621 ml
CH3COOH +189 ml H20)

stop time: 30 min

7% By AR R R

gradient time (min)  solvent A (%) solvent B (%)

0 80 20
3 80 20
12 5 95
20 S 95
22 80 20
30 80 20
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. o 85 4 (plasma total lipid) 4-#7 (Frings and
Dunn, 1970)

| R S50ul g 1 ml BAREEIR A » % 100°C K% 10
48y IRE ¥+ 100 #1 H v 5 ml phospho-vanillin reagent
(200 ml 0.6 % vanillin & 800 ml ;EZ=kiEk) » 3R&E 7 37C
KB 1S s y R ENZERT AN 5 28 sy khd
BF K 5S40 nm T RIR S E 0 3B ik (1g / dl absolute
ethano) AAZ £ &L v WA B BG U RBLIETEREE -

A dh s AE
stock solution: 1g/ dl absolute ethanol

working solution

Conc. (mg/ dl) 200 400 600 800 1000

Stock solution 0.1 0.2 0.3 0.4 0.5
Absolute ethanol 0.4 0.3 0.2 0.1 0

A\. BTB8 4= B 4 #e(cytosol) ® # (Huang et al., 1988)

ARl 0.01 M #hsgsvrbrsse(H 7.4 W4 1.15%
KCD3EA 4, wh)» 38 mBIABECE T s W 4C T4



2L 10000x g & 30 o4 BB ERE R B 4ACT
105000x g s 1 Mo BT LERALEER
" TR LM BN Hm T RENET 80CAH R
G BB -

. BB BKiB £ /LER 75 ) & (Lawrence and Burk,
1976)

A 1S5 ml 2HEFHoA 08 ml REZRES | mM
EDTA ~ 1 mM NaNs ~ 0.2 mM NADPH ~ 1 U/ml GSH Rd &
1 mM GSH = 100 mM =28k 474 #rik, pH 7.0) © fu A 100 ¢
1 & 20 mM #hE2 e & #7R (pH 7.0)# 5% 150 1Zay i 8 &
BB P RERTHFES 4 B 01 ml 2.5 nM H2O2
UG RAEBEAER K 340m -~ 25CTRE=Z2ENRL
e AER y 3t E NADPH 3§ #£3% & v 7 M 20 nmol

NADPH/min/mg protem % 5% o
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+. % B k3B R 85 75 MR 2 (Bellomo et al., 1978)

¥ 15 ml zHEFRA 09 ml RAERS 1.1 mM
MgClz-6H20~5.0 mM GSSG & 0.1 mM NADPH 2 100 mM
Bie b ik, pH 7.0) » #HF w80 11 20 mM s dk sy
SR (EH 7002 20 pl #& o oA REEN % & 340
nm ~ 25°C FTRIEE >SRN REMASILER > 3 F NADPH

H#ER E 0 thE M X nmol NADPH/min/mg protein & 51 °

+ — . Bh B BA B 3 4% 55 55 M ) & (Habig et al, 1974)

15ml ZHE T A 880 ] RER(E 1 mM GSH
Z 100 mM =hE47 4 %0k, pH 6.5) » BARF A 20 ]
50 mM 1-chloro-2,4-dinitrobenzene (CDNB) (&7 99.5 %
CEE) ~ 80 1120 mM #hEk 47 R (pH 7.0) A 20 pl&
20 mM HiEgbpiz B (pH 7.0)#82 150 4 wm g
BRARA Y RGBS R REE 340 nm Fesk S
DR AR -

GST %M 24 CDNB-GSH conjugate % g3k 234 o it
&M 2L nmole CDNB conjugate formed/min/mg protein %k

;<3 CDNB-GSH A e=9.6 mM*'om™ -
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+ —.BF & 7 -glutamyl transferase-positive foci (GGT-
positive foci)%-#7 (Rutenburg et al., 1969)

X

PSR B #(Jung CM 1800, Leica, West Germany)
FET 20CwE 10 ym BB IA * HERBITHE
ggzgm}% NRCEREER L ENFREFTEENE
T 20T ARAR Y #iAT R AR DA AT b

v -glutamyl-4-methoxy-2-naphthylamide ( v -GMNA)%&
REH

Stock solution : 5 mg GMNA 4% 0.1 ml dimethyl
sulfoxide(DMSO) ~ 0.1 ml IN NaOH & 1.8 ml H#t-F k&)
Bk F 1 A4 CTF T A 3 R o working solution: Ht 0.5 ml
stock solution Az A 2.5 ml 0.1 M Tris-HCI (pH 7.4 ) ~ 7 ml
0.85 % saline (&% 5 mg glycylglycine &% 5 mg 4-
benzoylamino-2, 5,-diethoxybenzene-diazorum chloride hemi

(zinc chloride) salt (Fast Blue BBN)) -

Mh$e
A RETBI R BN 2m e a(10~15 248) » B LI
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#EFH 6y v -GMNA SRR JE 15 248 v 2L 0.85 % saline 7%
254y A 01 M CuSOs RIE2 sib 2 6482 v B
2L 0.85 % saline Z#k 2 42 ' MBUEBETRFR &0

B #8:7% B 04 glycerol gelatin B » PR AL & -

+ =. BT E& placental glut’athione S-transferase-positive
foci (PGST-positive foci) 4 # (Hendrich et
al.,1991)

Wk 8%

Bl GGT-positive foci o

mh$é

R A B E BT R(10-15 248) ) i v A
11 el (vVEL R 8 B2 - R EF(acetone) B ki 3
SR ey RFHL 0.3 % HeO2(in 95 % FEZ) R I
30 4481k A48 LB E - PBS 327 =R (5 min /%) -
7% _E normal goat serum (200x dilution in buffer B,4 25 mM
Tris & 150 mM NaCl, pH 7B 2 @B h » R"EBR T #
2 1185+ PBS ;2% = k(5 min /&)~ % L rabbit anti-PGST
antibody (1:300, in buffer B, v/v) B 7 4°C 7k 45 + overnight -
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A PBS %% =(5 min /k) ~ Az biotinylated anti-rabbit
IgG (1:200, in buffer B, v 28 F# & 1 /& -~ A PBS
Z e =R (5 min /=R) ~ &£ AB complex (1:200, n buffer B,
VvIV)# E 30 4 - A PBS sk ==k (Smin /R) ~ 7B L#E
B AEC kit (RFtw A 5 ml —=koK ~ %% buffer stock
solution ~ =78 AEC stock solution % & H202)E B TR
JE 15 0é8 ~ A RAREZHR 5 vEBUKLERE -~ FlEs

24 glycerol gelatin # B o

Foci B &
HEHAERTROFTE Y R BN BEBET R E Leiss,

Germany ) * #| %B%%%%ég\%ﬁ % #.(Color Video Camera,

Q 500 MC, Leica, Gennaﬁy)éy\#)fr GGT-% PGST- positive

foci MmFERZLB + focl B4R T UL HAE > 025 mm AEE -

4+ v9.Protein kinase C (PKC)7& # 4 #7 (Chang et al.,
1996)

=R R

0.1g ATBE A 3 ml buffer A ¥4 féf * 7 4°CF 24 10000 g

B0 30 4% 0 Bl BB IR AR 4C T 2L 100000x g 4T
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FHdag 1/ % LR k(cytoso) M ETF 80°C 4
BAE  BUUEM Y buffer B 5% AR T RIRE
v $% F 30 44874 v B 4°C T rotating mixed 1 /M8 B
# 4°CTF L 100000x g RFH B 1 NEFY RERR
(membrane)E £ ET 80CARME s W 1 EHNERY
o

PKC #u1t

¥ DE 52 column # # 4% » %4 4 elution buffer JF
column =%(0.75 ml /&) 2 %8 oA & M ag 4k L iEd
column (cytosol 1.5 ml, membrane 0.75 ml) ‘3 LA elution
buffer ¥ column ==k(0.75 ml /=) &L 0.25 ml 4120
mM KCI 2 elution buffer 3¥# column v %% 24 0.5 ml 4
120 mM KCl 2z elution buffer 7 column * W\ & EH4F

B B P RIGEM o

&R

Hr b bt a9 FR b 0 350 1182 100 p L R JEHR((H)PS;(-)PS)
BA45 v N4 cold ATP (3 1)~ v 2P ATP (0.2 £ )& 20 mM
Tris-HC1 (46.8 p )ik » A4 AKB 10 548 > RAF A 50

©11 mg/ml BSA ~250 1140 % TCA (4°C)~1.5mi 1 %
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TCA (4C) » £ 4°CTF3000x g & 30 2048 7 Bl L F
BN LS ml 1 % TCA (4°C) » 4 4°CF 2 3000x g &k
> 30 4% v f8]38 L R BA B -counter SR EKETIRE o EM

% 7~ % nmole ATP/ mg protein /min o

RE® Y

buffer A: P3-4- 20 mM Tris-HCI ~ 0.03 mM NasVO4 ~ 20
mM MgClz- 6H20 ~ 2 mM EDTA ~ 0.5 mM EGTA -~ 2 mM
PMSF ~ 1 mM dithiothreitol ~ 250 mM sucrose ~ 10 g /ml
leupeptin 3H E pH 7.4 -

¥ % buffer B: W4 20 mM Tris-HCI ~ 0.03 mM
NasVO4 ~ 2 mM MgCla- 6H20 ~ 2 mM EDTA ~ 0.5 mM
EGTA ~ 2 mM PMSF ~ 1 mM dithiothreitol ~ 5 mM NaF ~ 10

1 g /ml leupeptin ~ 0.1 % Triton X-100 3 & pH 7.5 -
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PKC ZHRMERER (B— 2 H4RERE)

Reactive solution (+)PS (-)PS

ARE(eD) RE(D

200 mM Tris 20 20
2 mM Ca** 10 10
24 mM EGTA 5 5

200 mM Mg?* 10 10

histone (1.6 ¢ g/ml) 25 25

leupeptein (1 g g/ml) 10 10

20 mM Tris 10 20

phosphatidylserine (PS) (1 z g/ ul) 10 0

AR 100 100

+7. i PGE2RESHT

4 B Prostaglandin B2[IJRIA kit(NEN® Research

Products) /#7144 PGE2 JE & -
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<. BFBR 7 -glutamyl transferase 7%t ] & (Smith et
al., 1979)

HRF R 10 4534 8 & (10 mM Tris-HCI buffer, pH 8.0
3 4150 mM NaCl & 1 %Triton X-100) 3455 » 3584 8
AR 30 448y XA ACTF oL 500x g 8w 30 448 7 B
TR BE WA KRF A 25 uM 7-amino-4-
methylcoumarin (AMC, & # methoxyethanol, = F W&
F20°C) ~ 3% 3% ~ 10 mM L- y -glutamyl AMC (GAMC,
&% methoxyethanol S M ET 200C) ~ M ERAEKR
J& & (4 20 mM glycylglycine~0.1 % Triton X-100 %7 100
mM Tris-HCL pH 8.5) » 48 37°C A% 30 248 » B hax 50
mM glycine buffer (4~ 50 mM glycylglycine~5 mM L-serine
£ 5 mM sodium borate * 3% pH % 10.4) 54 4 1k K&
2A F- 4500 # excitation 370 nm & emission 440 nm B{%

KAE o b % M 24 nmole AMC formed/min/mg protein & 5 e
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%% dh 42 (nmole) oA

0 625 125 250 500 1250 #H &

25 u M AMC( 1) 0 25 5 10 20 50 -
MER(LD 105 1025 100 95 85 55 -
10 mM GAMC( ¢ 1) - - - - - -5
TR () - - - - - - 100

RIBRA®R(UD 245 245 245 245 245 245 245

+-t. &8 %R E R Z (Lowry et al., 1951)

Bt W 4

20 pglAFARALN 1S5 ml #BEBECEF » A AE
& 10 % trichloroacetic acid (TCA) * $ % 30 &3 % 4
Bty N AC T L 10000x g 8 6 542 1 B EFERR
o B 4001 IN NaOH 1 4359% 1 #E 30 &
&8 DA b AR LR R A KA o

HEGSE N

B 4 o % & (bovine serum albumin, BSA) & 42 % 2

B 1 mg/ml 4 BSA s B AAREGREETERE
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4 280 nm TF BSA (Img/ml)iEH®& HE A 0.667 » BRIE
#% B NaOH # BSA#BZE 05ug/ul » #1A 1 N NaOH
TEARO 8162432 »g/100 yliBE o

=R )

100 ul & & EARBESCTHEA 1 N NaOH ##8)
RARBRGELL B2 1S ml REBCE 0 45
A 200 p] 2 8E-FR A 100 vl RE&RR2S % NazCO3:2 %
Na-K-tartrate : 1 % CuSO4=8:1:1) s 24¥4 s »xEE
T E 10 448 » fjun 1 ml Folin reagent (Folin : H20 =1 :
195)» REe34g s BN ITCRETRE2 &  MEE
WEBT A 10~15 548 0 4 A A AR AR K 660
nm FARAE - HEEFGHRKTHES HiRAE -

A s
1 Fi one way analysis of variance (ANOVA)E 4T &3+ H-#7

v 324 Tukey’stest BT EMREZE 4 * & p<0.05 &5

FBEMER
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FRAREHEFEHARERNWEE

MEAERBET  RETHEFERE  EREBERA
BE - 2HBEREANBEE RENE/BEREL 4
FEHZ a8 XRNEFaRHLEP<0.05) » AR EZ N4
A5 E&#z@WBANELEEE #A8(<005)2amsst £

Er¥apBEEE g -

FRRELEFEHARLEEL K E - AFRALAL
T RETGAHBE

Bk =4 R 8~ R GSH / GSSG & GSH / total GSH »
CEZHARBELR - Ao E FEREL(E—) AK
ZEBRETHLE T E 9BE > 201597 2073 g / mg
total lipid) 8 2 &7 I % £8.(6.139+ 1.995 1 g / mg total lipid) &4
7,#8(12.452+£1.723 £ g / mg total lipid) (p<0.05) - M AR 44 &
EREF®(BE=) %424 E HALFF4&4+ | EQ276.766+
139.204 g / g liver) 8 8 K7 4t £8(9.698+ 7.125; 27.274+

49



12.578 g / mg liver) (p<0.05) - miEfs H B E 2 E(H =)A]
A EE 5% 4(99.439+ 37.078 nmol / g liver)8A 88 57 H it
R 41(53.961% 7.252; 41271+ 4476 nmol / g liver) (p<0.05) -

AR 4%%E % ERZH XA GST~GGT ~ GSH Px
GSHRA EH 2 H %

AW gLEEE R AR %EEFERAAE GST
GSHPx B GSHRd =B 2 ZMH 8N gL 2 L8285 8
£ hm(<0.05) - #H#N GOT Bkt » A F ERERAH
FEHER -

#4 % E REH KB GGT-E PGST-positive foci
HBRZBE

8 & B & R BT A %H A& GGT-5% PGST-positive foci + H

REFRZUEFTERERS
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L5 EREHAELRPCE2 RENBE

HEWERETAMEPCER2EEy X MAFEEN
E£B(MAEE&Hzml 4171+ 0599 ng/ml;, ¥ 4% 3.857
+ 1.050ng /ml; # s 4 % 3.04+ 0.607 ng/ml) - Bk R b 44
FERES o nEH#pH PGE2 R EAEH -

A F EREHALEPKC Sz BE

BEZERET Y AETBE LR @ E ¥ PKC &k
FXBRRETHEFE RENBEE 2 ap PKC FH: 639.153
+ 337.075, tapd PKC 554 84.301+ 55.969; ik ¥ gt PKC
7B 615,051+ 181.103, mpp g PKC 7&4: 72.814% 43.136; #
%408 PKC 751 693.694+ 281.415, 4a 5% PKC 544 103.269
+ 63.108, tbiE M E fir; pmol / mg protein / min) ¥ =482 P & B8

FEREM-

51



‘ﬂ-‘:
¥

ik RH Y

AR#%ARE S EHHRE Y HARKERRDBERAE EH o
VM EBERERD) MERELATREANALAFER
A8 (Lii et al., 1997) % #~ 34 Fischer 344 XK R #4749 A £ E 2
FHAR Y 83 13 BARE4EF E #2(0, 125, 500, 2000
mg/kg body weight) R » 344 5 E At R HERR
oA tE JURBE F % 45(Abdo et al., 1986) -

HAREEAZEREBHMRBTEHCAEBE - &3
EEapFa i TUERGL FERZ AT EHE
FrhE EBE RN 44 K E B ¥ & R4 £ 4(p<0.05) - Hendrich
FA(9DIEE PB TELART RERMER AL 248
BAHITFBERESG ) LELEATEEARLR » EMERKE
FFEMEELE LA - ZRSEN KR T HEMGELEE » 88 11
8 A THZ PB AT {URAT E/88 F H 8 09 B A R G 09E F -
MARERERTERELE R E LFERBAAXITE/RE
b B PR BR Rk 5 1 (p<0.05) - B4 A 5 E T iR Y
B MEIKPB HRFRMYBE -

HZ BB ETRBRNHAANERES  RHERS
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(p<0.05) - Wang % A(1994)45 7| B4 X 2R R 2 EEBF
DNERIEBEE A AN (2 ERRE TR EE K E THH
B E BB s o B 4 Bendich % A(1986)35 E4FHIILA
B4 K %E £ E (75 mgkg dietybk & 0 THHERAEF A ER
REBREHBENE - BT84 A3 EFATRBEEBEY
hEEHI KA,

BErRiEiti &g

MRRTHAEX E SE¥ i hRRATB P EL K E
SENEZ I, B rRNELERE S EWNERHRRTEA
+ERESHE (B— ) - 44+ E ZREEREAE
=T LA 2 ey 3 4] BS H 1% 8.1t R JE(Chen et al., 1993; Miyazawa et
al, 1990) - x48% % Bl HATREAA BRI M » X A THEAN
B BEHITRARS  SUENRAETBAILRE ¥R
SBFHEALD ternatin REA F B » THRERETHETES
AT BELRE 8 18 AAL BB R $ AT B o4 148 A (Souza et al., 1999) -
AREBRITBRER 4L RERE » E TR RTREETBEL
(B =) -

GSH/GSSG & GSH/48 GSH H#&EtLE *» £ A &k k-1 GSH
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FALER K E(edox) s BEAZERBRARTHALLEETE R
& % %Rk GSH/GSSG & GSH/42 GSH tbf& - Costagliola %
A(1986)¥ A 3B ~ % -F & K R 89 8R % 7K(aqueous humor) & & 3k
Blens)F AR » #2 5# E RAF B LR 2 as ¥
GSH/GSSG thfd - BBy @uME » 78 REE | E
43 R 2 BLuB b GSI/GSSG & GSH/4 GSH thf (Rojas
et al, 1996) - S FEEREFLAR " BITHELAEERY » &
HEAEABANEE » MM GSH/GSSG ofl ¢ /% 0 & 41t
A E E THERE G EmRG . BR GSH/GSSG i -
BARERERA LN ELMARERE T 25 E # GSH
SALBREROBE  eRMBETAIAINEAE S WA P
NE] e

GSTR—EZM#8 % ©T# A GSH Laysm 84 8 (SH
group)f&4h 34 » MAE FH R 5 Pk - GSH Px & GSH Rd
AlA% 9 GSH SRR ERYMBEESRE 28484 §
E a9 &4 - 3bs GSH Px 7R+ 4% HoO2 £%3 s HoO - #5245 i
' BB AALE R R RATIE GST B &5 ' Z4FH A
BIHIfe EBEALERA » Al 24 GST &4 BKak £ (Harris
and Stone., 1988) - van Lieshout % A(1996)35 & & F 281+ F344
RKAEE R EHA BRTREGRE GST & GSH Px &4
HRBATRAELEFE i TREFW GSH 28 mg %
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GSH Px & GST #yi%k - B4 A LHA R R AL T E (14
MR B BB 4 e e #R(BHK-21/C13) » 742 GSH
Px M EFH(Hu et al, 1992) - AFBHRZAAARIEL » & F K
2100 ppm 44 FEABMN RS 44 FE4R Y BA K S GSH
RdEMLiietal, 1998) - mMARFEHRER T THREAL FE &
%4 GST ~ GSH Px & GSH Rd /&M s %4 £ E L%
#(%kwm) (p<0.05) - BATHZ %A FE SR CSHELA4E
P T o

o PGE2RE

Teng % A(1996)s1 44 % E (400 mg/R)&FRERA
@28 RERLAE R ELRWBETITE S BRELF E
RIZ AR IR PGE2 £ A% « sLRZMF 4L K E #7H]
MO IR E B A EA A M - Meydani & A(1990)% T &
EANGEAFEALAEO mg/R) » &30 Ri%* AR T ol
BEFEBRETELE  FR%ELF E THIKEEK PCE2 &
Ao PR EABRTRAEHWHAETBAILRE Y AiMA
T 4 R 42 vt Hp ) JE & v W B AR R 42 Wi R © Yano £ A(1997)
35 i oA urethane 3H8/ 8% A R EMRAR T PGE2 RE
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G ZE ST A E (400 mgkg die)# & » BRI A
o B AR S A, PGE2 8493842 4R34 » BLAF B TY R Bl g dp
W o 44 £ E dpd PGE2 24 > REHIFH R ABREHERE
A% (Sakamoto et al., 1991) - & G 1b8E & 3L A& vo 4% 8% 4%, 35 PGE2
R ERBBEE AL REBELEEELA P ERA LM EL
(Land et al., 1979) - m# A £ E Ti#E b i SR AILEE TR
i F ALY B IR2E B ALERE M » MK PGE2 A% - didE X
AT &4 A 5 E TR GIpH R EABRZHE MR D PGE2 £ 4 -
BELRERY 42 FEREHMN LY PCE2 REHARARE
BEXRDE ) PCE2 REM4& L R  ERAMERTHMEY -
WRETHRALETR THFEEE DEN T# 4752 - Gonul
% A(1996)5% DEN (280 mg/kg BW) AR BEE 4 5 K & Ttk
Wistar K8 * & 6 B A B a4l amCEsd £ R Bt » 4
547 DEN 4 & b + PGE2 & & 4 B8 B 5 % 6948 3(p<0.01)
' 38~ DEN BEA RS0k P PCE2 BEWMER - Mtk ETH

HRTABTRESA F E B R4k DEN B #ATs -

g PKC Fit

SR R E T@b B R8T - 3§ PKC Skt
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%3844 PKC &M% 5T B (Packer, 1991; Ricciarelli et al,
1998) - (2 AR BHREZ(B R LR ELE E RAESRBE
PKC &M » BT BT BFERAT » £ FELXRZEPKC
EM B AERACTRSEE A% P ) 2L DEN A% 8] v 2-AAF
BEMT AT VIPR B AT ER] oy BATA R A SRR & 15 BA B
BT Rasig bt vafEsggey PKC F+(La Porta et al,
1997) - BT A R F 1+ PKC BEBmEF - KR4
A% EREIRFZE PKC Fik - iz s Rel-m R BT g0
—RALBTBRFERT » 4% E 85 E PKC Bk -

R RGBT ESER A mEBRMMBEAR » PKC K H £

wEF o MBTLITLERASB B ABT -

A ZE &L R

ALK E B GGT-positive & PGST-positive foci 3R % 44
*EREFMBPERR) - RALATRELLTARLERELER
#d £ B R R EIB GGT-positive foci 4 A (Lii et al.,
1997) - 2 £ A e B 50 T 4035 ok & ~ DEN A4 e
GGT-positive & PGST-positive foci T2 &R ¥44 £ FE &
fu d 4k #p 8] (Ogawa et al., 1995; Ura et al., 1987; Hendrich et al,,
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1991) « ¥R HE R 9 EBRBX » THRARKRE RS
RATE AN EARE REHEFN bR ES 4L X E
WA R e A BS = EANEE Y ALK
VA FEHN B @A PR AFRR R K MARRE!
BAREFMANEA » THRALME LR ERE4LFE H»
AR E A EIER - 2R ANGELEFEHR A ReRA
BEARMLELOEZRE  HRAFBFSBELMAA -
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&

ERAEBBAT A THELE E 45 THETHR T
GSH Px ~ GSH Rd & GST i#M » e+ RAFBE KA £ E 4
BOAMMBAETBRCREBLEASZHEE - 2+ PCE2 R E
VARG AR RN EZRE R EFERL Y MERT
ey A% - ATBR PKC M~ AT it A B RBHAF X
BEVHLETE 22mPE - B4 $ E A% R
AR GRS AL EZ R BN AT BB ERMNAFTFRE -
LERE TR/ EAER TRERBEN R8I E R °
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k—. BRER BN

Table 1. Composition of experimental diets

Vitamin E

Ingredient deficient adequate supplemented
g/100g

Corn oil, ¢ -tocopherol stripped * 15 - -
Corn oil ° - 15 15
Casein * 15 15 15
Dextrose * 15 15 15
Corn starch ® 45 45 45
Cellulose * 4,95 ‘ 4.95 4.45
Vitamin mix, tocopherol devoid * 1 - .
AIN vitamin mix * - 1 1
AIN mineral mix ® 3.5 3.5 3.5
Choline bitartrate 0.2 0.2 0.2
DL -Methionine ? 0.3 0.3 0.3
« -Tocopheryl succinate ° - - 0.5
Phenobarbital © 0.05 0.05 0.05
a: from Teklad (Madison, WI) b: from CPC Intl Inc. (Englewood, NJ)

¢: from Sigma (St. Louis, MO)
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Ao RETHAFEREHMRAFARBR - MENMN - FE - BYTE
BMEZBE
Table 2. Effect of dietary vitamin E on food intake, body weight gain, liver weight and

liver weight / body weight and spleen weight

Vitamin E
Deficient Adequate Supplemented
Food intake (g) 3269 £336 3142 173 3062 +269
Body weight gain(g) 325 +40 340 +£29 371 +47
Liver weight (g) 11.3£1.5 10.7+1.2 11.8+2.2
Liver wt / body wt 0.035+0.002 * 0.031+0.003 ° 0.031+0.003 °
Spleen weight (g) 0.633+0.085 ° 0.551+0.143 ® 0.476+0.085 °

Values are means + SD. Groups that do not share the same letter (a,b) are significantly different
from one another (p<0.05).
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AZ. BRETHAFEREHARTBEREAACELME KA RR EREHHIRKLEAZBE
Table 3. Effect of dietary vitamin E on hepatic reduced GSH/GSSG and reduced GSH/total GSH

ratios of rats

Vitamin E
Deficient Adequate Supplemented
GSH/GSSG 21.9+£2.8 25.2+1.7 25.6+4.9
GSH/total GSH 0.92-+0.01 0.93+0.01 0.93+0.02

Values are means + SD. Groups that do not share the same letter (a,b) are significantly different
from one another (p<0.05).
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. RETHAF EREHARAIE GST - GSHPx » GSHRA & GGT BAEMHIHE

Table 4. Effect of dietary vitamin E on hepatic GST, GSH Px, GSH Rd, and GGT activities of rats

Vitamin E
Deficient Adequate Supplemented
GST (nmol/mg protein/min) 3384.0+616 ° 4415.0£732° 4391.0+694°
GSH Px (nmol/mg protein/min)  618.0+114° 1062.0+165° 913.0+215°
GSH Rd (nmol/mg protein/min) 58.0+8.6° 74.9+11.3° 71.9+15.5°
GGT (nmol/mg protein/min) 1396.0+£595 1163.0+276 1453.0+£576

Values are means + SD. Groups that do not share the same letter (a,b) are significantly different
from one another (p<0.05).
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25, A V#EEE RTEH KB GGT-positive & PGST-positive foci % 2 2%
Table 5. Effect of dietary vitamin E on area and number of hepatic GGT- and PGST-positive

foci of rats

Vitamin E
Foci area and number
Deficient Adequate Supplemented

Area occupied by GGT-positive foci, % 1.7£0.7 1.1£0.5 2.1+£1.4
GGT-positive foci number, no./cm? 9.8+472 11.8+5.9 15.4+6.8
GGT-positive foci number, no./cm’ 132 £70 187 +93 223 +86

Area occupied by PGST-positive foci, % 2.5+£0.9 1.7+£0.6 2.9+1.6
PGST-positive foci number, no./cm? 15.546.1 17.4+8.0 17.7£5.7
PGST-positive foci number, no./cm’ 226 £102 274 £143 253 £107

Values are means + SD.
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Vitamin E group

B—FAR%EEFEREHRALFELEFTEREZIVE -
Fig. 1 Plasma vitamin E concentration of rats fed different
levels of vitamin E.
Values are means + SD. Groups that do not share the same
letter (a,b,c) are significantly different from one another
(p<0.05).
Abbreviations:

def = deficient; adeq = adequate; suppl = supplemented.
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Liver vitamin E (£ g/g liver)

<

B AR%&42FERBHRBENBELFEREIRE -
Fig. 2 Hepatic vitamin E concentration of rats fed

different levels of vitamin E.

Values are means + SD. Groups that do not share the same

letter (a,b) are significantly different from one another
(p<0.05).

Abbreviations:

def = deficient; adeq = adequate; suppl = supplemented.
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TBARS (nmol/g liver)

adeq supppl
Vitamin E group

B= AR#LFEREHAATRBETRECEHZILE -
Fig.3 Liver lipid peroxidation of rats fed different levels
of vitamin E.
Values are means + SD. Groups that do not share the same
letter (a,b) are significantly different from one another
(p<0.05).
Abbreviations:

def = deficient; adeq = adequate; suppl = supplemented.
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Bw. FR&4 FEREHAEHE PGE: REZHE -
Fig. 4 Plasma PGE2 level of rats fed different levels

of vitamin E.

Values are means + SD.

Abbreviations:

def = deficient; adeq = adequate; suppl = supplemented.
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E cytosolic PKC

= 1200 - B particulate PKC
£
. 1000
=2 800 ¢
%i 600
S E 400
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I
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= ﬁg’ %
Vitamin E group

BE. AR&LEFEREHABNBaRE RBS4G PKC
ERRE -
Fig. 5 Hepatic cytosolic and particulate PKC activities of rats fed
different levels of vitamin E.
Values are means + SD.
Abbreviations: def = deficient; adeq = adequate; suppl =

supplemented.

69



2 % x &

Abdo K. M., Rao G., Montgomery C. A., Dinowitz M. and
Kanagalingam K. (1986) Thirteen-week toxicity study of d-alpha-
tocopheryl acetate (vitamin E) in Fischer 344 rats. Food Chem.
Toxicol. 24: 1043-1050.

Ahn D. V., Wolfe F. H. and Sim J. S. (1995) Dietary a-linolenic
acid and mixed tocopherols and packaging influences on lipid
stability in broiler chicken breast and leg muscle. J. Food. Sci. 60:
1013-1018.

Ara G. and Teicher B. A. (1996) Cyclooxygenase and lipoxygenase
inhibitor in cancer therpy. Prostaglandins Leukot. Essent. Fatty
Acids 54: 3-16.

Azzi A., Boscoboinik D., Clement S., Marilley D., Ozer N. K.,
Ricciarelli R. and Tasinayo A. (1997) «a -Tocopherol as a
modulatior of smooth muscle cell proliferation. Prostaglandins
Leukot. Essent. Fatty Acids 57: 507-514.

Bellomo G., Mirabelli F., Dimonte O., Richelmi P., Thor H,
Orrenius C. and Orrenius S. (1987) Formation and reduction of
glutathione protein mixed disulfides during oxidative stress.
Biochem. Pharmacol. 36: 1313-1329.

Bendich A., Gabriel E. and Machlin L. J. (1986) Dietary vitamin E
requirement for optimum immune responses in the rat. J. Nutr. 116:
675-681.

Birt D. F, Yaktine A. and Duysen E. (1999) Glucocorticoid
mediation of dietary energy restriction inhibition of mouse skin
carcmogenesis. J. Nutr. 129: 5715-5748.

Bunyan J., Mchale D., Green J. and Marcinkiewicz S. (1961)
Biological potencies of ¢ - and ¢ -tocopherol and 5-methyltocol.
Br. J. Nutr. 15: 253-257.

Burton G. W. and Ingold K. U. (1981) Autooxidation of biological

molecules. I. The antioxidant activity of vitamin E and related
chain-breaking phenolic antioxidants in vitro. J. Am. Chem. Soc.

70



103: 6472-6477.

Burton G. W. and Traber M. G. (1990) Vitamin E : antioxidant
activity, biokinetics and bioavailability. Annu. Rev. Nutr. 10: 357-
382.

Burton G. W,, Joyce A. and Ingold K. U. (1983) Is vitamin E the
only lipid-soluble, chain-breaking antioxidant in human blood
plasma and erythrocyte membranes? Arch. Biochem. Biophys. 221:
281-290.

Carranza M. L., Feraille E. and Favre H. (1996) Protein kinase C-
dependent phosphorylation of Na'-K'-ATPase a-subunit in rat
kindey cortical tubules. Am. J. Physiol. 271: C136-C143.

Catignani G. L. and Bieri J. G. (1983) Simultaneous determination
of retinol and o-tocopherol in serum or plasma by liquid
chromatography. Clin. Chem. 29: 708-712.

Century B. and Horwitt M. K. (1965) Biological availability of
various forms of vitamin E with respect to induces of deficiency.
Proc. Fed. 24: 906-911.

Chance B., Sies H. and Boveris A. (1979) Hydroperoxide
metabolism In mammalian organs. Physiol. Rev. 59: 527-625.

Chang K. J., Lin J. K., Lee P H,, Hsich Y. S., Cheng C. K. and Liu
J. Y. (1996) The altered activity of membrane-bound protein kinase
C in human liver cancer. Cancer Lett. 105: 211-215.

Chen H., Pellett L. J., Andersen H. J. and Tappel A. L. (1993)
Protection by vitamin E, selenium and beta-carotene against
oxidative damage in rat liver slices and homogenate. Free Rad.
Biol. Med. 14: 473-482.

Chow C. K. (1991) Vitamin E and oxidative stress. Free Rad. Biol.
Med. 11: 215-232,

Codde J. P. and Beilin L. J. (1986) Prostaglandins and experimental

hypertension: A review with special emphasis on the effect of
dietary lipids. J. Hypertens. 4: 675-686.

71



Conn P. J. and Sweatt J. D. (1994) Protein kinase C . Kuo J. F. (ed)
Oxford University Press, New York.

Costagliola C., Iuliano G., Menzione M., Rinaldi E., Vito P. and
Auricchio C. (1986) Effect of vitamin E on glutathione content in
red blood cells, agqueous humor and lens of humans and other
species. Exp. Eye Res. 43: 905-914.

Cotgreave I. A., Moldeus P. and Orrenius S. (1988) Host
biochemical defense mechanisms against prooxidants. Annu Rev.
Pharmacol. Toxicol. 28: 189-212.

Dragan Y., Teeguarden J., Campbell H., Hisa S. and Pitot H. (1995)
The quantitation of altered hepatic foci during multistage
hepatocarcinogenesis in the rat: Transforming growth factor a
expression as a marker for the stage of progression. Cancer Lett. 93:

73-83.

El Attar T. M. A. and Lin H. S. (1993) Inhibition human oral
squamous carcinoma cell (SCC-25) proliferation by prostaglandin
E2 and vitamin E succinate. J. Oral. Pathol. Med. 22: 425-427.

Estensen R. D. and Wattenberg L. W. (1993) Studies of
chemopreventative effects of myo-inositol on benzo[alpyrene-
induced neoplasia of the lung and forestomach in female A/J mice.
Carcinogenesis 14: 1975-1977.

Evans H. M. and Bishops K. S. (1922) On the existence of a
hitherto unrecognized dietary factor essential for reproduction.
Science 56: 650-651.

Evans H. M., Emerson O. H. and Emerson G. A. (1936) The
isolation from wheat germ oil of an alcohol alpha-tocopherol
having the properties of vitamin E. J Biol. Chem. 113: 319-332.

Fazzio A., Marilley D. and Azzi A. (1997) The effect of alpha-
tocopherol and beta-tocopherol on proliferation, protein kinase C

activity and gene expression in different cell lines. Biochem. Mol.
Biol. Int. 41: 93-101.

Fernholz E. J. (1938) On the constitution of alpha-tocopherol. J.
Am. Chem. Soc. 60: 700-705.

72



Ferrari R. A., Ward S. J., Zobre C. M., van Liew D. K., Perrone
M.H., Connell M. J. and Hanbrich D. R. (1990) Estimation of the
in vivo effect of cyclooxygenase inbibitors on prostaglandins E2
level in mouse brain. Eur. J. Pharmacol. 179: 25-34.

Fitzer C. J., O’Brian C. A., Guillem J. G. and Weinstein 1. B. (1987)
The regulation of protein kinase C by chenodeoxycholate,
deoxycholate and several structurally related bile acids.
Carcinogenesis 8: 217-220.

Fraga C. C., Leibovitz B. E. and Tappel A. L. (1988) Lipid
peroxidation measured as thiobarbituric acid-reactive substances in
tissue slices: characterization and comparison between
homogenates and microsomes. Free Rad. Biol. Med. 4: 155-161.

Frings C. S. and Dunn R. T. (1970) A colorimetric method for
determination of total serum lipids based on the sulfo-phospho-
vanillin reaction. Am J. Clin. Pathol. 53: 89-91.

Gilbert W. (1981) DNA sequencing and gene structure. Science
214: 1305-1312.

Gonul B., Soylemezoglu T. and Erbas D. (1996) Epidermal growth
factor and glucocorticoid effects on blood prostaglandin Ez level in

DENA-induced carcinogenesis. Prostaglandins Leukot. Essent.
Fatty Acids 55: 257-260.

Guyton K. Z. and Kensler T. W. (1993) Oxidative mechanisms in
carcinogenesis. Br. Med. Bull. 49: 523-524.

Habig W. H., Pabst M. J. and Jakoby W. B. (1974) Glutathione S-
transferase. The enzymatic step in mercapturic acid formation. J.
Biol. Chem. 249: 7130-7139.

Ham A. J. L. and Liebler D. C. (1997) Antioxidant reactions of
vitamm E in the perfused rat liver: product distribution and effect

of dietary vitamin E supplementation. Arch. Biochem. Biophys.
339: 157-164.

Hamilos D. L., Zelamey P. and Mascali J. J. (1989) Lymphocyte
proliferation in  glutathione-depleted  lymphocytes:  direct

73



relationship between glutathione availability and the proliferative
response. Immunopharmacol. 18: 223-235.

Harris C. M. and Stone W. L. (1988) The effects of in vitro lipid
peroxidation on the activity of the rat liver microsomal glutathione
S-transferase from rats supplemented or deficient in antioxidants.
Life Sci. 42: 415-420.

Hendrich S., Duitsman P., Krueger S. K., Jackson A. and Myers R.
K. (1991) Effects of «a -tocopherol, phenobarbital, and butylated
hydroxyanisole during promotion of diethylnitrosamine-initiated
rat hepatocarcinogenesis. Nutr. Cancer 15: 53-62.

HerBert J. M. (1993) Protein kinase C: A key factor i regulation
of tumor cell adhesion to the endothelium. Biochem. Pharmacol. 45:
527-537.

Horvarth P. M. and Ip C. (1983) Synergistic effect of vitamin E and
selenium in the chemoprevention of mammary carcinogenesis in
rats. Cancer Res. 43: 5335-5341.

Hu W. L., Goldring C. E., Rao N. R., Rice-Evans C., Burdon R. H.
and Diplock A. T. (1992) Variable alpha-tocopherol stimulation
and protection of glutathione peroxidase activity in established and
malignant fibroblasts. Biofactors 4: 47-49.

Ingold K. V., Weeb A. C.,, Witter D., Burton G. W ,Metcalfe T. A.
and Muller D. P. R. (1987) Vitamin E remains the major lipid-
soluble, chain-breaking antioxidant in human plasma even in
individuals suffering severe vitamin E deficiency. Arch. Biochem.
Biophys. 259: 224-225.

Irani K., Xia Y., Zweier J. L., Sollott S. J., Der C. J,, Fearon E. R,
Sundaresan M., Finkel T. and Goldschmidt-Clermont P. J. (1997)
Mitogenic signaling mediated by oxidants in Ras-transformed
fibroblasts. Science 275: 1649-1652. |

Ishkawa T. and Akimaru K. (1996) Glurathione S-transferases
structure, function and clinical implications. Vermeulen N. P. E_|
Mulder G. J., Nieuwenhuyse H., Peters W. H. M. and van Bladeren.
(eds). Taylor and Francis Press, Bristol, P. A.

74



Jacob R. A. (1995) The integrated antioxidant system. Nutr. Res.
15: 755-766.

Jeng K. C. G., Yang C. S., Siu W. Y., Tasi Y. S., Liao W. J. and Kuo
I. S. (1996) Supplementation with vitamin C and E enhances
cytokine production by perpheral boold mononuclear cells in
healthy adults. Am. J. Clin. Nutr. 64: 960-965.

Jenkins M. Y. and Mitchell G. V. (1975) Influence of excess
vitamin E on vitamin A toxicity in rats. J. Nutr. 105: 1600-1606

Klanunig J. E., Xu Y., Bachowski S., Ketcham C. A_, Isenberg J. S,
Kolagja K. L., Baker T. K., Walborg Jr. E. F. and Stevenson D. E.
(1995) Oxidative stress in nongenotoxic carcinogenesis. Toxicol
Lett. 82/83: 683-691.

Kosower N. S. and Kosower E. M. (1978) The glutathione status of
cell. Intl. Cytol. 54: 109-160.

Koya D., Haneda M., Kikkawa R. and King G. L. (1998) d-Alpha-
tocopherol treatment prevents glomerular dysfunction in diabetic
rats through inhibition of protein kinase C-diacylglycerol pathway.
Biofactors 7: 69-76.

Kozawa O., Suzuki A., Kaida T., Tokuda H. and Uematsu T. (1997)
Tumor necrosis factor-a autoregulates interleukin-6 synthesis via
activation of protei kinase C. J. Biol. Chem. 272: 25099-25104.

La Porta C. A. M., Tessitore L. and Comolli R. (1997) Changes in
protein kinase C a, 6 and in nuclear B isoform expression in tumour
and lung metastatic nodules induced by diethylnitrosamine in the
rat. Carcinogenesis 18: 715-719.

Land W. E. M. (1979) The biosynthesis and metabolism of
prostaglandins. Annu. Rev. Physiol. 41: 633-652.

Lawrence R. A. and Burk R. F. (1980) Glutathione peroxidase
activity m selenium deficient rats liver. Biochem. Biophys. Res.
Commun. 71: 952-958.

LiH., Schut H. A. J., Conran P., Kramer P. M., Lubet R. A., Steele
V. E., Hawk E. E., Kelloff G. J. and Pereira M. A. (1999)

75



Prevention by aspirin and its combination with o~
difluromethylomithine of azoxymethane-induced tumors, aberrant
crypt foci and prostaglandin E2 levels in rat colon. Carcinogenesis
20: 425-430.

Lii CK.,, Ko J. J. and Chen H. W. (1997) No inhibition of y-
glutamyl transpeptidase-positive foci by vitamin E with or without
phenobarbital. Nutr. Cancer 27:200-205.

Lii C. K, Ko Y. J., Chiang M. T., Sung W. C. and Chen H. W.
(1998) Effect of dietary vitamin E on antioxidant status and

antioxidant enzyme activities in Sprague-Dawley rats. Nutr. Cancer
32: 95-100.

Lohr J. B., Cadet J. L., Lohr M. A, Larson L., Wasli E., Wade L,
Hylton R., Vidoni C., Jeste D. V. and Wyatt R. J. (1988) Vitamin E

in the treatment of tradive dyskinesia: the possible involvement of
free radical mechanisms. Schizophr Bull. 14: 291-296.

Lowry O. H., Rosebrough N. J., Farr A. L. and Randall R. J. (1951)
Protein measurement with Folin phenol reagent. J. Biol. Chem. 193:
265-275.

Machlin L. J. (1984) Handbook of vitamins nutritional biochemical
and clinical aspects. Malchiln L. J. (ed). Marcel Dekker Press, New
York.

Mahmoud N. N., Dannenberg A. J., Bilinski R. T., Mestre J. R.,
Chandburn A., Churchill M., Martucci C. and Bertagnolli M. M.
(1999) Administration of an unconjugated bile acid increases
duodenal tumors in murine model of familial adenomatous
polyposis. Carcinogenesis 20: 299-303.

May JM.,, Qu Z. C. and Mendiratta S. (1998) Protection and
recycling of a-tocopherol in human erythrocytes by intracellular
ascorbic acid. Arch. Biochem. Biophys. 349: 281-289.

Melnik B. C., Plewig G. and Tschung T. (1991) Disturbances of
essential  fatty acid- and prostaglandin  E- mediated
mmmunoregulation in atopy. Prostaglandins Leukot. Essent. Fatty
Acids 42: 125-130.

Meister A. (1988) Glutathione metabolism and its selective

76



modification. J. Biol. Chem. 263: 17205-17208.

Meydani S. M., Barklund M. P, Liu S., Meydani M. and Miller R.
A. (1990) Vitamin E supplementation enhances cell-mediated
immunity in healthy elderly subjects. Am. J. Clm. Nutr. 52: 557-
563.

Mitchel R. E. J. and McCann R. (1993) Vitamin E is a complete
tumor promoter in mouse skin. Carcinogenesis 4: 659-662.

Mivazawa T., Suzuki T., Fujimoto K. and Kaneda T. (1990)
Phospholipid hydroperoxide accumulation 1in liver of rats
mtoxicated with carbon tetrachloride and its inhibition by dietary
alpha-tocopherol. J. Biochem. 107: 689-693.

Nagh W. Z. W. Jarien Z., San M. M. and Marzuki A. (1991) Effect
of tocofrienols on hepatocarcinogenesis induced by 2-
acetylamimoflurene in rats. Am. J. Clin. Nutr. 53: 1076S-1081S.

Nishikawa M.and Hidaka H. (1994) Protein kinase C. Kuo J. F.
(ed). Oxford University Press, New York.

Nishizuka Y. (1986) Studies and perspectives of protein kinase C.
Science 233: 305-312.

Nishizuka Y. (1992) Intercellular signaling by hydrolysis of
phospholipids and activation of protein kinase C. Science 258: 607-
614,

Neal G. E., Nielsch U., Judah D. J. and Hulbert P. B. (1987)
Conjugation of model substrates or microsomally-activated
aflatoxinB1 with reduced glutathione, catalysed by cytosolic
glutathione S-transferase in livers of rats, mice and guinea pigs.
Biochem. Pharmacol. 36: 4269-4276.

Ogawa T., Higashi S., Kawarada Y. and Mizumoto R. (1995) Role
of reactive oxygen in synthetic estrogen induction of hepatocellular
carcinomas in rats and preventive effect of vitamins.
Carcinogenesis 16: 831-836.

Olmmski R., Jaruga P. and Zastawny T. H. (1998) Oxidative DNA
base modifications as factors in carcinogenesis. Acta Biochim. Pol.

77



45. 561-572.

Ottino P. and Duncan J. R. (1996) The role of adenylate cyclase,
cAMP and PGE2 in the in vitro growth regulation of murine
melanoma cells by vitamin E. Prostaglandins Leukot. Essent. Fatty
Acids 54: 375-383.

Ottino P. and Duncan J. R. (1997) Prostaglandin levels in BL-6
melanoma cells cultured in vitro: the effect of vitamin E succinate

supplementation. Prostaglandins Leukot. Essent. Fatty Acids 56:
451-456.

Packer L. (1991) Protective role of vitamin E in biological systems.
Am. J. Clin. Nutr. 53: 1050S-10558S.

Pentland A. P, Morrison A. R, Jacobs S. C., Hruza L. L., Herbert J.
S. and Packer L. (1992) Tocopherol analogs suppress arachidonic

acid metabolism via phospholipase inhibition. J. Biol. Chem. 267:
15578-15584.

Peraino C., Staffeldt E. F. and Ludeman V. A. (1981) Early
appearance of histochemically altered hepatocyte foci and liver
tumors in female rats treated with carcinogens one day after birth.
Carcinogenesis 2: 463-465.

Power C., Sinha S., Webber C., Manson M. M. and Neal G. E.
(1987) Transformation related expression of glutathione S-
transferase P in rat liver cells. Carcinogenesis 8: 797-801.

Punchard N. A. and Kelly F. J. (1996) Free radicals: A practical
approach. Punchard N. A. and Kelly F. J. (eds). Oxfold University
Press. New York, N. Y.

Rao C. V., Rivenson A., Katiwalla M., Kelloff G. J. and Reddy B.
S. (1993) Chemopreventive effect of oltipraz during different
stages of experimental colon carcinogenesis induced by
azoxymethane in male F344 rats. Cancer Res. 53: 2502-2506.

Rao G. A. and Abraham S. (1976) Enhanced growth rate of

transplantable mammary adenocarcinoma induced mn C3H mice by
Imoleate . J. Natl. Cancer Inst. 56: 431-432.

78



Rao G. A. and Abraham S. (1977) Reduced growth rate of
transplantable mammary adenocarcinoma in C3H mice fed eicosa-
5,8,11,14-tetraaynoic acid. J. Natl. Cancer Inst. 58: 445-447.

Reed D. J. Babson J. R., Beatty P. W., Brodie A. E., Ellis W. W.
and Potter D. W. (1980) High-performance liquid chromatography
analysis of nanomole levels of glutathione, glutathional disulfide,
and related thiols and disulfides. Anal. Biochem. 106: 55-62.

Reed D. J. (1990) Glutathione: Toxicological implications. Ann.
Rev. Pharmacol. Toxicol. 30: 603-631.

Ricciarelli R., Tasinato A., Clament S., K6zer N., Boscoboinik D.
and Azzi A. (1998) « -Tocopherol specifically inactivates cellular
protein kinase C a by changing its phosphorylation state. Biochem.
J. 334: 243-249.

Rojas C., Cadenas S., Lopez-Torres M., Perez-Campo R. and Barja
G. (1996) Increase in heart glutathione redox ratio and total
antioxidant capacity and decrease in lipid peroxidation after
vitamin E dietary supplementation in guinea pigs. Free Rad. Biol.
Med. 21: 907-915.

Rose M. L., Rivera C. A, Bradford B. U., Graves L. M., Cattley R.
C., Schoonhoven R., Swenberg J. A. and Thurman R. G. (1999)
Kupffer cell oxidant production is central to the mechanism of
peroxisome proliferators. Carcinogenesis 20: 27-33.

Rutenburg A. M., Kim H., Fischbein J. W., Hanker J. S,
Wasserkrug H. L. and Seligman A. M. (1969) Histochemical and
ultrastructural demonstration of y-glutamyl transpeptidase activity.
J. Histochem. Cytochem. 17: 517-526.

Sakamoto W., Fujie K., Handa H., Ogihara T. and Mino M. (1990)
In vivo inhibition of superoxide production and protein kinase C
activity in macrophages from vitamin E-treated rats . Intl. J. Vitam.
Nutr. Res. 60: 338-342.

Sakamoto W., Fujie K., Handa H., Nishihira J. and Mino M. (1991)

Vitamin E inhibits PGE2 and O2 production in rat macrophages.
Biochim. Biophys. Acta 1074: 251-255.

79



Sano H., Hla T., Maler J. A. M., Crofford L. J., Case J. P., Maciag
T. and Wilders R. L. (1992) In vivo cyclooxygenase expression in
synovial tissues of patients with rheumatoid arthritis osteoarthritis
and rats with adjuvant and streptococcal cell wall arthritis. J. Clin.
Invest. 89: 97-108.

Santoro M.G., Philpott G. W. and Jaffe B. M. (1977) Inhibition of
B-16 melanoma growth in vivo by a synthetic analog of
prostaglandin E2. Cancer Res. 37: 3774-3779.

Sato K., Kitahara A., Satoh K., Ishkawa T., Tatematsu M. and Ito N.
(1984) The placental form of glutathione S-transferase as a new
marker  protein  for .preneoplasia m  rat  chemical
hepatocarcinogenesis. Gann. 75: 199-202.

Sato K. (1988) Glutathione S-transferase and hepatocarcinogenesis.
Jpn. J. Cancer Res. 79: 556-572.

Sato K. (1989) Glutathione transferase as markers of preneoplasis
and neoplasia. Adv. Cancer Res. 52: 205-255.

Schenk P. W. and Snaar-Jagalska B. E. (1999) Signal perception
and transduction: the role of protein kinases. Biochim. Biophys.
Acta 1449: 1-24.

Sirko S., Bishai 1. and Coceani F. (1989) Prostaglandin formation
in the hypothalamus in vivo: effect of pyrogens. Am. J. Physiol.
256: R616-24

Skrzydlewska E. and Farbiszewski R. (1997) Glutathione
consumption and inactivation of glutathione-related enzymes imn
liver, erythrocytes and serum of rats after methanol intoxication.
Arch. Toxicol. 71: 741-745.

Slaga T. J. (1995) Inhibition of the induction of cancer by
antioxidation. Adv. Exp. Med. Biol. 369: 167-174.

Smith G. D., Ding J. L. and Peters T. J. (1979) A sensitive
fluorimetric assay for y-glutamyl transferase. Anal. Biochem. 100:
136-139.

Somers S. D., Chapkin R. S. and Erickson K. L. (1989) Alteration

80



of in vitro murine peritoneal macrophage function by dietary
enrichment with eicosapentaenoic and docosahexaenoic acids in
menhaden fish oil. Cell. Immunol. 123: 201-211.

Souza M. F., Tome A. R. and Rao V. S. (1999) Inhibition by the
bioflavonoid ternatin of alfatoxin Bl-induced lipid peroxidation in
rat liver. J. Pharm. Pharmacol. 51: 125-129.

Suzuki M., Li J., Asahura T. and Arai K. (1994) Opposing effects
of indomethacin and nordihydroguaiaretic acid on marcophage
function and tumor growth. Japn. J. Cancer Res. 85: 306-314.
Takahashi S., Tsutsumi M., Nakae D., Denda A., Kinugasa T. and
Konishi Y. (1987) Persistent effect of a low dose of
preadministered diethylnitrosamine on the induction of enzyme-
altered foci m rat liver. Carcinogenesis 8: 509-513.

Tatematsu M., Mera Y., Ito N., Satoh K. and Sato K. (1985)
Relative merits of immunohistochemical demonstrations of
placental A, B and C forms of glutathione S-transferase and
histochemical demonstration of y-glutamyl transferase as markers
of altered foci during liver carcinogenesis in rats. Carcinogenesis 6:
1621-1626.

Tatematsu M., Mera Y., Inoue T.,Satoh K., Sato K. and Ito N. (1988)
Stable phenotypic expression of glutathione S-transferase placental

type and unstable phenotypic expression of gamma-glutamyl

transferase in rat liver preneoplastic and neoplastic lesions.

Carcinogenesis 9: 215-220.

“Tomohiro Y., Yoshihisa Y., Mikako U., Ayumi M., Kiyokazu H.,
Shuzo O. and Tomio I. (1997) The modulation effect of vitamin E
on prostaglandin E2 level and ormnithine decarboxylase activity at

promotion phase of lung tumorigenesis in mice. Biochem.
Pharmacol. 53: 1757-1759.

Tran K., Wang J. T,, Lee E., Chan A. C. and Choy P. C. (1996)
Vitamin E potentiates arachidonate release and phospholipase A2
activity in rat heart myoblastic cells. Biochem. J. 319: 385-391.

Tsuda H., Hasegawa R, Imaida K., Masui T., Moore M. A. and Ito

N. (1984) Modifying potential of thirty-one chemicals on the short-
term development of gamma-glutamyltranspeptidase-positive foci

81



in diethylnitrosamine-initiated rat liver. Gann 75: 876-883.

Ura H., Denda A., Yokose Y., Tsutsumi M. and Konishi Y. (1987)
Effect of vitamin E on the induction and evolution of enzyme-
altered foci in the liver of rats treated with diethylnitrosamine.
Carcinogenesis 8: 1595-1600.

van Lieshout E. M., Peters W. H. and Jansen J. B. (1996) Effect of
oltipraz, alpha-tocopherol, beta-carotene and
phenethylisothiocyanate on rat oesophageal, gastric, colonic and
hepatic glutathione, glutathione S-transferase and peroxidase.
Carcinogenesis 17: 1439-1445.

Wang H. Y. and Friedman E. (1990) Protein kinase C trnaslocation
m human blood platelets. Life Sci. 47: 1419-1425.

Wang Y., Huang D. S., Eskelson C. D. and Watson R. R. (1994)
Long-term dietary vitamin E retards development of retrovirus-
mduced disregulation in cytokine production. Clin. Immunol
Immunopathol. 72: 70-75.

Warren B. S., Naylor M. F., Winberg L. D., Yoshimi N., Volpe J. P,
Gimenez-Conti I. and Slaga T. J. (1993) Introduction and inhibition
of tumor progression. Proc. Soc. Exp. Biol. Med. 202: 9-15.

Wu D., Mura C., Beharka A. A., Han S. N, Paulson K. E., Hwang
D. and Meydani S. N. (1998) Age-associated increase in PGE2

synthesis and COX activity in murine marcophages in reversed by
vitamin E. Am. J. Physiol. 275: C661-C668.

Yano T., Ishikawa G. and Ichikawa T. (1993) Is vitamin E a useful
agent to protect against oxyradical-promoted lung tumorigenesis in
ddyY mice? Carcinogenesis 14: 1133-1136.

Zaridze D. G, Muir C. S. and McMichael A. J. (1985) Diet and

cancer: Value of different types of epidemiological studies. Nutr.
Cancer 7: 155-166.

82



P €=

BN RIR

Acetic acid Tedia Company Inc.
Acetone Merck

AEC kit Vector Laboratories Inc.
Alcohol (95%) EHERBAER
AMC, 7-amino-4-methylcoumarin ~|Sigma chemical Co.
ATP; adenosine-5’-triphosphate Merck

BF3; boron trifluoride methanol complex Merck

BSA; bovine serum albumin

Sigma chemical Co.

Butanol Merck
CaClz Sigma chemical Co.
CDNB; 1-chloro-2,4-dinitrobenzene Sigma chemical Co.
CHClL, Tedia Company Inc.
CuSO, EREGLHRA a4
DEAE Merck

DEN; diethylnitrosamine

RFlemTE

DMSO; dimethyl sulfoxide

Sigma chemical Co.

EDTA Sigma chemical Co.
EGTA Sigma chemical Co.
Ethanol BiulL 2R A, 4k
Fast bule BBN; 4-benzoylamino-2,5-
Diethoxybenzene-diazonium chiride Merck

Hemi (zine chloride) salt

FDNB; 2,4-dinitrofluoro-benzene

Sigma chemical Co.

83




Folin-cicalteu reagent; Phenol reagent

Wako

L-y-glutamyl AMC

Sigma chemical Co.

Glycerol gelatin Sigma chemical Co.
Glycylglycine Sigma chemical Co.
GSH; reduced glutathione Sigma chemical Co.
GSH reductase Sigma chemical Co.

GSSG; oxidized glutathione

Sigma chemical Co.

v -GMNA; y-glutamyl-4-methoxy-2-
naphthylamine

Sigma chemical Co.

HCI; hydrochloric acid

Merck

Hexane

Merck

Histone (typelll -S)

Stgma chemical Co.

H,0O,; hydrogen peroxide

Merck

IAA; 1odoacetic acid

Sigma chemical Co.

KCI Sigma chemical Co.
K,CO, Fo kB T E R git
KHCO, Sigma chemaical Co.
K,HPO, Sigma chemical Co.
KH,PO, Sigma chemical Co.
KOH Merck

Leupeptin Sigma chemical Co.
MeOH; methanol Tedia Company Inc.
Methoxyethanol Sigma chemical Co.

2-Mercaptoethanol

Sigma chemical Co.

MgCl, -+ 6H,0

Merck

NaCl; sodium chloride

Merck

Na,CO,

Sigma chemical Co.

84




B-NADPH; nicotinamide adenine
dinucleotide phosphate

Aok BT EHRA T

NaF Sigma chemical Co.
Na,HPO, Sigma chemical Co.
NaH,PO, Sigma chemical
NaNj; sodium azide Sigma chemical Co.
NaOH; sodium hydroxide Wako

NasVO4 Sigma chemical Co.
Olive oil Sigma chemical Co.
PB; Phenobarbital Sigma chemical Co.
PCA,; perchloric acid GFS Chemicals Inc.
Phenanthroline Sigma chemical Co.
Phosphotungstic acid Sigma chemical Co.
PMSF; phenylmethylsulfonyl fluoride Sigma chemical Co.
Sodium acetate Sigma chemical Co

Sodium borate

Sigma chemical Co.

SDS; sodium dodecyl sulfate

Sigma chemical Co

TBA; thiobarbituric acid

Sigma chemical Co.

TCA; trichloroacetic acid

Merck

TMP; 1,1,3,3-tetramethoxy propane

Sigma chemical Co.

o-tocopheryl succiate

Sigma chemical Co

Triton X-100

Sigma chemical Co.

Trizma base;
Trisfhydroxymethyl]laminomethane

Sigma chemical Co.

Vanillin

Sigma chemical Co.
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