st - CCMP88-RD-018

b EE-hREEH-H KRG AR E e
ZAEGN  BHERBEN - LEAILAR G 8
i%‘#? B1 %ﬁ‘ DNA Z‘E’fg‘—zf?/

Effect of Chinese herb — basil oil — on the cell viability, detoxification
capability, antioxidation system and AFB,-induced DNA damage of

palmary rat hepatocytes
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AR AR B (basi] ol |)# il B3Rt » 3R A58 X & B A AT
LBl B3 A RN A TR R FHAEREO B B RE LA T
HiFtwhez £ 4577 H""ﬁ’* B A4k ~ #8eHik(glutathione, GSH)#8 R 41 848 & %
BREBHENRGPENZBE « o> BUABEF % B LR T4 Ko £ 6
(glutathione S—transf erase, GST) R A8 4L » FoF R 8 — H4F AR U
#5485 % B(aflatoxin By, AFB A2 4l DNA 2 B EX T A AIRH/ERA -

HEBEHEES>HAE 0.35 % mMAEFTZ X253 A% YL H I (nethy!
chavicol) 54.9 % ~ it F&f(linalool) 32.1 % -

AT aBed F A & AUREKEE 0.5 ng/ml KB w ILEEF A2 RB%
(lactate dehydrogenase—LDH leakage)#ijr#linmiAfa £ R » BRI EH 2 AW
WAttt & AR 2% 5 ne/ml KIBA 2 IEEF 882 B%(23.6 %)%ia‘ ] 24 8%
s (P<0.05) » e Aiftalp X AL R A HZERE L R RBEZEE 11g/ml
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RIFMZ FUB QB2 RE (D4, 4 %S MR w(P0. 05) » B AL ATt iR B8
Rlafsidd el R GRAREFREL  BTAe%RE TAM BB R L -

AT talie s H @R L@ 0 AR 0.5 pg/ml RIFMZ 5 P LL 28 R JE
¥ (thiobarbituric acid-reactive substances, TBARS) & #ix#)4n fo 85 % 4 %
2485 R 50 ng/ml m32 4 A LR B b S 4] a1 (P<0. 05) -

AT e A B IOR R A AR BE 8 h d » BB AW 0.5 ng/ml
RIFMZH A IEEEE MR AP, 05) 5 5 ne/ml EIE BRI %] 48 -
LR Rk 30 ng/ml 8 3F 4 BY AR B 4803 4] @1 (P<0. 05) » £ B K8 S /b ag
(Glutathione peroxidase, GSH Px)/&EMAABEM S 0.5-5 & 50 ng/ml Ax¥
48 % R AR e (PO, 05) - 8k H kR R 8 (Glutathione reductase, GSH Rd)
AR 0.0 R D ng/ml RE4a - #¥E0NiEdm o M50 pe/ml A1
A — & ¥ 88 3 AR 4 H) 4 (P<0. 05) » 4 Bk H K %% & # 85 (Glutathione S-
transferase, GST)EMAAREHEE 0.5 & 5 ng/ml BIBHAAEE S04
(P<0.05) + 50 ng/ml 5324 8] — 34 BR 3 87442 %] 40 (P<0. 05) - dg sb¥T 40 > 0.5
B 0 pg/ml SR EENE A 3R T O] SAE Au AT de B P 44 B H A AR B 2 B L AR X
HHEST o

B IEARE 0.0 B D ng/ml RIBAS TR Rb 5455 B A emiE
F2 /5 DNA & iE 49.5 515 % (StdEslsmbdr) o 36 B TRT 82 ok Bl H Ak A5 28 45
B2 EME(P< 0.05) « B b R EREA ) Bv85 £ B At iFam i DNA
ZAB1% o
W83 AUREE S AN~ LEAL ~ BEARH - A8 BT o

ABSTRACT

The objectives of this study were to investigate the effect of various
concentrations and incubation time intervals of basil oil on cell viability,
Lipid peroxidation, glutathione-related antioxidation and detoxification
capabilities in primary rat hepatocytes. The protective effect for
AFB,—1nduced DNA damage was further examined.

The yield of basil oil was 0.35 % (w/w), and the major components of it
were methyl chavicol (64.9 %) and linalool (32.1 %), respectively.

[n terms of cell viability, no significant differennce in lactate
dehydrogenase (LDH) leakage compared to that of the control was found at 0.5
ng/ml treatment of basil o1l, showing that no negative influence occurred
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at this concentration. Although a little increase in LDH leakage (23.6 %)
compared to that of the control (P<0.05) was found at 5 ug/ml treatment,
no obvious damage on cell morphology was found. High LDH leakage (54.4 %),
nuclear i1ndistinctness, cell shrinkage and aggregation compared to that of
the control (P<0.05) were found at 50 pg/ml treatment, showing that cell
damage occurred at this concentration.

As for the lipid peroxidation in hepatocytes, no significant difference
1n thicbharbituric acid-reactive substance (TBARS) values compared to that
of the control at 0.5 pg/ml treatment of basil oil, while TBARS tended to
increase as compared to that of the control at 5 and 50 pg/ml basil o1l
treatments.

In terms of the amounts of glutathione (GSH) and its related enzyme
activities, the amount of GSH was higher than that of the control at 0. 5 pg/ml
treatment of basil o1l (P<0.05); 5 pg/ml treatment of basil oil lower than
that of the control; 50 pg/ml treatment was significantly lower than that
of the control (P<0.05). Glutathione peroxidase (GSH Px) activities were
signitficantly lower than that of the control at 0.5, 5 and 50 pg/ml basil
o1l treatments (P<0.05) after 24 hr incubation. Glutathione reductase (GSH
Rd) activities were both higher than that of the control at 0.5 and 5 pg/ml
treatment, but lower than that of the control (P<0. 05) at 50 pg/ml treatment.
Glutathione S-transferase (GST) activities were significantly higher than
that of the control at 0.5 and 5 ng/ml treatments (P<0.05); of 50 ng/ml
treatment was lower than that of the control (P<0.05). Therefore, under 0.5
and 5 ng/ml basil o1l treatment could increase GSH-related antioxidation
and detoxification capabilities.

0.5 and 5 pg/ml treatments of basil o1l reduced AFB,~1induced unscheduled
DNA synthesis up to 49. 5 and 51. 5 % as compared to the control, and enhanced
GST activities, showing that under these concentration of basil oil certainly
reduced the AFB,-induced DNA damage in primary rat hepatocytes.

KEY WORD: basil oil, cell viability, antioxidation, detoxification, primary
rat hepatocytes
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& HE

PREBRERE  E2OCHFETEF 2B AR LGEEF » 1992) o HRBP
HECERE” 283 PETIARSTRA > FPREEEFEHEERRMA RN
e HE “BAERR (A 1990) - M "B FTERX4HTFEEENE
SR RegCRF M - 1988) » "B B4 “SARET O BARFENAR
HAREIER R A TEMA (B4 2 0 1988) - it T4 "PEERET > T LHRARE
RIS Baa)—2 4y o MRS AR B Ea8% RE5 ~ Hsee bt
Mo dEREEEEHIAAEMR R R RAR S PR GEIp 52k B AL R

LR GAS ERHRE BEZ—

fBRF S ERELEY B2 FENMEFRAS  F00 TEBER RUBFETZ
IRIF > Fldo @ BPEZEAARZE » B —H(5242 2 0 1988) - Ak » AR E A EF
BRABRENBABFTATETARZRBERSHMANTF &AM EE(Lver
perfusion)&té-ta st & (monolayer cell culture)Z Af4afi B 5as XK A A8
MAE N A IE R BE o BT P RERE P B BRI 0 B IR R ik
el E AR A A BRA o

B Ay CAohF BT RE M B A (S s B R3S - HREFRBRESILAITS
HAESHEHNEIERT  TRHEGOHITARAINMNDHA L L AT T YT &l
(parenchymal cell) W4T o B ATHE AN SRS oM AT ta B X B2 B K > A (1)AT
o sk(liver perfusion) » (2)8FHE 0 55 30T 4a e Bo G- fm B 38 & sk (monol ayer cel
culture) » (SN # i »aAT mpn Bl A tm B i %% (cell suspension) ; (4)#]H A
a4k ¥4 'E ok (homogenates) » (5) ) A AF a4kt k (tissue slice) % o 42 LR, F >
FofE X EE | (a)F—M(specific)(b)mAtk(c) B itct o 51 51(d) 7 K
9 A M B (4o ¢ hormonal and neurogeneic factor)z % (e) K Ftkdn 5 BT
KAREE - Wb o B AT R 2 AR E AR S8R F (McQueen and Williams,
1987 : Pascoe and Reed, 1989 : Kremers et al., 1993 ; Gebhart, 1997) - #.3%
A ém i 2 PR3 BR 0 X3 Ftefntdshac S| B MR E/ER - AR
B RGEEB o i B AT 4w Bl 8454 8 Howard & AR 1967 F > Berry #v Friend
7 1969 FAHR AR R & G B F o #eAT tm etk > 48 Seglen 7% 1972 41 Kreamer
FAR 1986 FEEHLIERE Mt Ban  RHFHRAFTHRER
W o REEHRFE B AT LI LN 0 B AT HEEE RAFZFTBRE

B % ( Basil, Ocimum basilicum Linn. ) AB##(Labiatae) » %% B
(ocimum) > B % 4 FERKEREAMY  BHALKGRES 1987 - 27 R
¥F 0 Be¥WHREEREAFEZEY Emig&XEMR o ERANIFHE » LAF
B #MEDHATC BALBRETEME AT  BYHWZ 2 AN AKTZTE
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1. 4% o > ﬁi%/’%%é 1.4% > Bed 0.2% R&# 1.4% > Hasya| - bex
Qﬁi%A OB 4R A B E(HIAE - 1088) - BRIFW AR +EF
RHAARBUTBFASTTF AL FEXERNAL RS ETHMATRE R
£ 3 PR Ao 0 Ko~ P RN B ABBIFELEL SR
TEEM o

THERPFERLE "AEHEB —EFRECRARBHEFECHTRESE - BB
G~ BRIT S BURBATR S B0 E YNGR C RIRAE C BERE EREE
ZhhE o R F LN B SR A8 &2 R (Jain, M. and Jain, S., 1972;
Githinji and Kokwaro, 1993) » &7 p#]&MWAT X ~ §B%H ~ & ~ SLRAL ~ L
s FLE SRR O R ER B s C RE BB TR R TR ILE I EE
Hig g2 s 2%, 1993 5 Akhtar and Munir, 1989 5 Aruna and S1varamakri shnan,
1990 : Economou et al., 1991 : Tawfigetal., 1994 : Patel, 1988 ; Suciu et al.,
1988 ; White, 1973 ; Chavan and Nikam, 1982 : Afif1, 1978 5 Af1f1 and Dowidar,
1978 ; Melo and D’Souza, 1992) « B & #H &6 H B/ hohtb AZ P&
E-SAAFPERBESEHEDA M(Giron et al., 1991) o FHsbiES) & £ I8R5
R EE R MBI R VKRR AR A B AT RERE R E IR ERY
H ¥ 4% methylchavicol # 1, 8-cineole (3, 1990 ; Pino et al., 1994 ;
Venskutonis et al., 1996)% £ #& &Ml n(active principles) » BH &5 4 1%
WEE o 4o | TEES ~ B E K BN P2 P450s EMREAMEEE - LA RIPFI AR AL
g% & A& F(Werner, 1995 | Hiroi et al., 1995 ; Hammershmidt et al. . 1993 ; Russin
ct al., 1989) -

i o BMER S ein 2 A B RARBIRAZ LB R E T A o BILAPT A
S4B S o AR RATE R 0B K R T e fe Bo S fm fe 32 5 A T s = 83
ERN By GEN e 250 - BHERH AL AKBERR SR Z Y
VAR 7 408 T AR R A IETEE

— s RS2 H A
B RSB E 1R 0 ARIE AR U VL LR A AR 3B LAK Gk R, 7B R AR ER
BPAF ik Z AR B i o I APk B BRAFIF USRI A 0 LA RABRE T E R
(GC MS) o #rde® Ko 4 » EEE KL H o
A tm e 2 B RO R
gt Sprague-Dawley 2 KGR > B E4 250 £ 300 % > 1 AT B iy
He R o BT tmBe o2 75435 Berry and Friend (1973)#2 Bonney & (1974)Ar3Rk %
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# M Collagenase perfusion = F /% » 3 posds@ % E(Lii and Hendrich,
1993) - £ A& B AEES sodium pentobarbital (100 mg/kg BW) BR&E » 47
Fel B RE » 42 g AT PIEFAIRCEN B — 5% perfusion buf fer (pH7.6) » 4 25 mM sodium
phosphate ~ 3. 1 mMKCl ~ 119 mM NaCl ~ 3.5 mM glucose » 0. 1% BSA #¢ (. 005%
phenol red LAzt HAT P doik > AT HE P perfusion B o BRETE buffer
¥ Ao T0 mg col lagenase * 40 mM CaCl, #2 5 mg trypsin inhibitor & &
8 collagenase Mttt - ATREFS H 88 shat de Z 847 L-15 medium (washing
medium > pH 7.6) % » P95 18 mM HEPES ~ 0.2 % BSA ~ 0. 05% glucose F= 5 mg/ml
insulin BASE AT tm Bt o 4 B4 AT 4m BB R 2R 42 R 3 (800 1pm * 3 min) A
resuspended “& * BPtmbmfF e LA « b - A ¥ R E = kaEoh o #H)
M 1so-density &9 percoll &4#t (1000 rpm 10 min) A R L %42 & 5
4 e, ~ 2 JFAT taBe (non—parenchymal cells) (Kreamer et al., 1986) - s%44 —
REE TR 0 AHmBa resuspended # L-15 2% & (plating medium, pH 7.6)
¥, H+4 18 mM HEPES » 5 pg/ml of insulin and transferrin : 1 mg/ml
galactose ~ 1 mM dexamethasone ~ 100 unit/ml penicillin > 10( mg/m]
streptomycine > 9 ng/ml Na,SeQy F0 2.5 % B4t a2y 4 (. 5
x 10°%ells/ml » 345 E.78 %048 col lagen K IT4) 60 mm & m P - » do g —
ARmAE 2.5 x 10° @aftals - K4 > BN 37 2nEEY - B—kinhik P
822 0.2 % BSA = L-15 88 » B0 it w NS B oA
24 /NBF B BB 24 NRFE B — R o
=~ RBEJUR NG 2 AR R IR R R AT tm B £ 17 /1 2 B 5

Aftmfa ds 24 /[ NBE3S AR » A8 AL 50 i LAK ] REANIE R+ FR]E
$EA0FR (4o:0, 4, 8, 24, 48, T2 hrs)ig » s L R 448 £ BRI A4S0 5 4m B 2
ERARAE » RIBE mfn g sh2 LDH (lactate dehydrogenase)&# &5k » LABSAR
TR B i B I B R IEEE Y 4 f“ﬂﬁ‘émﬁ@iﬁhz?x -

LDH 28 7€ A 4% F Moldeus £ A(9T8)pras £ 2 F ik

rg - Hbﬁ’*l_ﬂffb(llpld peroxidation) Z-#7

P H Fraga F AU st k2 Fk» A E:BE 1Lty & W
malondialdehyde (MDA) - f&8&M3IRIETF 7 #2 — 4> F thiobarbituric acid (TBA)
4o mk,— ¢ H (TBA chromagen) » £ excitation 515 nm & emission 555 nm
FERPETANA &SRR EAE MDA 69B R - AZE %@ A 1,1, 3, 3-tetramethoxy
propane (TMP)Zc&Zrk 100 uM B#8AK 20~10~5.0-1.0~0.5 & 0.1 uM %2
oo ZEC100 ul iR BRARREE R 5 5o 0.4 ml 20 oM shdséris dritis
0.0 ml e AAREF 53 0.5 ml 3% sodium dodecyl buffer (SDS) » 2.0 ml
0.1 N HCI, 0.3 ml 10% phosphotungstic acid & 1 ml 0. 7% thiobarbituric

— 322 —



acid ;2534 B EHEF KT 30 5-481% LB L A KE4AD © Ao O ml n-butanol
% » # Bz thiobarbituric acid-reactive substances (TBARS) o 4 3000 rpm
s 15 048 0 EREBE > Mexcitation 515 nm & emission 555 nm TFR[E
B EEDB N EAGE AL S mole MDA R &R -
B~ IR AR B R A AT el GSH AB R S b A5 X A s B F
GPx (glutathione peroxidase) ~ GRd (glutathione reductase) ~ GST %
B3 34 R ST et A4t & 42 & SR 8B E > A GSH(reduced glutathione)
LB 2 RE 0 AT e B AL R RAE A 2 F HA64E o B SbAF LR 3547 i 1A
TR NS IR F BTt 2 38 Ko P AR )35 4 05 Fe] (4w 4, 8, 24, 48, T2 hrs)
1% sl wmpE 2 GPx » GRd ~ GST & & &75M - LR GSH 4-F » LABRAR U2 35345
oAt GSH ARt 8 b R 2 2% - GPx B2 8w A A Paglia FA
(1967)Ar4s &2 ik -GRd 7E P28 & & 4% A Bellomo & A(198T) PR R X 770k
GST s&Mzpw A% Habig EA974) s k2 F ik - GSH 48 2 R E T % H
Reed £ A(1980)Frs k2 Fik - B @ H 522 0 A4 A Lowry 3 A(1951)
PRag &R 2 ik - |
A E IR S B AT e e DNA 2 ARE1E A
2.# Wang % A(1992) 2484 » Bt £ L-15 medium = iE % i tafie » 7 9b
Ful 15 mM hydroxyurea 3% — /8% o Fepe 0. 01 mM aflatoxin Bi (AFB1)2/&
e HUJB B AR s e B 3 3L Bphe | uCi 9 methy1-°H] thymidine (20Ci/mol)
Fotn AP o @B oo N5ig > R eBb 0 SRR DR BE P B 5 (1iquid
scintillation counter):&E4T:&1%E  DNA damage A dpm/ug DNA R %z5& » 3ER|E
oz 2 GST ~GPx ~GRd ~LDH %8:£5M > RACtadka’s 2= - ST &%
zpw A4k A Habig £ A7) prsd k2 Fik o (Px M2 Rk H Paglia
$A196T) 2 R 2 0k - GRAd 7EME 2 A2 3 A Bellomo & A(1987) A7 4% :?%z
ok o LDH 2B % 245 A Moldeus HA(1978) Ak Z H ik - tmPe b B 'H &
:IBJTE;‘%:#%'U% Lowry FACD) it R Ik
BB TR R I
VP ERAFAAFE TR 0 A SAS BB E B TR E 4
(Analysis of variance » f3#% ANOVA) #t4& Duncan’ s test iBAT&3H 047
U BB TS BT F RN E B2 o RFERATERSE P ER - SAS
St B R AR -

%~ ERES
— s AR EE 2 B~ A FedE
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(— )itFid 3R
Tl Z 3 E 75 2 5 F Tsal #v Sheen (1989)2 7k > LAK A A kb8
(steam distillation)d& i B » B4 v slB A5 - 3+ E 1B
ISl EE R A 0.30 % -
() A5 i AR ME AR, - 2 A S48 %
Bl — & A a5 b a8 8 TR MTRI(TIC B) » F 8 x B8 odk odrée
R dwdk— o MR AR AR - ERGCH) = g% UAR
GC-MS &9 Library search (GC-MS data base) » 3 %4 4 B 2 8k 4o : Karawya
F (1974 »~Brophy #= Jogia (1986)~Nykanen (1986)-Tasi #= Sheen (1989) -
Katarzyna #(1996; 1997) ~ Zola #2 Garnero (1973) ~ Lawrence (1980) -
Czygan (1997) ~ Pino %(1994; 1996) « Mauro %(1996) - Venskutonis %
(1996)% - BB — Mk — P2 AR BB RSEEToaR K025 nethyl
chavicol (54.9 %)#2 linalool (32.1 %) (&#X BB =) -

I AR EAS ARG BRARAT a2 & 3P 5 M

(—) B G H T me s HHh 2 2%
NERAMRHale 2 £ 5 47 24 B LB+ 8882 K % (lactate
dehydrogenase leakage, LDH leakage) & %m B 88 o4 BEA% 45 88 2 A fu LA F
& o LR 4m e 82 )7 &k (suspension) &, # & 32 & (monolayer cultures) » 3L
M S BES R R TAE AT 18604542 - ER TS E 868G AN
ta ol 2t e E ik (cytosol ) § 0 & a2 48 0% LB+ A RS @ B B b o
K 3t L & S BEIS R B TR A A AT B0 A 72 1) 994542 (Jauregui et al. |
1981) » Ztmpa bR 2 LB E S 8IS b » R T talniE SRS 150 S & FLEE
F AR ERI 0 ML AR EERR M AT eS8
TH S AT B E o 42 i 18] 3L X A AR £ BE 48] o] LAER AT dm B RE 2 SRR TS
b SR B 4 A LAEL 8% 0 T AF okE S AT m B RE L S
Bl = &R T AREREZAEEM G EAFRESHT » X8 8R4
LR £ SRR R FENBE c B4 R4 0 0.5 ng/ml AR RA
SRR 0 A BEF A RF MRS H A BPHEMN LS BXAEW
TAHIREREZ it R ESrdlsa b b4 4 ﬁﬁ%-ﬁ%b /[?H:.%
FREWE » R TALEREONRLNBEIET » HAT4alp it ¥ AR,
AROTE MO png/ml AR A A 24 NERT ﬁ%wfﬁ”_%ﬂﬁﬁ;
MEBIER BB EMER > RMmE A8 /034 > A dlrdlm B IR EM ML
H(P<0.00) (23.6 %) (1o dhémBatfE E 2 8355 » 2R3 0k B 36 R B 2l
il EZG5E 2N D0 pg/ml 2 AR HERIER (RBE= ) H’-%‘L
e SR B & 24 ) AR 0 BrBR s SN e (P<0. 05) (26.5 %)

—324—




4548/ EEREBER 54, 4 % BaSd i 48 [ e 24 /) iy 2 LDH leakage »
HAE 58 26.0 %81 54.4 % HP el TAAEMNZ £E(P<0.05) @it
T kol 2R B 24 JNIEIR B AR T MEE28 R 2R R IB X EURE R A,
oo W BULEEE O e R g2 G E  BRAE 9 mE R
238 b iE g AT i O B e B R AR B~ B 4 ~ e fin ) TR AR S te A A
kIR g o Hib o TUABASBERENLREHEHRET  FMahh
Wz A7 0 R g% F el o
(=) AR S ST e s g B AL E R 2 2%

LBl e @Bl st EAAAB Y &AL, A 8
(malondialdehyde, MDA) > fe B& M B 3EF » ¥ # — & F AL & b0 & B
(thiobarbituric acid, TBA)GE4 M A B2 & hE - 8L HERE
oA el BB A 2 5 Rk o H BT Bs F i@ A ed EH o SR Rehs e
B LA BT BAALYA S 0 BT P Hs H @R ALaY R A A
& o

Bl 7. 9 & TR Bl 2 AR B K i AT ba R P S H @ RAE R H
BB A SRR 0 0.5 pg/ml AR BRI Al SRS ,H;
w5 P bh % A% R E 4 (thiobarbituric acid-reactive substances, TBARS)
{8 gy k] 4a 4 3 iﬁﬁﬁﬁ% M E R A b ue/ml AR B ER I el ig
2 TBARS 14 BI# 24 /16544 4 88 % P B i 4148 (P<0. 00) » #5m dLiiém e
A gbE A A TS E B EALE A © M 50 ng/ml 2R HIRIEE - £
8 ,|\B54% 1 TBARS {18 7 98 BA NS puAB % (P<0. 05) » BT AT b fE sLIR R BE
12 ards A BS G B AR A Mk e 2 45 F - ™ Marinova = A(1997)
TRES 30U Bh 2 A A R 3 A kR Bt 100 CTF X ALfbAF
;Eﬁ o

(Z) JUB Bk i ST fo B 2k B H KR L S A SR AR 3 A ) 0

£ g Ik (glutathione, GSH) % #1757 — Ak 69 Syt émie J’Lﬁ—/ﬁ-_ﬂf
b o SRR H I EH BN B AL R BRI TR T
& % # 6 (Meister, 1988) o % Bt & Ak 34 9 £ Bt AK & $ 4t &% (GSH
peroxidase, GSH Px)&yMAt R A # R A bih LB AL A F 6975 LR
Ty 4 B BACRE BB IK » SRR G o 4 eIk R 85 (GSH reductase, GSH
Rd) &4 B 45 13 sk FAL AE 2 B IKGR R w8 R A4k k| AR(GSH) - BASEATAT
safl P B B 2 EACIREAE A o sboh o SR EAKTRA A AR B R AL
ik o 88 4585 (GSH S-transferase, GST)R4-$1#251EM - PP B SR H
Rk B 3 45 B 00 48 1L 91 A48 b 4 M B 4h (xenobiotics) & R AR B &
%o BEid—ik ® R EE Ry B A HSER( v -glutamyl
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transpeptidase) ~ 4 Ak a5 (dipeptidase) & N- 7 &% & $8 #2855 &% 2 (\-
acetyltransferase) | F A R A B R B M 94§ [ 4o 55 & Jf 8
(mercapturates) |HFH 88 sh > LAER R E B 6 o Bt > A8 5
HAT B B B H IR 69940 > BB B 848 - B H B REER
MBH RSS2 B - F ok AR AR 4 i ST fm B 1 AL &
%ﬂ%ﬁrﬁuﬂl‘ fE ] Z B HE o
R IR AR AT e B P R OE B 2 B o A i 50 ng/ml
zfuﬁ'ﬂm‘ﬁ MRIETF o A 8 JNBELAIE o B4 6P £ BY Ik 64 2 BR AR 2 04
PeiER A (P<0.05) 0 5 ng/ml AR B R ITMHMRN 8~ 24 /054 H & 5k
BRI F WA E R A (P<0.05) » fef 2 Ptz 1k m 5 48 /)
SR REBEHMOR R A hlmeaEM £ 2 ®m 0.5 png/ml AR A
MR A 24 1 EEh o ARl b Sk BRER L SN (P<
0.00) - 42 48 /J\efig TrrbdEhlens - 287 0.5 png/ml A BB mERmA
AE ST 4 F S8 EAKAEE RN o
(79 ) FUSE BE5H 2 1 BT 4 B o Bk B | AR AR B A B (&
e H- H;!u..,wtﬁﬁ& SR IR R R B H N8 5888 52 2%
Bl s AN AR R ELR E 69 /L 245 b 45 546 R Bl 6y R TR a5 P F »
ﬁ%%ﬁ’rmﬂﬁ P4 B H K8 A 1688(GSH Px) ~ #x Bt KB 2 55 (GSH Rd) & 2%
Eﬁ'ﬁ‘lﬂ'ﬂj{znl_ﬁ—ﬁ’@ﬁ((}s’]‘ﬁﬁfiﬁi?x = 5'.”{'-' é’]%%ﬁﬁﬂﬂj ’ 5 Eﬁ?.- 50 ng/ITIl
ISR IR > 42 T2 /NEN > H 8 KB AALREAY 51 % 88 2 MR
PFER €8 (P<0. 05) o ZHAMEGEEESY 0.5 ng/ml AREH hEIE4m » A4 48
INESE E%ﬁ%ﬁﬂm@i{baﬁ%fﬂiﬂﬁ%ﬁ/ﬁ&mﬁ% 148.(P<0. 05) - -~ L
R Y5 i @RS TR AR BALERIE M 0 ¥ ho » HLIE 2 AR BAE s R 3T
LB o Rt B SRR G AR o B H KT d ¢ %%ﬁﬂtaﬂ4b%ﬁ(GSH
peroxidase, GSH Px)&BIb R EMRHH B AR BEILA L L EHE
MIERILAALE) B & - Md ATIE 2 T o4t $15 40 AUB B4 Bk iy
RS F iR REAE A 6948 4 o RIBIST A8 ML /LR 50 h 3 &) 25 B H RSB SALES
GIETER R o B\ B9 KRBT 0 0.5 & 5 pg/ml ARk E TR 48 -
824~ A8~ T2 /NUF R 3215 A B H KR B By B MG BA 2 0 S i #) 4 (P
<0.00) » KA BAR AL SL R TR 9T LASE ok AT fm B P 4 1 Ik B
REFHGEME > P 0.5 pg/ml AR HEIF L T2 /N4 o SEBEH KR
REFE)EEFIIER S E 34 %5 f 50 ng/ml AR ESEHEITM > & 48
PNEFLAAE B3R R T c AR HIKERMIEM L HEIBRAE S 4
(P<0.05) » 2 72 /NeF8d Hl 4845 47 %o thig 48~ 72 /N0 g 24 /8% 50 ng/mi
UG SRR I  BR AR B IR R e S e B L g

—326—




(P<0.05) - B A ATt B d8 SRR 205 i i B4R » SO KA s 8 85
(GST) M2 3% » 4540 50 pg/ml LR EEAE IR 40 45 48~ T2 /N IFLAAR
5k B H IR AR SR AR B 5 AR 88 5 098 i e (P <0, 05) - 0.5 pg/ml ALk &%
FE R IR A8 /AT LR 0 BB H KR ARG 4G B M (P S ) 40 S BE E 1
22 oA SR IFIFERANMK TR BB SN T sNiER A . M
5 ng/ml AR AR R R IR A BN I A 24 BT LAIE BB H KRS
MEBp8E % S d (PO, 05) » B4R 24 /) 0F4a L 3t a e g M 4 dE
Pk a3 o ik B IRER S A5 a8 R 2 T2 /NaF(P0. 05) - 1990 # Aruna #2
Sivaramakrishnan #4,2838 AL BB T LB LA~ 8 ~ WA P2
BB H KRS B o mBEE 2 50 ng/ml ;’L/%’J‘%Cf%ﬁ e FE 48 B °T AE
G ez A FHORETHRAOFHET(EZ ) #pHl & d IR 28549
FamtER o B ﬁtﬁfﬂ%%ﬂj%ﬂﬁﬂm&ﬁ%ﬁéﬁ%

= RBEHE M E 45 F B A A AT el DNA JE 1580 2 4

JEf2 1 DNA Gope A —FE 8 BAs m i ey A R 47k o TR RBIE w85

% B, (Aflatoxin B,, AFB) &eyR B att o R0 H Ik REA R A 154 K

£

=

-5

etz DNA 15 £0%F » @41 O848 22 a2 A H 8 (nucleotide )48

A A8 2 DNA B A% o 2847 DNA 22 1548 o B AR E B MBS EZ % 5 0 BF
THo DNA AR B 695 B ol » RATEF 8 % & DNA 15402 87 AT 3 49
BEMK MARATEN T BARAmT#8E5E B S E &
([methyl—"H]-thymidine) s » EE 8FAAo B M » HIH AL HN B TH
F#EB ARz DNA BB 5 -
(— )R EE M54+ 5 B, 48 miedE#2 5 DNA & s (unscheduled DNA
synthesis, UDS)z= %8

FMRT AR BSAE T B TR IR DNA e R EH
B R RTHF4 0 F BMUARHH T B (1 ) RIEA @i > Al H A DNA
# 9% f 2 (methyl—H)-thymidine &9 &(90.18+8.68 dpm/ug DNA) €t &
Yewlsa (Ao 0.5 % DMSO, with hydroxyurea)ay (21, 30+2 55 dpm/ g DNA)
&S KT RMHE B eaSiTeinz DNA it P F T sRa X
B, b v BlBF XA REREZ R EHH(0,5, 5 ug/ml)fé 4% 4x A DNA
8 1% P+ 2 (methy1-"H)-thymidine 84588 % BAx(P<0. 05) & 45. 51+£5. 14
g1 43.78+2. 77 dpm/ug DNA > s BmuE4d £ B (1 mD 2 &sBait
2% BApHAotb o s 49.5 & 515 % - BAn b R R E X UK BRE
ke R EMEF B ATt Jh R DNA Sz A2 0 AT fER
B2 AR mE DNA BAR#EAEA « Russin F(1989) ¥t » /LB
o4k ok 2 £ &R o L 8cineole B ¥ M /K @ T, 12-
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dimethylbenz|a Janthracene (DMBA)Ar548 A & B 307 2 DMBA-DNA 4245 4%
e FRILRAE A HE o
(=) #5854 B SRR EIRIEHE » el YILEE 085 RER
S HIRIB A ALER ~ R H AR SR BE R S H AR AL A5 A F B 7 E M2 S

MERZMERTR o SHEB UL B (] )REF 4l 4 -8~ 24
ISR AR AR RER M A A M 0.5% DMSO) 4 fa %1k £
E(P<0.05) » BEmILiATmlin 48 T < ATtafeplosss | mM w8# % B
2 (0.5, b pg/ml ALEEMEHRIE 4 TR 0 HIUBE X R A R HLE 3T
Wil o F8FEDB) > A4l ei@EH iR MA 8 & 24 iFx
RIERERTT - H3LEL £ A ag R R A MmN B a 4a(P<0.05) o bR
FATAL 24 R 0 AR ESHEH(0.5, 5 pg/ml) I ARG dHMEE B, (1
mM) P A 35 AT bm B 2 4815 -

seohdr ke GRETE > &uHeE+ B (1 MbD# AR H0.5, 5
ng/ml ) B B R 5 2 A 4w 0 AN KBRS AS B A TG MEAE 24 /) A2 g FE BT
P BEEHENRREE B REA(P<0.05) » mATtaie A HAKB R
feig sk e IR R BEGY EME o RIAE 24 /)N e5 1 w 40 F B R it 88
%fiﬁgr ?

ALY RA  wMEE B AEmioN T akteln @ F P-450 E4bRH
iR 2464 (epoxide) » 4854 B2, 3—epoxide » MLk A ibatit s
B S AT R AERE 0 — ~ T Htmin g B K -F(nacromoleculars) &4 » 4o
#2 DNA #5% DNA 424545 (DNA adducts) Mgk DNA 4815 0 — ~ &KA%E - H
K& A w9 % Bi-dihydrodiol = #igafie N2 4a0 8 AR & S 8nss o1
A (conjugatiom) B m i R B et maE B b SUEBRB TR A S
a Bt ¥ 805 5 B M HEER - sboh o Wang EA (1991, 1992) 354 »
A Xé BATwmia o 3 3w 7 B A B A H KRS EAS B4k
e E BB LA B0 5 M AR Ak 2 A A R 0 K T sAd il K 34
5 R A2 DNA S a M &

Rk B T #—FEFT R A I 2% B A1z DNA #2545
#ehl o P ARTER R FR] A o e F 2 AR 5 B FAMH IRAR $845 B R 2K
P AR B AACEE R R H KRR EEFBE 28 - Mg BB H(0.5, 5
ng/ml) 154055 B BIeFA oML T e ln 238 R T 24 e HA
W IR AS B 2 B M T AR R R (P <0.05) » 84K = FreATH
il wiaF B Ao IEAE A DNA - ah &R o R H¥pd) DNA 3815
9 )8 Bl 2 — > BT RE A £ gb B ] P B AR IR H AR AR R AS B U5 M 69 3 A W 30 B
MEZ B ZF5M o EMIETe DN £08 25455 B 2 KB FMA
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4 AR A~ SR (GONS) 2 LB £ i 2 A R T ho e A A F %

# B&(methyl chavicol) (54.9 %)t % 8% linalool (32.1 %) -
— >~ WA e A G B A
A& RAXAT L 0.5 ng/ml 2 AR EHEHERIZE - K3LBE sk %
mprmla it i £ B ARILFIREZ S G ReH Tt AR
B o 5 pg/ml 2 AEBLEGRIBAZ AL QSRR EITS A A 48
Mz 2B (P<0.05) (23.6 %; 18.9 %) > feH{amyewiaa(14.9 %; 14.1 %) 48
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BREEZ 15 E - 50 pg/ml 2 AR EM RS » B ET e g 48 /[ \BFE 0 H 3L
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M P AEE BT WEEEUAHERZAGHIERTEE -
= ABEERARE ST ®
0.5 pg/ml Z BB HEIEHENITE 48~ 24 ) NBF18 > L] 4a 8 48
FMEE BTRILEREZ ARG R iEmiaRE BB AL @ 5 ¥ 50
ng/ml 2 SR ESHE R IR AN A& 24 N EFIE B b B R U (thiobarbituric
acid-reactive substances, TBARS){& 882 744 (P<0.05) » £ RFER
&2 U A g ¥ ota e F RS B B FALE A 604 £ o
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0.0b) -
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Fig.
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3 Effect of various concentrations of basil o1l on LDH leakage of primary
hepatocytes. Hepatocytes were 1solated from 8 weeks old male rats. Cells
ated from each animal were divides equally and cultured 1n medium that

+ SD from 3 to 4 rats. *Significantly different (P<0.05) between treatment

and

control 2t same time interval.
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Fi1g.4 Effect of various concentrations and different incubation time
intervals of basil oil on the morphology of primary rat hepatocytes
(400xunder inverted stage microscope equipped with phase contrast) . A-
D, Hepatocytes were cultured for 4 hr after tretment with control, 0.5, 5
or o xg/ml basil o1l, respectively. E-H, Hepatocytes were cultured for &
hr after tretment with control, 0.5, 5 or o0 £ g/ml basil o1l, respectively.
[--L, Hepatocytes were cultured for 24 hr after tretment with control, 0.5,
2 or o0 zg/ml basil o1l, espec-tively. M-P, Hepatocytes were cul tured for 48
hr after tretment with control, 0.5, 5 or 50 xzg/ml basil oi1l, espec-tively.
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Fig. o Effect of various concentrations of basil oil on thicbarbituric
acid-reactive substances (TBARS) production of primary rat hepatocytes.
Hepatocytes were isolated from 8 weeks old male rats. Cells isolated from
each animal were divided equally and cultured in medium that containing 0,

0.5, oor 580 wg/ml basil oil. Values are expressed as means + SD from 3
to 4 rats. *Significantly different (P<0. 05) between treatment and control
at same time interval.

— 3 38—



70 ——— control
~~E--0.5 ¢g/ml
- -- 50 1/ g/ml

Intracellular GSH (nmol/mg protein)

Time (hr)

X ORELEE 2 AR ARG BRIt e RE R H IR EZBH

Fig. 6 Effect of various concentrations of basil oil on intracel lular reduced
GSH levels of primary rat hepatocytes. Hepatocytes were isolated from 8 weeks
old male rats. Cells isolated from each animal were divided equally and
cul tured in medium that containing 0, 0.5, 5 or 50 pg/ml basil o1l. Values
are expressed as means SD from 3 to 4 rats. *Significantly different
(P<0.05) between treatment and control at same time interval.
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Fig. 7 Effect of various concentrations of basil oil on GSH peroxidase
activity of primary rat hepatocytes at different incubation time intervals.
Hepatocytes were isolated from 8 weeks old male rats. Cells isolated from
each animal were divides equally and cultured in medium that containing 0,
0.9, 5 or 50 wg/ml basil oil. Values are expressed as means + SD from 3
to 4 rats. *Significantly different (P<0.05) between treatment and control
at same time interval.
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Fig. 8 Effect of various concentrations of basil oil on GSH reductase activity
of primary rat hepatocytes at different incubation time 1intervais.
Hepatocytes were isolated from 8 weeks old male rats. Cells 1solated from
cach animal were divided equally and cultured in medium that containing U,

0.5, 50or 50 ueg/ml basil oil. Values are expressed as means *+ SD from 3
to 4 rats. *Significantly different (P<0.05) between treatment and control
at same time 1nterval.
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'1g. 9 Effect of various concentrations of basil oil on GSH S-transferase

activity of primary rat hepatocytes at different incubation time intervals.
llepatocytes were isolated from 8 weeks old male rats, Cells isolated from
each animal were divided equally and cultured in medium that containing 0,

0.9, dor 50 wg/ml basil oil. Values are expressed as means + SD from 3
to4 rats. *Significantly different (P<0.05) between treatment and control
at same time interval.
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Table 1 Identification of volatile compounds of basil oil

Peak No." Compound M. W. Conc. (%)
2 methyl chavicol 148 54.85
0 linalool 154 32.08
3 1, 8-cineole 154 4,58
7 6-methyl-2-bicycle[3.1.1])heptane 204 1.71
14 unknow - 1.56
1 1 unknow - 0.91
10 a -terpincol 154 0.73
13 unknow - 0.08
4 3-carene 136 0.66
12 2,5,5-trimethyl-1,3,6-heptatriene 130 0.63
5 l-octen-3-ol 128 0.50
3 elemene 204 0.49
2 3 -pinene 136 0.34
| unknow - 0.29

a. Numbers reler to fig. 1.
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Table 2 Effect of basil oil on AFB-induced DNA damage in primary -

rat hepalocytes.

Treatment dpm/pg DNA % of control

DMSO (0.5%) 2130 £ 2,55
(negative control)

AFB(1 mM) 90.18 + 8.68" 100
(positive control)

AFDB (1 mM) plus:

Basil oil
0.5 pg/ml 45.51 £ 5.14* 50.5
5 43,78 £ 2.77* 48.5

Hepatocyles (2.5 X 10° cells) were cultured for 20 hr and incubated with

hydroxyurza for another 1hr. AFB, with or without basil oil were then
added into the culture medium. A 4 pCi/ml quantity of [methyl-"H]
thymidine (20 Ci/mmol) was added to the culture medium immediately
after the test chemical for an additional 20 hr. At the end of culturing, the

cells were harvested and lysed for radioactivily counting and DNA
determination. DNA damage was determined by UDS and expressed as
dpm/pg DNA. Values are expressed as means+SD {rom 3 rats.

* Significantly different (P < 0.05) between treatment and AFB-treated
control at the same time interval, * Significantly different (P < 0.05)
between AFB; and DMSO treatment at the same time interval.
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Table 3 Effccl of basil oil on the LDH leakage of hepatocyles treated

with AF3;.
Treatment / Time LDH leakage (%)
4 hr 8 hir 24 hr
DMSO(0.5%) 6.53%1.10 8.44k1.15 14.55%1.15
(negative control)
AFB,(1mM) 9.55+0.86" 14.1241.29" 20.20+1.04"
(positive control)
AFB(1mM)
plus:
Basil oil
0.5pg/ml 7.91£1.20 10.69%1.16* 16.72+1.33"
5 8.09+1.17 10.39+1.06* 16.12+1.19*

M

Hepatocyle cultures were treated with | mM AFB; and vartous
concentrations of basil oil for 4, 8 or 24 hir incubation. Medium and celis
were harvested for LDH leakage assay at the end of culturing. Values are
expressed as meanstSD from 3 rats. *Siginificantly different (P<0.05)
between treatment and AFB,-treated control at the same time interval.
¥ Siginificantly different (P<0.05) between AFB; and DMSO treatment at

the same time 1nterval.
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Table 4 Liffect of basil oil on the activies of GST, GSH Px, GSI1 Rd

of hepalocyles treated with AF13;,

——“'-'—_—-——————-——-—_.__—-____.__.__—_____—_

Treatment GST GSH Px GSIH Rd
(nmol/min/ing protein)

-~ ik _

DMSO(0.5%) 551.54+£5.48 197.62+£9.72 29.74+4.49
(negative control)

AFB,(1mM) 530.66+8.42"  190.84+12.31 26.47+5.77
(positive control)

AFB,(1mM)
plus;

Basil oil
0.5 ng/ml 014.39+£12.75* 187.62+11.35 25.88+4.79

5 644.55+11.17* 170.83+£10.92 23.9614.02

[Hepatocyte cultures were treated with | mM AFB, and various
concentrations ol basil oil for 24 hr incubation. Cells were harvested,
homongenized and centrifuged {or enzyme actlivity assays at the end of
culturing. Vialues are expressed as meanstSD from 3 rats. *Siginificantly
different (’<0.05) between treatiment and AFB -treated control at the
same time interval. * Siginificantly different (’<0.05) belween AFB, and
DMSO treatment al the same time interval,
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