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Abstract—It has been reported that d-limonene inhibits chemical-induced rat mammary cancer by the mecha-
nism of increases in detoxification enzymes such as glutathione € transferases and that cineole fails to exhibit
significant suppressive effect on chemical-induced carcinogenesis. The present study was designed to compare
the effects of d-limonene and cineole on the benzo(a)pyrene (BP)-induced mutagenicity, BP metabolism and
lipid peroxidation. Modified Ames assay was' employed to evaluate the inhibitory effect 'of d-limonene and
cineole on the BP-induced mutagenicity. The number of revertant-bearing wells was decreased by 44~77%
in the presence of hoth BP and d-limonene compared with that of BP alone whereas cineole decreased the
number of revertant-bearing wells by 28~-45% at the concentrations between 2 @M and 2 mM. d-Limonene
suppressed BP metabolism by 16, 54 and 67% at 1, 10 and 100 mM, respectively while cineole inhibited
the metabolism by 16, 26 and 55% at the same concentrations. The ECs values for d-limonene and cineole
in inhibiting lipid peroxidation were 2.0 mM and 16 mM respectively, as assayed by thiobarbituric acid method,
The present study showed that d-limonene and cineole have common antimutagenic effects although d-limo-
nene appeared to be more effective than cineole in suppressing mutation and lipid peroxidation. The results
suggest that the antimutagenic effects of d-limonene and cineole may be associated with alternation in enzyme
activities and with inhibition of lipid peroxidation.

Key words [] d-limonene, cineole, antimutagenicity.

Benzo(a)pyrene (BP)-2 mixed function oxidation
(MFO) &4=A) o] ]3] diol epoxide 2 t)A}bs o ubq}bA
55 dE2 A3k (Vaca 5, 1988). Zrell4] B3t
microsome¥-8-8- 0] 83 #Ajo| o=+, BPE cytoch-
rome P4501A2¢) 2]3) benzo(a)pyrene-7,8-oxide(BP-7,8-
oxide)Z A4 benzo(a)pyrene-7,8-diol(BP-7,8-dio) 2 ©j
AFE] 3L cytochrome P4501A19) Zvwi&E &4 diApAQ
(+)-syn-benzo(a)pyrene diol epoxide® A3¥c} &4
Al 25t dalrld o]9)e] BPE BlEA4AY THibslx
g wiste] IAEsY SdeA ik Al A e]
gaix]7]=  d}e(Capdevila 5, 1980 ; Rahimtulas}
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O'Brien, 1974), quinone benzo(a)pyrene(quinone BP)
2.2 4hstE)7]% 3ok Quinone BPE hydroquinone be-
nzo(a)pyrene % AFARALE EIRF redox cycling®
%3 " OH ¥ O; 59 ¥4 Akifej=iv)zde) 44
FEste] Hejde FURRIce BEax glevl(Hochs-
tein¥ Atallah, 1988).

duba o 2 d-limonened cineole® Z§3l= mono-
terpenoid®] A=]&Ad¢l HiF A7 YA Q) EF3A )
oAk LA 7)Y fFAeA RHS gk o)E
AL AR AN, ABAMY BA 7
TS AEE WA UdAE o} 23 gARMERA
SRR AL 98-S 3n $AEFY $Ag, HAE
R OY%E T /AR AHEEI girkBoland F,
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d-Limonene Cineole

Fig. 1. Structures of d-limonene and cineole.

1991 ; Harborne -, 1984). ©|5&32-2 2714] isoprene
o] head and tail Z2¢H-5-& E5to] HAd=EH, 1 +x4
Ex]q| w}2l, monocyclic, bicyclic ¥ acyclic formo.&
F-5-3cHFig. 1). d-Limonene- 334 wrol-34ql 7,14-
dimethylbenzo(a)anthracene(DMBA).2. & #- =& £
A0 A gt TR I7F §le™, glutathione
S-transferases(GST) &A1}l 2]3h wheld] ALA| &) A4 A7}
I 7)REe] shiql ez AR vk sichElson %,
1988).

Flanam#} Lehman-Mckeeman(1991)2] Ames assayel|
o5k 9sls HrtaTo) 28t d-limonened} d-limo-
nene-1,2-oxidex F-35Ae] glv e AN £
F2o]n, Elegbede -5 (1986) d-limonene®] DMBAZ
58 AEe fudE FYAUA dAsE mRE
Zrethe 975 stech 29 d-limoneneo] WHvHE-2
ZA 243 cytochrome P450 = &332 Qlshe] 3184
w2 24 4 glER]d W fAle] BepAa
oltHEvans £, 1987 ; Austin %, 1988). Cineole& A
A cytochrome P450 &4 5 &H&o] 9lgo] 4&HA
913, 3413 2w B 7¥ »} 9Jti(Chadha$} Madyas-
tha, 1984 ; Austin %, 1988 ; Jori =, 1969). Cineole}
d-limonene-2 %44 monoterpenocidAlel] &sh= FX
ol Aol u]=gt AL 2 glAEE Cineoled:
Zoke 94 A AR £ AR HuEgt
(Russin %, 1989). 2 7oA e ety dbghgde]
A7 A7 B8 d-limonened cineole?] A A
F3-2 Aslsbd Agupd e g vw HFAslgoh F o] 5
monoterpenoid= BP7} 24 felalc)ds) kg ¢
oA e e FAYAA R AFEHE AL JAFeZH
ksl d sheEdnle] Ad9F Zhevhe Ml d-limo-
nene#} cineole?] FAEA Aole) Ael@AL Fodd
o]14 4¥, BPS A dadlEe g 9 A
Al3}e]] TR E EHE F3le] AARFoEH olF IHF
=2 A% vl

A uky
b

d-Limonene(purity 97%, Aldrich chemical Co., Mil-
waukee, WI, U.5.A), cineole(Sigma chemical Co., St.
Louis, MO, US.A.). Salmonella typhimurium TA98-2-
Dr. Bruce N. Ames(Biochemistry department, Univer-
sity of California, Berkeley, CA, USA)E H® AT
wiolt), 75 8 eF8 nutrient broth No.2 (Oxoid), A
EEAH438L nutrient broth(Difco), #F&214 sensi
disc ; ampicillin disc, blank disc(Becton Dickson), crys-
tal violet(Merck), Aroclor 1254(Alltech associates, Inc.),
benzo(a)pyrene, nicotine adenine dinucleotide phos-
phate, d-glucose 6-phosphate, protein assay kit, I-histi-
dine, d-biotin, 1,1,3,3-tetraethoxypropane, ascorbic acid,
6-thiobarbituric acid, corn oil, bromocresolpurple(Sigma
chemical Co., St. louis, MO, US.A), n-butanol(Wako
pure chemical indu., Ltd. Osaka, Japan), dimethylsulfo-
xide(Aldrich, chemical. Co., Milwaukee, WI, U.S.A), be-
nzo(a)pyrened] txlel] AR8%l SO mix& S9 cofactor ;
magnesium chloride(6 hydrate), potassium chloride,
d-glucose 6-phosphate, reduced nicotine adenine dinu-
cleotide phosphate, reduced nicotine adenine dinucleo-
tide, sodium phosphate(dibasic), sodium phosphate(mo-
nobasic, 2 hydrate) (U2 ¢ 2jdgd FR-Fq F4]3)x)}),
magnesium sulfate(7 hydrate), magnesium chloride(6
hydrate), sodium ammonium phosphate(4 hydrate), cit-
ric acid monohydrate, sodium phosphate(monobasic, 1
hydrate), sodium phosphate(dibasic anhydrous), potas-
sium chloride, dextrose, sodium phosphate(monobasic,
dibasic) S-& A% &3S AHgsheich A= 7t ho-
mogenateE 9000X g2 AL AN 89 23
o2 Agatech
Ames assay

Salmonella typhimurium TA987F 55 Al-8-3}l¢] Ames
assay$] dglo] w2} Green % (1976)°] A3k wbl S
o] &3t} wlekg A7} ol microwell plate(96-well
microtitration dish : y-irradiated Flow Lab)}Z Al&3}e
AAH Q) G4 Holdg HAEsgdrt & wickEdY 79
I-histidine %% Ames assay ¥4 2m/9 top
agarZ-ol|] 0.5mM [-histidine, d-biotin $94-& 200 4
7Fskd). ZFef Al [-histidineol] 21§14 [-histidine &7
Fo FFh 439 BN AHE, TG S5
dojrl= DNAE A< BP9} 22 el EAe] 24
glo] Fae]E Ydoy)A Aok £ A3 = minimal
glucose agar platethAl wjokEdol g Algslyw, whe
EFY f2% o}27) W) Fo 7k A|= Lhistidined] X
%9} t¥o] Fe] Frw gehAer fok weby 001
%= ZA) % I-histidine §-9-& 100 m/ ¥ k& g}HY o) zhz}
025, 05, 1,2 2 4m/4 7}3le] 557 vk
74z Fl 10, 25 ¢ 50 WE AHEste] xS 4
A}, vreEFH N A microwell plate® 233 AlF
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(-histidine &.9-F)& 24A]7t2] 8 of=5ofl U A =ke] [-his-
tidineol] &34 439 FAE AT, 96719 wellF
A 5-2f welle)| A4+ BPel| a4 W) E Jog|a, 1199
welld) A+ welll2] [-histidinee] 2zt=lw Al=3)c).
olaf [-histidinee] E1XRL AHixE 7leiFd,
[-histidine w272 He|H welld| e Ald=e] [-hi-
stidinee A}A|§HAJ8te] AL FA3pA|gh, Wo|rl U
A @2 welloll A= Ald-E9] 4 o] AAF et weta
o= Aol 4 glucose s ©)4-38 dlAlgE .2 pH7
] 3}% o] BCPl| 2]3}e] Ao 4] 24 9] well(revertant-
bearing wel)2 Hgich A= wix]E 713k o d=g4]
7hA1 9] B kA 7S dASAY Har) vk
Benzo(a)pyrene2| =zt

Benzo(a)pyrene?] djAlz72 Aldate] 4% S$9 mix
1m/9} BP 400 uM 0.1 mis Dz 3 &3¢ 5 $22
7)o A 0, 15, 30, 45 X 60%E-7F 37C oA ¥Hg-A|7)
H 2ml ethyl acetate2 FHHA BPE &3l vialZ
A A7) sl A7 & ZA A A ethyl acetate
100 W (HE-EE£E32 | diphenhydramin 50 ppm)E- 7}3}
o A Aol w2l d-limonene X+ cineoleS 2AL}
wx)eke Alelol| A Zbeke] BPE (gas chromatography
C Hewlett packard 5890 with capillary column holder
and injection system)2 AsFslgch A e 7 33
AR|ete] H2|8} BEHAE Told e A HA
2 Student’s t-test®. slgch
TBAY| 2ot itsl Al

HAkELz] el B3]2 AAE-E  malonedialdehyde
(MDA)= At z7 st A F¥=2}14] thiobarbituric acid
(TBA)2} =33l AAERAE JAdsh=dl 535 nmF-
A H FBA 8] HAZe] rhedan) B AgdAde
Austin 3 R Wills 59 ¥PH-& W3ste] o537 7o)
bz A Y] A4S 5 thAustin 5, 1988 5 Wills
%, 1985). A|@A =) 0.02M Ql4ketE4(pH 7.4) 500 i,
89 25, 50, 100 2 200 w(protein 28.12 mg/ml), 1 mM
FeS04, 1 mM ascorbic acid® #H3-& o}7|A]7]| 1 5, 10,
15, 30, 45 % 60E7; 37C 9 F=zek7]olA] il gFste]
TCA-TBA-HCIAH*(TTH)-2 7}t 100C <8 4kel| A
1558 712 & A2 o3 Y7 7|1 n-butanold 7}3l
Aer FE3 5 3000X gl A 10371 AAlE-wlske 535
nmol| 4] Beckman DU70 spectrophotometer®. 338l
F4kE 2] A (nmole  MDA/mg  protein)g  AH&3sladc}
(*TTH : 15% w/v trichloroacetic acid ; 0.375% w/v
TBA : 0.25N-HCI).

kol 9 FakEgAde] EA.E AP 0.02M
olat 2hei(pH 7.4) 500 W, S9 100 w(protein 28.12
mg/ml), d-limonene# cineoles Z}z} 7}sled shakslad
e SAsEch 1mM FeSO, 1mM ascorbic acid®
HE2-& o}7]|A]F) L 308-7F 37C 2] =2Z1Eb7]el|A] nl ok
sto] A EE BagA| AL 7 33 A slo] HFx| g}

EFHAE Tt SR EAde digh ECo Ak
FgA2A FAAER 3y AEsisch

S9RE o)A BEs}x|ubile 2 By o] & 2
AER o] PAL EAJshe] oo 9§ I E
5 Auksloint Az 2 RE S99 o /[AFE ¥
vl oFA) 7S HAF e 8k G APE A ST
25, 50, 100 2 200 2] S9(28.12 mg protein/mi)ll o
slo] AR AR A(nmol MDA)E &2 3§
AS o AMIF WA 22 AAEE PHv=
0.998). °]%e] &A= S9 7] %S 100 p(protein
o2 281 mgE Askych S9 100 & AbEsled 0,
10, 15, 30, 45 % 6047k wjokA| 7ol whgh 1/7A4ksE}
A& (nmol MDA/mg)8] A& 42 AAsdE o
WS- A7 3087R]) & A AA-E §-A 5 cHr=0.998).
mabA AR A A 27E& S9 100 yprotein 2.82
mg) e} Wl kA7t 0% 2 Ak

A dn

Benzo(a)pyrene®| S¢i#H0[0)| D|X|= &zt

Benzo(a)pyrene?] =%¢} mutation rate] TAE =
ZAst7] Y5k BP 0, 0.08, 0.8, 8 & 80 M F=E 59
mixel|] AH7FsPgch AMSE GE FESeA HEd
plate™ revertant-bearing wells®] 7= 9, 12, 42
4l 822 BPY FEE& F7}A13 e} ozl w5t
HAAslA Z71E 2 08 M o]Ate] FEolA rever-
tant-bearing wells = d=T3F A 2+ z}elr}
slgitt. BPEX(log uM)2} revertant-bearing wellszhe]
3 A AAAle Y=24.1X+33.60]9.07 ArTHA =
r=0.98¢]%1th

Salmonella typhimurium TA 984 o]£35)e] BP9
Eado)Yd A 93 d-limonene} cineoled] =W
o] A7E &R sl¢ltKTable ). $9FA)3}4l d-limonene
2 1M, 20 M, 200 M % 2mM E=e4] 7]l BP7}
9= A4l 2] revertant bearing wells®] ==A=

Table L. Effect of d-limonene or cineole on benzo(a)pyrene-
induced mutagenicity

Revertant bearing wells/plate
Compound 2 uM® 20 pMP 200 pM® 2 mM?

+BAP 46x8* 35+ 7* 28+2*% 23+ 3*
—BAP 10+2 85 8t2 8t 2
+BAP 54+ 5% 50x4*¥ 44x5* 427
—BAP 8%2 9+ 2 8+2 9+3

d-Limonene

Cineole

Assay was carried out with Salmonella typhimﬁrium TA98 in

. the medium containing various concentrations of monoterpenoids

in the presence or absence of BP.
Values represent meant 5.D.(n=4).
*Significantly different from the BP treated group(P<0.05).
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Fig. 2. Percent inhibition of benzo(a)pyrene -induced muta-
genesis by d-limonene or cineole as assayed by Ames test.
Assay was performed with S. typhimurium TA 98

in the presence of S9 mix.

Data are meant SD.(n=4).

7 Cineole

- d-Limonene

100

Parcent Inhibition

1 10 100
Concentrations (mM)

Fig. 3. Effects of d-limonene or cineole on benzo(a)pyrene
metabolism.
Data are mean+ SD.(n=3).

welld 8~1071 Atolg = BP 8 uM<) 712} g4 d-li-
monene2 0, 2 uM, 20 uM, 200 M % 2mM9} F=E&
7F8}5d-& | revertant-bearing wells®] == Z+zt 73+ 9,
46+ 8, 357, 28+2 9 23x 371 lebydth 20 mM
X g il d-limonened cineoleo] RF A EFAS
el 3R5edwo] zhgg &4 = ¢lditk Table I
vebd wie) o] Fodwle|@A A& A7 =
ol X 44%, 58%, 69% X 77%°)Lcl 50%<] ofA|-g-2
¥l d-limonenes] FEX ¢ 2mMuch &\ BP 8
M=} cineole 0, 2 uM, 20 uM, 200 (M ¥ 2 mME 72t
welloll 7}sl9i &= revertant-bearing wells2] F~= 73
+9 545 50+4, 44+5 = 42+ 72 vElyten 1
Ediel g JAELS T3 28%, 36%, 4% F 45%
oich Cineole2 7}3ld2d 50% o]Ate] As-&L i
g doden, Edel: dAse Ag2 d-limo-
nened] w]3le] o}g Aoz velyich(Fig. 2).
Benzo(a)pyrene2| CHAW]| OjX|&= &z}

Table II. ECs; of d-limonene or cineole on the inhibition
of lipid peroxidation.

Compound ECs
d-Limonene 2.0 mM
Cineole 15.8 mM
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Fig. 4. Inhibition of lipid peroxidation by d-limonene.
Assay mixture contained 1mM FeS0, 1mM ascorbate and
59 fraction.

MDA produced in this system was quantified by TBA me-
thod.
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Fig. 5. Inhibition of lipid peroxidation by cineole.
Assay was carried out as described in Fig. 4.

BPAldl] sHedsl= §9 mix EAA ¢ A= BP2S d-li-
monene 0, 1 mM, 10 mM 2 100 mM3} &35}s}e] ul oks}
AL zbzhe] xrel A 0.22+ 0.05(22%), 0.36% 0.04(38%),
0.74% 0.05(76%) = 0.85+ 0.06(89%)%4] d-limonene]
TE Z7kl wel AR A 942 BPY F:Rx FU)E
Aok GAleL 1mM, 10mM, 100 mM FxoA 7zt
16, 54 ¥ 67%2 }elydciFig. 3).

Cineole®] A= 0, 1mM, 10 mM % 100 mM2] &
FolA 022+ 0.05(22%), 0.37% 0.05(38%), 0.48+ 0.07(50
%) 2 0.77%0.05(80%) 2. e} cineoleo] 2]&k <A
&5 ZHzre) EweA 16, 26 2 55%% tHFig. 3).
X&E ol ojxle &3
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59238 (28.12 mg protein/ml)¥ 1 mM FeSO./ascor-
bate2HE =X Iatsix| o] 432 MDAS] AAEE
=x%e 23 Aakgt A7 dlimonened] A EI= 1
mM, 2mM, 3mM, 4mM 2 5mMejlA Zr7; 1691+
0.57, 5.81+0.37, 435+ 046, 045+ 0.18 = 0.22+0.23
(nmol MDA/mg)e]glew 3H4kstBaA = o] ECs= Fig 3
s} Table Ile] 3¢l w}e} 7ro] 2mM= yehgdel

xalgt 2718t A cineoled] &%k AAEAFE 1mM,
5mM, 10 mM, 50 mM 2 100 mM$&] F =4 z}z} 18.26
+0.67, 16.57+ 0.60, 13.99% 047 6.37+ 0.44 2 3.56+ 0.60
olglom, FarstaAE ECype 16 mM3Th

A

Elegbede % (1986)1} Elson & (1988)2 d-limo-
nenee] DMBA®Z # =% -fHkete] 38 w317} 9ivin
B 373ak v} 9], Mehta®l Moon (1991)2 initiater &+
DMBAE, promoter== TPAS A}&ste] A3 A
d-limonene-& anti-initiater®. 24 4= glclz A eks}
Ak 8H Gould (1991)2 DMBAZ FX3t £kl of
sled d-limonene o)) cineole?] &¥-& o -3}gion,
d-limonene® & {24 v AA}LEE <A E3
gt} o]ojA] d-limonene®] FAZ|AE AT
9ste] ) AEA e} 53 58 FRAES 7 E S}
d-limonene®] 7} cytochrome P450 &A¢} GSTEAE
27147 #2317, sobrerol}e] TEBA Hla A
T2 BE dlimonened oA &= =53 L
(GST)9 #A5 frxd 2sted st datarge] f-4
2 7 yte] 2o g o)FEHE AL oAdy HEI}
odv}, 27|} cineoleg ©148 FEAFHA d-limo-
nened} 7+ FrEokabg o v v Ex] gl =3 YA
arsld EgtAste] Z|d-e sl 84l s <3
e wecty d2A ok & FARARAM AAE
el 7| 7tA] A7|zE ek A e} FEE glejof s,
wholE-dal dHalkaiAl B9 Fo A7) 5o e
sabsiA 24 Al e A EHE 47 oHE T
9] Zolch B Ao L ufel o] cineole> 2
16~55%2] ArdAlee Edo=4 d-limonened ci-
neole ¥ EA7ke] BPthAlell w]H= <dgke = ZA
ol AT + ¢4} Revertant bearing well %
&Agto 2 de F oFE9] BPe s f2E we
A48 AL Aol 2 uM~20 mM2] F=oA d-li-
monene®] cineoled] ¥|) 16-32%7FeF ] &&= 0%t}
olAtel Ale 7|Eo| HiE IEdwe|dAd &)
FotA el 2o AAAS AR e AR Az

A A A5 ) oA ¢ vz & o] A= d-limonene®]
cineoledl| H|8te] 953 A EAH T eIy} (ECs 2
mM vs. 16 mM). o]z-2 $-==3} §hiksl g o] d-limo-
neneo 9t ol Ao g Byd Fgolazole 72 FA 7}

Ue e QJztdct o) 5 FgEo] gatdA e A=
7 9 gSAHEFHE S9 mix EAFAIL] W
#ojdto 2 BPe BPDERS A& WaHl¥ 5 s
7o 2 #23t) Cytrochrome P450 5 1xhdE2A 9
g5 7)Aol ol TS § o 71AE E3h
toti vyl BEE S x e nE GSTe od 52 o5
mYs] wgshE Ae] aw AR £l Gould (1991)
2] wFo] ¢)3}9 d-limonenee] GSTE] HHE FEF
771 AR RuslE v o] 5 Aol 27 |53
zrgo) wpolF el 7lojd = 918 Ao A FHc)

k]
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