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Abstract

Safrole (1-allyl-3,4-methylenedioxybenzene), the main component of the sassafras oil, is
commonly present in plants such as anise, cinnamon, basil, nutmeg, and pepper. People could be
exposed to safrole in their daily life. Safrole-2°,3’- oxide (SFO), an active metabolite and an
electrophile of safrole, is suspected to be responsible for genotoxicity and mutagenicity in
Salmonella typhimurium strains TA1535 and TA100. In a previous study, scientists tried to analyze
SFO-induced DNA adducts by using *2P-postlabeling method. Nevertheless, they failed to analyze
any SFO-induced DNA adducts in liver tissue of mice. Therefore, SFO was not considered as a
genotoxic carcinogen. However, the structure of SFO is similar with that of styrene-7,8-oxide, an
animal carcinogen, and recent studies have shown that SFO can induce cytotoxicity, DNA strand
breaks, micronuclei formation both in vitro and in vivo. Recently, our lab verified that SFO could
cause in vivo formation of N7y-SFO-Gua, which might then be rapidly depurinated from the DNA
backbone and excreted through urine. In the present study, we aimed to further investigate
SFO-induced DNA adducts in animal tissue and in HepG2 cells. Analysis of SFO-induced DNA
adducts not only confirms SFO genotoxicity, but also serves as risk-associated biomarkers for
cancers. Therefore, the objective of this study was to determine the SFO-induced DNA adducts in
HepG2 cell and tissues of mice-treated with SFO by using an solid-phase extraction liquid
chromatography/tandem mass spectrometry method.
N7-(3-benzo[1,3]dioxol-5-yl-2-hydroxypropyl)guanine(N7y-SFO-Gua),
N1-(3-benzo[1,3]dioxol-5-yl-2-hydroxypropyl)adenine(N 1y-SFO-dAdo) were first measured in
HepG?2 cells treated with 250 and 375 uM SFO. Female CD-1 mice were repeatedly treated with

150 and 300 mg/kg/day of safrole and 30, 60, 90, and 120 mg/kg/day of SFO through ip injection



for continuous 28 days. N7y-SFO-Gua in liver DNA and urine samples were further analyzed.
Results show dose-dependent increases in N7y-SFO-Gua contents in liver and urine and
demonstrate that SFO indeed caused formation of DNA adducts, which probably depurinated from

DNA backbone and suggested the genotoxicity of SFO in mice.

Key words: Safrole 2',3'-oxide / DNA adducts / DNA damage / Safrole /

N7-(3-benzo[1,3]dioxol-5-yl-2-hydroxypropyl)guanine(N7y-SFO-Gua)
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1.1 & #-% (Safrole)f§ /i
¥ # % (1,2-methylenedioxy-4-allyl-benzene) » 4 & 7% (C1oH1002) ~ # F £ (162.2)
B FARGO- 0 Fu e AREY DT ¥ ANFI I A ER o 2
BHACE - P
F 3 3 © l-allyl-3,4-methylene dioxy benzene;
5-allyl-1,3-benzodioxole;4-allyl-1,2-methylene dioxy benzene
(Scientific Committee on Food of the European Union)
1.1.1 3781 8 s
¥ % 4> 4 % pl,3 - # ¥apg ¥ (aromatic phenol ether 1,3-benzodioxole)
AP AZETEREI MENR S AN RP T T L 1 (sassafras)
FrR o BB b~ 033 A 2 B (propylene glycol) ~ i T IERE & £LF
i# (chloroform) 2 i (ether) =52 & 4~ (Carcinogens, Twelfth Edition 2011) -
112K BRENE R ED
FHF ST AT R i & 4 (70-80%) %+ 4 A S AP e
% Z (basil) ~ + % 4 (anise) ~ ¢ #(nutmeg) ~ 2 ¥ v 3 #x(black/white pepper) % -
K,lfta‘;tfpkp & ﬂ"/] RAcAde » G4 ¢ vho g W oG AN g e Sk o (Archer
and Jones 2002, Liu, Chung et al. 2004, Munerato, Sinigaglia et al. 2005, Ueng,
Hsieh et al. 2005) (Council of Europe, 1997, Datasheet on safrole) -
BRI 3 AR FTRB cHTRITI B e T B R
H_d # =3 (areca nut) ~ 3 7 % (slaked lime) 2 2 = i< (Piper betle inflorescence)
g F F P~ X 7 ¥ (tobacco) (Chen, Chietal. 1999) - H ¢ » & 2> 5, m%?:ﬁ%g 3 15
g R R AL E BRI ER TR HE & % (420uM) (Chung, Chen et al.
2008) Ft 015 1 % § LI At LFHA LR A Biin - o
wE s &5f 24 R ¢ (The Scientific Committee for Food of the European Union)#&
A2 - 1B BOkg HhA @ T T aE X B 0.3mg s HE 0 ¥ b B S Bk e
Sl Rl BRI E S g;,;]\ e B & B € (Joint FAO/WHO Expert Committee
on Food Additives)p] = 3+— B 60kg w4 =+ % e < £ 5 879ug (Martati,

1



Boersma et al. 2011) > 4245 3 7% # F L £ (the carcinogenic potency database, CPDB)
HE AL FHE el iR P iR E p (target organ) 7 R > < Bl Blan X
#3< A £ (median tumor dose, TDso) & 441 2 51.3 mg/kg/day » & 7 fEr2 ‘e S E
4§ &% 2R3 (international programme on chemical safety, IPCS)4p & - 3 #
% ¥ % &) B pR(oral) 2 5% 7 %] £ (median lethal dose, LDsg) 4 %] 5 1950
¥ 2350 mg/kg -

PEOBHETH RS AHBERETAIINGT > FHOEFEAES
AE SRR TN E LA AP M e (Benedetti, Malnoe et al. 1977) - & £ 2 #
9 7 % o Abbott % 4 % Blshtk & ¢ 4 390 & 1170 ppm(0.039 # 0.117%)

R R OFES £ BT R HF € ¥R 97 2 (Abbott, Packman et al.

1961) (Long, Nelson et al. 1963) - * it % % &% » § % & F b & dfd Fr Oy
fo B g fapfd s B R R ggY g 4 h o > Tt o i F & 1976 & LB
e 3 ¥ H(International Agency for Research on Cancer, IARC)4 % & ¥ i 1
A 3F 3 4~ B (group 2B carcinogen) (IARC 1976) -

Daimon % 4 >3+ F344 ~ &7 A€ H# & > » & 5 62.5~125~ 125~ 250 mg/kg
TR R RFETEF R FRER 4 S BT PV HF IR B DNA £
VéEg g o Wik R d 1 F(sister chromatid exchanges)#s & 3 4e » % ¢
WreRpRIF2eg PHEREY LEFFHE L5 A TS {2 (Daimon, Sawada
etal. 1998) -

113 § H4 ehik 4

4B = #7771 (Martati, Boersma et al. 2011) - & #-% 4438 ~ < #815 » § Ly p
AR e A & R H o 1-27 A 1% (1-hydroxysafrole)(Borchert, Wislocki
et al. 1973, Stillwell, Carman et al. 1974) ~ 12- = 23 A& -4-% 7 A& ¥
(1,2-dihydroxy-4-allylbenzene - Hydroxychavicol) (Benedetti, Malnoe et al. 1977)
3-z2 L § & 2 (3'-hydroxysafrole) (Benedetti, Malnoe et al. 1977) ~ 2'3-F % % 3
it ¥ (3,4-(Methylenedioxy)-1-(2',3'-epoxypropyl)-benzene or safrole-2',3-oxide)
(Wislocki, Borchert et al. 1976) - @ A %8 p - | % ¢ B 4 (intermediates) 2 3%
F (metabolites) =1z 4 (carcinogenicity) § 253§ % A £ > F)pb > B 2 H R 3

WAz A 2 2 B 4p 4 £ & (Nakagawa, Suzuki et al. 2009) -

2
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ETCE TR

4o = (Jeurissen, Bogaards et al. 2004) > 1'-55 A % #-2% 5 & ﬁ;% ST b d
% P450 (cytochromes P450) e fgit = 2= 7 iy enRpd B> -5 A5 % € dw
e BT A ﬁfii?(sulfotransferases)é_g‘_ AFoiv T (sulfation)?) = & # 3R
LA ﬁ‘r;thk—‘% % (1'-sulfooxysafrole) » @ H R F + Hfd H 7 £ ooz + &
+ A5 K gt s 2 & W 4% 4 (covalent adducts) (Borchert, Miller et al. 1973);
(WIS|0CkI Borchert et al. 1976); (Wislocki, Miller et al. 1977); (Jeurissen, Bogaards
et al. 2004);(loannides, Delaforge et al. 1981); (Chung, Chen et al. 2008) - #]*

e F R E - B kAR A5 R HE & 3H (Borchert, Miller et aI.
1973) -

12-2 5 R-4-F 0 A ¥ ¢

+ 2 f 7 - 3 L B (methylenedioxy group) 5 % i %tz i * (oxidative
dealkylation)?} = 12-= 23 ZL-4-F 5 A F 175 < B~ R &~ L 8fehi & chik b
I35 & pra kg (conjugation) Sk ik (7 PR S S £ e 7096 14 b ) 1 ag ok (Stillwell,
Carman et al. 1974); (Benedetti, Malnoe et al. 1977); (Chang, Ko et al. 2002);
(Klungsoyr and Scheline 1982) -
3-7g £ F & 2 (3'-hydroxysafrole) :

-z A5 H% A& ¢ .54 § § 43 peps(glucuronidase) i * - £ 4 it
(isomerization)?; = 3'-2% 2 § % (3'-hydroxysafrole) (Borchert, Wislocki et al.
1973) (Stillwell, Carman et al. 1974) » & £ .55 ¥ — -] 5 > d 3= i it iv%
(3'-hydroxylation) 2 # (Boberg, Miller etal. 1986) - = ~ 77 3 45 1 » ¥ %6 5 § #§
F 2% BURGR ORI Y R en3-sg AR F 0 E &% 3 o R T (Benedetti,
Malnoe et al. 1977)

23-F WA RS P

23-FHARI PP SRR EFS- BRI AT R HF PG AR
(allyl side chain) } g4t 53k § i i * (epoxidation)fs 1 3 2'\3-F 2 %3 it
(2',3"-safrole epoxide) » 2',3-% H-Z % § * + 5 Ak AR § 1 -k f2fF(microsomal
epoxide hydrolase)-k jz = 2'3'-= = & § # % (2',3'-dihydroxysafrole) (loannides,
Delaforge et al. 1981) (Klungsoyr and Scheline 1983) -

L14RF R HAMNZE DA F 5 R &R

AR mERRRRA D 0 23R A R F ) P X F(Salmonella
typhimurium) TA15354r TAL100 % #* < 3% (Ames Test)® #IMHE £ 3 ¥ AR R



% 2 (moderate mutagenicity) (Swanson, Chambliss et al. 1979) - {345 w0 A 77 7 ¢ *
2p_is 42 4t ;2 (3%P-postlabeling) A 47 » 3 2" 3 -5 BB F i ol 29 "
DNA(calf thymus DNA) & 4 #t 2= 1 > ~ EDNA% 454 » w885 0] &
2'3-F HZ % F (L 5 (600 pmol/kg)ts » Bo B L cH B 7 5L 45 0 FrE 2 8P ]
233 - F k3 -+ 4p M 2 DNAL #§ 4% 4 (Qato and Guenthner 1995) - @ § £
Bt 23 -F A RF (60 molkg) e B IR 0 H € i A ek g TRk
¥z (micronuclei) s34 +x 22 DNA %7 4| (Chiang, Lee et al. 2011) > %]+ rr*' .
FHALG v d pa g wd g
1.2 3 § #pE:E(DNA)Z DNA £ i &8 % (DNA adducts) f§ 4
i 2 17 pe(nucleotides) = B ~ 8 #rétlgm = ch &3 o @ P plchie 2
523 PpERRPE - N ZE 7 % sk ik o 2§ 11 pEY pi(deoxyribonucleic acid, DNA)=H
T B F AR Y H:jzv;%vé (adenine, A)~ & % *Z ¢4 (guanine, G) ~ ## ri3ez(cytosine, C) »
_%i”;j’ﬁ:j‘ws}vz(thymine,T) 4ol mros o HP ABRT VA2 A Bastra Gr C
FARZBEAE T CAET-GECEFa4Es fpxsl > T8 d YA
F5E ~F ~FRFMMUAF IR A g 4 @ F DNA LA, = 48

L EF3
PR R B B L .
DNA % % 3.7 + 24 (electrophilic reagent) 82 58 » # 17 7 & dk A4+ (Pt
% (nucleophilic sites) s # :x % > A3F § T F FHni®r T o H kP g AR
FERRAL PR REAL S ik
%@mﬁ@é*ﬁﬂ;ﬁa’_; DNA £ % 4%+ (DNAadduct) - v i ¢ ¢ DNA . C 46
4icgm et ¥ ok AR % > 7 AT ~ GC fiz #(Chen and Hong 2001) -
121 DNA £ 4234 enig 40 2 R M 13
W2 T > DNA SR endn i (do i 47 38 a2 ) 84 1 & 205 d 4380
i3 4;9,%% € R R Reng 4 f DNAF e i¢ 2 % 2 F](proto-oncogenes)
175 14 22 5 R e ] AL Fl(tumour-suppressor genes)end E 0 4 ¢ 48 7 4R Tl
fj}ag Wk B MR g 4 (Hemminki 1993) o
. DNA - i gtlg 472 = ek po > R 7 2 & 4484 - DNA X § atis 4 i
%fEH % DNA B R8s H3 DR Kk ) (g " 1 1 (base
excision repair) : # % DNA &35 i & odf i (7 i [E g - 1 ¥ 47 W) pF b

4



441 i8R 5 DNA 4% J % (DNA glycosylase) it * 45 4 < 4f it 7L (DNA
L RaEey L B BH g ) B il FEEVENE - RN DNA(AP site DNA) >
B F LA e 7 4% fa fF (@purinic/apyrimidinic endonuclease, AP endonuclease)
Fd I eEATE S PR Y KT 25 = DNA 4& %7 %] (DNA strand
breakage) * # {5 4 DNA ® & f#(DNA polymerase) # » It 7x chuig 2 22 DNA i 4
fr(DNAligase)it (7248 & DNA B & v e 45d Dfe (74 e BB 3 dhA =

# o DNA 2 i3 4 i i3 (Boiteux and Guillet 2004) (Hoeijmakers 2001); (2)+* 4 &>
% % 4 (nucleotide excision repair) © £*$Fig & + i 5 S e fpFenig R 48 41
#

213 4859 Hi]‘wvﬁ;‘ F 4 (thymine dimer) » 7 &£ > f#i% %2~ (helicase) » 4t DNA
% % > F:F d 7 fs(endonuclease) ¥ 3'xh -7 4 F BipE L mipe (s 72 R
H)*7 % » 3 18 I 152 DNA % £ 7% (DNA polymerase) 22 DNA i % (DNA ligase)
£ 7 2 4% (Hoeijmakers 2001) o s5d 2 F i3 4R 2 5 (8 > 2487 Kf T ke DNA =
Bake s € 5 SRR dt d el ok (Singh and Farmer 2006)
» DNA £ gt e £ agd AFHAR IR T LB RERY ER

AFIR % ¢ 3% Wk 2) 2 hF) % (Singh and Farmer 2006) - & i&4- DNA %
GEEPPOERECEF I B A A RN LM FHERRER
Fe BB enh &4 ¥ EF 0TI o DNA & B aEdind & §4050 5 2.4 45
»2 | & 2. 4p #(biologically-effective doses) (Chen and Hong 2001) » % 47 i & F-
DNA £ 455 25 & cniFa) > § 2030 5 2 28 @ 4 |23 (statutory
genotoxicity assays)? & 4~ e 4= & |2 p]3# (animal bioassays)h7? & ¥ & £ 4 3
% JPhillips, Farmer et al. 2000)

122 BHIITHFRBBHOPEEY

¥ ORehd FROELF L G (styrene) t (B AR Y A7) S Tk § A 0 S ¢ AT
AL ARES TR F o (Styrene-7,8-oxide) 0 § i5d dRA i £ A A
(glutathione S-transferase,GSTs){r# ¥ i+ & 4~ -k f2f# 2 & - (Luo, Qato et al. 1992)
(Krause, Sharer et al. 1997) (Faller, Csanady et al. 2001) (Csanady, Kessler et al.
2003) (Wu, Chiang et al. 2011) » #2285 24 & 2% > Frivig af8p 2 = DNA &
BaEBir (£ - ) £ 24§ Aukes £ A% NL- NE- N3-i § B it 2 5ot
o DNA £ B4t 4 ~ 2 2-2 § § £8eb F 753 NT-fo N2-i= B B8 2 § ¥ &

5



¥ DNA & i dtgt ~ &2 2-3 § feeifer N3- ~ N4-7= § B~ % 2 e eiged DNA &
R Z 1Y H;jzvﬁ}ciﬁ A5 N3-i= & B~k 299 Hﬁ"\vﬁ}ci;# % 4% 4~ «(Pongracz,
Kaur et al. 1989);(Tretyakova, Lin et al. 1997); (Koskinen and PIna 2000);(Koskinen,
Vodicka et al. 2000); (Munter, Cottrell et al. 2002); (Boysen, Pachkowski et al. 2009) >
d 4 7 4r N3- ~ N1-/S-Be 1t 2 eh 2 A 2 NT-B 1R 2§ & ofeed £ 625
AR AHAS S ERITEDNA F 2 2k S 2 DNA L 48t » k¥
FHA PSSR Fo A Ft o Qato A BRF EHAA YL 2N
SUDNA o 2-4 § § §ofed FREC R b PP FE A RT 2V A
DNA £ fétgtrchd 2 >  PRHEFHFFIHR IFE2 5B H - MERT T |

% (600 pmol/kg)2_ & E 48 R] T DNA % # 4 5% 4+~ (Qato and Guenthner 1995) -
AEFHm L R RFISRF R NS R aniE S p% % (glutathione
S-transferase){-3k ¥ it & 47 -k fiZ fi= (epoxide hydrolases)2 & it 4% ¢ 4% % FH(Luo,
Qato et al. 1992) (Luo and Guenthner 1994) (Luo and Guenthner 1995) o 2% if# 2 =% %
AT R e ] Bk E - B E 2%k F 4 (30 mg/kg body wt) i A H]T
B 2448 T2 | PR HIT R GRITIRT F A A NT- R
M2 K B DNA & &5
(N7-(3-benzo[1,3]dioxol-5-yl-2-hydroxypropyl)guanine, N7y-SFO-Gua) » = H X %
BHE0- P EFRF % EAE S B 2 = DNA £ § 425 4 (Shen,
Chiangetal. 2012) &2 A Fm 3 #HF 7§ & 7 LB o] Rl w 3wz P
St o DNA ST g S e ihg % B - Rero Ry R A RHEGF A
¥4 1+ (Chiang, Leeetal. 2011) » %@ » % T ¥ ZIF T HZ L T4 I HE 0
Rz - > FiTe- HEY o

123  DNA % 4t e 7

W s R DNA & g ans 2 A u R PP (¥

P-post-labelling) ~ & =& £ 3 it & # p];2 (fluorescence and electrochemical detection) -
# % 4 172 (immunological methods) ~ & ¥ /% (mass spectrometry) » 12 + = ;= 2_ ik
Y 4ed = (Brown 2012) o ¥ P-15 4B 42 g B 453t 1980 & e Hp o pb = kA
* T4 RA” 3 pesgep® (T, polynucleotide Kinase) #-[y-PPJATP + o3P ffze 2 gk &
®(** P-containing phosphate group) i # & # 4 & 42 % 4 13 § i

6



(2-deoxyribose) * 15°-OH =5 (% - )(Phillips and Arlt 2007) > #2254t = % 2 5 3
FACR M E Fol kAR (110 ugDNA) » 4r7 3§ &% AP R T2
DNA £ 454>+ 2 £ 5 % & - {2 (Himmelstein, Boogaard et al. 2009) (Koc and
Swenberg 2002) (Swenberg, Fryar-Tita et al. 2008) - ¥ k£ & ¢ it & & pli2 B 24395
W R BRI FG P FREFERSF P RRDET > T AR
kR T I F PR BB sk 40 & 17 & (high performance liquid
chromatography, HPLC) & % /* (electrophoresis, CE)2 4 47 » & & — {424k 7 a7

B2 ERMAITE G F kS E ey 4254 (Brown 2012) - 4%

¥

AT SR AR RILLJI R A L FR M A EFRR DL
gt (well)se » 72 5 AR cha 474 > FAAL TS 3 A B aEed o Pl g
LREEEFRE S FR O MPFMES S I RRARE G PR T £
WRPAFRRREEF €HRBL > AP ESd fEF - £ T (substrate) 2 1 38 {7 2
& 7% & (Santella 1999) (Brown 2012) = B 32 ek
R LA RS kT TR AR S
* 3 A 4 s 0t (mass-to-charge ratio, m/z) k % A 2 f enit B 5 F iE 5
T e iy 0 R 0L G ff (peak area)id Bl ¥ R ehFt i 0 Fl 5 FEEE G R PR
Mg 2 §ehifah > FC ¥ AR Y & DNA X i & ¢ 4 04 47 (Ho, Lam et al.
2003) -
13 k=R R T2
bk A2 AR B W 3 AL 230 d % 1933 & ¢ pkdn i d v ot g
Foo®v b pogd fFp 5 8pchdkcE > @ 5 &6 & 1913 & Hevesy
£ Paneth 3e 1% Sesffddnfe ik A 4RE I Gtk 2B AR 0 SRR BT
RAr SRR R RRE A FF AR CRERTHFRET AT TR
© Jrenle % 1§ 2 (isotope dilution mass spectrometry, IDMS) (Vogl and
Pritzkow 2010) -



131 Pk FREHRANEE BIATHRAL
WA TR AT e r B o e Ak B AN RE R FlLL R
FHRIPHFELEEF SRS E s CEEE o I FF RS
FIAAT & k) R E(ratio) 0 WA TN R RE L K SR E i B b
Z_& «»c% (Vogl and Pritzkow 2010) » 4c P B3 & J1* 3+ chF it k® o L £
o RPFFRZERRAPAE B THRAPFLY BRLSE LE S
B Ft Bk PPt R4 & 4 A 47 DNA £ 42 4~ chi & 4 45 2 (Koc and
Swenberg 2002) -
14 FEHR#% 8
AT Y AT R Je 4 2012 & 0% 5 < (Shen, Chiang et al. 2012) » 41 #*
defd] Rigi7 ¥ - #E %I 7 HF (30 mg/kg body W) J 7 5 2 > A Hljc &k &
BH- s ZARPRR O SRAATTHERATE > BT RIF AN 0
2 DNA X B4Rt a 23 P o it- BRI R E L ATFS
B 3REeF P 28Aa%i i HILRFRL TR IBIITRL R
DNA 57~ > ¥ el B2 R T2 8 G a 47 o S5 ) Beang s R0 4 T
JE (the carcinogenic potency database, CPDB) s % & 4+ 7 2% 7 4% » EH/H 3§ #
Z RS AR 2 CD-1 & kepdt | B3 445 B2 hiRenB 7 7FRGEF 447 - DX &
A K-~ BURe % - &£ 300 mg/kg/day % H-% (Tan, Poeggeler et al. 1993) ~ Daimon
F AR BB &R E - #E 1000 mg/kg/day 12 2 & % &£ 500 mg/kg/day o
% (% % - =% > 5% 7 =< )(Daimon, Sawadaetal. 1997) » 1+ & £ 5 ¢ 1 Pp-ja i
2 EEFFRERE AT D3P SIR R A RB ST+ 2 DNA X fi&Esd
Borchert % 4 pl#-~ & % % ¥ - &/ & 300 mg/kg/day 5 H-% > A 45 fRik ¥ & B
7% (conjugated form) = 2 © 4 (Borchert, Wislocki et al. 1973) ; Friedman % 4
¥ Bk % H - # F 640 mg/kg/day hg BF 0 (7] & E 1 DNA & = Frilhf
% (Friedman and Staub 1976) ; Chung % * #-] Bl k& & ¥ - &£ 250 mg/kg/day %
% > iR Ap K A7/ vF B4 i F 3 & (liquid chromatography/electrospray ion trap
mass spectrometry, LC/ESI-ITMS") 4 4% I s DNA 0 DNA % i 4¢% 4~ (Chung,
Chenetal. 2008) ; Delaforge M % * ¢2 Stillwell % 4 & -+ &% & 5 - &£ 200 &
125 mg/kglday =5 f§-% 6 0 ¥ i 59 i hkiR ¥ A 4733k F 5 % (Stillwell, Carman et

8



al. 1974, Delaforge, Janiaud et al. 1980) » s & + it v A #7 3 » 24 ipe 2% 3% v 150 £ 300
mo/kg/day i &5 F % E HE DR BEHE o
15 @3 Pih
FHEHFFANARRS F I AR ARG TR T R
SRFRASG A SN RERT AL BRI hETAR L L5
BERATRHZ > FI RS uE R ERBERATIREIRE - bR HE
S fEA R R PP Y U AF R - DAL AT R RBOR R A HY
FHAEEIR - B AR EFAFIL D FFRT o APILE K F D
CEPASHEARISEF LRI AATRD R A HE LR AR

% b & ez (umbilical vein endothelial cell)£2 « & % #£RF & #2 ' *¢ (bone-marrow

~

mesenchymal stem cells)#& % = #¢ 5 4 ‘w %2 (neuron-like cells) (Su, Zhao et al. 2011)
(Zhao, Xinetal. 2012) » % kF R A B % F S Ao L0 B poEr e
FRWEEREBIBRAARI R HF - FIN R L HF AR OATE S
g RER - FHM 5 LA P AR ARTE L LB LY 0 BT
RHEF A e N A2 NT-B 2§ Efed X BdER P T AR 2 i
A0 Fpt o AP HFEERF AR FAEEIHG P AL AT
Rpw L7y ;fﬁ 41 N3-+N1-2 NO-B 1% 2 ﬂfllvﬁvé—’% ,%433445, 27 N7-B~iN2_ & % vErd
LR ARy AHAF B ERIIE DNA F B2 Sk 5 2 DNA £ Béged >
ﬁd%NLﬁNﬂﬁ%wEWA#&%%%g%ﬁﬁgﬁﬁmmmmn@mmm
Zhou et al. 1993) (Sisk, Pluta et al. 1994) (Recio and Meyer 1995) (Bastlova and
Podlutsky 1996) » # = R - { ¥ H & =¥ Bo 2 £ Wapidsr o B9 N7-B- 2
HEZA LWL, L7 i {HZEFRIEDNAF B2 2 chk B a5 v
&i&iﬁ«ﬁ%&%%%’ﬂ&’aﬁﬁ%@%§ﬁj’ﬂW$%bﬁNLﬁ
Boilospefes 22 NT-B- i 2 6 L ofod £ oSt o SRR - o



-2 R B ALE
21 #HE* LA

211 - 48 2

N1-P~ 6 2 Spefrd & i G254
(N1-(3-benzo[1,3]dioxol-5-yl-2-hydroxypropyl)adenine , N1y-SFO-dAdo) ~ N°-B~
ES B'?F;‘%v/% L s (N®-(3-benzo[1,3]dioxol-5-yl-2-hydroxypropyl) adenine,
N°y-SFO-dAdo)gr N7-B~ 8 2 & ¥ wled 3§ 4 1 4
(N7-(3-benzo[1,3]dioxol-5-yl-2-hydroxypropyl)guanine, N7y-SFO-Gua) 12 % [ i+ %
PSS § 15 e NL-B~ 5 2 sfteked & f 423 4 ([Ns]- N1y-SFO-dAdo) ~ §
15 422 NO-Bx (& 2 rrh £ 4 & 4 ([*°Ns]- N®y-SFO-dAdo) ~ § 15 #&ze N7-B~
K2 & ¥ eEed £ G4 4 ([PNs]-N7y-SFO-Gua) d + 4 5% 3 %l % (Shen, Chiang et
al. 2012, Shen, Chiang et al. 2012) - & 1 % (safrole)#%# SM-F p # K
Sigma-Aldrich 2 # - 7 ¥ & % (safrole 2',3"-oxide, SFO)d + % 5% % 4 #% (Shen,
Chiang et al. 2012) - + #g3F%* m*z tx(human hepatocellular liver carcinoma,
HepG2)ptp S #2 F F R 2L ¢ < o

212 R % ¥

PR RELT T RRESRE > FRESE] P RERRT-EAP AP
e @972 A2 CD-L(ICR) S8 & % b B E 45 LA 2 = F A gt ] & T
e g 18 o g Ry uiple ir it R (R &R 25°C, 12 ) pFk R & 12 ) pF
ZHRBE) THRiEE LR GFE L LREFFHRDANES S HL
A FRGRE R EECFEF TR BB 28 RSB T 24 ) PR
Jo bk o X F R VAR -

10



22 FREH
mre DNA % g2 2

HepG2 cell
I RS TR R
S 250 uM | & % 375 uM #| £ =

e e B 24) PELS 0 PDNAF B~ 73 1 -80 R

N\

e DNAZ B~

\Z

R

\Z

FAp R P E

\Z

FAR K AT T R A 1 B T T R

11



2.3 DNA % A2 * i

CD-1#¢14 ] B (n=40)

#ReGB) | FiHEs 8T 2G5,6)

i?

ERBMERITIHEAF A ilb%«ﬁg"ﬁ A A

i FDNAE B

e R

\Z

/,"]‘ se e i

% PR R

\Z

i ok

\Z

B4 $k 12

\Z

TR E BB AL

\Z

% An & 17 45 T

RO AL I B R R

12




Fie #h R 2

CD-1#¢4 -] & (n=40)

— P o %3 EME S §EAL
41“]‘%.5’_(5) N ﬁ-% w %ﬁrﬂ E .E'_(5, 6) ,35'_(6, 6, 6, 6)

\Z

£ A E T R B i T - AR
BB 24 R

\Z

7

\Z

FAR B E

\Z

RAR K AT T R A 1 P B TR

13



23 ®F R & RIL

AT R B0 o) B4 D S o e (5 ) Bk A
L)~ A HABHE L6 L) 2 HF FHA 2B MH
6wﬂ@@ﬁ)$§§£@§%ﬁﬁ%§ﬁ’gi%§ﬁ%§&§§%%@
B ¢ AR SRR E R F LM X R R EAE IR R BAE
&ﬂﬁi*ﬁ@&%ﬁﬁﬁ’ FHE O B et e st 150 mg/kg ~ % AR et

Ryt ot 300 mo/kg ® HF R A 0 a TR R G B OR et g irit i 30

mg/kg ~ A £ B3P veiE & 60 mo/kg ~ ¢ A R eI B 00 m
Arg et b 120molkg 2 B F S EROR R O ERBIEREBZAE K
HF A XA EB- x> 28H28% > W5 28AKhis- kB TRF2U M
@%%%ﬁ%%’i*%ﬁﬁ%%@F%ﬁ’ﬁ%+Q*u:§“ﬁ*ﬁ%ﬁi

AR L

gir
o
=
W
19
NG
2
s
ey
e
e
s
S

Yo H T e s B
{$ > > DNA 3 P% %35 2-80°C k4 »

4
*ﬂ}

14



24 DNA % HétBFH R %> 2
2.4.1 g smve 5 Al
(D) 37 B (3m e & 4 v 2 % )

1.

o &~ DN

6.

et s -B0°C k4R P Bl A e sk B Rk

LR xRl S (300-400 2 )2 A

Rk A R

Bodiokgi oA BN R Y

B h Aol FEEARY TR LREF AP 0 LN
S RSk s~ 50mL g F ¢ 0 e FE4 2 SmL B

g ek 0 oo gL 5 g E 3200 rpm o 4°C 0 15 A B iR (T o

Relp PV o e KRR B F S 2 DNA X5~

(2)DNA 33~

AF1 7 2. DNA 52~ 3% % William M. Strauss(Strauss 2001) #74% &2 > > 3

e HAoT

1.

© © N o O

10.

11.

12.

Mg 3 Eld K 2 B SRS 4o ~ 5 mL Ix lysis buffer ~ 50 ul BHT 7% /%
(butylhydroxytoluene)

4v » 125 pl proteinase K

Tr37°C ckipY R IR - B

#gpeo gd kg e BA s Ao » THAGML)Es - & o0 R AR (25:24:0)
P TR 35 A4

#egpes oo oo P o g 3200 rpm o 4°C 0 10 A 4R T AL

Mg gl £ R R RS R RPN TV - ATde

Yo e BRMFGEML)EE 0§00 B ARQR5241) 0 F T L 3544

¢
i
™

Mg B o s > g 3200 rppm 0 4°C 0 10 A 4BiE T
Wl RN BT R AR ML RBI DY - AT

o g r EMFAFDE 0 BF = A4 13k 3200rpm 0 47C 0 10 A 48
R

O S Rl e L sk AN

ser 01 BAEAE 3M R4 (PH 5.5) o2 B A4 95% rko 5 » B frent T

15



#& o @ DNA # 3R T Uk

13. g 76 ¢ cnDNA filkd » 12 70% ke fiE % DNA

14. # DNA Tk 53 3 £ 3 mL 10 mM Tris-HCI (pH 7.4)(4x 1/1000 BHT) 3
P o ATk F - B 0 0% f%2 DNA

15. 4e > 5pl 7 RNase A - 20pn -3 RNase Ty

16. %%~ 37°Ckisf? 7 1 ] &

17. M ERFFnd 7 5 P— = > g 3200 rpm > 4°C 0 10 A g

18. Pl bR 2 ATHS F 0 4o~ 0.1 BEH 3M A (PHS.5) - {2 B A4
95% ke fg o Bt THE L > @ DNA UK

19. g7 4 & DNA» £ 12 70% ke fhii%

20. #-DNA s 15mL g ¢ - £F 4k R 259 20 248 > £ 4> 300 ul
HPLC -k(#r 1/1000 BHT) - #~4°C/k4a¢ - @8t} > 3t o455 %75 2-20C
kg o

(3)7 Hte ok f2

d 3 N7-5 & ehed 2 7 872 DNA £ § 4254 » 5 % N7y-SFO-Gua ¢ DNA #

EPHD S EOMEA KRR R BBk R ALY Rk EH I AT

Li-Ching Shen % 4 (Shen, Chiang etal. 2012)#7i# * 2 k%> iz » 3 2 H H 5 ¢

#-3 B2 DNA ki3 i 2 70°Cokig @ 4edn 1-2 /)

()ps 4 k3

AR 2 PR KRS G 64.28% @ ¥ % -k i 3% 5% Bo Pang £ Brock Matter

% 4 (Pang, Zhou et al. 2007) (Matter, Malejka-Giganti et al. 2006)#% ! 2. fi%¥ % -k f#

SE o B EHRAeT

1. DNA -k :#% (100 uL, 100 pg)*c + DNase I (4 U) ~ phosphodiesterase | (32 mU) ~
phosphodiesterase 11 (80 mU) ~ acid phosphatase(1 U)z #&f% % > 14 % 10 mM
MgCl; -

2. w37°C-kig¥ F k82 10 p*

G)AEFEH
# * 4P 5 P~41 5 Sep — Pak Vac cartridge C-18 : 3 ¢.c. 200mg »
AR AE BHI EN R

16



FRILE P~

23 B G R AR RO R we G g R R e

> & * 100%:re # (acetonitrile, ACN) /2 3mL %84 " e =x

> i * 100%¢:r3 3+ -k (de-ionized water, DIW) 12 3 mL #4 i* e =

de R

g AR R FP AL R P e R i A 4T 2 1 B

> ER & » B F Y (B 5 1ml)

PAAPEIE:-1 €3

BB AR R @ RF A AL kR kA Y

> &% 100%¢hd #F ok 3mL R RS - &

> % 100%:04 3 okon 3mL M ie -

> e % 5%¢he L 3mL R R - =

LS TR E

BB BRI R R PEE 2 grari E T ko Tt i

DR EE WA

> &% 300%:he %02 3mL MAE k- o Bjck TRE ¢

> @ E 3 kHRHLo Hs(speed-vac) A e B2 iE 2 RR S 28 6-8 /]
BF) > iR ts 3 -20°C & & A 47

2.4.2 R4 & Az
(1)%/& *id\gl @H’ %

Vi.

3

P RS 2858 - kB =TIk 24 ) P2 R
(G fe v & Bk A2 U e g N g4 » Sub chipy -4
(NaNs) 3 +g )

B~ 100yl it # & 4c » 10l 500 ppb 2 P &2 5-([°Ns]-N7y-SFO-Gua)
fe 4 3T OK @ R AR E 1000 pL

HiE FAp 5P E A 7 B 5 B(3 2 B DNA F4p 5 B4 3)

% B 7 kHparc 8 (speed-vac) it F de g2 B 1 R 54 52 (5) 6-8 ¢
PEF) > I i85 1 -20°C & @& A 45

R AR R AT B B RS R A T 0 100l w iR A 4T

17



()i 2 4p
it ® ervepg pH(creatining) & 35 & E 2 RN FLG B TR (THR R
25 RApkITe M THRAS B
AP R AR TR TR AT P B TR A T & ] B DNA
Lﬁioﬁﬁﬁiﬁ&£1}Wué$+$uwkﬁﬁ?%§ﬁéﬁﬁﬁ%ﬁ
PEFHRRAAT AL ZRAPR TR BT RA T E ST AT
(Shen, Chiang et al. 2012)3% &2 = ;% » > 2 fm g 4e™
1 KA
C18 column(150 mmx2.1 mm, 3 pm, HyPURITYR C18; Thermo
Hypersil-Keystone)
2. #HHAp
ko 4p 110 mM P A& s=(ammonium formate) - pH5.1
7 1848 © = % (Acetonitrile, ACN) +0.1% ¥ # (Formic acid)
3. kA 1T W TR &R

> 3t JR 1 ESI” in selected reaction monitoring (SRM)
> k2 A 4rEEAE 20 pl
> LT REAEAIIFZ LT A4s o P paied 100%"% 3 58% 0 % =

LI ABATE L A P RIRIL G 0% F o LS AT =
Lo s P OEIREIF 100% 5 d A de 3 = L A 482 iR BdF
200uL/min -
26 A2 E%E
26 1DNA A F# & Mpeflr B %
AFETEPRAEBERT S AL BALB/C &k o] e e s DNAGE R 9
877.87 nglul) » & {7 Rt o Pl o #-% o o] BFHE DNA & 7 %% KR 1S 4o
& kR 2 % 5 - N7y-SFO-Gua jk /& 4 % % : 0.5 ppb ~ 1 ppb ~ 2.5 ppb ~ 5 ppb -
25 ppb ~ 100 ppb - & A& B> & 4e » 10 uL J& & 500 ppb 2 F =% p {28 5. »
R RE R B kREB0pph oy raptaE 2 4 DNA A2 et o &> 3 g ok
iF2 2 2 b SheB A (A)(B)(C) s DNA A Fra = 2 2 it o S4cR] 4
(A)B)(C) -

18



262 fRRATRE S Apfla s
AEL R CDL ) Rk @ 7Rl ¥ spetl - ¥R A bk R 2
% & - N7y-SFO-Gua ik & # & = : 1 ppb ~ 2.5 ppb ~ 5 ppb ~ 10 ppb ~ 25 ppb ~ 50
ppb ~ 100 ppb == )k & B+ I 4e » 20 uL & & 50 ppb 2 e & R & @
PRz BB ERE 10ppb o 1tz 2 0 DNA A2 el o 8> A 478 % 4
& +(A)B)-
2.6.3 1.8 DNA A Focfl ~ # fc ~ @A

AR Y 2 R~ w e~ AR S P % 2 44 Matuszewski 4
(Matuszewski, Constanzer et al. 2003)4& 41 2. = /2 » = 2407
At BfRERd e =z MR AKY » EREFTHAT
B:#DNAAFTEERAWEP( » e rREFE R =R PR L FHA AT
C: MR &t 2% p kA & DNA R JTY o £ A0 BAp 5015 12 T 4 47
M FREEFS B RERZEE R A N7y-SFO-Gua 22 N1y-SFO-dAdo ~
Ney-SFO-dAdo e fil ek & A %) 5 2.5,50+8.325, 100 pL/L £ 5.644, 67.751 pL/L -

R

C
> ftk ?fr,xg:):‘% - B/A x 100 Spike standard before SPE
> w e (%) =C/B x 100
> AR (%)= C/A x 100
A
Spike standard in DIW Spike standard after SPE
And without SPE v

19



PEER

> AR
2.5 ul/L 50 ul/L
N7y-SFO-Gua | m/z 330 3721 36+5
m/z 335 33+4 33+8
330/335 108 + 52 111+ 11
8.325 uL/L 100 pL/L
N1y-SFO-dAdo | m/z 430 41+ 6 60 + 14
m/z 435 45+ 7 52+ 10
430/435 90+6 115+ 4
5.644 uL/L 67.751 pL/L
N6y-SFO-dAdo | m/z 430 53+ 9 376
m/z 435 54+ 7 305
430/435 97+6 121+1

*RET L A (%) £ B AT

Rk )]?% ko Bl 100%4 1 A 74 ok Y s AR Y Ry £ 8
W E A F 3R f BE < 3 100% 9 5 A+ it 3 53 (ionization enhancement) (A
Foxfl ~ ™ BiE -] > 100%R) £ o7 3 3+ i Fr4(ionization suppression) sk
Moo R AFET P %S5 T > N7y-SFO-Gua # # t i ~ kB hiFa,T

3] chfc B a4 13 100% 0 A r N7y-SFO-Gua 7= DNA A B¢ 5 jigss chgp+
Fr4l > & N6y-SFO-dAdo B &7 A ¥ endp 3 i 3 5 enfi-35 > F]ot > 702 DNA &

Faetlente B UK s B4 S g A 2 45 LR ik g -

20



> W

2.5 ul/L 50 /L
N7y-SFO-Gua | m/z 330 88 +1.92 102 + 8.44
m/z 335 85+ 18.34 106 + 20.23
330/335 92+ 17.22 96.31+ 7.45
8.325 uL/L 100 pL/L
N1y-SFO-dAdo | m/z 430 77+11.58 87 +18.51
m/z 435 79+ 6.77 98 + 23.29
430/435 98 + 12.73 89 + 3.86
5.644 uL/L 67.751 uL/L
N6y-SFO-dAdo | m/z 430 39+ 11.22 46 + 9.81
m/z 435 37.06 +17.28 46.83 + 13.93
430/435 101 + 12.57 100 + 22.43

e X U A (%) 2 HREL AT

2% 4ot > N7y-SFO-Gua ' 2 N1y-SFO-dAdo s 4T

ws B3 kR DI

A5 23317 90% > N6y-SFO-dAdo R § 4 40 %<hw o5 > Bom & F 2 Flip 5 2~

(77 % 12 N7y-SFO-Gua %7 N1y-SFO-dAdo & A 474 2 4 245 thw e 5 o

> BT
2.5ul/L 50 uL/L
N7y-SFO-Gua | m/z 330 28 +8.26 31.90 + 8.65
m/z 335 28 + 6.12 30 +9.53
330/335 99 + 18.60 107 £ 8.30
8.325 uL/L 100 pL/L
N1y-SFO-dAdo | m/z 430 31+4.70 52 +11.12
m/z 435 35.51 + 3.06 51+12.13
430/435 89 + 11.46 103 + 4.44
5.644 uL/L 67.751 uL/L
N6y-SFO-dAdo | m/z 430 16 + 6.79 17 + 3.61
m/z 435 19+9.01 14.21+ 4.23
430/435 87 + 17 122+27.21

*EAATF L A (%) £ R AL AT

21




264FP2RAPHRERLERYE
AT ZFPREAZEIRPBIEZ 2L k- AP ERA T2

Al ERZIEELIN=G) 2P RERZ L RPREGF = 2 A0 3704

2 5% 5 > @ N7y-SFO-Gua 22 N1y-SFO-dAdo ~ N6y-SFO-dAdo fie 4l ik B

4w 52,5075, 30.9 ~ 5.165, 62 uL/L £ 0.5, 50 puL/L -

= % B pr i (Accuracy)2 3

N7y-SFO-Gua Day 1 Day 2 Day 3
2.5075 pL/L 88+ 0.34 92+ 0.16 110+ 0.36
30.9 uL/L 91+5.54 115+ 4.61 120 + 3.48

N1y-SFO-dAdo Day 1 Day 2 Day 3
5.165 uL/L 117+ 1.11 96 + 1.87 100 £ 0.21
62 uL/L 103 £ 4.41 108 + 13.60 84 +£0.98

N6y-SFO-dAdo Day 1 Day 2 Day 3
0.5 ul/L 112 + 0.62 111 +£0.33 106 + 0.86
50 ul/L 89+12.71 81+ 6.64 89 +12.09

X R BFEILE A (%) BB LA T

$ p (inter-day) & 4p 444 % % £ (RSD) :

Concentration(uL/L) | N7y-SFO-Gua | N1y-SFO-dAdo | N6y-SFO-dAdo
Day 1 2.5075 19% 7% 15%
30.9 17% 4% 22%
Day 2 5.165 9% 12% 12%
62 5% 13% 7%
Day 3 0.5 15% 3% 1%
50 4% 9% 9%
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27 b Eht el

AT R * BrtiRipAITREFE - ) B ”"-’%ﬁf’.ﬁ‘%ﬂ DNA z_ 5 & ¢4 (Guanine) =_

|l

=k

C i E AT Uk fES N DNA R s FRAR D > g AL B 2 G
2.7.1 pa-kfa
AR 2 Fok iR B4y X % 4 (Wu, Scheller etal. 1999)4% 412 = iz » = 2
#b%%zr‘f :
1. P10 ug DNA(B84 5 20uL) 4c » 500 uL 0.1 N HCI
2. 3 T0C ks ® 4vdt 30 A 4n
3. R %L g kA4 s (speed-vac) 1t B e A2 iE 12 RAR S 52 (9 1) )
4. 121400 pL 2z 3 B3k w iR
5. % 022uM 2 R34 i B (nylon syringe filter) i ijg {4 & {7 4 47
272 B2 AP T RA AT 2
1. B gh:
» BDS HYPERSIL C18 column(4.6x150 mm, 5 pum)
2. HBEdp
» -k 4p :50mM ¥ f&%(ammonium formate) - pH5.5
> 3 ##4p ¢ ¢ ¥ (Acetonitrile, ACN)
3. g R AR R AT R

> HAZ A EH 10 ul
> OAFTHRNEAEATI R S A4 7 pivRd 100%% 3 97% > % - A R
WeFF L A& TR 5% 2 50% 0 W4 A4 - LA T R

a3F 100% 5 d A= 43 - - A 4E 2 g fadF 1000 pl/min e
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3.1 &R wme RSk

#-3F0% tm 7z (Hepatocellular carcinoma, HepG2 cell) 4 = = ‘= » ¥4l ~ 3 MH £ wPe & &

B (250 uM ~ 375 uM) » FE B~ dmrz 2. DNA 18 » & B i (77 M0k fR ~ i3 K2 ~ F4p
BRFRpEATF B THREGF L FLEF AT TREFET w2 A ERI S HE 0
A2 TRF wHAEM2Z DNA £ %48 > & W& N7y-SFO-Gua & N1y-SFO-dAdo -

W e (4 B 2 % 8 Bk B N7y-SFO-Gua » %] 5 1287 ¢2 2051 DNA adducts/10” base
N1y-SFO-dAdo 4 %] % 7 £ 10 DNA adducts/10” base(l] + - ~ L= ~ Lt =)o

32 #HFR%

AFT 2RI AR RAEAM Y BB F R %RREBH IR IOE 2 A F 28R H
FERIIHIREE ) RZMER 4R tevrrn cBF 2833 HFRBE ] B2
LR R TR SR AR A B ETRE B EF R E n R M3
HMPEE 2 THE B FHF LR o) BRI EHERB ] Rz 95 T%  wags
A PHEE ﬁ%%gﬂ”%iﬂ%&WWH%mM@mwF’h%%ﬁ*ﬁ
o nRFRHENTAEZTHFARLE T HEF O RA (X T)
33ﬁw%ﬁsmﬁg#ﬁ¢ﬁ$%

331 EM LS

FREFPFRERF FHEF LT HF ) QPR E R DNA 2 2 4p K 4735 @ o 45 1
PEAFHRAITSES i dle s 2 MF kB 2 &2 4175 N7y-SFO-Gua » % ¥
FHE MR eI AT I ol > ¢ 30 mg/kg/day 23 A ik A& ~ 60 mg/kg/day

|

\“‘b
.ltt
é‘-
5;
|

1

piss
e
wg

"ml

- BERAMATAP LT E O PR FP > AR T i’zﬂfﬁ—%ﬁ%ﬁiﬁ* EEANANELS
B RR LR A A 3 FIT BN PRI A d Y H G G M A ek £
MEFE AP ERD N A EINER @055 B 2w HNTy-SFO-Gua k& A 4 i 0.338
+ 0.0370 £ 0.342 + 0.0528(DNA adducts/10” base) » @ % % & H#-% % % £ (90 mg/kg/day)2
% £ (120 mg/kg/day)'s 90 mo/kg/day ke — R A BT HRHEITH 0 F | E
2% 2 HOER A w5 04354+ 0.075 £ 0.648 + 0.212(DNA adducts/10” base) » %% % ¥

HAFER i G 253 DNA £ Batd (£ #)X 2 24 AEF M G -~ 4)
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"'T"?*..“:E_.?%‘Z DNA ?;ﬁ?}(?} +7 2 B =+t-)-
332 frErAiEE

CD-1 ] &*dis- Xt p@io AR ITE 24 ) PFIRRZ AP R 1T R RAET
LR BN HFRAFATREAR -2 3 B DN cRRFHANRES EH A
s FHE N 3R Bet 2215 N7y-SFO-Gua > ¥ F H2 K13 HER ¢+ A
15 7 N7y-SFO-Gua > F P/ B35 2 4 A8 7 bl ((H = L) ¢ M1 3 A E kB A v
% 9.62+5.08 ~43.33+15.42 ~ 83.46 + 27.73 ~ 164.29 + 40.99 pg/g creatinine(% - ) °
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41 FRERSFEH

BF AP AGE EP AN ARG 22 PN 0 iBd 3 5 LR
B L4 F i DNA A2 £ §4E% 2 § A %14 42 (Koskinen and PIna 2000) = #a - §
Biz AMAr-BiiHE hfd - P Rni I E R BB A A > 401974 &
pE Stillwell 3 4 325 R F § 4 Sf i) 2 R0 R TS TR B A BHE D R
(Stillwell, Carman et al. 1974) - >+ 1995 # p¥ > Qato % % ¥ #-= & chze s Balb/C & % /| & & &
¥ - B8 (600 umol/kg)ig H% AT F F HF P HER P-UBRZ A RIRIFH
387 LM B R BB T A DNA £ B nAd 4 o gk AP A% DNA £
4 % 4 (Qato and Guenthner 1995) o e o *+ 2P {5 £ 4% 4o 6“7 P> £8P e 2 i A
WA T2 F PPEA YT 0 fh AT F -2 N7y-SFO-Gua DNA % if g4 -
¥ Qato E 4 @iz A AT RPN AR HDNA £ gt o st oh s 201l EREAPRRE S
Ptk g ¥ BERF § HF (30 mg/kg/day) ) &£+ A 45 B N7y-SFO-Gua > & & 14 i

W

Flefz A R %- ~2 A kRAE L 1022014 & 0.73+0.68 pg/g creatinine » A & %

M R TRt % % 60 -] pF(Shen, Chiang et al. 2012) o F]pt » P iE— 8 {7
fo ok DNA & 47 0 frdFd e S 7 2 AT o

RS AR B R IINEY CA AN AR e SR U R L RN A PO A URSE: S0 3 - 0

By APREF R R S HERBT % T3 DA R 552 DNA
#oo 4 4% N7y-SFO-Gua #2 N1y-SFO-dAdo » ¥ &7 58 - B ? e i F % > &
F2 5 Bde 1T S 5T P 2. DNA(I00 pg)ie 7 DNA & 4 4+ 2 2 47 » DNA 375~ 1 i 7 4
Pimd RS BFREY Bk fE s B R ORI SRR 5 P e LC-MS/MS & 47 > 2
@A % A F5 0 47 5] & N7y-SFO-Gua = % F 2 fic | L% » ]t 0 5 - o FEangt L
TAAPEA Y 2 DNA £ ekt AP AR KRS S DNA G4 b i d P RS H
4 3 fﬁﬁ”iiﬂﬁ% s A Bk R B F Bk HEZ B AR (S # % LC-MS/MS A 17 > F)p
ARF R EEBEY FIIP AL N7y-SFO-Gua 438 9 ¥ §+ B2 o 97K
v 22 DNA £ B4 -

4 AR T M EFHDNA R GaERAS Y NT-B- k2§ dhoh chsl st 4
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BB P2 APE RS D AP R RFEC pF L R T A g
Flet N7-B~ 22 K L vBed el RSP ¥ AL 37 Rzt H & G202 & ke
(Shuker and Farmer 1992) - @ 1R3p 3t P e/ A 1T % BT ok B0 RIS AL A2 F

5 DNA % #4554 N7y-SFO-Gua % i e #2ie » Fpb o SRR 5 ip AL PP e i d iy &
173> £ NTy-SFO-Gua sh® sc R Fle @ ipe HMERI T HZAE T PN AnE - HE
(B0 mg/kg)® 5 % 3 A BT » % - % Jkig? NT7y-SFO-Gua sk & = 1.02+ 0.14 pg/g
creatinine (n=4) » &% = X ek & 5 0.73 £0.68 pg/g creatinine » ¥ 7 % = X P i3 1§ P& »
MAPESF TR E8IERFBRPRAMERI T HEZC RS- I EB B R A
173 ek B 5 9.62 £ 5.08ug/g creatinine (n=5) (Shen, Chiang et al. 2012) » 2 F 33 5 F] & A i sz
THRPEE - 2053 B FHA O &AETIRY NTy-SFO-Gua 1342 1 A % & (baseline
level) & {77 - ke & > Flm & S 28 X & @ (8 fik ¥ N7y-SFO-Gua chg § *+ 5 - & £
F B OAR -
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N7-5 Eefed 2 & Bag e Ap ot i X B8 R RREG - FIL R F 5 AR BRI o 2t b > A
¥ 4 4&(N-glycosylic bond) p % {2 -k i# &% DNA #&4% #& # fis (N-glycosylases) it * ™ # "f N7-%
Eofed 2 kgt cnigae? o ¢ R DNA L £ 4 & +fed & & efeishy = (T abasic site,
AP site) > @ AP site B g re %7 DNA 4F % ~ DNA "2 %74 ¥ 5% % % (Boiteux and Guillet 2004) -
B T % e e s DNA S R0 T e 41 B N7y-SFO-Gua » 24 i i 9 4
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PR L Y NFFAFIFR o S +8R kAR T 23
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TR
fwve & g A )4 1 (Chiang, Leeetal. 2011) » pt & % B A P 7 4p 15 Fb 0 AR Tk
FEBALL G AT R S o
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o frfe 4 fo 8 4§ 05 (Physiologically Based Biokinetic, PBBK modle) » 4& & 11§ &
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Amount of N7r-SFO-Gua

(DNA adducts/107 base)
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Concentration (ug/g creatinine)
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2 - -DNAWRA M 2 A=Y 2 p%F BB

(Boysen, Pachkowski et al. 2009)(:%, 2012)

Chemical carcinogens | N7-Gua Os-Gua NZ-Gua N3-Ade |\|1_/|\|6 Ade | N3-Cyt N4-Cyt
Propylene oxide 100 0.6 - 4.4/10 35 -
Ethylene oxide 100 - - 10 10 -
Butadiene oxide 100 - - 15 25 1.5 2
Styrene oxide 100 - 4.5 10 16 5 -
Safrole oxide 100 - - 24.7 81.3 - -
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3 - “DNA £ faeis T8 32 10 R

(Brown 2012)

Method Maximum sensitivity | DNA required Advantages Limitation
(adducts/nucleotide) (ng)
HPLC-ECD/fluorescence ~1/108 1-100 Simplicity Only fluorescent/electrochemically active adducts,
standards required
Immunoassay ~1/10® 1-200 Specificity, localisation of adducts Antibodies needed, cross-reactivity
%2p_postlabelling ~1/10%° 1-10 Sensitivity and versatility, screening High levels of radioactivity, no structural
possible information
Mass spectrometry ~1/10® 10-100 Highest specificity, structural Adduct standards required

information

66




L2 RBARAERTFRESAMC L p2 ) QB hR

Concentration Dose Duration

Compound? in olive oil (mg/kg/mL) (mg/kg/day) (days)
safrole 50 150 28
100 300 28
Safrole oxide 10 30 28
20 60 28
30 90 28
40 120 28
Control 0 0 28
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Ik

(N=5 & 6 » *4 = P<0.05 ; **% 7 P<0.01)

Safrole 0 mg/kg/day 150 mg/kg/day 300 mg/kg/day
Liver weight(g) 1.47 +0.24 1.30 + 0.17 *1.92 + 0.29
Relative liver weight(%0) 548 +0.18 477 £ 0.84 **6.96 + 0.66
Kidney weight(g) 0.39 + 0.06 0.34 + 0.04 0.32+0.03
Relative kidney weight(%b) 1.46 + 0.68 *1.24£0.12 **1.18 + 0.04
Lung weight(g) 0.28 +0.16 0.21 + 0.07 0.19 + 0.05
Relative lung weight(%6) 1.03 £ 0.87 0.76 £ 0.23 0.70 £ 0.15




2 I CDl | 8HEFRIFHEFLSF T W RLIrENHEL
(N=5 & 6> *4 = P<0.05 ; **4 -+ P<0.01)
Safrole oxide 0 mg/kg/day 30 mg/kg/day 60 mg/kg/day 90 mg/kg/day 120 mg/kg/day
Liver weight(g) 1.47 £ 0.24 1.18+0.21 **0.99+0.21 *1.22 £ 0.05 **1.07+£0.12
Relative liver weight(%o) 548 +0.18 **4.15 + 0.57 **3.71+ 0.54 **4.02+0.12 **3.98 + 0.57
Kidney weight(g) 0.39 + 0.06 0.37 £ 0.05 0.33 £ 0.04 0.37 £ 0.04 0.33+0.05
Relative kidney weight(%o) 1.46 + 0.68 *1.31 £ 0.08 **1.23+0.09 **1.21+0.10 *1.22 +0.17
Lung weight(g) 0.28+0.16 0.25 + 0.06 0.26 + 0.05 0.23 + 0.05 0.20 + 0.06
Relative lung weight(%0o) 1.03+0.87 0.87+£0.28 0.96 + 0.25 0.76 £ 0.12 0.74 £ 0.25
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Liver (DNA adducts/10” base)

Dose(mg/kg body wt)? No. of animals N7y-SFO-Gua
Control 5 N.D.
Safrole

150 mg/kg/day 5 N.D.
300 mg/kg/day 6 N.D.

Safrole oxide

30 mg/kg/day 6 0.338 £ 0.0370
60 mg/kg/day 6 0.342 £ 0.0528
90 mg/kg/day 6 0.435 + 0.075
120 mg/kg/day 6 0.648 + 0.212

2 28 repeated doses of safrole oxide and relative compounds.

Fo A REBPERY E ) R TR L AR
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(*# - P<0.05; **£ 7t P<0.01)

Urine (pg/g creatinine)

Dose(mg/kg body wt)® No. of animals N7y-SFO-Gua
Control 5 N.D.
Safrole

150 mg/kg/day 5 N.D.
300 mg/kg/day 6 N.D.

Safrole oxide

30 mg/kg/day 6 **0.62 + 5.08

60 mg/kg/day 6 **43.33 £ 15.42
90 mg/kg/day 6 *%83.46 + 27.73
120 mg/kg/day 6 **164.29 + 40.99

2 28 repeated doses of safrole oxide and relative compounds.
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