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Study on the mechanisms for the production of heterocyclic amine (HCAs) in meat

Hea Jin Kang, Seung Yun Lee, Da Young Lee, Sun Jin Hur
Department of Animal Science and Technology, Chung-Ang University, Anseong 17546, Korea

-
Abstract

The purpose of this study is to investigate the main mechanisms, metabolism, carcinogenesis, and structure with classi-
fication of heterocyclic amines (HCAs) in cooked meat. Currently, more than 25 types of HCAs have been separated,
and it has been investigated that the type of food, cooking time, temperature, cooking method, or water-soluble pre—
cursor materials are the most influential causes of HCAs production. HCAs are compounds mainly produced when ani—
mal products are cooked, and the precursors include sugar, amino acid, creatine, and creatinine, which are components
of muscle tissue. It has been investigated that imidazoquinolines and imidazoquinoxalines are formed by cooking and
processing food, and HCAs are produced through Strecker degradation by Maillard reaction. To summarize the carcino—
genicity of HCAs, DNA adducts are produced by activating N-acetyltransferase (NAT) enzymes by cytochrome P450 1A2
(CYP1A2) in the body, starting with the amino group of HCAs. This leads to cancer development because it changes

to a DNA sequence that is genetically identical to the mutation p53 that fails to suppress tumor development.
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AAEAZTE =4 o AtaolA] AAS 9 7hgsoA T
AEHo] BHE & Arhe B7EE WEHA A1E] gk flsh
g1} FgAdo] Uf-F o' F =vto] H Ho| qJr}. 1
T 575kl ANARCRE §57 AH|E2 AEHoE FUlst
1 Ql= FAloIH, 273l thigt ¥H4o] oA HA S5 A3
7} 1730l 3784 B M 5 U W EI HgeHA &
F511 Qth(Kang et al,, 2022). S5 2 oJFZ 150C oAk 11
207 zT AL, dEZAIEE] ofHlF (heterocyclic amines,
HCAs), TiHIRRE elskeAy(polycyclic aromatic hydrocarbon,
PAHs) 53 22 WerE4o] A4dE 740l AUrk(Kang et
al., 2022; Kim, 2009). £35], 1977d g€ oS 4 289 &
HolA A3 EHE HCAsE 12004 22| A] wiojof= §h3-
o ofste] A=, 2] 2%, AL W, §9 TF E= 4
£ 50| Aol & IdF= = A= LA SUthDong et al,,
2011; Nagao et al., 1977). HCAs= AUollA] N-hydroxylated by

cytochrome P450 1A2(CYP1A2) 4] 9J5}lo] DNA adducts
ABABHI Turesky, 2007), o] <} oJ4] Tao] Setutoloh
HAZ 07 UYASH= DNA sequence® HFE|o] o 2Ago] 9
fQlo] =kl B 1% }itH(Alagjos et al., 2008; Snyderwine et
al., 2002). "IEE A 712+ 5k, olE A7)
9J%h tiokek AYATF SEIo] 0P Kang et al, 2022), F
Ast 24 9 & SREEC] 23t viojof2 ¥kg- 2JA|2} probiotics
of olgt A AE & A8 B3 59| AT At HuElct
(Lee et al., 2020; Myung and Joo, 2012). @A & Lol A=
HCAS®] 547 clafeh Wl 712 5.& Qpakoml 2745 4
5 AlFe ik fRt 712ARE Algst] Yl =

O s
21 2 u¥

Heterocyclic amines (HCAs)

HCAst olf 9§57, 53] 482 100C ole] 120
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A Z2Eo1E A WA Thet e B SRl Y &
Zo]H(Gibis, 2016), Nagao 5(1977)°f &Jslo] 7}~ HYZ %
25t o] 8 2 207 XSt 239 FHOA Ames’ Salmonella
bacterial mutation testg 59l A2 WAEATHKang et al.,
2022). o]% ojF d SR{E XIS W BA== HCAset
TE 22 A7t XgEo] gEom(Table 1), A= 2574
o1d9] HCAs 77} =3t HCAsO] A4S stk ¢
lo] gt ¥l 7het 9] F5, 28 ARE 2%, WY
= 84 A B4 5] 7P & S nIRIT A dEA
QIth(Dong et al., 2011). 1993¥ A & 9 7]94The
International Agency for Research on Cancer, IARC)°]| 2]5}o]
AUA L 8 & 5= Y 59 £ PhIP(2-amino-
1-methayl-6-phenyl-imidazo [4,5-b] pyridine), MelQ(2-amino-
3,4-dimethyle-3H-imidazo[4,5-f|quino-line) X MelQx(2-amino-
3,8-dimethylimidazo[4,5-f] quinoxaline)”} class 2BZ A|F =]
11, £3] IQ(2-amino-3-methylimidazo [4,5-f] quinoline)S S5
dobAo] & o] class 2AZ EFE]|ITHGibis, 2016; Kang
et al, 2022). A3 Ao W= S57 3 o]FE 527t HCAs9]
3 A2 o 78 9 4 EE A4 Sof ohg gl
= 93 g9loz d#A UtiTsen et al., 2006). TEhA S5
% o} ] HCAsS] AL Zol7] Sivt cleret A7} 1]
of g, GEAS PO FAATAS W AAT )
HCAs 3/ Aol avs gl 4= UATHAhn and Griin,
2005; Tsen et al., 2006). Jung and Shin(2009)2 41175 11-&
O = 71gsl7] Hof| AAHRIAIRE A gsh= Algto] 445 4
< ¥ HCAs7} A== ZE gRlskqith

+x ¥ 2F

HCAsE= +%0] w} aminoimidazoazoarenes(AlAs), amino-
carbolines(ACs) 150 & EEEH(Fig. 1, Kang et al., 2022),
Table 2= AlIAs 1%, Table 32 ACs 1E9] 3}ty oz}, &
A 9 BAERS YERYITHKang et al., 2022). AlAsE imida-
zoquinoline(IQ)-type compounds F+= thermic HCAsZ}11 % &
2™, quinolone, quinoxaline, pyridine®] QA% imidazol”| &
Z¥31, 150C-300CoA 241 Z25k= 529t ofn]:-AKamino
acid), &0}l (creatine) E+= I o}E] U (creatinine)2] ¥R3-O
2 AHAEKGibis, 2016; Kang et al., 2022). AIAs= 300C O]
Stofl A A=) ol 7HdollA 2ok 2AMAE FE
5] AJA 7153 Kang et al., 2022; MFDS, 2017). AlAso] <
5= tj#ZAQl HCAs:= PhIP, MelQx (2-amino-3,8-dime-
thylimidazo[4,5-f] quinoxaline), MelQ, IQx(2- amino-3-methyle-
3H-imidazo[4,5-f]quinoxaline), 1Q, 4,8-DiMelQx (2-amino-3,4,8-
trimethyle-3H-imidazo[4,5-f]quinoxaline), 7,8-DiMelQx(2-amino-
3,7.8-trimethyle-3H-imidazo[4,5-f]quino-xa-line), Tri-MelQx(2-amino-

3,4,7,8-tetramethyle-3H-imidazo [4,5- f]quinoxaline) 5-0] ].0H,
o= 24 2L zF=tKKang et al., 2022). Aminocarbolines
+ non-IQ-type compounds = pyrolytic HCAsZF1l &E2|H,
JEZ] FXEA olu| 15F0] pyridine IS 2k, 300T
ol AL2oM FEJshe B¢ otvlieAl B T pyrolytic
HkSo]] 9J5te] FAJETHKang et al., 2022; Tsen et al., 2006).
Aminocarbolines®] £3H= JH#Z?l HCAs:= AeC(2-amino-
9H-pyrido [2,3-b]indole), MeA@C(2- amino-3-methyl-9H-pyrido
[2,3-blindole), Harman(1-methyl-9H-pyrido[4,3-b]indole), Nor-harman
(9H-pyrido [4,3-blindole), Trp-P-2(3-amino-1-methyl-SH-pyrido
[4,3-blindole), Glu-P-2(2-amino- dipyrido[1,2-a:3’ 2’-d]imidazole)
50| EAstH, vl JEE ZEH=THGibis, 2016; Kang et al,
2022; Tsen et al., 20006).

Y 71

HCAs= 53] 584 A&2 29519 1 & Ush=
SRIEEA], &85 23]9] /4841 Y(sugar), oF| 4K amino
acid) = I o}El(creatine), | O}E](creatinine) S°]| 1
ZFA|o|tH(Salmon et al., 1997; Tsen et al., 2006). A]=0] %
2 2 7o 9Jslo] 1Qs ¥ imidazoquinoxalines©] A= 1l
(Kato et al., 1996), Tto]ok2 HE3(Maillard reaction)o]] &gk A
EF|A E3df|(Strecker degradation)s E5}0] AAJHTHKang et
al., 2022; Tsen et al., 2006).

ofojol= Hkg

ulo]of2 HkS{(Maillard reaction)0|gt H| g4 ZH HES-O
2, aldehyde®, ketone:2] SHUFHe} HElo| &, ofn| AL o
H1E] 59 A ofrlicAto] A& REESte] A A4 9 FH|
7} ¥Hdsk= AS Wikt (Danehy, 1986; Kang et al., 2022).

nfolof2 Wk3-0] XF AHEEA] 3| Edo] AEE 2
Fig. 20] Yepfiglom, Al TAZ Js¥HchKang et al., 2022;
van Boekel, 2006). 7] 3= WA= opu|k 1% 2 G
W3- 07 AJZkslo] aldose”} A HiEA| Q] N-glycosylamine2
AJAJSkcH(van Boekel, 2006). 013 A4 wiGA7} S5 24
2 H3E= ofutr ] ZQj(Amadori rearrangement)o]] 2J5}o]
Aol (ketoamine)o] FASI=T, ofole] 49 o] ot
o Aol B4 S % WA slolok Wk v} 2
THKang et al., 2022; van Boekel, 2006). TF2 ASHE £ o
A2 AEol(ketoamine)o| H-L-A]2.Z(deoxyosones), THo|H]
A 2&(dideoxyosones), Sto]EZAH D FEEF L hydroxyme-
thylfurfural, HMF) ¥ 2]5E(reductone) 40 & AFSHETHO Brien
et al., 1989). & AEY A B3| TA|(Strecker reaction)= Z]
5J=0] ofu]iAls} ¥-5m, ofuliAle] e U Hofule
W8S AA dHlsto]=(aldehyde), TAEA o] AFAE



Table 1. Quantitative data on heterocyclic amines in cooked meat (ng/g)
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Meat type %Oei'ﬂgg tg?gfir(]% tigoeo?r?wgn) 1Qx 1Q MelQ MelQx DiMelQx  PhIP Reference
Pan fry 225 12 - 2.8 2.0 3.5 3.0 13.3  Balogh et al., 2000
Pan fry 225 20 - 5.3 3.5 5.8 48 31.4  Balogh et al.,, 2000
Pan fry 200 14 - 1.36 nd 0.3 1.4 0.9 Klassen et al., 2002
Pan fry 220 14 - 1.7 nd 0.3 nd 0.2 Klassen et al., 2002
Pan fry 160 14 - 0.4 nd 0.3 1.8 1.1 Klassen et al., 2002
Beef patty Pan fry 230 10 - 0.7 - 7.3 1.0 32.0 Knize et al., 1994
Pan fry 170 12 - nd 9.3 - 6.32 nd  Janoszka et al., 2009
Pan fry 204 12 - - - 33 03 53 ruangsombatetal,
Pan fry 200 20 - 3.2 20 227 1.7 12.1  Ahn and Griin, 2005
Pan fry 230 8 - nd 6.6 21.6 1.4 7338 Dong et al., 2011
Pan fry 190 10 - nd - 1.3 1.1 9.8 Knize et al., 1994
Barbecue 200" 6 nd 0.78 062 0.31 0.28 nd Oz et al.,, 2010
Beet chop o 200" 6 061 068 035 nd nd nd  Ozetal, 2010
an fry ,
Pan fry 180" 16 - 447 - nd nd 1.1 Keskekoglu et al., 2014
mE,aet%fall Barbecue 180" 20 - 303.1 - 35.2 nd 1.2 Keskekoglu et al., 2014
Oven 180" 27 - 139.2 - 29.6 nd 0.6 Keskekoglu et al., 2014
o ooty Y 208 6 nd - - 11 12 1g Fuengsombetetal,
Pan fry 180 5 - - - 3.2 0.71 18.4  Zhang et al., 2013
Pan fry 177 9 - - - 0.6 0.3 0.3 Shin, 2005
Pan fry 225 21 - - - 5.0 1.7 10.5 Shin, 2005
Pork chop  Braoil 177 12 - - - 1.2 0.3 nd Shin, 2005
Broil 225 19 - - - 1.6 0.7 2.7 Shin, 2005
Bail 100 8 - - - 0.4 nd nd Shin, 2005
Bacon  Panfry 172 3 31 - - 40 36 69 Fuanosombatetal,
Chicken  Pan fry 180 16 - 55 - 6.1 nd 0.8 Keskekoglu et al., 2014
meatball - Barbecue - 20 - 55.5 - nd nd 0.9 Keskekoglu et al., 2014
Pan fry 180 5 - 0.6 0.2 1.2 0.5 6.1 Bermudo et al.,2005
Pan fry 200 8 - nd 15.3 15.0 nd 109.4 Dong et al., 2011
Pan fry 220 12 - - - 1.0 0.5 29.7 Solyakov et al., 2002
Chicken  Pan fry 180 10 - 1.8 - 1.8 1.1 18.3 Liao et al., 2010
breast  Barbecue 180 5 - nd nd 0.3 0.3 3.4 Bermudo et al.,2005
Oven 345 40 - - - 1.7 0.3 3.0 Solyakov et al., 2002
Oven 200 20 - nd - nd nd 0.04 Liao et al., 2010
Boil 100 23 - - - nd nd nd Solyakov et al., 2002

" Before cooking by various methods, the meat surfaces were preheated up to this temperature, then the meat were cooked
by cooking methods and time. Modified from Kang et al. (2022).
-, no analyte; nd, not detected.
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Fig. 1. Structure of heterocyclic amines. (A) Aminoimidazoazoarenes, (B) aminocarbolines.

Table 2. Classification of aminomidazoazarenes group in heterocyclic amines

Chemical name Abbreviated name Properties  Molecular mass
2-Amino-1-methyl-6-phenylimidazo[4,5-b]-pyridine PhIP Polar 224
2-Amino-3-methyl-imidazo[4,5-f]-quinoline 1Q Polar 198
2-Amino-3,4-dimethyl-imidazo[4,5-f]-quinoline MelQ Polar 212
2-Amino-3-methyl-imidazo[4,5-f]-quinoxaline 1Qx Polar 199
2-Amino-3,8-dimethyl-imidazo[4,5-f]-quinoxaline MelQx Polar 213
2-Amino-3,7,8-trimethyl-imidazo[4,5-f]-quinoxaline 7,8-DiMelQx Polar 227
2-Amino-3,4,8-trimethyl-imidazo[4,5-f]-quinoxaline 4,8-DiMelQx Polar 227
2-Amino-3,4,7,8-tetramethyl-imidazo[4,5~f]-quinoxaline TriMelQx Polar 241
2-Amino—-1,7-dimethyl-imidazo[4,5-g]-quinoxaline 7-MelgQx Polar 213
2-Amino-1,7,9-trimethyl-imidazo[4,5-g]-quinoxaline 7,9-DiMelgQx Polar 227
2-Amino-4-hydroxymethyl-3,8-dimethyl-imidazo[4,5-f]-quinoxaline ~ 4~-CH,OH-8-MelQx Polar 243
2-Amino-1,5,6-trimethylimidazo[4,5-b]-pyridine 1,6,6-TMIP Polar 176
2-Amino-3,5,6-trimethylimidazo[4,5-b]-pyridine 3,5,6-TMIP Polar 176

(Kang et al., 2022; O’Brien et al., 1989). 4 ZHEL ==
SHaldol condensation) ¥F3-& AX|HA 472 A& 2 71HYd
719 & HhS2 F e th(Kang et al., 2022). o]2{?t ¥7go]
HHEEHA depioolt AJEo] sk, $Ed | 2]

A Elo] Zu])7} FEETHKang et al., 2022; O’Brien et al.,
1989). of2{3t gn] F-o] AFAt Hol Bitas AT
O 24 oxazoles, imidazoles, pyridines, thiazoles, pyrazines T

= pyrroles?}

2o APy WIS A7) SRRe] AYEt
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Table 3. Classification of aminocarbolines group in heterocyclic amines

Chemical name Abbreviated name Properties Molecular mass
2-Amino-3-methyl-9H-pyrido[2,3-b]indole MeAaC Non-polar 197
1-Methyl-9H-pyrido[3,4~b]indole Harman Non-polar 182
9H-Pyrido[3,4-b]indole Nor—harman Non-polar 168
3-Amino-1-methyl-5H-pyrido[4,3-blindole Trp—-P-2 Non-polar 197
3-Amino-1,4-dimethyl-5H-pyrido[4,3-b]-indole Trp—-P-1 Non-polar 211
2-Aminodipyrido—[1,2-a:3",2’~d]imidazole Glu-P-2 Non-polar 184
2-Amino-6-methyldipyrido-[1,2-a:3",2’~d]imidazole Glu-P-1 Non-polar 198
4-Amino—6—-methyl-1H-2,5,10,10b—tetraazafluoranthene Orn-P-1 Non—-polar 237
4-Amino—1,6-dimethyl-2-methylamino—1H,6H-pyrrolo- Cre-P-1 Non—polar 244
[3,4~flbenzimidazole-5,7-dione
3,4-Cyclopenteno—pyrido[3,2-a]carbazole Lys—P-1 Non-polar 246

Sugar + Amino group

I

N-glycosylamine
Amadori | T
rearrangement i
Ketoamine

N -
v *_Amino group

Deoxyosones & Hydroxymethylfurfural
' \-;[ Sugar fragmentation |
Reductones

l‘\ Amino aCid
reaction
Strecker aldehydes + others

Pyrazines

Oxazoles Imidazoles

Pyrroles  Thiazoles

Fig. 2. Overview of the Maillard reaction showing flavor
compounds as end products. Modified from van
Boekel (2006) and Kang et al. (2022).

(Kang et al, 2022; van Boekel, 2006). £3], pyridines=
imidazole”7]9} FZAE™ 1Q-type compounds(IQx, MelQx 5)
2, ol 157 AZEW non-IQ-type compounds(Harman,
Trp-P-2 )= dHJHth(van Boekel, 2006).

AEY|7| 2ol

AEA B 1862 A. Streckero] oJ5to] A& WA
A3, Lebdt Falo] dE4Kalloxan)of HH3S1HA o EYUT]
S}0| E(acetaldehyde)?} o] AUH 2L H|5I0| = (isovaleraldehyde) 7}
FAEE AS oJu|stth(Kang et al., 2022; Strecker, 1862). 1L
715 7HE3E o 'Aske S(flavon)E floto] -84 A
Ao ufolofz wHg U Ahe] B e FRFHTHKang

BN

et al., 2022; Mottram, 1998). 7}& A] ]3] B3} 4t
A Afol9] Bt & Rk ¥kl 9ot w2 whgEo| WX
shH, 7Hdsk= S9F A8E A IRkEE 1] E79
]o]] 7]ojgHH(Kang et al., 2022; Mottram, 1998). H|324] &
A2 o] J&, F1] Ao} = A 249 AAAE 4
=, PG EE2 of|Al, 2234, Eolyl, & QA
(sugar phosphates), = 7|4k} 22 =84 AFAZHE
78 Al A=K Bailey, 1994; Kang et al., 2022).
AnkH o g AEH A Eof= mlojof2 ¥hg A=A R
2, ¢-tj7iRd 5}5HE(e-dicarbonyl compounds)d} $HA|
Eft= AR e-oF]ieAke] Bhgo]thRizzi, 2008). BHrshE
4 EZ(1- = 3-deoxyosones)o|ut 1 ZZ} EZ(glyoxal,
diacetyl, = pyruvaldehyde) ¢-t715d WREAIE Al5SH
CH(Bailey, 1994). RFS3h= &9 ¢-ob|ieAbe E7H2540}
TS AXHA AEHFH LHolo|=(Strecker aldehyde)=
Bl wet &3l 77go] o]FojXIth(Rizzi, 2008). AEHA
Foflo] STHEERA] -0 7 He d(g-aminocarbonyl), OFIZ Q1
(acyloins), 18] O, N-3l|H|ZAMC]E2E] F}3&E(0, N-heterocyclic
compounds)o] AAJHETHL LA UthRizzi, 2008).

oz

0 of

CHARZRE

Ae] 2704 HCAsS] £/d2 thdet 92 & ] tiAt A
28, Z¥7) DNA adduct®] & 8% E= EHo] Fdof of
St F-829](gene locus)®] Fi 5l oJsto] thE agE HA
THKang et al., 2022; Turesky, 2007). ¥4 0 & HCAs= 7+
oA 7 s8] HiAE o]FolAH, HCAsS| thAl IHg-
Fig. 30 YEFHITH Alagjos et al., 2008; Kang et al., 2022).
AL Y AF2 HCAsY o]l IE(exocyclic amino
group)°] CYP1A29] 2J3}| N-hydroxylation =, &} X}
ol oIxlg gHAJEithKang et al., 2022; Turesky, 2007).
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: Boost of activity

: DNA adduct induced cancer

HCA metabolite NAT2/NAT1 wimetabolized
<+— N-acetyl ester « . — > excretion
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CYP1A2 | N-hvdroxyiation
DNA b, T DNA bases
o M N-hydroxylarylamine
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,

N-acetoxy ester
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! }
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Fig. 3. Metabolism of heterocyclic amines (HCA). Modified from Alaejos et al. (2008) and Kang et al. (2022).

CYPIA2= & AHEOIE, HFA 59 AXIHARE £415t
At dR= &4 EAdEEE A5 (Kang et al, 2022;
Liong, 2008), N-acetyltransferase(NAT) G4 A4S A7)
L Aoz 4EA QJrHAlagjos et al., 2008; Kang et al., 2022;
Snyderwine et al, 2002). NAT2: aromatic amines®] N-
acetylation 2! N-hydroxylated derivatives®] O-acetylation 25
Tofst, N-acetylation sfis 23t #-AEo] 9L, O-
acetylation 45} -3} #E|o] QI Alagjos et al., 2008;
Kang et al., 2022; Snyderwine et al., 2002). O-acetylation®]] 2]
Sto] Z/JSkE of|AH|E(ester)i= DNAS] Z5HHA DNA
adductS FYSAL T2 T U AE AR w33
(Alagjos et al., 2008). ¥F-3-E-2 A}HZA 0 & 5-OH-PhIP ¥ T}
£ HAHMEERE E9fjE]1l, DNA adduct= EARI0l oF 58
0 9 B4 ol T 2L Gk Lol SArAlacjos
et al., 2008; Kang et al., 2022; Snyderwine et al., 2002). Y5 o
APAFE- glutathione S-transferase(GST) 2 uridine 5’-diphospho-
glucurinisyltrasferase(UDP-glucurinisyltrasferase) S S5lo]
Zoly Ao E HjEE7]% St Alaejos et al., 2008; Kang et
al., 2022).

= o
Arjole] o e AEdA

210] of kY 2 5 5 844 aan
ohjat, ALBZolA W2 HIE-G AR5k Qlet. ThiE A%
oJsto] 310 o] WAPsA] QhAIuE, 4)Eo] SHaElo] 9]

1 7Fg 5 sk EtEEo] Ao Y HIZITHKIim et
al., 2001). tjEA o & FZo] =4 (mycotoxin), N-UEZ4A 3}
SHE(N-nitroso compounds), S|E|ZAMC[EE] o}HIF(HCASs), 2]
E W EAok=s Al E(safrole) 2 7FE[E(catechol), A A&
of] ZA5k= od 7Htd|o]E(ethyl carbamate)”} Y-S {5t
tha &2 A QJthKang et al., 2022; Kim et al., 2001). 1%
HCAs= g 4 7t 5 237] 2 fdcks E4EA, A&
1A GHldr] 9 B2 tigt §4 =4 AR 2t A
= 710 I2FS W A= IR 54 =4 AAF 2
o} BTt AZ FRIgE AofA AIAEITHKang et al,
2022; Nagao et al., 1977). 0|50 #2l Aojzg] & L& 4317]
A= GE3| AEQ] HCAsE E2I5MH 1 (Kang et al., 2022;
Kim et al., 2001), 2= HCAs*= Salmonella typhimurium©]| T
sto] S0l fEZ SIS 9t ofeh, Ads=2 o
A, A, AgAoIA o R 22 Eof HCAs| #40]
H 4 98-S Z851cKSugimura et al., 2004). Kim(2014)2]
A to] w2 MelQx©]l 2J5to] AAJ%E DNA adduct= 7HA|
Qo] ¥kAY Q1o &= g4 o)A E(enzyme altered cell) 2
A& ok, PhIPo] I3t DNA adduct= 2749] H|AAFH
3= dS SEsle Aoz HuEQch AlE oA 2y
7Fs%F HCAsQ| 2 1% mlfolx|ut, &A= 3t 7
S QA o 7/l 71 el A Al At &
o] 2=

IQ, MelQ ¥ MelQx= G-AXCE HIFH S yyphimurium®]
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of2] Fof 285 Ames assayollA] FA Q1 ve|gol =A™
0]E X tH(Turesky, 2002). SHHo| &9 22 O-acetyl-
transferase(OAT) 849 95t W= =6, OAT= P450 &
A0]] 9J3] 171834 N-acetoxy-HCAS AJ/AJ5}al, A3 DNAO]
A AFSHHKang et al., 2022; Turesky, 2002). TW=hA 1Q2}
MelQx70] OATO] oJate] E4Jske HCAsE OAT HA] A] S.
typhimurium TA98/1,8DNP6°]| Tfgt E%iHo] 3 §3o] 7
A TH(Kang et al., 2022; McCoy et al., 1983; Turesky, 2002).
W2 OAT7} 353t S typhimurium tester strain YG1024+=
ZAE HCAsS =4 Ao ¢ vizsithKang et al., 2022;
Turesky, 2002; Watanabe et al., 1990). “121}, BHg|g|olo] =
Aol I 582 X[F} FAISHA] YTHKang et al., 2022;
Turesky, 2002). Z-3F0]4 DNA adduct:= DNA HA} 2 EA|
£ st ©d E= the S9RolE SRt LA 9l
1, EAHelE Fol] fIslA= DNA sequence, o] 3
A] DNA %% = DNA adduct T-39] G HH=th(Hwa
Yun et al., 2020; Kang et al., 2022). J:oFd(G) & E|FI(T)<]
£ ols =YHo](frameshift mutation)= DNA sequence©] U
2 2= 22072 AT, AT to GC, AT to TA EdHo|S
=9 Hwa Yun et al., 2020; Kang et al., 2022; Turesky,
2002). Al G A4 PhIPo] o3t EHol= & GC
to TA W3S E3f ¥A¥5}H(Kang et al.,, 2022; Morgenthaler
and Holzhduser, 1995; Turesky, 2002), YAE WA A|3EofA
PhIPo| 9J5F EIHHo]= CG to AT ¥ GC to TA HIS E3F
whAskh . B %] it Carothers et al., 1994; Kang et al.,
2022; Turesky, 2002). GollA] T2 #HF=|H 217k p53 Z9F
Edo|9} SAA 0T AX|5HH(Hollstein et al., 1994), p53
BRSO 2o Tofekz % o] AR A ps3 B
HIo|= ps3 IS Wooto] B WAL FekchHan et al,
2018; Kang et al., 2022).

my

=

B QT HCAO] B4t thalaby ol et why 714 52
ZAFt] ANISIGTE HCASE Hlojole ¥ige] ofg AEH
25 ¥ Bo) 22 Aol Hjol, BHE HCAsS] L
ofuli IFS AR WA 5] Eoks Sdole} §
AR o2 AT GG WsHt] 98 5K DNA adduct
st 71t Belo] e Ao It weh £
T HCAs®] BeF 7182 AR AT A% AE 4
AL SR 7IZARE AFE S %S Aol Amar,

oo W
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