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Toxicity of acrylamide and glycidamide and the protective effects of
allicin on them
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ABSTRACT: Acrylamide (AA) is one of the important endogenous contaminants in food and is classified by
the International Agency for Research on Cancer (IARC) as a probable human carcinogen. Glycidamide(GA) is
an important epoxide metabolite of AA in vivo, and its cytotoxicity and genotoxicity is stronger than that of AA.
Recent studies showed that allicin had strong protective effects on the oxidative damage of tissues and cells
caused by AA and GA. This paper focused on the metabolic toxicity of AA and GA, meanwhile the protective
effects of allicin on the toxicity of AA and GA were also reviewed, in order to provide a theoretical basis of
allicin (or even garlic extract) to be a possible dietary supplement for preventing the toxicity of AA and GA.

KEY WORDS: acrylamide; glycidamide; allicin; metabolic toxicity; protective effect

= a, s s H s
1 51 & “
[1] AA
(acrylamide, AA) >
, AA , , AA
£&£mMA: (31571939) (20150101119JC)
(450060521087)

Fund: Supported by the National Natural Science Foundation of China (31571939), National Science Foundation of Jilin Province
(20150101119JC), and Talent Foundation of Jilin University (450060521087)

*BITEE: , , E-mail: yuan_yuan@jlu.edu.cn
*Corresponding author: YUAN Yuan, Associate Professor, College of Food Science and Engineering, Jilin University, No. 5333, Xi’an Road,
Changchun 130062, China. E-mail: yuan_yuan@jlu.edu.cn



239

Bl 1994 AA 2 AA f1GA MR IEREREM
(IARC) 2A
3] AA AA P450
(91
i AA GA GA DNA s
/ AA
(Joint FAO/WHO Expert Committee on Food Additives, AA 1o 1’4]
JECFA) AA 2
2011 i ,AA AA
1 pg/kg bw-d, 4 pg/kg bw-d,
(4] P450 GA ,
’ [15)
AA 0.4 pg/kg bw-d, JECFA AA GA™,
’ AA (55%) ; (GST) , AA
(18%)"! ; UI;— -S-
s AA 2 ) 2
AA AA  GA (Hb)
—_— (glycidamide, DNA > DNA
1017201
GA) [6-9] 5
R &R AR &R
lobi X N 0 lobi 3 N L 0
globin,, globins
N ‘D
GRS b Hﬁl NH HJ:L NI
AAVal GAVal
N2-(2-2 2 2 - 2,045 A TR 2-(2-% Ik F IR -2- 15 2 58-S A
DNA
Pas
T LR E T +1[[L2LEEV &
P A R fie RS A L
AA GA OH
TARfR it 0 2R (0, 25 P45 ORR o O &byl HO\)\(O
z f > _—
> ( NH,
NH, NH, Glyceramid
2, 3- TR N
TTAAAR P
o ik (PR
0 Ho0c ,\i N7 o HN O
HOOC S ,\)LNH S NH, HOOC \l/\s’ﬁ)k NH, | HOOC LOH
I 2 NH 2 Y s
YNH 0 \ll' \rNH OH YH
o 0 Y
o )
AAMA Suifodd AAMA GAMA 150-GAMA.
N- 7. Wih-s-(2-54 5L F 5 N- 7. Wih-s-(2-54 5L F 5 N-Z.Fji-s-(2-%4 5% B N-Z,#f-s-(1-24 2 L AR

2L

\_ 2Lk

1 AA
Fig. 1

AA metabolic pathway!

\_ 2HZHL-FIE

[17-20]

17-20]

2-2 232 R R



240 7
,  AA AA  GA , ; ,
, N2-(2- ; ,
- ) (AAVal) N2-(2- -2- )- ; (28] , 2]
(GAVal), AA  GA DNA DNA
, AAMA GAMA ,
(el Prasad %
AAVal GAVal AA  GA ,
s AA Helen BU
Hartmann 2% 1000
, AAVal 15~71 pmol/g s s s
GAVal 14~66 pmol/g (21.22]
AA GA
, Paulsson [ AA GA R , > >
AAVal GAVal s s
AA  GA ,AAVal  GAVal , ,
H AA GA s s >
AA
AA GA DNA AA GA DNA ,
, AA  GA DNA
[32-34] GA
GA DNA AAPY , AA  GA
AA , GA ,
DNA G A) DNAGA 32 A#ES AA BHHRPER
N7-(2- -2- ) (N7-GA-Gua) AA
N3-(2- 2- ) (N3-GA-Ade) NI1-(2-
2- )2’ (N1-GA-dA) N6-(2-  -2-
)-2° (N6-GA-dA), ’
(2425] DNA ICs 9.61 mg/mLEY
, Maniere 29 AA GA ’ ’
AA
N7-GA-Gua N3-GA-Ade AA MIT 03]
50~100 ; Von Tungeln 7 , ’
3.75 7.5 15 umol/L
N3-GA-Ade N1-GA-dA 11 ,
N6-GAdA (P>0.05), 3.5
' umol/L  AA
DNA-GA N7-GA-Gua
(P<0.05), ,
N3-GA-Ade , N7-GA-Gua  N3-GA-Ade AA
AA AA  GA “ ’
AA Zhang % AA
DNA ,
, AA
’ (SOD) (GSH)
3 KFrEXT AA F1 GA HMARIPIER (P<0.05),
SOD GSH ,
31 KmEMEANR (MDA) 8-
(allicin) (Allium sativum L.) (8-OHAG ) (P<0.05) AA
(DATS), CsH,005 s R AA
DNA

AA



1 , 241

, AA MDA GA , SOD
AA [32-341 (P<0.05),
AA [39]
AA 8-OHdG , GA
8-OHdG , GA 8-OHdG
, , , GA
AA DNA
ROS , AA Wang ~ [4041] GA
, , GA
(AST) , GA 4 AA
(ALT) (LDH) (BUN) ,
, 20 mg/kg bw-d 8-OHdG ROS BUN LDH AST ALT
AA MPO , SOD GSH GST
, AA , GA AA  GA ,
, AA GA ,

, IL-6 IL-18 TNF-a

&4 +
,IL-10 (P<0.05), AA 4 B %
, (MPO) AA
(P<0.05) AA _GA , AA
> GA
kappa B(NF-xB) s AA  GA
8-OHdG , AA AA  GA
, s AA GA
AA
, AA  GA
33 AmEX GA SMHARIPIER
AA , P450
GA AA  ,GA DNA , ; AA - GA
[42] [43,44]
B3 GA AA ’
3. [45] [46]
N N AA ’
GA DNA , AA- GA
DNA[36] > s
AA DNA B GA
DNA , AA GA S
B8, GA AA/GA ,
AA/GA ,
Zhang  BZ , GA ’
ALT AST ,
ALT AST s GA o
’ [1] s , . [M].
S- GA 1998.
s GSH Feng XD, Zhang ZY, Shi LH. Polymer dictionary [M]. Beijing: China

Zhang [32-34] s Petrochemical Press, 1998.



242

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

> . [
(3): 242-244.
Yu SF, Xie KQ. Neurotoxicity studies of acrylamide [J]. J Toxicol, 2005,
(3): 242-244.

, 2005,

IARC. IARC monographs on the evaluation of carcinogenicrisks to
humans. Some industrial chemicals, acrylamide [Z]. Lyon: WHO, 1994.
Joint FAO/WHO Expert Committee on Food Additives (JECFA).Safety
evaluation ofcertain contaminants in food. WHO Food Additives, Series:
63 [Z]. Geneva .
Chen F, Yuan Y, Liu J, ef al. Survey of acrylamide levels in Chinese foods
[J]. Food Addit Contam: Part B, 2008, 1(2): 85-92.
Celia M, Nuno GO, Marta P, et al. Cytogenetic damage induced by
acrylamide and glycidamide in mammalian cells correlation with specific
glycidamide-DNA adducts [J]. Toxicol Sci, 2006, 95: 383-390.
Nan M, Hu JX, Churchwell M, et al. Genotoxic effects of acrylamide and
glycidamide in mouse lymphoma cells [J]. Food Chem Toxicol, 2008, 46:
628-636.
Naoki K, Hiroko S, Mayumi S, et al. Genotoxicity of acrylamide and
glycidamide in human lymphoblastoid TK6 cells [J]. Mut Res, 2006, 603:
151-158.
Paulsson B, Granath F, Grawe J, ef al. The multiplicative model for cancer
risk assessment:Applicability to acrylamide [J]. Carcinogenesis, 2001, 22:
817-819.
Tilson HA. The neurotoxicity of acrylamide: an overview [J]. Neurobehav
Toxicol Teratol, 1981, 3: 445-461.
Lopachin RM JR, Lehning EJ. Acrylamide-induced distal axon
degeneration: a proposed mechanism of action [J]. Neurotoxicology, 1994,
15: 247-259.
Costa LG, Deng H, Gregotti C, et al. Comparative studies on the
neuro-and reproductive toxicity of acrylamide and its epoxide metabolite
glycidamide in the rat [J]. Neurotoxicology, 1992, 13: 219-224.
Dearfield KL, Douglas GR, Ehling UH, ef al. Acrylamide: a review of its
genotoxicity and an assessment of heritable genetic risk [J]. Mut Res, 1995,
330: 71-99.
Dearfield KL, Abernathy CO, Ottley MS, et al. Acrylamide: its
metabolism, developmental and reproductive effects, genotoxicity, and
carcinogenicity [J]. Mut Res, 1988, 195: 45-77.
Melanie 1B, Hermann MB, Drexler JA. Excretion of mercapturic acids of
acrylamide and glycidamide in human wurine after single oral
administration of deuterium-labelled acrylamide [J]. Arch Toxicol, 2006,
80: 55-61.

[J]. ,2011, 11(4):139-146.
Li D, Jin C, Tang GP, et al. Progress in metabolic mechanism and in vivo
toxicity of acrylamide protection [J]. J Chin Inst Food Sci Technol, 2011,
11(4): 139-146.
Boettcher MI, Bolt HM, Drexler H, et al. Excretion of mercapturic acids
of acrylamide and glycidamide in human urine after single oral
administration of deuterium labeled acrylamide [J]. Arch Toxicol, 2005,
80(2): 55-61.
Fuhr U, Boettcher MI, Kinzig-Schippers M, et al. Toxicokinetics of
acrylamide in humans after ingestion of a defined dose in a test meal to

improve risk assessment for acrylamide carcinogenicity [J]. Cancer

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Epidemiol Biomarkers Prev, 2006, 15: 266-271.
Fennell TR, Sumner SC, Snyder RW, et al. Kinetics of elimination of
urinary metabolites of acrylamide in humans [J]. Toxicol Sci, 2006, 93:
256-267.
Hartmann EC, Boettcher MI, Schettgen T, et al. Hemoglobin adducts and
mercapturic acid excretion ofacrylamide and glycidamide in one study
population [J]. J Agric Food Chem, 2008, 56: 6061-6068.
Paulsson B, Athanassiadis I, Rydberg P, et al. Hemoglobin adducts from
glycidamide: acetonization of hydrophilic groups for reproducible gas
chromatography/tandem mass spectrometric analysis [J]. Rapid Commun
Mass Spectrom, 2003, 17: 1859—-1865.
Hagmar L, Wirfalt E, Paulsson B, et al. Differences in hemoglobin adduct
levels of acrylamide in the general population with respect to dietary
intake, smoking habits andgender [J]. Mut Res, 2005, 580: 157-165.
Paulsson B, Kotova N, Grawe J, et al. Induction of micronuclei in mouse
and rat by glycidamide, genotoxicme Tableolite of acrylamide [J]. Mut Res,
2003, 535: 15-24.
Martins C, Oliveira NG, Pingarilho M, et al. Cytogenetic damage induced
by acrylamide and glycidamide in mammalian cells: correlation with
specific glycidamide-DNA adducts [J]. Toxicol Sci, 2007, 95: 383-390.
Segerback D, Calleman CJ, Schroeder JL, et al. Formation of
N-7-(2-carbamoyl-2-hydroxyethyl) guanine in DNA of the mouse and the
rat following intraperitoneal administration of ['*C] acrylamide [J].
Carcinogenesis, 2015, 16: 1161-1165.
Maniere 1, Godard T, Doerge DR, et al. DNA damage and DNA adduct
formation in rat tissues following oral administration of acrylamide [J].
Mut Res, 2005, 580: 119-129.
Von Tungeln LS, Doerge DR, Gamboa da Costa G, et a/. Tumorigenicity of
acrylamide and its metabolite glycidamide in the neonatal mouse bioassay
[J]. Int J Cancer, 2012, 131: 2008-2015.

s . [J1.
97-101.
Mei SW, Zhu HZ. Research advances in allicin [J]. Chin Agric Sci Bull,
2009, 25(09): 97-101.

, , . ]

( ), 2003, 41(2): 148-150

Zhang ZM, Gao HQ, Wei Y. Effect of allicin on cellular immune function
in patients with cancer [J]. J Shandong Univ (Med Ed) , 2003, 41(2):
148-150.

, 2009, 25(09):

Prasad K, Laxdal VA, Yu M, et al. Antioxidant activity of allicin, an active
principle in garlic [J]. Mol Cell Biochem, 1995, 148: 183-189.

Helen A, Rajasree CR, Krishnakumar K, et al. Antioxidant role of oils
isolated from garlic (Album sativum Linn) and onion (4lbum cepa Linn)
on nicotine-induced lipid peroxidation [J]. Vet Hum Toxicol, 1999, 41:

316.

[D]. : ,2013.

Zhang LL. Protective effect of allicin against acrylamide-induced
oxidative damage in mice [D]. Changchun: Jilin University, 2013.

Zhang LL, Zhang HJ, Miao YT, et al. Protective effect of allicin against
acrylamide-induced hepatocyte damage in vitro and in vivo [J]. Food
Chem Toxicol, 2012, 50: 3306-3312.

Zhang LL, Wang ET, Chen F, et al. Potential protective effects of oral



243

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

administration of allicin on acrylamide-induced toxicity in male mice [J].
Food Funct, 2013, 4: 1229-1236.

Koyama N, Sakamoto H, Sakuraba M, et al. Genotoxicity of acrylamide
and glycidamide in human lymphoblastoid TK6 cells [J]. Mut Res, 2006,
603 : 151-158.

Dale WS, Ann OS, Angie T, et al. Acrylamide effects on kinesin-related
proteins of themitotic/meiotic spindle [J]. Toxicol Appl Pharmacol, 2007,
222: 111-121.

Klaunig JE. Acrylamide carcinogenicity [J]. J Agric Food Chem, 2008, 56:
5984-5988.

Kurebayashi H, Ohno Y. Metabolism of acrylamide to glycidamide and
their cytotoxicity in isolated rat hepatocytes: protective effects of GSH
precursors [J]. Arch Toxicol, 2006, 80: 820-828.

Sener G, Satiroglu H, Sehirli AO, et al. Protective effect of aqueous garlic
extract against oxidative organ damage in a rat model of thermal injury [J].
Life Sci, 2003, 73: 81-91.

Wang ET, Chen DY, Liu HY, et al. Protective effect of allicin against
glycidamide-induced toxicity in male and female mice [J]. Gen Physiol

Biophys, 2015, 34: 177-187.

[D]. : ,2015.
Wang ET. Effects of oxidative damage and potential carcinogenicity
onmice induced by acrylamide and its metabolite [D]. Changchun: Jilin
University, 2015.
Xu C, Yagiz Y, Marshall S, et al. Application of muscadine grape
(VitisroutundifoliaMichx.)
acrylamide [J]. Food Chem, 2015, 182, 200-208.

pomaceextract to reduce carcinogenic

[43]

[44]

[45]

[46]

Zhao MY, Liu X, Liu YH, et al. Evaluation of protective effect of
freeze-dried strawberry, grape and blueberrypowder on acrylamide toxicity
in mice [J]. J Food Sci, 2015, 80: H869-H874.

Zhao MY, Wang PP, Zhu YC, et al. Blueberry anthocyanins extract inhibits
acrylamide-induced diverse toxicity in miceby preventing oxidative stress
and cytochrome P450 2E1 activation [J]. J Funct Foods, 2015, 14: 95-101.
Song J, Zhao MY, Liu X, et al. Protection of cyanidin-3-glucoside against
oxidative stress induced by acrylamide inhuman MDA-MB-231 cells [J].
Food Chem Toxicol, 2013, 58: 306-310.

Ghorbel I, Elwej A, Jamoussi K, et al. Potential protective effects of extra
virgin olive oil on the hepatotoxicity induced by co-exposure of adult rats

to acrylamide and aluminum [J]. Food Funct, 2015, 6: 1126—-1135.

(GUfESR 4 #2m)

(E=TER

FREW, MLEHRE, TEARAGE
ARBRES RS,

E-mail: cecile_chen0102@foxmail.com

" B BAHEE TEMRFEAE
- minLEEMR R RIERIRA.
E-mail: yuan_yuan@jlu.edu.cn



