
Genotoxic effects of acrylamide and glycidamide in mouse 
lymphoma cells

Nan Meia,*, Jiaxiang Hua,1, Mona I. Churchwellb, Lei Guoc, Martha M. Moorea, Daniel R. 
Doergeb, and Tao Chena

aDivision of Genetic and Reproductive Toxicology, National Center for Toxicological Research, US 
Food and Drug Administration, Jefferson, AR 72079, United States

bDivision of Biochemical Toxicology, National Center for Toxicological Research, US Food and 
Drug Administration, Jefferson, AR 72079, United States

cDivision of Systems Toxicology, National Center for Toxicological Research, US Food and Drug 
Administration, Jefferson, AR 72079, United States

Abstract

In addition to occupational exposures to acrylamide (AA), concerns about AA health risks for the 

general population have been recently raised due to the finding of AA in food. In this study, we 

evaluated the genotoxicity of AA and its metabolite glycidamide (GA) in L5178Y/ Tk+/− mouse 

lymphoma cells. The cells were treated with 2–18 mM of AA or 0.125–4 mM of GA for 4 h 

without metabolic activation. The DNA adducts, mutant frequencies and the types of mutations for 

the treated cells were examined. Within the dose range tested, GA induced DNA adducts of 

adenine and guanine [N3-(2-carbamoyl-2-hydroxyethyl)-adenine and N7-(2-carbamoyl-2-

hydroxyethyl)-guanine] in a linear dose-dependent manner. The levels of guanine adducts were 

consistently about 60-fold higher across the dose range than those of adenine. In contrast, no GA-

derived DNA adducts were found in the cells treated with any concentrations of AA, consistent 

with a lack of metabolic conversion of AA to GA. However, the mutant frequency was 

significantly increased by AA at concentrations of 12 mM and higher. GA was mutagenic starting 

with the 2 mM dose, suggesting that GA is much more mutagenic than AA. The mutant 

frequencies were increased with increasing concentrations of AA and GA, mainly due to an 

increase of proportion of small colony mutants. To elucidate the underlying mutagenic 

mechanism, we examined the loss of heterozygosity (LOH) at four microsatellite loci spanning the 

entire chromosome 11 for mutants induced by AA or GA. Compared to GA induced mutations, 

AA induced more mutants whose LOH extended to D11Mit22 and D11Mit74, an alteration of 

DNA larger than half of the chromosome. Statistical analysis of the mutational spectra revealed a 

significant difference between the types of mutations induced by AA and GA treatments (P = 

0.018). These results suggest that although both AA and GA generate mutations through a 

clastogenic mode of action in mouse lymphoma cells, GA induces mutations via a DNA adduct 

mechanism whereas AA induces mutations by a mechanism not involving the formation of GA 

adducts.
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1. Introduction

Acrylamide (AA) is an important industrial compound with many uses. Recently, new 

concerns about health risks for the general population have been raised by the finding that 

AA is formed in food during cooking (Mottram et al., 2002; Stadler et al., 2002; Tareke et 

al., 2000; Tornqvist, 2005). Although a large number of studies and the updated reviews on 

the genotoxicity of AA and its metabolite glycidamide (GA) have been reported (Besaratinia 

and Pfeifer, 2007; Dearfield et al., 1988; Dearfield et al., 1995; Rice, 2005), the mechanisms 

for the genotoxicity of AA are not completely clear.

The activation of AA by cytochrome P450 2E1-mediated biotransformation to GA has been 

clearly demonstrated both in humans and experimental animals, and GA can subsequently 

reacts with cellular DNA, leading to multiple forms of toxicity including mutation and tumor 

induction (Adler et al., 2000; Ghanayem et al., 2005; Rice, 2005; Sumner et al., 1999). 

Several GA–DNA adducts have been identified in mice and rats treated with AA and GA 

(Doerge et al., 2005a; Gamboa da Costa et al., 2003; Segerback et al., 1995). The 

predominant DNA adduct of N7-(2-carbamoyl-2-hydroxyethyl)-guanine (N7-GA-Gua) is 

formed in all tested organs at 100-fold higher levels than is N3-(2-carbamoyl-2-

hydroxyethyl)-adenine (N3-GA-Ade) (Gamboa da Costa et al., 2003). Increased incidences 

in a number of benign and malignant tumors in a variety of organs have been observed in 

rodents exposed to AA (Bull et al., 1984; Friedman et al., 1995; Johnson et al., 1986; Rice, 

2005).

The genotoxicity of AA has been studied extensively, but there are fewer experimental data 

available with GA as the test substance (Baum et al., 2005; Besaratinia and Pfeifer, 2004; 

Koyama et al., 2006; Martins et al., 2006; Paulsson et al., 2003). AA is not mutagenic in 

bacterial assays, and it is mutagenic in mammalian somatic and germinal cells in vitro and in 

vivo (Dearfield et al., 1995). AA in vitro induces chromosomal aberrations, micronuclei, 

sister chromatid exchanges, polyploidy, aneuploidy and other mitotic disturbances in the 

absence of metabolic activation. GA is positive for micronucleus induction in vivo in both 

mice and rats. The micronuclei result from chromosome breakage rather than aneuploidy 

(Dearfield et al., 1995; Martins et al., 2006). Recently, Manjanatha et al. have reported that 

AA and GA in drinking water increased micronucleated reticulocytes, lymphocyte Hprt 
mutant frequencies (MFs), and liver cII MFs in Big Blue mice (Manjanatha et al., 2006).

The L5178Y mouse lymphoma assay (MLA) is widely used as a short-term mutagenicity 

assay (Chen and Moore, 2004; Clements, 2000). The MLA is particularly useful for 

evaluating the ability of mutagens to induce a wide variety of mutational events, because it 

detects not only intragenic events (mainly point mutations) but also loss of heterozygosity 

(LOH) including Tk gene loss and karyotypically visible alterations of the Tk+-bearing 

chromosome 11b (Applegate et al., 1990; Chen et al., 2002; Hozier et al., 1982; Moore et al., 

1985). AA has been found to be both mutagenic and clastogenic in mouse lymphoma cells 
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in the absence of an exogenous activation system (Moore et al., 1987). In the present study, 

we investigated the ability of GA and AA to form DNA adducts and to induce mutations 

using L5178Y/Tk+/− mouse lymphoma cells. In addition, the underlying mechanisms for 

mutation induction by AA and GA were explored by LOH analysis of the induced mutants.

2. Materials and methods

2.1. Chemical agents

AA was purchased from the Sigma Chemical Co. (St. Louis, MO). GA was purchased from 

Toronto Research Chemicals (North York, Ontario). Compound purity was determined 

using 1H and 13C NMR, LC–UV (200 nm), GC-FID, and full scan LC–ES/MS. The purity 

for AA was >99.9%, and the purity for GA was >99.5% with <1% AA. Fischer’s medium 

was purchased from Quality Biological Inc. (Gaithersburg, MD), and all cell culture supplies 

were purchased from Invitrogen Life Technologies (Carlsbad, CA). PCR Master Mix was 

purchased from Promega Company (Madison, WI). The primers used for detection of LOH 

at the Tk locus and the D11Mit59, D11Mit22, and D11Mit74 loci were purchased from 

Invitrogen Life Technologies, and the primers for Cyp2e1 were purchased from Sigma–

Genosys (Woodlands, TX). The PowerScript First Strand Synthesis System for RT-PCR was 

purchased from Clontech (Mountain View, CA) and SybrGreen Master Mix was purchased 

from Applied Biosystems (Foster City, CA).

2.2. Cells and culture conditions

The L5178Y/Tk+/− 3.7.2 C mouse lymphoma cell line was utilized for the mutation assay. 

Cells were grown according to the methods described by Chen and Moore (2004). Briefly, 

the basic medium was Fischer’s medium for leukemic cells of mice with L-glutamine 

supplemented with pluronic F68 (0.1%), sodium pyruvate (1 mM), penicillin (100 units/

mL), and streptomycin (100 μg/mL). The treatment medium (F5p), growth medium (F10p), 

and cloning medium (F20p) were the basic medium supplemented with 5%, 10%, and 20% 

heat-inactivated horse serum, respectively. The cultures were maintained in a humidified 

incubator with 5% CO2 in air at 37 °C.

2.3. Cell treatment with AA and GA

The AA and GA working solutions (100×) were prepared just prior to use by dissolving the 

compounds in distilled water. The cells were suspended in 100-mm diameter tissue culture 

dishes at a concentration of 6 × 106 cells in 10 mL of treatment medium. Aliquots (100 μL) 

of the working solutions were added to give final concentrations of 2–18 mM for AA and 

0.125–4 mM for GA. In all cases, including the untreated controls and positive controls 

[0.53 μM (0.1 μg/mL) 4-nitroquinoline-1-oxide (4-NQO)], the cells were incubated for 4 h 

at 37 °C. After treatment, the cells were centrifuged, washed once with fresh medium, and 

then resuspended in growth medium at a density of 3 × 105 cells/mL in 25 cm2 cell culture 

flasks to begin the 2-day phenotypic expression.

2.4. Tk microwell mutation assay

Mutant selection was performed as described previously (Chen and Moore, 2004). Briefly, 

the cells were counted and the densities were adjusted with fresh growth medium at 
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approximately 1 and 2 days following exposure. For mutant enumeration, trifluorothymidine 

(TFT, 3 μg/ mL) was added to the cells in cloning medium. Cells were seeded into four 96-

well flat-bottom microtiter plates, 200 μL/well for a final density of 2000 cells/well. For the 

determination of plating efficiency, approximately 1.6 cells were aliquoted in 200 μL/well 

into two 96-well flat-bottom microtiter plates. All plates were incubated at 37 °C in a 

humidified incubator with 5% CO2 in air. After 11 days of incubation, colonies were 

counted and mutant colonies were categorized as small or large. Small colonies are defined 

as those smaller than 25% of the well diameter. Mutant frequencies (MFs) were calculated 

by use of the Poisson distribution. Cytotoxicity was measured via relative total growth 

(RTG), which includes a measure of growth during treatment, expression, and cloning (Chen 

and Moore, 2004).

2.5. Tk mutant evaluation for LOH at the thymidine kinase (Tk1) and three other 
microsatellite loci spanning the entire chromosome 11

Mutant clones were directly taken from TFT selection plates. Forty-eight large and 48 small 

mutant colonies resulting from treatment with 16 mM AA or 4 mM GA were analyzed. The 

mutant cells were washed once with phosphate-buffered saline (PBS) by centrifugation, and 

cell pellets were quickly frozen and stored at −80 °C. Genomic DNA was extracted by 

digesting the cells in lysis buffer [10 mM Tris-HCl (pH 7.5), 5 mM MgCl2, 1% (v/v) Triton 

X-100, and 1% (v/v) Tween 20] with 200 μg/ mL of proteinase K at 60 °C for 90 min, 

followed by inactivation of proteinase K at 95 °C for 10 min. For polymerase chain reaction 

(PCR) analysis of LOH at Tk and other loci (D11Mit59, D11Mit22 and D11Mit74 loci), the 

amplification reactions were carried out in a total volume of 20 μL using of 2× PCR Master 

Mix and pairs of primers described previously (Singh et al., 2005). The thermal cycling 

conditions were as follows: initial incubation at 94 °C for 3 min; 40 cycles of 94 °C 

denaturation for 30 s, 55 °C annealing for 30 s, and 72 °C extension for 30 s; and a final 

extension at 72 °C for 7 min. The amplification products were scored for the presence of one 

band (indicating LOH) or two bands (retention of heterozygosity at the given locus) after 

running 2% agarose gel electrophoresis.

2.6. DNA adduct assay

After treatment, the cells were centrifuged, washed once with PBS, and then stored at 

−80 °C. DNA was purified and GA–DNA adducts (N7-GA-Gua and N3-GA-Ade) were 

quantified after neutral thermal hydrolysis using an isotope dilution LC–ES/MS/MS 

procedure detailed previously (Doerge et al., 2005a; Gamboa da Costa et al., 2003). The 

limit of quantification (LOQ) for N3-GA-Ade was approximately 1.5 adducts in 108 

nucleotides and the limit of detection (LOD) was approximately 0.5 adducts in 108 

nucleotides. For N7-GA-Gua, the LOQ was approximately 1 adduct in 108 nucleotides and 

the LOD was approximately 0.5 adducts in 108 nucleotides. This corresponds to 

approximately 500 and 250 fg on-column, respectively, from injections of approximately 50 

μg DNA equivalents on-column. As previously reported for GA-modified DNA standards, 

the method precision for adduct determination was 1.5–5.6% relative standard deviation 

(Gamboa da Costa et al., 2003).
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2.7. Real-time PCR

The powerscript first strand synthesis system for RT-PCR (Clontech, Mountain View, CA) 

was used to synthesize cDNA in a 20 μL reaction containing 1.0 μg total RNA, 0.5 μg 

oligo(dT) 12–18, 4 μL 5× first strand buffer, 2 μL 10 mM dNTP, 2 μL 100 mM DTT, and 1 

μL powerscript reverse transcriptase. RNA and oligo(dT) were mixed first, heated to 70 °C 

for 10 min, and cooled on ice until addition of the remaining reaction components. The 

reaction was incubated at 42 °C for 90 min, and terminated by heating at 70 °C for 15 min. 

The forward primer for Cyp2e1 was 5′-TTCACACTGCACCTGGGTCA-3′ and the reverse 

primer was 5′-CTTGTAGCCTGCAGGACCA-3′. As an internal control, housekeeping 

gene β-tubulin was co-amplified to normalize the expression profile. Real-time PCR was 

performed in a total volume of 25 μL on an ABI Prism 7000 using a 96-well format. Each 

PCR reaction contained 1.0 μL of cDNA, 12.5 μL of 2× SybrGreen Master Mix (Applied 

Biosystems, Foster City, CA), and 50 μM each of the forward and reverse primers. Each 

reaction was run in triplicate. The thermocycler parameters were as follows: 50 °C for 2 

min; 95 °C for 10 min; 40 cycles of 95 °C for 15 s and 60 °C for 1 min.

2.8. Data analyses

The data evaluation criteria developed by the mouse lymphoma assay expert workgroup of 

the international workgroup for genotoxicity tests (IWGT) were used to determine whether 

or not a response was positive or negative (Moore et al., 2006). Positive responses are 

defined as those where the induced MF in one or more treated cultures exceeds the global 

evaluation factor (GEF) of 126 mutants per 106 cells and there is also a dose related increase 

with MF. LOH patterns of mutants were compared using the computer program (Cariello et 

al., 1994) for Monte Carlo analysis developed by Adams and Skopek (1987).

3. Results

3.1. Cytotoxicity and mutagenicity of AA and GA

The relative total growth (RTG) values, Tk mutant frequency (MF), small colony MF, and 

large colony MF from one representative MLA experiment with treatments of AA and GA 

are presented in Table 1. These results were replicated in 2–3 additional experiments and the 

data are displayed as means in Fig. 1. Treatment of mouse lymphoma cells with various 

concentrations of AA or GA resulted in dose-dependent increases for both the cytotoxicity 

and mutagenicity (Fig. 1). Both small and large colony Tk mutants were induced by both 

chemicals. Concentrations of 14–18 mM AA and 2–4 mM GA induced a mutant frequency 

exceeding the global evaluation factor (GEF) of 126 × 10−6 (Moore et al., 2003), indicating 

positive mutagenic responses. The MFs for the negative control, 4 mM of GA, and 18 mM 

of AA were 55 ± 14 × 10−6, 864 ± 151 × 10−6, and 808 ± 109 × 10−6, respectively (Fig. 1).

3.2. LOH analysis of mutants of AA and GA

LOH analysis of the mutants was conducted using four microsatellite loci spanning the 

entire chromosome 11 (Fig. 2B) to determine the types of the mutations. DNA samples were 

isolated from 48 large and 48 small mutant colonies for 4 mM GA and 16 mM AA, which 

had similar cytotoxicity. More than 94% of the large and 100% of the small colony mutants 
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from the two treatment groups of AA or GA lost heterozygosity at the Tk1 locus (Table 2). 

Fig. 2A shows the percentages of different types of mutations in all (large and small) mutant 

colonies. The most common type of mutation for AA and GA treatments (more than 60%) 

was LOH with a small deletion limited to the Tk locus, while the major type of mutation in 

untreated controls has been previously shown to be non-LOH (Wang et al., 2007). Compared 

to the GA induced mutations, AA induced more mutants whose LOH extended to D11Mit22 
and D11Mit74, indicating an alteration of DNA larger than half of the chromosome. 

Statistical analysis of the different types of mutations revealed that the mutational types 

induced by AA and GA were significantly different from the published data for untreated 

controls (P < 0.001) (Wang et al., 2007). In addition, there was a significant difference 

between the types of mutations induced by AA and GA (P = 0.018).

3.3. DNA adduct formation for AA and GA

To investigate whether or not the mutagenic effects of AA and GA are associated with the 

formation of DNA adducts, we analyzed the DNA adducts formed in mouse lymphoma cells 

by LC–ES/MS/MS. Within the dose range evaluated (0.5–4 mM) for GA-treated cells, GA-

derived DNA adducts of adenine and guanine (N3-GA-Ade and N7-GA-Gua) were formed 

in a linear dose response (Fig. 3). However, no N3-GA-Ade was detected at a concentration 

of 0.5 mM. At the highest dose of 4 mM used in this study, GA induced 137.4 ± 22.4 N7-

GA-Gua and 2.3 ± 0.4 N3-GA-Ade per 106 nucleotides. The levels of N7-GA-Gua adduct 

were consistently about 60-fold higher than those for N3-GA-Ade. In contrast, there were no 

GA-derived DNA adducts in the cells treated with 8–20 mM AA for 4 h.

3.4. Real-time PCR analysis of the gene expression of Cyp2e1

To confirm a lack of bioactivation potential for AA to GA in L5178Y mouse lymphoma 

cells, we determined the gene expression of Cyp2e1 using real-time RT-PCR. No PCR 

product of Cyp2e1 RNA was detected in the mouse lymphoma cells compared to that in 

mouse liver tissue used as a positive control (data not shown).

4. Discussion

There are at least two theories on the mutagenic action of AA (Dearfield et al., 1995). The 

first one is that AA is oxidized to GA, an epoxide metabolite that is very reactive with 

nucleophilic sites on DNA bases. Cytochrome P450 2E1 (CYP2E1) is involved in this 

metabolic conversion (Adler et al., 2000; Ghanayem et al., 2005; Sumner et al., 1999). It has 

been suggested that this is the primary pathway responsible for the genotoxicity of AA in 

animal experiments (Gamboa da Costa et al., 2003) and in mammalian cells (Besaratinia and 

Pfeifer, 2004). Another possible mechanism is a direct Michael-type reactivity of AA with 

nucleophiles in DNA and proteins, in particular with soft nucleophiles such as thiols. For 

example, AA can react directly with glutathione (GSH), a molecule protecting the cell 

against endogenous and exogenous oxidants and electrophiles (Dearfield et al., 1995). In this 

study, we explored the mechanisms of mutagenicity of AA by investigating DNA adducts, 

mutations and types of mutations induced by AA and GA.
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When mouse lymphoma cells were exposed to AA or GA for 4 h, both compounds were 

cytotoxic and mutagenic. AA significantly increased the mutant frequency at concentrations 

of 12 mM and higher, and the cytotoxicity of 16 mM AA was similar to that of 4 mM GA 

(Fig. 1). Koyama et al. also reported that AA was weak genotoxic and 14 mM AA was 

positive by TK assay and MN test in human lymphoblastoid TK6 cells which are also 

widely used for the Tk gene mutation assay. Compared to AA, GA (2–4 mM) was much 

more mutagenic, about 5–10-fold more potent. This is consistent with several previously 

reported genotoxicity studies conducted using mammalian cells (Baum et al., 2005; 

Besaratinia and Pfeifer, 2003; Koyama et al., 2006; Martins et al., 2006). Since the 

genotoxic responses at higher concentration are reproducible, LOH analysis of the mutants 

induced by 4 mM GA and 16 mM AA treatments was conducted to determine the types of 

the mutations. Their mutagenic effects were mainly due to LOH involving chromosome 11 

(Table 2 and Fig. 2). Although both AA and GA induced LOH type of mutations, GA 

induced DNA adducts of N7-GA-Gua and N3-GA-Ade (Fig. 3) while AA did not induce 

these two adducts, probably due to the absence of Cyp2e1 activity in mouse lymphoma cells.

We analyzed the Tk mutants for LOH using loci distributed along chromosome 11. LOH is 

the loss of the remaining normal allele of a heterozygous locus, resulting in either 

hemizygous or homozygous status for the mutant allele. LOH can be caused by a deletion or 

mitotic recombination. In the mouse lymphoma assay, compounds that induce exclusively or 

almost exclusively point mutations result in a high proportion of large colony Tk mutants 

and little LOH at the Tk locus. Chemicals that act primarily as clastogens result in a high 

proportion of small colony mutants and LOH at the Tk locus in both large and small colony 

mutants (Applegate et al., 1990; Harrington-Brock et al., 2003). In our study, more than 94% 

of the mutants induced by AA and GA lost heterozygosity at the Tk locus (Table 2), 

indicating that the mutations mainly resulted from extensive damage to the chromosome; 

and that mutagenicity of AA or GA was generated by a clastogenic mode of action rather 

than a point mutation mode-of-action in mouse lymphoma cells. We also observed that there 

was a significant difference (P = 0.018) between the mutational spectra of AA and GA (Fig. 

2). The difference suggests that AA and GA may produce chromosomal mutations via 

different mechanisms.

AA is slow to react with DNA and only forms adducts under forced chemical conditions and 

after extended reaction time (up to 40 days) (Solomon et al., 1985). AA is not mutagenic in 

bacterial cell systems with or without metabolic activation (Knaap et al., 1988; Tsuda et al., 

1993; Zeiger et al., 1987). AA is an unsaturated amide and can react with cellular 

nucleophiles, such as GSH (detoxification pathway). These activities of AA may be 

responsible for its mutagenic effects. In previously published studies, using V79 cells that do 

not express CYP2E1, Puppel et al. (2005) demonstrated significant inductions of DNA 

strand breaks with AA treatment. Thus, the enhanced effects should not result from the 

generation of GA and respective DNA adduct formation, and may result from the interaction 

between AA and DNA. They suggested that the DNA breakage caused by AA was 

associated with the enhanced oxidative stress because of the depletion of GSH, an oxidative 

defense system (Puppel et al., 2005). Others have also reported that AA generates reactive 

oxygen species (ROS) that can attack all cellular constituents, including protein, nucleic 

acids, and lipid, and induces oxidative DNA damage, which is reduced by the spin trap of α-
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phenyl-N-tert-butyl nitrone (PBN) and antioxidants of vitamins C and E (Blasiak et al., 

2004).

Oxidative stress can result in DNA damage, mainly DNA breakage and deletions. The DNA 

strand breaks and deletions can be repaired by recombination or other mechanisms in cells, 

which will result in LOH. These chromosomal types of mutation cannot be detected by 

bacterial test systems. In a recent study investigating the mutagenicity of the lipid 

peroxidation product 4-hydroxy-2-nonenal (4-HNE) using mouse lymphoma cells (Singh et 

al., 2005), we found that 4-HNE is mutagenic and the major type of mutation is LOH 

involving the Tk locus, similar to what we observed in this study with AA. Therefore, 

mutagenicity of AA might result from increasing reactive oxygen species and/or decreasing 

oxidative defense system like GSH.

GA, the metabolite of AA, is a direct mutagen via DNA adduct formation. GA can form 

DNA adducts in cells and can induce point mutations in bacterial test systems (Hashimoto 

and Tanii, 1985), in mammalian cell test systems (Barfknecht et al., 1988; Besaratinia and 

Pfeifer, 2004) and in transgenic mutation test systems (Manjanatha et al., 2006). GA DNA 

adduct-specific mutations (i.e., G→ T transversions) have also been detected in mammalian 

cells (Besaratinia and Pfeifer, 2004) and animals (Manjanatha et al., 2006). Our data also 

indicate that GA induces DNA adducts in vitro in mouse lymphoma cells; the levels of N7-

GA-Gua adduct were consistently much higher than those for N3-GA-Ade as previously 

reported (Doerge et al., 2005b,c; Gamboa da Costa et al., 2003), and that GA is a potent 

mutagen.

Previous reports indicate that GA induces point mutations (Besaratinia and Pfeifer, 2004; 

Hashimoto and Tanii, 1985; Manjanatha et al., 2006), and these assays cannot detect the 

LOH mutations. We found that the major type of mutations induced by 4 mM GA were 

chromosomal mutations in mouse lymphoma cells. Using human lymphoblastoid TK6 cells, 

Koyama et al. found that GA of 2.2 mM induced primarily non-LOH type mutations. The 

differences between these two Tk gene mutation assays may due to the different sensitivity 

to GA treatment and the mutations analyzed from different concentrations. Although GA 

can react readily with glutathione and produce oxidative stress like that proposed for AA, 

GA induced chromosomal mutations from oxidative DNA damage are unlikely because GA 

is mutagenic at much lower concentrations than AA in mouse lymphoma cells. Those 

chromosomal mutations are most likely associated with GA-derived DNA adducts. A recent 

study shows that there is a strong correlation between the levels of N7-GA-Gua and the 

extent of sister-chromatid exchange induction in GA-treated V79 cells (Martins et al., 2006). 

It has been suggested that the clastogenicity results from formation of depurinating DNA 

lesions and the formation of DNA breaks when repairing the DNA adducts.

In summary, although both AA and GA were cytotoxic and mutagenic, GA treatment 

resulted in DNA adduct formation while AA treatment did not in the mouse lymphoma cells. 

Both AA, at concentrations above 12 mM, and GA, at concentrations above 1 mM, induced 

mutations, mainly chromosomal mutations in mouse lymphoma cells. Our data suggest that 

AA induces those mutations probably by an indirect effect through an increase of cellular 

oxidative stress while GA induces the mutations via a DNA adduct mechanism. Regardless 
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of the mechanistic difference, AA and GA generate mutations through a clastogenic mode of 

action in mouse lymphoma cells.
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Fig. 1. 
Comparison of cytotoxicity (B and D) and mutagenicity (A and C) of acrylamide (A and B) 

and glycidamide (C and D) in mouse lymphoma cells treated with different concentrations. 

The data points represent the mean of three (acrylamide) or four (glycidamide) independent 

experiments. (●), total mutant frequency (MF) from large and small colonies; (○), MF from 

large colonies; (▼), MF from small colonies; (■), relative total growth.
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Fig. 2. 
(A) Comparison of the percentage of mutational types for all (large and small) colonies 

produced in mouse lymphoma cells untreated or treated with acrylamide (16 mM) or 

glycidamide (4 mM). The data are the weighted sum of mutant frequencies from large and 

small colonies (the proportion of small colony mutants was 64% for acrylamide and 57% for 

glycidamide). The data for the untreated control are from the literature (36). For the 

mutational spectra, the treatment groups were significantly different from the untreated 

control (P < 0.0001), and there was also a significant difference between the two treatment 

groups (P < 0.05). (B) The loci that were analyzed for LOH (Tk1, D11Mit59, D11Mit22, 

and D11Mit74) are marked. The ruler in centimorgans indicates the distance from the top of 

the chromosome.
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Fig. 3. 
Levels of N3-GA-Ade (A) and N7-GA-Gua (B) DNA adducts in mouse lymphoma cells 

treated with glycidamide (GA) for 4 h at different concentrations. The data is expressed as 

the number of adducts in 106 nucleotides and represents the means ± 1 S.D. (n = 4 or 8).
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