Evaluation of the genotoxicity of ten selected dietary/environmental compounds with the in vitro micronucleus cytokinesis-block assay in an interlaboratory comparison
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ABSTRACT
Complex exposure to xenobiotics is one of the reasons for the reported increase of respiratory diseases, cancer and immunological disturbances. Among such xenobiotics there are food mutagens whose effects on human health in the low level and/or chronic exposure still remains unknown. Selected dietary/environmental agents have been investigated for their genotoxicity. In the present manuscript, the compounds ethanol (EtOH), 4-hydroxynonenal (4-HNE), malondialdehyde (MDA), 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), 3,3',4,4'-tetrachlorobiphenyl (PCB 153), benzo[a]pyrene (BaP), 2-amino-3-methylimidazol[4,5-f]quinoline (IQ), 2-amino-1-methyl-6-phenylimidazol[4,5-b]pyridine (PhIP), N-Nitrosodimethylamine (NDMA) and acrylamide (AA) were evaluated in an interlaboratory comparison in the in vitro cytokinesis-block micronucleus assay (CBMN) with the objective of assessing the induction of micronuclei, buds and nucleoplasmic bridges in dose responses. Statistically significant increase in MNBN frequency in binucleated cells was recorded by both laboratories for the compound PhiP (2.5 µM). The compounds PCB (250 µM) and AA (500 µM) induced a statistically significant increase of MNBN although it was recorded by one of the two laboratories. Induction of buds and nucleoplasmic bridges was only observed for BaP (100 µM) and AA (500 µM) by one of the laboratories. Data generated in this study may assist in the interpretation of the mother/newborn biomonitoring study currently being carried out within research project NewGeneris.

1.Introduction
Modern epidemiology has suggested a potential interactive association between diet, lifestyle, genetics and the risk of cancer (Marcer and Saia, 1989) as well as many chronic diseases (Bencko et al., 2009). This is of major concern since only 5-10% of all cancer cases can be attributed to genetic defects, whereas the remaining 90-95% are derived from exposure to the environment and lifestyle (Steliarova-Foucher et al., 2004). Cancer incidence in adults is correlated with long-term exposure to carcinogenic insults which promote genomic instability. In turn, genomic instability is described as a driving force of carcinogenesis (Hoeijmakers, 2001). By contrast, the aetiology of cancer in children is not clear due to the short time between exposure to environmental stressors and diagnosis. It is suggested that carcinogenesis may be initiated during the specifically vulnerable period of foetal development as a consequence of maternal exposure (Li et al., 2003). The maternal diet is a determining microenvironment modulator during prenatal development and can influence epigenetic mechanisms, DNA methylation and histone modification patterns of gene expression in the foetus, which subsequently may lead to life-long consequences on health (Delage and Dashwood, 2008). Diet in developed countries contains a large number of additives, contaminants and cooking-derived products which could be classified as transplacental agents (Mose et al., 2008). At the present time, data on genomic damage in newborns related to the maternal diet are scant (Strick et al., 2000). It is the aim of the integrated EU-research project “NewGeneris” (www.newgeneris.org) to test the hypothesis that maternal exposure, during pregnancy, to a number of dietary compounds leads to molecular events in the unborn child which ultimately result in increased risk of childhood cancer and immune disorders. The data obtained from multicentric biomonitoring cohorts mothers/children will be correlated with the intake levels calculated for ten selected compounds extrapolated from frequency food questionnaires from mothers in the preclinical examination pregiving birth. One of the biomarkers used in this study is the cytokinesis-block micronucleus assay or “cytome” (CBMN), which is a well validated methodology that provides measure of both chromosome breaks and chromosome loss (Mateuca et al., 2006). Large number of publications over the past years have highlighted the link between the presence of micronuclei and genome instability as a consequence of genotoxic exposure and/or nutritional deficiency (Beetstra et al., 2005; Fenech, 2001; Wu et al., 2009). Furthermore, recent outcomes from cohort studies have demonstrated the micronucleus frequency in peripheral lymphocytes of adults as a predictor of increased cancer risk (Bonassi et al., 2007; Murgia et al., 2008). Genetic damage events are scored specifically in once-divided binucleated (BN) cells and include (a) micronuclei (MNi), a biomarker of chromosome breakage and/or whole chromosome loss, (b) nucleoplasmic bridges (NPBs), a biomarker of DNA misrepair and/or telomere end-fusions, and (c) nuclear buds (NBUDs), a biomarker of elimination of amplified DNA and/or DNA repair complexes. In order to give a proper interpretation to the human study within the project, the cytokinesis-block micronucleus assay (CBMN) was performed  in vitro on ten selected components grouped as dietary genotoxicants and genotoxicants produced by cooking methods to assess their genotoxicity. The genotoxicants under study were alcohol (Ethanol; EtOH), DNA reactive aldehydes (malondialdehyde; MDA and 4-hydroxy-2-nonenal;  4-HNE), dioxin (2,3,7,8-tetrachlorodibenzo-p-dioxin; TCDD) and a polychlorinated biphenyl (3,3’,4,4’-tetrachlorobiphenyl; PCB153), polycyclic aromatic hydrocarbons (PAHs) such as benzo[a]pyrene (BaP), heterocyclic amines (HAs) such as 2-amino-3-methylimidazol[4,5-f]quinoline (IQ) and 2-amino-1-methyl-6-phenylimidazol[4,5-b]pyridine (PhIP), N-Nitrosodimethylamine (NDMA) and acrylamide (AA). Detailed information on the chemicals investigated is presented in Table 1. A modified experimental design was adapted in this study in order to work at subtoxic concentrations that allowed to assess the immunotoxic potential of the different compounds by gene expression analysis in the same subjects. Thus allowing a more comprehensive investigation to the toxicity of these compounds. For data reliability purposes, an inter-laboratory comparison was established since it was concluded from the HUMN (Human MicroNucleus) project that the significance of inter-laboratory comparison for reducing heterogenicity and increasing  accuracy of results provides more objective results (Fenech et al., 2003a). The relevance of the present study not only lays in the genotoxic data generated but also as preparatory and complementary for a complex multicentric biomonitoring study.

2. Materials and methods
In order to carry out the present investigation, five research institutions: Institute for Medical Research and Occupational Health in Croatia (IMROH), Norwegian Institute of Public Health (NIPH), Maastricht University (MU), Vrije Universiteit Brussels (VUB) and the University of Bradford (UB) took part. The respective roles are described along with the methodology in a stepwise fashion.
2.1 Cultures set up and subject’s recruitment
The subject’s recruitment, culture set up and exposure was carried out at the NIPH. Blood samples were collected from 50 healthy adult male and female donors ranging from 20 to 35 years old. "Healthy" was defined as absence of self-reported infections, chronic diseases like autoimmune disorders, or use of medication at the time of blood sampling. Ethical permission was granted by the Regional Research Ethics Committee (REC) in Norway. Peripheral blood lymphocytes were isolated from whole blood using Ficoll-Paque (GE Healthcare BioScience AB, Uppsala, Sweden) and cultured in RPMI 1640 medium with L-glutamine (Gibco, Paisley, UK), supplemented with 15 % heat inactivated foetal calf serum (Gibco, Paisley, UK), 100 U/ml penicillin (PAA Laboratories GmbH, Pascing, Austria), 100 µg/ml streptomycin (PAA Laboratories GmbH, Pascing, Austria) and 2 % phytohaemagglutinin  (PHA, Murex Biotech Ltd., Dartford, UK) and incubated in 5 % CO2 in a humidified incubator at 37 oC. 
2.2 Test compound treatment
Ten chemicals were tested: EtOH (Arcus, Oslo, Norway), MDA, 4-HNE (Calbiochem, San 

Diego, CA), PCB153 (Sigma-Aldrich, St. Louis, MO) and TCDD (AccuStandard Inc, New 

Haven, CT). BaP, AA and NDMA purchased from Sigma-Aldrich (St.Louis, MO) and IQ and PhIP obtained from Toronto Research Chemicals Inc. (North York, Canada). EtOH was diluted in PBS (NIPH, Oslo, Norway), all other compounds in DMSO (Sigma-Aldrich, St. Louis, MO).  For each compound, three concentrations (1, 10 and 100 %) and the solvent were tested. The concentrations are presented in Table 2. 
Preliminary studies had shown that none of the 10 compounds induced measurable cytotoxicity (Trypan Blue exclusion). Thus compounds were tested at the highest possible dose based on solubility. Per compound, 3 doses at 1/3 intervals were used (the highest dose being set by the preliminary cytotox study).
The final concentration of the solvent did not exceed 0.5 %. Control cultures were treated with 0.5 % DMSO and PBS. A mixture of S9 fractions of human liver were used for metabolic activation in all cultures (15 % v/v). Pooled human liver S9 fraction from 15 donors (males and females) was purchased from In Vitro Technologies (Baltimore, MD). Liver S9 fractions were mixed with each covering 30 % of the total S9 mix, which furthermore consisted of 32 µl M KCl, 31 µl 0.25 M MgCl2*6H2O, 24.3 µl 0.2 M glucose-6-phosphate dehydrogenase, and 97.4 µl 0.04 M NADP with 204.5 µl and 292 µl 1x (PBS) per ml (van Leeuwen et al., 2005). Such a S9 mixture was tested for its functionality with BaP and it demonstrated capability to activate BaP. This proved its suitability for the present investigation.

Five cultures were set up for each concentration of the 10 compounds tested. Per compound and per concentration tested, 5 different donors were used (50 different donors in total for this study) and parallel cultures were prepared for all conditions. Peripheral blood mononuclear cells (PBMC) were exposed to the compounds for 20 h, followed by 72h PHA stimulation.  This particular experimental design circumvented the gene and protein expression alterations generated by PHA which, in turn, might mask the effects of the compounds investigated.

2.3 In vitro cytokinesis-blocked MN test
After 20 h compound exposure, PHA was added to the culture in order to stimulate proliferation of T-lymphocytes. Cytochalasin B (Sigma-Aldrich, ST. Louis, MO) was added at 6 µg/ml culture 44 h after PHA stimulation. At 72 h, the PBMC were harvested and cells were centrifuged at 800 rpm for 8 min at room temperature. Prior to fixation, cells were subjected to a cold hypotonic treatment by addition of 90 mM KCl on vortex (800 l/min) and incubation at 4 oC for 15 min. After hypotonic treatment, the cells were centrifuged at 800 rpm for 8 min at room temperature and fixed with 5 ml of 3:1 freshly prepared methanol:acetic acid which was added drop by drop on vortex (800 l/min), followed by three additional drops of formaldehyde. After centrifugation at 800 rpm for 8 min at room temperature, the fixation was repeated  without formaldehyde. The fixed cells were dropped onto dry slides. Two slides per culture were prepared and slides were dried overnight.
2.4 Quality control and slides distribution
Slides arrived at the VUB where they were evaluated for quality, stained, mounted, coded and distributed for scoring to IMROH and UB. The slides were stained for 20 min with 5% Giemsa (Merck, Darmstadt, Germany) in Sörensen buffer pH 6.8 (Prosan, Gent, Belgium), which was filtered twice through Whatman 41 filter.

2.5 Slides scoring 
CBMN slides corresponding to the 10 compounds were scored blind at the IMROH and UB by trained scorers. The slides were scored according to the criteria defined by Fenech and colleagues in 2003 (Fenech, 2007; Fenech et al., 2003b). Micronuclei were scored in 1000 binucleated lymphocytes (MNBN) per donor at each treatment. Scoring events included binucleated and mononucleated cells containing micronuclei (MNBN and MNMONO, respectively), nuclear bridges (BiNPBs) and nuclear buds (BiBuds) together with the percentage binucleated cells (% Bi) and the distribution of mononucleated, binucleated and multinucleated cells in order to obtain the values for the cytokinesis-block proliferation index (CBPI) (Kirsch-Volders et al., 2003). 

CBPI =  number mononucleated cells + 2 x number binucleated cells + 3 x number multinucleated cells






Total number of cells

Toxicity was considered when less than 500 cells could be scored.
2.6 Statistics 
Analysis of variance (ANOVA) for repeated measures was used to test for main effects in an   intra/interlaboratory comparison. The Post-hoc analysis Fisher LSD test was used to determine the significant differences between group means. MNBN, MNMONO, BiBuds, BiNPBs, CBPI and % BN were used as dependent variables. The different donors were considered as independent variables. The level of statistical significance was set at 5 % (P<0.05). The statistical package used was STATISTICA 6.0 (IL, USA).
3.Results and discussion
The genotoxins present in diet, as a consequence of cooking or natural processes, are a significant source of potentially hazardous exposure to the population. Scientific evidence shows that food contaminants can cause DNA adducts, disturbances of methylation levels, chromosome instability and aneuploidy amongst others (Ferguson and Philpott, 2008; Mangal et al., 2009; Shinmura et al., 2008). The NewGeneris project is the first European study investigating genomic damage in newborns related to the maternal diet. A first stage within this project is to investigate the biological basis of genotoxic mechanisms of the selected compounds in a variety of in vitro endpoints such as CBMN in the present investigation. Description and discussion of results are presented together for each compound in order to provide a better comparison of the current results with those reported in similar studies as well as due to the large number of compounds investigated. 
3.1. EtOH 
EtOH has been classified as a carcinogen to humans and animals after clear linkage between human consumption of alcoholic drinks and increased incidence of tumours in the oral cavity, pharynx, larynx, oesophagus and liver (Seitz and Becker, 2007; Seitz and Cho, 2009). In addition, ETOH is suspected to have caused an increased incidence of fetal malformations (Berglund et al., 1984). In terms of its genotoxicity, there is evidence that it is not a bacterial or mammalian cell mutagen (Phillips and Jenkinson, 2001). However, in vitro assays for chromosome aberration and MN, although mostly negative (Hsu and Furlong, 1991; Konigstein et al., 1984; Lasne et al., 1984; Obe and Ristow, 1979), have generally not included exogenous metabolic activation. In this sense, the strong positive induction of MN with EtOH obtained in HepG2 was considered as unexpected (Majer et al., 2004). This indicates that metabolic activation is crucial since HepG2 is a metabolically competent cell line. In the present study S9 was employed. Both labs observed an increase of MNBN cells over negative control levels although it was not statistically significant. This is also corroborated from the evidence of EtOH used as a vehicle control which suggests that it is not mutagenic or clastogenic in vitro (Phillips and Jenkinson, 2001). At the UB, it has been observed that EtOH does not induce a statistically significant increase of MN when used as a solvent (up to 1 %). Reported results for chromosome aberration induction in vivo were all negative (Korte et al., 1981; Korte et al., 1979; Tates et al., 1980). With regard to MN in vivo, most studies provided negative responses (Balansky et al., 1993; Tates et al., 1980) Monitoring studies also reported positives for alcoholics (Castelli et al., 1999; Ishikawa et al., 2003; Maffei et al., 2000; Reis et al., 2006; Xue et al., 1992). Concerning the cell division, both laboratories displayed a reduction in the CBPI; however, it was statistically significant for UB at 23 M. Likewise, both laboratories reported a reduction in the % Bi although it was only statistically significant for UB at 23 M. BiBuds, BiNPBs and MNMONO showed no consistent effect by EtOH. Interlaboratory differences were observed. Statistically significant differences were found between the two laboratories among the values obtained in the negative control and all the concentrations for the following parameters:  CBPI, % Bi and MNBN. 
3.2. 4-HNE 
Lipid peroxidation is a consequence of oxidative stress and its products have been reported to compromise human health (Esterbauer et al., 1991). 4-HNE is a major product of lipid peroxidation. It is currently considered a reliable biomarker of oxidative stress (Requena et al., 1996), a possible causative agent of several neurodegenerative diseases (Calabrese et al., 2006) and a messenger inducing apoptosis (Awasthi et al., 2008). 4-HNE has been reported to trigger cell toxic effects at concentrations over 1000 µM (Selley, 1998; Yadav et al., 2008). Three concentrations have been selected for the present investigation (3.2, 32.05, 320.5 µM). No effect was observed at the first two concentrations for any of the parameters evaluated with the exception of a slight and non-statistical CBPI reduction at 32.05 µM. Toxicity was exerted at 320.5 µM. The data of the present study are in contrast with other investigations which displayed a positive induction of MN. For instance, the clastogenic effect of synthetic 4-HNE on cultured human lymphocytes at concentrations as low as 0.1 microM were reported (Emerit et al., 1991). Other positives were observed in primary cultures of rat hepatocytes (0.1010 µM) (Esterbauer et al., 1991) and cerebral endothelial cells (10 µM) (Eckl, 2003; Karlhuber et al., 1997).
The differences in the outcomes might be due to the different cell types employed and, in turn, due to their inherent sensitivities. At the UB, we have reported greater sensitivity of cell lines over isolated human lymphocytes (Cemeli et al., 2006). Statistically significant differences between the two laboratories were reported for CBPI and % Bi although data generated by both laboratories followed the same trend.
3.3. MDA 
MDA is a reactive electrophilic compound produced during lipid peroxidation process. It is the most mutagenic one and it reacts with DNA forming DNA- adducts such as deoxyguanosine, deoxyadenosine, and deoxycytidine (Marnett, 2002). The deoxyguanosine adduct (M(1)G) has been detected in white blood cells among other cell types (Marnett, 2002). To the authors’ knowledge there is only one investigation addressing the ability of MDA to induce MN. Such an investigation is a study by Martin and co-workers (Martin et al., 1996). In this study, a correlation exists between human mammary lipid surgically removed containing MDA and HNE and MN forming activity in a metabolically competent cell line (MCL-5). This outcome is in contrast to the data presented in the current investigation. Only an increase in MN in binucleated cells was observed by UB and this was not statistically significant. It might be possible that the outcomes differ due to the use of a lipid preparation containing MDA among other potential genoxicants in the study by Martin and colleagues whereas only MDA was employed in the case of the present study (Martin et al., 1996). This is in addition to other technical differences in both investigations such as cell type of exposure selected. No statistically significant effects at any of the parameters investigated were observed. Neither were recorded statistically significant differences in the scoring between the two laboratories.
3.4. TCDD 
TCDD is a specific type of dioxin. Among the sources of exposure in humans, the main one is the diet (ATSDR, 2004). It has been reported that the developing foetus might be exposed to dioxins transferred across the placenta as well as from mother’s milk (ATSDR, 2004). It causes immunosuppression, developmental and reproductive toxicity, as well as neurological behavioural effects already at background exposure levels in human (Nau, 2006). The data presented in this investigation concludes that TCDD generates MNBN, although not statistically significantly, at the concentrations ranging from 0.1 to 10 µM in isolated human lymphocytes in the presence of S9. Contradictory results were found by Nagayama and co-workers in two independent investigations. No MNs were produced when human lymphocytes were cultured at a TCDD range from 5.2 to 9.6 ppm (Nagayama et al., 1995). By contrast, a positive was generated at 70 ppt which is 100-fold higher than the concentration to which healthy humans are exposed (Nagayama et al., 1993). Chromosome aberrations and sister chromatid exchanges (SCEs) were evaluated on workers with TCDD blood lipid concentrations exceeding 40 parts per trillion (ppt) (Zober et al., 1993). No statistical differences were found for chromosome aberrations; however, there was an increased rate of SCEs per cell. With regard to the mechanism of action, there is consensus that TCDD is not directly carcinogenic and it has been suggested that its genotoxicity might be generated by reactive oxygen species (ROS) (Knerr et al., 2006). No statistically significant effects were observed at any other parameter. Statistically significant inter-laboratory differences were reported for NDI at the negative control and % Bi at all treatments. 

3.5. PCB153 
In the current investigation, PCB153 displayed MNBN induction over negative control levels at concentrations ranging from 2.5 to 250 µM for both institutions. IMROH observed a trend of increase which was statistically significant at the highest concentration (250 µM). Likewise, PCB153 at 100 μM enhanced MN formation on HepG2 cells (Wei et al., 2009). An investigation reported that PBDE-47 interacts with PCB153 to inhibit cell viability and induce DNA damage and chromosome abnormalities (He et al., 2009). Instead, a negative response was reported in an investigation by Belpaeme and co-workers carried out with PCB77 on human whole blood with the difference that no S9 was used (Belpaeme et al., 1996b). In such a study, concentrations ranging from 0.034 µM to 6.84 mM (limit of precipitation), either dissolved in 0.5 % or 2 % DMSO, were considered. A later study also carried out by the same authors addressed the possible generation of MN in erythrocytes in trout at concentrations of 2.66 and 3.14 nM; however, no MN induction was found (Belpaeme et al., 1996a). Positives have also been reported with other PCBs (Brunborg et al., 1991; Jensen et al., 2000). The mechanism of MN induction by PCBs is not fully understood. It is believed that these compounds act through a series of phenolic and quinine-based metabolites which might promote the presence of ROS (Venkatesha et al., 2008) as well as act as topoisomerase II poisons (Bender et al., 2006). For the parameters CBPI and % Bi, PCB 153 displayed statistically significant differences between the two laboratories at all the concentrations investigated (2.5, 25, 250 µM). At the highest concentration, IMROH recorded a statistically significant reduction when compared to the negative control. BiBuds, BiNPBs and MNMONO displayed no effects and only occasional statistical differences between both laboratories were recorded.
3.6.  PhIP
Heterocyclic amines (HAs) are formed as pyrolysis products at high temperatures in cooked protein-rich food. Human exposure to PhIP has been correlated to induction of colon, breast and prostate cancer (Shirai et al., 1997). For this reason, the IARC classified IQ in Group 2A as “probably carcinogenic to humans” (IARC, 1993). PhIP in vitro genotoxicity was investigated in the present study using three concentrations: 2.5, 25 and 250 µM. Toxicity was observed at the concentration of 25 µM and above. This outcome is in contrast with similar investigations (Hewitt et al., 2007; Knasmuller et al., 1999; Majer et al., 2004). In such investigations, concentrations above 25 µM did not express toxicity. This could be due on the one hand to differences in the methodology and on the other to differential sensitivity of the cell types selected (HepG2, Hep3B and MCF-7). The lowest concentration investigated (2.5 µM) displays reduced CBPI and % Bi values when compared to the negative control. This might indicate that PhIP promotes mitotic arrest as a substantial proportion of cells could fail to divide during the assay. Statistically significant induction of MNBN at 2.5 µM in the presence of S9 on isolated lymphocytes was observed in both institutions. This is in agreement with the spread knowledge that HAs require metabolic activation to exert their effects (Inamasu et al., 1989). Genotoxicity of PhIP is described in several different types of cell lines. A two-fold increase was observed at 35.7 µM (Majer et al., 2004) and a lowest effective MN inducer concentration was reported at a range of 25 to 50 µM (Knasmuller et al., 1999), both investigated in HepG2 cells. MN induction was generated after treatment in MCF-5 breast cancer cells (Hewitt et al., 2007) and MCL-5 fibroblasts (Pfau et al., 1999) at concentrations of 0.5 µM and 100 µM respectively. A positive dose response was also displayed in Chinese hamster lung male V79 cells in a dose range from 50 to 900 µM (Perez et al., 2002). With regard to in vivo experiments, there was a significant dose-response induction of MN in erythrocytes up to 36mg/kg b.w. (Durling and Abramsson-Zetterberg, 2005). Another effect observed in the present investigation was the increase of MNMONO; however, it only was statistically significant for IMROH. In addition to MN, PhIP has also been reported to interact with the DNA generating PhIP-DNA adducts (Takeshita et al., 2003). BINPBs and BiBuds displayed no modulation. Statistically significant differences were found between laboratories in both parameters: MNBN and MNMONO. 

3.7.  IQ
IQ also belongs to the HA group. The IARC has included IQ in the Group 2B, as “possibly carcinogenic to humans” (IARC, 1993). In the present study, IQ generated a slight MNBN increase, although not statistically significant, at concentrations ranging from 2.5 to 250 µM. A study by  Perez and colleagues reported a similar outcome where only a slight MN increase was produced in Chinese hamster lung V79 cells in the presence of S9 but not in its absence (Perez et al., 2002). Another two investigations concluded that the lowest effective concentration inducing MN in hepatic HepG2 cells (Knasmuller et al., 1999) and human lymphoblastoid MCL-5 cells was at around 50 µM (Pfau et al., 1999). It is plausible the presence of differential sensitivity between the cell lines employed in the quoted investigations and the current one. Concerning investigations in animals, studies in mice do not show genotoxic effects of IQ up to a concentration of 40 mg/kg b.w. (Durling and Abramsson-Zetterberg, 2005). A statistically significant reduction was observed for CBPI and % Bi by both laboratories at the highest concentration (250 µM). No effect was observed for MNMONO, BiNPB and BiBuds. Only an occasional statistically significant difference was recorded between both laboratories for MNMONO (250 µM).
3.8. BaP
BaP is one of the most potent components of PAHs. It has carcinogenic, embryotoxic and teratogenic properties (IARC, 1983). As a ubiquitous environmental pollutant it  is mainly found in cigarette smoke, vehicle emissions, occupational exposure and grilled food (Lafontaine et al., 2006; Singh et al., 2007). BaP possesses a variety of modes of action. When ingested or inhaled, BaP can be transformed into DNA-reactive metabolites which can form stable DNA adducts (Weisenberger and Romano, 1999) and also cause oxidative DNA damage (Mangal et al., 2009). Exposure to BaP may result in a significant epigenetic modification (Yauk et al., 2008). BaP also contains oestrogenic properties with ability to increase tissue-specific cell proliferation (Tsai et al., 2004). In relation with our results, they display an increase in the number of MNBN when compared to control levels; however, the increase is only slight and it is not statistically significant. This is in contrast to similar studies exhibiting very clear positives. Concerning human lymphocytes, a study displayed a positive (12-fold increase) at a concentration of 40 µM (Warshawsky et al., 1995). Kirsch-Volders and co-workers found positives in the cell line L5178Y with S9 presence from a concentration of 7 µM onwards (Kirsch-Volders et al., 2000). In Hep G2 cells, 2-fold increases were found at a concentration of 0.26 µM (Wu et al., 2003), 22.7 µM (Majer et al., 2004) and 50 µM (Hewitt et al., 2007) in three independent investigations. Even lower concentrations provided positives as it was the case in breast cancer cells at concentrations ranging from 0.01 to 10 µM which displayed a positive dose-response  increase (Hewitt et al., 2007). An explanation for such differences might be in the methodology employed as we have deviated from the standardised protocol in order to accomodate other methodologies while profiting from the same subject/treatments. Other effects observed were a statistically significant reduction for CBPI (1 and 10 µM), as recorded by UB, which recovered to negative control levels at the highest concentration. This trend was observed by both laboratories. MNBN generated statistically significant differences between laboratories at 1 and 10 µM but no effect was recorded. BaP at 100 µM produced statistically significant increases for BNPBs and BiBuds as observed by IMROH.
3.9. AA
AA has been known as an industrial chemical for the last 50 years and it has commonly been related to occupational exposure. However, exposure via nutrition could present a more important health risk for general population. Widespread human exposure to AA has been reported through consumption of heated carbohydrate-rich food, fried potatoes, flour and roasting coffee (NFAS, 2002). High levels in daily intake could reach up to 100 µg/kg b.w. (Tareke et al., 2002). Nevertheless, so far there are no positive results correlating AA intake with increased cancer risk (Mucci and Adami, 2005). When absorbed in the body, AA is either metabolised or directly bound to haemoglobin or DNA (Bjellaas et al., 2007; Duale et al., 2009). Glycidamide (GA) was defined as the end genotoxic metabolite of AA after metabolic conversion via CYP2E1. Glycidamide is a 5–10 fold more potent mutagen than AA producing DNA adducts (Mei et al., 2008). Transplacental exposure in humans has been demonstrated with acrylamide-Hb adducts in the blood samples of pregnant women and umbilical cord veins (Schettgen et al., 2004). Also a human placental study has shown that AA and GA can be transferred easily from maternal to fetal circulation (Annola et al., 2008). In the current evaluation, cytotoxic effects of AA were observed at 5 and 50 mM. Despite the cytotoxicity observed, no significant reduction in the CBPI and % BN was observed at the only viable concentration investigated (500 µM). A statistically significant increase of MNBN frequency at the concentration of 500 µM was detected in one of the two laboratories (UB). Likewise, a positive result for chromosome aberrations in V79 cells was reported at the concentrations of 1 and 2 mM for GA and AA, respectively (Annola et al., 2008; Oliveira et al., 2009). Furthermore, a statistically significant increase in BiBuds was observed by IMROH. Only occasional statistical differences between both laboratories were observed for the quoted parameters.
3.10. NDMA
N-nitrosocompounds (NOC) are contaminants often present in the diet (with added nitrates and nitrites), occupational exposure, cigarette smoke, indoor and outdoor air, and water (Fristachi and Rice, 2007; Tricker, 1997). N-nitrosocompounds can also be formed endogenously after diet particularly rich in nitrosyl-haem and nitroso-thiols (Kuhnle and Bingham, 2007). There is significant association between dietary nitrosamines intake and colorectal cancer development (Knekt et al., 1999). Carcinogenesis can also be triggered at organ specific sites as observed in rat liver (Fournier, 1990). NDMA requires metabolic activation to exert its biological effects (Fournier, 1990) and generates metabolites which trigger apoptosis (Lin et al., 1999). In turn, this can be accompanied with presence of ROS (Jablonski et al., 2001). These mechanisms were confirmed by microarray expression analysis (Hebels et al., 2009). The investigation of NDMA in the context of exposure in pregnancy is of relevance due to the high levels of genomic damage detected in mouse foetuses after NDMA administration with S9 intrafoetal injection (Bolognesi et al., 1988). In human placental studies NDMA crossed the placenta from maternal to fetal circulation showing that NDMA metabolites are transplacental agents (Annola et al., 2009). In the present experiment, no genotoxic effects have been displayed after treatment (675 µM to 67.5 mM) in cultured isolated lymphocytes. There was no induction of MNBN, MNMONO, BiNPBs and BiBuds. With regard to cell proliferation, this was also unaffected. In contrast, a number of  studies show a significant increase of MN frequency. For instance, HepG2 cells after 100 mM NDMA treatment displayed a significant increase (Majer et al., 2005). In another investigation, HepG2 cells at a range of 10 to 100 mM showed a 2.5-fold increase in the number of MN after NDMA treatment (Peto et al., 1991). Differences in the cell type selected as well as protocols might be a reason for such differences. In terms of interlaboratory variability, statistically significant differences between UB and IMROH were recorded for MNBN at 675 and 67.5 mM.
4. Conclusion
The CBMN assay is a comprehensive assay which allows measurement of the mitotic status, meaning cell division, and chromosomal instability or damage status (Fenech, 2006). At the present time, there are vast numbers of investigations in the literature applying the CBMN in vitro in order to reveal clastogenic/aneugenic compounds. The relevance of identifying compounds promoting clastogenesis and/or aneugenesis lays in its causal incidence on cancer development. The aim of the present study was to assess genotoxic effects by means of the CBMN assay of ten dietary/environmental contaminants (EtOH, 4-HNE, MDA, TCDD, PCB153, PhIP, IQ, BaP, AA, NDMA) selected within the framework programme NewGeneris. In contrast to classical assessment genotoxicity with the CBMN assay, PBMC were exposed before PHA stimulation. This means that the MN scored were mostly in G0 phase and therefore, probably, with more condensed chromatin. Taken together, this lessens the sensitivity. This might explain the lower genotoxic effects observed for some of the compounds. However, it was expected that exposure of G0 T- lymphocytes could provide better prediction for in vivo effects. This is in addition to the complementary data on gene expression generated from the same samples/treatments. From our results it has to be concluded that only PhIP, at a concentration of 2.5 µM increased significantly MNBN as recorded by both institutions. This agreed with most literature on this compound. Other increases in MNBN have been recorded although this occurred in only one of the two participating laboratories. AA displayed a statistically significant micronucleus increase as recorded by UB and PCB153 as recorded by IMROH. Only occasional BiBuds, BiNPBs and MNMONO were observed for BaP, AA and PhIP which did not display any particular trend. Despite interlaboratory differences, it is a common outcome shared by both laboratories the fact that mostly a lack of genotoxicity, in terms of induction of MNBN, BiBuds, BiNPBS and MNMONO, was found with the only exceptions quoted above. Interlaboratory differences were observed among two well experienced scoring laboratories and this is an issue that has to be considered when performing visual scoring. Therefore, it is highly recommended to perform automated image analysis when studying MN frequencies in cohorts which are to be scored in more than one laboratory. Precisely, the validation of automated scoring to be applied on the scoring of very large cohorts is one of the objectives of the NewGeneris programme. In this regard, NewGeneris has already published an investigation (Decordier et al., 2009). 

The data herewith produced will assist in providing a referent for future data to be generated within NewGeneris and it will also serve the purpose to complement data obtained in other endpoints. Furthermore, the most potent mutagens inducing micronuclei will be selected to relate the intake data obtained from the mother’s frequency food questionnaire to the data obtained from the endpoints employed in the human monitoring study.
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