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Abstract 
 

The in vitro toxicological index IC50 (the millimolar concentration of compound 

which inhibits response assay by 50% compared to the solvent control) of 11 water 

contaminants (acrylamide, atrazine, B[a]P, BPA, 2,4-DAT, 17-αEE, H2O2, 4-OP, 

sodium bromate, sodium chlorate, sodium nitrate) was evaluated on the human 

hepatoma (HepG2) cells using three short-term bioassays related to their morbidity 

status [radiometric RNA synthesis assay (RNA), luminometric ATP assay (ATP), 

fluorometric Alamar blue assay (AB)]. Among all substances, we were not able to 

determine atrazine IC50 value whatever the test used. Furthermore, B[a]P was not 

cytotoxic in the ATP and AB assays. Statistical analysis revealed a correlation between 

the IC50 values obtained in the three assays. Except with 4-OP, RNA assay was always 

inhibited at lower concentrations than those required in the other assays, suggesting that 

this assay is a very sensitive indicator of the presence of toxic compounds. ATP and AB 

assays responded to a similar pattern. Due to its higher sensitivity and its reliability, 

RNA synthesis assay using HepG2 cell line provides the most suitable tool for the 

screening of water contaminants.  
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1. Introduction 

Drinking water partly issued from surface water is exposed to a wide human 

pollution: agricultural, industrial and urban pollution but also to disinfection treatments. 

Many studies have reported the presence of a variety of hazardous compounds in treated 

drinking water (Kraybill, 1981; Peters et al., 1990; Sadiq and Rodriguez, 2004). 

Furthermore, during the production and the filling of mineral water, chemicals may be 

present accidentally or due to the migration of compounds or degradation compounds 

from the food contact materials. To protect the health of consumers, all the potential 

toxic compounds need to be assessed. Analytical methods such as gas chromatography-

mass spectrometry or high pressure liquid chromatography-mass spectrometry have 

been developed for the identification and characterization of toxic constituents in water. 

Although these studies have a high sensitivity offering very good information, they are 

often powerless, (i) particularly in the case of degradation products, impurities, 

incidental contaminants or Non Intentionally Added Substances (NIAS), (ii) often, 

chemical analysis requires concentration procedures of the samples to be tested, (iii) the 

toxicity of different compounds is not comparable at the same concentration and (iiii) it 

is impossible to give a direct idea of the resulting toxicity of a mixture particularly if a 

synergistic or potentialization effect occurs. Therefore, it will be of first interest to 

dispose rapid, sensitive and reliable bioassays to first screen the effects of toxic 

compounds in water instead of analysing large numbers of compounds, which could be 

time and cost consuming, particularly if the chemical controlling the toxicity is 

unknown. 

Established cell lines represent useful alternatives test systems for such toxicological 

studies (Crespi et al., 1995) but they must be carefully chosen as regard to their tissue 

and species origins. The choice of the human cell line were partly based on Multicenter 
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Evaluation of In vitro Cytotoxicity (MEIC) (Ekwall and Sandström, 1978 a,b; Ekwall 

and Johansson, 1980; Clemedson et al., 1996; Clemedson and Ekwall, 1999). In these 

MEIC studies, among different cell lines, a human hepatoma cell line (HepG2) 

(Thabrew et al., 1997) was retained. These cells display many of genotypic and 

phenotypic features of normal liver cells, a wide variety of liver-specific metabolic 

responses to different kind of drugs (Knowles et al., 1980; Knasmüller et al., 1998) and 

a well functioning glutathione system (Dierickx, 1989), playing a crucial role in the 

activation/detoxification of genotoxic pro-carcinogens (Knasmüller et al., 1998). 

Indeed, human cells expressing human xenobiotic metabolising enzymes are more 

likely to be predictive of human susceptibility to the biological effects of chemicals 

(Natarajan and Darroudi, 1991; Darroudi and Natarajan, 1993). HepG2 has also been 

shown to be slightly more sensitive compared to other cell lines (HeLa, ECC-1 and 

CHO K1) to cytotoxic compounds (Schoonen et al., 2005). 

Numerous assays with various physiological mechanisms and endpoints are 

available. The most frequently used endpoint in cellular toxicology are principally based 

on cell mortality state as a consequence of membrane damage or cell detachment: 

neutral red incorporation (Borenfreund and Puerner, 1985), lactate dehydrogenase 

release (Decker and Lohmann-Matthes, 1988); protein content (Balls and Bridges, 

1984). A way to increase the sensitivity of a cytotoxic assay is to follow early 

perturbations in the cell homeostasis. Indeed cells, before they die, exhibit biochemical 

perturbations (morbidity state) induced by the toxic compound. Thus, agents that 

stimulate or modify cell growth may manifest their actions by perturbations in nutrients 

uptake rates (Koren, 1980). These perturbations can be detected in the cell; rapidity of 

RNA synthesis of viable Hela S3 or Balb/c 3T3 cells is a cellular parameter which has 

been shown to be very sensitive (Shopsis and Sathe, 1984; Fauris et al., 1985). The 
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efficiency of this cytotoxic assay which is based on the quantitative inhibition of the 

RNA synthesis rate of the cells exposed to toxic compounds has been demonstrated by 

comparison of data with those obtained with the more classical physico-chemical 

determinations (Fauris et al., 1985; Fauris et Vilagines, 1988). This test is already being 

applied to the detection of pollutants in water using Hela S3 cell line (AFNOR, 

Association Française de Normalisation, 1996). More recently, the RNA synthesis assay 

has been adapted as a screening method to microtitration plates (96 wells) by Valentin-

Séverin et al., (2002) using the HepG2 cell line and we have already shown in the 

laboratory that this assay was reliable to detect cytotoxic effects of unknown 

compounds in spring water using blind tests (Valentin et al., 2001). Futhermore, two 

cytotoxicity tests related to morbidity state, ATP and alamar blue assays are often 

mentioned as very sensitive (Crouch et al., 1993; O’Brien et al., 2000; Hamid et al., 

2004). Indeed, ATP has been used to assess the functional integrity of living cells since 

all cells require ATP to remain alive and carry out their specialised functions (Crouch et 

al., 1993). Previous work has shown the ATP-based assay to be a reproducible and 

reliable assay of cell viability (Petty et al., 1995) as well as the characterization of drug 

effects or cytotoxic agents on human cell lines and tumour samples (Andreotti et al., 

1994; Cree and Andreotti, 1997). Alamar blue is used to establish relative cytotoxicity 

of agents within various chemical classes (Slaughter et al., 1999). It is taken up in cells 

by passive diffusion and reduced in cytosol, mitochondria and/or microsomes (Gonzalez 

and Tarloff, 2001). Continued growth maintains a reduced environment and causes the 

redox indicator to change from oxidized (non-fluorescent, blue) form to reduced 

(fluorescent, red) form. Moreover, both of these tests can be performed using 

microplates and are suitable for high-throughput screening (HTS) to the identification of 

cytotoxic compounds regardless of the underlying mechanism and chemical class.  
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The objective of this work was then to compare RNA synthesis assay with two other 

sublethal assays (ATP and alamar blue assays) using the HepG2 cell line. To compare 

these bioassays, the toxicity of eleven kinds of chemicals was evaluated. The water 

model toxicants used are environmental pollutants: atrazine (herbicide), nitrate 

(fertilizer), benzo[a]pyrene (mutagen) and endocrine disrupting chemicals (17-

αethinyloestradiol, 4-octylphenol, bisphenolA), water purification process contaminants 

(bromate, acrylamide, chlorate, H2O2) and water contact material (2,4-DAT). 
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2. Materials and methods 

2.1. Chemicals and reagents 

1X and 10X Minimum Essential Medium (MEM), 100X non-essential aminoacids, 

trypan blue 0.5% (w/v), sodium dodecyl sulfate (SDS), dimethylsulfoxyde (DMSO), 

were provided by Sigma-Aldrich (Saint Quentin Fallavier, France), as well as most of 

the compounds tested (Fig. 1): Acrylamide (purity ≥99%), Atrazine (purity 99.2%), 

B[a]P (purity >97%), BPA (purity >99%), 2,4 Diaminotoluene (purity 98%), 17-α 

ethinylestradiol (purity 98%), 4-octylphenol (purity 99%), sodium bromate (purity 

>98%), sodium chlorate (purity >99%), sodium nitrate (purity >99.5%), H2O2 (30%). 

Heat-inactivated fetal bovine serum (FBS), L-glutamine, phosphate buffered saline 

without Ca2+ and Mg2+ (PBS), trypsin (0.05%)-EDTA (0.02%) and sodium bicarbonate 

(NaHCO3) were obtained from Invitrogen (Cergy-Pontoise, France). [5,6-3H] uridine 

(1.33 TBq/mmol) was purchased from Amersham (Orsay, France). All other chemicals 

were all of analytical grade. Alamar Blue™ was purchased from Biosource Europe 

(Nivelles, Belgique) and ATP Vialight™ was from Cambrex (Verviers, Belgique). 

 

2.2. Cell and culture media 

HepG2 human hepatoma cell line was obtained from the ECACC (European 

Collection of Cell Culture, U.K.). Routine monitoring has shown the HepG2 cells to be 

mycoplasma free (Mycoalert kit from Cambrex). After 10 passages, HepG2 cells were 

no longer used for the assays. The cells were grown in monolayer culture in MEM 

supplemented with 2mM L-glutamine, 1% non-essential aminoacids and 10% FBS (v/v) 

in an humidified atmosphere of 5% CO2 and at 37°C. Continuous cultures were 

maintained by subculturing flasks every 7 days at 2.2x106 cells/75 cm2 flask by 

trypsination. 
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2.3. Test plate preparation 

HepG2 cells were seeded into 96-well plate (Dutscher, France) in 200 µl of complete 

culture medium at a final concentration of 5.104 cells/well for the Alamar blue (AB), 

ATP luminescence (ATP) and RNA synthesis (RNA) assays. 

 

2.4. Concentration response curves  

After a 28 h incubation (when the cells were in exponential growth phase), the 

medium was removed and cells were exposed to the test substance for 20 h (excepted 

for the unstable H2O2 molecule, 1h) in 100 µl of fresh complete MEM supplemented 

with only 0.5% FBS. Eleven compounds were tested in each assay in a dose response 

manner by direct addition in medium: acrylamide (1.46-50 mM), sodium bromate (1.48-

5.66 mM), sodium chlorate (10-300 mM), sodium nitrate (14.6-257 mM), H2O2 (0.001-

150 mM) or after dissolution in DMSO used at a final non cytotoxic concentration of 

0.25% (v/v) in the culture medium: atrazine (0.42-2.89 mM), B[a]P (0.0015-0.060 

mM), BPA (0.036-0.38 mM), 17-αEE (0.0045-0.30 mM), 2,4-DAT (0.50-25 mM), 4-

OP (0.031-0.121 mM). Control cells were exposed with medium only or with medium 

containing vehicle. Maximal concentration of tested compounds was systematically 

established according to their dissolution capacity into the DMSO or the culture 

medium. Each concentration was tested in replicates of four wells and the reported 

results are the mean of three independent experiments. 

 

2.5. Polluted mineral water samples  

As model polluted water, we used a mineral water (Volvic, screened for toxicants, 

from Danone, France) spiked with high (acrylamide) or moderate (bisphenol A) or low 
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(17-αEE) water soluble compounds. Samples have been prepared with drinking mineral 

water in glass flasks and deliberately polluted with known amounts of acrylamide (0, 

84, 210, 420, 840 and 2520 mg/L) or bisphenol A (0, 6.7, 13.5, 27, 40.5, 54, 67.5 and 81 

mg/L) or 17-α  ethinylestradiol (0, 1.1, 1.7, 2.4, 3.6 and 5.3 mg/L). These samples were 

tested with the three assays (AB, ATP and RNA) after a 20 h exposure. In order to 

estimate the performance of the assays, samples were coded for a blind evaluation. 

For these assays, a 6.45X concentrated MEM medium was diluted (1 volume of 

concentrated MEM + 5.45 volume of tested water) just before use with the drinking 

water (blank) or with polluted water. The concentrated medium was made as following: 

100 ml MEM 10X + 30 ml NaHCO3 (7.5%) + 10 ml L-glutamine (100X) + 10 ml of 

MEM non-essential aminoacids (100X) and 5 ml FBS. The pH of the medium was 

adjusted when necessary. 

 

2.6. Cytotoxicity assays 

RNA synthesis determination. The original assay was first described by Fauris et al., 

(1985), adapted to HepG2 cells by Valentin et al., (2001) and finally automated by 

Valentin-Séverin et al., (2002). The latest assay was used here. Briefly, tritiated uridine 

was added to the culture medium (10 µL, 0.3 µCi/well) and its amount of incorporation 

into the cellular RNA was measured (after 6, 12, 18, 24 and 30 min uptakes). The RNA 

synthesis rate was determined by calculating the slope of the straight regression line 

corresponding to the experimental values. This rate was then plotted against that 

obtained for the non toxic blank, arbitrarily fixed to 100%. The results are expressed as 

a percentage of RNA synthesis in relation to the blank (control). 

Alamar blue assay. The alamar blue assay was performed with a fluorimetric method 

according to the procedure described by O’Brien et al., (2000). Three hours before the 
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end of the treatment incubation, 10 µL AB/well were added yielding a final 

concentration of 10% AB. Plates were returned to incubator and the fluorescence was 

read after 3h. The plates were exposed to an excitation wavelenght of 535 nm and the 

emission at 580 nm was recorded on a Dynex fluorimeter. The percent viability was 

expressed as fluorescence emitted by treated cells compared to control (medium or 

vehicle only).  

ATP bioluminescence assay. At the end of the treatment incubation, 50 µL of cell 

lysis reagent (Vialight kit content) were added to each well. Following a 10-min 

incubation at room temperature, 100 µL of cell lysate were transferred to an opaque 

white walled plate. A substrate solution (Vialight kit, 100 µl /well) was then added and 

the microplate was incubated for 2 min at room temperature. Plates were covered by an 

adhesive seal and counted using a luminometer (TopCountNT, Packard). The percent 

viability was expressed as luminescence emitted in the presence of test compound as a 

percentage of that in the blank (medium alone or vehicle).  

 

2.7 IC50 and IC20 values calculation  

GraphPad Prism  4.0 software was used to calculate the concentrations associated 

with 50% inhibition or 20% inhibition of measured parameter (IC50 or IC20 values) 

using a Hill function non linear regression analysis. 

The IC50s and IC20s were transformed in log values for the assay comparisons. Linear 

regression analysis was used for that purpose. 
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3. Results 

3.1 In vitro cytotoxicity of the compounds tested. 

The sigmoidal concentration-response curves of ten compounds tested in the 

bioassays are shown in Fig. 2. All curves have an r2 greater than to 0.80. Among the 

eleven chemicals tested for this study, only atrazine failed to give a concentration-

response curve whatever the bioassays used. Furthermore, alamar blue and ATP assays 

failed to detect the effects of B[a]P, even at the limit of its solubility. 

The toxicological potential of the compounds, expressed by their IC50 values 

calculated with the three bioassays (when possible), is summarized in Table 1. The 

levels of toxicity varied not only according to the substances tested, but also to the 

bioassays (RNA, AB or ATP). 

Major differences of cytotoxicity potential exist between the contaminants. In these 

experimental conditions, the IC50 values allowed the substances to be arbitrarily ranked 

in three levels of toxicity: high toxicity, IC50 values < 0.1 mM; mild toxicity, 

0.1 mM < IC50 values < 10 mM and low toxicity, IC50 values > 10 mM. Whatever the 

bioassays, a low toxicity was observed for sodium chlorate and sodium nitrate, a mild 

toxicity for 2,4-DAT, sodium bromate and H2O2 and high toxicity for 4-OP. Among the 

other substances, some of them can be specified as being relatively more toxic for one 

bioassay than the others. BPA and 17-αEE (especially) were high toxic compounds in 

RNA assay and mild in AB and ATP assays. The level of toxicity of acrylamide is low 

in AB and ATP assays and moderate in RNA assay. Furthermore, B[a]P is a highly 

toxic compound in RNA assay and not cytotoxic in AB and ATP assays. Atrazine 

revealed a mild toxicity (30% inhibition at 0.6 mM) in RNA assay exclusively. 
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Cytotoxic effects of the contaminants were as follow using RNA assay: Sodium 

nitrate < Sodium chlorate < Acrylamide = 2,4 DAT < Sodium bromate < Atrazine < 

H2O2 < BPA < 4-OP < 17-αEE < B[a]P. 

 

3.2 Comparisons of toxicity tests. 

The toxicity tests were compared in terms of their responses and in terms of their 

sensitivities at the two levels IC20 and IC50. 

A comparison of the bioassays responses to contaminant substances was performed 

by mean square root linear regression analysis. The results are shown in Fig. 3. The 

relationship between the bioassays were expressed by their equations of regression. 

They showed significant correlations between the IC50 or IC20 calculated with all 

bioassays. The best correlations were obtained between the IC50 values issued from 

ATP and AB assays (r2=0.96) on one hand and between RNA and AB assays (r2=0.94) 

on the other hand. 

Sensitivity was first measured by ranking the tests according to the IC20 values 

(Table 2). The range of variation (R) of the IC20 values is summarized in Table 2. 

Excepted for 4-OP (R=1), all of the lowest IC20 values were determined with the RNA 

assay which was the most sensitive test. Furthermore, the highest IC20 values were 

calculated with ATP or AB assays at the same frequency suggesting the same overall 

sensitivity for these two bioassays. For all of compounds listed in Table 2, the range of 

variation of the IC20 values was R ≤ 22. As can be seen in Fig.3, AB and ATP assays 

have the same overall sensitivity at the two levels of toxicity but the difference in 

sensitivity between RNA assay and the two other tests was more pronounced at the low 

level of toxicity (3.5 fold more sensitive taking into account the IC50 values compared 

to 5 fold more sensitive taking into account the IC20 values). 



 13 

 

3.3 Toxicity evaluation of spiked water samples. 

Fig. 4 presents the concentration-response curves for the three assays employed 

when HepG2 cells were exposed to mineral water samples spiked with known 

concentrations of acrylamide or BPA or 17α-EE for 20h. Following blind exposure, 

significant toxicity is observed with the RNA assay at lower concentrations compared to 

the ones required for detection with the AB and ATP assays. Furthermore, when 17-

αEE is evaluated at relevant environmentally concentration, e.g. at the limit of its 

solubility, only RNA assay allowed to detect its effects. The results confirmed that AB 

and ATP assays are the least sensitive when compared to the RNA assay. Then, AB and 

ATP assays could lead to false negative data. 

Table 3 presents the IC50 and IC20 values calculated (when possible) from the 

concentration response curves for the RNA, AB and ATP assay when HepG2 cells were 

blind exposed to the spiked water samples for 20h. The IC50 and IC20 values for 

acrylamide, bisphenol A and 17α-EE were in the same range of the values presented in 

tables 1 and 2, excepted for the values calculated in the ATP assay for acrylamide which 

were approximately two fold lower. This results showed that the RNA and AB assays 

were more reliable that the ATP assay. 
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4. Discussion 

This study investigated cytotoxic effect of potential water contaminants on HepG2 

cell line in order to design a sensitive and reliable assay. The RNA synthesis assay was 

compared to the ATP and alamar blue, two very sensitive cytotoxic assays chosen for 

their capacity to give information on the sublethal cell damage. However, a direct 

comparison of the sensitivities of RNA, AB and ATP assays from the literature is 

difficult because of varying experimental conditions, especially different exposure times 

to the test chemicals or different cell types. 

The 11 compounds tested herein have a wide range of toxicities. B[a]P is known to 

be a hepatocarcinogen. HepG2 cells have been shown to be sensitive to B[a]P and this 

sensitivity reflected their ability to metabolise B[a]P to cytotoxic products (Diamond et 

al., 1980; Sassa et al., 1987; Babich et al., 1988). B[a]P was the most toxic compound in 

this study with a very low IC50 value (0.006 mM) determined only in the RNA assay. 

Indeed, alamar blue and ATP assays failed to detect a cytotoxic effect even under 

microscope, cell blebbings were observed. Unfortunately, in our experimental 

conditions the limit of solubility of B[a]P in DMSO was reached (20 mM) not allowing 

to use higher concentrations. We previously showed that RNA assay was more sensitive 

than neutral red assay which failed to detect a B[a]P cytoxicity in HepG2 cells (Valentin 

et al., 2001). Our data obtained with the ATP assay are in accordance with Storer et al. 

(1996). These authors were not able to detect a cytotoxic effect of B[a]P using an ATP 

assay and primary rat hepatocytes up to 150 µM. Concerning alamar blue, only 

Schoonen et al. (2005) determined a minimal toxic concentration (0.032 mM) but after a 

longer time exposure (72h). 17-αEE was also very cytotoxic especially in the RNA 

assay (IC50 = 0.014 mM) but we lack data about its cytotoxic effect in the litterature. 4-

OP was one of the most cytotoxic compound tested in this study (IC50 ∼  0.050 mM) 
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whatever the assay used, suggesting a non specific toxicity to the endpoints measured in 

HepG2 cells. BPA was quite cytotoxic for the HepG2 cells (IC50 between 0.074-0.24 

mM). Again the RNA assay was more sensitive to detect BPA cytotoxicity compared to 

ATP or alamar blue assays and compared to Storer et al. (1996) studies using primary 

rat hepatocytes culture and using several mortality or sublethal cytotoxic assays. 

H2O2 is a major component of reactive oxygen species (ROS) which causes DNA 

damage. In our study, H2O2 was mildly cytotoxic for the HepG2 cells after 1 hour 

contact in the RNA assay (IC50 = 0.50 mM) that was again the most sensitive test. 

Concerning the alamar blue data, our results are correlated with Li et al. (2004) who 

used HeLa cells. In contrast to the RNA assay, atrazine at 0.6 mM was not detected as 

cytotoxic in alamar blue and ATP assays. This result is in accordance with Tchounwou 

et al. (2001) who found that atrazine was not toxic to the HepG2 cells in the MTT assay 

even at its maximum solubility. The toxicity of bromate was moderate in HepG2 cells 

whatever the cytotoxicity assay used (IC50= 2-4 mM). In our study, acrylamide and 

2,4-DAT were midly cytotoxic compounds for the HepG2 cells. Acrylamide is a 

probable human carcinogen (IARC, 1994) with genotoxicities including micronuclei 

(Higashikuni, 1994). 2,4-DAT has recently been shown genotoxic in HepG2 cells in the 

laboratory by Séverin et al. (2005a). Finally, sodium nitrate and sodium chlorate were 

the less toxic compounds in this study with low IC50 values (>10mM). This is in 

accordance with Bharadwaj et al. (2005) studies using HepG2 cells. 

In this study, alamar blue, ATP and RNA assays performed with the HepG2 cells 

intercorrelated significantly demonstrate that these assays are similar tools for overall 

evaluation of cytotoxicity. Toxic effects can be compared at different levels of toxicity, 

either at the IC50, the IC20 or the no-observed-effect concentration level. Normally, 

IC50 values are determined. However, we also found good correlations at the 20% 
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effect level. This shows that the IC20 values are also valuable for estimation of 

cytotoxicity, particularly when IC50 can’t be evaluated (for low water soluble 

compound for exemple). In the context of water screening, IC20 values were closer than 

IC50 values to environmentally relevant concentrations (low concentration). For the 

nine tested compounds which are given a concentration-response curve simultaneously 

in the three bioassays used, the range of variation (R) of the IC20 values was moderate 

(R <22). This result can be related to the non specific toxicological cellular mechanism 

of the mentionned substances. A bioassay used for screening studies must be sensitive 

and it must detect all major cellular disturbances. But RNA assay, according to its 

higher sensitivity, allowed cellular toxic effects to be significantly detected at lower 

concentration. 

This study clearly shows that RNA assay was the most sensitive test because the 

IC20 and IC50 values determined with the tested compounds were always statistically 

lower than those obtained with alamar blue and ATP (except for 4-OP). Furthermore, 

RNA assay was able to detect all the tested compounds suggesting a higher discriminate 

potency of this assay and was also reliable in the blind test experiments. The high 

sensitivity of this assay is essentially due to the dynamic nature of the test which does 

not compare amounts of synthesised RNA but the rapidity of RNA synthesis. 

Kjeldgaard (1963) has shown that RNA synthesis is proportional to the square of 

cellular growth rate.  

In the context of screening cytotoxic compounds presence, we have to be careful 

with the suitability of the assay to prevent false negatives. IC50 values determined using 

spiked water samples were closed to the IC50 obtained by classical way (dissolved in 

DMSO) excepted for the very low water soluble compound (17-αEE) which is not 

identified as cytotoxic in AB and ATP assays when realistic cytotoxicological 
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evaluation is performed. RNA assay data obtained with contaminants spiked in mineral 

water suggest a high performance of this assay. To assess the presence of potential toxic 

compounds, we need a global test able to detect a large range of various chemicals 

classes. In this study, while RNA assay succeeded to detect all the tested, ATP and 

alamar blue could lead to false-negatives. Furthermore, we previously demonstrated that 

RNA assay, when used prior to genotoxic tests, was a good tool to avoid false positive 

data. RNA assay has been retained in a pre-normative research with the objective to 

establish a set of in vitro cytotoxicity and genotoxicity assays that will be easily 

performed to assess safety of food-contact paper and board (Séverin et al., 2005b). 

Experiments are underway in the laboratory to check effects of different contaminants 

mixtures. 

In conclusion, this study shows a high sensitivity of the RNA assay compared with 

the alamar blue and ATP assays. This test was reliable, it is a global cytotoxic assay as 

it is able to detect toxic compounds with different action mechanisms making this assay 

the most appropriate to detect various water contaminants. As human cells are more 

relevant for human risk evaluation, we think that RNA assay using HepG2 cells could 

be a promising tool for the screening of water samples in order to evaluate the harmful 

effects of compounds. 
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Figure/table legends. 

Table 1. IC50 values (mM) for HepG2 cells following exposure (20h, excepted H2O2, 
1h) to water contaminants based on the concentration-response curves as derived from 
RNA, alamar blue and ATP assays. 

 
Table 2. Range of variation (R) of the IC20 values according to the bioassays used. 

 

Table 3. IC50 and IC20 values for HepG2 cells following 20h blind exposure to spiked 
mineral water based on the concentration-response curves as derived from RNA, alamar 
blue and ATP assays. 
 

Fig. 1. Chemical structures of tested compounds and CAS numbers  

 

Fig.2. Concentration response curves (using GraphPad Prism) of compounds tested in 
the RNA synthesis (RNA), alamar blue (AB) and ATP assays. Data represent the mean 
of 3 experiments ± SEM. 

 
Fig. 3. Linear regression analysis. X=logIC50 or logIC20 (first assay) and Y=logIC50 
or logIC20 (second assay). Y=aX + b, equation of regression. r2= coefficient of 
correlation. p=level of significance. 1: 17-αEE, 2: 4-OP, 3: BPA, 4: H2O2, 5: Bromate, 
6: 2,4-DAT, 7: Acrylamide, 8: Chlorate, 9: Nitrate. 

 

Fig. 4. Response (in % of control) of acrylamide or BPA or 17-αEE spiked mineral 
water samples according to the RNA synthesis (RNA), alamar blue (AB) and ATP 
assays in HepG2 cells after 20h exposure. Data (n=2) ± SEM was statistically analysed 
with the unpaired student’s t-test using the Prism software (*p<0.05, **p<0.01, 
***p<0.001, different from control). 



 
 IC50 (mM) with 95% confidence limits (n=3) 

Compound RNA assay AB assay ATP assay 

Acrylamide 3.5 
(3.1-3.9) 

19.0 
(14.1-25.5) 

37.1 
(34.6-39.8) 

Atrazine 30% inhib ition at 
0.60mM a 

Non-toxic or toxicity 
above 0.60mM a  

Non-toxic or toxic ity 
above 0. 60mM a 

B[a]P 0.006 
(0.0056-0.0068) 

Non-toxic or toxicity 
above 0.05mM a 

Non-toxic or toxic ity 
above 0.05mM a 

BPA 0.074 
(0.07-0.08) 

0.24 
(0.23-0.25) 

0.22 
(0.20-0.24) 

2,4 DAT 3.5 
(2.2-5.6) 

12.1 
(10.5-13.9) 

8.3 
(7.8-8.9) 

17-αEE 0.014 
(0.013-0.016) 

0.17 
(0.16-0.19) 

0.097 
(0.089-0.106) 

H2O2 
0.50 
(0.41-0.60) 

3.9 
(1.7-8.9) 

9.7  
(7.4-12.7) 

4-OP 0.048 
(0.044-0.052) 

0.055 
(0.046-0.065) 

0.055  
(0.051-0.059) 

Bromate 2.2 
(2.1-2.4) 

4.0 
(3.8-4.2) 

2.7  
(2.6-2.8) 

Chlorate 29.2 
(24.9-34.2) 

152 
(145-159) 

81.0 
(74.6-87.8) 

Nitrate 40.6 
(34.5-47.9) 

160 
(153-166) 

72.8  
(63.5-83.3) 

a limit of solubility 
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 IC20 (mM) with 95% confidence limits (n=3) 

Compound RNA assay AB assay ATP assay 
R = highest 
IC20/lowest IC20 

Acrylamide 2.2 
(1.8-2.6) 

8.3 
(5.2-13.3) 

32 
(29-35) ATP/RNA 15 

BPA 0.043 
(0.037-0.049) 

0.21 
(0.19-0.23) 

0.16 
(0.14-0.19) 

AB or 
ATP/RNA 5 

2,4 DAT 1.0 
(0.5-2.2) 

3.9 
(3.1-5.1) 

7.1 
(6.4-7.8) 

ATP/RNA 7 

17-αEE 0.007 
(0.006-0.009) 

0.12 
(0.10-0.14) 

0.06 
(0.05-0.07) 

AB/RNA 17 

H2O2 
0.26 
(0.17-0.40) 

1.7 
(0.6-4.9) 

5.4 
(3.7-7.9) ATP/RNA 21 

4-OP 0.06 
(0.05-0.07) 

0.06 
(0.05-0.08) 

0.07 
(0.06-0.08) 

RNA=AB=
ATP 1 

Bromate 1.6 
(1.5-1.8) 

3.5 
(3.3-3.7) 

2.4 
(2.3-2.5) AB/RNA 2 

Chlorate 10.2 
(7.5-13.7) 

127 
(118-136) 

52 
(44-61) 

AB/RNA 12 

Nitrate 15.5 
(11-21) 

132 
(123-141) 

35 
(28-43) 

AB/RNA 9 
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IC (mM) determined in the blind test 

 Acrylamide Bisphenol A 17-α EE 

Assays IC50 IC20 IC50 IC20 IC50 IC20 

mg/L 403 285 23.8 12.5 5.3 2.5 
RNA 

mM 5.2 3.6 0.10 0.055 0.017 0.008 

mg/L 1609 940 66.5 53.6 
AB 

mM 20.6 12.0 0.29 0.23 
Non cytotoxic 

mg/L 1773 1288 54.0 42.5 
ATP 

mM 22.7 16.5 0.24 0.19 
Non cytotoxic 
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Acrylamide 

CAS: 79-06-1 
Atrazine  

CAS: 1912-24-9 

Benzo[a]pyrene 
(B[a]P) 

CAS: 50-32-8 

  

17 αααα  Ethinyloestradiol  
 (17 αααα  EE) 

CAS: 57-63-6 

4-Octylphenol  
(4-OP) 

CAS: 1806-26-4 

Hydrogen peroxide 
(H2O2) 

CAS: 7722-84-1 

   
Sodium Bromate 
CAS: 7789-38-0 

Sodium Chlorate  
CAS: 7775-09-9 

Sodium Nitrate 
CAS: 7631-99-4 

 
 

B isphenol A (BPA) 
CAS: 80-05-7 

2,4 Diaminotoluene (2,4 DAT) 
CAS: 95-80-7 
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