
CELLULAR & MOLECULAR BIOLOGY LETTERS 
Volume 10, (2005) pp 15 – 21 
http://www.cmbl.org.pl 

 
Received 26 July 2004 
Accepted 19 October 2004 
 

 
*Corresponding author; e-mail: ablasz@biol.uni.lodz.pl  
 

Abbreviations used: EQ – ethoxyquin; EQ-HCL – ethoxyquin hydrochloride; EQ-P – 
ethoxyquin phosphate; IC50 – the compound concentration that effectively inhibits 50% 
of cell growth after a 72-h exposure of cells to the tested compound; MTT – 3-(4,5-
dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide; SDS – sodium dodecyl 
sulphate; DMF – dimethylformamide; TUNEL – TdT-mediated dUTP Nick-End 
Labelling; TdT – terminal deoxynucleotidyl transferase; ET – ethanol; MI – the mitotic 
index. 
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Abstract: In our study, we analyzed the cytotoxicity of ethoxyquin (EQ) and its 
two salts, ethoxyquin hydrochloride (EQ-HCL) and ethoxyquin phosphate (EQ-
P). It was shown that EQ was the most cytotoxic compound (IC50 = 0.09 mM), 
while the lowest cytotoxic effect was observed for EQ-P (IC50 = 0.8 mM). The 
properties of ethoxyquin and its salts were also analyzed with the TUNEL 
method, which evaluates their ability to induce apoptosis. It was shown that EQ 
induced apoptosis in cultured human lymphocytes, especially at concentrations 
of 0.25 and 0.5 mM.   
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INTRODUCTION 
 
Ethoxyquin (1,2-dihydro-6-ethoxy-2,2,4-trimethylquinoline) is used in various 
food products and in animal feeds because of its powerful antioxidant 
activity.Recently, many unfavourable side-effects have been observed in animals 
fed with EQ-containing feeds [1]. Adverse effects were also observed in people 
who are exposed to this compound at work [1, 2]. EQ was nominated for 
carcinogenicity testing by the U.S. Food and Drug Administration (FDA) [1]. 
The nomination was based on the increased use and high levels of EQ in animal 
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feed; there was also no certain data concerning the potential toxicity of EQ. In a 
report prepared by Dewhurst [2], studies of genotoxicity in mammalian systems 
were recommended since they would provide information useful for evaluating 
the compound. An in vitro chromosome aberration test revealed that this 
compound induced chromosome aberrations; the following were observed: 
dicentrics, atypical translocated chromosomes and chromatid exchanges [3, 4]. 
On the other hand, EQ was observed to have antimutagenic and anticarcinogenic 
properties [5-7]. However, due to the harmful effects observed in animals fed 
with EQ-containing feeds and due to its toxicity, proved in many studies, other 
compounds, including analogues of EQ, are being researched and prepared to 
replace EQ. The properties and antioxidant efficacy of these new agents are 
being intensively studied [8, 9].  
In our laboratory, we attempted to study the in vitro cytotoxicity and 
genotoxicity of EQ, and we compared EQ properties with the properties of some 
new antioxidants. The cytotoxicity of EQ was observed earlier during the 
chromosome aberration test [4]. In this study, we investigated the cytotoxicity 
and ability to induce apoptosis of two EQ salts (EQ-HCL and EQ-P) and we 
compared this with the properties of EQ. There is no published data on the in 
vitro cytotoxicity of EQ-HCL and EQ-P. These compounds have similar 
protective properties to EQ, and they have been proposed for use in animal feeds 
[10, 11]. 
 
MATERIAL AND METHODS 
 
Chemicals 
The chemicals were synthesized in the Department of Organic Chemistry, 
University of Łódź. The synthesis of ethoxyquin (1,2-dihydro-6-ethoxy-2,2,4-
trimethylquinoline, CAS number: 91-53-2, purity > 97%, Fig. 1) was described 
elsewhere [4]. The two EQ salts, ethoxyquin hydrochloride (EQ-HCL, 1:1, 
purity > 96%) and ethoxyquin phosphate monobasic (EQ-P, 1:1, purity > 98%), 
were  synthesized  according  to  the  method  presented in our earlier paper [12]. 
Briefly, these compounds were obtained in the reaction of EQ water-methanol 
solution with concentrated hydrochloric or concentrated phosphoric acid, 
respectively. The obtained products, EQ-HCL (light-beige) and EQ-P (light-
grey), slowly darkened over 7-10 days at room temperature, and they were 
soluble in water.  

 
Fig. 1. The chemical structure of EQ. 
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Lymphocyte isolation and culture 
Lymphocytes were isolated from peripheral blood obtained from healthy non- 
smoking donors by density-gradient centrifugation (15 min., 280 g) with 
Histopaque-1077 (Sigma). The concentration of the lymphocytes in culture was 
105 per mL (MTT assay) or 0.8 x 106 per mL (TUNEL assay). The lymphocytes 
were cultured in RPMI 1640 medium (85%) supplemented with antibiotics (100 
IU/mL penicillin and 0.1 mg/mL streptomycin, Sigma), PHA (1% v/v, Gibco) 
and fetal calf serum (15%, Sigma). 
 
The MTT assay 
The MTT assay is based on the cleavage of the yellow dye MTT to purple 
formazan crystals by mitochondrial dehydrogenases; this conversion only occurs 
in viable cells. Lymphocytes were seeded on a 96-well microplate 24 hours 
before drug treatment. The cells were incubated with different concentrations of 
the tested compounds for 72 hours. Then, 15 µl of MTT solution (5 mg/mL) was 
added to each well, and after 2 hours, formazan crystals were dissolved in 20% 
SDS/50% DMF. After a further 24 hours, the absorbance was measured at 580 
nm using an Awareness microplate reader. Three independent experiments were 
performed for each compound tested. The IC50 values were estimated on the 
basis of survival curves. 
 
The TUNEL assay 
The DeadEndTM Fluorometric TUNEL System (Promega) was used to detect the 
fragmented DNA of apoptotic cells labelled at their 3’-OH ends with 
fluorescein. After 24 hours in culture, lymphocytes were treated with the tested 
compounds. The lymphocytes were fixed on slides with 4% paraformaldehyde 
(Polysciences) and then incubated (1 hour, 37°C) with a mixture of TdT and 
fluorescein-labelled nucleotides. The analysis was performed using a 
fluorescence microscope (OLYMPUS, 520 nm filter). The nuclei of apoptotic 
cells were dyed green, and propidium iodide treatment of the slides was used as 
a counterstaining for all cells. The percentage of apoptotic cells was calculated 
for 1000 cells in three independent experiments. The statistical analysis was 
performed using the exact Fisher test.  
 
RESULTS 
 
The MTT assay 
In the MTT assay, lymphocytes were incubated with the tested compounds for 
72 hours. The test showed that EQ was the most cytotoxic compound (Fig. 2); 
the concentration causing 50% growth inhibition was 0.09 mM. For EQ-HCL, 
the IC50 value was 0.13 mM, while EQ-P was the least cytotoxic with an IC50 of 
0.8 mM.  
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Fig. 2. The IC50 values for EQ, EQ-HCL and EQ-P determined after a 72-hour treatment 
of cells. 
 
TUNEL method 
 
Fig. 3 shows the relationship between the time of treatment and the number of 
apoptotic cells observed. In earlier studies, we showed that if EQ was present in 
the lymphocyte cultures for 24 hours, this effectively induced apoptosis [12]. 
Here, we compare these results with the results obtained for 48-hour and 72-
hour incubations. 

 
Fig. 3. The percentage of apoptotic cells following 24-, 48- or 72-hour EQ treatment of 
lymphocytes; C – the control without any compound added; ET – the control with 
ethanol (the EQ solvent) added. The apparent differences between ET and the treatments 
of 0.05 mM EQ concentration and higher were statistically significant. 
 
It was observed that cytotoxicity of EQ depended on the concentration used and 
the time of treatment. Especially high numbers of apoptotic cells were observed 
when the applied concentrations were higher than the IC50 value (0.25 and 0.5 
mM) and after 72 hours' treatment. With lower doses of EQ, an increase in the 
number of apoptotic cells in comparison with the control was also seen (Fig. 3).   
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Fig. 4 shows the comparison of the ability of the tested compounds to induce 
apoptosis after a 24-hour treatment. The number of apoptotic cells was the 
highest after EQ application. A dose-effect relationship was observed. A 
statistically significant increase in the number of apoptotic cells after EQ-HCL 
application was only observed with the highest dose used (0.5 mM). In 
lymphocyte cultures treated with EQ-P, no increase in the number of apoptotic 
cells in comparison with the control was noticed. 

 
Fig. 4. A comparison of the ability of EQ and its salts to induce apoptosis in cultured 
human lymphocytes (exposure time – 24 hours). Statistically significant differences 
between the treatments and the respective controls were observed for EQ (0.05-0.5 mM) 
and for EQ-HCL (0.5 mM). The numbers of apoptotic cells observed after EQ-HCL and 
EQ-P lymphocyte treatments were statistically lower than those after EQ treatments.   
 
DISCUSSION 
 
Because of the adverse health effects observed in animals given EQ-containing 
feeds and in people working with it [1, 2], there is a great deal of research aimed 
at finding new compounds, including EQ analogues, with similar antioxidant 
properties to replace EQ [8, 9]. In this paper, we report on the results of studies 
on the cytotoxicity and ability to induce apoptosis of EQ and its two salts, which 
show similar antioxidant activities as EQ.  
EQ proved to be most cytotoxic. The IC50 value determined after a 72-hour 
lymphocyte treatment was 0.09 mM. We showed that high EQ concentrations 
(especially 0.25 and 0.5 mM) induced apoptosis; thus, the cytotoxicity observed 
in the MTT assay probably resulted from this process. An induction of apoptosis 
by EQ was indicated in PHA-activated lymphocytes. There are no published 
results concerning apoptosis induction by this compound in non-activated cells; 
such lymphocytes are more resistant to this process. In the comet assay, we 
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observed that EQ also induced apoptosis in non-activated cells when EQ was 
used at concentrations of 0.1 mM and higher for 1 hour [unpublished data].  
These results concur with our previous observations [4]. In the chromosome 
aberration test, we noted a statistically significant decrease (> 50%) in the 
mitotic index in lymphocyte cultures (24-hour treatment; 0.25 mM) as compared 
to the negative control. The analysis of MI also showed that EQ was less 
cytotoxic for human lymphocytes after the application of metabolic activation 
with an S9 fraction obtained from the rat liver [4]. The results of the HPLC 
assay showed that this compound was effectively metabolized in vitro by 
enzymes of the liver microsomal fraction [4]; EQ at doses of 0.01-0.05 mM was 
entirely metabolized (2-hour treatment), but in cultures with higher doses of EQ, 
the unchanged compound was also found. In animals, EQ is also metabolized 
[13] and the in vivo cytotoxic effect of EQ may not only depend on the dose of 
the compound but on the efficiency of the metabolic system as well.       
In this study, the cytotoxic effect of EQ was especially observed at the higher 
doses used: this was clearly seen with doses higher than IC50. In the chromosome 
aberration test performed earlier, the highest number of aberrations and a 
decrease in MI were also found after using EQ at concentrations over 0.1 mM 
[4]. Many antioxidants used at high concentrations can have a pro-oxidant effect, 
and it is possible that it was this EQ property that caused growth inhibition and 
apoptosis induction.  
The two EQ salts studied, EQ-HCL and EQ-P, were less cytotoxic and also less 
able to induce apoptosis than EQ; the modifications of the EQ structure changed 
the cytotoxicity of its salts in comparison with EQ. The compound that did not 
induce apoptosis was EQ-P (IC50 = 0.8 mM in comparison to 0.09 mM for EQ). 
EQ-P was not tested with regard to its influence on living organisms, but there is 
some information available concerning EQ-HCL: it was proved to induce some 
adverse side effects in animals, similarly to EQ [10]. In the MTT assay, the IC50 
value for EQ-HCL was only a little higher than that for EQ (0.13 mM in 
comparison with 0.09 mM), but it only slightly increased the number of 
apoptotic cells in comparison to the negative control (contrary to ethoxyquin). 
These results indicate that EQ and EQ-HCL can affect cells in slightly different 
ways. It should be noted that the TUNEL method allows the detection of DNA 
fragmentation in cells which could still be classified as living cells during 
staining with fluorochromes (cells in early apoptosis). The other stages of 
apoptosis are not detected with this method and we also cannot observe necrotic 
cells. Thus, further research is necessary to elucidate on the cytotoxic effects of 
EQ and EQ salts.  
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