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The complexes of antioxidant ethoxyquin (1,2-dihydro-6-ethoxy-2,2,4trimethylquinoline, EQ) with rutin or quercetin (EQ-R and EQ-Q, respectively), were studied on human lymphocytes for genotoxic and antioxidant activities with the use of the comet assay and the micronucleus test. The study was undertaken to search for new potential antioxidants and was motivated by reports of unfavourable side-effects observed in animals fed with feeds containing EQ, which is allowed up to 150 mg kg -1 (0.015%) in complete animal feed. It was shown that EQ-R induced DNA damage in human lymphocytes when it was used at all the concentrations studied (1-25 µM), while after EQ-Q treatment the genotoxic effect was observed mainly after higher doses (10 and 25 µM). Increase in the number of micronuclei was observed only for EQ-Q after the dose of 50 µM. The studied compounds decreased the degree of DNA damage induced by HP (10 µM) in the comet assay. The results obtained in both tests showed that antioxidant activity of EQ-Q was comparable with that of EQ, so further detailed studies are necessary to estimate its possible usefulness as a feed preservative.

Introduction

In this paper the results of studies on genotoxicity and antioxidant activity of ethoxyquin (EQ) complexes with natural antioxidants: rutin and quercetin (EQ-R and EQ-Q, respectively) are presented. Ethoxyquin (1,2-dihydro-6-ethoxy-2,2,4trimethylquinoline, EQ) is a synthetic compound characterized by antioxidant activity which was originally developed as a rubber stabilizer. Later the Monsanto Corporation (USA) refined it for the use in small amounts as a preservative in animal feeds. In animal feed it is allowed up to 150 mg kg -1 (0.015%) (http://www.cfsan.

fda.gov/~dms/opa-appa.html). In many poultry farms EQ is also added to drinking water because it makes the egg yolk a brighter yellow. EQ is also used for colour preserving of chili powder, ground chili, and paprika up to 100 mg kg -1 (http://www.cfsan.fda.gov/~dms/opa-appa.html). It is assigned a toxicity rating of 3 or "moderately toxic", and this toxicity rating is slightly greater than ratings for tetracycline and penicillin. Susceptibility of laboratory animals to EQ toxicity increases with the nutritional stress caused by the changes of dietary constituents, e.g. fat. In the late 1980s many companies began adding extra EQ to animal feeds because it contained much fat and EQ was the cheapest and most effective in extending the shelf life of these products. After that, unusual disorders were observed in animals, mainly in dogs [START_REF] Dzanis | Safety of ethoxyquin in dog foods[END_REF]. In different experiments it was shown that this compound caused weight loss, increase in the mass of liver and kidney, accumulation of lipids in kidney and also pre-neoplastic lesions in the urinary bladder and kidney [START_REF] Miyata | Short-term screening of promoters of bladder carcinogenesis in N-butyl-N-(4hydroxylbutyl) nitrosamineinitiated, unilaterally ureter-ligated rats[END_REF][START_REF] Manson | Ethoxyquin alone induces preneoplastic changes in rat kidney whilst preventing induction of such lesions in liver by aflatoxin B 1[END_REF][START_REF] Little | Chemical Committee Draft Report[END_REF]. Adverse effects were also noted in people professionally exposed to this compound [START_REF] Rubel | Allergic contact dermatitis to ethoxyquin in a farmer handling chicken feeds[END_REF]. In 1997 U.S.

Food and Drug Administration (FDA) after reviewing a study done by Monsanto felt that using EQ up to 150 mg kg -1 might not provide a sufficient margin of safety in animals and asked manufacturers for voluntary lowering the maximum amount of EQ in feed to 75 mg kg -1 (0.0075%) (http://www.fda.gov/ cvm/september97.htm). The harmful effects of EQ caused its nomination by the U.S. Food and Drug Administration (FDA) for carcinogenicity testing as well as genotoxicity studies in mammalian systems were also recommended (Drewhurst, 1998). Recently, the ability of EQ to cause DNA damage in human lymphocytes has been stated [START_REF] Błaszczyk | DNA damage induced by ethoxyquin in human peripheral lymphocytes[END_REF][START_REF] Błaszczyk | Comparative analysis of cytotoxic, genotoxic and antioxidant effects of 2,2,4,7-tetramethyl-1,2,3,4-tetrahydroquinoline and ethoxyquin on human lymphocytes[END_REF].

Due to harmful effects observed in animals after feeding them with EQ containing feeds, new antioxidant compounds, including EQ analogues and also complexes of two biologically active molecules which could replace EQ have been sought [START_REF] Metodieva | Rutoxyl(rutin/4acetamide-1-hydroxy-2,2,6,6-tetramethylpiperidinium) is a new member of the class of semi-natural products of high pharmacological potency[END_REF]Dorey et al., 2000;[START_REF] Koning | The antioxidant ethoxyquin and its analogues: a review[END_REF]Błaszczyk and Skolimowski, 2005a).

Synthesis of the complexes of EQ with rutin or quercetin was prompted by the hope that EQ and the flavonoids in such combinations could exhibit stronger antioxidant activity than each of them separately. Until now, only antioxidant properties of EQ-R have been studied; it was shown that this complex effectively prevented evening primose oil from oxidation, but this activity was not compared with that of EQ [START_REF] Skolimowska | Effect of rutin and complex ethoxyquin-rutin on the stability of Oenothera paradoxa oil[END_REF].

The genotoxicity of EQ complexes with rutin and quercetin have not been studied so far but they were earlier studied as to their cytotoxicity (Błaszczyk and Skolimowski, 2005a). It was shown that both EQ-R and EQ-Q induced apoptosis in cultured human lymphocytes and decreased viability of treated cells, but not so efficiently as EQ, so the flavonoids added to the EQ molecule modulated cytotoxic effects caused by EQ alone.

The aim of the present study was to determine the genotoxicity and antioxidant activitity of the complexes of EQ with rutin (EQ-R) or quercetin (EQ-Q) in human peripheral lymphocytes and to compare them with the results obtained earlier for EQ [START_REF] Błaszczyk | Comparative analysis of cytotoxic, genotoxic and antioxidant effects of 2,2,4,7-tetramethyl-1,2,3,4-tetrahydroquinoline and ethoxyquin on human lymphocytes[END_REF]. The comet assay (alkaline single cell gel electrophoresis assay) and the micronucleus test were used in the experiments.

Material and methods

Chemicals

The complexes of ethoxyquin (EQ, 1,2-dihydro-6-ethoxy- 

Lymphocyte isolation

Lymphocytes were isolated from peripheral blood of healthy female non-smoking volunteers. According to the donors' declarations they were not exposed to radiation or drugs for six months prior to the experiment.. The isolation of lymphocytes was performed by centrifugation in a density gradient of Histopaque 1077 (15 min, 280 x g).

The viability of the isolated lymphocytes was measured by trypan blue exclusion assay and was found to be about 99%. In the comet assay the final concentration of the cells was adjusted to about 2 x 10 5 lymphocytes per ml by adding RPMI 1640 medium to the cell suspension. In the micronucleus test the number of lymphocytes per ml of the culture medium was about 0.8 x 10 6 .

Comet assay

For the genotoxicity studies the isolated lymphocytes suspended in RPMI 1640 medium were treated with the tested compounds (EQ-R or EQ-Q) for 1h at 37°C. The compounds were dissolved in ethanol (ET; the solvent concentration: 0.05% v/v) and used at five concentrations ranging from 1 to 25 µM (i.e. 0.02 -5 µg/ml).

For the antioxidant activity evaluation the compounds tested were added to the lymphocyte suspensions at the concentrations ranging from 1 to 10 µM. Immediately after this the cells were treated with hydrogen peroxide (10 µM) for 5 min. on ice. Three experiments, each with the use of the cells obtained from one donor were performed and in each of them duplicate assays were carried out for all concentrations of the compounds tested. After the treatment the lymphocytes were washed in PBS and cell viability was determined with the use of 0.4% trypan blue reagent.

The procedure of [START_REF] Singh | A simple technique for quantification of low levels of DNA damage in individual cells[END_REF] was applied to perform the alkaline comet assay.

The lymphocytes suspended in 0.75% LMP agarose were spread onto microscope slides precoated with 0.5% NMP agarose. The cells were then lysed for 1 h at 4 o C in a solution consisting of 2.5 M NaCl, 100 mM EDTA, 10 mM Tris, 1% N-lauroylsarcosine (pH 10) and 1% Triton X-100 added just prior to use. After the lysis the slides were incubated in alkaline (pH > 13) electrophoresis buffer (1mM EDTA, 300 mM NaOH)

for 30 min at 4 o C. Then electrophoresis was carried out at 25 V (0.73 V/cm) and 300 mA for 23 min. The slides were then rinsed with 0.4 M Tris-HCL for 15 min, pH 7.5 at 4 o C. After neutralization the gels were dried and stored for analysis. The entire procedure was performed under dim light. The slides were stained with DAPI (1 µg/ ml) in the dark at 4 o C, and examined using a fluorescence microscope (Olympus BX60F5). Image analysis was performed with the CASP software [START_REF] Końca | A cross-platform public domain PC image-analysis program for the comet assay[END_REF].

In each experiment 100 randomly selected cells (50 cells from each sample) were used to evaluate the DNA damage for each concentration of the tested compounds. The percentage of DNA in the tail, showing extent of DNA damage, was analysed.

Statistical analysis was performed by the use of Student's t-test. Correlation coefficients were calculated to analyse dose-response relationships. The cytokinesis block micronucleus assay (CBNM) was carried out using the technique proposed by [START_REF] Fenech | The cytokinesis-block micronucleus technique: A detailed description of the method and its application to genotoxicity studies in human populations[END_REF] with slight modifications. Isolated human lymphocytes were placed in RPMI 1640 medium supplemented with 15% foetal calf serum, 1% penicillin/streptomycin solution and 1% phytohaemagglutinin M and incubated for 24 h at 37°C. Then EQ-R or EQ-Q were added (5 -50 µM, i.e. 1 -10 µg/ml) and maintained until cell harvest to estimate their genotoxic activities. To analyse antioxidant potencies of the compounds hydrogen peroxide (HP) at the concentration of 75 µM was added to the cultures simultaneously with EQ-R or EQ-Q. Cytochalasin-B was added (4.5 µg/ml) 44 h after PHA stimulation. The cultures were harvested 28 h later, giving the total culture time of 72 h. Micronuclei preparation was performed with 75 mM KCl as hypotonic treatment and fixation with acetic acid-methanol (1 : 5, v/v). Air dried preparations were made and the slides were stained with 3% Giemsa.

Each compound was tested using the cells obtained from three donors. For each experimental point, 3000 binucleated cells with well preserved cytoplasm were scored (1000 cells from replicate cultures in each experiment). Micronuclei were analysed in accordance with the criteria of [START_REF] Fenech | The cytokinesis-block micronucleus technique: A detailed description of the method and its application to genotoxicity studies in human populations[END_REF]. Five hundred cells were also scored to calculate a cytokinesis block proliferation index (CPBI) according to the formula:

CPBI = (M 1 + 2M 2 + 3M m )/N
where M 1 , M 2 , M m represent the number of cells with one, two nuclei or the number of multinucleate cells, respectively, and N is the number of cells scored (Kirsch-Volders et al., 2003). Statistical analysis was made using the χ 2 test. 

Results

Comet assay

Since toxicity may cause DNA damage, preliminary studies were performed with the use of trypan blue exclusion assay to determine the viability of the cells after treatment with the studied compounds. Both in the genotoxicity analysis and in antioxidant activity measurements the viability of the cells after the treatment with the compounds at all the concentrations used in these studies was higher than 90%.

Figure 1 presents the results of the comet assay after treatment with EQ-R and EQ-Q used at five concentrations (1 -25 µM). It was shown that both compounds caused statistically significant increase in the mean percentages of DNA in the comet tail in comparison with the control (except for EQ-Q at the concentrations of 2.5 and 5 µM), and dose-effect dependence was seen for EQ-R (r = 0.75). EQ-Q was a weaker inducer of DNA damage than EQ-R. The difference between EQ-Q and EQ-R activities was statistically significant, but at the highest concentration (25 µM) both compounds were similarly strongly genotoxic.

[Insert Figure 1 about here]

As seen in Figure 2 the complexes of EQ with the flavonoids protected lymphocytes from the genotoxic effects of HP; after HP treatment together with EQ-Q or EQ-R the statistically significant reduction of DNA damage in comparison with the positive control (HP treatment) was observed. EQ-Q was more effective in protecting the lymphocytes against HP-induced DNA damage when the concentrations 2.5 and 10.0 µM were compared, but the difference between EQ-R and EQ-Q antioxidant activities was statistically significant only at the 10 µM dose.

[Insert Figure 2 about here]

Micronucleus test

Preliminary experiments indicated that the dose of 50 µM was the highest non-toxic concentration after which cells with well-preserved cytoplasm could be obtained. In the present study four concentrations were used (1-50 µM) to assess mutagenicity and antioxidant activity of EQ-R and EQ-Q. As seen in Table I EQ-R did not influence the cell divisions as the values of CPBI were not significantly different from the control.

After EQ-Q treatment the decrease in the value of CPBI was seen after the concentration of 50 µM, especially in the cultures of lymphocytes obtained from donor B and C.

[Insert Table I about here]

The results reported in Table I also show that only EQ-Q induced statistically significant increase in the frequency of micronuclei as compared to the control (20.3 versus 9.7) micronuclei per 1000 binucleated cells) and such an effect was observed after the concentration of 50 µM. The lower doses of EQ-Q induced a moderate number of micronuclei and this was not significantly greater than in the control. EQ-R did not induce statistically significant increase in the number of micronuclei (Table I).

[Insert hydrogen peroxide (HP) and EQ-R or EQ-Q. Preliminary experiments with HP showed that this compound effectively induced micronuclei at the concentration of 75 µM dose (no significant cell division inhibition was observed). The present experiments showed that EQ-R did not protect the cells from damage induced by HP (Table II). After treatment with HP and EQ-R as many micronuclei as after HP alone were observed (or even slightly more after EQ-R at concentrations of 25-50 µM). The protective effect was produced by EQ-Q but only at the two lower doses (5 µM and 10 µM; Table II).

Table II also shows that the tested compounds used together with HP slightly inhibited cell divisions. The compounds reduced CPBI values, especially when the higher doses were used.

Discussion

Ethoxyquin is a strong antioxidant widely used mainly in animal feeds and also in various food products (for example in fish food, canned pet food, and in spices to preserve colour or to control scald in apple and pear), but because of adverse health effects observed in animals and humans exposed to it, new compounds with strong antioxidant activity which could replace EQ are intensively searched (Dorey et al., 2000;[START_REF] Koning | The antioxidant ethoxyquin and its analogues: a review[END_REF]. In our laboratory two new compounds, complexes of EQ with rutin (EQ-R) or quercetin (EQ-Q), were synthesized. In the earlier experiments, these compounds were studied using the trypan blue exclusion assay and the TUNEL method, which allows detection of early stages of apoptosis by labelling 3'OH ends of fragmented DNA (Błaszczyk and Skolimowski, 2005b). It was shown that EQ-R and 12 EQ-Q effectively induced apoptosis in human lymphocytes after 24-h treatment, especially at three higher concentrations studied (100, 250 and 500 µM), but their effect was significantly weaker than that of EQ (Błaszczyk and Skolimowski, 2005b). In the present study the genotoxic and antioxidant activities of EQ-R and EQ-Q were evaluated in comparison with the properties of EQ.

The genotoxicity of EQ-R and EQ-Q has not been studied so far. In the present study the comet assay showed that these two new compounds caused DNA fragmentation and that EQ-Q was a significantly weaker inducer of DNA damage than EQ-R. On the other hand, in micronucleus assay the positive result was not observed, except for the highest dose of EQ-Q (50 µM). That discrepancy between the results of the tests used in this study can be due to the fact that the comet assay is significantly more sensitive in detecting low levels of DNA damage than micronucleus test [START_REF] He | Comparative evaluation of the in vitro micronucleus test and the comet assay for the detection of genotoxic effects of Xray radiation[END_REF].

Moreover, the comet assay was performed on the resting cells, whereas in the micronucleus assay the proliferating cells were studied which have higher repair capacity than cells in G 0 phase of the cell cycle [START_REF] Kalweit | Liquid-holding experiments with human lymphocytes; III experiment with G 0 and G 1 cells[END_REF]. So in the micronucleus assay primary DNA lesions (which were detected in the comet assay) could be repaired and they are not turned into fixed mutation.

The comparison of the obtained results with the genotoxicity of EQ studied earlier [START_REF] Błaszczyk | DNA damage induced by ethoxyquin in human peripheral lymphocytes[END_REF][START_REF] Błaszczyk | Comparative analysis of cytotoxic, genotoxic and antioxidant effects of 2,2,4,7-tetramethyl-1,2,3,4-tetrahydroquinoline and ethoxyquin on human lymphocytes[END_REF] shows that modifications of the EQ molecule changed its genotoxic properties; the complexes of EQ with flavonoids

were not so strongly genotoxic as EQ and it can be an important property for the potential preservatives. In Table III the potency of EQ-R, EQ-Q and EQ to induce DNA fragmentation and micronuclei formation is shown. The difference between the 13 activities of the compounds was clearly seen in the comet assay: EQ was the most genotoxic agent. In the micronucleus test the micronuclei-inducing potencies were low and similar for the all compounds, as they did not reveal clear mutagenic effects.

[Insert Table III about here] The synthesis of the complexes of EQ with the flavonoids (rutin and quercetin) which are natural antioxidants was motivated by the hope that the combination of two active molecules could result in an increased antioxidative effect. So far, only the antioxidant activity of EQ-R has been studied [START_REF] Skolimowska | Effect of rutin and complex ethoxyquin-rutin on the stability of Oenothera paradoxa oil[END_REF] and it was shown that this complex effectively prevented evening primose oil from oxidation. The present study revealed in the comet assay the protective properties of the complexes of EQ with the flavonoids against HP-induced DNA fragmentation; the antioxidant activity of EQ-Q was higher than that of EQ-R but the difference was not statistically significant. The difference in the antioxidant potency of the studied compounds was also seen in the micronucleus assay. The comparison of the present results in both tests performed with those obtained earlier for EQ [START_REF] Błaszczyk | Comparative analysis of cytotoxic, genotoxic and antioxidant effects of 2,2,4,7-tetramethyl-1,2,3,4-tetrahydroquinoline and ethoxyquin on human lymphocytes[END_REF] shows that EQ-R is a compound with much weaker antioxidant potency (Table III). On the other hand antioxidant activity of EQ-Q in the comet assay was relatively high (except for the lowest concentration used), and in the micronucleus assay it was also efficient similarly as that of EQ [START_REF] Błaszczyk | Comparative analysis of cytotoxic, genotoxic and antioxidant effects of 2,2,4,7-tetramethyl-1,2,3,4-tetrahydroquinoline and ethoxyquin on human lymphocytes[END_REF].

In conclusion, the present results showed that flavonoids added to the EQ molecule modified its genotoxic properties. The complexes of EQ with flavonoids protected human lymphocytes from genotoxic effects induced by HP but the protective effects were weaker (especially for EQ-R) than those observed after EQ treatments. EQ-Q was the least genotoxic and its antioxidant activity was relatively high. Further detailed studies on EQ-Q antioxidant properties are necessary to estimate its possible usefulness as feed preservative. The reduction (%) showing antigenotoxicity was calculated using the formula: (mean score in A -mean score in B/mean score in A-mean score in C) x 100, where A is the treatment with HP, B is the treatment with HP plus the tested compound, C is the negative control. b EQ data for the comparison were taken from earlier published results [START_REF] Błaszczyk | Comparative analysis of cytotoxic, genotoxic and antioxidant effects of 2,2,4,7-tetramethyl-1,2,3,4-tetrahydroquinoline and ethoxyquin on human lymphocytes[END_REF]). c Mean percentages of DNA in the tail were compared. d The numbers of micronuclei (MN) were compared. e The concentration not assayed. * The statistically significant difference between EQ-R or EQ-Q and EQ treatments (P < 0.05). 
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 12 Figure 1. The results of the genotoxicity testing by the comet assay expressed as mean percentages of DNA in the comet tail ± S.E.M. Human lymphocytes were incubated with the tested compounds for 1 h. ET: the negative control with ethanol (ET; 0.05% v/v). C: the negative control without any treatment. * Significantly different from the negative ethanol control (P < 0.05). 190x254mm (96 x 96 DPI)
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Table I .

 I Induction of micronuclei (MN) and CBPI values in human lymphocytes treated with complexes of EQ with flavonoids (EQF) for 48 h.

	Donor		Treatment		EQ-R	EQ-Q
				MN			CBPI	MN	CBPI
	A		Control	6			1.98	6	1.98
			ET (0.05% v/v)	9			1.77	9	1.77
			EQF 5 µM	9			1.73	9	2.04
			EQF 10 µM	8			1.79	12	1.81
	B	o r F o r F o r EQF 25 µM EQF 50 µM Control ET (0.05% v/v) F o r	6 7 9 9			1.57 1.40 2.12 2.17	9 20 * 9 9	1.76 1.50 2.12 2.17
			P e e r P e e r P e e r EQF 5 µM 9 P EQF 10 µM 14 EQF 25 µM 15 e EQF 50 µM 16 e r			2.13 2.17 2.02 1.85	10 9 19 20 *	1.81 1.73 1.63 1.29
	C		Control ET (0.05% v/v)	R R R 10 11 R		1.96 1.80	10 11	1.96 1.80
			EQF 5 µM	e e e 11 e	1.92	11	1.85
			EQF 10 µM EQF 25 µM EQF 50 µM	12 12 11	v i e v i e v i e 1.78 1.80 1.69 v i e	12 14 21	1.73 1.57 1.31
	Total (A+B+C)		Control ET (0.05% v/v)	8.3 ± 2.1 9.7 ± 1.2	w w w 2.02 ± 0.09 1.91 ± 0.22 w	8.3 ± 2.1 9.7 ± 1.2	2.05 ± 0.10 1.97 ± 0.28
	(mean ± SD)	EQF 5 µM EQF 10 µM EQF 25 µM EQF 50 µM	O n l O n l O n l 9.7 ± 1.2 1.93 ± 0.20 10.0 ± 1.0 11.3 ± 3.1 1.91 ± 0.22 11.0 ± 1.7 11.0 ± 4.6 1.80 ± 0.23 14.0 ± 5.1 11.3 ± 4.5 1.52 ± 0.29 20.3 ± 0.3 * O n l	1.90 ± 0.12 1.76 ± 0.05 1.65 ± 0.10 1.37 ± 0.12 *
							y y y y
	MN, micronuclei; CPBI, cytokinesis-block proliferation index; EQF, complexes of EQ with
	flavonoids, rutin (EQ-R) or quercetin (EQ-Q). ET, the control with ethanol used as a solvent
	(0.5%, v/v).				
	* The statistically significant difference as compared with the negative control (P < 0.05).

Table II .

 II The effect of complexes of EQ with flavonoids (EQF) on HP genotoxicity assessed by the micronucleus assay in human lymphocytes.

	Donor	Treatment	EQ-R	EQ-Q	
			MN	CBPI	MN	CBPI
	A	Control	6	1.62	13		1.55
		ET (0.05% v/v)	7	1.59	12		1.52
		HP (75 µM) a	20 *	1.52	24 *		1.58
		HP + EQF (5 µM) HP + EQF (10 µM) HP + EQF (25 µM) HP + EQF (50 µM) F o r	17 21 28 33	1.53 1.37 1.39 1.19	11 ** 12 ** 18 20		1.51 1.40 1.37 1.20
	B	Control ET (0.05% v/v) HP (75 µM) a P HP + EQF (5 µM) e HP + EQF (10 µM) HP + EQF (25 µM) e r 9 9 15 13 13 17	1.56 1,52 1.69 1.55 1.39 1.59	11 9 23 * 12 * 8 * 24		2.06 1.89 1.88 1.95 1.80 1.81
	C	HP + EQF (50 µM) Control ET (0.05% v/v)	13 11 R 10 e	1.24 1.60 1.62	22 11 10	1.60 1.62	1.50
		HP (75 µM) a HP + EQF (5 µM) HP + EQF (10 µM) HP + EQF (25 µM) HP + EQF (50 µM)	25 * 18 19 v i 1.71 1.58 1.40 e 23 1.44 28 1.58 w	25 * 12 ** 11 ** 25 26	1.71 1.47 1.47 1.34 1.26	
	Total (A+B+C) (mean ± SD) HP (75 µM) a Control ET (0.05% v/v) HP + EQF (5 µM) HP + EQF (10 µM)	8.7 ± 2,5 8.7 ± 1.5 20.0 ± 5.0 * 1.64 ± 0.10 1.59 ± 0.03 1.58 ± 0.05 16.0 ± 2.6 1.55 ± 0.03 O n 11.7 ± 1.2 10.3 ± 1.5 24.0 ± 1.0 * l 11.7 ± 0.6 ** 17.7 ± 4.2 1.39 ± 0.01 10.3 ± 2.1 ** y	1.74 ± 0.28 1.68 ± 0.19 1.72 ± 0.15 1.64 ± 0.27 1.56 ± 0.21
		HP + EQF (25 µM)	22.7 ± 5.5	1.47 ± 0.10	22.3 ± 3.8	1.51 ± 0.26
		HP + EQF (50 µM)	24.7 ± 10.4 1.34 ± 0.21	22.7 ± 3.1	1.32 ± 0.16
	MN, micronuclei; CPBI, cytokinesis-block proliferation index; EQF; complexes of EQ with flavonoids,

rutin (EQ-R) or quercetin (EQ-Q). a Hydrogen peroxide (HP) added to the cultures together with ethanol (ET, the solvent of EQ-R and EQ-Q). * Significantly different from the negative control (P < 0.05). ** Significantly different from the positive control (P < 0.05).

Table III .

 III Comparison of the genotoxicity and antioxidant activity of the tested compounds (EQ-R and EQ-Q) with EQ data taken from the earlier published results[START_REF] Błaszczyk | Comparative analysis of cytotoxic, genotoxic and antioxidant effects of 2,2,4,7-tetramethyl-1,2,3,4-tetrahydroquinoline and ethoxyquin on human lymphocytes[END_REF].

	Concentration	Genotoxicity	Antioxidant activity:	
	(µM)				Reduction (%) a	
		EQ/EQ-R	EQ/EQ-Q	EQ-R	EQ-Q	EQ b
		ratio b	ratio b			
	Comet assay c					
	0	1.05	1.05			
	1	1.29	2.83 *	44.4	23.4 *	51.8
	2.5	1.60	3.21 *	31.8	62.9	55.9
	5	1.16	3.73 *	49.6	50.8	59.7
	10	1.46 *	3.40 *	15.2 *	56.2	59.7
	25	1.60 *	1.89 *	NA e	NA	NA
	Micronucleus test d					
	0	0.88	0.88			
	5	0.93	0.90	35.4	89.8	66.7
	10	0.84	0.86	20.4	100.0	66.7
	25	1.00	0.76	0.0	12.4	0.0
	50	1.02	0.57 *	0.0	9.5	4.2
	a					
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