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Abstract 1-Naphthaleneacetamide (NAAm) is a

synthetic plant growth regulator in the auxin family

that is widely used in agriculture to promote the

growth of numerous fruits, for root cuttings and as a

fruit thinning agent. The potential genotoxic effects of

NAAm were investigated in vitro by the chromosome

aberrations (CAs), and cytokinesis-block micronucle-

us assays in human peripheral blood lymphocytes

(PBLs) for the first time. The human PBLs were

treated with 20, 40, 80, and 160 lg/mL of NAAm for

24 and 48 h. The results of this study showed that

NAAm significantly induced the formation of struc-

tural CA and MN for all concentrations (20, 40, 80 and

160 lg/mL) and treatment periods (24 and 48 h) when

compared with the negative and the solvent control. In

addition, the higher concentrations of NAAm (80 and

160 lg/mL) caused a statistically significant increase

in nuclear bud (NBUD) formation for both 24 and 48 h

treatment times. With regard to the cell cycle kinetics,

at all the tested concentrations, NAAm caused a

statistically significant reduction in the mitotic index

(MI) only for 48 h treatment period and also in the

nuclear division index (NDI) for both 24 and 48 h

treatment periods as compared to the control groups.

The reductions in the MI and NDI occured in a

concentration-dependent manner for both treatment

times. In conclusion, the present results indicate that in

the tested experimental conditions, NAAm was geno-

toxic and cytotoxic on human PBLs in vitro.

Keywords 1-Naphthaleneacetamide � Synthetic

plant growth regulator � Chromosome aberration �
Micronucleus � Human peripheral blood lymphocytes

Introduction

1-Naphthaleneacetamide (NAAm) is a synthetic plant

growth regulator in the auxin family due to its

chemical structure similarities with auxin indole acetic

acid (IAA) (Tomlin 2000; USEPA 2007), a natural

plant growth hormone which has an important role for

seed and root development. NAAm has been widely

used in agriculture for several decades as a component

in many commercial plant rooting and horticultural

formulations such as Rootone, Amide-Thin W, Frufix

and Amcotone (Tomlin 2000; USEPA 2007; EFSA

2011). It is used as thinning agent for fruits, par-

ticularly apples, pears, peaches and grapes; for root

cuttings; and to prevent fruit drop shortly before

harvest (Tomlin 2000; Link 2000). The U.S. Environ-

mental Protection Agency (EPA) indicates that

approximately 20,000 Ibs (9,000 kg) of naphthalene
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acetate active ingredients such as NAAm and 1-naph-

thyl acetic acid are applied annually in the U.S.A.

(USEPA 2007). Due to the large amounts of such

chemicals are released into the environment, they may

represent a potential hazard to the genetic material of

the exposed living organisms such as plants, animals

and possibly humans. It was also reported that NAAm

is degraded by sunlight under environmental condi-

tions, producing primary photoproducts that are more

toxic than the parent compound (Da Silva et al. 2013).

Regarding to toxicity, NAAm is considered as

unlikely hazardous by the World Health Organization

(WHO) but as highly toxic by the U.S. Environmental

Protection Agency (EPA) (Kegley et al. 2011; Esparza

et al. 2013). It is also considered harmful to aquatic

organisms with a LC50 of 44 mg a.s/L for fishes and

harmful if swallowed based on a LD50 of 1,655 mg/kg

bw. (EFSA 2011). Unfortunately, to our best knowl-

edge, there is no study available on the genotoxic and/

or cytotoxic effects of NAAm on humans in the

literature. However, some synthetic auxins, such as

2,4-dichlorophenoxyacetic acid (2,4-D) (Holland et al.

2002; Cenkci et al. 2010), dicamba (Gonzàlez et al.

2007, 2009; Gonzàlez et al. 2011), and synthetic IAA

(Salopek-Sondi et al. 2010) have been found geno-

toxic, mutagenic and cytotoxic in various test systems.

Thus, taking into account these facts, it has become

important to evaluate the possible genotoxic potential

of NAAm on humans.

Therefore, the purpose of the present study was to

investigate the genotoxic effects of NAAm using the

in vitro chromosome aberration (CA), and cytokinesis-

block micronucleus (CBMN) tests, which are world-

wide well recognized genotoxicity assays, in human

peripheral blood lymphocytes (PBLs), for the first

time. In addition to micronucleus assay, the frequency

of nuclear buds (NBUDs) in binucleated lymphocytes

was analyzed. The mitotic index (MI) and nuclear

division index (NDI) were also calculated to evaluate

cytotoxic/cytostatic effects of NAAm in human PBLs.

Materials and methods

Test samples and chemicals

Human peripheral blood samples were obtained from

four (n = 4) healthy volunteer donors (two males and

two females, all non-smokers) aged from 22 to

24 years. All donors had no known excess exposure

to genotoxicants. This project was approved by the

Institutional Ethics Committee of Mersin University,

Turkey and all volunteers gave informed consent to

participate in the study and signed consent forms.

NAAm (Fluka 36732, CAS No: 86-86-2; Purity:

C98.0 %) was purchased from Sigma-Aldrich (St.

Louis, MO, USA). The chemical structure of NAAm is

shown in Fig. 1. Dimethylsulphoxide (DMSO, purity

99 %, CAS No: 67-68-5), mitomycin-C (MMC,

M-05030), colchicine (C-9754) and cytochalasin B

(C-6762) were purchased from Sigma. Giemsa and all

other chemicals were purchased from Merck (Darm-

stadt, Germany). All test solutions were freshly

prepared prior to each experiment.

Chromosome aberration (CA) assay

The method developed by Evans (1984) was followed

in preparation of CA, with minor modifications. This

study was performed according to the International

Programme on Chemical Safety (IPCS) guidelines

(Albertini et al. 2000). Lymphocyte cultures were set

up by adding 0.2 mL of whole blood from each of the

four healthy donors to 2.5 mL of chromosome medi-

um B (Biochrom F-5023; Berlin, Germany).

The cultures were incubated at 37 �C for 72 h. The

concentration range (20, 40, 80 and 160 lg/mL)

selected based on the highest concentration that

resulted in approximately 50 % (the half maximal

effective concentration, EC50) reduction in mitosis

(160 lg/mL). Hence, in the present study, the con-

centrations of the test compound used were 1/8, 1/4,

1/2 of EC50. Serial dilutions of NAAm were made in

DMSO under sterile conditions. A negative control

Fig. 1 The chemical structure and formula of 1-naphthale-

neacetamide (NAAm) (C12H11NO; molecular weight:

185.22 g/mol; synonyms: 2-(naphthalen-1-yl)acetamide, 2-(1-

naphthyl)acetamide, 1-naphthaleneacetamide, alpha-naphthy-

lacetamide, 1-naphthylacetamide)
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(untreated cultures), a solvent control (8 lL/mL

DMSO) and a positive control (0.2 lg/mL MMC)

were also established, in parallel. Treatment times

were conducted as 24 and 48 h. The cells were

exposed to 0.06 lg/mL colchicine 2 h before harvest-

ing. To collect the cells, the cultures were centrifuged

at 2,000 rpm for 5 min. After removal of the super-

natant; the pellets were treated with 0.4 % KCl as the

hypotonic solution for 15 min at 37 �C and then

methanol:glacial acetic acid (3:1 v/v) was added as the

fixative for 20 min at room temperature (22 ± 1 �C).

The fixative treatments were repeated three times with

intermittent centrifugation. Finally, the centrifuged

cells were dropped onto cold glass slides and air-dried.

The slides were stained following standard methods

(5 % Giemsa in Sorensen Buffer, pH 6.8, 15–20 min).

Cytokinesis-block micronucleus (CBMN) assay

The cytokinesis-block MN (CBMN) assay was carried

out using the methods of Fenech (2000), and Kirsch-

Volders et al. (2003). To establish the cultures, 0.2 mL

of heparinized whole blood from four healthy donors

was added to 2.5 mL chromosome medium B and

incubated at 37 �C for 68 h. The cells were treated with

20, 40, 80 and 160 lg/mL concentrations of NAAm for

treatment periods of 24 and 48 h. Cytochalasin B (final

concentration of 6 lg/mL) was added to the cultures

after 44 h of incubation in order to block cytokinesis.

The cells were harvested by centrifugation and the

pellets were treated with a hypotonic solution (0.4 %

KCl) for 5 min at 37 �C. After centrifugation, the cells

were fixed once with a cold fixative (methanol:glacial

Table 1 Effects of 1-naphthaleneacetamide (NAAm) on chromosome aberrations (CAs) and mitotic index (MI) in human peripheral

lymphocytes

Test substance Treatment Structural CAs Polyploid

cells

% cells with

structural CA ± SD

MI ± SD

Time (h) Conc. (lg/mL) B0 type B00 type

Negative control – – 33 2 – 8.50 ± 0.57 4.28 ± 0.20

DMSO* 24 8 35 2 1 8.75 ± 0.95 4.22 ± 0.52

MMC 24 0.2 71 63 6 27.50 ± 6.24a3b3 2.29 ± 0.17 a3b3

NAAm 24 20 71 10 1 17.00 ± 1.41 a3b3c3 4.24 ± 0.91 c3

40 57 16 2 16.50 ± 1.29 a3b2c3 4.22 ± 1.06 c3

80 72 12 2 19.75 ± 2.21 a3b3c2 3.93 ± 0.87 c2

160 82 23 1 23.25 ± 4.03 a3b3 3.56 ± 0.64 c1

DMSO* 48 8 37 4 – 9.00 ± 0.81 4.55 ± 0.14

MMC 48 0.2 180 153 1 54.00 ± 13.83 a3b3 2.16 ± 0.10 a3b3

NAAm 48 20 69 8 1 17.25 ± 1.70 a1c3 3.20 ± 0.18 a3b3c3

40 83 15 – 21.00 ± 2.82 a2b2c3 3.01 ± 0.19 a3b3c3

80 126 22 1 29.75 ± 1.25 a3b3c3 2.71 ± 0.34 a3b3c2

160 135 34 2 33.75 ± 6.13 a3b3c3 2.48 ± 0.46 a3b3

All data are expressed as mean ± SD; n = 4

A total of 400 cells were scored per concentration in the CA assay and 12,000 cells were scored for the MI

B0: chromatid type aberration; B00: chromosome type aberration

DMSO dimethylsulphoxide (solvent control), MMC mitomycin C (positive control)

* Treatment concentration expressed as lL/mL

a: Difference significant from negative control

b: Difference significant from solvent control (DMSO)

c: Difference significant from positive control (MMC)

Subscript 1: statistically significant at the level of P \ 0.05

Subscript 2: statistically significant at the level of P \ 0.01

Subscript 3: statistically significant at the level of P \ 0.001
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acetic acid: 0.9 % NaCl, 5:1:6 v/v/v) and then fixed

further two times with methanol–glacial acetic acid

(5:1 v/v). The MN slides were prepared by dropping

and air-drying. Finally, the slides were stained with

5 % Giemsa stain solution for 15 min.

Microscopic evaluation

The CA was classified according to ISCN (Interna-

tional System for Human Cytogenetic Nomenclature)

(Paz-y-Miño et al. 2002) and evaluated as the struc-

tural (chromatid-type: breaks, exchanges, sister

unions; chromosome-type: breaks, dicentrics, rings,

fragments, translocations) and the numerical (poly-

ploid cells) aberrations. Gaps were not considered as

CA according to Mace et al. (1978). For each donor,

100 well-spread, intact metaphases were investigated

(totaly 400 metaphase spreads for four donors) in

order to score the CAs at each concentration and

treatment period. Percentage of cells with structural

CAs, and total CA/cell have been calculated following

the scoring of CAs. To determine cytotoxicity, the MI

was calculated from the number of metaphases in

3,000 cells (12,000 cells per concentration), analyzed

per culture for each treatment and donor in the CA

assay. MI was calculated according to the formula:

MI = 100 9 cells in metaphase/3,000.

In the CBMN assay, MNi and NBUDs were scored in

binucleated cells according to the scoring and identifi-

cation criteria of Fenech et al. (2003) and Fenech (2007).

The number of MN and NBUD in 1,000 binuclear cells

were analyzed for each donor (4,000 binuclear cells per

concentration). Cytostaticity of agent was estimated by

using the nuclear division index (NDI). For determining

NDI, the number of cells containing 1, 2, 3, or 4 nuclei in

1,000 cells was determined per culture, for each

treatment and donor. NDI was calculated using the

following formula: NDI = 1 9 M1 ? 2 9 M2 ? 3 9

M3 ? 4 9 M4/N; where M1 through M4 represent the

number of cells with one to four nuclei and N is the total

number of cells scored (Eastmond and Tucker 1989;

Fenech 2000).

In this study, slides were examined using an Olympus

CX21 light microscope at 10009 magnification.

Statistical analysis

Statistical analysis of experimental values in the CA and

CBMN assays was performed using one-way analysis of

variance (ANOVA). The comparisons between groups

were made using a post hoc analysis, LSD test.

Concentration–response relationships were determined

from the correlation and regression coefficients for all

parameters (CA, MN, NBUD, MI and NDI).

Results

The effects of NAAm on CAs and MI in the human

PBLs are summarized in Table 1. NAAm increased

the structural CAs significantly for all concentrations

(20, 40, 80 and 160 lg/mL) and treatment periods (24

and 48 h) when compared with the negative and the

solvent control. The increase of the percentage of

structural CAs was concentration-dependent only for

the 24 h treatment (for 24 h: r2 = 0.955, P \ 0.05; for

48 h: r2 = 0.887, P [ 0.05; Fig. 2a). As shown in

Table 1, NAAm did not increase CAs to the same

extent as the positive control, MMC. Although a

concentration-dependent decrease was observed in the

MI for both treatment periods (for 24 h: r2 = 0.984,

P \ 0.01; for 48 h: r2 = 0.928, P \ 0.05; Fig. 2b),

statistically significant decreases were detected at all

the concentrations of NAAm only for 48 h treatment

when compared with the negative and the solvent

control. In addition, NAAm did not reduce the MI as

much as the positive control.

The results of the present study indicate that NAAm

induced a statistically significant increase in the

percentage of micronucleated binuclear cells

(MNBN %) and the percentage of micronucleus

(MN %) when compared with the negative and the

solvent control at all the concentrations tested

(20–160 lg/mL) for both treatment periods (24 and

48 h). However, the positive control, MMC, sig-

nificantly induced the formation of MN in comparison

with all concentrations of NAAm. While the

MNBN % increased linearly as NAAm concentration

increased for both 24 h (r2 = 0.914, P \ 0.05) and

48 h (r2 = 0.992, P \ 0.01; Fig. 2c) treatment times,

MN % increase was in a concentration-dependent

manner only for the 48 h treatment time (r2 = 0.858,

cFig. 2 Graphs showing concentration–response curve slopes

and correlation coefficients (r2) of % cells with structural CA

(a), MI (b), micronucleated binuclear cells (%) (c), %

micronucleus (d), binuclear cells with NBUDs (e), and NDI

(f) on human lymphocytes treated with NAAm for 24 and 48 h.

*P \ 0.05; **P \ 0.01; #P [ 0.05
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P [ 0.05 and r2 = 0.995, P \ 0.01 for 24 and 48 h,

respectively; Fig. 2d). In both 24 and 48 h treated

cultures, NAAm statistically significantly increased

the binuclear cells with NBUDs (%) when compared

with the only negative control at 80 lg/mL, and

compared to the negative and the solvent control at

160 lg/mL concentration. The frequency of NBUDs

increased with increasing concentrations of NAAm

(r2 = 0.946, P \ 0.05 and r2 = 0.968, P \ 0.05 for

24 and 48 h, respectively; Fig. 2e).

As shown in Table 2 NAAm caused a statistically

significant reduction in the NDI as compared to the

control groups (negative and solvent control) at all the

concentrations tested and both treatment times. These

reductions were concentration-dependent for both

24 h (r2 = 0.974, P \ 0.01) and 48 h (r2 = 0.976,

P \ 0.01) treatments (Fig. 2f). NAAm also decreased

the NDI to the same extent as the positive control for

the 24 h (40, 80 and 160 lg/mL) and 48 h (80 lg/mL)

treatment period. Furthermore, NAAm showed a

higher cytostatic effect than MMC at the highest

concentration (160 lg/mL) for the 48 h treatment

period (Table 2).

Discussion

In this study, the genotoxic and cytotoxic effects of

NAAm, a synthetic plant growth regulator, were

evaluated. For this aim, the formation of CA, MN,

NBUD, and the frequency of MI and NDI in human

PBLs were employed as biomarkers of genotoxicity

and cytotoxicity, respectively.

Results obtained from this study revealed that, in

general, NAAm significantly increased the percentage

of cells with structural CA and MN formation at all

concentrations (20, 40, 80 and 160 lg/mL) and

treatment periods (24 and 48 h) when compared with

the control groups. NAAm was also found to sig-

nificantly induce NBUD formation at the two high

concentrations (80 and 160 lg/mL) for both 24 and

48 h treatment times in a concentration-dependent

manner.

As already mentioned, there is no published study

on the genotoxic and/or cytotoxic effects of NAAm in

the literature. Thus, the results obtained from this

study present the first data for geno-/cytotoxic poten-

tial of NAAm on humans. However, the genotoxic

potential of some other synthetic auxins, such as 2,4-D

and dicamba, have been shown in many previous

studies.

Similarly to our findings, Korte and Jalal (1982)

reported that 2,4-D had induced chromosomal aberra-

tions in human PBLs in vitro with concentrations of 50

and 60 lg/mL. Madrigal-Bujaidar (2001) observed

that 2,4-D had a moderate genotoxic effect in mice that

were treated in vivo with high concentrations (100 and

200 mg/kg) of this compound. Holland et al. (2002)

reported that both pure and commercial forms of 2,4-D

increased the number of MNi at the highest non-toxic

concentration (0.3 mM) in human whole blood and

isolated lymphocyte cultures. Ateeq et al. (2002)

reported that 2,4-D induced chromosome aberrations

(CAs) at statistically significant level in the meristem-

atic mitotic cells of Allium cepa. Filkowski et al.

(2003) found that 2,4-D and dicamba induced point

mutations and double strand breaks in Arabidopsis and

single strand breaks in bean root nuclei. Similar results

were also reported by Zeljezic and Garaj-Vrhovac

(2004), who observed that deberhan A, a commercial

formulation of 2,4-D, caused an increase in chromatid

and chromosome breaks, number of MNi and number

of NBUDs in human PBLs. Gonzàlez et al. (2011)

found that dicamba and one of its commercial

formulation banvel induced a significant increase in

MN and NBUD formation at a concentration range of

50–500 lg/mL in Chinese hamster ovary cells. The

damaging activity of dicamba in different mammalian

cell targets was also previously observed by the same

research group (Gonzàlez et al. 2006, 2007, 2009).

The results of these studies and some others (Amer and

Aly 2001; Cenkci et al. 2010) are in agreement with

the results of our study, although different cell types

and/or test system were used.

The significant increase in the CAs, MNi, and

NBUDs following exposure of NAAm in the present

study supports the genotoxic potential of this com-

pound. The results of the CA assay showed that

NAAm induced the more structural CAs (especially

chromatid breaks and acentric fragments) than the

numerical CAs. Hence, it can be suggested that

NAAm has a clastogenic effect and can lead to the

formation of structural CA by breaking the phospho-

diester backbone of DNA (Kocaman et al. 2011). DNA

damage may be result of direct impact of NAAm on

DNA or its indirect effect, for example by production

of free radicals. Bukowska (2006) in his review

reported that 2,4-D interacted with the genetic
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material indirectly by producing reactive oxygen

species (ROS). 2,4-D is structurally and functionally

analogous to the natural auxin IAA (Song 2014), like

NAAm. It was also reported that 2,4-D induced

proliferation of peroxisomes and increased the intra-

cellular production of DNA-damaging hydrogen per-

oxide and other reactive oxygen radicals (Kawashima

et al. 1984; Linnainmaa 1984; Reddy and Rao 1989)

expressing high clastogenic activity (Wolff 1982;

Reddy and Rao 1989). We suppose that NAAm may

act on nucleic acid, proteins and also lipids with the

production of ROS that may cause DNA strand breaks.

MN can be formed from acentric chromosome/

chromatid fragments or whole chromosomes that fail

to be segregated to the daughter nuclei during mitotic

cellular division, and appears as small additional nucleus

in the cytoplasm of interphase cells (Fenech and Bonassi

2011; Fenech et al. 2011). Some micronuclei may also be

derived from broken anaphase bridges (Lindberg et al.

2007). In the present study, NBUDs, MN-like bodies

attached to the nucleus by a thin nucleoplasmic connec-

tion, have also been evaluated because they represent a

different genomic instability. NBUDs may be formed by

exclusion of amplified DNA (Lindberg et al. 2007), from

remnants of broken anaphase bridges (Gisselsson et al.

2000, 2001) or by retraction of micronuclei (Lindberg

et al. 2007). Although there are no published data

relevant to MN and NBUD formations induced by

NAAm, it can be seen from the above mentioned

literature that some synthetic auxins caused an increase

in MN and NBUD frequency in vitro in human PBLs

(Zeljezic and Garaj-Vrhovac 2004) and in Chinese

hamster ovary cells (Gonzàlez et al. 2011).

Mladinic et al. (2009) suggested that the develop-

ment of NBUDs is not possible in the short-term

cultivation period. In the present study since the CBMN

assay was conducted in short-term (68 h) lymphocyte

cultures, gene amplification theory cannot be used to

explain the formation of NBUDs. Thus, we may suggest

that the origin of NBUDs observed in this study could be

explained by the broken anaphase bridges and/or the

mechanism of micronuclei retraction.

In the present study, the MI and NDI ratios were

evaluated for determining cytotoxicity. The measure-

ment of NDI also provides important data on the

cytostatic effect of chemicals (Fenech 2007). The

results revealed that all the NAAm concentrations

tested significantly decreased MI for 48 h, and also NDI

for both 24 and 48 h treatment periods as compared to

those found in the control group. The reductions of MI

and NDI were also observed in a concentration-

dependent manner for both treatment times. These data

would be indicative of the cytotoxic and cytostatic

effects of NAAm in human PBLs. Rixe and Fojo (2007)

reported that cytostaticity may be defined as the

inhibition of cell growth and/or proliferation, and this

initial event can induce cell death if cytostasis is

prolonged. Accordingly, in the present study, NAAm

revealed a cytostatic effect for the 24 h exposure period

without cytotoxicity, whereas this compound displayed

both cytostatic and cytotoxic properties for 48 h

treatment period due to prolonged exposure of the test

substance on lymphocytes.

As similar to the our results, the cytotoxic/cytostatic

effects of some different synthetic auxins were reported

in the previous studies performed on various test systems

(Di Paolo et al. 2001; Tuschl and Schwab 2003; Mičić

et al. 2004; Gonzàlez et al. 2006, 2007, 2011).

The mechanism of auxin cytotoxicity is believed to

be connected with the production of ROS (Salopek-

Sondi et al. 2010). Furthermore, Müller and Sofuni

(2000) reported that the clastogenic response of

various compounds is often associated with high

toxicity. In this study, NAAm most probably had

cytostatic and also cytotoxic effects on cultured

human PBLs by increasing the oxidative stress and

thereby leading to formation of CA resulting in

inhibition of DNA synthesis, cell proliferation (i.e.

cytostaticity; without lethality) and eventually cell

death (i.e. cytotoxicity; with apoptosis).

Conclusion

In conclusion, these findings suggest that NAAm most

probably has a genotoxic effect by inducing the CAs,

MNi, and NBUDs formation and has a cytotoxic/cy-

tostatic effect by reducing the MI and NDI at the

concentrations tested (20, 40, 80 and 160 lg/mL) in

human PBLs in vitro. Hence, we can say that this

synthetic plant growth regulator may pose clastogenic

and cytotoxic/cytostatic risk in human beings and it

should be used more carefully. We also suggest that

further researches should be done to investigate the

possible harmful effects of NAAm on human health.
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Gonzàlez NV, Nikoloff N, Soloneski S, Larramendy ML (2011)

A combination of the cytokinesis-block micronucleus cy-

tome assay and centromeric identification for evaluation of

the genotoxicity of dicamba. Toxicol Lett 207:204–212

Holland NT, Duramad P, Rothman N, Figgs LW, Blair A,

Hubbard A, Smith MT (2002) Micronucleus frequency and

proliferation in human lymphocytes after exposure to

herbicide 2,4-dichlorophenoxyacetic acid in vitro and

in vivo. Mutat Res 521:165–178

Kawashima Y, Katoh H, Nakajima S, Kozuka H, Uchiyama A

(1984) Effects of 2,4-dichlorophenoxyacetic acid and

2,4,5-trichlorophenoxyacetic acid on peroxisomal en-

zymes in rat liver. Biochem Pharmacol 33:241–245

Kegley SE, Hill BR, Orme S, Choi AH (2011) PAN Pesticide

Database, Pesticide Action Network, North America, San

Francisco, CA. http://www.pesticideinfo.org

Kirsch-Volders M, Sofuni T, Aardema M, Albertini S, East-

mond D, Fenech M, Ishidate M Jr, Kirchner S, Lorge E,

Morita T, Norppa H, Surrallés J, Vanhauwaert A, Wakata

A (2003) Report from the in vitro micronucleus assay

working group. Mutat Res 540:153–163

Kocaman AY, Rencüzoğulları E, Topaktaş M, İstifli ES,
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