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Abstract

Fenarimol, a systemic pyrimidine carbinol fungicide, is considered to be not genotoxic or weakly genotoxic, although the
available toxicological data are controversial and incomplete. Our results obtained in vitro with leukocytes of two different
rodent species (rat and mouse) show that fenarimol affects DNA, as detected by the single-cell gel electrophoresis (SCGE,
Comet) assay. This fungicide is able to induce DNA damage in a dose-related manner, with significant effectiveness at 36 nM,
but without significant interspecies differences. Simultaneous exposure of rat leukocytes to fenarimol (36—290nM) and a
model genotoxic compound (3@/ml bleomycin) produced a supra-additive cytotoxic and genotoxic effect. This supports
previous findings suggesting possible co-toxic, co-mutagenic, cancer-promoting and co-carcinogenic potential of fenarimol,
and modification of the effects of other xenobiotics found to be influenced by this agrotoxic chemical, with consequent different
toxicological events. The potential for DNA strand breaks to act as a biomarker of genetic toxicity in plants in vivo was also
considered, in view of the fact that higher plants represent reliable sensors in an ecosystem. Significant DNA breakage was
observed in the nuclei dfmpatiens balsamina leaves after in vivo treatment with fenarimol (145 nM, 1 h). More than 50% of
the cells showed such DNA damage.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction multistep carcinogenesis. Furthermore, biological

measures (biomarkers) are developed to provide in-

Short-term tests may be used to predict carcino- formation on the effects of exposure and/or suscep-

genesis when their endpoints measure the genotoxictibility to a variety of environmental contaminants.
potential of chemicals, i.e. their capacity of initiating These biomarkers have a range of practical applica-

tions including, among others, evaluation of toxicity
"+ Corresponding author. Tek+39-0521-905608; mechanisms and endpoitit§. Many asp_ects of dose—
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The effects of exposure to pesticides need to be de-gel electrophoresis (SCGE) or Comet assay allows
termined because of the potential impact they have on rapid prediction of genotoxic potential of compounds
both the environment and the population. The study of and has been shown to be useful for in vivo and
the mechanisms involved is essential for the develop- in vitro biomonitoring of environmental pollutants
ment of approaches that can be used for public health[13-17]
risk assessment and decision-making with regard to The use of plant material appears to be particularly
safe usag¢3]. practical for the assessment of environmental health

Pesticides are substances for which the toxicity, at risks. Higher plants, sensitive to soil, water and air
both the genetic and the metabolic level, has not been pollutants, have been widely used for the biomoni-
adequately described. Preliminary results on a broad toring of DNA damage induced by genotoxic agents:
series of compounds belonging to different biologi- they can metabolise promutagens and be useful in
cal classes (herbicides, insecticides, fungicides) seemdetecting genotoxic compounds in complex mixtures.
to indicate that pesticides are toxic yet poor initiat- The measurement of DNA damage by use of the
ing agents, as shown by negative or weakly positive SCGE assay in the nuclei of higher plants has been

results on different genetic endpoin#]. Immuno-

applied to various tissues: sedd8], roots ofV. faba

chemical and biochemical studies seem to indicate [19—24] and Allium cepa [25], and leaves oNico-
the co-carcinogenic and promoting potential of these tiana tabacum [21,23,26,27] Impatiens balsamina

chemicals.

and different cultivars ofN. tabacum were used in

Fenarimol is a widely used organic fungicide pos- our laboratory{28—-30]

sessing both preventive and curative activity with
local systemic action for the effective control of scab

of apples, powdery mildew of peas, cherries, grapes,

etc. Results concerning the effects of this compound
are still not completely clear and, in some cases,
contradictory and thus it may exert carcinogenic ef-
fects in vivo. The addition of the S9 fraction as an

. . @
exogenous metabolic system leads to a decrease in

cytotoxic effects and to a reduction of the cell trans-
formation rate[5]. Fenarimol has been shown to
selectively induce cytochrome P450-2B1 isoforms in
different organs of treated micgs]. Selective bio-
chemical markers have indicated a possible co-toxic,
co-mutagenic, co-carcinogenic and promoting po-
tential of this fungicide{7,8]. Di llio et al. [9] have
shown the electrophilic nature of the fungicide and
suggested its possible reactivity with DNA/dcia
faba roots, treated with different concentrations of
fungicide, showed that fenarimol is able to produce
numerical but not structural chromosomal aberrations
[10]. When tested in vivo on rat, fenarimol is capable
of inducing DNA damage in hepatocytes with a sig-
nificant increase of DNA unwindin¢l1]. However,

The main goals of this study are:

e To measure the possible interactions of fenarimol

with DNA by using the Comet assd$1,32]

e To evaluate the specific sensitivity in vitro against

the fungicide in the leukocytes of two different ro-
dent species (rat and mouse).

To detect a possible co-toxic/co-genotoxic potential
of fenarimol.

e To establish the method and doses to investigate

whether the wild plant speciésbal samina, present

in tropical regions, is sensitive to fenarimol. Plants
such asl. balsamina could become a sensitive

biomarker for the biomonitoring of environmental
pollution, which is particularly appealing in devel-

oping countries like Brazil, where the improvement
of agricultural production involves a simultaneous
use of pesticides.

e To compare the performance and sensitivity of

different methods for Comet analydi33] and to
choose the more useful screening for in situ moni-
toring.

in vivo this fungicide does not induce any significant 2. Material and methods

dose-related increase in erythrocytes from mouse bone

marrow|8].

Major endpoints of short-term genotoxicity assays
include DNA damage, point mutations, chromosomal
aberrations, etd12]. The sensitivity of the single-cell

2.1. Chemicals

Reagents for electrophoresis, normal melting point

agarose (NMA) and low melting point agarose (LMA),
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plant growth medium (MS; cat. #M5519), dimethyl lected as a free radical-based DNA damaging agent
sulfoxide (DMSO), ethidium bromide (EtBr), fluo- that induces a mixture of strand breaks and abasic
rescine diacetate (FDA), and general laboratory chem- sites[34,35]

icals were from Sigma. Bleomycin (Bleomicifipwas Cell viability was checked by the FDA/EtBr assay
obtained from RBne-Poulenc Rorer (Milan, Italy) and  [36]. The Comet assay was performed only with cell
fenarimol, i.ea-(2-chlorophenyl-(4-chlorophenyl)-  viability >70%.

5-pyrimidinemethanol (CAS 60168-88-9; PM: The SCGE assay was performed basically accord-
331.20) was obtained from Dow AgroSciences (Indi- ing to Singh et al[31]. The cells {2 x 10°), mixed
anapolis, USA) as the commercial product Rubfgan  with 85ul of 0.7% low melting agarose, were placed

containing 120 mg/ml of active principle. on degreased slides previously dipped in 1% normal
melting agarose. Then §8 of LMA were added as

2.2. Mammalian cells the top layer and the cells lysed at@ in the dark
overnight (2.5M NaCl, 10mM Ng£EDTA, 10mM

2.2.1. Animal species and strains Tris—HCI, 1% Triton X-100 and 10% DMSO, pH

Parasite-free male Wistar rats (8—9 weeks old) and 10). The DNA was allowed to unwind for 20 min in
Balb/C mice (6 weeks old) from our own colony an electrophoretic alkaline buffer (1mM pEDTA,
(Embrapa Meio Ambiente, SP, Brazil) were used 300mM NaOH, pH> 13) and subjected to elec-
for experimentation. The animals were housed in trophoresis for 20 min at 0.78Vcm and 300 mA.
polypropylene cages at a controlled temperature The slides were then washed in a neutralisation buffer
(22 £ 2°C), relative humidity of 70%, 12h:12h (0.4 M Tris—HCI, pH 7.5) to remove alkali and deter-
day/night cycle and fed with standard rodent chow gent. Immediately before examination, the DNA was
(Purina) and tap water ad libitum. Housing and treat- Stained with 7Gul ethidium bromide (Zvg/ml). The
ment of animals were in accordance with national and samples were examined at 40@nagnification under
institutional guidelines. a Leika DMLB fluorescent microscope equipped with

The animals were sacrificed (common ether cham- an excitation filter BP 515-560 nm and a barrier filter
ber) just before the collection of heparin-anticoagulated LP 580 nm.

blood and the treatment of isolated leukocytes. The samples were coded and evaluated blind (50
cells per each of two replicate slides per data point).
2.2.2. Cédll treatment All the tests were performed at least three times.

Whole blood was centrifuged, maintained for
10min in an erylyse solution for leukocyte isola- 2.3. Plant cells
tion (155mM NH,Cl, 5mM KHCO3;, 0.005mM
NaEDTA, pH 7.4) at 37C, washed with PBS and 2.3.1. Plant seeds
resuspended~10° cell/ml) in phosphate buffer saline I. balsamina, commonly commercialised seeds.
(PBS). Medium containing cells and appropriate vol-
umes of Rubigafi to obtain different concentrations  2.3.2. Plant growth conditions
of fenarimol (five doses, 0, 12, 24, 48, and 96 ng/ml,  Seed germination was performed in plastic pots
corresponding to 0, 36, 72, 145, and 290nM, re- (@ = 10cm) containing vermiculite and irrigated with
spectively) or positive control (50g/ml bleomycin) tap water. After germination, the seedlings were trans-
were added to an Eppendorf tube. Fenarimol concen-ferred in new plastic pots (three seedlings per pot).
trations are selected after a cytotoxicity screening: During germination and growth, the plantlets were irri-
360 nM fenarimol induces about 50% cell mortality. gated with diluted (1/10) MS medium. Intact plantlets
Treatments were for 1 h at 3C. (about 45 days old, after germination) were used for
Rat cells were also treated simultaneously with a the experiments.
model genotoxic compound (p@/ml bleomycin)
and various doses (range: 36—290nM) of fenarimol 2.3.3. Plant treatments
to evaluate possible synergic/antagonistic effects. The plantlets were extracted from the pots and ver-
Bleomycin, a radiomimetic antitumor drug, was se- miculite carefully removed from the roots by several
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tap water washings. The roots of whole plantlets were 2.4. DNA damage evaluation

dipped in Eppendorf tubes containing 1 ml of the ap-
propriate concentration of fenarimol (ok8» as pos-
itive control) in distilled water and incubated for 1 h
in daylight conditions.

2.3.4. Sngle-cell gel electrophoresis

In the absence of an automatic system, two different
methods for Comet analysis, both reported in Tice
et al.[37], were used.

The evaluation of genotoxic effect was first obtained
as a visual perception of DNA damage. A number of

The SCGE assay was performed as previously 100 randomly selected cells per sample were visually

described[30]. Leaf samples were cut and various
cut surfaces were dipped directly into a drop of
LMA (0.5% in PBS) resting on the top of the first

scored according to tail intensity, determining the fre-
guency of round nuclei, nuclei with short tails, nuclei
with medium long tails, and nuclei with long tails and

agarose layer. The slides were placed on a warm categorising nuclei as undamaged (i.e. no migration),

surface (37C) during this stage. Finally, LMA

short migration, medium migration and long migra-

was added as the top layer. The procedure resultedtion. Thus, the damage score for each sample can range

in a uniform distribution of nuclei in the agarose
layer.

The DNA was allowed to unwind for 15min in
an electrophoretic alkaline buffer (1 mM hEDTA,
300mM NaOH, pH > 13) and subjected to
electrophoresis in the same buffer for 10min at
0.66 Vcnmt and 230 mA. These conditions are previ-
ous reported30] as optimal forl. balsamina cells in
order to get minimum DNA migration in the control
group and, at the same time, maximum sensitivity for
the treated sample.

from 100 (completely round nuclei: 100 celsl) to
400 (maximally damaged: 100 cebis4). Cells with
complete DNA migration were defined as ‘ghost cells’
or ‘hedgehog’ and were reported as percentage on 200
randomly selected cells. When present, the hedgehog
cells were reported but not included in statistical treat-
ment of the genotoxicity data because the origin of the
damage is unclear, i.e. necrosis or/and apop{88ik

A measure (arbitrary units) of migration length and
diameter of the Comet head (measured perpendicu-
larly to the direction of the electric field) was also

Subsequent steps were performed as in the SCGEperformed on the same randomly selected cells pre-

assay for mammalian cells.

untreated

Rat

Mouse

Impatiens balsamina

viously scored (100 cells per sample). Each Comet

treated

Fig. 1. Comet images representative of treated and untreated rat and mouse cells and plant cells.
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image was saved (digital camera Kodak DC 120) and data confirmed the findings on mouse cells, and a
measured by using a ruler. The length/diameter ratio dose—response DNA damage induction was found
(LDR) was then calculated. Comet images representa- (Table 1B even if a different initial score for DNA

tive of treated and untreated rat and mouse leukocytesbreakage in untreated rat cells as compared to mouse

and plant cells are reported Fig. 1 cells is evident: most of the cells (about 80%) in
the negative control group of rat leukocytes are un-
2.5. Satistical analysis damaged, i.e. class 1, whereas, for untreated mouse

leukocytes, many of the comets are in the classes 2
A SPSS 11 statistical package was applied both to and 3 (about 40 and 30%, respectively). Differing

score and to collected LDR data from at least three endogenous DNA damage levels may reflect the di-
independent experiments. Statistical differences be- versity between biological systems, a fact also borne
tween controls and treated samples were first deter- out by the differences seen between endogenous DNA
mined with non-parametric Wilcoxon rank-sum test damage levels in canine and feline leukocyj48].
for each experimerB89]. The Comet parameters, i.e. We can hypothesise that a different metabolism, with
LDR (mean, median, etc.) and mean visual score, were a consequent different production of endogenous free
calculated for each treatment group. The mean valuesradicals, in the two species might affect the cells. In
from the repeated experiments were used in a one-wayrat cells, the mean damage classes have a significant

analysis of variance test. If a significaRtvalue of linear correlation with dosesk€ = 0.974). Statistical

P < 0.05 was obtained, a DunnettG multiple com- analysis of visual score and LDR datdable 1B
parison analysis (equal variances not assumed) wasshows significant differences(< 0.001) among all
conducted. the treated samples and the control (dose 0). DNA

breakage is linearly correlated with dose whichever
parameters of the Comet assay are consideRéd>(

3. Results 0.95 in all cases). A significant cytotoxicity, but lower

than in mouse leukocytes, is observed at increasing
3.1. Effects of fenarimol on leukocytes from mouse fenarimol concentrations whereas this relationship is
and rat in the Comet assay not seen for the “hedgehog” cells.

Fenarimol is known to induce some cytochrome

The effects of the fungicide were tested on rodent P450[6]. Furthermore, the binding of fenarimol by
leukocytes in the concentration range of 0-96 ng/ml. glutathione transferases has been shd@jn Since
Viability, both for mouse and rat cells, was always the rate of metabolism and the stereo-specificity of
>70% immediately after treatment for all the doses, metabolism are governed by the biochemical condi-
as recommended for Comet assay by the Internationaltions of the cells, and especially by the content of
Workshop on Genotoxicity Test Procedufa3]. specific drug metabolising enzymes (for example, the

In mouse leukocytes, an induction of DNA breaks types and amount of P450s and glutathione trans-
(mostly single-strand breaks) is observed after fena- ferases available), fenarimol might drastically alter the
rimol treatment. An increase of visual score values activity of other xenobiotics and their toxicological
and frequencies of damaged cell classes is evidentconsequences. For these reasons, the cytotoxic and
at increasing fungicide dose3able 1A. The first genotoxic effects of fenarimol were evaluated in vitro
dose of fungicide (36 nM) gives significantly different on rat leukocytes together with those of bleomycin,
effects (P < 0.05) with respect to the control (dose the effectiveness of which has already been shown in
0). LDR values confirm the data obtained with the our previous studiept1].
visual score. The number of hedgehog cells is not af- On rat cells treated simultaneously with the two
fected by the treatment whereas cell survival is dose- compounds Table 1Q, both the cytotoxicity and
dependent. the genotoxicity increased with respect to the effects

To expand the data obtained on mouse cells induced by fenarimol alone. The data on rat leuko-
to other mammalian cells, we also performed the cytes show an overall effect higher than the sum
same treatment in vitro on fresh rat leukocytes. The (theoretical values) of the effects induced by each
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Table 1
Rodent leukocytes: genotoxic and cytotoxic effects induced by fenarimol in mouse (A) and rat leukocytes without (B) or withg@®)I50
bleomycin

Dose (nM) Mean LDR Visual score “Hedgehog” (%) Cell survival (%)
A
0 1.73+ 0.12 207+ 15 1.17+ 0.29 97.6+ 1.2
36 1.92+ 0.08 242+ 5 1.00 + 0.87 94.6+ 1.4
72 2.23+ 0.12* 284 + 6+ 1.33+ 0.29 90.3+ 1.7
145 2.72+ 0.23%* 300 £ 7+ 1.17+ 0.76 86.8+ 1.9
290 3.02+ 0.32** 319 + 2% 1.00+ 0.50 83.2+ 2.1
360 - - - 56.3+ 3.2*
Bleomycin (50ug/ml) 3.13+ 0.27* 290 + 5*** 0.83+ 0.29 96.2+ 1.3
B
0 1.15+ 0.04 123+ 3 0.33+ 0.29 96.7+ 0.5
36 1.49+ 0.05** 176 + 6= 0.67 + 0.29 95.6+ 1.4
72 1.62+ 0.08** 203 + 3 0.17+ 0.29 93.4+ 1.0
145 1.97+ 0.14** 241 £ 3 0.67 + 0.29 90.8+ 1.5
290 2.53+ 0.17** 271 + 4 0.83+ 0.58 90.0+ 1.8*
Cc
0 254+ 0.13** 236 + 6 1.00+ 0.50 95.4+ 1.0
36 2.99+ 0.25%* 247 + 5 0.83+ 0.29 91.1+ 0.4~
72 4.63+ 0.24** 306 + 3 1.17+ 0.29 85.24+ 1.1%*
145 7.03+ 0.4 323 + 4 1.00+ 0.50 80.7+ 2.6"*
290 9.18+ 0.25"** 349 + 3 1.17+ 0.29 77.3+ 0.8

The length/diameter ratio (LDR) values, visual score, hedgehog cells and cell survival are reportedt danfrom three independent
experiments.

* P < 0.05, with respect to dose 0 without bleomycin (Dunne@4est).

** P < 0.01, with respect to dose 0 without bleomycin (Dunne@-4est).

** P < 0.001, with respect to dose 0 without bleomycin (Dunne@est).

single compound separately (i.e. the sum of effect which reports the difference of DNA fragmentation
induced by 5Q.g/ml bleomycin and by different  between the values obtained with the two xenobiotics
doses of fungicide): the co-genotoxic potential of together and the theoretical values. A supra-additive
fenarimol appears to be dose-dependent and highereffect in terms of cytotoxicity was also observed

than its own genotoxic potential as showrFig. 2A, (Fig. 2B).
Table 2
Impatiens balsamina: genotoxic and cytotoxic effects induced by fenarimol (145 nM)
Control (averaget S.D.) HO; (averaget S.D.) Fenarimol (averagg S.D.)
Mean LDR 1.08+ 0.03 1.39+ 0.07** 1.45+ 0.07*
LDR 95th percentiles 1.3% 0.03 2.33+ 0.09** 2.41+ 0.08**
LDR > SRGL 95th (cell no.) 5 56.@ 10.7** 60.5+ 13.4**
Visual score 184 18 268+ 7+ 298 + 6***
“Hedgehog” (%) 0.83+ 0.29 1.00+ 0.50 1.17+ 0.29
Cell survival (%) 97.7+£ 25 97.4+ 1.5 96.0+ 2.6

Cytotoxicity and Comet parameters (length/diameter ratio (LDR) and visual score values) are reported. Average mean and percentile of
LDR and the number of cells exhibiting values greater than the 95% confidence limits (SRGL: superior reference group limit) for the
distribution of the control data (considered as damaged cells) are reported. Positive control: 100 mM hydrogen peroxide. Data of three
independent experiments.

*** P < 0.001, with respect to the control (DunnettGtest).
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the effects could be better described by frequency dis-
tribution parameters other than the mean. Therefore,
LDR median and percentile and the number of cells
which exhibit values greater than the 95% confidence
limits (SRGL), for the distribution of the control data,
are reported. All parameters used gave a good account
of the effect (treated versus contrat: < 0.001), al-
though the low values (related to the method of mea-
sure) of the mean do not allow the differences to be
immediately perceived. On the other hand, the per-
centiles increase more than 1.5 times. Finally, the pa-
rameter ‘number of cells with LDR- SRGL’ appears
particularly appealing because more than 50% of cells
are scored as damaged (i.e. an increase of effect more
than 10 times).

4. Discussion and conclusions

Pesticides are chemicals used to control agricultural
pests, and their widespread application involves the
assessment of their potential hazardous effects. Nearly
60% of oncogenic risk estimated to be due to pesticide
exposure has been assigned to fungicides.

Fenarimol, a widely used fungicide, is considered
to be not genotoxic or weakly genotoxic although the
available toxicological data are controversial and in-
complete. Our results on the leukocytes of two dif-
ferent rodent species (rat and mouse) in vitro indi-
cate the induction of DNA breakage by fenarimol as

Fig. 2. Supra-additive genotoxic (LDR, panel A), and cytotoxic
(panel B) effects in rat leukocytes treated withyg/ml bleomycin shown by the Comet assay. This fungicide is able to
in the presence of increa_sing concentrations of fenarimol. T_he induce DNA damage in a dose-related manner, with
results are reported as differences between the values obtainedg;ohificant effectiveness already at 36 nM. No differ-
with the simultaneous administration of the two xenobiotics and
the theoretical values, i.e. the sum of the effects induced by each €NCES WEre seen between the effects on rat and mouse
leukocytes.

The simultaneous administration of fenarimol and
a model genotoxic compound (p@/ml bleomycin)
on rat leukocytes induces a supra-additive effect, i.e.
higher than the sum of the effects of each compound
separately, in terms of cytotoxicity and genotoxicity.
These results are in line with previous findings sug-

A significant increase of DNA breakage is also de- gesting a co-toxic, co-mutagenic, cancer-promoting
tected by the Comet assay in vivo in the planbal- and co-carcinogenic potential of fenarim@l,8], as
samina after 48 ng/ml fenarimol treatment (at least well as a modifying action on the effects of other xeno-
three independent experiments). The effects induced biotics such as bleomycin.
by fenarimol give results comparable to those induced  Ecological indicators can be used to assess the con-
by 100 mM K05 used as positive contrf80], consid- dition of the environment, to provide an early warning
ering both visual score and LDR#ble 9. For LDR, signal of changes in the environment, or to diagnose

single compound separately. Values are mga8.D. of three
independent experiments. (***p < 0.001 (Dunnett'sC-test).

3.2. In vivo effects of fenarimol on the plant
Impatiens balsamina in the Comet assay
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the cause of an environmental problem. In this con-
text, higher plants represent a sensor able to follow
the evolution of the genotoxic impact in an eco-
system.

In this research, the potential for DNA damage, as

measured by the Comet assay, to act as a biomarker

of genetic toxicity in plants in vivo was considered. A
significant increase of DNA migration was observed
on the nuclei obtained frorh balsamina leaves after
the roots of the whole plantlets were dipped into fe-
narimol solution (145nM) for 1 h. As a result, more
than 50% of the cells were damaged by the treatment
with the fungicide.

A secondary aim of this study was to explore and
compare the performance and sensitivity of two dif-
ferent method§37] for quantifying DNA migration in

the Comet assay, and consequently to suggest the more

useful screening for in situ monitoring. Therefore, in

the absence of an automated system, the evaluation of

the genotoxic effect was performed both as a visual
perception of DNA damage and as the ratio between
migration length and diameter (LDR) of the Comet

head when measured (arbitrary units) on every image
of a previously scored comet. The genotoxic action
of fenarimol was confirmed by using the two measure

P. Poli et al./Mutation Research 540 (2003) 57-66
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ig. 3. Comparison of two methods for measuring DNA damage
n the Comet assay (rat leukocytes). The relationship between the
visual score and mean LDR values (as definedSéction 3 of
each sample is reported.

This supports previous findings suggesting a pos-
sible co-toxic, co-mutagenic, cancer-promoting and

types. On the other hand, the two methods showed aco-carcinogenic potential of fenarim@—8]. Further-

different sensitivity in relation to damage amount: the
visual score is obviously less time-consuming and its
sensitivity at low levels of exposure is better than LDR
under the present protocolsig. 3). This was also re-
ported by Kobayashi et a[33] in comparison with
computerised image analysis.

In conclusion, fenarimol is shown to be able to
induce DNA damage both on in vitro mammalian
and in vivo plant cells. Our results are in agreement
with previous data on fenarimol-induced genotoxicity
[9-11]. Although we cannot directly compare DNA
migration in mammalian and plant cells due to differ-
ent DNA amount and nuclei size, the comparison of
the number of damaged cells (i.e. cells with LDR >
SRGL 95th) shows higher sensitivity Inbalsamina
(60.5 4+ 13.4% of cell resulted damaged at 48 ng/ml)
than in rat and mouse (434 7.2% and 3% 8.5%,
respectively).

The results on the mammalian cells confirm the
sensitivity of the Comet assay not only in detecting
the effects of single compounds but also in evaluating
the possible interactions among various xenobiotics.

more, our findings in vivo orl. balsamina suggest
that the application of the test to plant tissues could
be useful in the estimation of the bioavailability and
genotoxic damage of pollutants to higher plants. As
shown in our previous studig28], the Comet as-
say could be applied to all plant tissues (roots and
epigean parts). Furthermore, the method was shown
to be able to detect both genotoxicants present in the
soil and air pollutants, including volatile compounds
[19,20,26,30] Thus, the assay could be incorporated
into in situ plant monitoring of environmental ex-
posure to pesticides. The measure of DNA damage
could easily assess the biological effectiveness of
environmental genotoxic pollutants, provide an early
warning signal of changes in the environment, and
diagnose the cause of an environmental problem.
Furthermore, the ability to detect DNA damage by
simple visual score (and the high sensitivity of this
method at low exposure levels, as normally found
in environmental samples) could permit the use of
the Comet assay also in the absence of expensive
image-analysis techniques for ambient monitoring.
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