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Abstract

This work investigated the cytotoxic and genotoxic potential of water from the River Paraiba do Sul (Brazil) using
Allium cepa roots. An anatomo-morphological parameter (root length), mitotic indices, and frequency of micronuclei
were analysed. Eight bulbs were chosen at random for treatment for 24 to 120 hours with the River water collected
in the years of 2005 and 2006 from sites in the cities of Tremembé and Aparecida (S@o Paulo state, Brazil). Daily
measurements of the length of the roots grown from each bulb were carried out throughout the experiment. Mitotic
index (MI) and frequency of micronuclei (MN) were determined for 2000 cells per root, using 3-5 root tips from other
bulbs (7-10). Only in the roots treated with samples of the River water collected in 2005 in Tremembé city was there
a decrease in the root length growth compared to the respective control. However, a reduction in MI values was veri-
fied for both sites analysed for that year. Considering the data involving root length growth and especially MI values,
a cytotoxic potential is suggested for the water of the River Paraiba do Sul at Tremembé and Aparecida, in the year
of 2005. On the other hand, since in this year the MN frequency was not affected with the river water treatments,
genotoxicity is not assumed for the river water sampled at the aforementioned places.

Keywords: cytotoxicity, genotoxicity, Allium cepa, mitotic index, River Paraiba do Sul.

Avaliacao do potencial citotoxico e genotéxico da agua
do Rio Paraiba do Sul através do teste Allium cepa

Resumo

Este trabalho € parte de uma investigagdo sobre o potencial citotéxico e genotdxico da dgua do Rio Paraiba do Sul
(Brasil) utilizando raizes de Allium cepa. Foi analisado um pardmetro andtomo-morfolégico (crescimento das ra-
izes), bem como o indice mitdtico e a frequéncia de micronucleos. Aleatoriamente oito bulbos foram submetidos
aos tratamentos de 24 a 120 horas com dgua do Rio proveniente dos pontos de coleta das cidades de Tremembé e
Aparecida nos anos de 2005 e 2006. O comprimento das raizes de cada bulbo foi acompanhado diariamente ao longo
do experimento. O indice mitético (IM) e a frequéncia de micronicleos (MN) foram determinados pela andlise de
2.000 células por raiz, sendo utilizadas 3-5 raizes de outros bulbos (7-10). Somente as raizes tratadas com amostras
de dgua coletadas em 2005 na cidade de Tremembé, apresentaram decréscimo no comprimento das raizes quando
comparadas com o controle. Entretanto, foi observada reducdo do IM nas raizes tratadas com dgua de ambos os pontos
de coleta no mesmo ano. Considerando os dados de crescimento de raiz e especialmente IM, um potencial citotéxico
¢é sugerido para a dgua do Rio Paraiba do Sul em Tremembé e Aparecida, no ano de 2005. Por outro lado, para este
mesmo ano, a frequéncia de microntcleos ndo foi alterada; assim, a genotoxicidade ndo foi assumida para a d4gua do
Rio nos pontos mencionados.

Palavras-chave: citotoxicidade, genotoxicidade, Allium cepa, indice mitético, Rio Paraiba do Sul.
1. Introduction

The human population in developing countries has  In a broad sense, since humans are ultimately a part of the
been suffering the effects of the pollution generated by  ecosystem, ecosystem health encompasses human health.
increasing urbanization and industrialization. A preventive In Brazil, river water quality has been regulated since
measure to detect the environmental hazards that infringe ~ March 17", 2005 by CONAMA (National Council of the
the human health should be established on a global scale. ~ Environment) resolution number 375, which classifies wa-
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ters and determines their physical and chemical parameters,
seeking to control the disposal of pollutants in the environ-
ment under levels not harmful to man, other animals and
plants. There is a concern related with the precision of es-
tablished tolerated levels, because some studies have shown
that, for certain parameters, even low values may be associ-
ated with genotoxic effects (Matsumoto et al., 2006).

Like many other rivers receiving supposedly toxic el-
ements from their effluents, contributed by residues from
industries, agriculture and domestic sewage, the River
Paraiba do Sul, located in southeastern Brazil, requires
monitoring for possible toxic effects of its water. This
River provides energy generation, urban water supply,
assimilation of urban, industrial and agricultural wastes,
and irrigation, among many benefits, for an extensive
area. Consequently, there is a growing concern regarding
environmental pollution in this River.

Pollutants with mutagenic and cytotoxic potentials
produce effects such as DNA fragmentation, induction
of chromosome aberrations, inhibition of cellular divi-
sion, and arrest of the cellular cycle, that can be cytologi-
cally detected (Grant, 1999; Evseeva et al., 2003).

Among the bioassays developed for detection of muta-
genicity, genotoxicity, cytotoxicity and clastogenicity due to
environmental pollutants, plant systems have proven to be
sensitive, cheap, and effective (Gopalan, 1999; Cabrera and
Rodriguez, 1999a,b; Cabrera et al., 1999; Grant, 1999; Ma,
1999; Majer et al., 2005). Plant bioassays, which are mostly
sensitive for the detection of genotoxicity, may provide a
warning of environmental hazards in the water (Gopalan,
1999). Plant roots are generally useful tools in biological
tests, because they are the first structures to be exposed to
chemical variations in the water and soil (Fiskesjo, 1988).

Among the plants commonly used as indicators for
studies of potential toxicity of River water, Allium cepa
L. constitutes a convenient system for the analysis of an-
atomical (root growth, deformity, twist) and microscopic
parameters (chromosome abnormalities, altered mitotic
index (MI), and micronucleus (MN) formation) (Egito
et al., 2007). Induction of micronucleus formation, the
outcome of chromosome breaks/fragments or spindle
poisoning which induces an anomalous disjunction of
chromosome at anaphase, has usually been considered a
genotoxic indicator (Dash et al., 1988; Grover and Kaur,
1999; Chandra et al., 2005). Onion is available year
round and its roots show fast growth (Nielsen and Rank,
1994; Ateeq et al., 2002). The Allium cepa test has been
demonstrated useful for biological monitoring of waters
contaminated with heavy metals and cyanides (Staykova
et al., 2005). The Allium/Vicia root tip chromosome ab-
erration assay has also been adopted by the International
Program on Plant Biossays (IPPB) for monitoring or
testing environmental pollutants (Ma, 1999).

This study describes the growth of Allium cepa roots
treated with water sampled at two sites of the Brazilian
River Paraiba do Sul in the years of 2005 and 2006, for
evaluation of the cytotoxic potential of this river water.
MI and MN frequency were also studied in roots of

Allium cepa treated with water sampled in the year of
2005 for investigation of potential cytotoxic and genoto-
xic effects promoted by the river water.

2. Materials and Methods

2.1. Sampling

Water samples from the River Paraiba do Sul, at the cit-
ies of Tremembé (22° 57° 40” S and 45° 33’ 10” W) and
Aparecida (22° 50" 40” S and 45° 14’ 04” W) (Figure 1)
were collected in 2005 and 2006. August was selected as
the period for collection, since it is a dry month in the re-
gion (Fisch, 1999). The monthly values of precipitation at
the Meteorological Station UNITAU/INMET at Taubaté
were 1.7 mm (August 2005) and 2.9 mm (August 2006). A
20 L bucket was used for collecting the samples. The water
was collected at bridges over the River passing alongside
the mentioned cities. A mixture was composed from water
sampled from the margins and the middle of the River, and
transferred to 40 L containers. Physicochemical and micro-
biological parameters for the water of the River Paraiba do
Sul at Tremembé and Aparecida and for the control water in
August 2005 and 2006, were obtained from official reports
(CETESB, 2005; 2006; SABESP, 2005; 2006).

The Allium cepa bulbs were obtained from a local
trade source and originated from Petroldndia (in the
Brazilian state of Santa Catarina). Forty onion bulbs of
appropriate size (3-3.5 cm) had their ring of the root pri-
mordia primarily suspended in jars filled with clean tap
water, for 48 hours, in order to demonstrate their viabil-
ity for root growth, when the newly emerged roots were
of 1.5-2.0 cm. The jars were kept protected from direct
sunlight. Then, eight bulbs were chosen at random, per
year, for treatment with the River water at the two men-
tioned cities plus the negative and positive controls (two
bulbs each), which lasted from 24 to 120 hours.

Negative (no effect on the cell samples) and positive
(effect on the cell samples, promoting mitotic index inhibi-
tion and elevated frequency of micronucleus) controls were
used. The negative control consisted of tap water and the
positive control for the year of 2005 consisted of 8 mM
ethylene diaminotetra acetic acid (EDTA, CAS# 60004)
(Grant, 1982) and for the year of 2006 consisted of 4 mg.L.
methyl methanesulfonate (MMS, CAS# 66273) (Rank
and Nielsen, 1993; 1994; 1997; 1998; Grant, 1998; Grant
and Owens, 2006). The choice of different drugs as posi-
tive controls depended on operational facilities, consider-
ing that both of them are effective as promoters of mitotic
index inhibition and of increasing levels of micronucleus
production (Grant, 1982; Rank and Nielsen, 1993; 1994;
1997; 1998; Grant, 1998; Grant and Owens, 2006). Daily
measurements of the length of all of the roots grown from
each bulb were carried out throughout the assay.

For determination of the microscopic parameters,
another forty bulbs were used. They were subjected for
24 hours to treatments (10 bulbs each) as follows: tap water
(negative control); 8 mM ethylene diaminetetra acetic acid
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Figure 1. Indication of the cities (Tremembé and Aparemda) (red triangles) at which the water was sampled from the River

Paraiba do Sul.

- EDTA (positive control); and water sampled from the sites
of Tremembé and Aparecida.

2.2. Allium test

All root tips were fixed in absolute ethanol-glacial
acetic acid 3:1 (volume/volume ) for 5 minutes and sub-
jected to the Feulgen reaction en bloc. The acid hydroly-
sis pertinent to the Feulgen reaction was carried out in
4 M HCI at 24 °C for 75 minutes. Each stained root was
squashed between slide and coverslip, and the squashes
frozen in liquid nitrogen for the coverslip removal, and
air dried. The preparations were then counterstained
with Fast Green at pH 2.7 (Mello and Vidal, 1980),
rinsed in distilled water, air dried, cleared in xylene, and
mounted in Canada balsam. The observations were done
under a Zeiss binocular light microscope (Oberkochen,
Germany), using a CP achromat 40/0.65 objective.

MI and the MN frequency were determined by exami-
nation of 2,000 cells per slide, using 3-5 root tips from each
bulb. The number of bulbs used depended on the availabil-
ity of roots produced. The slides were examined from right
to left, up end down, and the first 2,000 cells were scored
for MI and MN frequency.

2.3. Statistical analysis

Data on root length, M1, and the MN frequency were
compared using ANOVA and the Tukey test. Variance het-
erogeneity was tested. Data on root length regarding the
Tremembé site and the negative control in the year of 2005

Braz. J. Biol., 69(3): 837-842, 2009

were compared by a Welch test (z-test for different varianc-
es). The analyses were done using Statistica (Tulsa, USA,
2005) and Statsdirect (London, England, 2006) software.

3. Results

As regards the temporal analysis of data obtained for
the growing Allium cepa root length (Figure 2), no general
difference was statistically found with the different treat-
ments and years. There was a decrease in growth in roots
treated with the water collected at Tremembé (in 2005) in
comparison with the control (Figure 2) (p < 0.05). As re-
gards the water collected at Aparecida (in 2005), there was
a certain delay in growth of roots treated with this water in
comparison with the control (Figure 2).

Based on a non-temporal analysis of the growth of
the Allium cepa roots in the years of 2005 and 2006, no
significant difference was detected when comparing re-
sults for the water collected from the two River sites and
the negative control. However, the results obtained for
Aparecida apparently indicated that the roots grew less
when treated with the water sampled in the year of 2005
compared with the results obtained with the water sam-
pled at the same site in 2006 (Figure 3).

A significant decrease in the MI values was dem-
onstrated in cells of the Allium cepa roots treated with
the water collected from the River Paraiba do Sul at the
cities of Tremembé and Aparecida in the year of 2005
(Table 1). No significant difference was found in the MN
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Figure 2. Growth of Allium cepa roots along the period of 5 days (120 hours) of treatment with the sampled water of the
River Paraiba do Sul [years of 2005 (straight lines) and 2006 (dashed lines)]. Each point represents the arithmetic mean of
six measurements. CTRL) controls; A) positive; and (1) negative.
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Figure 3. Cumulative growth (mean SE) along the
120 hours treatment of Allium cepa roots with the water of
the River Paraiba do Sul sampled at the cities of Tremembé
and Aparecida, discriminating results obtained in the year
of 2005 separated from those in the year of 2006. CTRL)
controls.

frequency with the same treatments regarding the same
year (Table 1).

4. Discussion

Many types of assays for evaluation of cytotoxicity and
genotoxicity employing microorganisms and mammalian
cells have been used for monitoring complex environmen-
tal samples such as River water. Plant assays and the Allium
cepa test, particularly, have some advantages over microbial
and mammalian cell tests because they are highly sensitive
to many environmental pollutants (Fiskesjo, 1985), includ-
ing heavy metals (Panda et al., 1996; Palacio et al., 2005),
and are also useful for monitoring the potential synergistic

Table 1. Changes in MI and MN for Allium cepa roots
treated with water from the River Paraiba do Sul sampled at
Tremembé and Aparecida in the year of 2005.

Water MI MN Total cells
X +SE X +SE scored
CTRL - 9.71+£1.99 0.21+£0.15 78,000
CTRL + 0.44 £0.07* ok 68,000
Riversiteat  5.27+0.77* 0.15+£0.09 64,000
Tremembé
Riversiteat  4.96 £0.57* 0.09+£0.04 70,000

Aparecida

*Statistically different from the control at the p < 0.05
level by Tukey test.; CTRL —) negative control; CTRL +)
positive control; and **Samples too small to be tested.

effects of mixtures of pollutants, including hydrophylic and
lipophylic chemicals. Furthermore, test plants can be direct-
ly exposed to complex mixtures or environmental samples
either in the laboratory or in situ. Because of the large size
of their chromosomes, some higher plants are suitable for
cytological analysis and the responses so obtained are high-
ly correlated with those seen in other biological systems,
thus making plant tests also good candidates for evaluating
the genotoxicity of environmental samples (Fiskesjo, 1985;
1988; Palacio et al., 2005; Egito et al., 2007).

In the present study, the potential toxicity of the water
of the River Paraiba do Sul was evaluated with the Allium
cepa test by analysing one macroscopic parameter, the root
length, and microscopic parameters such as the MI and the
MN frequencies in the plant roots treated with the tested
water. Plant root growth inhibition has been considered a
toxicity indicator since it may result from a certain inhibi-
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tion of cell division (Fiskesjo, 1985; Odeigah et al., 1997;
Babatunde and Bakare, 2006; Egito et al., 2007). Changes
in MI estimate the altered frequency of cell division and are
an indication that cell proliferation is affected (Marcano et
al., 2004). Induction of micronucleus formation is gener-
ally considered an indication of genotoxicity (Dash et al.,
1988; Grover and Kaur, 1999; Chandra et al., 2005).

Our results did not show differences in terms of root
growth inhibition in Allium cepa treated with the water
sampled from the River in the years of 2005 and 2006,
except for the roots exposed to the water sampled at
Tremembé in 2005. In this case, it is suggested that, in that
particular year and place, the River water was potentially
cytotoxic, in a similar way as that reported by other authors
using the same assay for other Rivers (Paldcio et al., 2005;
Babatunde and Bakare, 2006; Egito et al., 2007).

As regards the growth delay at day 3 in roots treated
with the water sampled at Aparecida in 2005, if consid-
ered as an isolated event, it might be interpreted as an
episodic finding, since no difference was detected from
there on. However, in terms of an atemporal analysis of
the root growth, a slower growth was found for the roots
treated with the water sampled in 2005 compared to the
year of 2006, at Aparecida. In addition, considering the
decrease in MI in the Allium cepa roots treated with the
River water sampled at the two mentioned sites in 2005,
a cytotoxic effect by substances interfering with the cell
cycle may be considered. This hypothesis is in agree-
ment with published data which have revealed a deep mi-
todepressive effect promoted in Allium cepa by cytotoxic
substances like heavy metals, polycyclic hydrocarbons,
herbicides, industrial and domestic discharges and other
drugs (Fiskesjo, 1981a,b; Liu et al., 1992; Odeigah et al.,
1997; Bakare and Wale-Adeyemo, 2004; Marcano et al.,
2004; Grisolia et al., 2005; Fernandes et al., 2007).

Indeed, physicochemical and microbiological anal-
yses of the water of the River Paraiba do Sul indicated
parameters with levels not above those tolerated by the
CONAMA Statutory Instrument 357/2005, with the ex-
ception of dissolved aluminium, total iron, and thermo-
tolerant E. coli (CETESB, 2005, 2006). A report from
CETESB for August 2006 has revealed 0.12 and 0.15 mg.L
dissolved aluminium in water collected at Tremembé and
Aparecida, respectively (maximum tolerated, 0.1 mg.L).
Total iron represented values above the maximum toler-
ated of 0.3 mg.L (0.49 and 0.97 mg.L in the water col-
lected at Tremembé and Aparecida, respectively) only in
the year of 2005 (CETESB, 2005, 2006). Thermotolerant
E. coli values were 2,300 and 3,300 UFC/100 mL (maxi-
mum tolerated, 1,000 UFC/100 mL) in August 2005 and
2006, respectively, in the water sampled at Tremembé,
and 24,000 and 33,000 UFC/100 mL in August 2005 and
2006, respectively, in the water sampled at Aparecida
(CETESB, 2005; 2006). The tap water used as negative
control in this study was free from E. coli (SABESP,
2005, 2006). In summary, parameter levels much higher
than those officially tolerated are apparently those con-
cerned with E. coli, especially in the water sampled in
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the years of 2005 and 2006 at the city of Aparecida, and
possibly provided by fecal contamination.

Therefore, if a cytotoxic potential for the water sam-
pled from the River Paraiba do Sul at Tremembé and
Aparecida was promoted by the E. coli levels in 2005, up
to the point of affecting the MI values in Allium cepa, we
could anticipate that the same will occur for the samples
obtained in 2006, the analysis of which is in progress. If
the cytotoxic potential is promoted only by the total iron
level, such an effect is expected not to occur for the water
obtained at both cities in 2006. No data on free aluminium
have been found in the report by CETESB for 2005.

Although a cytotoxic effect could be assumed for
the tested water, no genotoxic effect was demonstrated
for the River water sampled in 2005 at Tremembé and
Aparecida, since no change in MN formation in Allium
cepa cells was elicited by it. Indeed, tests on frequency
of chromosome abnormalities could furnish additional
confidence to MN data in terms of genotoxic effects.
Work in progress is being undertaken for the analysis of
chromosomes of the Allium cepa roots treated with the
water of the River Paraiba do Sul.

The results obtained with EDTA and MMS are in
agreement with the expected effect of these drugs as good
positive controls (Grant, 1982; 1998; Rank and Nielsen,
1993; 1994; 1997; 1998; Grant and Owens, 2006).

Present findings reinforce the sensitivity of the Allium
cepa test, especially concerning the MI evaluation, for
monitoring river waters, thus serving as a tool for the early
warning of the presence of cytotoxins in the hydric environ-
ment. We consider that this test could even be recommend-
ed for the prescreening of cytotoxicity in wastewaters.

In conclusion, considering the data involving root
length growth and especially MI values, a cytotoxic po-
tential is suggested for the water of the River Paraiba do
Sul at Tremembé and Aparecida, in 2005. On the other
hand, since in this year the MN frequency was not af-
fected by the river water treatments, genotoxicity is not
assumed for the river water sampled at the mentioned
places. The estimation of MI values for material ob-
tained in the year of 2006 is still required in order to
establish a better relationship with the root growth and
physicochemical and microbiological parameters report-
ed by CETESB (2006), as mentioned above.
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