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Abstract

The current study presents the research on the cytogenetic potential of water samples taken from the Arges River,
Romania. The water samples were collected from 7 sites selected dependant on the anthropic impact to which they were
subjected. The genotoxic and cytotoxic potentials of the water samples were evaluated using Allium cepa L. as a test
organism. The statistical interpretation of results indicated a significant reduction of the mitotic index and an important
increase in the frequency of chromosomal and mitotic aberrations for most of the water samples taken for study.
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1. INTRODUCTION

Running waters are the most important resourceghferdevelopment of human settlements. The
global and local growth of the actual human popaoitahas exerted a high pressure on the potable
water resources, thus leading to extremely ingenimeathods for meeting these water requirements.
It was reported that the Arg®iver is one of the cases in which intensive laggand uncontrolled
expansion of agricultural land have determined aocelerated the silting process (Batuca and
Jordaan, 2000).

The anthropic impact on the ArgRiver was reported under various forms. The iclotyic studies
performed by Trth and Dumitru (2015) in the Budeasa-Gtilarea emphasized the changes in the
fish fauna determined by the increase in the nurobspecies, either due to deliberate storage for
angling, or due to the biotope changes that faubardevelopment of some species that were
identified only accidentally in the past. In theidies focused on the spatial distribution and the
monitoring of alkaliphenolic compounds in the DaaWiver, Mict and Hofmann reported that the
highest concentrations of nonylphenols were founthe Arge River (a tributary of the Danube),
in a sample taken near Bucharest (LiSka et al.3R00

Plant biotests, including thallium test are frequently utilized for monitoring theveanment
(Fiskesjo, 1993; Leme and Marin-Morels, 2009; Passnyd Romanovsky, 2013) and for evaluating
the genotoxic potential of different physical, cheah or biological agents by measuring particular
final results such as chromosomal aberrations, anialei and disruptions in the mitotic cycle
(Grant, 1944; Rank and Nielsen, 1993; Majer et28l05;Sutan et al., 2016).
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In this study, theAllium cepa L. test was used to evaluate the cytotoxicity gedotoxicity of
particular water samples taken from different lawat along the river, which had been subjected to
the anthropic impact.

2. MATERIALS AND METHODS

2.1. Area of study

The Arge River is a stream in the S-SE of Romania, formgdhle union of the rivers Capra and
Buda, which spring from under the peak of tligdfas Mountains, upstream of Vidraru reservoir.
According to the ArgeVedea water basin administration (the managemiamt pf the Arge —
Vedea hydrographic area), the Asdgeiver is 350 km in length, with a surface of 12)38n2 and
has 6 main tributaries (Valsan, Raul Doamnei, Ré@rgului, Neajlov, $bar, Dambowa River).
Along the Arge River, 16 power plants and 11 reservoirs weretboil which the biggest is
Vidraru Dam, with a capacity of 465 million*r(Mititelu, 2010). The water samples were collected
along the Arge River, in 7 different locations with the followin@PS coordinates: C1 - sampling
station located upstream of Vidraru Dam 45.462662"N603219°E, C2 - sampling station located
downstream of Vidraru Dam 45.338349°N, 24.63640C& ; sampling station located just before
the industrial area of the city of Rite44.889644°N, 24.848306°E, C4 - sampling statimated
before the Golgi Lake, at the exit from Pigéi, 44.827848°N, 24.936234°E, C5 - sampling station
located upstream of the wastewater treatment pldr@39282°N, 24.912872°E, C6 - sampling
station located downstream of the wastewater trewattrplant 44.836221°N, 24.914987°E, C7 -
sampling station located at the exit of the wastemaeatment plant 44.838149°N, 24.912965°E.
2.2. Water sampling and preservation

The water samples were taken from different locetialong the ArgeRiver in April 2016. For
sampling we used polyethylene bottles of 2.5 |l vimesly washed with hydrochloric acid and
repeatedly rinsed with tap water, distilled waterd athen again with tap water to prevent
contamination of water samples. TAWHium test was performed on the samples without prior
preservation.

2.3.Evaluation of the cytogenetic potential of the watein the Arges River

The Allium cepa test was used to evaluate the cytogenetic and geongbotentials of the water
samples taken from different stations along theef\Rjver.

The onion bulbs from a local varietjl(ium cepa L., 2n = 16), with a diameter of approximately 4
cm, were harvested from a crop without phytosayitagatments for pest prevention. Rooting was
induced in a hydroponic culture system, in contamneth a volume of 30 ml. After removing the
cataphylls and exposing the root primordia, théobwlere placed with the discoid stem in contact
with the water samples for 72 hours, in the darkpam temperature (22 £ 2 °C).

The study conducted to determine the cytotoxic gembtoxic potentials of the water samples from
the Arge River consisted in organizing a few experimenghpgles that were defined by the water
sample in which the root genesis took place: Cstfeam Vidraru Dam), C2 (downstream Vidraru
Dam), C3 (entrance Pii), C4 (exit Pitgti), C5 (upstream wastewater treatment plant), C6
(downstream wastewater treatment plant), C7 (exastewater treatment plant) and Control
(potable water).

After the static incubation of the onion root m&ams in the 7 water samples for 72 hours, the roots
were fixed in a mixture of ethanol (96%) and giheicetic acid (3:1, v/v) for maximum 12 hours at
4°C, then washed with distilled water and transfénnto 70° alcohol for long-term conservation.
The attenuated hydrolysis was carried out pricthcoloration of the root meristems induced by
their incubation in HCI 1N for 14-15 minutes at 8D. From the meristem tips stained with the
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solution of orcein acetic solution (15 minutes @t’€) we made microscopic preparations using the
squash techniqué&(tan et al., 2016).

2.4.Mitotic index and determination of aberrations frequency

The cytogenotoxic potential of the water samples exaluated by determining the variations of the
mitotic index, of the indices of mitotic divisionhpses and of the frequency of chromosomal
aberrations induced in the root meristematic a#li&. cepa L.

The mitotic index was calculated using the formi@ecording to Tedesco and Laughinghouse 1V,
2012):

MI =

totael numebr of mitotic cails total numebr of mitotic collz

x100MT =

total number o f obzerved coells total number of observed cells

The indices of the mitotic division phases weregkted applying the formula:

x100

total number of cells in a particular mitotic phase

oh e = 100
ase inaex total number of observed cells *

Depending on the stage of mitotic division consdein the study, phase indices may be: prophase
index, metaphase index, anaphase index or telophadse.

The percentage of cells with chromosomal aberratemd nuclear anomalies was determined by
calculating the percentage ratio of the number lwfoamal cells to the number of cells in the
corresponding phase of mitosis. The microscopipamaions were analyzed and photomicrographs
were taken using an Olympus CX-31 microscope withoaular and objective combination of
400x.

2.5. Statistical analysis

The experiments were performed in triplicate angreximately 3,000 root meristematic cells were
analyzed for each experimental sample.

For processing and putting to use the data reguftom the experiments we used the SPSS for
Windows (Statistical Package for Social Sciencadisical analysis program, version 20.0 (2010),
applying the One-Way ANOVA model, the Duncan testgst for multiple comparisons) and the
Ward distance method of hierarchical classificgtiorspectively. The significance of the
differences between the effects of the experimdatdbrs or the significance of their interaction,
determined using the Duncan test for p<0.05, wdtsen in lowercase.

3. RESULTS AND DISCUSSIONS

The statistical interpretation of the results algdi from the analysis of the microscopic
preparations indicated a different and significamtifferent cell proliferation capacity in the root
meristems incubated in the 7 samples, comparedthatiControl. The highest frequency of cells in
mitotic division (7.64%) was calculated for the @ohsample. The water samples taken upstream
of Pitesti and upstream of the water treatment plant hadldlvest values of the mitotic index,
significantly different from the Control. The mitdiibitory effect of the two water samples may be
explained by the contamination of water with xemdlbs resulted from industrial activity,
agriculture and social activity. A percentage & 6f the root meristematic cells incubated in the
C6 water sample taken downstream of the watembeat plant were identified in different mitotic
phases. The insignificant difference forx(Qp05 between the mitotic index determined for the
Control and the C6 sample, respectively indicatesabsence of potentially harmful substances in
the water once it is directed to the urban cir(eiig. 1).

The reduction in Ml may be explained by the bloekad) the cell cycle before DNA synthesis, in
the G1 stage (Mohandas and Grand, 1972) or by ltekdge of cells in mitotic metaphase, as a
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result of the malfunction of the spindle (Darlingtand McLeish, 1951). In our study, the calculated
mitotic index in the root meristems that was loveerd significantly lower compared with the
Control was associated with higher and significahtgher frequencies of cells in metaphase.
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Figure 1. Variation of mitotic index in populationsf Allium cepa L. root meristematic cells obtaithén water
samples taken from the ArgeRiver (the data are the median values + SE ofpli¢ates; a, b, ¢ — interpretation of
statistical significance and significant differenseusing the Duncan test, p<0.05)

The statistical analysis of the frequency of celldifferent mitotic phases emphasized the presence
of a high number of cells in prophase in the roetisiems incubated in tap water and a balanced
distribution of the other mitotic phases. A sigeddintly lower number of cells in prophase was
characteristic to the water samples taken fromAttges River, with the exception of the C1 sample.
The incubation ofA. cepa L. roots in the water samples taken from stati@miosg the Arge River
induced the increase and significant increase déapiase frequency up to a maximum of 42.79%
in the C7 experimental sample. The highest numberells in anaphase was induced under the
action of the C5 sample and the highest telopha&sgpiéncy was determined after the incubation of
the radicles in the C2 sample. The increase anckdse of the phase indices indicate an alteration
of the mitotic cell cycle through the blockage ells in metaphase or the late completion of the
anaphase and telophase, respectively.

Chromosomal aberrations are determined by the ractfovarious factors on DNA synthesis or

replication or on nucleoproteins, resulting eithar a direct breaking of the chromosomes
(clastogenic aberrations), or in the malfunction tbé spindle and implicitly an abnormal

segregation of chromosomes (aneugenic aberratiomsjur study, the most frequent types of
chromosomal aberrations observed in the meristenaails were the sticky and the vagrant
chromosomes (Table 1), along with a significanttyvér frequency of anaphase chromosomal
bridges and laggard chromosomes. The presencetlofvlgrant and laggard chromosomes in the
onion root meristems exposed to a continuous trewitrvith the water samples under study
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suggests the existence of particular factors cguspindle disturbances. The sticky and vagrant
chromosomes were observed with insignificantlyetéht frequencies in the root meristematic cells
regardless of the water sample in which root genesas stimulated while the anaphase
chromosomal bridges and the laggard chromosomes oEerved especially in the samples taken
downstream of Pitgi.
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Figure 2. Distribution of mitotic division phasesithe Allium cepa L. root meristematic cells obtaid in the water
samples taken from the ArgeRiver (the data are the median values + SE of lidptes; a, b, ¢ — interpretation of
statistical significance and significant differenseusing the Duncan test, p<0.05)

Sticky chromosomes are considered irreversibleratiens that lead to cell death. Following the
studies conducted on human lymphocytes, it is betiehat the formation of sticky chromosomes
is due to a disruption in chromatin condensationmingu mitosis (Al Achkar et al., 1989;
Brangwynne and Marko, 2016). Probably the condemsahechanism works in a similar way in
animals and plants because all the involved facoesevolutionarily and functionally conserved
(Wolfram and Heinz, 2016). Other authors consiflat the mutation of the genes that codify some
non-histonic proteins involved in chromosome orgation are responsible for the presence of
sticky chromosomes (Gulfishan et al., 2010). Anaphéridging could be explained by the
induction of chromosome adhesion, formation of ide chromosomes as well as the induction of
exchange-type aberrations and unequal or inveasisltcations of chromosomal segments (Dulot
and Oliviero, 1984; Gomurgen, 2005; Bhat et alQ720

Statistical interpretation of data using the Waidtahce method of hierarchical classification
revealed three clusters (Fig. 3). Cluster 1 inclutlee water sample used as Control, cluster 2
includes the water samples taken before the et fPitati - C1, C2, C3 and C4, respectively and
cluster 3 includes the samples C5, C6 and C7, filmenarea of the water treatment plant. Each
cluster includes those samples defined by simyla@rameters.
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Table 1. Frequency of chromosomal aberrations imot meristems of Allium cepa L. obtained in wasamples
taken from the Arge River (the data are the median values + SE of lidptes; a, b, ¢ — interpretation of statistical

significance and significant differences using tHguncan test, p<0.05)

Chromosomal . Bridges
aberrations Vagrants Laggards Stickiness anaphases

Control 18.79+9.57ah 1.39+1.39h 11.27+75a 2.78£2.78 b
C1 8.91+2.23 b 13.09+7.24a NO NO
Cc2 32.62+7.55ah 1.75+1.75h 34.92+13.78 a 5.92+362 a
C3 17.14+8.83 ah NO 13.4+£5.16 a NO
C4 7.39+2.1 Db NO 17.96+3.31 a NO
C5 40.58+10.3a | 0.85+0.85b 9.55+6.71 a 7.31+2.63 ab
C6 26.4148.97 abh 3.03+3.03 b 44.09+33.99 a 13.03+819
C7 31.09+7.04 abb NO 18+7.73 a 8.1+4.23 ab
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4. CONCLUSIONS
The highest value of the mitotic index correspontiethe water sample taken downstream of the
water treatment plant; for all the other samples, vivs significantly lower, which shows the
impairment of water quality under the anthropic auop The blockage of cells in metaphase was
higher in the experimental samples containing tfaewtaken near Pi The most frequent

Figure 3. Hierarchical dendrogram for linkage of parameters
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chromosomal aberrations were the sticky and vagiammosomes found in the sampling stations
downstream of Pit# and of the water treatment plant.
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