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Resumo: A salinidade pode afetar a divisao celular,
ocasionando citotoxicidade, podendo levar a inibi¢io de
indice mitético ou anormalidades cromossdémicas, como
a formac¢io de microndcleos, viscosidade cromossdémica,
mitose ¢ e andfases multipolares. As plantas reagem ao
estresse  salino com ajustes bioquimicos, fisioldgicos,
celulares e ativam mecanismos antioxidativos de defesa,
enzimdticos e nio enzimdticos. A alface roxa é rica em
antocianinas, compostos que lhe conferem alta atividade
antioxidante auxiliando na defesa da planta. O objetivo deste
estudo foi avaliar o efeito de diferentes concentracoes de
extrato de folhas de alface roxa na atividade citogenética de
raizes de alface, cv. Regina, a partir de sementes submetidas
ao estresse salino. Foram testadas quatro concentragdes
de extrato de alface roxa (0, 50, 100 e 150 g de folhas de
alface L-1 4gua) e cinco concentragoes de cloreto de sédio
(0, 30, 60, 90 e 120 mM), constituindo 20 tratamentos, e
dgua destilada para um controle negativo. Foram analisados
o indice mitético (IM), indice de fase da mitose (préfase,
metafase, andfase e teléfase) e a presenca de aberragoes
cromossomicas. O sal reduz o indice mitdtico e todas as
fases do indice das raizes de alface. O extrato de alface roxa
nio afeta o indice mitdtico, reduz o indice de células na
profase e aumenta as células na teléfase das raizes da alface.
O extrato de alface roxa e o sal causam anormalidades
cromossdmicas nas células da raiz da alface.

Palavras-chave: Divisao celular. Anormalidades
cromossdmicas. Citotoxicidade. Salinidade.

Introduction

The presence of high salinity levels in soils is a factor that can cause abiotic stress and
consequently promote a significant reduction in the productivity of different cultures, situation
what is observed in various parts of the world (LUCENA et al., 2012; REYES et al., 2012;
PEKOL et al., 2016). The high concentration of salts dissolved in the soil solution reduces the
osmotic potential, thereby, the availability of water to the plant, during which the production of
free radicals or reactive oxygen species (ROS) can occur (WILLADINO and CAMARA, 2010).
With the reduction in the water potential of plant tissues, growth restriction occurs, since the
rates of elongation and cell division depend directly on the extensibility process of the cell wall
(ASHRAF and HARRIS, 2004), and are therefore affected. Saline stress can also cause cell death
(OLIVEIRA, 2015). According to Joseph and Jini (2010) and Rezaei ez al. (2013) cell death

plays an important role in adapting plants exposed to salinity.

At the cellular level, besides affecting cell division, salinity causes chromosomal
abnormalities such as the formation of micronuclei, chromosome stickiness, c-mitosis, and
multipolar anaphases. The cytotoxicity of substances, like sodium chloride, is assessed by the

appearance of changes in the process of cell division of the test organism, both the inhibition of
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the mitotic index and the incidence of chromosomal mutations, such as chromatid breaks, loss
of whole chromosomes or the formation of micronuclei (SOUZA ez al., 2005; TEERARAK et
al., 2009). The mitotic index determines the relationship between the number of cells in division
and the total number of cells observed, in percentage (BEZERRA ez al., 2016).

Plants react to salt stress with morphological, biochemical, physiological, cellular
and molecular adjustments (RADIC ez al., 2005; TABUR and DEMIR, 2010; PEREZ-
CLEMENTE ez al., 2013) and activate anti-oxidative defense mechanisms (non-enzymatic and
enzymatic). Lettuce is rich in vitamin C and phenolic compounds, and purple varieties also have
anthocyanins, pigments that give them higher antioxidant activity (RICE-EVANS ez 4/., 1997),
they can help to reduce the harmful effects of salinity to cells.

The effects of salt stress have been extensively studied in different cultures, however,
information about the effects of sodium chloride on the mitotic index and percentage of
chromosomal aberrations is scarce. Tabur and Demir (2009) found a significant decrease in
the mitotic index and a greater number of chromosomal abnormalities in barley seeds grown
in different concentrations of NaCl. Radic’ ez /. (2005) suggested that high concentrations of
salt (300, 450 and 600 mM NaCl) cause total inhibition of mitotic activity and chromosomal

abnormalities in meristematic cells of Centaurea ragusina L. Katsuhara.

Lettuce is sensitive to environmental conditions, and there may be problems in
germination and emergence (SOLANO ez 4l., 2015), salinity being one of the environmental
factors that influence seedling development (KESHAVARZI, 2012; HARTER ez al., 2014).
In addition, sodium chloride was also considered a potential antimitotic agent in lettuce cells

(OLIVEIRA, 2015).

Thus, considering as high levels of sodium chloride can be detrimental to the development
of lettuce, affecting cell division and as the purple lettuce variety contains anthocyanins, which
can help to protect against salinity, the aim of this work was evaluate the effect of different leaf
extract concentrations of purple lettuce on the mitotic index and chromosomal aberrations in

lettuce roots, cv. Regina, under salt stress.

Material and methods

The study was conducted in the Didactic Laboratory of Seed Analysis (Departamento
de Fitotecnia da Faculdade de Agronomia Eliseu Maciel) and the Genetics Laboratory
(Departamento de Ecologia, Zoologia e Genética do Instituto de Biologia) of the Universidade
Federal de Pelotas (UFPel), Pelotas-RS.

Four purple lettuce extract concentrations were tested (0, 50, 100 and 150 g lettuce
leaves L water!) combined with five concentrations of sodium chloride (NaCI) (0, 30, 60, 90
and 120 mM), constituting 20 treatments, with distilled water (zero level combination for both

factors) as the negative control. For each treatment, eight repetitions of 50 seeds were used.

To obtain the extract, we used lettuce plants purchased from a local fruit market, after

noting that they were in good health. Initially, the leaves were washed in distilled water, and
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then slightlydried with a paper towel. After, the leaves were weighed separately, according to
each treatment, and triturated in a blender containing distilled water for 2 minutes. After being
ground, the extracts were filtered through filter paper, and then transferred to the refrigerator,
where they remained undisturbed for 24 hours. The combination of factors was performed by
adding the corresponding amount of NaCl to the purple lettuce extracts, before performing the

tests.

Commercial seed of lettuce, cv. Regina, were germinated in gerbox type plastic boxes,
containing blotting paper, which was dampened to 2.5x its dry weight with the solutions,
according each treatment, and then placed in a growth chamber at a controlled temperature of
20°C, according the Regras para Andlise de Sementes (BRASIL, 2009).

To determine whether there was a protective effect of plant extract on cell division,analyses
of mitotic index (MI), mitotic phase index (prophase, metaphase, anaphase and telophase) and
the presence of chromosomal aberrations were performed. The mitotic index was obtained by
dividing the number of cells by the total number of cells observed and multiplying this by 100,
similarly to the index phase. Also, the presence or absence of chromosomal aberrations was
evaluated in 400 cells/blade, making a total of 1600 cells per treatment; the rate of chromosomal
aberrations was calculated by dividing the number of observed changes by the number of dividing

cells, and multiplying this by 100, for each treatment.
To carry out the analysis, a crush technique was employed (GUERRA and SOUZA,

2002). Therefore, four days after sowing, when radicle protrusion was noted, 16 roots per
treatment were harvested and fixed in 3 parts ethanol:1 part glacial acetic acid PA. (Carnoy
fixative 3:1), before being left at room temperature for a period of 24h. After this, they were
stored in a freezer for subsequent microscopic analysis. To prepare the blade, the rootlets passed
through the following process: immersion in distilled water for 5 minutes, followed by hydrolysis
in HCI 5N for a period of 15 minutes, and then returning to distilled water for 5 minutes. Then,
the rootlets were transferred to the blade, where a stereoscopic microscope was used to enable
the removal of the hood to obtain the apical meristem; to this, 2% acetic orcein was added and
a cover slip was placed over the crushed material. The blades of lettuce cells were observed by

scanning in an optical microscope at a magnitude of 400x using four replicates of 400 cells/
blade, for a total of 1600 cells per treatment (FONSECA ez al., 2016).

The design was completely randomized in a 4 x 5 (lettuce concentrations x NaCl
concentrations) factorial design with four replications. The results of the mitotic index and
chromosomal aberrations were analyzed by polynomial regression statistics with the program
Winstat 2.0 (MACHADO and CONCEICAQ, 2003). The mitotic phase index was presented
with the percentage of dividing cells in each phase for both factors evaluated, being a descriptive

analysis, only.
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Results and discussion

The results of cytogenetic studies showed that there was no interaction between the
factors concentrations of lettuce leaf extract and NaCl. There were also no significant differences
in the mitotic index (MI) for the different lettuce extract concentrations, maintaining values
between 9 and 12% (Figure 1A). However, the mitotic index decreased as the NaCl concentration
increased, passing 16% at the concentration 0 mM, to 6% in 120 mM salt (Figure 1B). This
behavior shows that this increased abiotic stress directly and negatively affects the process of cell
division.

Figure 1- Mitotic index in lettuce root cells derived from seeds subjected to different concentrations of purple

lettuce aqueous extract and NaCl. Left column (A) - extract effect; right column (B) — salt effect
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Salt stress can trigger different responses in plants, including inhibiting growth,
inhibitory effects on the mitotic index (LUTSENKO ez al., 2005; RADIC ez al., 2005), the
formation of new compounds, and changes in antioxidant enzyme activity (BALOGLUET e
al., 2012). In this study, the salt affects the mitotic index of lettuce roots (Figure 1B), with a
reduction in the number of cells in each phase as the concentration of NaCl increased. As for the
extract concentrations, there was no difference between the mitotic indexes (Figure 1B). IM is
used as an indicator of adequate cell proliferation, and the increase or decrease in this parameter
represents evidence of cytotoxic effects (TEDESCO and LAUGHINGHOUSE, 2012). For
Hoshina (2002), a sharp decrease in MI is an indicator of cytotoxicity of the substance, while an

increase indicates induction of cell division.

According to Anuradha and Rao (2001), the inhibition of cell division induced by salt
may be related to osmotic effects, and can inhibit ADN, ARN and protein synthesis. Also, sodium
chloride may act on the second control point of the cell cycle (G2), preventing the formation
of the cyclin B-Cdkl complex, which forms the promoter factor of mitosis, allowing passage

through that point for the M period (mitosis and meiosis). As a result, cells cannot normally pass
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the G2 phase to the mitosis; keeping them in interphase and consequently, reducing the number
of dividing cells (ITO, 2000; SHIMOTOHNO et al., 2003).

Tabur and Demir (2010, 2009) working with barley seeds, suggested that seeds grown
in different NaCl concentrations showed a significant decrease in the mitotic index and an
increased number of chromosomal abnormalities. Similar results to the application of different
concentrations of NaCl were found in sorghum (LUTSENKO ez 4/., 2005), onion (TEERARAK
et al., 2009) and wheat (PEKOL ez 4l., 2016). In contrast, treatment with 150 mM NaCl caused
a significant increase in the mitotic index of the tips of the roots Centaurea ragusina when
compared with those of control samples 10 days after the beginning of the experiment (RADIC
etal., 2005). However, there was inhibition of IM in higher concentrations, with harmful effects
on the plasma membrane and the nucleus at 450 and 600 mM. Oliveira (2015) observed that
Allium cepa bulbs subjected to sodium chloride concentrations (0; 31.25; 62.5; 125; 250 and
500mM) for 2, 4, 8, 12 and 24 hours showed a reduction in MI with increased concentration
and time of exposure to treatments. In addition, in treatments with mitotic index close to or

equal to zero, cell death characteristics were observed.

In relation to the phases of the mitosis index, it was observed that for the extract
concentration, a greater percentage of lettuce roots cells was in prophase and a lower percentage
in anaphase (Figure 2A). A reduction in the number of cells in prophasecan also be observed,
from 6.6 to 4.3% in 0 to 150 g L extract, respectively, and increased in telophase, from 1.06
t0 2.0% in 0 to 150 g L extract, respectively (Figure 2A). The salt showed a similar behavior
to the extract, with a higher frequency of cells in prophase. However, there was a reduction in
all stages according to increasing NaCl concentration, going from 9 to 3% in prophase, 3.1 to
1.1% in metaphase, 1.5 to 0.5% at anaphase and 2.4 to 1.4% in telophase, from 0 to 120 mM,
respectively (Figure 2B). This indicates less of an increase in higher salt concentrations. Images

of each mitotic phases observed in lettuce roots blades are shown in Figure 3.

Figure 2- Mitotic phases index with the percentage of dividing cells (P = prophase, M = metaphase, anaphase A =
T = telophase). Left column (A) - extract effect; right column (B) — salt effect
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Figure 3 - Stages of mitosis: prophase (A), metaphase (B), anaphase (C) and telophase (D).

Quispe ez al. (2010) studying the effects of different concentrations of potassium
sorbate on the cell cycle and genetic material into meristems of onion roots found an increase in
prophase in treatments exposed to potassium sorbate and decreased in metaphase, anaphase and
telophase, caused by detention of the process in prophase. In this study, there was a reduction in
all phases as NaCl increased (Figure 2B). As for the extract, prophase decreased with the increase
of lettuce leaf extract and telophase an increase in the number of cells (Figure 2A), indicating
that the extract may have aided in the development of the roots, allowing a greater number to
reach the last stage of mitosis. In this work, the reduction of the number of cells in each stage
with increasing salt may have been caused because the salt inhibited the Cdk1-cyclin B complex,
by acting on the microtubule organizing centers, reducing the assembly of the mitotic spindle,
causing more cells to remain in interphase, as previously mentioned. However, the extract, due
to the absence of variation in the mitotic index but having suffered a reduction in the index phase
of prophase and increased telophase as the amount of extract increased, may have prevented this
inhibitory effect on Cdk1-cyclin B complex and allowed the passage of phase cells, so that more

cells reached the last stage of mitosis.

According to Fachinetto ez al. (2007), it is possible that high concentrations of certain
compounds have a chemical effect (inhibitory or stimulatory) on the cell cycle. Tedesco ez 4.
(2012) compared three different concentrations (5, 15 and 30 g L) of aqueous extract of Mentha
pulegium L. on the cell cycle of Allium cepa and observed that the increased inhibition of cell
division was due to the increase in the concentration of the extract. Similar results were found

by Fachinetto and Tedesco (2009), with extracts Baccharis trimera and B. articulata on the cell
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cycle of onion. However, as already mentioned, in this study, the extract of purple lettuce leaves

did not inhibit cell division in lettuce roots.

There was no difference in the mutation index between the lettuce extract concentrations,
or NaCl (Figure 4A and B). However, the concentration of 100 g L' extract reduced the
number of mutations by half in relation to the control treatment (Figure 4A); higher numbers

of mutations were observed at the highest salt concentration (120 mM) (Figure 4B).

Figure 4 - Mutation index in lettuce root cells derived from seeds subjected to different concentrations of purple

lettuce aqueous extract and NaCl. Left column (A) - extract effect; right column (B) — salt effect
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Images of chromosomal aberrations observed in lettuce roots cells, cv. Regina, are

presented in Figure 5.
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Figure 5 - Chromosomal aberrations of lettuce roots derived from seeds germinated in different concentrations of
purple lettuce aqueous extract and NaCl. A, B: anaphasic bridge; C: loose chromosome; D: ring chromosome; E:

prophase unorganized; F: disconnected chromosomes; G: metaphase unorganized.
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Tabur and Demir (2010) studied the role of some growth regulators on the cytogenetic
activity of barley under salt stress, and observed that the frequency of chromosomal abnormalities
was 0% in germinated root cells in distilled water; however, this increased significantly with an

increase in salt concentration, reaching 3.9% at a concentration of 0.4 M. Also, according to the
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authors, the most common changes were disorderly metaphase and anaphasic bridges in seeds
treated with different regulators and salt concentrations. Anaphasic bridges and disorganized
metaphases, among other changes, were also observed in cells of lettuce root tips in both extract
and salt concentrations; however, the lowest number of anomalies was observed in the extract
concentration of 100 g L' (Figure 4A). Oliveira (2015) found that the concentration of 62.5
mM NaCl stood out for presenting a high percentage of c-metaphases and some polyploidized

metaphases in A. cepa cells.

In a study of the cytotoxic and genotoxic effect of Aristolochia elegans extract through
the Allium cepa test system, Paula er al. (2015), observed chromosomal abnormalities, such as
anaphase with isolated chromosomes and anaphasic bridges, suggesting a cytotoxic effect of the
infusion of A. elegans on the A. cepa system. Among the chromosomal changes found by Radic’
et al. (2005) stand out chromosomal breaks, anaphase bridges, abnormal anaphases, aneuploidy
and polyploidy.

In the present study, there was no interaction between the factors evaluated, which does
not allow to infer if there was a protective effect of the extract of leaves of purple lettuce on
salinity. However, the application of purple lettuce leaf extract did not influence the cytogenetic
activity of the lettuce roots. NaCl, on the other hand, affected the mitotic index, linearly reducing
cell divisions with increasing salt concentration (Figure 10). These results corroborate with other

studies, demonstrating the negative effect of salt on the cell division of lettuce roots.

Conclusion

The salt stress reduces the mitotic index and all index phases of the lettuce roots. The
purple lettuce extract does not affect the mitotic index, reduces the cell index in prophase
and increases the cells in telophase of lettuce roots. The purple lettuce extract and salt cause

chromosomal abnormalities in lettuce root cells.
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