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Antioxidants are substances that present in low concentrations, compared to the oxidizable substrate,
significantly delay or inhibit the oxidation of the substrate, which can be induced by several stress factors,
such as salinity. The purple varieties of lettuce have high antioxidant activity because of the large amount
of anthocyanins they possess. The objective of this study was to analyze biochemical responses in lettuce
seedlings submitted to saline stress and to the application of aqueous extract of leaves of purple lettuce.
Seeds of lettuce, cv. Regina, which were cultivated in polystyrene trays, being submitted to irrigation with
extracts of purple lettuce and saline solutions during the early stages of seedling development. The
parameters evaluated were: chlorophyll index, flavonoids, anthocyanins and nitrogen balance, sodium
content, osmotic potential, hydrogen peroxide, lipid peroxidation and enzyme activity superoxide
dismutase, ascorbate peroxidase and catalase. The extract of purple lettuce leaves is efficient to reduce

oxidative stress in lettuce seedlings, in saline environment.
Keywords: antioxidant activity, saline stress, tolerance.

Os antioxidantes sdo substincias que presentes em baixas concentragdes, comparativamente ao substrato
oxidavel, retardam significativamente ou inibem a oxidacdo do substrato, que pode ser induzido por
diversos fatores de estresse, como a salinidade. As variedades roxas da alface possuem alta atividade
antioxidante pela grande quantidade de antocianinas que possuem. Objetivou-se analisar respostas
bioguimicas em plantulas de alface submetidas a estresse salino e a aplicacdo de extrato aquoso de folhas
de alface roxa. Utilizaram-se sementes de alface, cv. Regina, as quais foram cultivadas em bandejas de
poliestireno, sendo submetidas & irrigacdo com extratos de alface roxa e solugdes salinas durante os
estagios iniciais de desenvolvimento das plantulas. Os pardmetros avaliados foram: indices de clorofila,
flavonoides, antocianinas e o balan¢o de nitrogénio, teor de sodio, potencial osmdtico, perdxido de
hidrogénio, peroxidacéo de lipidios e atividade das enzimas superdxido dismutase, ascorbato peroxidase e
catalase. O extrato de folhas de alface roxa é eficiente para reduzir o estresse oxidativo em plantulas de
alface, em ambiente salino.

Palavras-chave: atividade antioxidante ,estresse salino, tolerancia.

1. INTRODUCTION

Antioxidants are substances that present in low concentrations, compared to the oxidizable
substrate, significantly delay or inhibit the substrate oxidation [1] which can be induced by
several stress factors, such as, for example, salinity, which in certain conditions can cause
oxidative stress.

Plants, in its turn, have antioxidative defense systems present in several subcellular
compartments, which are usually sufficient to prevent oxidative damage during periods of growth
under normal and moderate stress conditions [2]. However, if severely stressed, there is an
increase in the generation of reactive oxygen species (ROS) and other oxidizing compounds, due
to the accumulation of reactive intermediates, impairing the antioxidant defense system and the
ability to repair oxidative damage [3]. ROSs are necessary for the plants development, but in high
concentrations they can lead to oxidative damage in various cellular components, such as
proteins, lipids and DNA, interrupting the vital cellular functions of plants [4].

Vegetables have numerous phytochemicals groups that are recognized for their antioxidant
activity. Carotenoids have the polyene chain as a structural characteristic and may present cyclic
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terminal groups, with substituents containing oxygen. The conjugated and electron-rich system of
the polyene is responsible for its antioxidant activity, which in addition to the absorption of
singlet oxygen (*02) [5], inhibits lipid peroxidation at low oxygen pressures [6]. Likewise,
anthocyanins and flavonoids widely distributed in nature, in addition to physiological effects,
have antioxidant activity [7].

Lettuce is a vegetable widely consumed in Brazil and very nutritious, as its leaves are rich in
folate (vitamin B9), in addition to containing B-carotene, vitamin C, potassium and certain
phytochemicals, such as flavonoids and lactucine, compounds that favor their remarkable
antioxidant capacity [8]. The purple variety may have greater antioxidant activity, justified by a
large amount of anthocyanins present in this variety [9].

According to Selene et al. (2009) [10], several plant extracts have been studied due to their
antioxidant power, as they help to reduce lipid oxidation in the tissues of plants and animals,
under stress conditions. Studying the application of carrot root extract in inducing tolerance to
salinity in cowpea seedlings, Abbas and Akladious (2013) [11] found that carrot extract as a
solution for seed immersion is effective in overcoming stress saline in the seedlings, increasing
the levels of antioxidant enzymes.

Studying extracts that help plants to overcome salt stress is important since the mechanisms of
tolerance to salinity in vegetables are not yet fully understood by the fact that they involve
biochemical, physiological and molecular changes [12]. In this sense, the objective was to
analyze biochemical responses in lettuce seedlings submitted to salt stress and to the application
of aqueous extract of purple lettuce leaves.

2. MATERIAL AND METHODS

The experiment was conducted in a greenhouse and analysis carried out at the Plant Nutrition
Laboratory of the Department of Botany, Institute of Biology, and Soil Laboratory, Federal
University of Pelotas (UFPel), Pelotas-RS.

Commercial seeds of lettuce cv. Regina were sown in polystyrene trays of 72 cells each,
containing washed and autoclaved sand substrate. After germination, thinning was carried out
keeping one seedling per cell, each treatment consisting of four replications of 18 seedlings. At
the time of sowing and at four, nine, 15 and 22 days later, were applied 15 mL cell* of solution
composed of sodium chloride (NaCl) in concentrations of 0, 30, 60, 90 and 120 mM and aqueous
extract of purple lettuce in concentrations of 0, 75 and 125 g of L leaves of water, each factor
being applied in isolated and combined. In addition, Hoagland's nutrient solution [13] was
administered, applying 10 mL at half strength at seven and 11 days after sowing and 6 mL at full
strength, at 16 and 20 days after sowing. Whenever necessary, the seedlings were irrigated with
water with the aid of a watering pot.

To obtain the aqueous extract of purple lettuce, leaves were washed with distilled water and
dried with paper towels, then weighed according to the respective concentrations and crushed in a
blender in the presence of 1 liter of distilled water and the extract filtered on filter paper.

At 24 days after sowing, the chlorophyll (CI), flavonoids (FI), anthocyanins (Al) and nitrogen
balance (NB) indices were evaluated with the aid of the Dualex FORCE-A chlorophyll meter
(Orsay, France) in 15 plants per treatment, placing the device reader in the adaxial region of the
leaf. Subsequently, the seedlings were collected and evaluated for: a) Sodium content: quantified
by the atomic absorption method, from the dry mass of the aerial part of the plants dried in an
oven at 70 °C for 48 hours, according to the methodology described by Tedesco et al. (1995) [14];
b) Osmotic potential (‘¥'s): approximately 300 mg of plant tissue (whole seedling) were macerated
in polypropylene tubes, followed by centrifugation at 12,000 g at 4 ° C for 20 minutes. The
recovered supernatant was analyzed in a vapor pressure osmometer model 5600 VAPRO
(Wescor, Logan, Utah, USA). The values obtained in mmol kg™ were converted into W's using the
Van't Hoff equation where Ws = -C x 2.58 x 102, C being the osmolality value obtained in 10 uL
of cellular juice in each measure; c¢) Lipid peroxidation: determined by measuring the
concentration of species reactive to thiobarbituric acid (TBARS). Two hundred milligrams of leaf
and root tissue were macerated in liquid nitrogen plus 20% PVPP (polyvinylpolypyrrolidone) and
homogenized in 0.1% (w/v) trichloroacetic acid (TCA) solution. The homogenate was centrifuged
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at 10,000 g for 10 minutes. Then, 250 puL of the supernatant was added to 1.0 ml of the solution
containing 0.5% (w/v) thiobarbituric acid (TBA) and 10% (w/v) TCA. The reaction medium was
incubated at 95° C for 30 minutes keeping the tubes closed, stopping the reaction by rapid cooling
in an ice and water bath.

The absorbance of the TBARS formed was determined in a spectrophotometer at 535 nm and
600 nm. TBA forms reddish complexes with low molecular weight aldehydes, such as
malondialdehyde (MDA), a secondary product of the peroxidation process. The concentration of
the MDA/TBA complex was calculated using the equation: [MDA] = (A535 - A600)/(&.b), where
¢ is the extinction coefficient (1.56 x 10° cm™) and b is the optical length (b = 1). Peroxidation
was expressed in nmol of fresh mass MDA g¢*; d) Hydrogen peroxide (H:0,): determined
according to the methodology described by Velikova et al. (2000) [15]; e) Specific activity of the
antioxidant enzymes Superoxide dismutase (SOD), according to Giannopolitis and Ries (1977)
[16]; Ascorbate peroxidase (APX) according to the methodology proposed by Nakano and Asada
(1981) [17] and Catalase (CAT) determined as described by Azevedo et al. (1998) [18].

The experiment was conducted in a completely randomized design in a 3x5 factorial scheme
(concentration of purple lettuce leaf extract x concentration of NaCl solution) with four
replications. The data obtained were submitted to analysis of variance (ANOVA) by the F test (p
< 0.05). A comparison of means was performed by the test of the minimum significant difference
(p < 0.05) for the purple lettuce leaf extract concentration factor and polynomial regression (p <
0.05) for the NaCl solution concentration factor.

3. RESULTS AND DISCUSSION

According to the results obtained in the variance analysis, there was a significant interaction
between the factors of lettuce extract and saline for the chlorophyll (CI), flavonoids (FI),
anthocyanins (Al) and nitrogen balance (BN) indexes (Figure 1).

In the absence of the extract, the salt concentration factor did not influence the CI, however,
with the application of 75 and 125 g L™ of extract combined with NaCl, there was an increase in
the ClI at a rate of 0.017 and 0.0193 units mM* NaCl, respectively. Analyzing the MSD, it can be
observed that the applications of 75 and 125 g L of extract were superior to the control in 120
mM of salt, with the concentration of 125 g L™ also being higher in 30 and 90 mM, in relation to
control (Figure 1A).

Lettuce is considered to be a relatively salt-sensitive vegetable [19], however, studies have
shown that there is intraspecific variability [20] and, the increase in the levels of the
photosynthetic pigment can be a mechanism of salinity tolerance, as observed in the present study
and corroborated with those found by Paulus et al. (2010) [21] and Xu and Mou (2015) [19] in
lettuce and by Silva et al. (2012) [22] in arugula. Still, based on the information in the literature
and on the results obtained, it can be inferred that the extracts of purple lettuce help in some
adaptive or protective process of the plant to salinity, allowing that, even in high concentrations
of salt, the chlorophylls do not degrade.

NaCl solution did not influence the flavonoid index when the extract was applied, however, in
its absence, there was an increase in the index at a rate of 0.0008 mM- NaCl units. Likewise, it
was observed that the control (0 g L) was higher than the other two extract concentrations,
regardless of the salt concentration, except for the 60 mM concentration in which they did not
differ statistically (Figure 1B). The anthocyanins index decreased by a rate of 0.0002 mM™* of
NaCl applied in the absence and in the highest concentration of extract. In addition, it can be
noted that there was a significant difference between extracts 0 and 125 g L™ in all tested salt
concentrations (Figure 1C).
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Figure 1: Index of chlorophyll (A), flavonoids (B), anthocyanins (C) and nitrogen balance (D) in lettuce
leaves from cultivated seedlings grown under different concentrations of purple lettuce leaf extract and
NaCl. The bars correspond to the MSD value (minimum significant difference) between the levels of the
purple lettuce extract concentration factor, overlapping bars indicate that the treatments do not differ
statistically.

The anthocyanins synthesis is directly related to the light incidence, nutritional balance,
temperature changes during growth and ripening, and to the cultivation system itself, having
established that agronomic practices that increase vegetative growth result in a the synthesis
decrease of anthocyanins [23]. In the present study there was a reduction in the anthocyanins
content as the salt concentration increased, and with the application of 125 g L™ of purple lettuce
leaf extract, the index was lower than the treatment without application of extract at all salinity
levels (Figure 1C). The lettuce extract allowed greater vegetative growth of the seedlings (Figure
2), corroborating what was exposed by Severo et al. (2010) [23].

The application of purple lettuce extract at a concentration of 125 g L™ increased the nitrogen
balance with an increase in the salt concentration at a rate of 0.0313 mM-* units of NaCl (Figure
1D), with no differences in the other extract concentrations. Likewise, it was observed that the
extract in the concentration of 125 g L™ was higher than to the others in the concentrations of 30,
90 and 120 mM of NaCl. The nitrogen balance in the seedlings increased with the application of
125 g L of purple lettuce extract (Figure 1D). According to Esteves and Suzuki (2008) [24],
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tolerance to salinity in plants is related to the concentration of nitrogen compounds. According to
these authors, the accumulation of amides, proteins, amino acids and polyamines in plants
subjected to salt stress help in detoxifying cells, protecting macromolecules, maintaining cellular
pH, minimizing the effects of ROSs and regulating osmotic adjustment. This shows that the
application of the extract of leaves of purple lettuce in a concentration of 125 g L was able to
reduce the stress caused by salt.

=
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75 g Lt extract 75 g L extract 75 g L extract 75 g L* extract
+ 30 mM NaCl + 60 mM NaCl +90 mM NaCl + 120 mM NaCl

125 g L'L extract 125 g L extract 125 g L extract 125 g L™ extract
+30 mM NaCl + 60 mM NaCl +90 mM NaCl +120 mM NaCl

Figure 2: Lettuce seedlings, cv. Regina, grown under different concentrations of purple lettuce leaf extract
and NacCl.

The interaction of factors influenced the sodium content in the leaves. With the increase in the
NaCl concentration, there was an increase in the sodium content in the leaves in the three
concentrations of lettuce extracts tested, adjusting to mathematical models of a quadratic order
(Figure 3). Analyzing the adjusted curves, it is observed that the control (0 g L) caused a
maximum sodium content in the leaves of 9.27 g kg?, a value reached in the 117.5 mM NaCl
concentration. In extracts 75 and 125 g L the maximum levels of sodium in the leaves were 7.3
and 8.32 g kg?, which were reached in the concentrations of 81.06 and 96.5 mM NacCl,
respectively. These results indicate that the application of extract of leaves of purple lettuce in a
concentration of 75 g L™ decreases the sodium content in the leaves.
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Figure 3: Leaf sodium content of lettuce plants grown under different concentrations of purple lettuce leaf
extract and NaCl. The bars correspond to the MSD value (minimum significant difference) between the
levels of the purple lettuce extract concentration factor, overlapping bars indicate that the treatments do

not differ statistically.

Paulus et al. (2012) [25] found an increase in the sodium content of lettuce leaves with the
increase in the salinity levels in the water, results in agreement with those found in this
experiment. On the other hand, Taiz and Zeiger (2013) [26] report that the absorption of salts by
plants depends on the ability of the roots to prevent potentially harmful ions from reaching the
aerial parts, so we can consider that the application of lettuce extract may have helped reducing
the absorption of sodium by the roots and / or the translocation of the element to the aerial part of
the seedlings.

Plant water uptake, the process modulating plant growth, is directly controlled by osmotic and
matrix potential of soil water. Thus, the salinity of soil water is the most important factor
determining its osmotic potential [27]. In the present study, the data obtained for the osmotic
potential also showed a significant interaction between the factors. When applying the
concentration of lettuce extract of 75 g L™, the seedling osmotic potential adjusted to a negative
linear model, decreasing at a rate of 0.002 MPa mM! of NaCl. This behavior was also observed
with the control extract, where the Ws decreased at a rate of 0.0009 MPa mM* of NaCl (Figure
4).
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Figure 4: Osmotic potential of lettuce plants grown under different concentrations of purple lettuce leaf

extract and NaCl. The bars correspond to the MSD value (minimum significant difference) between the

levels of the purple lettuce extract concentration factor, overlapping bars indicate that the treatments do
not differ statistically.

The osmotic adjustment is considered to be an important component of salinity tolerance
mechanisms in plants [28]. According to Willadino and Camara (2010) [29], osmotic adjustment
is a process used by plants under salt stress conditions, in which there is an increase in the content
of organic and inorganic solutes in the plant in order to reduce the water potential to a level lower
than the soil, thus allowing the absorption of water and favoring the maintenance of the turgor.
This process is visualized in Figure 4, where the osmotic potential of the plants decreases as the
salt concentration increases, probably a product of the increase in the concentration of
chlorophylls, nitrogen compounds and Na (Figures 1A, 1D and 3).

Lipid peroxidation, both in the aerial part and in the roots of the lettuce seedlings, was not
influenced by the factors studied, according to the results of the variance analysis (Figure 5),
demonstrating that there was no oxidative degradation of the lipids, which may be related to the
protective mechanism triggered by the application of purple lettuce extract, leading to an increase
in the pigment index and the efficient performance of antioxidant enzymes, as discussed below
since several studies report an increase in the lipid peroxidation of lettuce under salt stress [30,
31, 32, 33].
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Figure 5: Lipid peroxidation in the aerial part (A) and root (B) of lettuce plants grown under different
concentrations of purple lettuce leaf extract and NaCl. The bars correspond to the MSD value (minimum
significant difference) between the levels of the purple lettuce extract concentration factor, overlapping
bars indicate that the treatments do not differ statistically.

The concentration of hydrogen peroxide in the aerial part of the lettuce seedlings showed a
response to the factors interaction, while the roots showed a response only to the two isolated
factors (Figure 6). In the aerial part, it was observed that with the application of 125 g L of
extract, the behavior of the variable adjusted to a negative quadratic model reaching a maximum
point of 4.56 mmol of H,0, g* MF in the concentration of 48, 5 mM NaCl. The same response
was observed in the extract absence (0 g L?), reaching a maximum point of 7.92 mmol of H.O; g
1 MF at a concentration of 65.8 mM NaCl (Figure 6A). It was also observed that the control
extract was statistically superior to the others at concentrations 30, 60 and 90 mM NaCl (Figure
6A).

In the root, the concentration of hydrogen peroxide increased as the concentration of NaCl
increased at a rate of 0.0047 mmol H,02 g* MF per mM of NaCl administered (Figure 6B). In
addition, the H,O, concentration was higher when lettuce extract was not applied and lower when
applying 75 g L™ (Figure 6C).
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Figure 6: Hydrogen peroxide in the aerial part (A) and root (B, C) of lettuce plants grown under different
concentrations of purple lettuce leaf extract and NaCl. The bars correspond to the MSD value (minimum
significant difference) between the levels of the purple lettuce extract concentration factor, overlapping
bars indicate that the treatments do not differ statistically.

The behavior of the superoxide dismutase (SOD) enzyme in the aerial part of the lettuce
seedlings was influenced by the concentration factors of lettuce extract and NacCl, but not by the
interaction between them, which occurred at the root of the seedlings. The SOD activity in the
aerial part decreased with the increase of the salt concentration at a rate of 0.1526 U mg™* of
protein per mM of NaCl (Figure 7A). In addition, the enzyme showed less activity with the
application of the lettuce extract, compared to the control (without application) (Figure 7B).

At the root, it was observed that without the extract application, the NaCl concentrations
caused a quadratic type response, reaching a maximum peak of 291.33 U mg™? of protein in the
concentration of 62.2 mM NaCl. With the application of 75 g L, the SOD behavior adjusted to a
positive quadratic model, registering a minimum enzyme concentration of 1045 U mg? of
protein in the concentration of 41.5 mM NaCl. The concentration of 125 g L™ had no effect on the
SOD behavior (Figure 7C). According to the MSD, the enzyme activity was lower with the
applications of 75 and 125 g L™ of extract, compared to the control, in the concentrations of 30,
60 and 90 mM NaCl (Figure 7C).
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Figure 7: Superoxide dismutase (SOD) enzyme activity in the aerial part (A, B) and root (C) of lettuce
plants grown under different concentrations of purple lettuce leaf extract and NaCl. The bars correspond to
the MSD value (minimum significant difference) between the levels of the purple lettuce extract
concentration factor, overlapping bars indicate that the treatments do not differ statistically.

The activity of the enzyme ascorbate peroxidase (APX) in the aerial part of the seedlings was
not influenced by the factors studied (Figure 8A). At the root, it showed a response to the
interaction between factors. When applying the control extract, the enzyme activity adjusted to a
negative quadratic model, reaching a maximum point of 89.7 mmol ASA min* mg? of protein at
a concentration of 66.5 mM NaCl. In the application of the 75 g L extract, the APX activity
adjusted to a positive linear model, increasing at a rate of 0.2089 mmol ASA min™ mg? of protein
for each mM of NaCl added. As for the 125 g L extract, the enzyme activity also adjusted to a
negative quadratic model, reaching a maximum activity of 66.1 mmol ASA min mg?! of protein
at a concentration of 68.6 mM of NaCl (Figure 8B). Likewise, it was observed that the APX
activity was lower with the application of 75 and 125 g L of extract in the concentration of 60
mM of salt, in relation to the control (0 g L™). Response also observed in the concentration of 90
mM, in which the application of 125 g L™ of extract resulted in less activity of the enzyme in
relation to the control (Figure 8B).
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grown under different concentrations of purple lettuce leaf extract and NaCl. The bars correspond to the

MSD value (minimum significant difference) between the levels of the purple lettuce extract concentration
factor, overlapping bars indicate that the treatments do not differ statistically.

For catalase activity (CAT) (Figure 9), it is observed that in the aerial part of the seedlings, the
enzyme showed a response only to the NaCl application, increasing its activity at a rate of 0.0858
umol H,0; min-1 mg*? of protein for each mM of NaCl added (Figure 9A). CAT activity at the
root showed a response to the interaction of the studied factors. By applying the concentration of
0 g L extract, CAT activity was adjusted to a negative quadratic model, reaching a peak of
activity 22.2 ol H,O, min* mg? protein concentration in 101.3 mM NaCl. However, the enzyme
activity did not adjust to any mathematical model tested at the other concentrations (Figure 9B).
Analyzing the MSD results, it was observed that from the 60 mM NaCl dose, the enzyme activity
was higher in the control extract (0 g L't) compared to the others (Figure 9B).
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Figure 9: Catalase (CAT) enzyme activity in the aerial part (A) and root (B) of lettuce plants grown under
different concentrations of purple lettuce leaf extract and NaCl. The bars correspond to the MSD value
(minimum significant difference) between the levels of the purple lettuce extract concentration factor (p

<0.05), overlapping bars indicate that the treatments do not differ statistically.
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It can also be observed, in relation to the aerial part, that the application of the extract helped
by decreasing or avoiding oxidative stress, as there was a reduction in the concentration of
hydrogen peroxide with the application of 125 g L of extract, even with the increase in saline
concentration (Figure 6A). The salt, when applied alone, caused an increase in H»O,, as the
concentration increased, together with an increase in CAT activity (Figure 9), which is an
effective enzyme in high concentrations of hydrogen peroxide and is considered essential in
detoxification of ROSs in severe stress conditions [34]. In addition, there was also an increase in
the flavonoid index with the increase in NaCl concentrations and the absence of lettuce extract
(Figure 1B), which allows us to infer that these compounds increased their index to help defend
the plant against stress caused by salt, together with the activity of the catalase enzyme, since
flavonoids have the main function of protecting plants against oxidizing agents [35]. However,
when the extract was applied, the opposite occurred, with the activity of the enzyme being lower
and there was no difference in the flavonoid content as the salt concentration increased (Figure
1B), demonstrating that these compounds acted together with the enzymes antioxidants in defense
of the plant.

In the root, it is possible to observe a greater activity of enzymes, mainly in the extract
absence, since there is no synthesis of protective pigments, such as flavonoids, found in the aerial
part of plants. However, as in the leaves, the concentration of hydrogen peroxide and the activity
of antioxidant enzymes in the lettuce seedlings in which the purple lettuce extract was applied
was lower in relation to its absence. This occurrence may be associated with the intervention of
the extract in the absorption and translocation of sodium in the plant, with the joint action of
flavonoids and antioxidant enzymes, thus preventing oxidative stress.

4. CONCLUSION

The extract of leaves of purple lettuce is efficient to reduce oxidative stress in lettuce plants
submitted to salt stress, justified by the increase in the chlorophyll and nitrogen index and by the
lower sodium concentration in the leaves. It also reduces the concentration of hydrogen peroxide
and activity of antioxidant enzymes in both the aerial part and the root of lettuce seedlings, in
relation to the application of salt.
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