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ABSTRACT

This research investigates effects of salicylic acid
(an abiotic elicitor) on the antioxidant activity and betacyan
production from leaves of Alternanthera tenella cultured in vitro
was evaluated. Plants were grown in a liquid MS medium and
vermiculite substrate. After 35 days salicylic acid was added to
the medium. Content of betacyanins, total phenols and flavonoids
and non-enzymatic antioxidant capacity were determined in
leaves of A. tenella after 0, 12, 36 and 48h of treatment. After
36h, concentration of betacyanins and total phenols increased. On
the other hand, the increase of the treatment time caused a slight
decrease in total flavonoids and reduced the DPPH free radical
activity. As result the antioxidant activity of the leaves of A. tenella
is promoted by salicylic acid and can be attributed to the increase
in betacyanin content, which are compounds with recognized
antioxidant action.

Key words: Alternanthera tenella, DPPH, total flavonoids,
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RESUMO

Este trabalho investiga o efeito do acido salicilico
(um elicitor abidtico) sobre a atividade antioxidante e producéo de
betacianinas em folhas de Alternanthera tenella cultivada in vitro.
As plantas foram cultivadas em meio MS liquido e vermiculita
como substrato. Apds 35 dias, o acido salicilico foi adicionado
ao meio. Conteudo de betacianinas, fendis totais e flavonoides e
a capacidade antioxidante ndo-enzimatica foi determinada em
folhas de A. tenella ap6s 0, 12, 36 e 48h de tratamento. Apds 36h,
a concentracdo de betacianinas e fendis totais aumentaram. Em
contrapartida, 0 aumento no tempo de exposicao causou uma ligeira
diminui¢do nos teores de flavonoides totais e inibi¢do da atividade
do radical livre DPPH. Como resultado, a atividade antioxidante
de folhas de A. tenella é promovida pelo acido salicilico e pode
ser atribuida ao aumento do contetido de betacianina, os quais sdo
compostos com acgao antioxidante reconhecida.

Palavras-chave: Alternanthera tenella, DPPH, flavonoides totais,
compostos fendlicos, betacianina.

INTRODUCTION

The production of free radicals in living
organisms is controlled by various antioxidant
compounds of endogenous origin, from diet or other
sources. The radicals formed from antioxidants are
not subject to the chain propagation reaction, but
are neutralized by reaction with another radical,
forming stable products or being recycled by another
antioxidant (ATOUI et al., 2005).

In this context, many studies have shown that
phenolic compounds from plants exhibit high antioxidant
potential and, in addition to antioxidant enzymes,
directly capture reactive oxygen species (ANDRADE
et al., 2007). Natural antioxidants, such as phenolic
compounds, inhibit lipid peroxidation and lipooxygenase
in vitro (SOARES, 2002). The activity of the phenolic
compounds is mainly due to their reducing properties.
These properties are important in neutralization and
capture of free radicals and chelation of transition
metals, acting in the initiation and propagation stages
of oxidation. The intermediaries formed by the action
of phenolic antioxidants are relatively stable due to high
electronic delocalization on the 7t-system of the aromatic
ring (CHUN et al., 2005). Interest in betacyanins has
also grown since the characterization of their anti-radical
activity. These compounds have been widely used as a
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food additive and constituent in pharmaceuticals and
cosmetics due to their natural colorant properties and
absence of toxicity (STRACK et al., 2003).

Betacyanins are found in a number of
plants, including Alternanthera tenella Colla,
an herbaceous plant commonly found in Brazil
(popularly known as “apaga-fogo”) (FERREIRA
et al., 2003). This species has antibacterial and
antifungal activities and infusions are orally taken
for the treatment of inflammations and infections
(BIELLA et al., 2008). This species is considered
a weed (SIQUEIRA, 1995), usually eliminated in
plantations, and thus becoming as endangered one
(DECRETO 42.099, 2002).

Species of the genus Alternanthera
contain various biologically active compounds,
including betalains (betacyanins and betaxanthins),
ecdysteroids, flavonoids, saponins, and triterpenes
(FERREIRA & DIAS, 2000).

The micropropagation of medicinal
plants is a widely used technique for the production
of active compounds and natural products for the
pharmaceutical industry. Compared with traditional
methods, in vitro techniques have many advantages,
such as independence of seasonal variation for
massal propagation, identification and production of
clones with the desired characteristics, and the ability
to manipulate the microenvironment to increase
production of the metabolite of interest (EL-TARRAS
et al., 2012). The use of elicitors in in vitro culture has
been one of the most effective strategies to increase
the formation of secondary metabolites, including the
application of certain hormones associated with stress
in plants (JALLEL etal., 2009; PEROTTI et al., 2010).

Salicylic acid is a phenolic phytohormone
and considered as efficient chemical elicitor. This
compound is involved in the signaling systems,
inducing enzymes to catalyze the formation of defense
compounds such as polyphenols and alkaloids (VAN
LOON, 1997). When applied exogenously, elicitors can
systemically trigger the expression of a defense genes
set that is naturally activated by pathogen infection,
stimulating the synthesis of various plant metabolites
(ATSUSHI et al., 2007). This work describes the
influence of salicylic acid on the production of
secondary metabolites and antioxidant capacity of
leaves of Alternanthera tenella cultured in vitro.

MATERIALS AND METHODS

A. tenella was collected in the City of
Pelotas (Brazil). Its taxonomy was confirmed by the
Amaranthaceae identification key and was cataloged

in the PEL Herbarium under the number 25.26.
Leaves of the plant were established in vitro on MS
medium (MURASHIGE & SKOOG, 1962), without
growth regulators, and were sub-cultured to obtain a
sufficient number of individuals for the experiment.
Nodal segments of approximately 1cm in length were
removed and inoculated in flasks containing liquid
MS and vermiculite — used as a substrate to enable
increased absorption of the elicitor. This procedure
was performedin a laminar flow chamber under aseptic
conditions. The flasks were then placed in the growth
room at 25+2°C, under a 16h photoperiod and photon
flux density of 48umol m s*. After 35 days, 15mL of
elicitor (salicylic acid) was added to the vermiculite at
a concentration of 400uM. Leaves were collected at
time periods of 0, 12, 36, and 48h of the addition of the
elicitor, and were stored in an ultrafrezeer (-70°C) for
later analysis of content of betacyanins, total phenolics,
and total flavonoids and antioxidant capacity. The
choice of concentration was based on experiments
conducted in parallel (data not shown).

To determine betacyanin content, of
fresh leaves (100mg) were macerated with celite
in distilled (5mL) water and centrifuged at 136329
and 4°C for 25min. The assays were performed with
the supernatant and absorbances were registered at
536 and 650nm in a spectrophotometer (Ultrospec
2100 Pro, Amersham Biosciences®), as described
by CAI et al. (1998). Betacyanin concentration was
calculated taking into account the coefficient of molar
extraction for amaranthine (5.66x10%) and the results
were expressed as mg of amaranthine 100g FM.

Total flavonoid concentration  was
determined by the colorimetric method described
by ZOU et al. (2004). The absorbance reading was
performed in a spectrophotometer at 510nm, using
aluminum chloride at 5% (m/v) in methanol (WU
& NG, 2008). The analysis was performed using
methanol extract (25ug mL?) prepared from dry leaf
matter (250mg), which remained in of 70% methanol
(10mL) for 24h.

Content  of  phenolic  compounds
was determined by Folin-Ciocalteu  method,
modified according to JENNINGS (1981). Fresh
leaf material (100g) was macerated, added to
methanol:chloroform:water (12:5:3) solution (4mL).
The mixture was then placed into centrifuge tubes placed
in the dark for 24h. Samples were centrifuged for 10min
at room temperature at 7000g. The supernatant was
then collected and the precipitate again centrifuged with
methanol:chloroform:water (12:5:3) solution (4mL)
under the same conditions. The collected supernatant
was joined to the first centrifuging and, to each extract
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(4mL), chloroform (1mL) and water (1.5mL) were
added, followed by further centrifugation. Ultrapure
water (500uL) and 1N Folin-Ciocalteu reagent (500uL)
were added to supernatant (500uL). After 15min,
alkaline reagent (5mL), consisting of sodium hydroxide
(0.1N) and sodium carbonate (0.1N), were allowed
to stand for 60min. After this period, readings were
performed in a spectrophotometer at 760nm, using
water as a blank. Phenic acid was used as standard for
the construction of the analytical curve at concentrations
of 0-200pg mL™, at intervals of 20ug. The results were
expressed in pg of phenic acid gFM™,

Antioxidant activity was analyzed by the
DPPH method (BRAND-WILLIAMS et al., 1995),
which is based on the capture of the DPPH radical
(2.2-diphenyl-1-picryl-hydrazyl) by  antioxidants,
producing a decrease in absorbance at 515nm. DPPH
methanolic solution (60uM) was prepared to exhibit
present absorbance at 515nm between 0.6 and 0.7:
3.9mL DPPH solution and 0.1mL of the methanolic
extracts at 25uug mL-* were added to test tubes. To assess
the free radical scavenging activity, the percent inhibition
of DPPH in relation to the control sample (methanol +
DPPH 60uM) was calculated by the following equation:
% inhibition of DPPH = [(A0 - A1) / A0 x 100], where:
A0 = absorbance of control and Al = absorbance of the
sample (MOLYNEUX, 2004).

The experimental design was completely
randomized, consisting of four treatments (exposure
time to salicylic acid), with three replicates. The
experimental unit was represented by five flasks
containing four explants per flask. The results were
assessed by analysis of variance (ANOVA) and
the means compared by Tukey’s test at 5% error
probability using the statistical software WinStat
(MACHADO & CONCEICAO, 2002).

RESULTS AND DISCUSSION

Salicylic acid affects the secondary
metabolism of plants (BOONSNONGCHEEP et al.,
2010; KORSANGRUANG et al., 2010) and has been
widely studied in relation to signaling mechanisms and
responses to pests and diseases (FUJITA et al., 2006). In
the present study, exposing A. tenellato 400uM salicylic
acid significantly influenced the betacyanin content of
the leaves. Time periods of 36 and 48h were sufficient
to stimulate the accumulation of these compounds (14.6
and 13.9mg of amaranthine 100gMF?, respectively)
when compared to the control (3.7mg of amaranthine
100gMF?) (Figure 1A). However, the observed
concentrations of betacyanins were much lower than
those found by KLEINOWSKI et al. (2014) in the stems

of the same species: 36.95mg of amaranthine 100g
MF with tyrosine elicitation (75uM). This response
might be due to the type of plant material and elicitor
used in the analyses. For example, betacyanins may be
preferentially stored in the stem of A. tenella.

The success of an elicitor depends on the
type and duration of treatment and concentration and
kind of elicited compound. For example, VAKIL &
MENDHULKAR (2013) investigated the effect of
two elicitors, salicylic acid and chitosan, on cultured
cells of the medicinal plant Andrographis paniculata.
Astronger response was observed in the production
of secondary metabolites using chitosan in the
treatment, although the exact mechanism underlying
this metabolic effect was unable to determine.

In the present study, salicylic acid elicited
an increase in betacyanin synthesis in A. tenella.
Nevertheless, increased exposure to the elicitor did
not increase the concentration of flavonoids, possibly
because the common precursor of both compounds,
tyrosine, was preferentially converted into betacyanins.

Betacyanin is a type of betalains, hydrophilic
pigments responsible for the coloration of fruits,
flowers, roots and leaves of plants belonging to the
order Caryophyllales (CASTELLANOS-SANTIAGO
&YAHIA, 2008). Betalains and anthocyanins
(flavonoids) are two different chemical classes of
pigments and are never found together in the same plant
(GANDIA-HERRERO etal., 2005). Such exclusiveness
may have an explanation at the biochemical level - the
relevant enzymes for the production of anthocyanins
are not certainly expressed in betalain-producing plants
(BROCKINGTON et al., 2011).

The highest means of flavonoid contents
were observed in the control plants and plants after
12h exposure to the elicitor (6088.7 and 5932.9ug
of quercetin g MF?, respectively), with a significant
decrease (18%) for plants experiencing longer periods of
elicitation (36 and 48h) (Figure 1B). This is in contrast to
YU et al. (2006), who recorded a gradual increase in total
flavonoids over time, reaching 96% at 48h of treatment
when compared to control. However, the concentration
of the elicitor was lower than that used in the current
work. HOUHUA et al. (2007) observed significant
increases in the synthesis of phenylpropanoids in Malus
domestica treated with salicylic acid. These results
suggest that salicylic acid induces the accumulation of
compounds derived from phenylpropanoids due to the
increase in activity of the phenylalanine ammonia-lyase
(PAL) enzyme. PAL is known to play an important role
in the transduction process, stimulating the synthesis
of these compounds and regulating the expression of
defense genes (YU et al., 2006).
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Figure 1 - Betacyanins content (A), total flavonoids content (B), total phenolic compounds content (C) and inhibition of the DPPH radical by
methanolic extracts (D) from plants of Alternanthera tenella subjected to different exposure times to salicylic acid. Time periods
labeled with the same letters do not differ significantly.

Alternanthera tenella probably deviates
from their secondary metabolite synthesis, where
the shikimate acid pathway would lead to increased
production of tyrosine. The accumulation of this
amino acid would trigger the synthesis of betacyanin
compounds with confirmed antioxidant activity.

A decrease in phenolic compound content
was observed after 48h exposure to the elicitor
(1039.8ug g FM?), having the maximum synthesis
after 36h of elicitation (2378.2ug of phenic acid g
FM?) with 400mM salicylic acid. However, after
12h of exposure there was no significant difference
in phenolic compound content between the treatment
and the control (1657ug of phenic acid g FM™*) (Figure
1C). These results are somewhat different to those
of a recent study in Solanum melongena L. using
different types of elicitors and different exposure times
(MANDAL, 2010). The previous showed that salicylic
acid was the most efficient elicitor at triggering
phenolic compound synthesis after 48h exposure -
although a gradual decrease in synthesis was observed
over longer time periods (MANDAL, 2010).

An assay of DPPH radical capture is a very
useful tool for screening compounds for antioxidant
potential. The analysis of antioxidant activity of A.
tenella by the DPPH method indicated that exposure
to the elicitor significantly increased the antioxidant
potential of the extract. However, no statistical
difference was observed between exposure times,
indicating that plant extract has good antioxidant
activity (Figure 1D).

The detoxifying effect of phenolic
compounds on the DPPH radical has been well
described in literature (e.g. HEIM et al., 2002). For
example, LEUNG & SHUI (2002) used the DPPH
method to characterize the antioxidant activity of
27 different fruits (with extracts rich in phenolic
compounds) found in the public markets of Singapore.
A detoxifying effect on the DPPH radical was also
observed in extracts from 33 Chinese medicinal plants
containing phenolic compounds (TAN et al., 2004).

The increase in antioxidant activity
observed in the present study is related to the increased
synthesis of betacyanins, since these compounds show
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high antioxidant activity - as already reported in studies
with sugar beet (STINTZING & CARLE, 2004).
Indeed, betacyanins are among the ten most powerful
antioxidants due to their characteristic structural
conformation. Betacyanins have even been linked to
the prevention of some types of cancer, including skin
and liver cancer, presumably as a consequence of their
antioxidant properties (LILA, 2004).

CONCLUSION

A.tenellahas a significant pharmacological
potential. Antioxidant activity of leaves of A. tenella
can be significantly increased by the addition of an
elicitor, such as salicylic acid, to the culture medium.
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