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ABSTRACT

Boron (B) is a non-metal micronutrient which is essential for plants growth and
development. Formation of boron complex with cell wall matrix and phenolic
compounds is a definite influence of boron in physiological process. It has been
suggested that B-toxicity and deficiency may induce excess production of reactive
oxygen species thereby promote defense responses by antioxidant enzymes or non-
enzymatic compounds e. g. phenolics. Marshmallow (Althaea officinalis L. ) is a plant
whose range of boron requirement has not been reported yet. On the other hand this
plant contains valuable flavonoid glycosides, phenolic acids, tannins and flavonoids and
has exhibited strong total antioxidant activity as well. The present study was therefore
undertaken in order to investigate esn the effects of different concentrations of boron on
phenolic compounds of suspension-cultured marshmallow cells. The cells were grown
in a modified MS medium without glycine and boron was supplied in the form of
H;BOj; with the concentrations of 0.1, 0.01, and ImM as control, deficiency and excess
concentrations, respectively. Deficiency and excess boron supply increased the amount
of pectin-bound cinnamic acid, ferulic acid, benzoic acid and tannic acid. Boron in
ImM concentration increased H,O, content of the cells, but had no effect on H,O,
content in deficient concentration, compared to the control group. The flavonoid content
of the cells treated with 1 and 0.01 mM B was also higher than of the cell under control
condition, but both B- deficiency and excess B led to a similar decrease in anthocyanin
content.
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Introduction

Boron (B) is a non-metal micronutrient
which is essential for plants growth and
development. Unlike other micronutrients,
predominant form of boron in soil with
neutral pH is a non-ion form of H;BO3 and
at higher pH, in form of B (OH) 4 (Yang and
Gu, 2004). Boron enters plant cells, in part,
by passive diffusion through the lipid bilayer
of the plasma membrane and, in part,
through proteinaceous water channels
(Dordas et al., 2000). The primary function
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of B is extracellular and largely related to its
capacity to form borate complex with
hydroxyl groups of sugars and some
phenolics (e. g., caffeic acid and hydroxy
frulic acid) (Dugger, 1983; Monday and
Munshi, 1993). Formation of boron complex
with cell wall materials and phenolic
compounds is a definite influence of boron
in  physiological  process.  Phenolic
metabolites represent considerable part of
plant organic matter therefore their
responses to almost all environmental
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factors may be assumed. They are triggered
in plants in response to biotic and abiotic
stresses. Cell wall phenolics have several
important roles in providing mechanical
strength, regulation of growth and
morphogenesis, and responses to stresses
and pathogens. Cross-linking of phenolic
monomers has been associated with
reduction of extensibility and growth
(Ghanati et al., 2002). Accumulation of
phenols was reported in B-deficiency as a
result of the insufficient formation of
complex between B and free phenols
(Marschner, 1995). Boron deficiency also
resulted in the accumulation of phenolic
compounds in cell walls of Linum
usitatissimum L. roots, while high
concentrations of B resulted in the decrease
of lignin content and wall-bound phenols
under aluminum stress, thereby ameliorated
Al toxicity (Dahajipour Heidarabadi et al.,
2011). Phenolic compounds usually possess
different antioxidant activity potentials and
their hydroxyl group can act as a hydrogen
or electron donor. These compounds are
well known potential natural antioxidants
and scavengers of reactivation oxygen
species (ROS) (Dai and Mumper, 2010).

Effects of B deficiency including loss of
membrane integrity, accumulation
ofphenolics and induction of imbalance
between production and scavenging of
reactive oxygen species have been shown in
turnip plants (Hajiboland and Farhanghi,
2010). Boron deficiency may also induce
production of ROS by impairing ascorbate
metabolism (Marschner, 1995; Lukaszewski
and Blevins, 1996). B-toxicity also has been
suggested to induce excess production of
ROS and oxidative burst (Gunes et al.,
2006), but there is a very narrow range
between deficiency and toxicity of B and the
optimum B level for one species could be
either toxic or insufficient for other species
(Blevins and Lukaszewski, 1998; Yau and
Rayan, 2008). Marshmallow (Althaea
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officinalis L. ) is a plant whose range of
boron requirement has not been reported yet.
On the other hand this plant contains
valuable flavonoid glycosides, phenolic
acids, tannins and flavonoids and has
exhibited strong total antioxidant activity as
well (Elmastas et al., 2004; Komissarenko
and Kovalev 1992). Therefore the present
study was undertaken in order to evaluate
the effects of different concentrations of B
on the contents of cell wall phenols, and
certain soluble phenolic compounds, i. e.,
flavonoids and anthocyanins. Regarding to
role of hydrogen peroxide as a very
dangerous ROS which can pass through
cellular membranes (Wojtazsek, 1997) and
initiate protective responses to limit or repair
oxidative damage (Veal and Day, 2011), a
potential relationship between phenolic
compounds and concentration of hydrogen
peroxide is discussed as well.

Materials And Method
Cell culture, treatments, and viability

Calli of marshmallow were established from
seed explants on modified MS medium
without glycine, containing 3% sucrose and
supplemented with 3 mg/L 1AA, 4.5 mg/L
NAA, and 0.2 mg/L kinetin, at pH 5.8
(Ghanati et al., 2002). The cells were grown
in aforesaid media in the darkness at 25 °C
and were renewed every 10 days. Reaching
to a line with stable growth (after 11
subcultures), the cells were transferred to
liquid media and renewed every week.
Boron was supplied in the form of H3;BO;
with the concentration of 0.01, 0.1, and
ImM as deficient, normal (control), and
excess concentrations, respectively.
Viability of the cells was determined with
aquatic solution (0.25%, w/v) of Evans blue
(Gahan, 1984).
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Extraction and assay of wall-bound

phenolics

For preparation of walls the cells were
homogenized in water with a mortar and
pestle. After centrifugation at 1000 x g, the
pellet was sequentially washed with 10
volumes (v/w) of 0.5mM CaCl,, EtOH,
CHCI;-MeOH (2:1, v/v) and acetone
followed by air-drying. Air-dried materials
were desired as wall preparation. Phenolics
were liberated from the wall preparations of
6 days treated samples with ammonium
oxalate (20 mM, 70 °C) and then with 0.1M
NaOH, under N,for 24 h. After acidification
of both fractions to approximately pH 3.0
with HCI, phenolics were extracted three
times with EtOAc, air-dried and re-dissolved
in 50% MeOH before determination by
HPLC on an ODS-80 Ts column (4.6 mm x
250 mm, Tosoh, Japan). Phenolics were
eluted at a flow rate of 0.5 mL/min with a
linear gradient of 30-80% MeOH containing
0.1% HOAc and were detected at 280 nm.
The amounts of cinnamic acid, ferulic acid,
benzoic acid and tannic acid were
determined using were commercially
available authentic standards (Ghanati et al.,
2002).

Determination of H,O,

The cells were homogenized with 2 mL of
0.1% (w/v) TCA on ice bath. The
homogenate was centrifuged at 12000xg for
15 min and 0.5 mL of suspension was added
to 0.5 mL of 10 mM potassium phosphate
buffer and 1 mL IM KI. The content of
H,O, was  determined wusing a
spectrophotometer  (Cintra 6, GBC,
Australia) at 390 nm using standards of 0-30
ng/ mL (Velikova et al., 2000).

Flavonoid and anthocyanin content

The flavonoid content of the cells was
measured as described by krizek et al.
(1998). In brief, the cells were homogenized
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with 3 mL ethanol containing 1% HCI and
then centrifuged at 12000xg for 10 min. The
supernatant was heated at 80 °C for 10 min
and after cooling the absorbance was
measured at 270, 300, and 330 nm.
Flavonoid content in each wavelength was
measured  considering an  extinction
coefficient of 33, 000 /cm M. For
anthocyanin  assay, the cells were
homogenized in 3 mL of methanol
containing 1% HCI  followed by
centrifugation at 12000 x g for 10 min. The
supernatant was kept at the dark overnight
and then its absorbance was read at 550 nm
and total anthocyanin content was calculated
using an extinction coefficient of 33, 000
/em M. (Wagner, 1979).

Statistical analysis

All observations and experiments were
repeated at least 3 times with 3 independent
replicates. Statistical analysis was performed
using the Student’s T-test, and the
differences between the treatments were
expressed as significant at a level of
p <0.05.

Results

The morphology of marshmallow callus
after 11 subcultures is shown in Fig. 1. The
calli were friable and felt apart easily to
generate cell suspension cultures. Viability
of the cells in suspension culture was
evaluated by Evans blue staining by
subtracting the blue-colored cells (dead
cells) from a total of 100 counted cells (Fig.
2). Neither B deficiency (0.01 mM) nor its
excess (ImM) had significant effects on the
viability of marshmallow cells, compared to
the control conditions (Fig. 3). The contents
of phenolic acids esterified to pectin in the
walls of marshmallow cells treated with
different concentrations of B are shown in
Tablel. Boron deficiency (0.01 mM B)
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remarkably increased total amounts of wall-
bound phenols, and the amount of almost all
detected phenolic acids were 1.5-2 times
higher than those of the sufficient
concentration of B. Among wall-bound
phenolics of B-deficient cells, increase of
Ferulic acid was noticeable, suggesting
stiffening of cell walls in these conditions.
In excess B conditions (1 mM) also total
amounts of wall-bound phenolic acids were
remarkably higher than that of sufficient B
conditions. Among wall-bound phenolics of
excess B-supplied cells increase of tannic
acid was the most pronounced ones (Table

1.

Figure 1. Morphology of marshmallow calli. The calli
were bright and friable and easily separated in
suspension cultures.

n-cultured

Figure 2.
marshmallow cells by Evans Blue. Dead cells stained
blue while live ones did not stain. Scale bar represents
60 pum.

Staining of  suspensio
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Total contents of flavonoids of the cells
treated with 1 and 0.01 mM B were
significantly higher than that of the control
cells (Fig. 4). However in comparison with
B deficiency, excess B brought a higher
increase in flavonoid contents of the cells
(Fig. 4). The content of anthocyanin of
marshmallow cells decreased by both
deficiency and excess B, compared to the
control cells (Fig. 5).

The H,0O; concentrations were measured in
cells as an indicator of oxidative stress. This
parameter significantly increased under
excess B, but did not change under B
deficiency, compared to control conditions

(Fig. 6).
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Figure 3. Evaluation of viability of the cells supplied
with different concentrations of boron. Data are
presented as the means + SD (vertical bars), n = 3.
Bars with different letters are significantly different at
p < 0.05, according to the Student’s t-test.
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Figure 4. Falvonoid contents of marshmallow cells
treated with different concentrations of boron.
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Figure 5. Anthocyanin content of marshmallow cells
treated with different concentrations of boron. Data
are presented as the means * SD (vertical bars), n = 3.
Bars with different letters are significantly different at
p < 0.05, according to the Student's t-test.

Discussion

It has been suggested that increase of B
supply induces the producti on of ROS.
Among reactive oxygen species, H,O, can
be used as a substrate for biosynthesis of
lignin and production of phenolic
compounds (Karabal et al, 2003).
Concentration of H,O, has been introduced
as an indicative for oxidative stress induced
by excess B in tomato, apple, and grape
(Cervilla, 2007; Molassiotis et al., 2006;
Gunes et al., 2006). Similarly excess B
supply in the present study increased H,O»
content of marshmallow cells. B deficiency
however, did not significantly change
amounts of H,0O, of marshmallow cells,
coincident with Karabal and Yucel (2003)
report on barley cultivars.

Increase of phenolics has been well defined
in B deficient tissues, particularly in those
plant species which have a higher B
requirement (Marschner 1995; shkolnik
1984). Boron complexes with  6-
phosphoglucoronic acid and thus, inhibits 6-
phosphogluconate dehydrogenase. If B
regulate pentose shunt catabolic pathway by
this complexing, phenolic compound do not
accumulate. On the other hand B deficiency
would result in uninhibited dehydrogenase
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and excess phenolic caid would be formed
(Dugger, 1983; Loomis and Durst, 1991;
Marschner 1995). In B deficient plants
hydroxycinnamic acid derivatives 1. e,
caffeic acid, cholorogenic acid, ferulic acid,
vanilic acid and some coumarins
accumulated (Perkin and Aronoff 1965;
Rajartnam and Lowry 1974). It is suspected
t hat hydroxycinnamic acids are very
important components not only for the
biology of the cell wall. They can be
coupled by peroxidase-mediated oxidative
coupling and creation of these cross-links
has also been postulated to have a number of
other important roles, such as in controlling
cell wall extensibility.
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Figure 6. Comparison of H,O, content of
marshmallow cells supplied with in different
concentrations of boron. Data are presented as the
means + SD (vertical bars), n = 3. Bars with different
letters are significantly different at p < 0.05, according
to the Student's t-test.

In B deficient condition increase of ferulic
acid was noticeable. Ferulic acid has been
reported to exhibit a wide range of important
biological and therapeutic properties i. e.,
anti-inflammatory, anti-bacterial, anti
diabetic, anti-carcinogenic, anti-aging, and
neuro-protective effects, which can be
attributed to its antioxidant capacity because
of its phenolic nucleus and extended side
chain conjugation (Buana fina 2009).
Therefore, it seems that B deficient
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condition, although limiting wall loosening
and growth of marshmallow cells, may be
beneficial regards to improve its medical
properties. Accumulation of phenols has
been reported tobacco at both minimum and
maximum levels of supply (Ruiz et al.,

1998). The pentose pathway provides main
precursor for shikimic acid pathway, the
primary part of phenolics i. e., monophenols,
lignin, flavonoids, and anthocyanin
metabolism route.

Table 1. Wall-bound phenolic acids extracted from marshmallow cells treated with different concentration of Boron.

B supply (mM)

Tannic acid

0.01 0.292+0. 008 0.359+0. 03a
0.1 0. 187+0. 04c 0. 168+0. 04b
1 0.433+£0.05a 0.284+0.01a

Phenolics (ng/mg FW)

Benzoic acid Cinnamic acid Ferulic acid Total
1.80£0.09a 1.396+0. 14a 3. 83+0.26a
1.06+0. 11b 0. 586+0. 12b 1.98+0.31b
1.63+0.23a 1.51£0.06a 3. 85+0.35a

Flavonoids are a large group of naturally
phenolics compounds ubiquitously
distributed in the plant kingdom. According
with increased phenols bound to pectin in
deficiency and excess B conditions, soluble
phenols such as flavonoids in B deficiency
and excess B increased in marshmallow
cells. Increase of flavonoids e.g. flavenol,
flavenones, and flavenol-3-glucosides has
been reported in boron deficient tomato
leaves (Dugger, 1983). Flavonoids involved
in many biological processes. Fixation of
boron with cross-linkable flavonoids and
tannins has been recently proven and used
for hardening of wood in industry (Tondi et
al., 2012). Treatment of marshmallow cells
with excess B resulted in increase of
flavonoids as well as of tannic acids.
Therefore, it is plausible that in excess B
supply conditions a part of absorbed B is
bound to flavonoid and tannins. Cross
linking of phenolic acids to each other to
produce polyphenols as well as to wall
polysaccharides is, in part, peroxidase-
mediated oxidative coupling. The optimum
precursor for peroxidase is H,O, as an
electron donor. Increase of hydrogen
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peroxide in excess B-supplied marshmallow
cells provided the cells with higher
precursor for production of more flavonoids.
Among different properties of flavonoids
most interest has been devoted to their
antioxidant activity, which is due to their
ability to reduce formation of free radicals.
Flavonoids like many other polyphenols are
excellent free radical scavengers because
they are highly reactive as hydrogen or
electron donors (Seyoum et al., 2006).
Increase of flavonoids in marshmallow cells
under excess or deficient B supply may
provides the cells with higher ability to
withstand against stress conditions. In this
relation however, anthocyanin apparently do
not have a crucial role.
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