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Abstract Heavy metal toxicity is one of the major abiotic
stresses caused by physiological and biochemical changes.
Plants have evolved various phytochemical defense
mechanisms to cope with this abiotic stress conditions.
Phenolic compounds are one of the stress responses and
have multiple roles in respect to adaptation of plants to the
environment. In the present study, we aimed to evaluate the
differential accumulation of various phenolics with HPLC
in the leaves of corn exposed to increasing heavy metal
doses in the plant growth medium. The application of Cd,
Cu, and Pb increased the total phenolics in all treatments
compared to control groups. Chlorogenic acid and rutin
were the main phenolic compounds in respect to quanti-
fying. However, the contents of caffeic acid, ferulic acid,
and vanillic acid were comparatively lower than chloro-
genic acid and rutin in all samples. The content of
chlorogenic acid significantly increased and rutin slightly
increased in the treatment of the heavy metals. The levels
of caffeic acid and ferulic acid significantly decreased in all
exposures of heavy metals compared to control groups. The
content of vanillic acid changed according to heavy metal
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types and doses in the leaves of corn, and the low doses of
Pb and Cd increased the level of vanillic acid. We show
that there is a positive correlation with the total phenolic
content and chlorogenic acid when the corn is exposed to
Pb. Moreover, there are negative correlations between total
phenolic compound and caffeic acid, ferulic acid in the
application of Cu and Cd.
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Introduction

Heavy metals are one of the main abiotic stress factors, and
they have caused some physiological and biochemical
changes in the plants. The excess of heavy metals affects
the various parameters of plant metabolism such as pho-
tosynthesis, mineral distribution, and antioxidant defense
system (Nazar et al. 2012). The contamination of soil with
heavy metals increases as a result of agricultural activities
such as uses of fertilizers, herbicides, and pesticides prac-
tices (Demirezen and Aksoy 2005). Environmental condi-
tions have changed the plant growth and development, and
plants have acquired adaptation mechanisms to survive
their life (Lequeux et al. 2010). Heavy metals such as Cd
and Pb are unnecessary, and others such as Cu, Fe, and Zn
are required for plant life cycles. However, the high level
of Cu shows a toxic effect and caused retention of plant
development. They are considered as very significant
contaminant and affect the electron transport system (ETS),
chloroplast, thylakoid membrane, plastoquinone, and car-
otenoids (Sharma and Dubey 2005).

The primary response of plants exposed to heavy metals
is the formation of reactive oxygen species (ROS), and it
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leads to physiological changes (Yadav 2010). ROS can be
assisted as a cellular indicator of the stress. Plant damage
occurs when the capacity of antioxidant is lower than the
amount of ROS (Michalak 2006). Heavy metals can induce
oxidative stress, but plants have developed various defense
mechanisms such as an enzymatic and non-enzymatic
system that allows scavenging of free radicals. Plant
enzymatic defense systems include catalase, peroxidase,
ascorbate peroxidase, superoxide dismutase, and glu-
tathione reductase to remove the oxidant molecules. Also,
plants have non-enzymatic antioxidant responses such as
ascorbate, glutathione, flavonoids, phenolic compounds,
tocopherol, and carotenoids (Schiitzendiibel and Polle
2002; Gratao et al. 2005).

Phenolic compounds which are found to protect against
stress in plants show antioxidant action with their high
tendency to chelate metals, and they are plant secondary
metabolites (Tomas-Barberan et al. 2001; Cervilla et al.
2012). Some phenolic compounds are highly widespread in
the plants, while others are specific for certain plant family
or found only in certain plant tissues (Cheynier 2012).
These compounds have considerable physiological and
morphological importance for plants. They play an
important role in growth and reproduction, and exhibit
physiological properties such as antioxidant and antimi-
crobial activities (Balasundram et al. 2006). They possess
hydroxyl and carboxyl groups to bind heavy metals. Che-
lating ability of phenolic compounds may relate to the high
nucleophilic character of the aromatic rings. Heavy metals
have caused free radical formation; they decompose lipid
hydroperoxide, and lipid alkoxyl radicals occur. Phenolic
compounds inhibit lipid peroxidation by trapping the
alkoxyl radicals (Michalak 2006). Exposure to heavy
metals increases the production of phenolic compounds in
plants. They are important antioxidant chelating metals and
have been considered as electron-donating agents. The
protective role of plant phenolic compounds could explain
the modulation of their levels depending on stressing
conditions in the environment (Kovacik et al. 2008; Mar-
guez-Garcia et al. 2009).

Phytochemicals are the individual chemicals from which
plants are produced (Cseke et al. 2006). Phenolic com-
pounds are characteristic of plants that have one or more
hydroxyl groups bounded directly to an aromatic ring and
range from simple phenolic molecules to highly polymer-
ized compounds (Vermerris and Nicholson 2006).
Antioxidant activities of phenolic compounds arise from
their ability to scavenge free radicals, donate hydrogen
atoms, and perform metal chelating activity (Balasundram
et al. 2006). Phenolic acids are hydroxylated derivatives of
benzoic and cinnamic acids. Caffeic acid is a metabolite of
the phenylpropanoid pathway found in several plant spe-
cies. Caffeic acid has changed the plant development,
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photosynthesis, and ROS generation. Caffeic acid has been
accumulated in the cell wall-bound fraction of stressed
plant (Bubna et al. 2011). Chlorogenic acids (CGAs) are
the family of ester phytochemicals formed between cin-
namic acid derivatives and quinic acids. CGAs are pro-
duced through the shikimate and phenylpropanoid
pathways and have been identified in responses against
both biotic and abiotic stressors (Ncube et al. 2014).
Ferulic acid is the most abundant hydroxyl cinnamic acid
in the plant, and shows antioxidant activity in response to
free radicals via donating one hydrogen atom from its
phenolic hydroxyl group. Ferulic acid exhibits wide variety
of biological activities such as antioxidant, metal chelation,
and modulation of enzyme activity. It is found in the plant
cell wall components as covalent side chains and is a strong
UV absorber (Kumar and Pruthi 2014). Rutin is one of the
bioactive phenolic compounds, which can also be used as a
natural coloring agent, and an oxidation inhibitor (Musal-
lam et al. 2012). Vanillic acid is a derivate of benzoic acid,
and exhibits free radical scavenging activity, reducing
power, and inhibition of lipid peroxidation. Also, vanillic
acid reduced lipid peroxidation and significantly restored
enzymatic antioxidants (Calixto-Campos et al. 2015).

Studies on plant abiotic stress have been intensively
researched on antioxidant enzymes and total phenolic
compound by plant physiologists (Verma and Dubey 2003;
Rellan-Alvarez et al. 2006; Gongalves et al. 2007; Rastgoo
and Alemzadeh 2011; Hassan and Mansoor 2014). Also,
individual phenolic contents of various plants grown in
normal environment have been studied by chemists (Rauha
et al. 2000; Zheng et al. 2001; Cai et al. 2004; Wojdylo
et al. 2007; Ramos-Escudero et al. 2012; Erenler et al.
2015). Although there are few studies on the relationship
between heavy metal and phenolic compounds such as
(Kovacik et al. 2009), no general conclusion about the
heavy metal stress on phenolic compound levels. In the
current study, we evaluated the effect of heavy metals on
total phenolic contents and individual phenolic compounds
of corn. The aim of the present work is primarily to reveal
which phenolic compounds effect to the total phenolic
changes. Also, we investigated influential phenolic com-
pounds in corn exposed to the different doses of cadmium,
copper, and lead.

Materials and methods

Plant material and growth conditions

Corn (Zea mays convar. saccharata var. rugosa) seeds
were sown in multiple seedling vials filled with peat. After

growing to sufficient size, the seedlings were cultivated in
plastic boxes contained by 10 kg equal mix of peat and
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garden soil in unheated greenhouse conditions. The
experiment was conducted as a randomized plot design
with three replications. The characteristics of plant growth
soil are pH 7:67, lime: 3.31 %, Mg: 5.9 (ppm), Ca: 57.6
(ppm), Fe: 11.5 (ppb), Zn: 119.7 (ppb), Cu: 30.75 (ppb),
Pb: 12.3 (ppb), and Cd: 0.9 (ppb). The whole experiment
was performed in greenhouse conditions with 16:8 pho-
toperiods, at 25 &£ 3 °C in the periods of May and June.
After 2 weeks, CuSQ,, Pb(NOs),, and CdCl, were added to
the plant growth soil as a 10, 20, and 50 ppm doses. The
heavy metal treatments were applied three times with
2 days interval. The leaves of corn were harvested 2 weeks
after the heavy metal treatment and they were stored at
—80 °C until the analysis.

Extraction of the phenolic compounds

Fresh corn leaves (2 g) were ground into liquid N, with
mortar and pestle, extracted with methanol-chloroform
(4:1), and the homogenates were sonicated for 20 min at
ambient temperature. The obtained extracts were cen-
trifuged at 4500x g for 10 min at room temperature. The
pellets were re-extracted under identical conditions.
Supernatants were used for the total phenolic content and
quantification of individual phenolic compounds.

Determination of the total phenolic contents

Total phenolic contents were determined using Folin—
Ciocalteu reagent (Singleton and Slinkard 1977). Briefly,
100 pL. of extracts was dissolved into 4.5 mL distilled
water. One milliliter of Folin—Ciocalteu reagent was
pipetted to the mixture and kept at 25 °C for 3 min; 300 pL
of 2 % Na,CO; was added to the mixture. After 2 h, the
absorbance of samples was measured at 760 nm. The
results were expressed as milligrams of gallic acid equiv-
alents (GAEs) per gram fresh weight using a calibration
curve obtained from gallic acid as standard.

Analysis of the phenolic compounds by HPLC

Individual phenolics of leaf extracts were analyzed by high
performance liquid chromatography (HPLC) with direct
injection of 20 pL of filtrated (0.22 pum) methanol—chlo-
roform extracted sample. Analysis of phenolic compounds
was carried out using Shimadzu HPLC LC 20AT pump and
DAD-M20A detector. A gradient of solvent A (deionized
water) and solvent B (water:formic acid, 90:5) were
applied to reversed-phase Prontosil C18-EPS 3 um Rev-
ersed-Phase HPLC Columns (4.6 x 150 mm) as follow:
0—8 min, 10 % A and 90 % B; 829 min, 15 % A and 85 %
B; 2940 min, 30 % A and 70 % B; 40-50 min, 55 % A and
45 % B; 60 min, 0 % A and B washing and equilibration of

the column. The flow rate was 1 mL min~!, the column
temperature was set at 40 °C. Detection was performed by
scanning from 190 to 800 nm and read at 280 nm. Identi-
fication of individual phenolic compounds was performed
by comparing their retention times and spectra with those
of original phenolic standards. The standards were obtained
from Merck (cinnamic acid and chlorogenic acid), and
Sigma-Aldrich (cerulic acid, caffeic acid, vanillic acid, and
rutin). The results were expressed as milligram per kilo-
gram of fresh weight.

Statistical analysis

Statistical analysis was performed with one-way ANOVA
followed by Duncan multiple tests. The numerical data of
phenolics are presented as mean =+ standard deviation.
Significant differences in relation to the control groups
were indicated at p < 0.05.

Results
The effect of heavy metals on total phenolic contents

The application of Cd, Cu, and Pb to the corn growth
medium changed the total phenolic contents, and their
levels are shown in Fig. 1. Heavy metals increased the
content of total phenolics in all treatments compared to
control groups except for 20 of Cd, and it is not changed
significantly. The most greatest increase of the total phe-
nolic is seen in the Pb (10 ppm), Cd (50 ppm), and Cu
(20 ppm) treatments at significant levels, respectively
(p < 0.05). However, other applied doses slightly increased
the total phenolic contents in the leaves of corn.

The content of individual phenolics in leaves of corn

The contents of caffeic acid, ferulic acid, chlorogenic acid,
rutin, and vanillic acid are determined in the leaves of corn
exposed to Cd, Cu, and Pb. The treatment of heavy metals
changed the level of individual phenolics. Chlorogenic acid
and rutin were the main phenolics in respect to quantifying.
However, the contents of caffeic acid, ferulic acid, and
vanillic acid were comparatively lower than chlorogenic
acid and rutin in all leaves.

The effect of heavy metals on chlorogenic acid and rutin
are shown in Fig. 2. The content of chlorogenic acid sig-
nificantly increased in all application and doses of heavy
metals except for 10 ppm of Cu. The level of rutin slightly
increased in the treatment of Cd, Pb, and Cu except 50 ppm
doses of copper. The levels of caffeic acid and ferulic acid
significantly decreased in all exposures of heavy metals
compared to control groups (p < 0.05). The quantity of
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Fig. 1 The effect of heavy metal on the total phenolic compounds of the leaves of corn. Mean values with different letfer are significantly
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vanillic acid in leaves of corn cultivated in heavy metal
polluted pots changed according to heavy metal types and
doses. The treatment of Cd and Pb significantly increased
the content of vanillic acid at low doses (10 and 20 ppm).
However, the application of them at high doses (50 ppm)
decreased the content of vanillic acid. Also, Cu only
increased the level of vanillic acid at 20 ppm doses
(p < 0.05). The results of caffeic acid, ferulic acid, and
vanillic acid mentioned above are shown in Fig. 3.

The correlation values among the phenolic
compounds

The correlation analysis among the phenolic compounds of
corn leaves in the growth medium containing heavy metals
was performed with bivariate (Pearson’s) correlation. We
show that there is a positive correlation with the total
phenolics and chlorogenic acid when the corn is exposed to
Pb, especially (p < 0.01). Also, there are negative corre-
lations between total phenolic content and caffeic acid,
ferulic acid in the leaves of corn exposed to all heavy metal
applications except Cd for ferulic acid. The correlations of
all samples are shown in Table 1.

Discussion

Phenolic compounds are commonly found in plants, and
they have been noticed to have multiple biological effects
as antioxidant activity (Wojdylo et al. 2007). Environ-
mental stresses such as drought, salt, and heavy metal have
been demonstrated to increase the ROS production. ROS
homeostasis in plant cells is achieved by antioxidant
compounds and enzymes. Antioxidant molecules including
ascorbic acid, glutathione, and phenolic compounds inhibit
the oxidation and have crucial roles in stress responses
(Racchi 2013). In higher plants, phenolic compounds are
considered as secondary metabolites, and they have been
recognized as serving roles in the responses to environ-
mental stimulus. They participate in several physiological
processes associated with plant growth and development
(Tattini et al. 2004; Garica-Sanchez et al. 2012).

In the present study, the application of heavy metals has
globally increased the total phenolic compounds in the
leaves of corn compared to control groups. It was previ-
ously shown that Cd increased the total phenolics in the
Lepidium sativum applied CdCl, at low doses (0.5 mg L™")
but it decreased at high doses. The application of Se (se-
lenium) increased the total phenolic of cress (Elguera et al.
2013). The total concentration of phenols significantly
increased under the treatment with 2 mM of boron in the
leaves of tomato (Cervilla et al. 2012). Marguez-Garcia
et al. (2012) reported that the treatment of CdSO,4 did not

generally show a significant change with regard to total
phenolic in the leaves of Erica andevalensis. Also, it was
stated that water deficit increased the total phenolic of olive
cultivars (Olea europaea) in the long term (Petridis et al.
2012). Our results show that the total phenolic compounds
of corn significantly increased compared to controls
(p < 0.05), but these increases have changed heavy metal
types and their concentration.

The possible indication of the presence of abiotic stress
in the plant is the alteration of the composition of phenolic
compounds (Cervilla et al. 2012). In this study, we inves-
tigated some individual phenolic compounds; it can be
observed that phenolic compound levels changed accord-
ing to the variety of compounds. The chlorogenic acid level
significantly increased in the leaves of corn exposed to
each heavy metal applications. The content of rutin slightly
increased in the application of heavy metal excluding the
high doses of copper in the leaves (p < 0.05). Chlorogenic
acid is an important antioxidative molecule and its accu-
mulation was induced by the heavy metals and this may
indicate, as naturally expected, that accumulation of phe-
nolic compounds such as chlorogenic acid and rutin is
related to the amount of heavy metal in the plant organs
(Kovacik et al. 2009a). However, the content of caffeic and
ferulic acid significantly decreased with the application of
heavy metals, but the level of vanillic acid changed to
heavy metal types and doses in the leaves of corn. It is
thought that the decrease in phenolic metabolites may
result from a decline in the activity of key enzymes related
to the biosynthesis of these phenolic compounds (Chung
et al. 2006).

Phenolic acids as secondary metabolites have several
functions; they play an important role in the adaptation of
plants to the environment and in overcoming stress con-
ditions. Elguera et al. (2013) indicated that CdCI,
decreased the content of free phenolics such as chlorogenic
acid, ferulic acid, caffeic acid, and vanillic acid in the
leaves of L. sativum, while the contents of chlorogenic acid
and caffeic acid increased in the leaves exposed to sodium
selenite. The application of NiCl, increased the total phe-
nolic content, chlorogenic acid, and caffeic acid while it
decreased ferulic acid, and the level of wvanillic acid
changed depending on the applied doses in the leaf rosettes
of Matricaria chamomilla (Kovacik et al. 2009b). The
treatment of CdSO, increased the level of rutin in the
leaves of E. andevalensis (Marguez-Garcia et al. 2012).
The content of chlorogenic acid slightly increased with
increasing CuCl, concentration; however, the level of
vanillic acid remained constant in the leaf rosette of M.
chamomilla (Kovacik et al. 2008). Salt stress stimulated the
increase of ferulic acid and vanillic acid, and it decreased
the chlorogenic acid and caffeic acid in the leaf rosettes of
M. chamomilla. Changes in the phenolic acids should be
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affected by the amount of metal accumulated in the plant  contents of various secondary plant metabolites are
tissue. Enhanced accumulation of phenolic compounds is a  strongly dependent on the cultivating conditions and have
universal response to abiotic stress such as heavy metals.  impact on the metabolic pathways responsible for the
These changes may be related to the synthesis of barriers  accumulation of the related natural products (Ramakrishna
and phenols against stressors (Kovacik et al. 2009c). The  and Ravishankar 2011).
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Table 1 The R values (correlation coefficients) between the phenolic compounds of the leaves of corn exposed to heavy metal applications

T. Phenolics Caffeic acid Ferulic acid Chlorogenic acid Rutin Vanillic acid

Cu application

T. Phenolics 1

Caffeic acid —0.83%%* 1

Ferulic acid —0.80%* 0.77%%* 1

Chlorogenic acid 0.57 —0.54 —0.91%* 1

Rutin 0.48 0.060 0.12 0.01 1

Vanillic acid 0.34 0.15 —0.37 0.49 0.75%* 1
Pb application

T. Phenolics 1

Caffeic acid —0.67* 1

Ferulic acid —0.74%%* 0.99%* 1
Chlorogenic acid 0.88** —0.63* —0.67*% 1

Rutin -0.21 —0.44 —0.40 —0.40 1

Vanillic acid 0.13 —0.06 —0.11 —0.33 0.49 1
Cd application

T. Phenolics 1

Caffeic acid —0.61%* 1

Ferulic acid —0.24 0.86%* 1

Chlorogenic acid 0.27 —0.92%* 0.93%%* 1

Rutin 0.13 —0.85%* —0.85%* 0.97%%* 1

Vanillic acid —0.68* —0.04 —-0.21 0.37 0.55 1

Correlation is significant at the 0.01 (¥*) and 0.05 (¥) level (2-tailed)

In the present study, we show that the application of
heavy metal generally increased the total phenolics of the
leaves of the corn. This increase can be a result of the rises
of chlorogenic acid and rutin which already the main
phenolics in point of quantitatively, and they may affect the
changes in the total phenolic content. However, the con-
tents of caffeic acid, ferulic acid, and vanillic acid
decreased with the treatment of heavy metals. They may be
responsible for the small changes in the content of total
phenolics in our results. We demonstrated some phenolic
compounds of corn, and the present study can provide
further experimental evidence on the impact of heavy metal
stress, but additional experiments can be performed in the
variation of phenolic compounds for clarification, in future.
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