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Abstract

ackground: Lead is most commonly released environmental contaminant making its way to air,

soils and water. It causes hormonal imbalance and over production of reactive oxygen in plants

when absorbed through leaves and roots. It contaminates the ground water depending on the type

of soils and characteristics of lead. Plants ability to tolerate lead is linked with cell wall potential,
activation of antioxidants defense mechanism and synthesis of osmolytes.

Methods: The study was designed to evaluate the effects of Pb(NOs), induced stress on biological activity
and bioactive compounds in maize. The plants were subjected under two different lead concentrations
(T1- 0.35mg/ml and T2- 0.45mg/ml). Phytochemical screening revealed the presence of alkaloids,
coumarins, saponins, tannins and terpenoids in maize. Total Phenolic Content (TPC) was increased (T'1-
45%, T2- 58.42%) under lead stress when compared with control (36.29%). The cytotoxicity was checked
using hemolytic activity against human red blood cells.

Results: The scavenging rate was highest (T1- 33.5%, T2- 52%) when compared with control (18.6%).
Zone of inhibition of Aspergillus niger was highest amongst other fungal strains. The HPLC results showed
that maize has some phyto-ingredients which may be accountable for cell reinforcement and anti-
microbial activity. The extracts were further analyzed for the biochemical profile like superoxide
dismutase, peroxidase, catalase, amylase and protease. Escherichia coli showed maximum activity with
control (25+3.46mm) and maximum under stress (T1- 17+1.633 mm, T2- 20+4.08 mm).

Conclusion: Lead stress altered all the activities when compared to control plants. In conclusion, Maize
can be used as a potential indicator for lead and other compounds to play a vital role in phytoremediation.
The results would further lead to find the new compounds and plant mechanism to cope with stress.
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Introduction

Maize (Zea mays L.) plays a key role in human nutrition
and farm feeds. It is also an important component of
cropping systems of many countries including Pakistan
with significant share in the industry [1]. It is prominent
as a diet of many people in different forms like corn-
flour, popcorn, whole corn, corn-oil, starch, syrup,
cornmeal and flakes [2].

Environmental contamination is a global threat
because of untreated industrial wastes and use of
hazardous chemicals (Pesticides & Insecticides) in
These
chemicals directly to the environment. Heavy metals are

Agro-farming. activities ~discharge toxic
elements with higher density and are highly toxic for
human health at higher concentration. These heavy
metals are not biologically degraded in soil [3] causing
disastrous effects on plant productivity, human and
animal health. Lead is a lethal pollutant to be absorbed
by plants from contaminated soils and heavy metal
impurities [4]. Plants absorb elements from soil; some
are referred as essentials because they are important for
plants to complete their life cycle, some are known to be
toxic at low concentrations; these are heavy metals i.e.
chromium, mercury, cadmium, arsenic and lead [5]. It
drastically reduces different growth phases in plants
such as germination, mitosis, respiration, leaf chlorosis,
root-shoot development, photosynthesis and enzymatic
activities [6]. Lead contamination has picked up an
extensive consideration as a strong environmental
pollutant. Environment Protection Agency (EPA)
reported lead as most common heavy metals in the
environment [7].

Among different heavy metals, lead is the second most
harmful pollutant after arsenic [8]. It often leads to
hormonal imbalance and induce over production of
reactive oxygen species in plants. Lead being non-redox
metal, cause ROS production that leads to oxidative
stress in plants. Once produced, ROS readily attacks to
biological structures and biomolecules and results in
metabolic dysfunction [9]. Some plants species tolerate
lead through inactivation & complexation i.e. Allium
cepa, Hordeum vulgare and Zea mays, other species
experience toxicity like Brassica napus and Phaselous
valgaris because lead hampers some metabolic pathways
[10]. Plants have three mechanisms of lead tolerance i.e.
(i) Activation of physical barriers against lead uptake by
passive mechanism. (ii) Metal detoxification and its

excretion to extra cellular spaces, by inducible
mechanism and (iii) Activation of anti-oxidative defense
system [11]. Anti-oxidants i.e. SOD, POD and CAT are
involved in detoxification of ROS in plants [12]. SOD
activity have been observed in a variety of plants exposed
to a broad range of stresses, such as drought,
temperature, pathogen infection and heavy metal
exposure [13].

The present study was designed under the following
objectives (a) To characterize bioactive compounds of
maize under lead induced stress using HPLC (b) To
study biological activity of maize using different
microbial strains (c) To find the variant levels of SOD,
POD, amylases, catalases, total phenolic contents and
antioxidant assays of maize extracts under lead stress.

Methods

Plant materials and extract preparation

The study was conducted at Department of
Biotechnology, University of Central Punjab, Lahore.
Maize seeds were collected from Maize and Millet
Research Institute (MMRI), Sahiwal. Experiment was
conducted in plastic pots with two treatments. Lead
Nitrate was used as the source of lead. Separate
treatments were conducted with the half strength of
Hoagland’s solution within interval of three days, till the
end of the trials. Following treatments were applied;
Treatment 1 had 350ppm lead; Treatment 2 with
450ppm lead and control plants without lead. After 30
days, plants were harvested. About 0.5 grams of each
plant sample was grinded in pestle and mortar with
Liquid Nitrogen. The 2mL Phosphate buffer was added
in the extract time to time. The extract was collected in
the eppendorf and centrifuged at 14000 rpm for 10 min
at 4°C. Supernatant was collected, labelled and preserved

in the freezer.

Identification of Phytochemicals

Alkaloids test

To identify the presence of alkaloids, 4mL of 1% HCI
was added to the 0.25 g of plant extract followed by
heating and filtration. In 1mL of filtrate, 6 drops of
Mayor’s reagents was added separately. Creamish
precipitate/orange precipitate indicated the presence of
respective alkaloids. Coumarins test was performed by
dissolving 1mL of plant extract with 10% NaOH.
Ultraviolet light for yellow florescence was inspected
and recorded. Quinones test was conducted by adding
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few drops of conc. H,SO4 in 1mL of extract and
absorbance of red color was recorded for the presence of
quinones. Similarly, to find the saponins, Saponins test
was performed by mixing 1mL of maize extract in 5 mL
of distilled water followed by shaking to create stable
persistent foam. The presence of tannins was checked by
Tannins test by adding 1mL of plant extract in 5mL of
distilled water and further adding 3 drops of 10% lead
acetate till the appearance of white precipitation.
Terpenoids test was performed by mixing 2mL of plant
extract in 2mL of chloroform followed by filtration.
Same volume of acetic acid and a drop of concentrated
H,SO, was mixed till the appearance of green rings.

Determination of Total Phenolic Contents

Total Phenolic Contents (TPCs) were determined
following the Follin-Ciocalteu (F-C) assay as described
[14]. 1 mg/mL of extract was dissolved in 0.5mL Follin
reagent and mixed in 7.5mL of distilled. The mixture
was kept at normal temperature for 10 minutes. 1.5mL
of 20% sodium carbonate was added in the solution and
incubated for twenty minutes at 40°C. Absorbance was
recorded at 755nm using spectrophotometer.

Hemolytic Activity

Cytotoxicity was studied by hemolytic activity of extract
[15]. 1mg/mL extract was added in 10% DMSO. 3mL of
fresh human blood was taken in heparinized tubes,
tenderly blended and filled into 15mL falcon tube. The
samples were centrifuged at 10000rpm for five minutes
and supernatant was poured off. RBCs were washed
thrice with chilled isotonic phosphate saline buffer
solution (pH 7.4). Diluted blood cell suspension was
mixed with maize extract and incubated at 37°C for 35
minutes. After incubation and agitation, tubes were put
on ice for five minutes and again centrifuged for seven
minutes at 13000rpm. Supernatant was taken and
diluted with chilled PBS. O.1% Triton X-100 was taken
as positive control while PBS as negative. Absorbance
was measured at 576nm.

Enzymatic Activity

Superoxide dismutase

The Superoxide dismutase was measured following
Beyer and Fridovich method using spectrophotometer
at 560 nm. The reaction mixture contained 50 mM of
potassium phosphate buffer (pH 7.2), 50 uM NBT and

0.01M EDTA. 0.745g of methionine was mixed in
100mL distilled water followed by addition of riboflavin
(0.2 mM). Different concentrations of maize extract (50,
100, 150, 200)puL were added in test tubes with equal
diameter of 100uL of the extraction buffer, 100pL
riboflavin, 100pL EDTA and 100uL L-Methionine in all
tubes. The reaction was started by adding riboflavin and
placing the tubes under 15W fluorescent lamps for 15
min. A complete reaction mixture without extract was
used as control.

Peroxidase Activity

The POD activity was measured using pyrogallol as the
substrate. Reaction mixture comprising 100Mm
potassium phosphate buffer, with pH 6.0, 0.50% (w/w)
Hydrogen Peroxide Solution 1:6 dilution using
hydrogen peroxide solution 30% (w/w) in ultrapure
water, 5% (w/v) pyrogallol solution 50 mg/mL solution
using pyrogallol in ultrapure water. Different
concentrations of plant extracts (50, 100, 150, 200uL)
were added in the test tubes with same diameter of
300uL of the extraction buffer, 300uL pyrogallol
solution, 100pL peroxide solution and 100uL distilled
water. Absorbance was measured at 420nm. Similarly,
Catalase activity analysis was conducted by the
technique of Aebi (1994). 50mM phosphate buffer (pH
7.0) and 30% hydrogen peroxide were freshly made.
Extract solution (50, 100, 150 and 200uL) was placed in
tubes and mixed with 1mL phosphate buffer and ImL of
hydrogen peroxide. The decomposition of hydrogen
peroxide was measured at 240 nm. 1 unit of catalase was
taken as the amount of enzyme required to decrease the
absorbance at 240 nm by 0.05 unit/minute. Amylase
activity was measured by Rick and Stegbauer method
devised in 1974. The method was performed by mixing
ImL of 1% starch in 1mL of sodium phosphate buffer
and 1mL of sodium potassium tartrate solution followed
by incubation at 25°C for three minutes. 2mL of
dinitrosalicylic acid was mixed and allowed to boil for 5
minutes. It was diluted with 16mL distilled water after
cooling. The absorbance was measured at 540nm. One
unit of amylase was taken as the amount of enzyme
causing the release of lumole of reducing sugar in 1
minute. Similarly, Protease activity was measured as
described [16]. The reaction mixture contained 2mL of
1% casein in NaOH buffer 10% TCA, 0.1M of glycine
NaOH buffer and 1mL of enzyme solution incubated at
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room temperature for 20 minutes. 3mL of TCA was
added in former mixture which stopped the reaction.
Absorbance was measured at 280nm.

Antioxidant assay using DPPH method

DPPH radical scavenging activity was evaluated by
0.00lg of DPPH in 50mL methanol. Different
concentrations of plant extracts (50, 100, 150, 200uL)
were added in the test tubes with same diameter of
700uL of the DPPH solution. Mixture was shaken
overwhelmingly and left for 20 minutes in dim light. The
absorbance was measured at 517nm against a solvent
blank. The scavenging % of DPPH radicals was
computed according to the formula as follows:

Scavenging rate (%) = [(A, -A1)/A,] x 100
Where, A, means absorbance of control
A means absorbance of extracts in DPPH solution

Antimicrobial Activity
Plant tested different
microorganisms. The extracts exhibited antimicrobial

extracts were against
activity against most of bacterial and fungus strains
tested. Bacterial strains used were Staphylococcus
aureus, Pseudomonas aeruginosa, Escherichia coli and
Streptococcus faecalis while three fungus cultures
Aspergillus falvus, A.niger and A. fumigatus. Nutrient
agar was used as the culture media. From the cultures of
P. aeruginosa, S. aureus, E. coli, S. faecalis, A. falvus,
A.niger and A. fumigatus, slants were made and
incubated at 37°C for one day. On other day, agar and
culture suspension was added in sterilized petri plates
and mixed well for equal distribution of microbial cells
in medium. Seven plates with agar medium was filled
solidify. ~After the
solidification of medium, discs were put in the plates.

and culture suspension to
100pL of extract induced with lead stress along with
positive and negative controls. Bacterial plates were
incubated at 37°C for one day while fungus plates were
placed at 27°C for 3-4 days. After 24 hours, plates were
observed for zone of inhibition. The diameter of zone of
inhibition was measured with the help of vernier caliper
in mm. The actual measurement of zone of inhibition
was obtained after subtracting the value produced by
pure solvent.

High-Performance Liquid Chromatography analysis
(HPLC)

HPLC analysis of the samples was performed on Shim-
pack CLC-ODS-C18 column (25 cm x 4.6 mm, 5 um),
using a gradient program with two solvent systems, A
was taken as equal to (H,O: AA-94: 6, pH- 2.27) and B
(CAN 99.99 %), 0.1-15 minutes = 14.9% B, 16-29 = 46 %
B at a constant solvent flow speed 1mL/minute. The
signal was detected at 280 nm by UV- Visible detector.

Results

Extracts of maize plants under lead stress revealed the
presence of secondary metabolites like alkaloids,
coumarins, saponins, tannins and terpenoids. Yellow
inflorescence in UV light indicated that coumarins were
present in plant sample. The presence of blue green ring
indicated positive results for terpenoids. White
precipitations indicated that tannins were also present
in the sample while quinones were absent (Table 1).

Sr. No. Phytochemical Screening Results
1 Alkaloids Present
2 Coumarins Present
3 Quinones Absent
4 Saponins Present
5 Tannins Present
6 Terpenoids Present

Table 1: Phytochemical analysis of maize extract

Yellow inflorescence in UV light indicated the presence
of coumarins while presence of blue green ring indicated
positive results for terpenoids. White precipitation
indicated that tannins were also present in the sample.
The Total Phenolic Content of maize extract induced
with lead stress showed that it has more TPC% as
compared to control (Fig. 1A). The TPC% of control,
Treatment 1 and Treatment 2 were 36.29, 40.22 and
58.42, respectively. It showed lead stress enhanced the
TPC of maize (Fig. 1B). Maize plant is known as a rich
source of phenolic and antioxidants [17]. The
cytotoxicity of maize extract was assayed using in vitro
hemolytic activity against human blood erythrocytes
and plant showed minor cytotoxicity when compared
with control (Table 2).

S. No. Treatments Mean+SD
Control 0.343+0.001°
2 T1 (0.35 mg/mL Lead) 0.329+0.002°
3 T2 (0.45 mg/mL Lead) 0.337+0.003*

Table 2: Cytotoxicity of maize extracts under lead induced stress
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Dealing of cells with cytotoxic combinations causes
diverse harm in humans. Cell may experience loss of cell
membrane integrity and expire promptly because of cell
lysis [18]. While evaluating for cytotoxicity, automated
permanence of cell membrane is a good sign of
assessment of effects of various compounds for
cytotoxicity [19]. The samples showed scavenging values
ranging from 1.8-52%. The scavenging rate (%) of
control was 1.8 -18.6%, Treatment 1 was 5.8-33.5% and
Treatment 2 was 21.6-52%. The highest percentage was
observed in Treatment 2. The Scavenging rate was
observed to be increased with increase in lead quantity.
The results of biological activity showed that the Z. mays
extracts contain antimicrobial properties against
selected bacterial and fungal strains (Table 3).

Sr. Inhibition Zone Diameter (mm) of Bacterial Strain
No. Treatments
Staphylococcus  Escherichia  Pseudomonas  Streptococcus

aureus coli aeruginosa faecalis

Control - 25+3.46° 13+1.15° 12+1.41°

2 T1(0.35 11+0.816° 17+1.633° 1242.44° 11+1.41°
mg/mL
Lead)

3 T2(0.45 13+2.58° 20+4.08° 11+2.94° -
mg/mL
Lead)

4 Positive 27432 42+3.60° 40+4.35° 4543
Control

5  Negative 10£1.63° 10£2.16¢ 10£0.81° 10£2.44°
Control

Table 3: Antibacterial activity of Z. mays extracts induced by lead stress

Staphylococcus aureus was found resistant to control
while Streptococcus faecalis was resistant to Treatment 2.
Escherichia coli had the maximum activity towards
control while it showed less activity in case of lead stress
treatments. Likewise, the antifungal activity exhibited
different sensitivities. Root extract indicated action
against all the pathogen bacteria including B. subtilis, S.
typhi and S. aureus but it showed less inhibition against
E. coli and M. leteus. Antioxidant activity of the non-
refined extracts figured as far as TAC, TPC and TFC.
‘Agar diffusion method’ was used to check antimicrobial
activity. All extracts showed activity against E. coli and
S. aureus. The size of the inhibition zones ranged
between (11.20£0.23) mm to (26.10£2.09) mm (P<0.05)
with turmeric and cinnamon being the best against S.
aureus while garlic as least effective for E. coli.
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Figure 1: (A) Percentage of Total Phenolic contents of Z. mays extracts
induced with lead induced stress (B) Scavenging rate (%) of maize
extracts induced with lead stress using DPPH antioxidant assay. X-axis
shows the concentrations of lead.
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Figure 2: (A) Effect of lead stress on SOD activity (B) Effect of lead on
POD activity and (C) Variation of amylase, catalase and protease
under lead induced stress under different concentrations. The
spectrophotometer absorbance is shown on Y-axis and concentrations
on X-axis.
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Sr. Inhibition Zone Diameter (mm) of Fungal
No. trai
° Treatments Strain A
Aspergillus Aspergillus Aspergillus
fumigatus falvus niger =
~
1 Control 11+2.94* 10+2.44* 11+1.82* E
8

2 T1 (0.35 mg/mL Lead) 12+2.44° 12+1.41°
3 T2 (0.45 mg/mL Lead) 11£1.41° 11+0.816" 13+2.58"
4 Positive Control 40%4.35° 30+2.44° 15+1.63*
5 Negative Control 10+2.16" 10+0.81¢

Table 4: Antifungal activity of Z. mays extracts induced by lead stress

While three strains of fungus Aspergillus falvus, *1 T - - - p T pa
Aspergillus niger and Aspergillus fumigatus were tested, n
Aspergillus fumigatus showed good results towards . B
Treatment 1. Zone of Inhibition of Aspergillus niger was 2
highest amongst other two strains. These extracts s 3
exhibit good antimicrobial activities. The results showed

2

that different species exhibited different sensitivities
towards the Z. mays extract induced with lead stress.
Aspergillus falvus was found resistant against treatment
1, while it had more Zone of Inhibition in contrast to
control.

L 1 é & 40
}
Sr. Enzymatic Antioxidants Enzymatic C
No. Antioxidants Activity H
(Units/mg Protein)*
1 Control 0.475 "
s
2 SOD T1 (0.35 mg/mL 0.719 g
. Lead) -
activity 2
3 T2 (0.45 mg/mL 1.053 z
1
Lead) g
P
4 Control 0.592 25
5 POD T1 (0.35 mg/mL 0.674 HTIT
activit Lead) v . .
Ity T
0 1 2 0 @
6 T2 (0.45 mg/mL 3.042 Tiom o fein]
1 Lead) Figure 3: (A) HPLC analysis of control maize plants exhibiting different compounds (B)
7 CAT activity 0.0077 HPLC analysis of maize T1 extracts (C) Five phenolic compounds were estimated i.e.
8 Amylase activity 0.105 quercetin, caffeic acid, chlorogenic acid, syringic acid and ferulic acid in T2 extracts. The
9 Protease activity 0.002 retention time was taken at X-axis while concentration of compounds on Y-axis.

*SOD 1 Unit = amount of enzyme that causes 50% reduction in
oxidation at 560 nm

POD 1 Unit = change in absorbance at 420 nm

CAT 1 Unit = amount of enzyme required to decrease the absorbance
at 240 nm by 0.05 unit/minute

Amylase 1 Unit = amount of enzyme causing the release of 1umole of
reducing sugars in one minute

Protease 1 Unit = amount of enzyme that produced an absorbance at
280 nm

Table 5: Enzymatic Antioxidants Activity of SOD, POD, CAT,
Amylase and Protease

Discussion

Stress is the major cause of oxidative damage to plants
[20]. However, plants can develop a strong defense
system against the damaging effects. The defense system
includes SOD, POD, CAT [21]. The results of current

15380 12
17.227 13

1

study revealed that lead stress increased the activity of
SOD, POD, CAT, Amylase as well as Protease when
compared with control. The concentration of 200puL in
both treatments enhanced the activity of SOD in
contrast to 50uL under lead stress.

The antioxidant activity of enzymes i.e. SOD, POD,
CAT, Amylase and Protease increased significantly in
both Treatments (Fig.2). SOD catalyzed the dismutation
of superoxide into Hydrogen peroxide and Oxygen and
is the most effective antioxidant enzymes to save it from
damaging. SOD is the first line of defense against ROS
caused by environmental stresses being associated with
increased stress tolerance [22]. Likewise the activity of
POD increased significantly with concentration of
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200pL in both treatments under lead stress as compared
to control. We observed significant variations among
defense system and found that enzymatic and non-
enzymatic anti-oxidants activities were dependent on
Lead-concentration.

However, it might be unchanged sometimes [23],
increased [24] and decreased [25]. CAT activity may
increase, decrease or remain unchanged [26]. Catalase
did not depend on any additional reductant for
scavenging activity of Hydrogen peroxide [27].

With lead stress, plants activate their anti-oxidative
defense mechanisms to quench lead generated ROS to
minimize oxidative stress. The enzymes activity can be
reduced with metal intensification. Enzymatic activity
either increase or decrease depends on plant genotype,
extent of stress to which plants are exposed,
concentration of metals, plant age and duration of heavy
metal exposure [28]. A specific lead concentration might
be inhibitory for one enzyme but at the same time
promoter for the others.

HPLC analysis revealed three phenolic compounds in
control plants i.e. quercetin, gallic acid and syringic acid
(Fig. 3A). Five phenolic compounds were present in T,
i.e. quercetin, caffeic acid, chlorogenic acid, p-coumaric
acid and m-coumaric acid (Fig. 3B). Five phenolic
compounds were present in T, ie. quercetin, caffeic
acid, chlorogenic acid, syringic acid and ferulic acid (Fig.
3C).

In current study, eight phenolic compounds were
detected. Five compounds in T, quercetin, caffeic acid,
chlorogenic acid, p-coumaric acid and m-coumaric acid.
Among these five compounds, caffeic acid was present
in larger concentration (15.71 ppm) followed by
chlorogenic acid (8.20 ppm), m-coumaric acid (3.60
ppm), p-coumaric acid (1.53 ppm) and quercetin (0.91
ppm). In T, quercetin, caffeic acid, chlorogenic acid,
syringic acid and ferulic acid were present. Among these
five compounds, ferulic acid was present in larger
concentration (27.43 ppm) followed by chlorogenic acid
(8.76 ppm), caffeic acid (4.40 ppm), syringic acid (1.94
ppm) and quercetin (1.26 ppm). While three phenolic
compounds were present in control i.e. quercetin, gallic
acid and syringic acid. Among these three compounds,
syringic acid was present in larger concentration (4.49
ppm) followed by gallic acid (1.96 ppm) and quercetin
(1.00 ppm).

Crop productivity is affected by many biotic and
abiotic stresses limiting plant growth and development.
The current experiment proved the presence of
phytochemicals, total phenolic contents, minor
cytotoxicity, antimicrobial activity and enzymatic
antioxidants like SOD, POD, CAT, amylase and
protease in maize under lead stress. All the parameters
somehow changed due to lead stress which enhanced the
levels of antioxidants in treated plants when compared
with control. Plants have internal system of regulation
to modify these responses. A complex mixture of
phytochemicals present in plants and their products is
responsible for the potent antioxidant activities. Maize
can be used as an indicator species for lead. Antioxidants
present in maize might play a key role in the
detoxification of lead. Furthermore, study of genetic
basis of these compounds using cutting edge sequencing
and mapping techniques would lead to dissect the
mechanism of inheritance of genes controlling lead

stress.
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