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Abstract Alleviation of cadmium-induced root genotoxi-
city and cytotoxicity by calcium chloride (CaCl,) in faba
bean (Vicia faba L. var. minor) seedlings were studied.
Faba bean seeds were treated with H,O or 2% CaCl, for
6 h before germination. Seeds were then exposed to 0 and
50 uM CdCl, concentrations for 7 days. Genotoxic dam-
aging effects of Cd was examined through the determina-
tion of the mitotic index (MI), chromosomal aberrations
(CA) and micronucleus (MN) in the meristem cells of faba
bean roots. Similarly, effects of Cd stress on metal accu-
mulation, total membrane lipid contents, total fatty acid
composition (TFA), lipid peroxidation as indicated by
malondialdehyde production, soluble protein and non-
protein thiols (NP-SH) contents, hydrogen peroxide pro-
duction and the activities of superoxide dismutase (SOD),
catalase (CAT) and guaiacol peroxidase (GPX) were
evaluated after 7 days of Cd stress in the seedling roots. Cd
stress resulted in the reduction of MI, in addition to MN
formation and CA induction in the roots of non-primed
seeds (treated with H,O). Moreover, Cd induced lipid
peroxidation, H,O, overproduction and loss of membrane
lipid amount and soluble protein content, and changes in
the TFA composition in roots of faba bean seedlings. SOD
activity declined, but CAT and GPX activities increased.
However, seed pre-treatment with CaCl, attenuated the
genotoxic and cytotoxic effects of Cd on Vicia faba roots.
The results showed that CaCl, induced reduction of Cd
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accumulation, improved cell membrane stability and
increased the antioxidant defence systems, thus reducing
and alleviating Cd genotoxicity and oxidative damage.
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Introduction

Cadmium (Cd) is a highly toxic and non-essential metal
which enters the environment mainly from anthropogenic
activities, such as mining, industrial and municipal wastes
and widespread use of phosphate fertilizers (Dong et al.
2007). Because of its high mobility and solubility in water
(Vig et al. 2003), Cd represents a threat to plant, animal
and human health (Filipic 2012; Singh and Prasad 2014). In
plants, Cd is a strong phytotoxic metal, which can cause
various changes at physiological, biochemical and
genomical processes (Steinkellner et al. 1998; Moussa and
El-Gamal 2010). It is well documented that Cd causes
growth inhibition through root growth limitation, reduction
in leaf photosynthesis, disordering mineral nutrition, water
imbalance (Andosch et al. 2012; Li et al. 2012), decreased
mitotic index (MI), and by inducing chromosomal abnor-
malities in the meristematic cells (Fusconi et al. 2006). As
other heavy metals, high Cd doses enhance the production
of reactive oxygen species (ROS) leading to cell apoptosis
and death by inducing damage to major classes of macro-
molecules in plant, mainly proteins, membrane lipid
(Nouairi et al. 2006) and DNA (Seth et al. 2008; Shi et al.
2016).

Plants possess a highly efficient antioxidative defence
system with an array of enzymatic (including superoxide
dismutase, catalase and guaiacol peroxidase) and non-
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enzymatic constituents present in all plant cells (Benavides
et al. 2005; Foyer and Noctor 2005) to scavenge ROS and
alleviate their deleterious effects. However, previous
studies showed that Cd inhibit the antioxidant capacity of
plants, thus declining plant growth (Guo et al. 2009; Far-
ooq et al. 2013).

Many approaches have been used to alleviate abiotic
stress symptoms in crop plants. Seed priming, is one the
oldest used methods (Heydecker and Coolbear 1977).
Osmoprimed alfaalfa seeds exhibit enhanced and improved
tolerance to salt stress (Yacoubi et al. 2013), while seed-
soaking in spermidine provide protection against Cd stress
in wheat (Tajti et al. 2018). In previous studies, it has been
shown that calcium can also be an important candidate to
promote plant development and confer protection against
heavy metals stress (Wan et al. 2011; Jan et al. 2015;
Abd_Allah et al. 2017). In fact, calcium was shown to be
involved in the regulation of plant cell metabolism, gene
expression and signal transduction of the environmental
stimuli in plants (Rentel and Knight 2004), increasing the
tolerance of plants against several abiotic stresses, such as
Cd (Farzadfar et al. 2013; Ranty et al. 2016).

The present study was performed to determine if Ca pre-
treatment of Vicia faba L. var. minor seeds, provide pro-
tection against Cd-induced genotoxicity and cytotoxicity
effects in the roots of faba bean.

Materials and methods
Plant material and germination conditions

The uniform seeds of faba bean (Vicia faba L. var. minor)
were surface sterilized with 0.5% NaOCI solution, washed
repeatedly with several changes of sterile distilled water
and then divided into two parts. For priming, one half of
seeds was soaked in 2% CaCl, solution for 6 h, the other
half was soaked in H,O (control). In Petri dishes with four
layers of sterile Whatman filter papers, the seeds with or
without priming were treated for 7 days (d) with 20 mL of
CdCl, solution at the following concentrations: 0 and
50 uM. Both treatments had 12 replicates (dishes) with 10
seeds per dish. The CdCl, solution was refreshed every day
for maintaining its concentration. The seeds were allowed
to germinate in the dark for 3 d at 25 °C, and then trans-
ferred into a growth chamber at a day/night cycle (10/
14 h); at 25/18 °C, respectively, relative humidity between
60 and 70%. At the end of the 7-day treatments, germi-
nation percentage, root weight and length were measured,
roots of seedlings were collected, weighed and frozen in
liquid nitrogen, and stored at — 80 °C until further
analysis.
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Determination of Cd content

The root dry weight (DW) was digested with a mixture
HNO;-HCIO,4 (3:1, v/v). After total evaporation, 0.5% of
HNO; was added, and Cd level in the digest was analyzed
using an atomic absorption spectrophotometry (Varian
SpectrAA 220 FS).

Cytological analysis

To study the genotoxic effects of Cd on faba bean root tip
cells, the primary root tips were collected and transferred
overnight in the Carnoy fixation solution mixture, con-
taining ethanol and glacial acetic acid (3:1, v/v) at 4 °C and
then stored in 70% ethanol in the dark. After successive
washings in distilled water, fixed root tips were incubated
in HCI 1 N (5-6 min at 60 °C). The root cap was removed
and root meristematic tissues were stained with 1% aceto-
orcein solution, squashed on slides and finally examined
with use of a light microscope (model BX41; Olympus,
Japan) under 1000 x magnification. The micronucleus
frequency (MN), cell mitotic index (MI) and chromosomal
aberration (CA) frequency were examined and counted
microscopically on Vicia faba root tip squashes. Ten root
tips were used in each treatment. At least 1000 cells in
squash preparations from three separate root tips were
scored.

Lipid peroxidation

Malondialdehyde (MDA) content is a widely used method
to measure the level of lipid peroxidation in cell mem-
branes. According to Karabal et al. (2003), about 200 mg
of root fresh tissues were crushed and homogenized with of
1 mL of 5% trichloroacetic acid (TCA) solution. The
homogenates were transferred to tubes and centrifuged at
10,000g for 15 min. Equal volumes of supernatant aliquot
and reagent [0.5% thiobarbituric acid (TBA) in 20% TCA
solution] were added into a new tubes and incubated at
96 °C for 30 min and then cooled into ice bath. After
cooling and centrifuging (10,000g for 5 min), the absor-
bance at 532 nm was read and the value for the non-
specific absorption at 600 nm was substracted. MDA level
was quantified using the extinction coefficient of
155 mM " em ™

Membrane lipid extraction and fatty acid analysis

Total membrane lipid from root seedlings was extracted
according to the method of Bligh and Dyer (1959). Fresh
roots were fixed in boiling H>,O (for 5 min) to denature
phospholipases (Douce 1964) and then crushed in chloro-
form:methanol mixture (1:1, v/v). The homogenate was
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centrifuged at 3000g for 15 min. The lower chloroformic
phase containing lipids was removed and evaporated at
40 °C under vacuum using a rotary evaporator. Fatty acids
from total membrane lipid contents were methylated by the
method of Metcalfe et al. (1966). Fatty acids methyl esters
were separated and quantified with a Hewlett Packard
chromatography  model 4890D fitted with a
30 m x 0.25 mm x 0.25 pm film thickness fused silica
capillary column (HP-Innowax; agilent, USA) coupled to a
flame ionization detector (FID), maintained at 230 and
250 °C, respectively. Nitrogen was used as the carrier gas
at 1 mL/min with split injector system (split ratio 1:100/
200 °C). The amount of fatty acids was determining by
using the heptadecanoic acid (C;7.9) as internal standard.
Calculation of fatty acids amounts was done using an
integrator (HP model 3390A; Agilent).

Enzyme assays

Root samples (200 mg FW) were homogenized in 1.5 mL
pre-cooled 50 mM potassium phosphate buffer (pH 7.0)
containing 0.2 mM Na,EDTA and 2% polyvinypyrrolidine
(w/v) at 4 °C. The homogenate was squeezed through two
layers of muslin, centrifuged for 20 min at 12,000g at 4 °C
and the obtained supernatant was used for the assay of
SOD, CAT and GPX.

The assay of SOD was performed according to Xu et al.
(2010). The absorbance was determined at 560 nm. One
unit of SOD activity was defined as the content of enzyme
required to inhibit by 50% the photochemical reduction
rate of nitrobluetetrazolium (NBT).

CAT activity was determined in a reaction mixture
composed of 25 mM potassium phosphate buffer (pH 7.0),
12.5 mM H,0; and the enzyme extract. The decrease in
absorbance of H,O, within 2 min at 240 nm was recorded.
The CAT activity was expressed as pmol H,O, min~'
mg ™' protein and estimated with an extinction coefficient
of 39.4 mM~! cm™" (Aebi 1984).

GPX activity was determined by measuring the oxida-
tion of guaiacol (extinction coefficient 26.6 mM~! em™)
at 470 nm as described by Urbanek et al. (1991). The
reaction mixture contained 25 mM of potassium phosphate
buffer (pH 7.0, containing 0.1 mM EDTA), 10 mM H,0,
and 0.05% guaiacol.

Soluble protein amount was estimated by the method of
Bradford (1976), using bovine serum albumin (Sigma
chemicals) as a standard.

Determination of non-protein thiols
Non-protein thiols (NP-SH) was determined with Ellman’s

Reagent (Devos et al. 1992). NP-SH were extracted by
homogenizing roots in 2 mL ice-cold 5% sulfosalicylic

acid solution (w/v). After centrifugation at 10,000g at 4 °C
for 30 min, 300 pl of the supernatant was added to 1.2 mL
of 0.1 M potassium phosphate buffer (pH 7.6). After
obtaining a stable absorbance at 412 nm, 25 pl of 5,5'-
dithiobis-2-nitrobenzoic acid (DTNB) solution (6 mM
DTNB in 5 mM EDTA and 0.1 M phosphate buffer solu-
tion, pH 7.6) was added and the increase in absorbance at
412 nm was recorded.

Evaluation and histochemical detection of H,O,

Root tissues were homogenized with 5% TCA solution.
The homogenate was centrifuged at 12,000g for 15 min.
After reaction with potassium iodide (KI), H,O, production
was detected and determined according to Sergiev et al.
(1997). The reaction mixture consisted of the root extract,
2.5 mM potassium-phosphate buffer (pH 7.0) and 0.5 M
KI. After incubation in the dark for 1 h, the content of
H,0, was recorded spectrophotometrically at 390 nm by
reference to a standard curve prepared with H>O, solution.

For in vivo detection of H,0,, roots attached to the
plants were stained for 45 min in KI/starch reagent [0.1 M
KI and 4% (v/v) starch, pH 5.0] (Schiitzendiibel et al.
2001). Stained roots were photographed under a binocular
(Leica 56E).

Statistical analysis

The statistical analysis was performed by one—way vari-
ance analysis (ANOVA); Duncan test was used for sepa-
ration of the means at a 0.05 probability level, and data
were analysed using SPSS software (Version 20.0).

Results

Cd effects on root growth and soluble protein
content of faba bean seedlings

Several parameters, including germination rate, root length,
biomass (FW), Cd and soluble protein contents of faba
bean roots were used to determine CdCl, effects, during
germination of non-primed and CaCl,-primed seeds.
Exposure of Vicia faba seedlings to 50 pM Cd resulted in a
marked reduction (51%) in germination rate as compared
to controls. However, a substantial improvement by 28%
and 17% in germination rate was noticed due to CaCl, pre-
treatment under 0 and 50 uM Cd treatments, respectively,
as compared to the non-primed seeds (Fig. 1a).

The roots of Vicia faba showed a marked decrease in
root length (60%) under Cd stress compared with controls.
While, in CaCl, pre-treated seeds, Cd doses (0 and 50 uM)
have no effect on the root length (Fig. 1b).
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Fig. 1 Cadmium effect on germination rate (a), root length (b), root
fresh weight (c) and soluble protein content (d) in roots of faba bean
seedlings, pretreated with 2% CaCl, (P) or H,O (NP) for 6 h, and

In response to 50 uM Cd, the biomass (FW) of Vicia
faba roots was significantly lower than that of the control
ones (Fig. 1c). However, results showed that CaCl, pre-
treatment can be effective in improving root growth of
Vicia faba both under the presence (50 M) or absence
(0 uM) of Cd (Fig. Ic).

Table 1 Cadmium content (ug g~' DW) in roots of faba bean
seedlings, pretreated with 2% CaCl, (P) or with H,O (NP) for 6 h,
and germinated for 7 days under O or 50 uM Cd

Cd uM Cd content (pg g’1 DW)
NP 0 ND

50 97.6 + 7.1%*
P 0 ND

50 742 £+ 4.9°

ND not detected

*Values are the means of five replications £ SE. The data followed
by different letters are significantly different at P < 0.05
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germinated for 7 days under 0 or 50 uM Cd. Values are the means of
at least 12 replications &= SE. The data followed by different letters
are significantly different at P < 0.05

The accumulation of Cd in roots of faba bean seedlings
is shown in Table 1. Under Cd stress (50 pM), CaCl, seed
pre-treatment reduced Cd accumulation in roots by 24% as
compared to the non-primed seeds.

The changes in soluble protein contents also indicated
significant effects of Cd treatment on roots of non-primed
and primed faba bean seedlings (Fig. 1d). Root protein
concentration significantly decreased by 46% under Cd
stress (50 uM) in non-primed seedlings compared to the
control. However, at the same Cd dose, protein content
were significantly increased by 15% in the roots of CaCl,-
primed Vicia faba seedlings in comparison with that of the
control (Fig. 1d).

Genotoxic effect of Cd in root tips of faba bean
seedlings

Mitotic index (MI), micronucleus frequency (MN) and
chromosomal aberration percentage (CA) were performed
to estimate genotoxic effects of CdCl, (50 uM) during
mitotic activity (Table 2).
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Table 2 The cell mitotic index (MI), micronucleus (MN), and
chromosomal aberration (CA) frequency in the root tip meristem cells
of faba bean seedlings, pre-treated with 2% CaCl, (P) or with H,O
(NP) for 6 h, and germinated for 7 days under 0 or 50 pM Cd

Cd (uM)  MI (%) MN (%o) CA (%o)
NP 0 12.7 £22%% 0+ 00 0400
50 8.7 + 0.3° 24.6 + 0.3 16.2 + 0.2*
P 0 13.2 £ 0.1° 0=+ 0.0 0+ 0.0
50 13.9 £ 0.2* 24 £0.1° 1.04 &+ 0.5°

*3000 cells analysed per treatment. Mean &+ SE. The data followed
by different letters are significantly different at P < 0.05

The root meristem lost 32% of their mitotic activity
under 50 pM Cd. However, in CaCl,-primed Vicia faba
seedlings, Cd treatment led to an increase in the MI com-
pared to the control (Table 2).

Abnormalities noticed during mitotic activity were also
assessed with micronucleus (MN) induction. Table 2
shows that the MN frequency increase highly in Cd-treated
root tips of non-primed seedlings, while in CaCl,-primed
plants, a lower MN formation was detected under Cd stress
(2.4 £+ 0.1%o).

Concomitant to MN induction, the diverse chromosomal
aberrations (CA) were also observed in the meristematic
cells of Cd-treated Vicia faba roots at different mitotic
stages (Table 2). e.g., sticky chromosomes, chromosome
laggards, anaphase—telophase bridges and breaks (Fig. 2).

Impact of Cd on H,O, content and lipid
peroxidation in roots

In the present study, it was found that treatment with
50 uM Cd enhanced H,O, content by 60% in roots of non-
primed Vicia faba seedlings as compared to the control
(Fig. 3b), while only a slight increase in it (17%) was
detected when 50 pM of CdCl, was preceded by seed-
soaking with CaCl, (Fig. 3b). To further validate our
results, the H,O, histochemical detection in roots of Vicia
faba roots was determined (Fig. 3a).

MDA is one of the final products of cell membrane lipid
injury and accumulates when plants are exposed to
oxidative damage. Similar trend was observed for MDA
levels as it was described for H,O, amount. Cd treatment
(50 M) enhanced MDA content by 23% and 5% in roots
of non-primed and primed Vicia faba seedlings respec-
tively, compared to the control (Fig. 3c).

Changes in root membrane lipid content and fatty
acid composition

In the presence of 50 pM Cd, the level of total membrane
lipid content (TL) content was reduced by approximately

25% in the roots of non-primed Vicia faba seedlings, while
a slight decrease in it (11%) was observed when faba bean
seedlings were exposed to 50 pM Cd after CaCl, seed-
soaking, compared to the control (Fig. 4).

Table 3 showed the fatty acid composition of TL. The
detected root membrane lipids in Vicia faba seedlings are
palmitic (Cy¢.0), hexadecadienoic (Cyq.), stearic (Cig.o),
oleic (Cyg.1), linoleic (C;g.») and linolenic (Cig.3) acids.
This composition was also dominated by the presence of a
high level of C,g.,, approximately 42% of the total fatty
acids amount in roots of faba bean control plants. Under Cd
stress, the level of Cyg.5, Ci6.0 and Cy¢., decreased by 26,
30 and 81% respectively, while that of C;g.; increased.
However, the fatty acid composition remained similar to
the control, in roots of CaCl,-primed Vicia faba seedlings
(Table 3) under 50 uM cadmium dose.

Effect of Cd on antioxidative enzymes (SOD, CAT
and GPX) and antioxidants (non- protein thiols)

As shown in Fig. 5a, SOD activity was notably decreased
in the roots of non-primed faba bean seedlings treated with
50 uM Cd. However, Cd has no significant effect on the
SOD activity in roots of CaCl,-primed seedlings treated
with 0 or 50 uM Cd, and remained unchanged as compared
to controls (Fig. 5a).

As shown in Fig. 5b and c, total activities of both CAT
and GPX enhanced significantly upon the exposure to
50 uM Cd in roots of non-primed Vicia faba seedlings, and
the CAT and GPX activities further increased about 124
and 143% respectively under 50 pM Cd treatment in roots
of primed faba bean seedlings as compared with the con-
trols (Fig. 5b, ¢). This additive effect is due to the stimu-
latory effect of CaCl, priming, as in only primed seedlings,
the CAT and GPX activities showed an enhancement of
about 89% and 85% respectively.

The accumulation of non-protein thiols (NP-SH), the
most common non-enzymatic antioxidant, significantly
enhanced after 50 pM Cd treatment, by 100% and 86%
respectively in roots of non-primed and primed Vicia faba
seedlings (Fig. 5d) as compared with control. Interestingly,
CaCl, pre-treatment alone also increased the accumulation
of NP-SH by 37% compared to the control (Fig. 5d).

Discussion

Cd is a persistent and hazardous heavy metal which is
harmful to food safety and human health (Patrick 2003). Its
accumulation affects and hampers the germination process
(Rahoui et al. 2010; Ahmad et al. 2012), growth and devel-
opment by affecting various physiological and biochemical
metabolism (Wang et al. 2011; Asgher et al. 2015).

@ Springer



926

Physiol Mol Biol Plants (July—August 2019) 25(4):921-931

Fig. 2 Representative mitotic abnormalities in apical meristem cells
of faba bean Cd-treated roots. a micronuclei in interphase; b sticky
telophase; ¢, d chromosome bridges in anaphase; e disoriented

The inhibition of root growth under Cd stress, may be
due to the fact that the root is the first organ to contact the
heavy metal and be involved in the absorption process. In
fact, the root has important role in the immobilization of
heavy metals such as Cd by means of the extracellular wall
and carbohydrates (Amirjani 2012). Mondal (2013) repor-
ted that the decrease of root growth may be due to direct
interaction of cadmium with some hydrolytic enzymes,
which plays a crucial role in transporting the nutritional
compounds to the primary roots. It was also mentioned that
the decrease in root biomass and length may be due to the
direct inhibition of cell division or elongation (Mondal
2013).

The mitotic index (MI) reflects cell division frequency
and is considered to be an important root growth factor.
The result of our study revealed that 50 uM Cd diminished
MI and induced various mitotic disturbances in the root
meristem of Vicia faba (Table 2). Such a significant
decrease in MI suggest that Cd exposure obstruct cells to
enter into cell division, and could be due to inhibition of
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chromosomes at metaphase; f fragmented chromosomes at anaphase;
g binucleate cell; h multipolar anaphase; i metaphase with chromo-
some fragments. Bar = 50 pm

DNA synthesis (Patlolla and Tchounwou 2005) and/or
due to blocking the G2-phase in which tubulin is intended
for the formation and establishment of mitotic spindle
(Mahoney et al. 2006). In the present work, it was showed
that in roots of Vicia faba seedlings, 50 pM Cd induced a
significant presence of MN (Table 2). The MN induction
can result from chromosome breaks, which induce chro-
mosome fragments or by the inability of the entire chro-
mosomes to migrate during anaphase (Albertini et al.
2000). Thus, the induction of MN in root meristems pro-
poses that Cd was either a spindle inhibitor and therefore
aneugenic or a clastogen agent (Klein et al. 2007), which
indicate indirect evidence of Cd genotoxicity (Fusconi
et al. 2007). Moreover, induction of chromosome frag-
ments observed in this work reporting chromosome-type
breaks and DNA deterioration in root meristem cells,
substantiate the potential clastogenic effect of Cd (Zhang
and Yang 1994; Gichner et al. 2004).

It is well established that the decrease in root elongation,
can be related to the decrease in the apical root meristem
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Fig. 3 Histochemical detection (a) and accumulation of H,O,
(b) and MDA content (c) in roots of faba bean seedlings, pretreated
with 2% CaCl, (P) or with H,O (NP) for 6 h, and germinated for
7 days under O or 50 uM Cd. Values are the means of at least 10
replications £ SE. The data followed by different letters are signif-
icantly different at P < 0.05
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Fig. 4 Total membrane lipid (TL) content in roots of faba bean
seedlings, pretreated with 2% CaCl, (P) or with H,O (NP) for 6 h,
and germinated for 7 days under O or 50 uM Cd. Values are the
means of six replications = SE. The data followed by different letters
are significantly different at P < 0.05

activity and cellular elongation (Ma et al. 2003). In our
experiment, 50 pM Cd treatment decelerated the MI pro-
portionally to the root growth inhibition and induced per-
oxidation and loss of membrane lipid content. Cd
concentration (50 uM) led to 75% of TL values on average
compared to the control and a significant increase of MDA
level (23% as compared to the control). Moreover, fatty
acid composition in membrane cells of Vicia faba L. var.
minor roots was also affected by Cd treatment and could be
a signal that there are some deleterious effects on fatty
acids biosynthesis pathway. In 50 pM Cd-treated faba bean
roots seedlings, the amount of C;g.; increased, but Cig.»
decreased. This could be an indication that the desaturase
(A" fatty acid desaturase) activity, involved in the con-
version and transformation of Cg.; — Cig.,, was affected
(Nouairi et al. 2006; Nguyen et al. 2016).

Previous works have shown that Cd stress obviously
increases the H,O, content in plant tissues (Rodriguez-
Serrano et al. 2006; Singh et al. 2008). Vitéria et al. (2001)
found that the increased level of H,O,, may be associated
with a lower SOD activity because H,O, can oxidize the -
SH groups of the enzymes and become inactive. In our
study, Cd treatment (50 pM) also significantly increased
intracellular H,O, production and, negative linear rela-
tionships were observed between the H,O, content and the
activity SOD in faba bean roots (r2 = — 0.671, p < 0.01).
The comparison of the three enzyme activities (SOD, CAT
and GPX) showed that the lower SOD activity to Cd
treatment might be compensated by the enhanced activities
of CAT and GPX (Fig. 5b, c), showing that these two
enzymes were functioning concurrently to remove H,O, in
seedlings roots after Cd exposure. Moreover, it has been
demonstrated that an increase of some antioxidant enzymes
activities can be assigned to the induced expression of their
genes, possibly mediated by ROS (Fatima and Ahmad
2005; Singh and Prasad 2014). However, summarizing the
results, it can be concluded that under Cd stress, the
antioxidant capacity may not be sufficient to decrease the
deleterious effect of oxidative damage. Excessive level of
H,0; in roots of faba bean seedlings may induce destruc-
tive effects on cellular and molecular components by per-
oxidising cell membrane lipids, oxidizing proteins and
nucleic acids (Gill and Tuteja 2010; Sharma et al. 2012).
Moreover, in this investigation, it was found that Cd
inhibited soluble protein contents in root of Vicia faba
seedlings. It might be the consequence of more oxidative
effect under heavy metal stress (Ali et al. 2015). Decreased
protein level due to Cd may be attributed to enhancement
of protein alteration by protease or other catabolic enzymes
related to protein metabolism (Seneviratne et al. 2017).

In another way, the pre-treatment of Vicia faba seeds
with 2% CaCl, solution for 6 h, improved the germination
rate and growth of 7-day-old faba bean seedlings under the
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Table 3 Total fatty acid composition (%) in roots of faba bean seedlings, pre-treated with 2% CaCl, (P) or with H,O (NP) for 6 h, and

germinated for 7 days under O or 50 uM Cd

Cd(pM) Cl16:0 Cl6:1 Cl6:2 C18:0 C18:1 Cl18:2 C18:3
NP 0 16.17 £ 1.01**  0.76 £ 0.29*  10.30 £ 2.09* 7.73 £ 2.66* 2254 0.18" 4226 £2.09*  3.96 + 0.19°
50 11.38 £ 0.76° 0.29 + 0.04° 1.91 £ 2.57° 721 4+ 1.92°  17.62 + 0.80*  31.36 4 2.05°  4.56 + 0.87*
P 0 20.69 + 1.62° 1.03 £ 0.04* 1046 £+ 3.69*  10.71 + 0.83" 2.69 +0.22° 4577 £3.30*  3.19 £ 0.63°
50 18.46 £ 2.12* 0.83 +£ 0.25*  12.77 £ 3.12° 9.34 + 1.05* 1.94 + 044°> 4131 £ 4.62*  3.33 & 0.55°

*Values are the means of six replications + SE. The data followed by different letters are significantly different at P < 0.05

presence (50 uM) or absence (0 M) of Cd. Moreover, in
our study, we showed that CaCl, pre-treatment has a pro-
tective role on several investigated parameters, such as root
membrane lipid contents, the stability of fatty acid profiles,
soluble protein content and mitotic index. This improve-
ment could be due to the positive role of calcium by
attenuating the harmful and toxic effects of Cd on plant
growth. For instance, it has been shown that Ca*t signal
the cells to enter into early mitotic cycle (Rajendra et al.
2005). Moreover, Ca’t may favour cell expansion and
elongation and finally enhancing plant growth (Herndndez
and Almansa 2002). Thus, it can be suggested that the
protective effect of CaCl, pre-treatment on roots of CdCl,
treated faba bean seedlings may be attributed to increased
cell division (as indicated by MI) within apical root
meristems.

Many investigations have indicated that seed priming
with CaCl, could act as a physiological seed pre-treatment
to enhance plant tolerance (Upadhyaya et al. 2011;
Chengbin et al. 2013; Ahlam and Basalah 2015; Farooq
et al. 2017). These findings suggest that Ca®" plays an
important role in alleviating and preventing the damage to
faba bean seedlings sustained under heavy metal stress.
Comparable alleviation activity by applied CaCl, seed pre-
treatment has been reported for different stress conditions
(Tamimi 2016; Madany and Khalil 2017; Malgorzata et al.
2017).

Indeed, the enhancement of MDA and H,O, content in
roots of non-primed faba bean seedlings and their observed
lower values in CaCl, pre-treated seedlings under 50 uM
Cd, is confirmation of the protective role of CaCl, against
Cd toxicity and ROS damage.

In this study, it was determined that CaCl, seed pre-
treatment significantly increased soluble protein content
under Cd stress. The accumulation of protein during heavy
metal treatment may provide a reserve form of nitrogen
(N) that helps in osmotic adjustment (Parvaiz et al. 2016).
The increased total soluble protein in roots of CaCl, pre-
treated seedlings may be due to increased amino acids
especially proline as one of the most characteristic meta-
bolic consequences of heavy metal stress (Al-Beltagi and
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Mohamed 2013), this may represent a major biochemical
adaptation, along with membrane stabilization and ROS
scavenging (Bandurska 2001). The role of Ca in enhancing
soluble protein content may also be attributed to de novo
synthesis of stress-related proteins such as metal-chelating
polypeptides (Ahsan et al. 2007), lowering of enzyme
denaturation and decreased proteolysis that were disturbed
during stress (Parvaiz et al. 2016).

Moreover, in roots of CaCl, pre-treated faba bean
seedlings, Cd treatment resulted in the high activation of
CAT and GPX activities. CAT and GPX are important
enzymes that scavenge H,O, detoxification in cells
(Choudhury and Panda 2004). Furthermore, GPX enzymes,
which is involved in lignin biosynthesis pathway, might
build up a physical barrier attenuated metal toxicity (Gupta
et al. 2015). This phenomenon is in good agreement with
our results. Indeed, our study showed that CaCl, seed pre-
treatment reduced Cd accumulation (by 24%) in faba bean
roots (Table 1). This protection provided by calcium (un-
der 50 uM Cd), can be partly explained by the highest GPX
activity in comparison with the non-primed seeds. Other-
wise, experimental findings in some plant species demon-
strate that roots with elevated content of lignin and suberin
may be more impermeable to Cd and therefore more
resistant to its absorption, penetration into cells and
translocation (Lux 2010; Lux et al. 2011).

Moreover, in our study, a considerable increase of NP-
SH contents (non-enzymic antioxidants) was observed in
roots of CaCl, primed seeds under 50 pM Cd dose.
Therefore, it is possible that CaCl, seed priming enhances
other alternative antioxidant systems, which could be
involved in lowering Cd toxicity and might be responsible
for lower lipid peroxidation and consequently more sta-
bility of cell membrane lipids and fatty acid composition
(Table 3). This can be involved in a better vacuolar com-
partmentation of cadmium-phytochelatin (Cd-PC) com-
plexes (Sharma et al. 2016). Moreover, faba bean primed
seedlings exhibited high amounts of NP-SH (which are
precursors in phytochelatins synthesis) during 50 pM Cd
exposure, showing its capability to tolerate cellular metal
ions load, and probably reduced the free availability of
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Fig. 5 Cadmium effects on SOD (a), CAT (b), GPX (c) activities and
non-protein thiols (NP-SH) content (d) in roots of faba bean
seedlings, pre-treated with 2% CaCl, (P) or with H,O (NP) for 6 h,
and germinated for 7 days under O or 50 uM Cd. Values are the
means of at least six replications &= SE. The data followed by
different letters are significantly different at P < 0.05

metal ions in cytosol. This mechanism can be a strategy
aimed to avert heavy metal cytotoxicity. The enhanced
content of NP-SH may also be due to stimulation of sul-
phate reduction pathway such as adenosine-5'-phospho-
sulfate (APS) reductase and serine acetyl transferase
(Nocito et al. 2007; Singh and Tuteja 2011) in roots of
CaCl, pre-treated faba bean seedlings.

Concluding remarks

In the present study, CaCl, seed pre-treatment alleviated
Cd induced genotoxicity and cytotoxicity in Vicia faba
roots. Cd induced oxidative stress was lower in roots of
primed seedlings. CaCl, seed pre-treatment provide Cd
tolerance to plants. Our results suggest that involvement of
CaCl, in the alleviation of Cd toxicity is manifested by (1)
reducing cadmium uptake, (2) adjusting the membrane
stability, (3) better performance of the enzymatic and non-
enzymatic antioxidant defense systems.

Thus, CaCl, priming can serve as an effective seed pre-
treatment for the improvement of seedling vigor, and
enhancement of physiological and metabolic processes that
may increase the tolerance of plants to abiotic stress.
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