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Volume 6, Issue 15, Sep 2024 Abstract
N Field experiment we attempted to clarify the mechanism that might be
Received: 15 July 2024 involved in the ameliorative effects of a-tocopherol on faba bean
. plants grown under different Cd levels. The effect of a-tocopherol on
Accepted: 25 Aug 2024 MDA, glutathione contents, antioxidant enzyme activities and growth
. ) parameters.These were studied in plants grown in a nutrient solution
Published: 25 Sep 2024 supplemented with different concentrations of Cd (0 or 150pmol/1)

and sprayed with a-tocopherol at concentrations of 0, 50 and 100 mg/I.
doi: 10.48047/AFJBS.6.15.2024.12158-12174 Heavy metal stress caused an increase in malondialdehyde (MDA)
content and the activity of certain enzymes, but glutathione were
strongly depressed at relatively high Cd levels. Application of a-
tocopherol caused a significant increase in ascorbate peroxidase
(APX) and catalase (CAT) activity in the plant compared with
untreated plants. Antioxidant activities are enhanced, helping to
reduce oxidative damage and develop tolerance to heavy metal stress
in a-tocopherol-treated bean plants. This a-tocopherol-induced
increase in tolerance to heavy metal stress. The results show that
treatment with a-tocopherol reduced the adverse effects of Cd stress
on bean plants and may play a key role in stress tolerance.
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Introduction

Agroecosystem contamination by cadmium (Cd), a persistent pollutant is a grave problem as it
can remain in soils for a long time (Gall et al., 2015, Rashmi et al.,2020). Cadmium being highly
soluble and readily available is promptly taken up by plants and introduced into food chains
becoming toxic for all organisms including plants, animals and even humans (Dar et al., 2015
: Naikoo et al., 2021). The heavy metals like cadmium (Cd) and other pollutants easily absorbed
by soil and accumulated in different plant parts such as root, stem and leaf. Cd induces
clastogenic and genotoxic disturbance in plants and inhibits root growth and cell division in
different plants (Shikha and Singh, 2021 ; Fojtova and Kovarik, 2000). Available reports
confirm that Cd induces oxidative burst via the generation of reactive oxygen species (ROS),
such as H2Oz, O,.- radicals and OH radicals as well as disturbance to antioxidative systems
(Romero-Puertas et al., 2004).

The leguminous crop ( Vicia faba L.) is one of the leguminous crops belonging to the family of
leguminous Fabacea and is cultivated in various parts of the world, including Irag. The
nutritional importance of this winter crop is that green pods can be consumed directly after
cooking and their fresh and dry seeds contain protein and considered food source for a number

of countries in the world, especially Asian and low-income countries (Abdul Hafez 2011)

Vicia faba (broad bean) have been used widely to detect and evaluate toxicity of toxic chemicals
(Igbal, 2016., Leme and Marin-Morales, 2009, Igbal and Bhatti, 2014, Igbal and Bhatti, 2015,
Qureshi et al., 2015). a-Tocopherol is a low molecular weight lipophilic membrane-located
antioxidant. It protects cell membranes from oxidative damage (Taha et al., 2018)
and polyunsaturated fatty acids from lipid peroxidation (Krieger-Liszkay and Trebst, 2006),
and improves membrane stability and permeability. It helps also to provide an optimal
environment for the photosynthetic machinery (Wise and Naylor, 1987). There was a positive
correlation between a-Tocopherol and shoot/root growth in two grass species; tall

fescue and creeping bentgrass (Zhang and Schmidt, 2000).

Tocopherols are believed to protect chloroplast membranes in plants from photo oxidation and
help to provide an optimal environment for the photosynthetic machinery, their accumulations
also occur as a response to variety of abiotic stress including high light, drought, salt and cold
and may provide an additional line of protection from oxidative damage (Munné-Bosch and

Algere, 2002). Therefore, this work was conducted to compare the effect of cadimium stress on
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biochimicals parameters and antioxidant responses of faba bean (V. faba L.) in heavy metal
tolerance and to examine whether exogenous application with vitamin E could mitigate the

adverse effect of cadimium stress.

MATERIEL AND METHODS

Plant Material and Growth Conditions

Seeds of Vicia faba. L were germinated in the dark at 25°C for 7 days. After germination,
plants were transferred to separated containers for hydroponics. Three-liter pots were used,

containing ten plants each. Plants were grown in a controlled climate room at 24+2 °C and 50

% relative humidity, with a photoperiod of 16 h and a light intensity of 150umol m2sL The

hydroponic medium consisted of Hoagland nutrient solution (Hoagland and Arnon, 1959). The

medium was continuously aerated (100 ml min'l) and replaced every 3 days. At three-leave
stage, The 14-day-old Vicia faba seedlings were treated with two heavy metals (cadmium)
added separately to the nutrient solution in the form of CdCI2, at a constant concentration of
150umol/l combined with different concentrations of a-Tocopherol (Omg/1, 50mg/l, 100 mg/l).
The seedlings were harvested after 14 days of treatment, and split into two parts : roots and

stems.

Analytical methods

Lipidperoxidation measurement

The level of lipid peroxidation was measured by estimating malondialdehyde (MDA, a product
of lipid peroxidation) depending on the method of Heath and Packer (1968). Leaf samples (0.5
g) were homogenized in 3mL 5% (w/v) trichloroacetic acid (TCA) and the homogenate was
centrifuged at 10000xg for 10min. Then, the supernatant (1mL) was mixed with 4mL
thiobarbituric acid (TBA) rea- gent (0.5% of TBA in 20% TCA), heated in a water bath at 95C
for 30min and quickly cooled by transferring in ice bath. After that, MDA content was measured

by observing the difference in absorbance at 532nm using an extinction coefficient of

155mM~L cm™1 and expressed as nmol of MDAg_1 FW.
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Determination of membrane stability index

Membrane stability indices (MSI) were estimated, in 9 samples for each treatment, using
duplicate 0.2 g samples of fully-expanded leaf tissue (Rady, 2016). One sample of each
duplicate was placed in test-tube containing 10 ml of double-distilled water and heated at 40 °C
in a water bath for 30 min. The electrical conductivity (Cy) of the solution was recorded using
a conductivity bridge. The second sample was boiled at 100 °C for 10 min, and the conductivity
was also measured (Cz). The formula: MSI (%) =[1 - (C1 + C2)] x 100 was applied for
calculating the MSI.

Determination of glutathione

Glutathione is determined according to the method of Weck Berker and Cory (1988), which is
based on measuring the absorbance of 2-nitro 5 mercapturic acid resulting from the reduction
of 5-5 acid 'thiol-bis-2-nitrobenzoic (DTNB).

Enzymes extraction and activities determination

Leaves (0.5g, fresh weight) were homogenized in 50 Mm potassium phosphate buffer pH 7.6.
Then, the homogenized samples were centrifuged at 12000xg for 20 min and the supernatant
crude ex- tract was used for the estimation of both catalase (CAT) and ascorbate peroxidase
(APX) activities (Loggini et al., 1999). CAT activity was determined as a decrease in
absorbance at 240 nm for 3 min following decomposition of H202 (Cakmak and Horst, 1991).

The reaction mixture 3 ml contained 50mM phosphate buffer pH 7.2, 15 mM H202and 100 pl

of crude enzyme extract. Enzyme was quantified using the extinction coefficient 39400 M ~

Ieml. Ascorbate peroxidase (APX) activity was determined following the decrease of
ascorbate and measuring the change in absorbance at 290 nm for 3 min in 3 ml of a reaction
mixture containing 50 Mm potassium phosphate buffer pH 7.2, 0.5 Mm ascorbic acid, H202

and 100 pl of crude enzyme extract (Nakano and Asada, 1981). Enzyme was quantified using

the extinction coefficient 2800M-1em-1.
Statistical analysis

Results were expressed as mean = SD of three separate experiments. For each experiment,

statistical analysis was performed using one-way ANOVA and the multiple comparison
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method of Tukey, with the aid of R 3.4.3 computer program.

Results

The concentration of membrane lipoperoxides (MDA)

The level of malondialdehyde (MDA) resulting from the breakdown of polyunsaturated fatty
acids in the plasma membrane. The accumulation of malondialdehyde was monitored in the
roots and leaves of Vicia faba.

Figure 1a shows that at leaf level, the quantity of MDA did not show a significant difference
between the groups (P=0.163). The accumulation of MDA varied according to the
concentration of Cd and a-tocopherol, with Cd at 150umol/l increasing the MDA content
significantly compared with the control, whereas treatment with a-tocopherol (50mg/l,
100mg/l) reduced membrane lipoperoxides in the stressed groups.

At root level (Figure 1b), there was a highly significant difference in MDA content
between the six groups (P=0.004). The Cd concentration of 150 pumol/l was able to increase
MDA production to a value higher than that of the aerial part, but treatment with a-tocopherol
had an effective effect in reducing this metabolite in the roots. According to the statistical
analysis, there was a significant difference between the group stressed by Cd alone and the

groups treated with a-tocopherol under cadmium stress or not.
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Figure 1 : Effects of a-tocopherol on malondialdehyde (MDA) levels in leaves (a) and roots

(b) of bean seedlings under and without cadmium stress.

Glutathione (GSH)

Figure 2 shows the combined effect of Cd150umol/l and o-tocopherol (50mg/I,
100mg/l) on glutathione content in the aerial and root parts of vicia faba seedlings. Our results
show that the treatment does not induce a significant change in the quantity of GSH between
the six groups in the two parts of the faba plant.

It was noted that the content of this metabolite was higher in the aerial part (Figure 2a)
than in the root part (Figure 2b). It was observed that cadmium stress led to a sharp decrease
in GSH compared with the control group, whereas the glutathione content increased with the

increase in the concentration of a-tocopherol, regardless of whether or not the aerial and root

parts were stressed.
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Figure 2 : Effects of a-tocopherol on glutathione content in the aerial part (a) and the root part

(b) of bean seedlings subjected or not to cadmium stress.
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The membrane stability index (MSI)

The results presented in Figure 3 show no significant difference in the leaf membrane stability
index between the six groups (P=0.881).

However, a downward trend in stability was recorded in the group stressed with 150 pumol/I
CdCI2 in the absence of treatment, whereas the increase in MSI was accompanied by an
increase in a-tocopherol concentrations (50mg/l and 100mg/l).

It was noted that in the groups exposed to stress, treatment with this vitamin improved the MSI
to a certain threshold, depending on the concentration of a-tocopherol. Application of 50mg/I
of this vitamin resulted in high membrane stability, which was reduced when the concentration

was increased to 100mg/I.
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Figure 3 : Effects of a-tocopherol on the leaf membrane stability index in bean seedlings with

and without cadmium stress.
Enzyme biomarkers

Catalase (CAT)

The results of the catalase activity are presented in Figure 4. In the aerial part (Figure 4a),
there was no significant difference between the groups (P=0.352). It can be seen that the
presence of a- tocopherol at a concentration of 50mg/I in the group under cadmium stress led
to a significant reduction in catalase compared with the group stressed by 150umol/l Cd alone,
whereas this activity was almost absent in the other groups.

In the root zone (Figure 4b), there was a highly significant difference between the six groups
(p =0.00000761). We noted an increase in the activity of this enzyme in the Cd-stressed group
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to a very high value compared with that of the aerial zone, whereas the exogenous application
of a-tocopherol (50mg/I, 100mg/l) resulted in a highly significant decrease compared with the

groups under or without cadmium stress.
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Figure 4 : Effects of a-tocopherol at different concentrations on catalase (CAT) activity in the

aerial part (a) and the root part (b) of bean seedlings subjected or not to cadmium stress.
Ascorbate peroxidase (APX)

Figure 5 shows the effect of a-tocopherol at different concentrations on ascorbate
peroxidase (APX) activity in both cadmium-stressed and non-cadmium-stressed parts of the
bean.

In the aerial part (Figure 5a), cadmium disrupted total APX activity. Our results show
that there was a highly significant difference in the activity of this enzyme between the six
groups (P=0.000974), there was an increase in ascorbate peroxidase in the group stressed with
Cd 150 pmol/1, while in the groups treated with Cd and a-tocopherol at different concentrations
there was a highly significant decrease in the activity of this enzyme, while the groups treated
only with a-tocopherol (50mg/I, 100mg/l) had lower APX activity than the control.
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In the roots, ascorbate peroxidase activity is low compared with the aerial part, but from
our results (Figure 5b), there is a highly significant difference between the six (06) groups (P=
0.00548). We can see that the group stressed by 150 pumol/lI Cd has a very high APX activity

compared with the control, while the other groups have a similar activity of this enzyme.
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Figure 5 : Effects of a-tocopherol on ascorbate peroxidase activity in the aerial part (a)

and the root part (b) of bean seedlings subjected or not to cadmium stress.

Discussion
The response of antioxidant enzymes to metal-induced oxidative stress helps to alleviate
cellular damage by limiting ROS , such as catalase (CAT), which is located in peroxisomes and
mitochondria, and ascorbate peroxidase (APX), which is located in chloroplasts and cytosol.
In our experiments, we found that Cd led to an increase in enzyme activity. Our work is
in perfect agreement with the work of Souguir, (2009) who showed an activity of this enzyme
in the roots. The study of Amin Mohamed et al, (2012) reported on the contrary a decrease in

the activity of CAT in brassica juncea stressed by Cd.
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We found an increase in APX in both parts of the bean in the presence of Cd this study is in
agreement with the work of Benhamdi (2014) in Arginessu species and Mechakra (2014) in
Lygeum spartum L species.

The increase in the activity of these enzymes is closely linked to the increase in the
intracellular concentration of hydrogen peroxide, which is produced during oxidative stress.
H202 is eliminated by CAT, POD and the enzymes of the ascorbate glutathione cycle (Kaya et
al., 2020 ; Ashraf, 2009 ; Xu et al., 2011), in which APX catalyses the H202 reaction using
ascorbate as a substrate (Iturbe-Ormaetxe et al., 2001 ; Anjum et al.,2016).

It was noted that APX activity is higher than that of CAT, indicating the high affinity
of APX for H202 observed by Gill, whereas catalase does not require reducing power and has
a high reaction rate but low affinity for H202 (Willekens et al., 1997 ; Mahaseth and Kuzminov,
,2017).

Furthermore, it was found that exogenous application of a-tocopherol (50mg/l, 100mg/I) during
cadmium stress led to a decrease in the enzymatic activity of (CAT, APX) in both parts of the
bean. In contrast, Sakr and EI-Metwally (2009) and Khamees AL-Kareemawi and Muhmood
(2019) recorded increases in antioxidant enzymes in response to the application of a-tocopherol
to wheat against oxidative stress.

The reduction in catalase and APX activity is explained by the intervention of this vitamin in
ameliorating the deleterious effects of ROS. Sadiq et al (2016) and El-Bassiouny et al (2015)
found that a-tocopherol and nicotinamide suppressed lipid peroxidation and maintained the
permeability of the plasma membrane. Protection against phytotoxic peroxidation in lipophilic
environments can be achieved by antioxidants, such as a-tocopherol (vitamin E), which is
thought to be the most effective radical-breaker. Consequently, many attempts have been made
to reduce oxidative stress in plants by exogenous application of this vitamin (Hasanuzzaman
and Fujita, 2014 ; Vendruscolo et al.,2019).

Some authors have demonstrated an increase in lipid peroxidation following exposure to
heavy metals (Gill and Tuteja, 2010 ; Maria and Bebianno,2011). Heavy metals induce the
production of ROS (such as 102, O..", OH.).

Root accumulation, which may indicate the development of oxidative stress in the roots of
seedlings. The extent of lipoperoxidation seems to be related to the preferential accumulation
of metal ions in this organ. TheROS formed and accumulated during Cd-induced stress will
react with the polyunsaturated fatty acid to form lipid radicals and reactive aldehydes, leading

to a drop in membrane fluidity and damage to membrane proteins (Gill and Tuteja, 2010). It
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has been shown that the first site damaged by heavy metals is the cell membrane. This is due to
an attack on its polyunsaturated fatty acids, the product of which is malondialdehyde (or MDA).
The high MDA content in aerial parts is due to the fact that, in addition to mitochondria and
peroxisomes (the sites of free radical generation), they contain chloroplasts, which are often
considered to be the main source of ROS in photosynthetic organisms (Foyer and Noctor, 2003
; Edreva, 2005 ; Asada, 2006). Heavy metals generate ROS and cause chlorophyll degradation
(Lichtenthaler and Miehé, 1997 ; Rau et al., 2007). This is due to the peroxidation of chloroplast
membranes and the reduction of thyaloid membrane constituents (Shi et al., 2016).
Treatment with o -tocopherol resulted in a decrease in MDA content. This result is in agreement
with that of Zhang et al (2017) who found that treatment with o -tocopherol significantly
decreased MDA content. The presence of cadmium chloride in the nutrient solution causes a
decrease in the membrane stability index (MSI). Our study is in agreement with that of
Ouhaddach et al (2018), who reported that salt stress caused a decrease in MSI in L. cheesmanii
and L. peruvianum species. Studies have shown that a-tocopherol reacts with the peroxy
radicals formed in the bilayer to diffuse into the aqueous phase, trapping the cytotoxic H202
and reacting non-enzymatically with other ROS: singlet oxygen, superoxide radicals and
hydroxyl radicals to stabilise membrane structures (Blokhina et al, 2003) by modulating
membrane fluidity in a similar way to cholesterol and membrane permeability to small ions and
molecules (Kim et al., 2008) and reducing the permeability of digalactosyldiacylglycerol

vesicles to glucose and protons (Berglund et al., 1999).

Glutathione (GSH) is a non-enzymatic antioxidant that is very abundant in plants. It is a low
molecular weight thiol. It is involved in defence against radicals, in the biosynthesis of
phytochelatine (PC) and in resistance to metals by acting as direct chelator (Mendoza-Cozatl
and Moreno-Sanchez, 2006),

In our experiments found that glutathione content decreased in both the aerial and root parts of
plants in response to cadmium stress, whereas the work of Soughir (2009) shows an increase in
this metabolite in the presence of Cd.

Reduced glutathione levels due to a strong defence capacity of other antioxidants (CAT, APX).
The drop in GSH levels could also be attributed to increased use of GSH for the regeneration
of ASA from DHA or for the synthesis of phytochelatins (Hossain et al., 2012 ; Chaudhary, K.,
Agarwal and Khan, 2018).
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Conclusion
Cd leads to the development of defence systems in plants aimed at reacting to changes in their
environment. These systems combat undesirable reactive species by preventing their
accumulation, and detoxification involves both enzymatic and non-enzymatic mechanisms.
Enzymatic defences involve ascorbate peroxidase and catalase. Non-enzymatic systems involve
glutathione. Vitamin E treatment reduced cadmium toxicity. This is explained by the
antioxidant power of vitamin E.
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