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INTRODUCTION

The excessive use of heavy metals is one of 
the main sources of soil pollution. This is a result, 
to a great extent, of anthropocentric activities 
such as natural resource extraction (e.g. mining), 
toxic waste disposal, as well as agricultural use 
of herbicides and pesticides [Guan et al. 2014; 
Palm et al. 2017]. If certain oligo-elements (Fe, 
Mn, Zn, Cu, Mo, Ni), present in trace amounts, 
are essential for plant growth and their absence 
will lead to slow growth and then cell death, the 
increase in their concentration is also toxic [Ying 
et al. 2019]. Zn acts as a cofactor for several en-
zymes and is necessary for various physiological 
processes such as protein synthesis, lipid, nucleic 
acid, and cell wall metabolism [Hajiboland, 2012; 

Rai et al., 2021]. At high concentrations, Zn and 
Cu cause disruptions in many cellular processes, 
including growth and metabolism by inducing 
phytotoxicity [Ishimaru et al., 2011; Palm et al., 
2017]. Besides, when plants are exposed to high 
levels of heavy metals, reactive oxygen species 
(ROS) are induced [Tamás et al., 2017]. In order 
to fight against these ROSs, plants activate dif-
ferent ROS-scavenging mechanisms. They are 
composed of both enzymatic systems (catalase 
(CAT), superoxide dismutase (SOD), peroxidase 
(POD), glutathione reductase (GR), glutathi-
one S-transferase (GST), glutathione peroxidase 
(GPX), etc.) and non-enzymatic systems (gluta-
thione (GSH), phytochelatins (PCs), ascorbate 
(AsA), proline (Pro), flavonoids, carotenoids,…) 
[Ahanger et al., 2015; Akram et al., 2017; Wei et 
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ABSTRACT
This study aimed to analyze the impact of Zn on the growth and the antioxidant response of Lens culinaris. For 
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roots, respectively. These findings revealed that MDA is a real indicator of oxidative stress in Lens culinaris and 
that this plant is tolerant to the presence of Zn in the culture medium by developing a powerful antioxidant system, 
but beyond a certain concentration its antioxidant system becomes ineffective and the plant enters a stress state. 
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al., 2020]. When the ROSs concentrations exceed 
the cellular detoxification capacity, the cell enters 
an oxidative stress state which translates into oxi-
dative damage of lipidic membranes, DNA, and 
proteins; whereby their oxidation can lead to cell 
dysfunction [Valavanidis et al., 2006; Berni et al., 
2019]. Lipid peroxidation occurs when the hy-
droxyl radical or singlet oxygen reacts with func-
tional lipids that generate toxic aldehydes and 
ketones [Demidchik, 2015; Nanda and Agrawal, 
2016]. Some plant species develop metal toler-
ance strategies which include exclusion strate-
gies, detoxification and compartmentalization of 
metal ions inside the plant parts [DalCorso et al., 
2013; Ovečka and Takáč, 2014]. The main objec-
tive of this investigation was to study, in vitro, 
the effect of zinc on the growth, the accumulation 
and the antioxidant responses of a Lens culina-
ris legume by evaluating, in the aerial parts and 
roots: the plant growth, the level of membrane li-
poperoxidation (determined by the quantification 
of malondialdehyde “MDA”) and the activities 
of antioxidant enzymes (glutathione S-tansferase 
GST, peroxidase POD, glutathione peroxidase 
GPX, and catalase CAT).

MATERIAL AND METHODS

The seeds of Lens culinaris were sterilized 
in bayrochloreat 1% for 30 min and then rinsed 
thoroughly with sterile distilled water. They were 
then germinated in Petri dishes containing a fil-
ter paper soaked in sterile ultrapure water for 24 
hours in the dark at 4 °C and then transferred to 
individual plastic pots containing the solid MS/2 
medium [Murashige and Skoog, 1962] treated 
with ZnSO4 (0 µM, 250 µM, 750 µM, 3000 µM, 
5000 µM, and 10 000 µM) at a rate of 6 seeds per 
pot for each concentration. They were then placed 
in the culture chamber at 22 °C, with a photope-
riod of 16 h per day for 7 days.

Preparation of crude extract

After the germination of the seeds, the 
roots and the aerial parts were weighed sepa-
rately and then crushed, under liquid nitrogen, 
with a mortar using a phosphate buffer solu-
tion (0.1 M, pH=7.6) containing 0.1% Triton 
X-100, 1% Polyvinylpyrrolidone (PVP) and 
ETDA (1 mM). The homogenate was centri-
fuged at 4 °C for 15 min at 12 000 g.

MDA Contents and antioxidant 
Enzymes Activities

The level of oxidative stress was evaluated 
throughthe determination of the MDA amount 
according to the method of [Kosugi and Kikuga-
wa, 1985]. The principle of the assay is based 
on the reaction produced between malondial-
dehyde and thiobarbituric acid (TBA) forming 
the colored derivative MDA-TBA2 absorbing 
at 532 nm. The results were expressed as µmol 
MDA formed g tissue-1 by using a molar extinc-
tion coefficient of 155 mM-1cm-1.

The peroxidase activity is performed ac-
cording to the method of [Chance and Machly, 
1967]. The content of purpurogallin formed be-
tween H2O2 and pyrogallol, by the action of per-
oxidase, is determined by measuring the absor-
bance at 420 nm against a blank. It is expressed 
in units = 0.1 absorbance min-1 mg-1 of protein. 
The glutathione peroxidase (GSH-Px) activity 
is determined according to the method of [Flohé 
and Günzler, 1984]. It is based on the reduction 
of hydrogen peroxide H2O2 in the presence of 
reduced glutathione (GSH). The latter is trans-
formed into glutathione disulfide (GSSG) under 
the influence of GSH-Px. The reaction is stopped 
by adding a strong acid, whereby the remaining 
GSH content is measured spectrophotometrically 
at 412 nm. It is expressed in µ mol GSH mg-1 of 
protein. Moreover, the measurement of catalase 
activity is carried out according to the method 
of [Chance and Maehly, 1955]. The decomposi-
tion of hydrogen peroxide is determined by the 
decrease in absorbance at 240 nm (e = 39.4 mM-1 
cm-1). Additionally, the evaluation of glutathione 
S-transferase activities is carried out according to 
the method of [Habig and Jakoby, 1981], in which 
the principle is based on the measurement of the 
absorbance at 340 nm of the Glutathione-2,4-Di-
nitrobenzene complex formed between GSH and 
CDNB by the action of GST (ε = 9.6 mM-¹). The 
protein concentrations are quantified according to 
the method of [Lowry et al., 1951]. BSA is used 
as a standard protein.

STATISTICAL ANALYSES

The statistical tests performed during this 
study are the mean ± SD (N=3) and the analy-
sis of the variance (ANOVA) followed by the 
Tukey test. The variance analysis was conducted 
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to compare the different classes of Zn concentra-
tions of each part (aerial and root) compared to 
the class of plant witnesses. The results are treat-
ed using the software: Excel 2007 and XLSTAT 
2016 with a significance level of 0.05. 

RESULTS

Plant Growth

The results revealed that the lentil growth 
reaches its maximum and even exceeds that of 
witnesses at a Zn concentration of 250 µM in both 
parts of the plant (Fig. 1). Beyond this concentra-
tion, the growth becomes inversely proportional 
to the concentration of Zn in the culture medium.

MDA content

The MDA level is higher in the root parts 
(Fig. 2b). Whereby, till 5000 µM concentration 
of Zn in the culture medium, the variations in 

MDA content in the roots are very weakly sig-
nificant compared to that in witnesses plants and 
they are almost stable in the upper parts. Howev-
er, when the concentration of zinc in the medium 
reaches 10 000 µM, the MDA content is signifi-
cantly high in both parts of the plant compared 
to that of plant control (p<0.05).

Total Proteins content and 
antioxidant enzymes activities

The finding of the present study exhibited 
that in the presence of zinc, the activities of an-
tioxidant enzymes are higher in the roots and 
differ from one zinc concentration to another in 
both parts of the plant (Fig. 2). For total pro-
teins, their concentration is higher in the aerial 
parts, whereby the high concentration of Zn de-
creased the total proteins content (Fig. 2a). Be-
sides, the evaluation of enzymatic activities in-
dicates that the decline in the POD activity (Fig. 
2c) is concomitant with the increase in that of 
GPx (Fig. 2d). Furthermore, the GPX activity 

Figure 1. Effect of Zn on the growth of Lens culinaris after 6 days; 
a) Morphological phenotype; b) Lengths of aerial parts and roots

a)

b)
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reaches its maximal at 10 000 μM of Zn in both 
parts of the plant whereas that of POD is very 
low compared to that of witnesses plants at the 
same concentration. Figure 2 shows that POD 
represents a great activity in the roots;however, 
it is decreased significantly in both parts of the 
plant compared to that of plant controls; till the 
concentration of 10 000 µM in Zn. The varia-
tion in the GPX activity depends on the rising 
of Zn concentrations. It increases significantly 
in both parts of the plant and the maximum ac-
tivities are observed at 10 000 µM (Fig. 2). The 
CAT activity increases in both parts of the plant 
at 250 µM and then decreases at 750 µM com-
pared to the previous class (Fig. 2f). The latter 
then increases again very significantly at 3000, 
5000, and 10 000 µM of Zn in the aerial parts. 
The GST activity in the roots reaches its maxi-
mum at 3000 µM and then decreases to reach 
the minimum activity at 10 000 µM of Zn in the 

culture medium. In the aerial parts, the activity 
is always significantly high compared to that of 
the plant controls and reached its maximum at 
250 and 10 000 µM concentrations of Zn in the 
culture medium (Fig. 2e).

DISCUSSION

Zn is the most abundant transition metal after 
iron. It acts as a nutrient for plants and is involved 
in various biochemical and physiological reac-
tions [Zeng et al., 2021], such as phytohormone 
activity, protein synthesis, photosynthesis, car-
bohydrate metabolism, cell defense…[Sadeghza-
deh, 2013]. The study of the Lens culinaris growth 
shows that this plant tolerates high concentrations 
of zinc in the culture medium. The increase in 
growth of the aerial parts and roots observed at 
the 250 µM concentration can be attributed to the 

Figure 2. Biochemical responses in the upper parts and the roots of Lens culinaris. The seeds were germinated 
for 6 days on an MS/2 culture medium with different Zn concentrations (0 µM, 250 µM, 750 µM, 3000 µM, 5000 
µM, and 10000 µM). The total proteins contents (a), the MDA (b), and the activities of POD (c), GPx (d), CAT 
(e) and GST (f) were measured; respectively. Values represent means ± SD (N=3). Different letters discriminate 
statistical differences between the corresponding zones of the same plant part (using ANOVA followed by HSD 
test from Tukey, p<0.05)
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fact that Zn maintains its role as an oligo-element. 
The reduction in the length of the aerial parts and 
roots of plants, at a concentration greater than 
250 µM of Zn, may be caused by a progressive 
reduction in the number of cells. The reduction 
in plant length at a higher concentration of heavy 
metals was also observed in tomato plants(zinc) 
[Vijayarengan and Mahalakshmi, 2013], maize 
(Cd2+, Ni2+, Cu2+, and Zn2+) [AbdElgawad et al., 
2020] and sunflower seeds (Cd2+, Ni2+, Pb2+, and 
Zn2+)[Zhao et al., 2021]. High concentrations of 
Zn in soils show severe toxicity symptoms in 
plants and lead to a reduction in photosynthesis, 
delay in growth, and disturbance in absorption of 
other nutrients. The induction of ROS production 
is the major deleterious effect of zinc toxicity in 
plant cells [Goodarzi et al., 2020]. It has been ac-
cepted that MDA is a major biochemical marker 
of peroxidative damage to biological membranes 
and an indicator for oxidative stress induced cell 
damages [Hu et al., 2012; Pandian et al., 2020; 
Kulbat-Warycha et al., 2020]. The obtained re-
sults revealed that lipid peroxidation was almost 
stable till the concentration of 5000 µM of zinc. 
This may be due to the fact that the plant has de-
veloped a powerful enzymatic and non-enzymatic 
antioxidant system acting in a coordinated way to 
control the normal intercellular ROS steady-state 
level and in maintaining the balance between 
ROS production and scavenging [Halliwell and 
Gutteridge, 2015; Esposito et al., 2018]. The rap-
id increase in the MDA level at a concentration 
of 10 000 µM in zinc translated into the inability 
of the antioxidant system and by the disequilib-
rium in the oxidant-antioxidant balance in favor 
of ROS [Malod et al., 2020]. MDA contents in-
creased at high concentrations of Zn, whilst the 
total proteins contents decreased. These results 
are in agreement with those observed in oregano 
plants where the total protein content decreased 
with increasing concentration of Ni and Zn in the 
soil and the significantly higher MDA content 
was noticed at the highest concentration of those 
metals [Kulbat-Warycha et al., 2020]. Moreover, 
under the influence of heavy metals,the expres-
sion of proteins that are involved in cell signaling, 
stress detoxification, growth development, and 
protein biosynthesis are affected and the gener-
ated ROS denature several proteins involved in 
the central metabolic pathway [Cherrad et al., 
2012; Shahzad et al., 2018; Rai et al., 2021]. 
When a metal is present, antioxidant enzymes 
are thought to be essential in the detoxification 

of toxic oxygen species produced preventing 
membrane lipid peroxidation and the production 
of MDA [Xu et al., 2021; Sharma et al., 2021]. 
For example, anions of hydrogen peroxide can be 
converted to radical oxygen and then to O2 and 
H2O at ground level [Sharma et al., 2021]. The in-
crease of CAT activity following the treatment of 
the medium by Zn is due to the high production of 
ROS. These findings are similar to those observed 
in the aerial parts of Brassica juncea in the pres-
ence of Zn [Prasad et al., 1999] and in Ranuncu-
lus sceleratus, Rumex dentatus, and Cammelina 
benghalensis in the presence of Cd [Sharma et al., 
2021] where the CAT activity was significantly 
stimulated. Whereby, the results of the GST activ-
ity, in the upper parts, are similar to those of CAT. 
The GST, which plays a key role in cellular pro-
tection against heavy metals and ROS [Park et al., 
2020; Helaoui et al., 2020] is responsible for the 
detoxification of xenobiotic and endobiotic com-
pounds [Ahmadi et al., 2021] by covalent binding 
of glutathione (GSH) to a hydrophobic substrate 
and consequently, a less reactive conjugate gluta-
thione S-R is formed [Mohsenzadeh et al., 2009]. 
This enzyme is defined as a biomarker of contam-
ination by the ETM [Hou et al., 2019]. The in-
crease in the GST activity, in response to metallic 
stress, has been previously reported in the colza 
plants exposed to different concentrations of zinc 
[Wang et al., 2009], in Hedysarum pallidum in the 
presence of antimony [Benhamdi et al., 2014], in 
Medicago sativa exposed to Ni [Helaoui et al., 2020] 
and in Cichorium intybus L in presence of Pb and Al 
[Malik et al., 2021]. The POD which reduces H2O2 
using several reductants of phenolic compounds 
[Lamhamdi et al., 2011] is one of the antioxidant 
enzymes involved in scavenging ROS in plants 
[Lin et al., 2016; Jośko et al., 2021], it participates 
in several biological processes such as cell for-
mation, auxin catabolism, lignifications, defense 
against stress, etc. [Bhaduri and Fulekar, 2012]. 
The decrease in the POD activity resulting from 
the Zn treatments identified in this study can be 
explained by the inhibitory effect of this latter. It 
was observed in the leaf tissues of Cichorium in-
tybus wheat treated with different concentrations 
of Ni [Pandey and Sharma, 2002] and in Zea mays 
treated with SbIII [Pan et al., 2011]. Zhang et al., 
[2015] reported that the excessive production 
of ROS may decrease the level of antioxidants. 
Moreover, antioxidant enzymes may be inhibited 
by a heavy metal via metal interaction with the 
sulfhydryl group or other functional groups. This 
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decline in POD is concomitant with the increase 
in GPx. GPx is considered also to be a powerful 
ROS scavenger by its wider substrate specifica-
tions and strong affinity for H2-O2- [Bernard et al., 
2015; Zouari et al., 2016]. The high activity of the 
GPX in the roots of lentils is due to the fact that the 
stress level, induced by Zn, is higher in this part. 
This is confirmed by the MDA content which is 
very high at the root level. Similarly, the increase 
in its activity, following metal stress, has been ob-
served in several plants such as Zostera japonica 
[Lin et al., 2016], Phoenix dactylifera L.[Zouari et 
al., 2016], and Oryza sativa L [Ranjan et al., 2021] 
treated with Cu, Cd and As, respectively.

CONCLUSIONS

The evaluation of MDA and protein contents, 
as well as the enzymatic activities in Lens culi-
naris, in addition to the results of previous works 
carried out on the mechanism of absorption, 
growth, and antioxidant defense in plants, make 
it possible to propose a mechanism of Lens culi-
naris tolerance to Zn in the culture medium. Len-
til is a plant tolerant to the presence of Zn in the 
culture medium which acts as an oligo-element 
and is absorbed by the roots of the lentils. At a 
concentration greater than 250 µM of Zn in the 
culture medium, the plant begins to induce the 
production of ROSs which causes several cellu-
lar damages; the first damaged site is the plasma 
membrane, because ROSs attack its polyunsatu-
rated fatty acids by producing MDA. In addition, 
the Zn molecules can bind to the thiol groups of 
certain proteins and enzymes by inactivating and 
inhibiting them. This translates into a decrease in 
protein levels in lentils.Till 5000 µM of Zn, the 
stability of the MDA level shows that the anti-
oxidant system of the lentil has been able to min-
imize the effects of ROS by transforming them 
into non-radical molecules. The increase in the 
CAT activity (which ensures the dismutation of 
H2O2), in the GST (which acts against the ROS 
and sequesters the Zn at the level of vacuoles), 
and in the GPX (which ensures the dismutation 
of H2O2) confirms that the antioxidant system 
of lentil is active. The POD is also a part of the 
antioxidant system but its activity is inhibited by 
Zn, where its level decreases. At the concentra-
tion of Zn amounting to 100 000 µM, the very 
rapid and significant increase in the level of MDA 
shows that plants enter a stress state and that the 

antioxidant system is depleted as a whole, despite 
the increased activity of CAT, GPX, and GST. 
Thus, stress occurs when the balance between the 
production of free radicals and their physiological 
destruction is positive.
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