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Environmental contamination by heavy metals is progressively increasing with increase in population 
and human activities such as agriculture, industrialization amongst others. Scarcity of land for farm 
practice lead to cultivating crops and other freshly edible plants in contaminated environment. Plant 
interacts with heavy metals in various process to become adopted and acclimatized by phytoremediation 
(i.e. phytoextraction) process. Brassicaceae biosorbs heavy metals and translocate to their edible parts 
including leaves to which prolong exposure lead to its death. Human and other animals come in contact 
with heavy metals indirectly through their food chain and web by the consuming those plants products. 
Heavy metals have detrimental effects in human and animals where inhibition of some enzymes 
activities, protein misfolding, DNA damages and lipid peroxidation ensues. Trace metals are testified to 
influence signaling process and related factors causing apoptosis. Therefore, heavy metals are one of 
the salience death causing of human through food poisonings  
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INTRODUCTION 

Heavy metals are among the environmental 
contaminants that disturbs ecosystem (Gasim et 
al. 2017). Aside their natural occurrence, heavy 
metals deposition a due to anthropogenic is 
enormous. Occurrence of trace metals is natural 
whose density is five folds higher than that of 
water and have a high atomic weight (Bánfalvi, 
2011) and are dangerous because they tend 
to bioaccumulate. Chromium, lead, mercury 
cadmium and arsenic are considered with higher 
reacting oxygen species production potential. 
Owing to their great extent of toxicity potential, 
these five elements rank amongst the top trace 
non-essential metals that are of greatly 
community hygiene concern. Accumulation of 

these elements can lead to serious damage to 
intestinal tract and mucus tissues and skeletal, 
reproductive and central nervous systems 
(Sharma et al. 2014). Their systematic damaging 
capabilities are known to persuade manifold 
damages to organ, even at meager exposure 
dose (Tchounwou et al. 2012). The Brassicaceae 
family (formerly Cruciferae) encompasses an 
enormous collection of economically vital plant 
species, such as many famous vegetables (e.g., 
Chinese kale, cabbage, broccoli, cauliflower, 
Savoy, sprouts, cabbage, and Brussels), 
decorative plants (alyssum, wallflower), oil crops 
(oil-seed rape), and (Gomez-Campo and Prakash, 
1999).  Brassicaceae is also called Cruciferae in 
regards to four spanned petals commonly known 
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as mustard family. They are traditionally eaten up 
by human from several decades to the current 
time in their dietary as raw and preserve 
vegetables, condiments and vegetable oils. 
According to Al-Shehbaz, (2011) utilization of 
Brassicaceae was documented 3000BC in 
Sanskrit records in India, as some other inherited 
information proves that variety of Brassica were 
grown at coastal Europe about 8 century ago. 
Presently, Brassicaceae vegetables are vastly 
expanded in Mediterranean Europe, North 
America and Asia (Al-Shehbaz, 2011). A strategic 
agricultural genus of the Brassicaceae family 
called Brassica genus that comprise vegetable 
(bok choy, broccoli, cabbage,) oilseed (canola, 
mustard) and crops that has a long antiquity of 
applications agriculturally around all the regions 
(Chen et al. 2011).  

Table 1: Brassica Species and Their Edible 
Nutritious Parts 

Brassica Species plant part 

 
 

B. oleracea 

var. capitate Leaves 

var. acephala Leaves 

var. viridis Leaves 

var. alboglabra 
var. gongylodes 

Leaves 
stem 

 

var. gemmifera Bud 

var. botrytis Inflorescence 

var. italic Inflorescence 

var. botrytis Inflorescence 

var. italica × 
alboglabra 

Inflorescence 

 
B. napus 

var. napobrassica Root 

var. pabularia Leaves 

var. oleifera Seeds 

Wasabia 
japonica 

 Root 

 
 
 

B. rapa 

ssp. Rapa Root 

ssp. Pekinensis Leaves 

ssp. narinosa (or 
rosularis) 

Leaves 

ssp. Chinensis Leaves 

ssp. Parachinensis 
Leaves, flower 

buds, stem 

ssp. nipposinica Leaves 

ssp. Pervidis Leaves 

B. nigra  Seeds 

B. carinata  Leaves, seeds 

Eruca vesicaria  Leaves, stem 

Brassica hirta  Seeds 

Amoracia 
rusticana 

 Root 

B. carinata  Leaves, seeds 

Barbarea verna  Leaves 

Brassica juncea 
var. rugosa (or 

integrifolia) 
Leaves, seed 

Lepidium 
sativum 

 Leaves, stem 

Nasturtium 
officinale 

 Leaves, stem 

Raphanus 
sativus 

 Leaves, stem 

Adopted from (Šamec and Salopek-Sondi, 2019). 
They may be used cooked, fried, raw as a 

salad, fermented, dried or fresh as a spice. 
Brassica vegetables signify an imperative human 
part of the nutrition universally. Brassica 
vegetables are devoured by human worldwide 
and are bethought as essential food product in 
Europe, China, Japan and India (Cartea and 
Velasco, 2008). Diverse Brassicaceae species, 
aside their nutritional applications, have since 
been extensively integrated in folk medicine from 
olden days to the recent time. 

In some years back, epidemiological analysis 
shows that diets containing Brassica crops are 
allied to lower different kind of risk related to 
cancer (Liu et al. 2012; Liu and Lv, 2013). 
Brassicaceae are edible that either whole, seed, 
leaves or stem are used up as source of nutrition 
as shown in table 1.  

Trace metals counterbalance in the 
environment seriously affect the lives of living 
organism within and out. Trace metals deposited 
in the environs where edible plants are cultivated 
halt the growth and productivity of plants, death of 
plants and transfer of heavy metals to other 
organisms. Recent review wants to explore the 
effects of cultivating Brassica in contaminated 
environment to itself, mechanism it adopt 
(phytoremediation) and threat associated with 
human and other animals consumption. Effect of 
heavy metal polluted environment on 
Brassicaceae and adaptation Mechanisms 
(Phytoremediation) 

Growth decline due to defective changes in 
biochemical and physiological processes of 
Brassicaceae cultivating on farm land polluted by 
non-biodgradable trace metal has been put 
forward (Chatterjee and Chatterjee, 2000; Oancea 
et al. 2005). Sustained exposure causes 
deterioration of plant development and diminishes 
yield leading to eventual to food scarcity. Hence, 
remediation of environment polluted with non-
essential metal cannot be overstated.  

Brassicaceae Adaptive Mechanism to Heavy 
Metals (phytoremediation) 

The genus Brassica comprise up to 35 
species where majority of which are herbs. Most 
of the species of Brassica display greater toxic 
metals (Zn, Ni Cd, Pb and Cu) and / or metalloids 
tolerance and are better accumulators of trace 
metals (Kumar et al. 1995) (table 2). Those trace 
elements available for plant absorption are those 
that dissolve and existing as soluble constituents 
in the solution of soil or those that are simply 
dissolvable by root’s organic discharges. Most of 



Abdullahi et al.                             Toxicity and Phytoremediation Process of Heavy Metals in Brassicaceae 

 

    Bioscience Research, 2021 volume 18(1): 906-913                                                             908 

 

these exudes are organic acids that breaks heavy 
meatal complex thereby making it more 
bioavailable for plants. Brassica respond to stress 
trace elements using diverse defense 
mechanisms including ion exclusion, 
compartmentalization, binding proteins synthesis 
such as phytochelatins (PCs) or metallothioneins 
(MTs) and making complexes, and translocate 
them into vacuoles for examples. 

 
Figure 1: Brassica genus interaction with 

heavy metals 
Biosorption metal is an intricated set of 

procedure ruled by several factors. However, the 
system associated with the biosorption routinely 
include surface adsorption, complexation, surface 
and pores adsorption and complex formation, 
chemisorption, microprecipitation, ion exchanging, 
and substantial hydroxide of metal buildup on the 
biosurface ( cell membrane and cell wall) 
(Gardea-Torresdey et al. 2004; Volseky, 2001). 
Plants cell walls are put up by lipids, microfibrils 
containing cellulosic molecules and encased in 
hemicellulosic component (arabogalactans, 
galactans, xylans, mannans and glucomannans) 
pectin and lignin in addition to little quantities of 
proteins (De Noble and Barnett, 1991). So, the 
functional groups (-SH, –OH, –COOH or N,) 
available on the cell wall of plants are amenable 
for anchoring metals by hydrogen bonding. The 
phytoadsorption, phytosorption and affinity degree 
of Brassica for trace elements cations in 
contaminated environment is by dint of its 
compacted negatively charged biomolecule on 
surface (cell wall components) (Krzesłowska, 
2010). Absorption of trace metals by roots take 
place through the apoplastic and symplastic 

pathways or through “cation-permeable” channels. 
Apoplastic pathway involves solute (including 
absorbed heavy metal) movement in the 
extracellular fluid and gas spaces between and 
within cell walls. In the symplastic pathway, water 
and solutes are intracellularly moved, passing 
from cell to cell via tubular networks known as 
plasmodesmata that join the cytoplasm of 
adjacent cells (Song et al. 2016). 

 
Figure 2: Transport of heavy metals across 

cell 
After uptake, trace metal predominantly 

amasses in root cells, due to the casparian strips 
gridlock within the endodermis, sequestration in 
the vacuoles of rhizodermal and cortical cells by 
the formation of complexes, negatively charged 
pectins immobilization of trace element within the 
cell wall, accumulation in plasma membranes, 
production of glutathione, amino acids and binding 
by phytochelatins (Kopittke et al. 2007) and the 
transport and accumulation in  vacuole by ATP-
binding cassette transport.  
Table 2: Brassicaceae Accumulation of Heavy 

Metals 
 

Species 
Heavy 
 metal 

Reference 

 
Brassica juncea 

As Khan et al. (2009) 

Pb John et al.  (2009) 

Cd Gill et al. (2001) 

Cu Ansari et al. (2013) 

Brassica napus 
Ni 

Shevyakova et al., 2011; 
Kazemi et al. (2010) 

Cd Selvam and Wong, (2008) 

Brassica 
oleracea 

Cu, Pb, 
 Fe Mn, 
 Zn, Cd 

Boamponsem et al. (2012) 

N. caerulescens Zn Gisbert et al., 2006 

Barbarea verna Cd, Pb 
Khodaverdiloo and 
Homaee, (2008) 

Raphanus 
sativus 

Cd Hamadouche et al. (2012) 

Brassica 
chinensis L. 

Cd Yan et al. (2009) 

Brassica 
campestris 

Cr, Mn, 
 Pb, Cu, 
 Fe, Ni, 
 Zn, Cd 

Gupta et al. (2010) 

 
However, comparatively small amount of 

these heavy metals are translocated and stored in 
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above ground part of Brassica mostly edible 
nutritious part. 

Heavy Metals Affects Plant Metabolic Process 
Plants in their life process are faced by some 

environmental hurdles that intimidate their survival 
and cause negative response to their growth and 
productivity. A higher level of biologically non-
essential and essential metal acutely affects the 
plant of the metabolic process. In plants, toxic 
potentials of trace elements are exerted mostly by 
chloroplasts damaging and distressing 
photosynthesis. These effects include 
photosynthetic pathway inhibition, shackle to 
chlorophylls, inhibition growth, chlorosis (inhibition 
of chlorophyll synthesis), drop in nutrient and 
water uptake and browning of root (Faller et al. 
2005). Inhibition of photosynthesis is the 
consequence of interference of metal ions with 
photosynthetic enzymes and chloroplast 
membranes (Aggarwal et al. 2012). In most of 
higher plants, photosynthesis is incidentally curtail 
by accumulation of trace metal in leaves which 
hinders the stomatal functioning and hence, 
interfere with photosynthesis and transpiration 
rates overall.  In vivo and in vitro studies carried 
out by Paunov and co-workers (2008) on, 
cadmium and Zn-induced effects in the light-
dependent photosynthetic processes established 
that both metals could significantly reduce the 
activities of photosystem II (PSII) and, to lesser 
extent, also of photosystem I (PSI) as well as the 
rate of photosynthetic electron transport. Effects 
on photosynthesis and induction of oxidative 
stress jointly affect DNA and growth and 
development of Brassicaceae. Generally, stress 
due non-essential metal exposure induces a 
drastic fall in the levels of endogenous auxins. 
The ability of Arsenic to temper with the level of 
auxins (IBA, IAA and NAA) in Brassica juncea 
was reported (Srivastava et al. 2013).   In another 
study, Zelinová et al. (2015) established that 
short-term cadmium treatment disturbed IAA 
homeostasis in barley root tips. 

Implications of Growing Brassicaceae in 
Heavy Metals Contaminated Environment  

It has been coined out that edible 
Brassicaceae have special tolerance and 
bioaccumulation ability in their edibly, leafy, seed 
and stem parts when grown on polluted 
environment. Trace metal pollution of soil and 
water causing toxicity/stress has become one 
imperative constraint to crop productivity and 
quality (Singh et al. 2016) due to their potential 

bio-persistence.  Enormous amount of heavy 
metal could get into animal and human through 
food chain. Because they do not have biological 
role to play, non-biodegradable heavy metals are 
considered highly toxic to living organisms. Nickel 
(Ni), Cadmium (Cd), Chromium (Cr), Arsenic (As), 
and regarded as type 1 trace metals as reported 
by International Agency for Research on Cancer 
with superiority of great public health concern. 
Several researches have established that prolong 
exposure of plant to the compounds of these 
elements leads to impaired repair processes in 
cell, tumor suppressor gene expression 
impairment and enzymatic activities concerned in 
the metabolic process for prevention of oxidative 
damage (Bánfalvi, 2011). They are considered as 
genotoxic substances. Trace metals may serve as 
free radical that evoke damages encompassing; 
aging caused by DNA damage, chronic arterial 
rupture, cardiovascular disorders, calcification, 
arthritis, rare autoimmune disorder and fatigue 
and some degenerative problems. Tchounwou et 
al. (2012) established that in biological systems, 
heavy metals affect organelles; such as cell 
endoplasmic reticulum membrane, nuclei, 
lysosome, mitochondrial, and other integral 
components of the cell including some enzymes 
involved in metabolism, detoxification (e.g. 
Ascorbate peroxidase, Catalase, Glutathione 
reductase), and damage repair. Trace metal has 
been found to intermingle with cellular 
components such as DNA and its associated 
proteins, causing DNA damage and changes in 
structural conformation that may trigger to 
modulation of cell cycle, apoptosis or 
carcinogenesis. Genotoxic substances are the 
main reason behind this damage of the genetic 
material. Heavy metals can react directly with 
DNA causing serious damage of DNA and leads 
to toxic diseases. It is found that the relationship 
was only specified to the DNA nucleotide 
(guanine) sequence that brings genetic changes. 
The bond between the Cr (V) in complex form with 
the guanine base was due to chromium changes 
the bases to 8-oxo-Guanine in order to have the 
oxidation of special site (Jadoon and Malik, 2017).  
It has been established that trace metals 
Cadmium for example prompt damage to DNA by 
steering the system for DNA mismatch repair 
(Figure 3).  

Heavy Metals Effect on Proteins 
Broad researches have been carried out on 

metal causes toxicity and ascertains the toxicity 
and carcinogenic effects of trace metals in both 
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human as well as animals. Toxicity of heavy 
metals, namely nickel (Ni) and cadmium (Cd) 
resulted in aquatic animal contamination which 
will lead to health effect in human body (Rohalin 
et al. 2019). 

 
Figure 3: Heavy metals effects in human and 

animals (Adopted from Engwa et al. 2019) 
An animal feeding on Brassicaceae grown on 

heavy metal contaminated acquire and 
accumulate in their soft tissue and has been 
reported to be threat to ecosystem and public 
hygiene (Rohalin et al. 2019). Toxicity induced by 
heavy metals generally involves neurotoxicity, 
hepatotoxicity and nephrotoxicity in human (Amin 
et al. 2019). Proteins and amino acids are of 
fundamental significance not just in light of 
chemical and physiological properties but also 
because they appear to confer upon various types 
of cell and their biological specificity. Proteins 
partake in almost all biological process. For 
proper function, most proteins fold into an 
exactingly distinct 3D structural conformation i.e. 
their native functional form. Cytotoxicity of 
proteins comes from misfolding of proteins which 
when amassed and/ or interact with incongruously 
with other components of the cell. It is worthy to 
note that metal (cation) ions are required by most 
proteins for correct folding and/or for catalytic 
activity and that, protein misfolding and 
aggregation might occur when the homeostasis of 
essential metal ions, such as zinc, iron and 
copper is distressed. Trace metals and metalloids 
could shackle the inbred proteins and impede 
their bio-active process (Tamás et al. 2014). In 
human, the activities of transferase enzymes 
containing thiol for instance thioredoxin reductase, 
glutathione reductase, thioredoxin is inhibited by 
cadmium in vitro, certainly by forming bond in their 
active sites with cysteine residues. Thiol 
transferases inhibition presumably influence the 
increased oxidative stress, free radical generation 

and cell damage. In zinc finger proteins and other 
metalloproteins, calcium and zinc ions are 
dislocate Cadmium (Chrestensen et al. 2000). 
Equally, in cancer therapy use of arsenic trioxide 
(ATO) form arsenite, hinders humans’ thioredoxin 
reductase (TrxR) from its physiological activity, 
perhaps by plainly fettering to the enzyme. 
Affecting proteins (enzymes inactivation and 
proteins misfolding) leads loss in cellular 
functions. 

 
Figure 4: Effect of Heavy metals on proteins 
and their synthesis at cellular level (Jacob et 

al. 2018) 

Effect of Heavy Metal on Lipid 
It is well documented that metal-induced 

generation of oxygen reactive species can attack 
lipid’s polyunsaturated fatty acids such as 
phospholipids. Heavy metal induces the 
production free radicals. Free radicals interact 
with lipid and cause its oxidation called 
peroxidation of lipid producing aldehyde known as 
malondialdehyde (Engwa et al. 2019). Some trace 
metals such as Hg+2, Cd+2 etc interact directly 
with lipid and affect the fluidity permeability, or 
melting temperature has been reported (Payliss et 
al. 2015) hence, the biological function lost. 

 
Figure 5: Effect of heavy metals on lipid 

content of human and animals 
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CONCLUSION 
Heavy metals in an environment make it 

unsuitable for agricultural practice particularly 
those edible ones. As plant biosorbs contaminants 
which retard their growth and development 
leading to food insecurity and directly transfer to 
human and other animals through their food chain 
causing serious medical challenges such as 
cancer, affect metabolic process and lipid bilayer 
dysfunction as well as protein misfolding and 
enzyme inhibitory activities. 

RECOMMENDATION 
It is very important to assess the level heavy 

metals in the farm land prior to planting crop. 
Trying to avoid farming where industries such as 
mining, manufacture etc are cited, reduce use of 
chemical fertilizer and proper disposal of sewage, 
industrial effluents and sludge are of utmost 
importance. Suitable measures should be taken 
including legislation and guidelines on handling 
and disposing heavy metals effluent is of utmost 
importance. 
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