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A B S T R A C T   

Parkinson’s disease (PD) is a deliberately progressive neurological disorder, arises due to degeneration of 
dopaminergic neurons in the substantia nigra pars compacta (SNpc). The loss of dopaminergic nerves and 
dopamine deficiency leads to motor symptoms characterized by rigidity, tremor, and bradykinesia. Heavy metals 
and trace elements play various physiological and pathological roles in the nervous system. Excessive exposure to 
toxic metals like mercury (Hg), lead (Pb), copper (Cu), zinc (Zn), iron (Fe), manganese (Mn), aluminium (Al), 
arsenic (As), cadmium(cd), and selenium (Se) cross the blood-brain barrier to enter into the brain and leads to 
dopaminergic neuronal degeneration. Excessive concentrations of heavy metals in the brain promote oxidative 
stress, mitochondrial dysfunction, and the formation of α-synuclein leads to dopaminergic neuronal damage. 
There is increasing evidence that heavy metals normally present in the human body in minute concentration also 
cause accumulation to initiate the free radical formation and affecting the basal ganglia signaling. In this review, 
we explored how these metals affect brain physiology and their roles in the accumulation of toxic proteins 
(α-synuclein and Lewy bodies). We have also discussed the metals associated with neurotoxic effects and their 
prevention as management of PD. Our goal is to increase the awareness of metals as players in the onset and 
progression of PD.   

1. Introduction 

Parkinson’s disease (PD) is a slowly progressing neurodegenerative 
disorder characterized by tremors, rigidity, bradykinesia, and non- 
motor symptoms like sleep disturbance and constipation [1]. The 
prevalence of PD is 1–2 % at the age of 60 years and 3–8 % at the age of 
85–89 years, and an incidence of PD is higher among men than women, 
with a ratio of 1.5 to 1.0 [2]. The complete description of the brain le-
sions was performed in 1953 by Greenfield and Bosanquet but reduced 
dopamine concentration was firstly analyzed in the brain of PD patients 
[3]. Pathological features of PD include low dopamine and presence of 
Lewy bodies (LB) in the dopamine neurons. The loss of neurons of basal 
ganglia unable to movement, propagated via direct and indirect path-
ways [4]. 

Nigrostriatal dopaminergic neurons death in PD is caused by 

oxidative stress, mitochondrial dysfunction, excitotoxicity, environ-
mental toxins, autophagy, misfolding and accumulation of α- synuclein 
proteins [5]. Long-term heavy metal exposure is associated with 
increased inflammatory cytokines (IL-1β, IL-6, TNF-α), produce neuro-
inflammation and finally, neuronal loss [6]. 

Metals are the main component of the earth’s crust and are dissem-
inated by human activity in the biosphere. Mining, industrial waste, 
tailings, agricultural runoff, treated timber, paints, water supply infra-
structure, lead-acid batteries, vehicle emissions, fertilizers, and micro-
plastics are common sources of metals [7]. The role of metals in the 
pathogenesis of PD is a major concern of neurotoxicology and medical 
chemistry. They disturbance redox balance provokes free radical for-
mation and reduced anti-oxidant enzymes level [8]. The massive in-
creases in oxidative stress lead to protein aggregation by altering the 
function of the ubiquitin proteasome system (UPS). The impaired UPS 
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functioning result in the accumulation of protein aggregates that disrupt 
cellular processes and causes cell death [9]. Heavy metals inhibit the 
mitochondria ATP synthesis impairs the metabolic processes, and 

destruct dopaminergic neurons. 
The relationship between PD and industrialization is of particular 

interest since James Parkinson first identified PD in England in 1817. At 

Table 1 
Some of the toxicants implicated in PD pathogenesis, their target in the brain, mechanism of action and the resulting symptoms upon over exposure.  

Toxicant Type Target Area Mechanisms of toxicity Genes that may 
interact with 
toxicant 

Symptoms Management of toxicity 

Iron Heavy 
metal 

Substantia nigra pars 
compacta 

Oxidative stress DJ-1, LLRK2, SNCA Vomiting, seizures, liver 
failure, rigidity 

Desferal, Phytic acid 

Zinc Heavy 
metal 

Hippocampus and the 
cerebral 

Oxidative stress hippocampus and the 
cerebral region 

Park2 Memory loss, Nausea and 
vomiting, Flu like 
symptoms, Change taste 

D-Penicillamine 
ATP13A2 

Copper 
Heavy 
metal 

Substantia nigra pars 
compacta 

oxidative stress, α-synuclein 
oligomerization 

CTR1, ATP7A, and 
ATP7B and the 
chaperone ATOX1 

Neuralgia, Bipolar 
disorder, Tremor D-Penicillamine 

Lead 
Heavy 
metal 

substantia nigra and 
striatum 

lead intoxication causes an oxidative 
stress in brain, mitochondrial 
dysfunction, increased gliofilaments 
in astrocytes 

LRRK2, PARK7, 
PINK1 

Learning difficulties, 
dyskinesia, Seizures D-Penicillamine 

Mercury Heavy 
metal  

oxidative stress/ ROS, apoptosis, Parkin, LLRK2, 
SNCA 

tremors, dyskinesia, 
akinesia 

D-Penicillamine 

Manganese 
Heavy 
Metal 

Nigrostriatal system 
(chronic exposure), globus 
pallidus (acute exposure) 

Oxidative stress, mitochondrial 
dysfunction, UPS dysfunction, 
protein aggregation 

DJ-1, LLRK2, SNCA 
Tremor, dyskinesia 
hallucinations, rigidity 

Calcium Disodium 
Ethylenediamine Tetra 
acetic Acid 

Aluminium Heavy 
metal 

neuromelanin granules and 
Lewy bodies of (SNpc) and 
locus coreules 

pro-inflammatory transcription 
factors, oxidative stress, apoptosis, 
α-syn fibril formation 

SNCA, Gene 
encoding alpha- 
synuclein 

Dyskinesia, memory loss, 
tremor 

Resuscitation of shock 
and supportive measures 

Arsenic 
Heavy 
metal Nigrostriatal system 

mitochondrial oxidative stress, 
imbalance of intracellular Ca2+, 
disruption in ATP production 

DJ-1 
Posture imbalance, tremor, 
memory loss, 
hallucinations 

Dimercaprol 

Cadmium Heavy 
metal 

Substantia nigra pars 
compacta 

oxidative stress by activation of 
redox-sensitive transcription, 
Apoptosis 

Pink1, LLRK2, Tremor, dyskinesia 
hallucinations, rigidity 

no known effective 
antidote supportive 
measures 

Selenium 
Heavy 
metal 

neuromelanin granules and 
Lewy bodies of (SNpc) and 
locus coreules 

oxidative stress, cellular swelling, 
axonal beading, and nuclear- 
cytoplasmic boundary loss and 
fragmentation 

PINK1, Parkin, 
SNCA 

Memory loss, finger loss 
discoloration, Hair loss 

supportive care and the 
prevention of further 
exposure  

Fig. 1. Molecular mechanisms altered by heavy metals and increased risk of Parkinson’s disease.  

K. Raj et al.                                                                                                                                                                                                                                      



Neuroscience Letters 753 (2021) 135873

3

that time, increased coal burning rate was used to generate energy in all 
English cities, especially Manchester and London [10]. These newly 
industrialized are major cites of pollution due to lack of emission control 
technology. Several epidemiological studies have shown a significant 
association between PD and long-term exposure to heavy metals such as 
lead, mercury, copper, manganese, aluminium, and zinc [11]. The main 
source of metal-associated PD includes environmental pollution, occu-
pational exposure, contaminated seafood, medicines, and restorations of 
dental metals like amalgam fillings. Exposure to heavy metals such as 
iron, manganese, aluminium has been found to double the risk of PD 

(Table 1). 
The individual in the industry who had been exposed to lead, copper, 

and manganese for more than 20 years had a 2− 10-fold increased risk of 
PD. The death rates of PD in Michigan between 1886 and 1888 were 
slightly higher in areas with high amounts of iron and copper than in 
areas without these industries [12]. A high prevalence of PD has been 
observed in Italy, Valcamonica, where metals exposure is more through 
the environment. In Canada, higher ambient manganese levels in the air 
increased PD risk [13]. In humans, concomitant exposure to several 
metals may have more severe and additive effects on birth defects, 

Fig. 2. A schematic representation of α-synuclein and metals associated Parkinson disease symptoms.  

Fig. 3. Neurotoxin (6-hydroxydopamine) and Iron role in mitochondrial dysfunctioning and neuronal death.  
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reproductive outcomes, and disabilities in cognitive, motor de-
velopments and parkinsonism like symptoms than effects observed for 
each metal [14]. Metals can work together in neurodegeneration 
through common pathways, including oxidative stress, mitochondrial 
dysfunction, DNA fragmentation, protein misfolding, endoplasmic re-
ticulum (ER) stress, microglia activation and activation of apoptosis. 
These results in neurodegeneration, which manifest Parkinsonism like 
symptoms [15]. Molecular pathways altered by heavy metals related to 
increasing PD risk and its symptoms are illustrated in Figs. 1 and 2. 

2. Role of metals in Parkinson’s disease 

2.1. Iron and Parkinson’s disease 

Iron is an essential cofactor involved in fundamental biological 
processes like oxygen transportation, mitochondrial respiration and 
DNA synthesis [16]. Iron also regulates the synthesis of the neuro-
transmitters, myelin sheath, growth, and regeneration of dendritic 
spines in the hippocampus [17]. In the healthy adult brain, the total iron 
distribution is heterogeneous because its concentration is higher in basal 
ganglia (putamen, globules pallidum, caudate) and low in the cortical 
grey matter, white matter, midbrain, and cerebellum [16]. An altered 
level of iron leads to impaired brain functions like cognitive impairment 
and hypomyelination of neurons [18]. In PD, the accumulation of iron in 
the substantia nigra produces toxicity because iron acts as a cofactor for 
tyrosine hydroxylase that restricts the synthesis of neurotransmitters 
and play a vital role in dopamine deficiency [19]. So, excess availability 
or insufficiency in levels of transition metals (particularly iron, copper) 
can be harmful to the dopaminergic neurons. 

Studies have reported that excessive iron overloading may increase 
intracellular Ca2+ ions dependent calcineurin activation in the hippo-
campus neuron, enhanced excitotoxicity and leads to neuro-
degeneration. Overloading iron causes mitochondrial fragmentation 
through the dephosphorylation of Drp, increased intracellular calcium, 
and activated calcineurin via Ca2C/calmodulin and Ca2C/calpain 
pathways [20]. SH-SY5Y dopaminergic neurons encounter sustained 
iron accumulation after exposure to increase iron concentration and 
induce a biphasic change that is low iron concentrations increase the 
level of GSH and later decreases [21]. 

Excessive accumulation of iron in SNpc and lateral globus pallidus 
cause dopaminergic neuron loss by producing highly reactive hydroxyl 
radicals ion (OH) via Haber-Weiss and Fenton reaction, which damage 
the structural integrity of neurons [22]. Moreover, iron promotes the 
conversion of α-synuclein from the α-helix to the β-sheet conformation in 
the SNpc of PD patients [23]. The α-Synuclein is a highly acidic protein 
with C- terminal containing 16–42 (38 %) acidic amino acids (glutamate 
and aspartate). These acidic amino acids provide a suitable environment 
for iron-binding as ferritin with its protein (neurofilament). The α-Syn-
uclein at micromolar(μM) concentration interacts with Fe (II) intracel-
lularly and forms aggregates of α-Synuclein in a dose-dependent 
manner. During ageing or Lewy body disease, accumulation of free iron 
increases aggregation of α-Synuclein in substantia nigra (Fig. 3) [24]. 

2.2. Zinc and Parkinson’s disease 

Zinc is the second beneficial trace element after iron, deficiency of 
this metal is associated with cognitive decline during ageing. Zinc pro-
motes neuronal development through anti-oxidants mechanisms by 
reducing oxidative stress in the hippocampus and the cerebral region. In- 
vitro studies have found that Zn2+ ions directly bind to the peptide 
fragments in the PD gene Park9 of Zn2+ ion from Park2, and cause 
unfolding of the protein [25]. A meta-analysis study was performed to 
compare the zinc levels in the plasma, serum, and CSF in PD patients 
versus healthy controls. Data showed that the Zn levels in serum were 
remarkably lower in PD patients when compared with healthy controls 
[26]. 

Hence, the study concluded that reduced zinc levels in the serum and 
plasma are associated with increased PD occurrence chances. The risk of 
PD to the aged population is higher with zinc deficiency. Excessive Zn 
intake produces a toxic effect, which can be attenuated by ATP13A2 
overexpression, Zn2+ chelation, anti-oxidant treatment, and mito-
chondrial stimulation fusion. When both are taken together, the result 
shows that human ATP13A2 deficiency results in zinc dyshomeostasis 
and mitochondrial [13]. 

2.3. Aluminium and Parkinson’s disease 

Aluminium is the third most commonly found element in nature after 
oxygen and silicon compose nearly 8 % of its crust. Aluminium is present 
in the environment, manufactured foods storage, medicines, cookware, 
and added to drinking water for purification purposes [27]. Aluminium 
leads to activation of the pro-inflammatory transcription factors like 
nuclear- factor-kappa B (NF-KB) [28], lipid peroxidation and apoptosis. 
Aluminium impairs iron metabolism, and promotes neurotoxicity 
through activation of astrocytes and pro-inflammatory markers and 
leads to neuronal deaths in SNpc [28]. In other ways, the relationship 
between PD and Aluminium has also been demonstrated in gastric ulcer 
patients due to aluminium-containing antacids. Antacids containing 
aluminum exacerbates the absorption of aluminum, and its accumula-
tion in substantia nigra is reported in patients with PD. Yasui et al. 
observed that Aluminium production was higher in the PD brains in the 
substantia nigra, globus pallidus, caudate nucleus, and slightly higher in 
the basal ganglia and gray matter [29]. In addition, Good et al. identified 
increased aluminium levels in two of three PD cases in the neuromelanin 
granules. Moreover, indirect evidence between aluminium and PD is 
aluminum’s ability to activate the monoamine oxidase B (MAO-B), 
which degrades dopamine and leads to PD-like symptoms [30]. 

2.4. Mercury and Parkinson’s disease 

Mercury is present in organic (elemental mercury and methylmer-
cury) and inorganic air, soil, and sea. Inorganic mercury is the most toxic 
form present in aquatic environments when converted to methyl mer-
cury by microorganisms [31]. It interferes with cellular components like 
DNA and protein synthesis in the developing brain by reducing endo-
plasmic reticulum and ribosomal activity [32]. Mercury inhibits met-
alloprotein (MT) sulfur ligands and inactivates MT in the intestinal cell 
membrane, which normally binds cuprous ions, thus allowing copper to 
be toxic in many and malfunction of the Zn-Cu-SOD function. Moreover, 
causes displacement of Zinc in MT and SOD, which is neurotoxic to 
neurons [33]. It was reported that mercury increasing TNF-α levels, 
which promote neuroinflammation, and cellular apoptosis and cause 
PD-like symptoms. Available evidence indicates that the patients 
exposed to mercury (dental amalgam fillings) have 6-fold higher inci-
dence of PD than non-exposed patients [34]. 

2.5. Copper and Parkinson’s disease 

Copper is an important trace element required for enzyme func-
tioning during mitochondrial energy and neurotransmitters synthesis. It 
serves as a cofactor of major anti-oxidant enzymes such as Cu/Zn SOD 
(Superoxide Dismutase), reducing oxidative stress. Copper is a biometal 
vital for the maturation of normal brain functioning, such as regulating 
neurotransmission and modulating the singling of NMDA and GABAAr-
eceptors [35]. Free copper increases oxidative stress, α-synuclein protein 
oligomerization, and Lewy bodies development by Fenton and Haber-
–Weiss reactions. Copper (II) binding site on α-synuclein corresponding 
to M1-D2 and H50 is present at physiological pH [36]. However, at pH 5 
the H50 binding decreases dramatically and alpha-synuclein also dis-
played a slightly different copper-binding position at D119–E123. 

Metallothionein (MTs) are crucial copper regulatory proteins in 
mammalian cells, affecting α-synuclein accumulation in a copper- 
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dependent manner. The α-synuclein binds with copper, thus increasing 
the availability of iron for the generation of free radicals [37]. In addi-
tion, copper manages the amount of iron in the brain by ferroxidase 
ceruloplasmin activity. In PD patients, increased iron content assists the 
low levels of copper and ceruloplasmin in the brain. However, increased 
levels of free copper can cause loss of ferroxidase activity in the cere-
brospinal fluid. Accumulation of iron in the brain is evidenced to be 
associated with the disease. However, a low proportion of copper or 
copper protein is responsible for iron dyshomeostasis in PD is still a 
matter of debate [38]. 

2.6. Lead and Parkinson’s disease 

Lead is a non-essential heavy metal and exists as metallic inorganic 
salts and organic lead formed (containing carbon) [11]. Studies have 
indicated that lead is toxic to various organs and tissue-like the heart, 
intestines, bones, reproductive, kidney, and nervous system. Epidemi-
ological studies have shown a possible correlation between lead expo-
sure and an increased PD risk, indicating a 2–3 times increase in PD risk 
when exposed to lead [39]. 

Lead reduces catecholamine production and synaptic neurotrans-
mission by suppressing the Ca-KC1-evoked release of GABA and dopa-
mine [39]. Chronic lead intoxication causes oxidative stress confirmed 
from raised lipid peroxide levels in the brain and liver of the rat. Lead 
exposure reduces dopaminergic neurotransmission by mitochondrial 
dysfunction, oxidative stress and increased gliofilaments in astrocytes 
[40]. Lead toxicity is more to children through diet and affects to the 
nervous system and pika behavior [41]. Loikkanen et al. demonstrated 
that lead affect to cellular processes by regulating Ca2+ and Ca2+ in 
binding protein and also affect the release and reuptake of several 
neurotransmitters. It suppresses activity-related Ca2+-dependent re-
leases of acetylcholine and dopamine [42].  Zhang et al. confirmed that 
lead cause tau hyperphosphorylation and α-synuclein accumulation in 
the hippocampus part of the brain, leading to the activation of apoptosis 
and autophagy [43]. Rogers et al. reported that amyloid precursor 
protein (APP) plays a major role in lead toxicity through iron regulatory 
pathways using human dopaminergic SH-SY5Y neuroblastoma cells. 
Based on the fact that protein kinase C plays a role in dopamine trans-
port function and lead readily induces oxidative stress via protein kinase 
C activation resulting in neurotoxicity [44]. Lead cross BBB easily and 
binds to sulfhydryl groups that altered various anti-oxidant enzymes and 
increased lipid peroxidation levels. Similarly, lead-associated toxicity 
may occur by inhibition of δ-ALAD (Delta-aminolevulinic acid dehy-
dratase) and accumulation of its substrate δ-ALA that rapidly oxidized to 
generate free radicals, release ferrous ion that initiating lipid peroxi-
dation process [45]. 

2.7. Manganese and Parkinson’s disease 

Manganese (Mn) is required for many physiological processes, 
including cellular metabolism of protein, growth, and neuronal func-
tion. Mn also acts as a cofactor for enzymatic synthesis of glutamine 
synthetase, serine/threonine-protein phosphatase-I, pyruvate decar-
boxylase that are intended for neurotransmitters production and glial 
cell functioning. The prolonged exposure of Mn during mining, welding, 
and industries produces defects in extrapyramidal motor signaling [46]. 

James Couper, in 1837 had analyzed five patients who had worked in 
France’s Mn ore-crushing plant and were diagnosed with muscle 
weakness, bent posture, limb tremor, whispering speech, and salivation. 
Due to water contamination, the first case was reported in 1941. The 
early psychiatric symptoms are referred as ’locura manganica’ or 
’manganese madness’, characterized by emotional, violent behavior, 
mania, disturbance of eating and sleeping, hallucinations, and sexual 
disturbances. Later symptoms are dominated by motor symptoms like 
rigidity, bradykinesia with little resting tremor, masked face, postural 
instability [47]. In Parkinsonism, the patients with liver problems 

cannot excrete Mn, which causes toxicity in substantia nigra, globus 
pallidus, and manganism [48]. 

In early Parkinsonism, park9 gene expression promotes Mn transport 
and accumulation into the brain, producing toxic effects on neurons 
[49]. Sriram et al. had reported that Mn inhibits the mitochondrial 
electron transport, increases the release of free radicals, and increases 
the aggregation of α-synuclein proteins [50]. Astrocyte cells are highly 
prone to Mn toxicity by releasing pro-inflammatory cytokines [51]. 
Studies demonstrated that Mn only alters monoaminergic neurotrans-
mission integrity [52,47]. Excess accumulation of Mn in the brain leads 
to an atypical form of Parkinsonism, which is not consistent with 
degeneration of nigrostriatal dopaminergic neurons, as is the case in PD. 
However, recent research indicates that the failure to release dopamine 
results in the movement abnormalities reported in patients exposed to 
Mn, which was not reduced by L-dopa therapy [48]. 

2.8. Arsenic and Parkinson’s disease 

Arsenic is a metalloid that is present in organic and inorganic forms 
[53]. It causes neurotoxicity through induction of apoptosis in the ce-
rebral neurons by activating P38 mitogen-activated protein kinase and 
c-Jun N-terminal kinase 3 (JNK3) pathways [54]. Arsenic induces 
oxidative stress, DNA damage by increasing ROS, lipid peroxides, and a 
decrease in superoxide dismutase and reduced glutathione levels in the 
brain shown in Fig. 6 [55]. Exposure to arsenic increases the metabolism 
of different neurotransmitters like dopamine, acetylcholine, GABA, and 
glutamate. A recent study showed that chronic exposure to arsenic leads 
to a significant decrease in monoamines has been seen in the frontal 
cortex, corpus striatum, and hippocampus areas [56]. Available reports 
suggested that exposure to arsenic leads to an imbalance of intracellular 
Ca2+, mitochondrial oxidative stress, disruption in ATP production, 
altered membrane potential, and neuronal cell death [57]. 

2.9. Cadmium and Parkinson’s disease 

Cadmium is the 7th most toxic non-biodegradable heavy metal as per 
Agency for Toxic Substance and Disease Registry (ATDSR) ranking 
among environmental pollutants [20]. Cadmium exposure is common 
through industrial waste via contact or through mining, groundwater, 
commercial products, industrial wastes, which cause cytotoxicity in a 
dose-dependent manner (with IC50 of 2.5 μM 24 h after exposure) [58]. 
Cadmium induces oxidative stress by activation of redox-sensitive 
transcription factors like nuclear factor-kappa B and activator 
protein-1 (AP-1), JNK, / Extracellular signal-regulated kinase (Erk1/2) 
and mammalian target of rapamycin (mTOR). These pathways are 
involved in progressive dopaminergic neuron degeneration and produce 
Parkinsonism like symptoms [59]. 

Cadmium changes the integrity of BBB by caspase-3 activation- 
dependent pathway that triggers the irreversible open of pannexin-1 
(panx-1). This large transmembrane channel allows ATP massive 
spillage and impairing neurovascular unit homeostasis, leads to 
neuronal death [60]. It can penetrate the neurons via voltage-gated 
calcium channels, altering the intracellular concentration of calcium 
ions by exerting the opposite effects on internal Ca2+ pools. Cadmium 
inhibits acetylcholine release due to the interference of calcium meta-
bolism, causes olfactory dysfunction, neurological disturbances, pe-
ripheral neuropathy, learning disabilities, mental retardation, and 
motor impairment activity [61]. 

2.10. Selenium and Parkinson’s disease 

Selenium is a beneficial micronutrient mineral, the deficiency or 
excessiveness of selenium, selenoproteins get down-regulated and pro-
mote oxidative stress followed by mitochondrial dysfunction [62]. The 
altered level of selenium induces neurodegeneration of cholinergic 
neurons by depleting glutathione level [63]. Toxic exposure to selenium 
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over time also causes impairment of motility, reduce muscle function via 
deficiency of neurotransmitters such as dopamine, acetylcholine, GABA 
[64]. Functional abnormality and altered expression of SELENOP, 
apolipoprotein E receptor 2, or megalin in the brain alter the selenium 
retention by hampering the selenium delivery to cross the BBB. Under 
such circumstances, a full expression of selenoproteins is not shown, 
which leads to neurodegeneration, causing PD [65]. 

The human genes TRU-TCA1-1 encode tRNA [Ser]Sec, which is 
modified sequentially by seryltRNA synthetase (SARS), selenocysteine 
synthase (SEPSECS), and phosphoryl-tRNA kinase (PSTK) for the 
biosynthesis of eukaryotic selenocysteine-tRNA [66]. Selenophosphate 
synthetase (SPS), synthesize Selenophosphate, which is a donor of 
selenocysteine synthase. These events are necessary for the insertion of 
selenocysteine, which needs the SECIS at the 3′-untranslated region of 
mRNAs, SECIS binding protein 2 (SECISBP2), and 
selenocysteine-specific eukaryotic elongation factor (EFSec). The 
cis-acting element and trans-acting factors are essential and enough to 
express selenoproteins in eukaryotes [67]. Functionally, SELENOP is the 
only selenoproteins that carry more than one selenocysteine residues. 
SELENOP consists of tissue-specific receptors present at the BBB that 
enable the brain to retain selenium. Under selenium deficiency, sele-
nium retention is prioritized in the brain through apolipoprotein E 
receptor-2 and megalin-mediated endocytosis of SELENOP [68]. 

3. Management of Parkinson’s disease 

Since a decade to the present, several new treatments for PD have 
been developed but none of them showed effectiveness in PD [69]. The 
metals like mercury, lead, iron, zinc play a vital role in the pathogenesis 
of PD. Similarly, some of these metals are involved in the functioning of 
several enzymes like GSH, catalase and even promote neuronal growth 
and signaling but excessive accumulation cause toxicity [70]. Reducing 
the excessive deposition of these metals in the brain is a promising task, 
thus the use of substances that can absorb them or form complex could 
be useful as a neuroprotective strategy. Iron chelators can maintain the 
balance in the reactive iron form and prevent the over-production of 
oxidative species. Chemical iron chelators are used in neurodegenera-
tive disorders because of their ability to cross the BBB in therapeutically 
efficacious concentrations. A wide range of effective drugs are produced 
to maintain the iron overload in PD [71]. 

3.1. Desferal and calcium disodium ethylenediaminetetraacetic acid 

Desferrioxamine is a cell-impermeable, highly selective, hexadentate 
iron chelator, which can be entered into the cell through endocytosis 
[72]. It is widely used as an iron chelator due to its ability to chelate free 
ions. It has been reported that Desferal shows neuroprotective effects by 
reducing the iron-induced oxidative stress, preventing α-synuclein ag-
gregation in the brain and improving mitochondrial functioning (Fig. 4) 
[73]. 

Clinical studies have shown that Calcium disodium salt ethyl-
enediaminetetra acetic acid (CaNa2EDTA) improves Mn-induced 
Parkinsonism symptoms in patients [74]. The most important chelator 
is EDTA, which is commercially used as a metal sequester in food ad-
ditives. CaNa2EDTA of EDTA is used in the treatment of PD caused by 
Mn-induced dopamine auto-oxidation in vitro and in vivo studies [75]. 

3.2. Apomorphine, phytic acid and D-penicillamine 

R-apomorphine is an iron-chelator with anti-oxidant abilities due to 
its structure like catechol and is used in Levodopa replacement therapy 
in late-stage PD [76]. Apomorphine is administered by subcutaneous 
injection due to its lipophilic nature, it rapidly crosses the cell mem-
brane, producing early onset of action in on/off symptoms of PD. Phytic 
acid is an iron chelator known as an anti-nutrient because of its capacity 
to chelate divalent minerals and function as anti-oxidant by inhibiting 
the formation of hydroxyl radicals [76]. Phytic acid can chelate divalent 
minerals and also prevent their absorption. It inhibits hydroxyl ion 
formation and decreases the level of lipid peroxidation, which is cata-
lysed by the iron and ascorbate in human erythrocytes [77]. 

D-Penicillamine is an amino acid containing sulfhydryl and is a 
metabolic product of penicillin. D-Penicillamine (DPA) is used mainly as 
a chelating agent of exposure to heavy metals such as mercury, arsenic, 
and copper poisoning. Prolonged treatment may lead to many adverse 
effects like anorexia, nausea, vomiting and also cause toxic effects such 
as gastrointestinal disturbances (10–30 %), changes or loss of taste 
(5–30 %), hair loss (1–2 %), and partly proteinuria (5–20 %) [78]. 

4. Conclusion 

Metals serve as essential components in maintaining normal health 

Fig. 4. Diagrammatically representation of mechanisms of iron chelators useful to prevent cell death.  
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but excessive deposition in the human body results in neurotoxicity. 
Once heavy metals accumulate in the brain, lead to the accretion of 
α-synuclein and thus increase oxidative stress, resulting in DNA 
damaging and dopaminergic neurodegeneration. Chelating agents are 
capable of binding to toxic metal ions to form complex structures which 
are easily excreted from the body removing them from intracellular or 
extracellular spaces. Although chelators have some drawbacks, they are 

used not only to treat metal poisoning but also to solve clinical situations 
in case of mental disorders associated with heavy metal poisoning 
(Fig. 5). Particularly, this paper suggests the importance of specific 
molecules and proteins in signaling pathways based on the molecular 
network associated with heavy metal-induced PD. Furthermore, iden-
tifying the relationship between the heavy metal and specific protein is 
required to even begin to provide solutions to the disease. 

Fig. 5. Neurotoxin (MPP+, nitric oxide) and Environmental chemical (DDT) role in neuroinflammation and Neuronal death.  

Fig. 6. Arsenic metal toxicity associated dopaminergic neuronal damage and Parkinson’s disease.  
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