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 REVIEW PAPER 

• Alzheimer's and Parkinson's 

diseases are multifactorial 

diseases. 

• The risk of developing 

Alzheimer's and Parkinson's 

increases with exposure to heavy 

metals. 

• High and toxic levels of metals 

can impair mitochondrial 

function. 

• Heavy metals could produce 

reactive oxygen species and 

activate apoptosis. 

 

 

Nervous disorders affect the central nervous system and cause progressive 

impairment of the nervous system. These disorders are usually incurable and 

debilitating and are characterised by a loss of nerve cell function. The most 

common chronic neurological disorders are Parkinson's disease (PD) and 

Alzheimer's disease (AD). Damage to the nerves usually progresses with age, as 

seen in AD and PD. Although Parkinson's and Alzheimer's diseases are 

multifactorial, exposure to heavy metals in neurons could increase the risk of 

developing these diseases. Metals are essential for maintaining cellular homeostasis 

and life. They have critical structural, catalytic, and regulatory functions in various 

types of proteins such as receptors, enzymes, and transporters. However, high and 

toxic concentrations of metals can stimulate the formation of reactive oxygen 

species (ROS) via a vicious cycle by impairing mitochondrial function, leading to a 

reduction in ATP and eventually cell death through an apoptotic mechanism. As life 

expectancy increases, individuals are certainly exposed to higher metal 

concentrations over a long period of time, which may lead to an increase in the 

incidence of neurological diseases. The aim of this study was to describe the effects 

of heavy metals such as manganese, lead and cadmium on the progression of the 

neurological diseases Parkinson's and Alzheimer's disease. 
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Introduction 

Neurons are key players in the central nervous system, scientists estimate that in the communication 

network of the brain, one neuron may have 7000 synaptic contacts with other neuron cells (1). The catabolism of 

nutrients and chemicals in a cell is a crucial factor for the survival and function of a healthy cell (2, 3). The brain 

has a lot of blood reserves than other organs and metabolizes up to 20% of the human body's energy. Dissimilar 

to various cells in the different tissues that have comparatively short-lived, neuron cells have a long lifespan (4). 

The neuronal cell must continually sustain and repair themselves. Also, neuron cells constantly regulate or 

regenerate their synaptic contacts by weakening or strengthening those connections, depending on the amount 

of stimulus they obtain from other neuronal cells (5). The adult brain might even produce novel neurons in the 

neurogenesis process. Reconstruction of synaptic contacts and neurogenesis is necessary for memory, learning, 

and probably brain repair (6). Other types of cells are important for the function of the healthy brain. Glial cells 

are found in abundance in the brain. Glial cells, which exist in several forms such as astrocytes, microglia, and 

oligodendrocytes, cover and support neurons. Damage to nerve cells can lead to a wide range of 

neurodegenerative diseases. One of the major factors involved in cell disorders is the effect of accumulation and 

toxicity of heavy metals in them (7, 8). 

Environmental pollution and human contact with dust storms and wastewater containing heavy metals 

including cadmium, mercury, and lead have become a crucial ecological and health problem worldwide. In 

general, metals can be classified into non-essential and essential metals. Essential types include copper, 

chromium, cobalt, lithium, iron, nickel, magnesium, selenium, zinc, and manganese (9, 10). These trace metallic 

elements typically act as cofactors of enzymes to control the activity of the cell. Therefore, the mentioned metals 

contributed too many physiological procedures including electron transfer, protein modification, oxygen 

transfer, redox reactions, neurotransmitter synthesis, cell adhesion, immune responses, and metabolism of 

carbohydrates and protein. Sometimes these metals or related ions of these metals may even interfere with 

metabolic processes in both eukaryotic and prokaryotic cells (11). Damage of metal accumulation can lead to 

permanent damage, such as severe neurological diseases. Clinical and epidemiological projects have indicated a 

strong association between exposure to heavy metals and many neurological disorders such as amyotrophic 

lateral sclerosis, Alzheimer's disease (AD), Guillain-Barré disease, autism spectrum disorders, Huntington's 

disease, Gulf War syndrome, multiple sclerosis, Wilson's disease, and Parkinson's disease (PD) (12, 13). 

Accumulation of metals in the brain demonstrates their main role in the neuronal system. The lack of the 

mentioned metals has been correlated with several neurological disorders. For example, deficiency of iron is 

associated with Restless Legs Syndrome, dyspnea, stroke in children, pseudo-brain tumors, and cranial nerve 

palsy (14). Although metals are important to animals and plants, they are usually needed in small quantities. 

Excess metal levels accumulate in various organs, including the brain. High levels of metals may cause harmful 

intracellular events, including oxidative stress, mitochondrial dysfunction, DNA fragmentation, incorrect 

protein folding, endoplasmic reticulum stress, autophagic disorder, and apoptotic activation (15). These impacts 

might change the neurotransmission process and result in nerve damage that could manifest as movement 

disorders, problems of cognitive, and memory impairments and learning. Neurons do not normally reproduce 

or replace themselves, so they cannot be exchanged by the body after they are died or even damaged. 

Neurodegenerative disorders are debilitating and incurable circumstances that result in progressive destruction 

or death of nerve cells (9, 15). Here we first explain the mechanism of development of two major 

neurodegenerative diseases, Parkinson's and Alzheimer's, and then describe the effects of heavy metals such as 

cadmium, lead, and manganese on these neurodegenerative diseases. 

 

Alzheimer's disease 

The brain usually shrinks somewhat with age, but amazingly, it does not lose a large number of nerve cells. 

The damage, in Alzheimer's disease, is extensive because several neuronal cells do not work, lose contact with 

other neuronal cells, and then die. Alzheimer's disease disturbs vital procedures for neurons including 
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metabolism, communication, and repair. Initially, Alzheimer's disorder usually destroys neuronal cells and 

their contacts in the brain parts that are contributed to the memory process, such as the hippocampus and 

entorhinal cortex. It later impacts the regions in the cerebral cortex that are accountable for social behavior, 

language, and argument. Finally, several other regions of the brain are defective. Over time, an Alzheimer's 

patient gradually loses the capability to function and live independently and eventually this disease results in 

death (16). 

The main features of Alzheimer's brain include neurofibrillary tangles, amyloid plaques, and chronic 

inflammation. The protein of beta-amyloid involved in Alzheimer's is present in some molecular forms and 

accumulates among neurons. This protein is made up of the breakdown of a greater molecule named amyloid 

precursor protein (APP). One of them, beta-amyloid 42, may be toxic. In the brain tissue of a person with 

Alzheimer's, atypical concentrations of this natural molecule join together to create plaques that accumulate 

among neuronal cells, disrupting the function of cells (17, 18). Neurofibrillary tangles are an anomalous 

accumulation of tau protein that accumulates in neuronal cells. Normal neurons are partially maintained by 

microtubule structures that help transport molecules and nutrients from the cell body to dendrites and axons. In 

normal neuronal cells, the tau usually attaches to microtubules and stabilizes them. In Alzheimer's disorder, 

irregular chemical alterations result in the detachment of the tau molecules from microtubules and bind 

together, making strands that ultimately join together and bond inside neuronal cells (19, 20). These nodes 

inhibit neuronal transmission, which damages the synaptic connection among neuronal cells. Evidence 

proposes that Alzheimer's-associated alterations in the brain might be due to a complicated interaction between 

atypical tau and beta-amyloid peptides and many other factors. Abnormal tau molecules accumulate in certain 

areas of the brain that are involved in memory. Amyloid-beta also becomes plaques between neurons. When 

beta-amyloid levels reach a peak, there is a quick spread of tau proteins all over the brain (21, 22). 

Researches show that chronic inflammation might be produced by the accumulation of glial cells, which 

usually form to support the brain. Microglia as a glial cell swallows and removes wastes and toxic reagents in 

the normal brain. In Alzheimer's disease, microglia cells cannot remove waste products and protein complexes, 

such as amyloid-beta plaques. Scientists are researching to figure out why microglia cells do not play this 

crucial role in Alzheimer's (23, 24). One of the genes involved in inflammation is the TREM2 gene. Typically, 

TREM2 signals microglia to remove the plaques of beta-amyloid from the brain tissue and help the brain against 

inflammation (25). In people whose brains do not have normal function, plaques form among neuronal cells? 

Astrocytes are also a glial cell type; receive signals to remove plaque and other cell residues. These astrocytes 

and microglia accumulate around neuronal cells but cannot perform the function of clearing waste products. 

Moreover, they could release chemical reagents that result in chronic inflammation and more impair the 

neuronal cells they are assumed to support (26, 27). 

 

Parkinson's disease 

Parkinson's is a progressive disease that influences the neurons in the brain that are responsible for body 

movements. After the death of dopaminergic nerve cells, signs including tremors, slowness, problems of 

balance, and muscle stiffness happen. The frequency of Parkinson’s disease is 1-2% at age 60 and 3-8% at age 85-

89. PD is more common in men than women in a 1.5/1 ratio (28, 29). Nerve messages are transmitted from the 

dendrites to the axon terminal, where the vesicles of dopamine (a type of neurotransmitter) are released at the 

synapse area. Dopamine passes through the synapse and is located in specific receptors on the postsynaptic cell 

and induces the cells to transmit the neuronal signal. After sending the message, again dopamine is released to 

synapses via receptors, where the additional dopamine molecules are recycled in the releasing neurons. The 

remained dopamine breaks down by MAO-B and COMT and the synapse region is clear and prepared for the 

next signal (30, 31). Parkinson's disease as a progressive and degenerative impairment could affect neurons in 

deep regions of the brain named the substantia nigra and basal ganglia. In the substantia nigra, neurons 

produce the dopamine neurotransmitter and are responsible for transmitting signals that program and regulate 
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the movement of the body. Due to unknown factors, dopamine-producing neurons in substantia nigra start to 

die in certain people (32). With 80% loss of dopamine, symptoms of PD including tremors, stiffness, slowness of 

movement, and balance problems happen. The cerebellum and basal ganglia are responsible for guaranteeing 

that the movement is performed smoothly. These pulses are transmitted from one neuron to another and move 

rapidly from the brain to the spinal cord and eventually to the muscles. With insufficient stimulation of 

dopamine receptors in the striatum corpus, sections of the basal ganglia become overstimulated. This ultimately 

has an inhibition role on the thalamus, and then reduces the output of the thalamus and leads to tremors. Also, 

a high amount of glutamate, a neurotransmitter, rises in Parkinson’s disease, when the body is trying to 

compensate for the deficiency of dopamine (33, 34). 

 

Effects of lead on the pathogenesis of Alzheimer's and Parkinson's disease 

The heavy metal lead is responsible for about one percent of the global disease burden. In the elderly, lead 

contact is correlated with an elevated susceptibility of Parkinson's disease, amyotrophic lateral sclerosis, hearing 

loss, glaucoma, age-related cataracts, and other chronic statuses. The US Centers for Disease Control and 

Prevention (CDC) consider a reference amount of 5 mg/dl of blood lead for pregnant women and children (35). 

Nonetheless, safe levels of blood lead have not yet been recognized. Contrary to US legal attempts to diminish 

lead exposure, lead is still used in a variety of industrial usages, such as car batteries. Common sources of lead 

exposure vary depending on age and geographical location. The main routes of exposure are ingestion or 

inhalation. In the elderly, the endogenous source can be the main reservoir of lead exposure. The excretion of 

lead is comparatively slow and its accumulation is prevalent. Lead is stored in the bones during early and 

middle life (36). Adults who experience bone loss through osteoporosis inject lead into the bloodstream. In the 

elderly, 40 to 70% of blood lead could be attributed to earlier body storage. Entrance of lead to the body in 

earlier periods of high exposure could activate in the next decades (37). 

After the entrance of lead to the body, it could absorb by tissues and cells. Inhaled particles of lead result in 

local impairment of the lungs. Thirty to forty percent, depending on the particle volume, could be entered into 

the bloodstream. Adults absorb only 10 to 15% of the lead consumed, although children and women with 

pregnancy conditions absorb fifty percent of the lead consumed (37). Personal factors, including diet (calcium, 

iron, low zinc, or phosphorus) and genetic variations (hemochromatosis and delta-aminolevulinic acid 

dehydratase genes) affect the absorption from the intestine. Lead, in organic form, is absorbed via the skin, and 

this pathway is mostly seen in the workplace. Lead could mainly enter the bloodstream via absorption into the 

gastrointestinal tract, lungs, or skin surfaces (9, 38). Absorbed lead circulates in the bloodstream and is 

transported to the brain tissue. Lead passes the barrier of the placenta and could be found in the baby's 

umbilical cord blood at the same amount as the mother's blood. In addition, this heavy metal could affect the 

blood-brain barrier (BBB). The BBB separates the water-soluble compounds in the bloodstream from the brain, 

and the transport process is very controlled. Lead replaces calcium by passing through the BBB and 

accumulating in the brain, eventually causing edema. This disrupts intracellular secondary messaging systems 

and changes the function of the central nervous system, which its protection is very vital (9, 39). 

 

Cellular mechanisms associated with lead toxicity in Alzheimer's disease  

Lead is a known neurotoxin that results in non-specific brain disorders. Lead causes oxidative stress (OS) by 

reducing thiols and via detrimental effects on the system of antioxidant defense. Ample OS leads to 

endoplasmic reticulum stress, mitochondrial impairment, and eventually neurons apoptosis. Lead disturbs the 

homeostatic amounts of necessary metals, eventually leading to neuroinflammation. Similar damage is done to 

supporting cells including astrocytes, oligodendrocytes, cerebrovascular endothelial cells, and microglia. 

Exposure to lead results in epigenetic alterations in tissues including the brain. Lead causes OS, 

neuroinflammation, endoplasmic reticulum stress, epigenetic alterations, apoptosis, and excitotoxicity in the 

brain (Figure 1). The lead primary accumulates in the hippocampus, though this heavy metal might accumulate 
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in some other areas of the brain (9, 40). The toxicity mechanism of lead, in ionic form, happens chiefly because 

of the capability of lead ions to substitute some divalent cations such as Fe2+, Mg2+, Ca2+, and monovalent 

cations such as sodium ion, which eventually disrupts the cell's metabolism. The toxicity mechanism of ionic 

lead results in substantial alterations in several biological procedures including intercellular and intracellular 

signaling, cell adhesion, protein folding, ion transport, neurotransmitters release, and apoptosis. Lead could 

replace Ca2+ even at levels of picomolar, which affect protein kinase C and nerve stimulation (41). 

 

 
Figure 1. Mechanisms of lead pathogenicity in neurons. Lead could affect neurotoxicity, gene regulation, 

neuroinflammation, apoptosis, neurotransmission, and oxidative stress procedures. 

 

Cellular mechanisms associated with lead toxicity in Parkinson's disease  

Lead reduces the production of catecholamines and synaptic neurotransmitters by suppressing Ca-KCl-

evoked GABA release. Chronic lead poisoning has been shown to cause oxidative stress by increasing levels of 

peroxidation of lipid in the liver and brain of rats. Exposure to lead decreases dopaminergic neurotransmission 

through dysfunction of mitochondrial, OS, and elevated glial filament in astrocytes (42). Studies have shown 

that lead affects cellular procedures by controlling calcium-binding protein, as well as the release and 

reabsorption of various neurotransmitters. It inhibits the calcium function dependence of dopamine and 

acetylcholine release. Studies have also shown that lead causes hyperphosphorylation of tau protein and the 

hippocampus accumulation of alpha-synuclein, resulting in autophagy and apoptosis activation (43). Amyloid 

precursor proteins (APPs) have the main action in the toxicity of lead via iron regulative pathways. According 

to the act that protein kinase C (PKC) is involved in the function of dopamine transport and lead easily 

stimulates OS through activation of PKC and leads to neurotoxicity. Lead easily crosses the blood-brain barrier 

and binds to sulfhydryl groups, which alter various antioxidant enzymes, increasing levels of lipid 

peroxidation. In the same way, lead-related toxicity initiates the lipid peroxidation process by inhibiting delta-

aminolevulinic acid dehydratase (δ-ALAD) and the δ-ALA substrate accumulation, which produces free 

radicals (44, 45). 

 

Effects of cadmium on the pathogenesis of Alzheimer's and Parkinson's 

Cadmium (Cd) heavy metal has no basic physiological role in human body. Based on International Agency 

for Research on Cancer criteria, this metal is categorized as a group 1 carcinogen. Prolonged exposure to low 

concentrations of cadmium elevates the susceptibility to kidney damage, osteoporosis, high blood pressure, the 

low function of the lung and diabetes. Lately, Cd appeared as a neurotoxin, while evidence is yet limited for 
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humans. There is cadmium exposure for most individuals, and the amount of exposure is usually measured in 

blood and urine samples. Cd concentrations are usually higher in women than men because low iron elevates 

absorption of Cd, and Cd amounts are higher in smoker’s people than in non-smokers (46, 47). 

In standard circumstances, only small levels of Cd could pass the blood-brain barrier in adults. The choroid 

plexus maintains the homeostatic internal environment of the central nervous system. The choroid plexus is the 

key region of accumulation of Cd in the brain. The neuronal system of the olfactory might be the straight route 

of Cd transfer to the brain, thus bypassing the blood-brain barrier. Mice exposed to Cd showed lower 

performance in hippocampal-dependent spatial learning and memory and olfactory memory. Cd enters the 

central neuronal system directly via the system of olfactory and causes continuous and permanent impairment 

by blocking the adult neurogenesis in the olfactory bulb and hippocampus (48, 49). 

 

Impaired regulation of Alzheimer's disease pathways  

In vitro cadmium treatment caused accumulation of the 3rd repeat fragment (R3) of the microtubule tau 

binding region. R3 is crucial in the process of nucleation of the tau filament. Cd binds to the nitrogen of the 

groups of imidazole of His amino acids to form Cd-tau dimers and affects the nucleation stage in tau 

accumulation. Cadmium treatment increases the production of Aβ and tau tangles. Cd exposure elevates cell 

death in cholinergic neuronal cells and leads to changes in acetylcholinesterase and the destruction of 

cholinergic nerve cells. The decreased memory observed in Alzheimer’s disease is due to the cholinergic 

neurotransmission loss because of the degeneration of cholinergic neuronal cells in the basal forebrain (9, 50). 

 

Cadmium and Parkinson's disease  

Cd increases OS by activating redox-sensitive transcription factors such as kappa B nuclear factor and 

activating protein A (AP-1), mammalian target of rapamycin (mTOR), Erk1/2, and JNK. These cellular pathways 

cause progressive dopaminergic neuronal degeneration and Parkinson's signs. Cd alters the integrity of the 

blood-brain barrier by a pathway of caspase-3 activation-dependent that causes the permanent opening of 

pannexin-1. This great transmembrane-permeable channel causes excessive ATP leakage and disruption of 

homeostasis of the neurovascular unit, eventually leading to nerve cell death. Cadmium inhibits the release of 

acetylcholine because of interference with the metabolism of calcium, which results in mental retardation, 

dysfunction of the olfactory, neurological disorders, learning disabilities, peripheral neuropathy, and motor 

dysfunction (49, 51). 

 

Effects of manganese on the pathogenesis of Alzheimer's and Parkinson's 

Manganese (Mn) is considered as the 5th most plentiful metal in the environment and the 12th most 

abundant element on the whole earth. This element is a crucial trace metal that is essential for suitable growth 

and physiological procedures including blood clotting, bone growth, metabolism of carbohydrates, immune 

response, and function of the brain. Manganese element is a cofactor for cellular enzymes, such as pyruvate 

carboxylase, arginase, manganese superoxide dismutase, and glutamine synthetase. Notwithstanding the 

significance of Mn in the health of human, too much Mn is toxic, and exposure to the high amount of this metal 

might accumulate in the brain tissue, causing a permanent Parkinson's syndrome called manganism. Exposure 

to high amounts of Mn leads to cognitive dysfunction and involves in AD pathogenesis. Adequate adult Mn 

intake is 2.3 mg/day for men and 1.8 mg for women. The usual range of Mn concentration in the overall 

population is 4-15 micrograms per liter in blood, 0.4-0.85 micrograms per liter in serum, and 1-8 micrograms per 

liter in urine (52-54). 

In the overall population, the diet is the main source of Mn. This matter is plentiful in vegetable foods such 

as nuts, leafy vegetable rice, and whole grains. Animal foods such as eggs, fish, meat, poultry, and dairy do not 

have this element. The daily intake of Mn is usually between 2 and 6 mg, of which 1 to 5% is usually absorbed. 

Because of the double role of Mn as a powerful vital and toxic nutrient, manganese levels throughout the body 
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are closely regulated by controlling intestinal intake and metal excretion through hemostatic mechanisms. To 

date, manganese toxicity due to high dietary manganese intake has not been described in humans. The toxicity 

of manganese is typically caused by high levels of exposure to air or drinking water. Mn is extensively 

employed in commercial products and industrial procedures. Extreme occupational exposure to Mn is usual in 

welding, mining, dry battery production, processing of ore, and the use of chemical organic fungicides (55, 56). 

Dietary manganese could absorb from the intestine and could pass through the BBB. Also, the blood-

cerebrospinal fluid might be the main connection for the uptake of Mn into the brain. Manganese in the air can 

be absorbed into the blood systemic circulation via the system pulmonary or into the brain via the olfactory 

neuronal system. The nose-brain pathway bypasses the blood-brain barrier and permits direct exposure to the 

brain. Therefore, exposure to the Mn in the air has been the main concern for toxicity in neurons. However, the 

mechanisms of manganese uptake and distribution in the brain are not well understood (57, 58). 

Several carriers are involved in transporting manganese into the brain, the greatest of which transport also 

other vital metals including zinc and iron. Three transporters of metal ions are necessary for sustaining 

manganese homeostasis: SLC30A10, SLC39A14, and SLC39A. Functional mutations in the SLC30A10 gene were 

described in cases with high levels of Mn in the blood, accumulation of manganese in the brain and liver, and 

parkinsonism. Mice lacking Slc30a10 accumulate too much Mn in the liver, brain, and blood (The gene structure 

and cell localization of human SLC30A10 are demonstrated in Figure 2). In addition, the SLC39A14 gene 

mutations were described in cases with a high concentration of manganese in the blood and Mn accumulation 

in the brain, but not in the liver. Manganese and iron are similar in atomic mass, structure and radius of 

electrons and have common transport mechanisms. DMT1 is the main importer of manganese. Iron exporter 

ferroportin could export manganese and iron from the cell. In addition to iron, ferroportin transports 

manganese and protects against manganese toxicity and oxidative stress in dopaminergic cells (59-61). 

 

 
Figure 2. SLC30A10 Gene structure and cellular location. The SLC30A10 gene is contained three exons (A) with 

a location on cell membrane, endosome, Golgi apparatus (B). The figure was deduced from NCBI and 

UniProtKB databases. 
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Exposure to manganese causes general neurotoxicity. Underlying mechanisms include OS, dysfunction of 

mitochondria, and regulation of autophagy, apoptosis, and accumulation of toxic cellular metabolites. 

Mitochondria have an important role in neurological diseases associated with aging, including Alzheimer's. Mn 

accumulates in the mitochondria of the brain, although its output is too slow. MnSOD is a strong antioxidant 

enzyme found in mitochondria. The activity of MnSOD decreases through the process of aging. Extra Mn could 

disrupt the activity of MnSOD, thus elevating the production of ROSs and ultimately resulting in dysfunction of 

mitochondrial. Minor MnSOD deficiency caused OS and increased amounts of Aβ in the brain and Aβ plaques. 

High Mn decreases the expression of the two main enzymes involved in Aβ degradation, insulin-degrading 

enzyme and neprilysin, without changing AβPP expression. Also, Mn exposure could result in tau 

hyperphosphorylation, which might result in the production of neurofibrillary tangles, the main clinical 

structural alterations in AD. Mn has an affinity for Aβ, and Mn exposure in high concentrations might 

accelerate the accumulation of Aβ in the brain, thus elevating Aβ neurotoxicity and increasing the disease 

progression (62-64). 

 

Cytotoxicity of magnesium oxide nanoparticles  

Metal or metal oxide nanoparticles are novel materials in the nanoscopic scale (1-100 nm), which can have 

useful and harmful depending on their type, size, shapes, ingredients, and concentration (65, 66). For example, 

cytotoxicity on human nerve cells was observed for titanium dioxide (TiO2) as apoptosis and necrosis. 

However, magnesium oxide (MgO) nanoparticles showed less cytotoxic to human neural cells compared to 

TiO2 and zinc oxide (ZnO) nanoparticles (67). In contrast, the results of another study exhibited that MgO 

nanoparticles are not toxic to both undifferentiated and differentiated SH-SY5Y cells, a cell line derived from the 

SK-N-SH neuroblastoma cell line, for periods of 24, 48 and even 72 h.  

 

Conclusion 

Metals have a main role in our daily lives because they are generally contributed to many activities of 

enzymes. Some of these metals are necessary for small quantities. However, extreme levels in the body of 

human typically lead to the neurotoxicity of ALS, autism, PD, and AD are usually correlated with metals 

overexposure. When metals accumulate in the neuronal system, dysfunction of mitochondria, oxidative stress, 

and incorrect protein folding are the most usual defects correlated with the toxicity of metal. Because the 

neuronal system does not reproduce like other tissues, nerve damage and disorders typically progress with age, 

as is commonly observed in PD and AD. As life expectancy increases in the general population, there is 

certainly a long time for individuals to be exposed to higher levels of metals and a possible increase in the 

incidence of neurological disorders. Therefore, there is an increasing demand for neurotoxicity researches due 

to metal exposure. Future studies are required to focus more on the common influence of metal combination 

exposure, the identification of special carriers of each metal, and the development of specific target therapies for 

patients with metal intoxication. 

 

References 

1. Eisen A, Turner MR. Does variation in neurodegenerative disease susceptibility and phenotype reflect 

cerebral differences at the network level?. Amyotroph Lateral Scler Front Deg 2013; 14(7-8): 487-493. 

https://doi.org/10.3109/21678421.2013.812660 

2. Fathi A, Barak M, Damandan M, Amani F, Moradpour R, Khalilova I, Valizadeh M. Neonatal Screening for 

Glucose-6-phosphate dehydrogenase Deficiency in Ardabil Province, Iran, 2018-2019. Cell Mol Biomed Rep 

2021; 1(1): 1-6. 

3. Azeez SH, Jafar SN, Aziziaram Z, Fang L, Mawlood AH, Ercisli MF. Insulin-producing cells from bone 

marrow stem cells versus injectable insulin for the treatment of rats with type I diabetes. Cell Mol Biomed 

Rep 2021; 1(1): 42-51. 

https://freepaper.me/d/PDF/39/3976764fd0a60be27c50dbb61751cc6f.pdf?hash=iB16HoVDtJ89eVF7aZxBkQ&doi=10.3109/21678421.2013.812660&title=&save=1%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20style=
https://freepaper.me/d/PDF/39/3976764fd0a60be27c50dbb61751cc6f.pdf?hash=iB16HoVDtJ89eVF7aZxBkQ&doi=10.3109/21678421.2013.812660&title=&save=1%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20style=
https://doi.org/10.3109/21678421.2013.812660
https://www.cmbr-journal.com/article_138793_a3c8523b1fc8daeffdce4a29944a7fb5.pdf
https://www.cmbr-journal.com/article_138793_a3c8523b1fc8daeffdce4a29944a7fb5.pdf
https://www.cmbr-journal.com/article_138888_afc841ad1b39154654631311607d85f9.pdf
https://www.cmbr-journal.com/article_138888_afc841ad1b39154654631311607d85f9.pdf


Hassan Aubais Aljelehawy                                                                                         Cent Asian J Med Pharm Sci Innov 2(1): 25-36 (2022)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

 

33 
    

4. Magistretti PJ, Allaman I. A cellular perspective on brain energy metabolism and functional imaging. 

Neuron 2015; 86(4): 883-901. https://doi.org/10.1016/j.neuron.2015.03.035 

5. Davis GW, Bezprozvanny I. Maintaining the stability of neural function: a homeostatic hypothesis. Annu 

Rev Physiol 2001; 63(1): 847-869. https://doi.org/10.1146/annurev.physiol.63.1.847 

6. Emsley JG, Mitchell BD, Kempermann G, Macklis JD. Adult neurogenesis and repair of the adult CNS with 

neural progenitors, precursors, and stem cells. Prog Neurobiol 2005; 75(5): 321-41. 

https://doi.org/10.1016/j.pneurobio.2005.04.002 

7. Parpura V, Heneka MT, Montana V, Oliet SH, Schousboe A, Haydon PG, Stout Jr RF, Spray DC, 

Reichenbach A, Pannicke T, Pekny M. Glial cells in (patho) physiology. J Neurochem 2012; 121(1): 4-27. 

https://doi.org/10.1111/j.1471-4159.2012.07664.x 

8. Cavaleri F. Review of Amyotrophic Lateral Sclerosis, Parkinson’s and Alzheimer’s diseases helps further 

define pathology of the novel paradigm for Alzheimer’s with heavy metals as primary disease cause. Med 

Hypotheses 2015; 85(6): 779-790. https://doi.org/10.1016/j.mehy.2015.10.009 

9. Bakulski KM, Seo YA, Hickman RC, Brandt D, Vadari HS, Hu H, KyunPark S. Heavy metals exposure and 

Alzheimer’s disease and related dementias. J Alzheimer's Dis 2020; 1-28. https://doi.org/10.3233/JAD-200282 

10. Guan C, Dang R, Cui Y, Liu L, Chen X, Wang X, Zhu J, Li D, Li J, Wang D. Characterization of plasma metal 

profiles in Alzheimer’s disease using multivariate statistical analysis. Plos One 2017; 12(7): e0178271. 

https://doi.org/10.1371/journal.pone.0178271 

11. Olanow CW, Arendash GW. Metals and free radicals in neurodegeneration. Curr Opin Neurol 1994; 7(6): 

548-558. https://doi.org/10.1097/00019052-199412000-00013 

12. Jaishankar M, Tseten T, Anbalagan N, Mathew BB, Beeregowda KN. Toxicity, mechanism and health effects 

of some heavy metals. Interdiscip Toxicol 2014; 7(2): 60-72. https://doi.org/10.2478/intox-2014-0009 

13. Starakis I, Panos G, Koutras A, E Mazokopakis E. Pathogens and chronic or long-term neurologic disorders. 

Cardiovasc Hematol Disord Drug Targets 2011; 11(1): 40-52. https://doi.org/10.2174/187152911795945123 

14. Chen P, Miah MR, Aschner M. Metals and neurodegeneration. F1000Research. 2016; 5. 

https://doi.org/10.12688/f1000research.7431.1 

15. Farina M, Avila DS, Da Rocha JB, Aschner M. Metals, oxidative stress and neurodegeneration: a focus on 

iron, manganese and mercury. Neurochem Int 2013; 62(5): 575-594. 

https://doi.org/10.1016/j.neuint.2012.12.006 

16. Breijyeh Z, Karaman R. Comprehensive review on Alzheimer’s disease: Causes and treatment. Molecules 

2020; 25(24): 5789. https://doi.org/10.3390/molecules25245789 

17. Armstrong RA. The molecular biology of senile plaques and neurofibrillary tangles in Alzheimer’s disease. 

Folia Neuropathol 2009; 47(4): 289-299. 

18. Stokin GB, Goldstein LS. Axonal transport and Alzheimer's disease. Annu Rev Biochem 2006; 75: 607-627. 

https://doi.org/10.1146/annurev.biochem.75.103004.142637 

19. Savelieff MG, Lee S, Liu Y, Lim MH. Untangling amyloid-β, tau, and metals in Alzheimer’s disease. ACS 

Chem Biol 2013; 8(5): 856-865. https://doi.org/10.1021/cb400080f 

20. Thomas P, Fenech M. A review of genome mutation and Alzheimer's disease. Mutagenesis 2007; 22(1): 15-33. 

https://doi.org/10.1093/mutage/gel055 

21. Oakley H, Cole SL, Logan S, Maus E, Shao P, Craft J, Guillozet-Bongaarts A, Ohno M, Disterhoft J, Van Eldik 

L, Berry R. Intraneuronal β-amyloid aggregates, neurodegeneration, and neuron loss in transgenic mice with 

five familial Alzheimer's disease mutations: potential factors in amyloid plaque formation. J Neurosci 2006; 

26(40): 10129-10140. https://doi.org/10.1523/JNEUROSCI.1202-06.2006 

22. Mullane K, Williams M. Alzheimer’s disease beyond amyloid: Can the repetitive failures of amyloid-

targeted therapeutics inform future approaches to dementia drug discovery?. Biochem Pharmacol 2020; 177: 

113945. https://doi.org/10.1016/j.bcp.2020.113945 

https://www.cell.com/neuron/pdf/S0896-6273(15)00259-7.pdf
https://doi.org/10.1016/j.neuron.2015.03.035
https://www.researchgate.net/profile/Ilya-Bezprozvanny/publication/12149003_Maintaining_the_Stability_of_Neural_Function_A_Homeostatic_Hypothesis/links/02e7e522f54ff5a7b4000000/Maintaining-the-Stability-of-Neural-Function-A-Homeostatic-Hypothesis.pdf
https://doi.org/10.1146/annurev.physiol.63.1.847
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.458.4543&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.458.4543&rep=rep1&type=pdf
https://doi.org/10.1016/j.pneurobio.2005.04.002
https://onlinelibrary.wiley.com/doi/pdf/10.1111/j.1471-4159.2012.07664.x
https://doi.org/10.1111/j.1471-4159.2012.07664.x
https://people.wou.edu/~taylors/es420_med_geo/med_geo/Cavaleri_2015_ALS_Heavy_Metal_Exposure.pdf
https://people.wou.edu/~taylors/es420_med_geo/med_geo/Cavaleri_2015_ALS_Heavy_Metal_Exposure.pdf
https://doi.org/10.1016/j.mehy.2015.10.009
https://content.iospress.com/articles/journal-of-alzheimers-disease/jad200282
https://content.iospress.com/articles/journal-of-alzheimers-disease/jad200282
https://doi.org/10.3233/JAD-200282
https://pdfs.semanticscholar.org/7384/5bbb8f5dc84ef898ac5b763fe84af0a8280f.pdf
https://pdfs.semanticscholar.org/7384/5bbb8f5dc84ef898ac5b763fe84af0a8280f.pdf
https://doi.org/10.1371/journal.pone.0178271
https://journals.lww.com/co-neurology/Abstract/1994/12000/Metals_and_free_radicals_in_neurodegeneration.13.aspx
https://doi.org/10.1097/00019052-199412000-00013
https://www.researchgate.net/profile/Abdelkader-Bouaziz/post/What-are-the-health-effects-on-humans-and-animals-for-contamination-with-heavy-metals/attachment/5eb92985c005cf000189aed5/AS%3A889954490130433%401589193093208/download/HeavyMetalsToxicity+2.pdf
https://www.researchgate.net/profile/Abdelkader-Bouaziz/post/What-are-the-health-effects-on-humans-and-animals-for-contamination-with-heavy-metals/attachment/5eb92985c005cf000189aed5/AS%3A889954490130433%401589193093208/download/HeavyMetalsToxicity+2.pdf
https://doi.org/10.2478/intox-2014-0009
https://d1wqtxts1xzle7.cloudfront.net/58053720/ARTICLE_52-with-cover-page-v2.pdf?Expires=1643726579&Signature=NnnERT1SBVpKNOJnZQ7mNjDnJogQgcFXnt-WOuhCGkpRkK1h-DsUxEcCDOr~bDKdqA5OeRVD~lngS7yyH6LpBdhtBweMbKQEEPs~lmg9HO7erBIRmC1DaLfBERJC7Wo-cYrsubC9ZncXolpV4LgtdTaXGCV9zp4QaiawtfOJn8L0aCJo5cPoPW2PAb684kBCwJbUlzwia-OJAzxiw-V6ABgm-Yo1OvKMJTiKPFH8aP4AiQdx43LlYhzLBLI68vobBLVbbkcfPJPFs3AQEB3Iw7OKau3J0nut3gbgln~wwK9Z7xNVKYYSXJ0q4p6xLOXm5k7~Yek~lGN2H4N4IYpqxw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://doi.org/10.2174/187152911795945123
https://www.researchgate.net/profile/Pan-Chen-6/publication/298805412_Metals_and_Neurodegeneration/links/575ebdeb08aec91374b3fd8b/Metals-and-Neurodegeneration.pdf
https://doi.org/10.12688/f1000research.7431.1
https://d1wqtxts1xzle7.cloudfront.net/45552404/Metals_Oxidative_Stress_and_Neurodegener20160511-30346-1os9066.pdf?1463004514=&response-content-disposition=inline%3B+filename%3DMetals_oxidative_stress_and_neurodegener.pdf&Expires=1643737448&Signature=FvLAQoawYhDK6oRteHfpOLGSKJrbXq59-ikmB~LanOb-DQWK0esGMK7jSIhp0UlY8C4dNoMYHba3~agBWRORDpRSSyiuhk-rv20J0DFWu0YVzVelHXWqNaoRaZZSl9vuhe6dUWl43XVPJNtGCX0ddE~8Gle3YpzFKZPQhYb4rAf4bDatNHzmgDK3VMg8mJA7h1K08hJEB2qUHRynTYUNkWhluhciS-EVfEZQ-6yPjQMcIxz~LBNVtKBveM-WKYgZCzKiGuvAsBpnDONTyS5pRmojd-eFMcad17HattJ8bD5dlHAyKFnr7hfPW4PxB~ltBa1Q2K2uE2MW72a0LphRCA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/45552404/Metals_Oxidative_Stress_and_Neurodegener20160511-30346-1os9066.pdf?1463004514=&response-content-disposition=inline%3B+filename%3DMetals_oxidative_stress_and_neurodegener.pdf&Expires=1643737448&Signature=FvLAQoawYhDK6oRteHfpOLGSKJrbXq59-ikmB~LanOb-DQWK0esGMK7jSIhp0UlY8C4dNoMYHba3~agBWRORDpRSSyiuhk-rv20J0DFWu0YVzVelHXWqNaoRaZZSl9vuhe6dUWl43XVPJNtGCX0ddE~8Gle3YpzFKZPQhYb4rAf4bDatNHzmgDK3VMg8mJA7h1K08hJEB2qUHRynTYUNkWhluhciS-EVfEZQ-6yPjQMcIxz~LBNVtKBveM-WKYgZCzKiGuvAsBpnDONTyS5pRmojd-eFMcad17HattJ8bD5dlHAyKFnr7hfPW4PxB~ltBa1Q2K2uE2MW72a0LphRCA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://doi.org/10.1016/j.neuint.2012.12.006
https://www.mdpi.com/1420-3049/25/24/5789/pdf
https://doi.org/10.3390/molecules25245789
https://publications.aston.ac.uk/id/eprint/38593/1/FN_Art_13830_1.pdf
https://www.annualreviews.org/doi/pdf/10.1146/annurev.biochem.75.103004.142637
https://doi.org/10.1146/annurev.biochem.75.103004.142637
https://freepaper.me/d/PDF/bf/bfcb814318c6d91dfdd8ecf7480f4098.pdf?hash=MXetExqVO82OhF547zr3ig&doi=10.1021/cb400080f&title=&save=1%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20style=
https://doi.org/10.1021/cb400080f
https://www.researchgate.net/profile/Philip-Thomas-17/publication/6640214_A_review_of_genome_mutation_and_Alzheimer's_disease/links/0deec524220d16bf99000000/A-review-of-genome-mutation-and-Alzheimers-disease.pdf
https://doi.org/10.1093/mutage/gel055
https://www.jneurosci.org/content/jneuro/26/40/10129.full.pdf
https://www.jneurosci.org/content/jneuro/26/40/10129.full.pdf
https://doi.org/10.1523/JNEUROSCI.1202-06.2006
https://freepaper.me/d/PDF/18/18f140ca581201a1cf5d2222d0836eeb.pdf?hash=NDMc4KumpJVGZNWUueG7sQ&doi=10.1016/j.bcp.2020.113945&title=&save=1%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20style=
https://freepaper.me/d/PDF/18/18f140ca581201a1cf5d2222d0836eeb.pdf?hash=NDMc4KumpJVGZNWUueG7sQ&doi=10.1016/j.bcp.2020.113945&title=&save=1%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20style=
https://doi.org/10.1016/j.bcp.2020.113945


Cent Asian J Med Pharm Sci Innov 2(1): 25-36 (2022)                                                                                         Hassan Aubais Aljelehawy                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         

 

34 
 
 

23. Prokop S, Miller KR, Heppner FL. Microglia actions in Alzheimer’s disease. Acta Neuropathol 2013; 126(4): 

461-477. https://doi.org/10.1007/s00401-013-1182-x 

24. Yeh FL, Hansen DV, Sheng M. TREM2, microglia, and neurodegenerative diseases. Trends Mol Med 2017; 

23(6): 512-533. https://doi.org/10.1016/j.molmed.2017.03.008 

25. Streit WJ, Kincaid-Colton CA. The brain’s immune system. Sci Am 1995; 273(5): 54-61. 

https://doi.org/10.1038/scientificamerican1195-54 

26. Fakhoury M. Microglia and astrocytes in Alzheimer's disease: implications for therapy. Curr 

Neuropharmacol 2018; 16(5): 508-518. https://doi.org/10.2174/1570159X15666170720095240 

27. Radhakrishnan DM, Goyal V. Parkinson's disease: A review. Neurol India 2018; 66(7): 26. 

https://doi.org/10.4103/0028-3886.226451 

28. Wong SL, Gilmour H, Ramage-Morin PL. Parkinson's disease: Prevalence, diagnosis and impact. Health Rep 

2014; 25(11): 10-14. 

29. Mishra AK, Dixit A. Dopaminergic Axons: Key Recitalists in Parkinson’s Disease. Neurochem Res 2021: 1-5. 

https://doi.org/10.1007/s11064-021-03464-1 

30. Kumakura K. Molecular mechanisms for neurotransmitter release. Tanpakushitsu kakusan koso. Protein 

Nucleic Acid Enzyme 1997; 42(3 Suppl): 261-274. https://doi.org/10.1007/978-1-59745-481-0 

31. Blandini F, Nappi G, Tassorelli C, Martignoni E. Functional changes of the basal ganglia circuitry in 

Parkinson's disease. Prog Neurobiol 2000; 62(1): 63-88. https://doi.org/10.1016/S0301-0082(99)00067-2 

32. McAuley JH. The physiological basis of clinical deficits in Parkinson’s disease. Prog Neurobiol 2003; 69(1): 

27-48. https://doi.org/10.1016/S0301-0082(03)00003-0 

33. Çakir Y. Modeling influences of dopamine on synchronization behavior of striatum. Netw Comput Neural 

Syst 2017; 28(1): 28-52. https://doi.org/10.1080/0954898X.2017.1378824 

34. Vennam S, Georgoulas S, Khawaja A, Chua S, Strouthidis NG, Foster PJ. Heavy metal toxicity and the 

aetiology of glaucoma. Eye 2020; 34(1): 129-137. https://doi.org/10.1038/s41433-019-0672-z 

35. Gidlow DA. Lead toxicity. Occup Med 2015; 65(5): 348-356. https://doi.org/10.1093/occmed/kqv170 

36. Papanikolaou NC, Hatzidaki EG, Belivanis S, Tzanakakis GN, Tsatsakis AM. Lead toxicity update. A brief 

review. Med Sci Monit 2005; 11(10): RA329. 

37. Onalaja AO, Claudio L. Genetic susceptibility to lead poisoning. Environ Health Perspect 2000; 108(suppl 1): 

23-28. https://doi.org/10.1289/ehp.00108s123 

38. Abbott NJ, Rönnbäck L, Hansson E. Astrocyte–endothelial interactions at the blood–brain barrier. Nat Rev 

Neurosci 2006; 7(1): 41-53. https://doi.org/10.1038/nrn1824 

39. Huat TJ, Camats-Perna J, Newcombe EA, Valmas N, Kitazawa M, Medeiros R. Metal toxicity links to 

Alzheimer's disease and neuroinflammation. J Mol Biol 2019; 431(9): 1843-1868. 

https://doi.org/10.1016/j.jmb.2019.01.018 

40. Garza A, Vega R, Soto E. Cellular mechanisms of lead neurotoxicity. Med Sci Monit 2006; 12(3): RA57-RA65. 

41. Antonio MT, Corpas I, Leret ML. Neurochemical changes in newborn rat’s brain after gestational cadmium 

and lead exposure. Toxicol Lett 1999; 104(1-2): 1-9. https://doi.org/10.1016/S0378-4274(98)00125-8 

42. Braun AP, Schulman H. The multifunctional calcium/calmodulin-dependent protein kinase: from form to 

function. Annu Rev Physiol 1995; 57(1): 417-445. https://doi.org/10.1146/annurev.ph.57.030195.002221 

43. Jomova K, Vondrakova D, Lawson M, Valko M. Metals, oxidative stress and neurodegenerative disorders. 

Mol Cell Biochem 2010; 345(1): 91-104. https://doi.org/10.1007/s11010-010-0563-x 

44. Tönnies E, Trushina E. Oxidative stress, synaptic dysfunction, and Alzheimer’s disease. J Alzheimer's Dis 

2017; 57(4): 1105-1121. https://doi.org/10.3233/JAD-161088 

45. Waisberg M, Joseph P, Hale B, Beyersmann D. Molecular and cellular mechanisms of cadmium 

carcinogenesis. Toxicology 2003; 192(2-3): 95-117. https://doi.org/10.1016/S0300-483X(03)00305-6 

46. Waalkes MP. Cadmium carcinogenesis. Mutat Res Fundam Mol Mech Mutagen 2003; 533(1-2): 107-120. 

https://doi.org/10.1016/j.mrfmmm.2003.07.011 

https://link.springer.com/content/pdf/10.1007/s00401-013-1182-x.pdf
https://doi.org/10.1007/s00401-013-1182-x
https://freepaper.me/leecher/pdf/10.1016/j.molmed.2017.03.008
https://doi.org/10.1016/j.molmed.2017.03.008
https://www.jstor.org/stable/24982083
https://doi.org/10.1038/scientificamerican1195-54
https://pdfs.semanticscholar.org/486b/0835958fc04a4578bbf7457be1580dbdc9b7.pdf
https://doi.org/10.2174/1570159X15666170720095240
https://www.researchgate.net/profile/Divya-Radhakrishnan-5/publication/323583455_Parkinson's_disease_A_review/links/5ca6c50a299bf118c4b332d7/Parkinsons-disease-A-review.pdf
https://doi.org/10.4103/0028-3886.226451
https://www.researchgate.net/profile/Heather-Gilmour-2/publication/268512906_Parkinson's_Disease_Prevalence_diagnosis_and_impact/links/546e01df0cf29806ec2e6950/Parkinsons-Disease-Prevalence-diagnosis-and-impact.pdf
https://link.springer.com/article/10.1007/s11064-021-03464-1#citeas
https://doi.org/10.1007/s11064-021-03464-1
https://link.springer.com/book/10.1007%2F978-1-59745-481-0
https://doi.org/10.1007/978-1-59745-481-0
https://freepaper.me/d/PDF/0d/0db8d9631c59e5d6faf56f16a6d5b924.pdf?hash=g7mZ1_Pt-wVsyJQyhlEXyQ&doi=10.1016/S0301-0082(99)00067-2&title=&save=1%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20style=
https://freepaper.me/d/PDF/0d/0db8d9631c59e5d6faf56f16a6d5b924.pdf?hash=g7mZ1_Pt-wVsyJQyhlEXyQ&doi=10.1016/S0301-0082(99)00067-2&title=&save=1%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20style=
https://doi.org/10.1016/S0301-0082(99)00067-2
https://freepaper.me/d/PDF/45/45f7618e152e81788ed8ef3a6261d919.pdf?hash=BxG3yi08XfwILbNMPSrQYQ&doi=10.1016/S0301-0082(03)00003-0&title=&save=1%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20style=
https://doi.org/10.1016/S0301-0082(03)00003-0
https://www.researchgate.net/profile/Y-Cakir/publication/320259050_Modeling_influences_of_dopamine_on_synchronization_behavior_of_striatum/links/59db4afd458515a516addb4c/Modeling-influences-of-dopamine-on-synchronization-behavior-of-striatum.pdf
https://doi.org/10.1080/0954898X.2017.1378824
https://www.nature.com/articles/s41433-019-0672-z.pdf
https://www.nature.com/articles/s41433-019-0672-z.pdf
http://doi.org/10.1038/s41433-019-0672-z
https://watermark.silverchair.com/kqv018.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAsgwggLEBgkqhkiG9w0BBwagggK1MIICsQIBADCCAqoGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMtFrzQX-KJaP4kGagAgEQgIICeyReUMdrst0_XRPDiYZH-xBF37ERmevmHG9F_bvwrwycmwW1ea_c6xEMwbQgZf-fyipZqivwF8ysWNTdI2c6QMdOj60yfhPJe6KFkbbiJrvKv2PHZ0jzuAaKBmrbrwJOkphW_q-UkrlJQjkl4G7mHs3357XdrA_cI17xMVTlpzRjraolGEtxduFfqcSy8wvgr5HA8DNFr5yXZs-C83whgFVAhHTgPETjEcORMkEv9hVdSPchDffsfskIv1yQcdNfckXSx1usqGjxjF6OyZljhXgf29TkclqivgICZGq5oyvb605b2P8aHtoZ_-fNp28_A_VUfXNguZrbW_JIbXv_z--AOirEdm5eb1jLDo3-_VyGKOE_I5VKWYzMw_tvy0lLR3NM6B2FESpd-ICU-7Wph2tjY3KoX0kxTibBqDPUMfKZctP7AoC8oVWlXWx3kEau7ANYcoKMtStsr4ayWcT1KsAn67L9C6jUynR8_5nPfB_mprYc-jTf8qdj_6_EbTmE0CNyQCivkBBSj-rgIgt2-OtHDGYq30Ul8A4wj-NRPJp7O4EgVh6zkTCaYwXyMAMr02ILAt-cMdhSaWKPDNZvw6gDsReEkJH5Etac6VxkStG056gEVyHA-y_rWnN599vFa_Nv6n20tvon5CRDxFSQnz1BdkKfBvM21cXNT-LAlAAPtwOFNG5iV1590oX6WU7oMgq94FyE1btmIpoLQTzlf0-Dra-6CUFDSMg_HidmxBIvnlg7PqVnmKTci5-oXwVggPl0QruLmyJmFeSikokmH8LTUrT3X7BKocp1VVAyQbV42yR93JOSEeDEl7gc2iIL68DhENppF4vPdYqF
https://doi.org/10.1093/occmed/kqv170
https://www.researchgate.net/profile/Aristidis-Tsatsakis/publication/7571843_Lead_toxicity_update_A_brief_Review/links/0912f50dd920823e05000000/Lead-toxicity-update-A-brief-Review.pdf
https://www.researchgate.net/profile/Aristidis-Tsatsakis/publication/7571843_Lead_toxicity_update_A_brief_Review/links/0912f50dd920823e05000000/Lead-toxicity-update-A-brief-Review.pdf
https://core.ac.uk/download/pdf/4110168.pdf
https://doi.org/10.1289/ehp.00108s123
https://d1wqtxts1xzle7.cloudfront.net/74123548/nrn182420211103-10492-1vy9fv9-with-cover-page-v2.pdf?Expires=1643782460&Signature=IPqHO7U96DFz77jPhegTgOJkQbR5isDUhn-XvwPz2KPE4yjmpQ753287BqOIdkfmxx-ywd4ZElXYNqiB3t5pe~9kyPiN7MX7e8atA0ZmepPS870T8ppnYeQJx2kh3jtXujqG0FsE3uLvfWoldKjeDRe4TkfV1HQY2frUUINMMfolj4m9stTTODZ-oPgotcnbjWSjKo2GP2t8arEaL6AWHUM0lgJbGH7fvFSyCVfEycKylJixcgjGrkEpdRcPXB0sk0Tg2nYgQoZ1-bNr4OaEkzqM2HjNZqcuR6zKCF6xEiRsMOvP8gvld9tGR0yIhZY8SQASHnkhMQFBaYrdXe0sqA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://doi.org/10.1038/nrn1824
https://core.ac.uk/download/pdf/189935309.pdf
https://core.ac.uk/download/pdf/189935309.pdf
https://doi.org/10.1016/j.jmb.2019.01.018
https://www.researchgate.net/profile/Enrique-Soto-9/publication/299261706_Cellular_mechanisms_of_lead_neurotoxicity/links/5ce16288458515712eb60f3d/Cellular-mechanisms-of-lead-neurotoxicity.pdf
https://freepaper.me/d/PDF/80/80dfb995201f0e48d0255b8d18eb6c62.pdf?hash=2pYwDdMhtoX0YOo6vOD4iw&doi=10.1016/S0378-4274(98)00125-8&title=&save=1%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20style=
https://freepaper.me/d/PDF/80/80dfb995201f0e48d0255b8d18eb6c62.pdf?hash=2pYwDdMhtoX0YOo6vOD4iw&doi=10.1016/S0378-4274(98)00125-8&title=&save=1%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20style=
https://doi.org/10.1016/S0378-4274(98)00125-8
https://www.annualreviews.org/doi/pdf/10.1146/annurev.ph.57.030195.002221
https://www.annualreviews.org/doi/pdf/10.1146/annurev.ph.57.030195.002221
https://doi.org/10.1146/annurev.ph.57.030195.002221
https://kis.ukf.sk/epcfiles/43FEF4F48EE64A6B9BC6A660071D570A/MolCellBiochem_2010.pdf
https://doi.org/10.1007/s11010-010-0563-x
https://d1wqtxts1xzle7.cloudfront.net/51606941/JAD161088.pdf?1486075486=&response-content-disposition=inline%3B+filename%3DJAD161088_pdf.pdf&Expires=1643785007&Signature=ekTVUH3-ZKVde6kMXlQ7D~ky7J5nkty8T7~-hLKSulqG98trak8e987XuZEUZpL35Rn-nz3Dv4bNwxgxN9TNHikQraDOxRtwbV89v8zs7s7QZkACBuQyhNtRDjkptbeDLpxWoArIWDu58Zc26Yy~CTIcANMvF4uSemAQbgBfhukkM1osMKu48kFEEkdaxmtaZxlor~PI2LRShCzOm986QUdYQd35AfDQKB9sXFoXBUnnScYtlm15~HEMzI7C1TbltSd0FEJ0LY5~pvlEmLpxUrg7HJpt6nCo0AKHbeYN0K3cbvVuU689e9AMJQXUAUBapJD6h1fcRNzSjSNSgTOY8g__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://doi.org/10.3233/JAD-161088
https://freepaper.me/leecher/pdf/10.1016/S0300-483X(03)00305-6
https://freepaper.me/leecher/pdf/10.1016/S0300-483X(03)00305-6
https://doi.org/10.1016/S0300-483X(03)00305-6
https://zenodo.org/record/1259227/files/article.pdf
https://doi.org/10.1016/j.mrfmmm.2003.07.011


Hassan Aubais Aljelehawy                                                                                         Cent Asian J Med Pharm Sci Innov 2(1): 25-36 (2022)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

 

35 
    

47. Ek CJ, Dziegielewska KM, Habgood MD, Saunders NR. Barriers in the developing brain and 

Neurotoxicology. Neurotoxicology 2012; 33(3): 586-604. https://doi.org/10.1016/j.neuro.2011.12.009 

48. Wang B, Du Y. Cadmium and its neurotoxic effects. Oxid Med Cell Longev 2013; 2013: 898034. 

https://doi.org/10.1155/2013/898034 

49. del Pino J, Moyano P, Anadon MJ, García JM, Díaz MJ, García J, Frejo MT. Acute and long-term exposure to 

chlorpyrifos induces cell death of basal forebrain cholinergic neurons through AChE variants alteration. 

Toxicology 2015; 336: 1-9. https://doi.org/10.1016/j.tox.2015.07.004 

50. Raj K, Kaur P, Gupta GD, Singh S. Metals associated Neurodegeneration in Parkinson's disease: Insight to 

Physiological, Pathological mechanisms and Management. Neurosci Lett 2021; 135873. 

https://doi.org/10.1016/j.neulet.2021.135873 

51. Zoroddu MA, Aaseth J, Crisponi G, Medici S, Peana M, Nurchi VM. The essential metals for humans: a brief 

overview. J Inorg Biochem 2019; 195: 120-129. https://doi.org/10.1016/j.jinorgbio.2019.03.013 

52. Chen P, Chakraborty S, Mukhopadhyay S, Lee E, Paoliello MM, Bowman AB, Aschner M. Manganese 

homeostasis in the nervous system. J Neurochem 2015; 134(4): 601-610. https://doi.org/10.1111/jnc.13170 

53. Erikson KM, Syversen T, Aschner JL, Aschner M. Interactions between excessive manganese exposures and 

dietary iron-deficiency in neurodegeneration. Environ Toxicol Pharmacol 2005; 19(3): 415-421. 

https://doi.org/10.1016/j.etap.2004.12.053 

54. Melina V, Craig W, Levin S. Position of the Academy of Nutrition and Dietetics: vegetarian diets. J Acad 

Nutr Diet 2016; 116(12): 1970-1980. https://doi.org/10.1016/j.jand.2016.09.025 

55. Michalke B, Fernsebner K. New insights into manganese toxicity and speciation. J Trace Elem Med Biol 2014; 

28(2): 106-116. https://doi.org/10.1016/j.jtemb.2013.08.005 

56. Takeda A. Manganese action in brain function. Brain Res Rev 2003; 41(1): 79-87. 

https://doi.org/10.1016/S0165-0173(02)00234-5 

57. O’Neal SL, Zheng W. Manganese toxicity upon overexposure: a decade in review. Curr Environ Health Rep 

2015; 2(3): 315-328. https://doi.org/10.1007/s40572-015-0056-x 

58. Xin Y, Gao H, Wang J, Qiang Y, Imam MU, Li Y, Wang J, Zhang R, Zhang H, Yu Y, Wang H. Manganese 

transporter Slc39a14 deficiency revealed its key role in maintaining manganese homeostasis in mice. Cell 

Discov 2017; 3(1): 1-3. https://doi.org/10.1038/celldisc.2017.25 

59. Mercadante CJ, Prajapati M, Conboy HL, Dash ME, Herrera C, Pettiglio MA, Cintron-Rivera L, Salesky MA, 

Rao DB, Bartnikas TB. Manganese transporter Slc30a10 controls physiological manganese excretion and 

toxicity. J Clin Investig 2019; 129(12): 5442-5461. https://doi.org/10.1172/JCI129710 

60. Fujishiro H, Himeno S. New Insights into the Roles of ZIP8, a Cadmium and Manganese Transporter, and Its 

Relation to Human Diseases. Biol Pharm Bull 2019; 42(7): 1076-1082. https://doi.org/10.1248/bpb.b18-00637 

61. Martinez-Finley EJ, Gavin CE, Aschner M, Gunter TE. Manganese neurotoxicity and the role of reactive 

oxygen species. Free Radic Biol Med 2013; 62: 65-75. https://doi.org/10.1016/j.freeradbiomed.2013.01.032 

62. Halliwell B. Role of free radicals in the neurodegenerative diseases. Drug Aging 2001; 18(9): 685-716. 

https://doi.org/10.2165/00002512-200118090-00004  

63. Chen Z, Zhong C. Oxidative stress in Alzheimer’s disease. Neurosci Bull 2014; 30(2): 271-281. 

https://doi.org/10.1007/s12264-013-1423-y 

64. Alavi M, Rai M. Antibacterial and wound healing activities of micro/nanocarriers based on carboxymethyl 

and quaternized chitosan derivatives. Biopolymer Based Nano Films 2021; 191-201. 

https://doi.org/10.1016/B978-0-12-823381-8.00009-0 

65. Alavi M, Webster TJ. Recent progress and challenges for polymeric microsphere compared to nanosphere 

drug release systems: Is there a real difference?. Bioorg Med Chem 2021; 33: 116028. 

https://doi.org/10.1016/j.bmc.2021.116028 

https://courseplus.jhu.edu/filedepot/onlinelibrary/953/bbbreview.pdf
https://courseplus.jhu.edu/filedepot/onlinelibrary/953/bbbreview.pdf
https://doi.org/10.1016/j.neuro.2011.12.009
file:///D:/اطلاعات%20دکتر%20عبادی/Dr-Ebadi/Site%20Information/مقالات%20سایت%20cas-press/Medicine/New%20Paper/CAJMPSI-2201-1040--Qassim%20Hassan%20Aubais%20Aljelehawy/citeseerx.ist.psu.edu/viewdoc/download%3fdoi=10.1.1.805.9160&rep=rep1&type=pdf
https://doi.org/10.1155/2013/898034
https://freepaper.me/d/PDF/d0/d0825d01f88c62aafd2c090a7053806e.pdf?hash=JsbPQKVkey3fpNUUt2XHVw&doi=10.1016/j.tox.2015.07.004&title=&save=1%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20style=
https://freepaper.me/d/PDF/d0/d0825d01f88c62aafd2c090a7053806e.pdf?hash=JsbPQKVkey3fpNUUt2XHVw&doi=10.1016/j.tox.2015.07.004&title=&save=1%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20style=
https://doi.org/10.1016/j.tox.2015.07.004
https://freepaper.me/d/PDF/e4/e421aa79ba6b9df4c11ddff586bebd26.pdf?hash=kjEG9xHdUsxAJVoetZUrvQ&doi=10.1016/j.neulet.2021.135873&title=&save=1%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20style=
https://freepaper.me/d/PDF/e4/e421aa79ba6b9df4c11ddff586bebd26.pdf?hash=kjEG9xHdUsxAJVoetZUrvQ&doi=10.1016/j.neulet.2021.135873&title=&save=1%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20style=
https://doi.org/10.1016/j.neulet.2021.135873
https://d1wqtxts1xzle7.cloudfront.net/60567680/11_-_2019_JIB__1-s2.0-S0162013418306846-main20190912-90093-17neba3-with-cover-page-v2.pdf?Expires=1643786198&Signature=gBRGZNaYkkZ0rBuTPLxRYTuzZAci6pj-XXBx4B97-mWSdroCHlyftUu6ivE5GACekNPrR65KstjDsne8bqvZgSZcx8N82L-S8NcRmQYxYvuW0SlZsCeAfAEe35ykXocFfCVl4CR62TYLBpw-DPStSdeqeT6akSdVupH5Y7fp-7RLnvIkFh-7K~wXMMC-oIWTBxfXyLFDJccrwmM1zEhJvGVn6Z25C3H3u0EkuMIfdZoSB5hjrZBpr-3HBqUle5tVTokXOfC1RnOICB0ULLGt3jOFJdVoxyl78-NxDATSYaorUoe0w7I65Bq8TBZvStQFCN5jrMu~1qWonIQyqImtDw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/60567680/11_-_2019_JIB__1-s2.0-S0162013418306846-main20190912-90093-17neba3-with-cover-page-v2.pdf?Expires=1643786198&Signature=gBRGZNaYkkZ0rBuTPLxRYTuzZAci6pj-XXBx4B97-mWSdroCHlyftUu6ivE5GACekNPrR65KstjDsne8bqvZgSZcx8N82L-S8NcRmQYxYvuW0SlZsCeAfAEe35ykXocFfCVl4CR62TYLBpw-DPStSdeqeT6akSdVupH5Y7fp-7RLnvIkFh-7K~wXMMC-oIWTBxfXyLFDJccrwmM1zEhJvGVn6Z25C3H3u0EkuMIfdZoSB5hjrZBpr-3HBqUle5tVTokXOfC1RnOICB0ULLGt3jOFJdVoxyl78-NxDATSYaorUoe0w7I65Bq8TBZvStQFCN5jrMu~1qWonIQyqImtDw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://doi.org/10.1016/j.jinorgbio.2019.03.013
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1111/jnc.13170
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1111/jnc.13170
https://doi.org/10.1111/jnc.13170
https://d1wqtxts1xzle7.cloudfront.net/43159691/Interactions_between_excessive_manganese20160228-15864-7281cl-with-cover-page-v2.pdf?Expires=1643786504&Signature=D03WikEFAhLBwKSn7kwarpVUXJTAusfP9Yq1jB~w1zqkbi8bCFGfWfrj2ESea64nIInDzgOgxpz04PLqSOiWrimO~b9lFaguTiNGWIGCJVnutxl-ITlmqUbB1TWIXfph5RduzMx5cCnP68iTuhozvCSLzk-q0yG9kIOdeHchvd-~vCte10MPZtbMr~B8Tj4Nd-6~YY97Zz3r3owPQNTRlSLb1zTtWNgUVCUGa~2z8vf05JV5xbCxijlWHF71cmpfl6PkY3iXjwtE3qTloivDDNL5inWU8J~nNI~XoCd-6vgR~JMCTjzxjGnqXOL12xKlqaHo6lclCsIzDYyAjbydvg__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/43159691/Interactions_between_excessive_manganese20160228-15864-7281cl-with-cover-page-v2.pdf?Expires=1643786504&Signature=D03WikEFAhLBwKSn7kwarpVUXJTAusfP9Yq1jB~w1zqkbi8bCFGfWfrj2ESea64nIInDzgOgxpz04PLqSOiWrimO~b9lFaguTiNGWIGCJVnutxl-ITlmqUbB1TWIXfph5RduzMx5cCnP68iTuhozvCSLzk-q0yG9kIOdeHchvd-~vCte10MPZtbMr~B8Tj4Nd-6~YY97Zz3r3owPQNTRlSLb1zTtWNgUVCUGa~2z8vf05JV5xbCxijlWHF71cmpfl6PkY3iXjwtE3qTloivDDNL5inWU8J~nNI~XoCd-6vgR~JMCTjzxjGnqXOL12xKlqaHo6lclCsIzDYyAjbydvg__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://doi.org/10.1016/j.etap.2004.12.053
https://www.eatrightpro.org/~/media/eatrightpro%20files/practice/position%20and%20practice%20papers/position%20papers/vegetarian-diet.ashx
https://doi.org/10.1016/j.jand.2016.09.025
https://freepaper.me/leecher/pdf/10.1016/j.jtemb.2013.08.005
https://doi.org/10.1016/j.jtemb.2013.08.005
https://freepaper.me/leecher/pdf/10.1016/S0165-0173(02)00234-5
https://doi.org/10.1016/S0165-0173(02)00234-5
https://www.researchgate.net/profile/Stefanie-Oneal/publication/280498304_Manganese_Toxicity_Upon_Overexposure_A_Decade_in_Review/links/55ddf8ae08aeaa26af0f1fa4/Manganese-Toxicity-Upon-Overexposure-A-Decade-in-Review.pdf
https://doi.org/10.1007/s40572-015-0056-x
https://www.researchgate.net/profile/Fudi-Wang/publication/318577799_Manganese_transporter_Slc39a14_deficiency_revealed_its_key_role_in_maintaining_manganese_homeostasis_in_mice/links/59716c230f7e9b25e8606591/Manganese-transporter-Slc39a14-deficiency-revealed-its-key-role-in-maintaining-manganese-homeostasis-in-mice.pdf
https://www.researchgate.net/profile/Fudi-Wang/publication/318577799_Manganese_transporter_Slc39a14_deficiency_revealed_its_key_role_in_maintaining_manganese_homeostasis_in_mice/links/59716c230f7e9b25e8606591/Manganese-transporter-Slc39a14-deficiency-revealed-its-key-role-in-maintaining-manganese-homeostasis-in-mice.pdf
https://doi.org/10.1038/celldisc.2017.25
https://dm5migu4zj3pb.cloudfront.net/manuscripts/129000/129710/JCI129710.v3.pdf
https://dm5migu4zj3pb.cloudfront.net/manuscripts/129000/129710/JCI129710.v3.pdf
https://doi.org/10.1172/JCI129710
https://www.jstage.jst.go.jp/article/bpb/42/7/42_b18-00637/_pdf
https://www.jstage.jst.go.jp/article/bpb/42/7/42_b18-00637/_pdf
https://doi.org/10.1248/bpb.b18-00637
https://www.researchgate.net/profile/Thomas-Gunter/publication/235441239_Manganese_Neurotoxicity_and_the_Role_of_Reactive_Oxygen_Species/links/5f2b1f00a6fdcccc43ac6e08/Manganese-Neurotoxicity-and-the-Role-of-Reactive-Oxygen-Species.pdf
https://www.researchgate.net/profile/Thomas-Gunter/publication/235441239_Manganese_Neurotoxicity_and_the_Role_of_Reactive_Oxygen_Species/links/5f2b1f00a6fdcccc43ac6e08/Manganese-Neurotoxicity-and-the-Role-of-Reactive-Oxygen-Species.pdf
https://doi.org/10.1016/j.freeradbiomed.2013.01.032
https://freepaper.me/d/PDF/0a/0ae6e4704c99a9684cef08a13e7e785d.pdf?hash=XK4uFtH3-pMg2egzPrDmPA&doi=10.2165/00002512-200118090-00004&title=&save=1%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20style=
https://doi.org/10.2165/00002512-200118090-00004
https://link.springer.com/content/pdf/10.1007/s12264-013-1423-y.pdf
https://doi.org/10.1007/s12264-013-1423-y
https://www.sciencedirect.com/science/article/pii/B9780128233818000090
https://www.sciencedirect.com/science/article/pii/B9780128233818000090
https://doi.org/10.1016/B978-0-12-823381-8.00009-0
https://freepaper.me/d/PDF/db/dbff966c00059932e2a5231a9d248697.pdf?hash=uo5F_HP_aWC6ixHNIRRLqA&doi=10.1016/j.bmc.2021.116028&title=&save=1%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20style=
https://freepaper.me/d/PDF/db/dbff966c00059932e2a5231a9d248697.pdf?hash=uo5F_HP_aWC6ixHNIRRLqA&doi=10.1016/j.bmc.2021.116028&title=&save=1%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20style=
https://doi.org/10.1016/j.bmc.2021.116028


Cent Asian J Med Pharm Sci Innov 2(1): 25-36 (2022)                                                                                         Hassan Aubais Aljelehawy                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         

 

36 
 
 

66. Lai JC, Lai MB, Jandhyam S, Dukhande VV, Bhushan A, Daniels CK, Leung SW. Exposure to titanium 

dioxide and other metallic oxide nanoparticles induces cytotoxicity on human neural cells and fibroblasts. 

Int J Nanomed 2008; 3(4): 533-545. https://doi.org/10.2147/IJN.S3234 

67. Hasbullah NI, Mazatulikhma MZ, Kamarulzaman N. Nanotoxicity of Magnesium Oxide on Human 

Neuroblastoma SH-SY5Y Cell Lines. Adv Mater Res 2013; 667: 160-164. 

https://doi.org/10.4028/www.scientific.net/AMR.667.160 

 

Copyright © 2022 by CAS Press (Central Asian Scientific Press) + is an open access article distributed under the 

Creative Commons Attribution License (CC BY) license (https://creativecommons.org/licenses/by/4.0/), which 

permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly 

cited. 

How to cite this paper: 

Hassan Aubais Aljelehawy Q. Effects of the lead, cadmium, manganese heavy metals, and magnesium oxide 

nanoparticles on nerve cell function in Alzheimer's and Parkinson's diseases. Cent Asian J Med Pharm Sci 

Innov 2022; 2(1): 25-36. 

 

https://pdfs.semanticscholar.org/7a5f/a0d74ce48c0cd05a233c371d76c4eb624698.pdf
https://pdfs.semanticscholar.org/7a5f/a0d74ce48c0cd05a233c371d76c4eb624698.pdf
https://doi.org/10.2147/IJN.S3234
https://freepaper.me/d/PDF/35/354d531bb7f786fee35a60e0d4e77008.pdf?hash=Ceg8lbO4qNE1GGOET0UuCw&doi=10.4028/www.scientific.net/AMR.667.160&title=&save=1%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20style=
https://freepaper.me/d/PDF/35/354d531bb7f786fee35a60e0d4e77008.pdf?hash=Ceg8lbO4qNE1GGOET0UuCw&doi=10.4028/www.scientific.net/AMR.667.160&title=&save=1%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20style=
https://doi.org/10.4028/www.scientific.net/AMR.667.160
https://creativecommons.org/licenses/by/4.0/
https://www.cajmpsi.com/article_144439.html
https://www.cajmpsi.com/article_144439.html

