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Abstract

Neurodegenerative disease is a wide expression where the compilation of circumstances mainly affects neurons, which is a
basic unit of the nervous system. Neurons are of utmost importance for brain function, however, like other cells of the body,
they do not reproduce or replace once damaged. Neurodegenerative disease is a progressive disease which affects movement
and mental functions, affecting approximately 30 million individuals worldwide. Alzheimer’s, Parkinson’s, Huntington’s and
amyotrophic lateral sclerosis diseases are examples of this condition. These diseases are characterized by separate etiologies
with distinct morphological and pathophysiological features. There are many evidences that suggest that these disorders arise
by multi-factorial conditions such as oxidative stress, mitochondrial dysfunction, and/or exposure to metal toxicity and
pesticides. The role of metals in neurodegenerative diseases has been widely considered as an underlying cause and, several
studies pinpoint the toxic effects of metals. Metals are elements of air, water, and ecosystem. Although metals are vital
components, however excessive accumulation of this element causes detrimental effects such as aluminum has been
controversially invoked as an aggravating factor or cofactor in Alzheimer’s disease as well as in other neurodegenerative
diseases, Manganese exposure can play an important role in causing parkinsonian disturbances, possibly enhancing
physiological aging of brain in conjunction with genetic predisposition. In this review, we explore the effects of metals in two
of the most common neurodegenerative diseases, Alzheimer’s and Parkinson’s disease and clinical effects of synthetic drugs

and herbal medicines for these neurodegenerative diseases.
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1. Introduction

1.1 Neurodegenerative diseases

Neurodegenerative disease is a term that indicates a range of
conditions which primarily affect the neurons in the human
brain. Neurons normally don’t reproduce or replace
themselves, so when they become damaged or die, they
cannot be replaced by the body. Neurodegenerative diseases
are incurable and enervating conditions that result in
progressive degeneration and/or of nerve cells. This causes
problems with movement (called ataxias), or mental
functioning (called dementias) ™.

Most of the neurodegenerative diseases are rare and have
been found to be caused by purely genetic factors while
some of the cases in this group of diseases stem from
unknown causes. Cases are often divided into “genetic,”
those stemming from purely inherited factors or sporadic,
and those caused by unknown factors, including
environmental exposures. Most cases are now thought to
arise from a combination of genetic risk factors and
environmental influences 2.

Different neurodegenerative diseases are Alzheimer’s
disease (AD), Parkinson’s disease (PD), Huntington’s
disease (HD) and amyotrophic lateral sclerosis (ALS). A
common feature of virtually all neurodegenerative diseases
is that the consequences are often devastating, with severe
mental and physical effects [, There are evidences that
suggests that these neurodegenerative diseases may also
arise due to exposure to metal toxicity [,

Metals are present in water, air and a variety of ecosystems

since they are component of earth’s crust and are involved
in various physiological processes, such as oxygen
transport, electron transport, protein  modification,
neurotransmitter synthesis, immune responses, etc [l
Although metals are important for animals and plants, but in
trace amounts. Excessive metal levels accumulate in various
organs, including brain which may cause various
detrimental intracellular events such as oxidative stress,
mitochondrial dysfunction, DNA fragmentation, protein mis
folding, endoplasmic reticulum (ER) stress, and activation
of apoptosis Bl These effects may alter neurotransmission
and lead to neuro degeneration, which is visible as cognitive
problems, movement disorders, and learning and memory
dysfunction.

2. Alzheimer’s disease

Alzheimer’s disease is an irreversible, progressive brain
disorder that slowly destroys memory and thinking skills
and, eventually, the ability to carry out the simplest tasks. [€]
Alzheimer’s disease is named after Dr. Alois Alzheimer,
who noticed changes in the brain tissue of a woman who
had died of an unusual mental illness whose symptoms
included memory  loss, language  problems, and
unpredictable behavior. After she died, he examined her
brain and found many abnormal clumps (which are now
called amyloid plaques) and tangled bundles of fibers
(which are now called neurofibrillary tangles) [,

The hallmark pathology of Alzheimer’s disease is the
accumulation of amyloid plaques between neurons in the
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brain [ and the abnormal accumulations of a protein called
tau inside the neurons called neurofibrillary tangles [,
The causes of Alzheimer’s are usually thought to be a

combination of genetic, lifestyle, and environmental factors
[6]

2.1 Drug treatment

The Food and Drug Administration (FDA) has approved

two types of drugs specifically to treat symptoms of

Alzheimer's disease.

» Cholinesterase inhibitors
Rivastigmine, Galantamine) [

=  Memantine [

(example:  Donepezil,

2.2 Herbal treatment

Synthetic drugs for human brain disorders are usually
expensive, and sometimes show serious and unavoidable
side effects. Therefore, the herbal drugs are chosen
over synthetic drugs for a range of human brain disorders.

2.2.1 Curcuma longa

Synonyms: Indian saffron, Curcuma, Turmeric, Haldi (19,
Biological source: Turmeric consists of dried, as well as,
fresh rhizomes of the plant known as Curcuma longa,
belonging to family Zingiberaceae 1.

Chemical constituents: Curcumin, is believed to be the
principal pharmacological agent 91,
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Mode of action

Clinical researches suggest that curcumin is active in AD as
an antioxidant, anti-inflammatory therapeutic agent that
improves the cognitive functions . Clinical studies also
suggest that curcumin could be useful in reversing neuro
degeneration stemming from AP production M, preventing
B-amyloid protein formation I3, decreasing beta-amyloid
plaques, inhibiting AB accumulation 141,

2.2.2 Brahmi

Synonym: Bacopa [1%

Biological source: It consists of the fresh leaves and the
stems of the plant known as Bacopa moniera
(herpestismoniera), belonging to family Scrophulariaceae.
Chemical constituents

Brahmi is found to contain the alkaloids brahmine,
herpestine and the mixture of 3 other alkaloids. It contains
saponins, namely bacosides A and B. additionally it also
contains betulic acid, stigmasterol, monnierin and
hersaponin [0,
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Mode of action

Traditional medicine has used B. monnieri for improving
memory and cognitive function %1, Many studies related to
neuropharmacological effects and cognitive functions of B.
monnieri extracts have been conducted extensively (61, In
the hippocampus, B. monnieri increase protein kinase
activity, which provides a nootropic action (cognitive
functions) ™7, In an animal Alzheimer model, rats fed
with B. monnieri extract showed decreased cholinergic
degeneration and exhibited cognition-enhancing effect (¢,

2.2.3 Ginger

Synonyms: Zingber, Zingiberis, Sunthi %]

Biological source: Ginger consists of whole or cut, dried
scrapped or unscrapped rhizomes of Zingiberofficinale,
family Zingiberaceae 117,

Chemical constituents: Ginger consists of volatile oil (1-4
percent), fat (10 percent), fibre (5 percent), starch (40-60
percent). Ginger oil is constituted of monoterpene
hydrocarbons, sesquiterpene hydrocarbons, oxygenated
mono and sesquiterpenes, and phenyl propanoids.
Sesquiterpene hydrocarbon content of all types of ginger oil
from different countries is found to be same and includes a-
zingiberene, B-bisabolene, a-farnesene, B-
sesquiphellandrene and a-curcumene. Aroma and flavour
are the main characters of ginger. Aroma is due to fragrant
principles of volatile oil while the flavour, pungency and
pharmacological actionsare exerted by phenolic ketones of
oleo-resin. Phenolic ketones of oleo-resin include gingerols
like zingerone, paradols, gingediols, shogaols, and
hexahydrocurcumin and o-methyl ethers of these
compounds [,
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Mode of action

In vitro assays have shown the Acetylcholinesterase
inhibitory activity of Z. officinaleis. Inhibiting the
Acetylcholinesterase enzyme increases acetylcholine levels
in synapses, augments the activity of cholinergic pathways,
and enhances cognitive functions in AD patients.
Furthermore, Z. officinaleis can inhibit lipid peroxidation
and provide the protective effect against AD 191,

2.2.4 Panax ginseng

Synonyms: Ninjin, Pannag, Panax [,

Biological source: Ginseng is the dried root of various
species of Panax like P. ginseng (Korean ginseng), P.
japonica (Japanese ginseng), P. notoginseng (Chinese
ginseng) and P. quinquefolium (American ginseng),
belonging to family Araliaceae [1%.

Chemical constituents: Ginseng contains a mixture of
several saponin glycosides, belonging to triterpenoid group.
They are grouped as follows:

1. Ginsenosides;

2. Panaxosides; and

3. Chikusetsusaponin 1%

Panaxatriol

Panaxadiol

Oleanolic Acid

Fig 6

Mode of action

Several studies have shown that ginsenosides from ginseng
can inhibit inflammatory mechanisms in the brain. They are
especially protective against beta amyloid, the inflammatory
microscopic substance that accumulates in specific areas of
brains affected by Alzheimer’s. Ginseng extracts also inhibit
immunoexcitotoxic activation of microglia, an important
factor in preventing the destructive process of Alzheimer’s
disease [201,

2.2.5 Crocus sativus

Synonyms: Saffron, hay saffron, kesar [*%,

Biological source: Crocus consists of dried stigmas and
upper parts of styles of plant known as Crocus sativus,
family Iridaceae [,

Chemical constituents: Saffron contains red colouring
matter known as Crocin and crocetin, bitter principle
picrocrocin and traces of volatile oil 11,
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Mode of action

Various studies concluded that Crocus sativus was effective
in treating mild-to-moderate Alzheimer’s disease due to its
“antioxidant and anti amyloidgenic” abilities, thus being
able to inhibit the aggregation and deposition of the beta-
amyloid plaques ?11, Saffron is also reported to be beneficial
in moderating acetylcholinesterase.

2.3. Metals and Alzheimer’s disease

The exact cause of Alzheimer’s disease is still not known.
However, metals are thought to be a susceptible factor for
Alzheimer’s disease.

Small amounts of certain metals, such as zinc, copper, and
iron, are necessary for our bodies to function properly.
These are referred to as biometals. Other metals like
aluminum are not needed for survival but can be tolerated
by the body in low doses. Abnormally high concentrations
of these metals may lead to neurotoxic effects.

2.3.1 Aluminum in the etiology of Alzheimer’s disease
Aluminum (Al) is exuberantly distributed in our
environment, and compounds containing Al have been used
in manufacturing (e.g., clays, glasses, and alum) for
centuries. Although Al is one of the most common elements
in the biosphere, the amounts taken up into living cells are
very small. Hence, some authors regard Al as the root cause
of AD [?2],

During the 1960s and 1970s, aluminum came into view as a
possible suspect in causing Alzheimer's disease. This
suspicion led to concerns about everyday exposure to
aluminum through sources such as cooking pots, foil,
beverage cans, etc (23,

Aluminum was the first metal that was proposed as a
possible cause for Alzheimer’s disease. The hypothesis that
aluminum is a risk factor in the development of f-amyloid
plaques and neurofibrillary tangles (NFT) and dementia in
Alzheimer’s disease is based on studies by Wisniewski et al,
Klatzo et al. and terry & Pena in 1965 that showed that
injection of experimental animals with Al compounds
induces the formation of NFT [24],

2.3.2 Zinc, copper, and iron

The bio metals zinc, copper, and iron play a variety of
important roles in the brain, including cell signaling and
neuroplasticity. However, excessive levels of these metals
may be harmful for our health.In cell cultures,
physiological concentrations of zinc, iron and copper can
promote the formation of B-amyloid plaques ?1. In addition,
all three of these bio metals can accelerate the formation of
neurofibrillary tangles, another toxic protein found in
Alzheimer’s disease. Copper and iron are also believed to
contribute to oxidative stress [?l. Oxidative stress is a
chemical process involving free oxygen radicals that
gradually leads to cell damage and aging.

2.3.3 Lead
Lead (Pb) is a non-essential heavy metal and a abundantly
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present pollutant in the ecosystem. Pb exposure leads to
oxidative stress, mitochondrial dysfunction and changes to
the Golgi apparatus 1. The main goal of Pb-induced
toxicity is the nervous system, and children are particularly
sensitive to Pb intoxication. The hippocampus is the primary
region of Pb aggregation, although the metal may also
aggregate in several other brain regions 8. It has been
recorded that Pb exposure results in deficiency in
intelligence, memory, executive functioning and attention,
processing speed, language, emotion and motor skills 2],
Workers with occupational exposure to Pb have shown
impairment of verbal memory and visual memory
performance, lower decision-making speed, deficiency in
visuomotor coordination, and increased interpersonal
conflict.

2.3.4 Cadmium

Cadmium can enter the peripheral and central neurons from
the nasal mucosa or the olfactory bulb, which damages
permeability of the BBB %1, Miners, welders, smokers, and
workers in battery production are at a danger of high Cd
exposure B, Chronic exposure to Cd may severely interfere
with normal function of the nervous system, and infants and
children are more susceptible than adults %, Cd is a
possible etiological factor of neurodegenerative diseases,
including AD B and PD [, Jiang et al.found that
Cadmium accelerates self-aggregation of Alzheimer’s tau
peptide R3 31,

2.3.5 Other Metals

Though the metals described above have been the focus of
Alzheimer’s metal lobiology research, it’s possible that
others could be involved as well. A small number of studies
have drawn connections between Alzheimer’s and cobalt,
and manganese, among others %2,

3. Parkinson’s disease

Parkinson’s disease (PD) is a long-term degenerative
disorder of the central nervous system that mainly affects
the motor system B3, It is the most common muscular
functioning disorder and is the second most common
neurodegenerative disorder after Alzheimer’s disease (AD).
The important features of Parkinson’s disease are akinesia,
muscular rigidity, postural instability, loss of associated
movements and tremor. The hallmark pathology of PD
remains the loss of dopamine neurons in the substantia nigra
And the occurrence of cytoplasmic inclusions known as
Lewy bodies in surviving neurons 4. The exact cause of
Parkinson’s disease is not yet known, but it is considered to
be potentiated by the interaction of environmental and
genetic factors.

Parkinson’s disease is named after the English doctor James
Parkinson, who published the first detailed description in
“An Essay on the Shaking Palsy”, in 1817 [%1,

In 2015, PD affected 6.2 million people and resulted in
about 117,400 deaths globally [l Parkinson’s disease
typically occurs in people over the age of 60 B, When it is
seen in people before the age of 50, it is called young-onset
PD [8],

Symptoms of Parkinson’s disease include tremor, slowed
movement (bradykinesia), rigid muscles, impaired posture
and balance, loss of automatic movements, speech changes,
writing changes B%. A PD diagnosis is based on evidence of
at least two out of three specific signs and symptoms:

tremor, slowed mobility (bradykinesia) and stiffness
(rigidity) 1,

Types of Parkinsonism

1. Primary/idiopathic Parkinsonism [“1: As the name
suggests the cause of the disease is unknown. Over the
years the dopaminergic neurons degenerate due to H,O;
and free radicals such as O, (superoxide) and OONO"

2. Secondary/Drug Induced Parkinsonism ®4: There is
no degeneration of dopamine as seen in the above case,
but the decrease in dopamine is drug induced.

3.1 Drug treatment @
The drugs used in the treatment of Parkinsonism can be
classified as:
1. Those that increases the dopaminergic activity:
= Precursors of dopamine: levodopa (1-dopa).
= Drugs that inhibit dopamine metabolism
(a) MAO-B inhibitors: Selegiline.
(b) COMT inhibitors: Tolcapone, Entacapone.
= Drugs that release dopamine: Amantadine.
= Dopamine receptor agonists:  Bromocriptine,
Lysuride, Ropinirole.
2. Those that suppress the cholinergic activity
Atropine and atropine substitutes such as benzhexol,
procyclidine; and antihistaminics with anticholinergic
properties.
= Levodopa is a “universal antiparkinsonian drug.

3.2 Herbal treatment

Synthetic drugs for human brain disorders are usually
expensive, and sometimes show serious and unavoidable
side effects. Therefore, the herbal drugs are chosen
over synthetic drugs for a range of human brain disorders.

3.2.1 Curcuma longa

Synonyms: Indian saffron, Curcuma, Turmeric, Haldi (1%,
Biological source: Turmeric consists of dried, as well as,
fresh rhizomes of the plant known as Curcuma longa,
belonging to family Zingiberaceae [1°1.

Chemical constituents: Curcumin, is believed to be the
principal pharmacological agent 1%,

H,CO = = OCH,
HO ‘ C OH

Curcumin (CUR)
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Fig 10

Mode of action

Curcumin showed neuroprotective properties in an animal
model of Parkinson's disease; the beneficial effect was due
to its antioxidant capabilities and its ability to penetrate the
brain 1“2, The c-Jun N-terminal kinase (JNK) signalling
pathway is involved in dopaminergic neuronal degeneration,
which is in turn associated with Parkinson's. Curcumin
prevents dopaminergic neuronal death through inhibition of
the JNK pathway, and thereby offers a neuroprotective
effect that may be beneficial for Parkinson’s disease [*°].

3.2.2 Jatamansi

Synonym: Nard, Indian spike nard 10,
Biological source: Jatamansi consists of dried rhizomes of

16



International Journal of Research in Pharmacy and Pharmaceutical Sciences

Nardostachys jatamansi, belonging to family Valerianaceae
[10]

Chemical constituents: Jatamansi contains 1-2 percent of
pale yellow volatile oil, resin, sugar, starch and bitter
principle, an alcohol and its isovaleric ester. It also contains
jatamansic acid and ketones jatamansone and nardostachone

P W oy

R= O Jatamansone Nardostachone Narol
R=H, OH Jatamansinol ardol
R=H, OCOCMe=CHMe, Jatamansine

Fig 11

Mode of action

Jatamansi is beneficial for people suffering from
neurodegenerative diseases such as Parkinson’s disease and
Alzheimer’s disease. Oxidative stress plays a critical role in
the development of Parkinson’s disease and the antioxidant
property of jatamansi helps counter this. According to an
animal study, treatment with an extract of Jatamansi slowed
down neuronal injury in rats. It also reduced problems with
muscular coordination and locomotor activity induced by a
drug that mimicked the effects of Parkinson’s 4],

3.2.3 Ginkgo biloba

Synonyms: Maiden hair tree, Kew tree. [0

Biological source: The dried leaves of Ginkgo biloba Linn,
the only living member of family Ginkgoaceae. [*%
Chemical constituents: Active ingredients of ginkgo leaf
are various flavanol glycosides, which mainly include
flavonol, mono-, di- and triglycosides of kaempferol,
quercetin and isorhamnetin 10,
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Fig 12
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Mode of action

The main mechanism of action of Ginkgo biloba leaf
extracts is inhibition of enzyme monoamine oxidase. This
enzyme is responsible for the metabolism of dopamine and
formation of free radicals which damages dopaminergic
neurons %1 Inhibition of monoamine oxidase, by
standardized Gingko extracts, is said to have a
neurorestorative effect in Parkinson’s disease 8, It restores
dopamine levels. Gingko extracts can also halt progression
in Parkinson’s disease by reducing alpha-synuclein
accumulation and regulating dopamine activity (47,

3.2.4 Mucuna pruriens

Synonym: Velvet bean, Atmagupta, Kaunch, Kawach and
Cowhage [19,

Biological source: Mucuna pruriens is a tropical legume
native to Africa and tropical Asia and widely naturalized
and cultivated. It belongs to family Fabaceae 1%,

Chemical constituents: The seeds of the plant contain L-
DOPA, with trace amounts of serotonin, nicotine, and
bufotenine 101,

NH,
COOH
HO
OH
Levodopa
Fig 15

Mode of action

Mucuna pruriens has been used to remedy the symptoms of
Parkinson’s disease. It isa natural source of L-dopa, a
dopamine precursor. In animal models, L-dopa obtained
from Mucuna pruriens produced better results than synthetic
levodopa 8. Compared with synthetic levodopa, Mucuna
pruriens produces a unique interaction within the brain that
may protect against treatment-induced dyskinesia [“%],

3.2.5 Ashwagandha

Synonym: Withania root, Asgandh, winter cherry 120,
Biological source: It consists of dried roots and stem bases
of Withania somnifera, belonging to family Solanaceae !,
Chemical constituents: The main constituents of
ashwagandha are alkaloids and steroidal lactones. Among
the various alkaloids, withanine is the main constituent 91,
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Fig 16

Mode of action

Withania somnifera, a 4000-year-old traditional herbal
medicine of India, do have optimistic effects on neural
growth and locomotor function. The anti-parkinsonian
effects of Withania somnifera extract was evaluated in 6-
Hydroxydopamine (6-OHDA) induced Parkinsonian rats.
Treatment with Withania somnifera extract reversed some
of the symptoms of Parkinsons disease such as significantly
decreased striatal dopamine (DA) level 59,

3.3 Metals and Parkinson’s disease

Some metals with neurotoxic effects have been associated
with secondary Parkinsonism. Manganese was one of the
major elements associated with Parkinsonism. Many metals
such as mercury, copper, and others can be released from
metal body implants such as dental restorations, phagocyted
by blood macrophages, and transported into the brain. Upon
apoptosis, the metal debris is released in the brain and can
be taken up by brain macrophages, such as neuro-
melanocytes. Neuro-melanocytes are one of the cell types
which are involved in the synthesis of dopamine in the
substantia nigra. Therefore, ingested metal debris could
impair the viability of neuro-melanocytes and thus
dopamine production. Several epidemiological studies have
shown a significant association between PD and long-term
exposure to metals such as mercury, lead, manganese,
copper, iron, aluminum, bismuth, titanium and zinc. The
main sources of metal exposure are occupational exposure,
environmental pollution, contaminated seafood,
medications, and dental metals restorations such as
amalgam fillings, etc

3.3.1 Manganese

Mn is a nutrient necessary for biological processes within
the human body Y. Low concentrations of manganese are
essential to the body. However, exposure to high levels of
manganese may be toxic. Consumption of food is the
primary route for entrance into the body. Manganese can be
inhaled as well, and this serves as an occupational hazard
for those who work in welding and mining industries 52,
Excess accumulation of manganese (Mn) in the brain results
in a neurological syndrome with cognitive, psychiatric, and
movement abnormalities. The highest concentrations of Mn
in the brain are achieved in the basal ganglia, which may
bring about a form of Parkinsonism known as manganism.
(531 Mn is elevated in dopaminergic neurons of the substantia
nigra, providing a possible basis for the motor deficiency
observed in manganism 541,

The mechanism of manganese neurotoxicity is decay of the
globus pallidum mediated by interruption of the
mitochondria initiating both apoptosis and cell death via
formation of highly reactive oxygen species. %1 In rats,
early low-level exposure to manganese was associated with
higher levels of astrocytosis in the striatum as well as motor

and cognitive impairment later in life, supporting
manganese as a potent neurotoxicant 561,

There is extensive use of Mn-based pesticides, both in
industrialized and in developing countries. In addition, the
adoption of an organometallic compound such as methyl-
cyclopentadienyl manganese tricarbonyl
(CH3CsH4Mn(CO)s3), as a lead substitute in gasoline could
become an additional important source of environmental
exposure 7],

Since Mn elimination from the CNS requires a long time,
neurotoxic effects may occur later in life, increasing the
prevalence of Parkinsonian disturbances in elderly
individuals. Therefore, the problem of Mn neurotoxicity is
becoming of great concern because of several factors 71,

3.3.2 Mercury

Parkinson’s disease onset has been widely linked with
exposure to elevated levels of mercury. Mercury targets
areas of the brain which are not able to detoxify mercury 581,
Even at the lowest levels, inorganic mercury causes neuro
degeneration within minutes of exposure.

Detectable blood mercury levels were six times more
frequent in individuals with PD than in healthy controls 59,
In another study, higher blood Hg levels were seen in PD
patients compared to controls, and mercury exposure was
associated with an 8-fold increase in the risk of developing
PD 1601,

After being occupationally exposed to mercury in a chlorine
factory for 30 years, a patient developed Parkinsonism 51,
A 47-year-old dentist with parkinsonism was found to be
intoxicated with mercury. Following chelation treatment, he
regained health 52, In dentists and dental assistants who are
occupationally exposed to mercury from dental amalgam, an
elevated mortality of PD has been described %3, Among
several professions, dentists were the most common among
PD patients 641,

In industrialized countries, dental amalgams are the single
largest source of mercury exposure %91, For the general
population, amalgam fillings also are the primary source of
mercury in the CNS 661,

Mercury is neurotoxic in every chemical form and appears
to be of importance in the development of PD. Metals such
as iron, copper, and lead do exert a synergistic effect when
in combination with mercury. Taken together, mercury, as
well as other metals, may contribute to the development of
PD.

3.3.3 Other Metals

Upon analysis of brain tissues from PD patients elevated
levels of aluminum, iron, and zinc were found in the
substantia nigra compared to controls [¥71. In the substantia
nigra of PD patients, the accumulation of iron was twice as
much compared to controls %81, This was confirmed in other
studies. Thus, high levels of trivalent iron were found in
Lewy bodies and dopaminergic neurons of the substantia
nigra of PD patients. Substantia nigra neurons contain
neuromelanin that can bind to iron and produce free radicals
that in turn initiate lipid peroxidation and cell death. Iron
also promotes auto-oxidation of dopamine in substantia
nigra neurons, releasing additional free radicals.

4. Conclusion

Metals play an important role in our daily life as they are
widely involved in numerous enzymatic activities; however,
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excessive amounts in the human body usually result in
neurotoxicity. Once metals have accumulated in the nervous
system, oxidative stress, mitochondrial dysfunction, and
protein mis folding are the most common deficits associated
with metal-induced toxicity. Once injured, neurons must
spend greater energy to synthesize neurotransmitters and
maintain homeostasis. The increased burden along with the
neurotoxicity may lead to neuronal death. Industrial
development increases the risk of heavy metal exposure
through production and consumption of commercial
products containing metal compounds. Occupational and
environmental exposure to the metals reviewed above has
been suggested as a possible cause of neurodegenerative
disorders. Genetic factors cannot always be controlled, but
if all the responsible environmental factors could be
identified, they could be counteracted, even if they cannot
be eliminated completely.

5. References

1. "What is Neurodegenerative Disease?. JPND Research.
JPND Research. Retrieved, 2015.

2. Jason R, Cannon J. Timothy Greenamyre, The Role of
Environmental Exposures in Neurodegeneration and
Neurodegenerative Diseases. Toxicological Sciences.
2011; 124(2):225-250.

3. Saba Sheikh, Safia Ejazul Haque, Snober Mir S.
Neurodegenerative Diseases: Multifactorial
Conformational Diseases and Their Therapeutic
Interventions. Journal of Neurodegenerative Diseases,
2013, Article 1D 563481.

4. Banci L. Metallomics and the Cell. Dordrecht: Springer
Netherlands. 2013; 12(10). 1007/978-94-007-5561-1.

5. Robert O. Wright, Andrea Baccarelli. “Metals and
Neurotoxicology, the Journal of Nutrition. 2007;
137(12):2809-2813. https://www.nia.nih.gov/

6. Sara Mokhtar H, Maha Bakhuraysah M, David Cram
S, Steven Petratos. The Beta-Amyloid Protein of
Alzheimer’s Disease: Communication Breakdown by
Modifying the Neuronal Cytoskeleton International
Journal of Alzheimer’s Disease, 2013, Article
ID 910502.

7. Brion JP. Neurofibrillary tangles and Alzheimer's
disease. European Journal of Neurology. 1998;
40(3):130-40.

8. Tripathi KD. Essentials of medical pharmacology, 7th
edition, Jaypee.

9. Kokate CK, Purohit AP, Gokhale SB. Pharmacognasy,
Nirali Prakashan; 14th edition, 2008.

10. Yao EC, Xue L. Therapeutic Effects of Curcumin on
Alzheimer’s Disease Adv. Alzheimer’s Dis. 2014;
3:145-159.

11. Garcia Alloza M, Borrelli LA, Rozkalne A, Hyman T,
Bacskai BJ. Curcumin Labels Amyloid Pa-thology in
vivo, Disrupts Existing Plaques, and Partially Restores
Distorted Neurites in an Alzheimer Mouse Model.
Journal of Neurochemistry. 2007; 102:1095-1104.

12. Shytle RD, Bickford PC, Rezai Zadeh K, Zeng Tan HL,
Sanberg J, Sanberg PR, et al. Optimized turmeric
extracts have potent anti-amyloidogenic effects. Current
Alzheimer Research. 2009; 6:564-571.

13. Reddy C, Lokesh BR. Studies on spice principles as
antioxidants in the inhibition of lipid peroxidation of rat
liver  microsomes.  Molecular and  Cellular
Biochemistry. 1992; 111:117-124.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Dhanasekaran M, Tharakan B, Holcomb LA, Hitt AR,
Young KA, Manyam BV. Neuroprotective mechanisms
of ayurvedic antidementia botanical Bacopa monniera.
Phytotherapy Research. 2007; 21:965-9.

Bharath M. Exploring the role of “Brahmi (Bocopa
monnieri and Centella asiatica) in brain function and
therapy. Recent Patents on Endocrine Metabolic &
Immune Drug Discovery. 2011; 5:33-49.

Singh H, Dhawan B. Effect of Bacopa monniera Linn.
(Brahmi) extract on avoidance responses in rat. Journal
of Ethnopharmacology. 1982; 5:205-14.

Uabundit N, Wattanathorn J, Mucimapura S,
Ingkaninan K.  Cognitive  enhancement and
neuroprotective effects of Bacopa monnieri in

Alzheimer’s disease model.” Journal of
Ethnopharmacology. 2010; 127:26-31.

Oboh G, Ademiluyi AO, Akinyemi AJ. Inhibition of
acetylcholinesterase activities and some pro-oxidant
induced lipid peroxidation in rat brain by two varieties
of ginger (Zingiber officinale). Experimental and
Toxicologic Pathology. 2012; 64:315-9.

Nah SY, Kim DH, Rhim H. Ginsenosides: are any of
them candidates for drugs acting on the central nervous
system? CNS Drug Reviews. 2007; 13(4):381-404.
Brondino N, Re S, Boldrini A, Cuccomarino A, Lanati
N, Barale F, Politi P. Curcumin as a Therapeutic Agent
in Dementia: A Mini Systematic Review of Human
Studies. The Scientific World Journal, 2014, 174282.
Felix Antunes Soares, Daiandra Almeida Fagundez,
Daiana Silva Avila. Neurodegeneration Induced by
Metals in Caenorhabditis elegans, Neurotoxicity of
Metals, pp 355-383. https://sitesearch.alz.org/

Masahiro Kawahara, Midori Kato-Negishi. Link
between Aluminum and the Pathogenesis of
Alzheimer's Disease: The Integration of the Aluminum
and Amyloid Cascade Hypotheses. International
Journal of Alzheimer's Disease, 2011, Article ID
276393.

Patrick Mantyh W, Joseph Ghilardi R, Scott Rogers,
Eric De Master, Clark Allen J, Evelyn Stimson J, John
Maggio E. Aluminum, Iron, and Zinc lons Promote
Aggregation of Physiological Concentrations of
B-Amyloid Peptide, Journal of neurochemistry. 1993;
61:3.

Ana Budimir. Metal ions, Alzheimer’s disease and
chelation therapy. Acta Pharmaceutica. 2011; 61:1-14.
Zheng W, Aschner M, Ghersi-Egea JF. Brain barrier
systems: a new frontier in metal neurotoxicological
research. Toxicology and Applied Pharmacology. 2003;
192(1):1-11.

Nava-Ruiz C, Méndez-Armenta M, Rios C. Lead
neurotoxicity: effects on brain nitric oxide synthase.
Journal of Molecular Histology. 2012; 43(5):553-63.
Mason LH, Harp JP, Han DY. Pb neurotoxicity:
neuropsychological effects of lead toxicity, Bio Med
Research International, 2014, 840547. 10.1155/ 2014/
840547.

Wang B, Du Y. Cadmium and its neurotoxic effects.
Oxidative Medicine and Cellular Longevit, 2013;
898034.

Jiang LF, Yao TM, Zhu ZL, Wang C, Ji LN. Impacts of
Cd (I1) on the conformation and self-aggregation of
Alzheimer's tau fragment corresponding to the third
repeat of microtubule-binding domain. Biochimica et

19



International Journal of Research in Pharmacy and Pharmaceutical Sciences

30.

31.

32.

33.

34.

35.

36.

37.
38.
39.

40.

41.

42.

43.

44,

45.

46.

Biophysica Acta. 2007; 1774(11):1414-21.
Yegambaram Manivannan, Bhagyashree Manivannan,
Thomas Beach G, Rolf Halden G. Role of
Environmental Contaminants in the Etiology of
Alzheimer's Disease: A Review. Current Alzheimer
Research. 2015; 12(2):116-146.

Parkinson's Disease Information Page. NINDS.
Archived from the original on 4 January 2017.
Retrieved, 2016.

Braak H, Ghebremedhin E, Rib U, Bratzke H, Del
Tredici K. Stages in the development of Parkinson's
disease-related pathology. Cell Tissue Research. 2004;
318(1):121-34.

An Essay on the Shaking Palsy. Archived from the
original on, 2015.

GBD. Mortality and Causes of Death Collaborators,
Global, regional, and national life expectancy, all-cause
mortality, and cause-specific mortality for 249 causes
of death, 1980-2015: a systematic analysis for the
Global Burden of Disease Study. 2015; Lancet. 388
(10053): 1545-1602. d0i:10.1016/ S0140-
6736(16):31678-6.

Carroll William M. International Neurology. John
Wiley & Sons, p. 188, Archived from the original on,
2016.

Mosley Anthony D. The encyclopedia of Parkinson's
disease (2nd ed.) New York: Facts on File. p. 89,
Archived from the original on, 2017.
www.mayoclinic.org
http://parkinsondisease.in/parkinson_diagnosis
Satoskar RS, Bhandarkar SD, Nirmala Rege N.
Pharmacology and Pharmacotherapeutics, Popular
Prakashan, 1973.

Zbarsky V, Datla KP, Parkar S, Rai DK, Aruoma Ol,
Dexter DT. Neuroprotective properties of the natural
phenolic antioxidants curcumin and naringenin but not
quercetin and fisetin in a 6-OHDA model of Parkinson's
disease Free Radical Research 39(10):1119-25.

Yu S, Zheng W, Xin N, Chi ZH, Wang NQ, Nie YX, et
al. Curcumin prevents dopaminergic neuronal death
through inhibition of the c-Jun N-terminal kinase
pathway. Rejuvenation Research. 2010; 13(1):55-64.
Purnima, Bhatt M, Preeti Kothiyal. A review article on
phytochemistry and pharmacological profiles of
Nardostachys jatamansi DC-medicinal herb. Journal of
Pharmacognosy and Phytochemistry. 2015; 3(5):102-
106.

Tanaka K, Galdur6z RF, Gobbi LT, Galdurdz JC.
Ginkgo biloba extract in an animal model of
Parkinson's disease: a systematic review. Current
Neuropharmacology. 2013; 11(4):430-435.

Wu WR, Zhu XZ. Involvement of monoamine oxidase
inhibition in neuroprotective and neurorestorative
effects of Ginkgo biloba extract against MPTP-induced
nigrostriatal dopaminergic toxicity in C57 mice. Life
Sciences. 1999; 2(4):157-164.

Kuang S, Yang L, Rao Z, Zhong Z, Li J, Zhong H, Dai
L, Tang X. Effects of Ginkgo Biloba Extract on A53T
a-Synuclein Transgenic Mouse Models of Parkinson's
Disease Canadian Journal of Neurological Sciences.
2018; 45(2):182-187.

Lieu CA, Venkiteswaran K, Gilmour TP, Rao AN,
Petticoffer AC, Gilbert EV, et al. The Antiparkinsonian
and Antidyskinetic Mechanisms of Mucuna pruriens in

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

the MPTP-Treated Nonhuman Primate. Evidence-
Based Complementary and Alternative Medicine. 2012;
2012:840247.

Tharakan B, Dhanasekaran M, Mize-Berge J, Manyam
BV, Anti-Parkinson botanical Mucuna pruriens
prevents levodopa induced plasmid and genomic DNA
damage. Phytotherapy Research. 2007; 21(12):1124-6.
Prakash J, Yadav SK, Chouhan S, Singh SP.
Neuroprotective role of With aniasomnifera root extract
in  maneb-paraquat induced mouse model of
parkinsonism.  Neurochemical  Research.  2013;
38(5):972-980.

Horning KJ, Caito SW, Tipps KG, Bowman AB,
Aschner M. Manganese Is Essential for Neuronal
Health. Annual Review of Nutrition. 2015; 35:71-108.
Chen P, Parmalee N, Aschner M. Genetic factors and
manganese-induced  neurotoxicity.  Frontiers in
Genetics. 2014; 5:265.

Toméas Guilarte R. Manganese and Parkinson’s
Disease: A Critical Review and New Findings
Environmental Health Perspectives. 2010; 118(8):1071-
1080.

Robison G, Sullivan B, Cannon JR, Pushkar Y.
Identification of dopaminergic neurons of the substantia
nigra pars compacta as a target of manganese
accumulation. Metallomics. 2015; 7(5):748-55.

Roth JA, Garrick MD. Iron interactions and other
biological reactions mediating the physiological and
toxic  actions of  manganese. Biochemical
Pharmacology. 2003; 66:1-13. doi: 10.1016/S0006-
2952(03)00145-X.

Peres TV, Eyng H, Lopes SC, Colle D, Goncalves FM,
Venske DKR, Lopes MW, et al. Developmental
exposure to manganese induces lasting motor and
cognitive impairment in rats. Neurotoxicology. 2015;
50:28-37. doi: 10.1016/2015.07.005.

Paolo Zatta, Roberto Lucchini, Susan Jvan Rensburg,
Andrew  Taylor. The role of metals in
neurodegenerative processes: aluminum, manganese,
and zinc Brain Research Bulletin. 2003; 62(15):15-28.
Aschner M, Mullaney KJ, Wagoner D, Lash LH,
Kimelberg HK. Intracellular glutathione (GSH) levels
modulate mercuric chloride (MC)- and methylmercuric
chloride (MeHgCl)-induced amino acid release from
neonatal rat primary astrocytes cultures. Brain.
Research. 1994; 664(1- 2):133-140.

Dantzig PI. Parkinson's disease, macular degeneration
and cutaneous signs of mercury toxicity.” Journal of
Occupational and Environmental Medicine. 2006;
48(7):656.

Ngim CH, Devathasan G. Epidemiologic study on the
association between body burden mercury level and
idiopathic Parkinson's disease. Neuroepidemiology.
1989; 8(3):128-141.

Miller K, Ochudlo S, Opala G, Smolicha W, Siuda J.
Parkinsonism in chronic occupational metallic mercury
intoxication. Neurologia i Neurochirurgia Polska. 2003;
37(Suppl. 5):31-38.

Finkelstein MM, Jerrett M. A study of the relationships
between Parkinson's disease and markers of traffic-
derived and environmental manganese air pollution in
two Canadian cities. Environmental Research. 2007;
104(3):420-432.

Schulte PA, Burnett CA, Boeniger MF, Johnson J.

20



International Journal of Research in Pharmacy and Pharmaceutical Sciences

62.

63.

64.

65.

66.

Neurodegenerative diseases: occupational occurrence
and potential risk factors, 1982 through 1991. American
Journal of Public Health. 1996; 86(9):1281-1288.
Goldman SM, Tanner CM, Olanow CW, Watts RL,
Field RD, Langston JW. Occupation and parkinsonism
in three movement disorders clinics. Neurology. 2005;
65(9):1430-1435.

Mutter J. Is dental amalgam safe for humans? The
opinion of the scientific committee of the European
Commission. Journal of Occupational Medicine and
Toxicology. 2011; 6(2):1-17.

Berlin M, Zalups RK, Fowler BA. Mercury. In:
Handbook on the Toxicology of Metals, 4th ed.”;
Nordberg, G.F.; Fowler, B.A.; Nordberg, M.; Eds.;
Elsevier/Academic Press: Amsterdam. 2015; 2:1013-
1075.

Dexter DT, Wells FR, Lees AJ, Agid F, Agid Y, Jenner
P, Marsden CD. Increased nigral iron content and
alterations in other metal ions occurring in brain in
Parkinson's disease. Journal of Neurochemistry. 1989;
52(6):1830-1836.

Sofic E, Riederer P, Heinsen H, Beckmann H.
Increased iron (II1) and total iron content in post
mortem substantia nigra of parkinsonian brain. Journal
of Neural Transmission. 1988; 74(3):199-205.

21



