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ABSTRACT 
 
Toxic elements are extensively distributed in the Earth’s crust and individuals may be exposed to several of 

them. Indeed, exposure to toxic elements such as mercury (Hg) can be a potential health risk factor of 
health, mainly by ingestion of fish containing methylmercury (MeHg). On the other hand, essential 

elements such as manganese (Mn) play an important role in physiological process in human body. In this 

regard, it is well known that MeHg and Manganese have neurotoxic effects on the developing brain. 

Therefore, we discuss the effects of Methylmercury and Manganese on cell signaling pathways in this 

review, as these effects may contribute to the molecular mechanisms underlying Methylmercury and 

Manganese -induced neurotoxicity. 
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1. INTRODUCTION 
 

Diseases can arise as a result of exposure to heavy metals and metalloids such Ar, Pb, Cd, and 
(Hg) (Kaur et al., 2021; Martins et al., 2020). Others, however, are regarded as "vital 

ingredients." These substances, including copper, selenium, and manganese (Mn), play crucial 

roles in the control of key systems enzyme and are necessary for a number of physiological 

activities (Gerardoet al., 2020; Méplan et al., 2020) However, necessary components may disturb 
typical biological processes and trigger cellular stress responses when present in larger amounts, 

which can lead to the onset of diseases (Ajsuvakova et al., 2020; Martins et al., 2019). 

 
Mercury is ranked third among hazardous elements. There are several chemical forms of this 

dangerous contaminant, including elemental mercury, inorganic compounds mercury (Hg2), and 

organic compounds mercury (MeHg). Aquatic sulfate-reducing bacteria can bio methylate Hg2 in 
an aquatic environment, producing Methylmercury, which has a significant bio-magnification 

potential and accumulates along the food chain. As a result, eating fish is the main way that 

humans are exposed to methylmercury (da Cunha Martins et al., 2018; Antunes dos et al., 2018). 

According to several studies, exposure to methylmercury may cause neurological changes such as 
cognitive and motor impairment as well as reductions in memory and learning (Fujimura et al., 

2020; Martins et al., 2020). The essential element Manganese is necessary for a number of 

biological functions, such as immune response, skeletal development, brain etc (Horning et al., 
2015; Miah et al., 2020). it serves as an essential co-factor for many enzymes, taking part in the 

synthesis and metabolism of amino acids, lipids, proteins, and enzymes that protect organisms 

from oxidative stress. Diet is the main way that Manganese is exposed to people (Horning et al., 

https://airccse.com/ijab/vol9.html
https://doi.org/10.5121/ijab.2022.9302


International Journal of Advances in Biology (IJAB) Vol 9. No .1/2/3, August 2022 

16 

2015). In addition, exposure to high concentrations of airborne Manganese aerosols during job 
activities is a significant source of exposure for employees. It is widely known that excessive 

Manganese deposition in the (CNS) from Manganese exposure can cause manganism (Martins et 

al., 2020). Moreover, alterations of chronic Manganese levels in the brain may trigger the 

development of neurodegenerative diseases, such as PD and AD Balachandran et al., 2020; 
Schetinger et al., 2019). 

 

Currently, mounting data points to Manganese and methylmercury's role in harmful effects on the 
nervous system. It's interesting to note that combined exposure to methylmercury and Manganese 

has more dramatic toxic effects than exposure to either metal alone. In Caenorhabditis elegans 

(C. elegans), co-exposure to these metals has been linked to developmental delays in worms, an 
increase in antioxidant system-related enzymes, and cholinergic degeneration (Ke et al., 2019). 

As a result, both metals may contribute to the emergence of neurotoxicity. However, a single 

process is unable to adequately explain the molecular mechanisms underlying Heavy metal-

induced neurotoxicity. Instead, a number of modifications to pathways the cell signaling that are 
difficult in the control of brain cell regulation are what cause those effects 

 

2. METHYLMERCURY INDUCED NEUROTOXICITY 
 
Methylmercury is a naturally occurring, very toxic neurotoxin that is created when inorganic 

mercury is transformed by microbes in water sediments. Methylmercury exposure in humans is 

primarily caused by eating fish that have bio-accumulated the toxin from aquatic lower tropical 

species. People who regularly consume marine food as their main source of protein, particularly 
growing women and children who are nursing and pregnant may be at risk for health problems 

because to the comparatively high levels of Hg in top tropical fish. Chronic methylmercury 

exposure throughout the developing stage has long-term effects on neuro-behavioral processes, 
whereas acute Methylmercury exposure at high levels permanently damages neuronal 

function.(Fujimura et al., 2020). 

 

 
 

Figure 1. Methyl mercury in Fish 

 

 Evidence is mounting suggesting these systems play a role in various critical cellular processes 

and activities, ultimately leading to damage neuronal (Lin et al., 2020). 
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At a crucial embryonic stage, low-level methylmercury exposure has a significant impact on 
neuronal cell integrity and behaviour (Freire et al., 2020). New research using highly tractable 

animal models shows that low doses of methylmercury altered cellular morphology and 

organismal behavioral patterns (Zhu et al., 2019; Ke et al., 2020). A chronic Methylmercury 

exposure model using C. elegans has recently been developed for the evaluation of dopaminergic 
neurodegeneration. This model was developed by comparing the neuronal morphology of worms 

exposed to various long-term Methylmercury exposure regimes (Melentijevic et al., 2017). The 

removal of spatially structured proteins and organelles destined for breakdown by neural cells 

was shown to be accelerated by proteotoxic stress in a unique type of neuronal homeostasis in C. 
elegans (Ke et al., 2020). Methylmercury inhibited the removal process, according to studies 

using the C. elegans model (Kendricks et al., 2020).  

 
Methylmercury has long been known to mess with the oxidative balance and protein homeostasis. 

One of the underlying causes for neurobehavioral impairment is altered membrane transporter 

and receptor functioning as a result of methylmercury exposure. methylmercury's disruption of 

dopamine neurotransmission is a factor in d-ability amphetamine's to inhibit behavior on a 
baseline basis (Colón-Rodríguez et al., 2020). Studies demonstrating that the cytotoxic effects of 

methylmercury in motor neurons were mediated by the stimulation of 2-Amino-3-(3-hydroxy-5-

methyl-isoxazol-4-yl) propanoic acid receptors were also used to draw novel mechanistic insights 
(Sceniak et al., 2020). 

 

Recent research suggests that the antioxidant signaling network also affects a number of 
significant cellular domains, such as protein breakdown and differentiation, in addition to the 

traditional functions that antioxidant pathways play in methylmercury-induced cytotoxicity 

(Akiyama et al., 2020) 

 
The morphology of nicotinamide adenine dinucleotide phosphate) neurons appeared to be 

immune to the toxic effects of methylmercury, nevertheless. According to a tenable theory, the 

decline in astrocytic NADPHd reactivity is caused by chronic methylmercury poisoning's 
detrimental effects on NADPH-d synthesis and transport in afferent pathways to the visual cortex 

(Lin et al., 2020).hypoxia-inducible factor-1a over expression reduced the cytotoxicity caused by 

methylmercury (Akiyama et al., 2020). 
 

Mobilized Sulphur found in reactive Sulphur species (RSS) rapidly binds to xenobiotic 

electrophiles to produce Sulphur adducts. Methylmercury-induced motor impairment is prevented 

by cystathionine glyase (CSE), an enzyme required for RSS production. CSE-deficient animals 
were more vulnerable to the harmful effects of Methylmercury, which can be prevented by 

restoring RSS with sodium tetra sulfide supplementation (Ke et al., 2019). 

 
Additionally, it has recently come to light that microorganisms can affect methylmercury's 

toxicity (Zhu et al., 2020). It has been demonstrated that Methylmercury-induced decrease of 

locomotor activity was significantly influenced by the gut flora (Ijomone et al., 2019).. A 

possible connection between the gut microbiota and methylmercury-induced neurotoxicity has 
been suggested by metabolomics profiling, which also revealed that methylmercury promotes 

changes in intestinal microbial composition and Brain-derived neurotrophic factor level (Ke et 

al., 2020). 
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Figure 2. Chemical Formula of Methyl Mercury 

 

3. MN-INDUCED NEUROTOXICITY 
 
The exposure chronic to Manganese can disturb important pathways cell signaling that regulate 

cell survival, differentiation, and apoptosis. Indeed, several factors interplay to form the cascade 

of events involved in Manganese Mn neurotoxicity’s, neuro-inflammation, transporter 
dysregulation, mitochondrial such as oxidative stress. 

 

Figure:1 dysfunction, and protein misfolding (Harischandr et al., 2019; Wang et al., 2020). 
Moreover, Manganese -induced neurotoxicity shares pathways associated with the development 

of neurodegenerative diseases (Balachandran et al., 2020). 

 

 
 

Figure 3: A new mechanisms Methylmercury-induced and Manganese -induced toxicity. 

 
Overexposure to manganese may be linked to alterations in the aggregation of Ab and Tau 

proteins, which are hallmarks of Alzheimer Disease. Wang et al. recently discovered that after 

Mn exposure, rats' brains produced more Tau and Ab1-40. The authors also noted that NLRP3 
(nucleotide binding and oligomerization domain-like receptor family pyrin domain-containing 3) 

inflammatory mediators and inflammasome like IL-1b and IL-18 were found in higher 

concentrations in manganese-exposed rats' brains than in control rats, indicating that manganese 

promoted the activation of NLRP3 inflammasome and that the expression of inflammatory 
mediators was up-regulated in cerebral tissues (Sarkar et al., 2019; Peng et al., 2020).  

 

There seems to be a connection between mitochondrial malfunction and the effects of manganese 
exposure on the NLRP3 inflammasome and neuroinflammation. Inflammatory processes benefit 

greatly from the NF-kB signaling pathway. Under normal circumstances, IkB-a, NF-inhibitory 

kB's protein, is linked to nuclear factor kappa-light-chain-enhancer of activated B cells in the 
cytoplasm. When IkB-a is activated, IkB-a is phosphorylated and degraded, which causes NF-kB 

to be phosphorylated, moved from the cytosol to the nucleus, and then activate target genes like 

IL-1b, Tamour necrosis factor and IL-6 (Popichak et al., 2018; Nkpaa et al., 2019). In fact, earlier 
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research found that manganese increased NF-kB signaling, altering the expression of 
inflammatory genes (Li et al., 2021). According to reports, manganese increased levels of the 

proinflammatory cytokines Tamour necrosis, IL-1b, and IL-6 in the rat hippocampus and striatum 

through stimulating NF-kB signaling pathways (Vanhaesebroeck et al., 2016). According to an in 

vitro study, manganese stimulated the NF-kB pathway in BV2 microglia, causing them to 
produce more inflammatory cytokines and phosphorylate the P65 protein and express more 

mRNA (Bryan et al., 2018). Collectively, these findings provide evidence that the 

neuroinflammatory process caused by manganese is activated NF-kB signaling. 
 

A phosphatidylinositol kinase called phosphatidylinositol 3 kinase (PI3K) controls cell 

proliferation, differentiation, and apoptosis as well as oxidative stress (Cheng et al., 2018). Peres 
et al. (2018) demonstrated using the C. elegans model that worms lacking Akt (akt-1 and akt-2) 

have stronger resistance to Mn than wild-type worms, indicating that Akt may be a potential 

therapeutic target for Mn neurotoxicity (Peres et al., 2018;Waqar Ahmad Khan et al.,2022). 

 

4. PARKINSON’S DISEASE  
 

PD is a late-onset neurodegenerative condition marked by a progressive and severe loss of 
dopaminergic neurons in the SNpc and the appearance of Lewy bodies, which are clumped 

intracellular inclusions that contain a-synuclein. Parkinson's disease patients' postmortem brain 

samples show lysosomal depletion and a buildup of autophagosomes, which may indicate 

impaired autophagic clearance (Martinez-Vicente et al., 2015). The proteasome, CMA, and 
macroautophagy are all capable of destroying a-synuclein (Vogiatzi et al., 2008; Webb et al., 

2003). Numerous investigations have demonstrated that pharmacological and genetic stimulation 

of autophagy lowers a-synuclein aggregation and disease pathology, which is consistent with the 
critical role of autophagy in the clearance of a-synuclein (Nah et al., 2020; Spencer et al., 2009; 

Ghavami et al., 2014). Although the pathogenic a-synuclein mutations (A53T and A30P) bind 

more strongly to the lysosomal membrane receptor, they are not transported across the membrane 

and are hence poorly digested by CMA (Cuervo et al., 2004). The mutations function as receptor 
inhibitors, slowing down the breakdown of other CMA substrates, increasing cytotoxicity. A-

synuclein with a specific post-translational modification, such as (DA)-modified a-synuclein, has 

been shown to have compromised CMA (Martinez-Vicente et al., 2004). Aberrant a-inhibition 
synuclein's of CMA results in an increase in macroautophagy as a form of compensation, but it 

can also result in autophagic cell death under stressful circumstances (Cuervo et al., 2004; Shen 

et al., 2013;Lynch-Day et al., 2012).Additionally, the mislocalization of Atg9, a protein crucial 
for the production of autophagosomes, brought on by overexpression of a-synuclein can have an 

impact on the macroautophagy pathway Winslow et al., 2010 Other PD-related proteins, in 

addition to a-synuclein, are directly involved in autophagy pathways. The lysosomal 

transmembrane ATPase ATP13A2 is a protein that is encoded by the ATP13A2 gene (Dagan et 
al., 2016). Due to abnormalities in lysosomal acidification caused by Parkinson's disease-related 

mutations in ATP13A2, autophagosome clearance is decreased and a-synuclein accumulates 

Ramirez et al., 2006; Dehay et al., 2012).It has been demonstrated that the proteins (UCHL1) and 
(LRRK2) linked to PD influence CMA activity. Leucine-rich repeat kinase 2 pathogenic 

mutations impair CMA substrate degradation by preventing the translocation CMA complex from 

assembling at the lysosomal membrane (Orenstein et al., 2013). Numerous investigations have 
suggested that the mutants of ubiquitin carboxy terminal hydrolase L1 interact with (LAMP)-2A 

and remain stacked in the lysosomal membrane, inhibiting the CMA machinery (Kabuta et al., 

2008).Parkinson's disease is known to have an autosomal-recessive type that is caused by loss-of-

function mutations in PARK2 and PINK1 Lesage et al., 2009; Kitada et al., 1998; Valente et al., 
2004; Vives-Bauza `et al., 2010). An E3 ubiquitin ligase and Parkin is encoded by PARK2, while 

PINK1 encodes a threonine/serine protein kinase that is expressed in the outer membrane 
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mitochondrial (Narendra et al., 2008). These proteins control mitophagy, the breakdown of 
damaged mitochondria (Matsuda et al., 2010). (Fig. 1a).  

 

 
 
Fig 4a. Autophagy in PD: Aberrant a-synuclein suppresses the CMA. Moreover, Parkinson disease-linked 

gene mutations result in chaperone mediated autophagy failure, impaired mitophagy and defective 

degradation lysosomal  

 

 
 

Figure 5. PD 

 

5. LITERATURE REVIEW 
 

Karki et al., 2015 one of the information that The majority of non-neuronal glial cells in the brain 

are called astrocytes. Contemporary dogmas attribute many active activities for neurons, once 

consigned to a merely supportive function in the (CNS), including maintenance of appropriate 

glutamate levels in synapses. We will talk about manganese-induced neurotoxicity and the 
function of astrocytic glutamate transporters in neurodegenerative disorders in this review. 

 

Wang et al., 2022 stated that exposure to (MeHg) has drawn attention on a global scale. 
Methylmercury's effects on the nervous system have received the most attention in studies of its 

developmental toxicity to date. It has been demonstrated that the neuroprotective compound 
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resveratrol (RSV) may increase hippocampus plasticity. These findings imply that impairment to 
synaptogenesis is a component of methylmercury's developmental neurotoxicity, and that RSV 

intervention can repair this damage. 

 

Liu et al., 2014 reported that the common environmental pollutant called (MeHg) has the 
potential to cause oxidative stress and indirectly glutamate-mediated excitotoxicity. The precise 

mechanisms by which Methylmercury affects the CNS are still not well understood, and little is 

known about how oxidative stress and Glu dyshomeostasis interact to cause Methylmercury 
neurotoxicity. The findings concluded that oxidative stress brought on by increased ROS 

production is a key factor in the neurotoxicity of methylmercury. Through its antioxidative 

capabilities, TP has the capacity to reduce the neurotoxic effects of methylmercury. 
 

Adedara et al., 2016 studied looked into how DPDS protected Drosophila melanogaster against 

manganese-induced toxicity. The combined data show that DPDS may be a good chemo 

preventive medication candidate mitigates neurotoxicity brought on by acute Mn exposure. 
 

Milatovic et al., 2011 they   suggested that a multi-pronged therapeutic approach for protecting 

dysfunctional dopaminergic transmission and slowing the progression of manganese-induced 
neurodegenerative processes may involve controlling oxidative stress/mitochondrial dysfunction, 

changes in biomarkers of oxidative injury, synaptodendritic degeneration and neuroinflammation. 

 
Ibrahim et al., 2020 objective was to assess the neurotoxic effects of manganese and any potential 

protective properties of ALA and Spirulina platensis (SP), both separately and together. Co-

treatment with Alpha Lipoic Acid and SP demonstrated their capacity to guard mitigates 

oxidative harm, neurobehavioral abnormalities, and metabolic alterations brought on by 
Manganese. 

 

Fujimura et al., 2022 Environmental contaminant (MeHg) is well-known for its severe 
neurotoxicity. Methylmercury exposure age (foetal, childhood, or maturity), exposure amounts, 

and changes in the properties of tissues and cells are all factors that might cause neurotoxicity. In 

this section, we go through the mechanisms underlying redox abilities, neuronal expansion and 

synapse development, cellular signaling pathways, epigenetics, and the inflammatory 
circumstances that microglia experience. 

 

Hernández et al., 2021 Finally, we found that 84% of the pathways involved in 
neurodegenerative disorders were shared by manganese (II)-induced cytotoxicity in RA-SH-

SY5Y cells. 

 

6. RESULT AND DISCUSSION 
 

When two toxic chemicals substances methyl mercury and manganese are transferred into the 

human body but the neurodegeneration disease produced. Methylmercury damage of the brain, 

neurological disorder, wild life and gastrointestinal tract, cardiovascular disease and effect of the 
human health and fish, hearing impairment and blindness of visual and slowness of the speech. 

 

Kerper, et al., 1992 studied that methylmercury that has been consumed is quickly and 
completely absorbed by the digestive system. The majority of the time, it is present in complexes 

with free cysteine and with proteins and peptides that also include that amino acid. Methionine, 

another essential amino acid, is recognized as and/or by amino acids proteins transporting in the 

body as the methylmercuric-cysteinyl complex.  
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Choi et al., 2009 investigated that adult exposure to methylmercury has also been associated with 
a higher risk of cardiovascular disorders, including heart attacks.  

 

Scheuhammer et al., 2007 indicated that methylmercury impairs the health of wildlife and fish in 

both severely polluted ecosystems and ecosystems with low levels of Megh. Numerous studies 
have shown that methylmercury contamination in aquatic ecosystems reduces the reproductive 

success of fish, mammals, fish-eating birds according to two reviews. 

 
Seki et al., 2021 supported that the gut microbiota is involved in reducing MeHg toxicity by 

capturing and inactivating the hydrogen sulphide and hydrogen per sulfide produced by intestinal 

microbes. 
 

7. CONCLUSIONS 
 

A growing body of research indicates that excessive exposure to manganese and methylmercury 

might have harmful effects, mostly in the brain, which can contribute to neurodegenerative 
disorders. The public health issue of exposure to metals heavy like manganese and 

methylmercury is significant. Whole, the discoveries concise in this evaluation (Figure 3) imply 

that a strategy to treat or prevent the neurotoxic effects caused by these metals may be based on 
an understanding of how toxic and sub-toxic levels of methylmercury and manganese may 

stimulate several crucial pathways cells signaling that are difficult in a variety of biological 

processes and disease states. Furthermore, research utilizing "omics" tools like proteomic, 

transcriptomic, and bioinformatics studies is essential and opens up new avenues for 
toxicological investigation. 
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