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Abstract

Methylmercury is a neurotoxin present in fish tissues that permeates the blood-brain barrier after consumption.
Previous research has shown that methylmercury is harmful to neurons, causing pH alterations, oxidative
stress, excitotoxicity, and parenchymal damage. Methylmercury is a known factor of neurological disorders
including Alzheimer's and Parkinson's. The method by which methylmercury passes through the blood-brain
barrier is largely unknown. According to preliminary studies, one way methylmercury crosses the blood-brain
barrier is by creating a complex with L-Cysteine, which facilitates its passage by the LATs system through
mimicking another amino acid existing in the body. The human blood-brain barrier was studied using C.
elegans as a model organism. It was hypothesized that if methylmercury passes through the blood-brain barrier
of C. elegans faster with L-Cysteine present than without L-Cysteine present, the methylmercury's adverse
effects (death and locomotive difficulty) will occur sooner. Each of the four experimental groups contained
one C. elegans: the control, the L-Cysteine group, the methylmercury group, and the methylmercury and L-
Cysteine combination group. The effects of L-Cysteine and methylmercury on C. elegans were studied using
three metrics: viability, locomotive disability, and time for locomotive effects to occur. The group that
received both methylmercury and L-Cysteine had reduced viability rates and a decreased time for locomotive
difficulty to develop, supporting the hypothesis. These findings suggest that L-Cysteine aids methylmercury
permeation through the blood-brain barrier. Because the experiment indicates how methylmercury penetrates
the blood-brain barrier, these results aid in finding a therapeutic solution to reverse methylmercury
neurotoxicity in the brain. Additionally, this study further opens channels into potential therapeutic and
preventative measures for dementia, improving morbidity and mortality in neurodegenerative diseases.
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Introduction

Methylmercury

Methylmercury (MeHg or CHsHg) is a type of mercury that forms when anaerobic bacteria react with
inorganic mercury in water, soil, or plants. The anaerobic bacteria makes the inorganic mercury go through
the process of methylation where it gains a methyl group (3 hydrogen atoms and 1 carbon atom in the formula
CH;s or the abbreviated Me). Methylmercury is biomagnified, meaning that the concentration of this toxin in
tissues of tolerant organisms is at successively higher levels in the food chain. The concentration of
methylmercury in organisms increases as it travels from bacteria to plankton to herbivorous fish to piscivorous
fish. The concentration of methylmercury can be 1 to 10 million times higher in the top level of aquatic
predators than the level in the water (1). Fish and other aquatic organisms are the main source of human
consumption of methylmercury (2, 3).

The mechanism by which methylmercury enters the body is when it is ingested by human consumption of
fish. It is then completely absorbed by the gastrointestinal tract. From there it forms a complex with L-Cysteine
(CHsHg—Cys), an amino acid found in the body. This complex is able to pass through the blood-brain barrier
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because it mimics the amino acid methionine. It is not readily eliminated because of its strong affinity to
proteins (4).

Additionally, methylmercury is a neurotoxin and has substantiated evidence tying it to neurodegenerative
diseases such as Alzheimer's and Parkinson’s (5, 6, 7). The most damaging aspect of methylmercury
neurotoxicity is its irreversible inhibition of selenoenzymes, such as thioredoxin reductase, in the brain. This
is a major effect because selenoenzymes restore vitamins C and E, and a number of antioxidant molecules that
help counteract oxidative damage in the brain. Early evidence suggests that methylmercury’s affinity to
selenol groups allows for its entry into the brain. This is due to how methylmercury’s interruptions of selenium
metabolism indicate answers to some unsettled phenomena such as why methylmercury specifically targets
the brain and the latency between methylmercury exposure and the onset of its neurotoxic effects.
Additionally, selenium has an affinity for mercury compounds that is approximately 1 million times greater
than that of thiol groups, with an acid dissociation constant (K,) of 10*. Because of selenium’s great affinity
towards methylmercury, it is expected that it be predominantly found bonded to selenoproteins. On the
contrary, more than 95% of the mercury content in the body is associated with thiol groups instead. Thus,
research indicates that molecules containing thiol groups, such as L-Cysteine, facilitate methylmercury’s
entry into the brain where it is allowed to disrupt standard selenium metabolism (8). Additionally,
methylmercury’s interaction with thiol and selenol groups is seen to alter the structure of proteins in the brain,
leading to downstream effects such as mitochondrial dysfunction, decreased glutathione levels, disruption of
calcium homeostasis, and an overall increase in reactive oxygen species production in the brain (9).

Methylmercury can also dysregulate essential neurotransmitters such as serotonin, acetylcholine, dopamine,
norepinephrine, and glutamate. It can cause some of the most notable features of Alzheimer's disease such as
plaques, beta-amyloid protein, neurofibrillary tangles, phosphorylated tau protein, and memory loss.
Abnormal levels of different minerals in the body, such as aluminum, calcium, copper, iron, magnesium,
selenium, zinc, and vitamins B1, B12, E, and C, occur in methylmercury toxicity as well as in Alzheimer's
disease. Some studies have even been conducted showing elevated levels of mercury in the brain, blood, and
tissues of Alzheimer's patients (10, 11). All of these features of methylmercury toxicity have also been
associated with extremely damaging neurodegenerative diseases such as Alzheimer's disease, exemplifying
the need to research this substance more thoroughly for its neurotoxic effects on the brain.

Methylmercury has an affinity for sulfur-containing anions, specifically thiols. Because of its affinity to thiol
groups, it will readily form complexes with compounds with thiols, including L-Cysteine (12, 13).
Methylmercury is shown to be able to permeate the blood-brain barrier which is odd because of its highly
selective permeability. The blood-brain barrier’s high selectivity for essential amino acids such as methionine
and isoleucine begs the question about how methylmercury is able to enter the brain in the first place (14).
The mechanisms by which methylmercury is able to enter the brain and cause damage are largely unknown
but research suggests that it creates a complex with the amino acid L-Cysteine and utilizes molecular mimicry
for the Large Amino Acid Transporter system (LATS) to allow it into the brain (15, 16, 17, 18).

[MeHg]* + RSH - MeHg —SR + H*

This formula shows how methylmercury makes a complex with an amino acid (L-Cysteine) and in doing so
spits out a hydrogen cation. A hydrogen cation is dangerous because since it is a single proton, it can steal
electrons from other molecules and ionize them, setting them out of balance. This process creates reactive
oxygen species in the brain and starts a rapid chain reaction that is highly damaging to nervous tissue in the
brain. In addition, once inside the brain, methylmercury can then wreak havoc on neurons and their
surrounding glial cells by targetting and killing neurons and the cell structure (19, 20, 21).
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Caenorhabditis elegans

C. elegans is a model organism of the human nervous system and is commonly used for neurobiology research.
C. elegans have approximately 60 to 80% of human genes, including genes involved in metal homeostasis
and transportation (22, 23). Their nervous system is fully mapped and they have 302 neurons in their whole
body. Any slight change in their nervous system, such as if a neuron has died, is visibly noticeable in their
body's locomotive function.

C. elegans neurons have the same components as human neurons specifically in their overall structure. The
only difference between their neurons and human neurons is the fact that C. elegans neurons do not have a
myelin sheath. But the reason for this is because the purpose of a myelin sheath is as insulation for the electrical
impulse to travel from neuron to neuron, however, with a worm the size of 1 millimeter, the distance neurons
travel in C. elegans is too short of a distance to require a myelin sheath.

The way C. elegans neurons communicate with each other using electrical and chemical synapses is highly
similar to humans as well. Electrical synapses are synapses that pass information between two neurons via
gap junctions. They conduct nerve impulses faster than chemical synapses. Chemical synapses are the release
of a chemical neurotransmitter from a presynaptic cell to chemically stimulate the postsynaptic cell. This is
the most common type of synapse and occurs between neurons and muscle cells. This similar synaptic system
is utilized in both humans and C. elegans, adding to why it is an optimal model organism.

C. elegans neurons are highly conserved to human neurons
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Figure 1: C. elegans neurons are pictured and the similarities between human and C. elegans neurons are
demonstrated in the different parts of neurons, with the cell body, axon, and dendrite all appearing to be highly
conserved to the human neuron. In addition, the types of synapses between neurons are conserved, as pictured
in Figure 1. This is seen in how both human and C. elegans neurons have chemical and electrical synapses,
with their own component features of neurotransmitters and existing gap junctions with ions.

Additionally, C. elegans nervous systems have the same basic organization of neuron subtypes into sensory,
interneuron, and motor neurons. Sensory neurons in C. elegans make up 28 neurons that are specialized for
detecting external stimuli such as temperature and chemical changes in their environment. The sensory and
interneurons make up a cluster of nerve cells called head ganglia in the head of the C. elegans which acts
similarly to the human brain. This is because of how it sends and relays messages to other neurons in the rest
of the body. Interneurons receive incoming synapses and send ongoing synapses to other neurons. They are
the largest group of neurons in C. elegans and in humans. They are information processors and their main
objective is to relay inputs from one or more classes of neurons and outputs to other neurons. They function
as circuit couplers, sending information from two or more circuits that converge to establish circuit hierarchies.
Motor neurons make synaptic connections to muscle cells to execute an objective.

The C. elegans nervous system has the same structural organization as humans even though the complexity
of the human connectome, the structural connectivity of a nervous system, is far greater. In the C. elegans
nervous system, sensory neurons send dendrites from the head ganglia to the nose and transmit sensory info
to interneurons. The interneurons in the head ganglia are responsible for analyzing and interpreting
information. The interneuron network then determines the action they should take based on the sensory input.
Then the interneurons stimulate the motor neurons to execute the desired outcome. Motor neurons then
interface with effector cells, cells such as muscle cells, to control their activity. This allows the organism to
move in response to the directions from the interneurons. This basic system is the same as the human nervous
system. In the human nervous system, sensory neurons transmit information to interneurons in the central
nervous system. Interneurons then stimulate the motor neurons for action. The outcome is produced by either
muscle cells or other specialized cells in the body through nerve cell communication. The way neurons
communicate in the body highlights a similarity between the human and C. elegans nervous system (24, 25).
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Basic structural organization of the C. elegans nervous system is highly conserved

v
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Figure 2: This image highlights the similarity in information processing between the C. elegans and human
nervous systems.

The blood-brain barrier in C. elegans is conserved to the human blood-brain barrier as well in how they both
act as a barrier to protect the “brain” of the organism from foreign substances (26, 27). This is because how
C. elegans contain a structure within the head ganglia called the nerve ring. This nerve ring in C. elegans acts
as the “brain” of the C. elegans in that it is the most synapse-rich part of its body and consists of a tight axon
bundle containing processes from over half of the C. elegans neurons (28). Studies show that C. elegans
contain specialized glial cells or sheath cells that isolates the nerve ring in the same way that the blood-brain
barrier does in humans, thus making C. elegans an ideal organism to model the Central Nervous System and
the blood-brain barrier (29).

Methods

Upon seeing the similarities between the human and C. elegans nervous systems, C. elegans was utilized as a
model organism to test methylmercury’s permeability into the brain and its neurodegenerative properties. Four
experimental groups containing one C. elegans each were performed: a control containing only the nematode
growth agar, a group containing L-Cysteine dissolved in nematode growth agar, a group containing
methylmercury dissolved in nematode growth agar, and a combination group containing both L-Cysteine and
methylmercury dissolved in nematode growth agar. Three metrics were used to analyze data: viability,
locomotive ability, and the length of time for locomotive effects to take place. Viability measured how long
each C. elegans lived and was recorded in hours. As well, viability was checked by prodding each C. elegans
with a nicromium wire to see its reaction to touch stimulus. Locomotive ability examined the ability for C.
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elegans to continue its usual function and was recorded with qualitative description. The length of time for
locomotive effects to take place was recorded in seconds of time and measured because the length of time for
locomotive effects to take place is equal to the time it took for methylmercury to permeate across the C.
elegans blood-brain barrier and damage neurons.

Results

Trials 1, 2, and 3 of the Viability of C. elegans Administered with L-Cysteine, Methylmercury, and a
Combination of the Two Measured over 72 Hours

Experimental groups: Trial 1 Viability (in hours)
Control 72
L-Cysteine 72
Methylmercury 48
Methylmercury and L-Cysteine 24
Experimental groups: Trial 2 Viability (in hours)
Control 72
L-Cysteine 72
Methylmercury 36
Methylmercury and L-Cysteine 12
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Experimental groups: Trial 3 Viability (in hours)
Control 72
L-Cysteine 72
Methylmercury 36
Methylmercury and L-Cysteine 12

Table 1: The three trials testing the viability of each experimental group of C. elegans exposed to L-Cysteine,
Methylmercury, and a combination of both demonstrated the most decreased viability rates in the combination
groups in contrast to the control, L-Cysteine, and methylmercury groups.

The Viability of Caenorhabditis elegans Administered with L-cysteine,
Methylmercury, and a Combination of the two Measured over 72 Hours

M Triall M Trial 2 M Trial 3

Control
w
Q.
: .
o L-cysteine
Q
&
c
2 Methylmercury
b5
u% Combination with

Methylmercury and
L-cysteine

0 20 410 60 80

Time in Hours

Figure 3: This is a representation of the viability of the C. elegans in each experimental group in a horizontal

bar graph. The viability of each C. elegans was significantly reduced in the combination group of

methylmercury and L-Cysteine in comparison to the methylmercury group as well as the control and L-

Cysteine groups.

Trials 1, 2, and 3 of the Locomotive Difficulty of C. elegans Administered with L-Cysteine, Methylmercury,
and a Combination of the Two
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Experimental groups:

Locomotive Ability

Trial 1
Control Normal locomotive function
L-Cysteine Normal locomotive function

Methylmercury

- Moved like normal at first but stopped moving completely after
136 seconds
- Would only move when prodded with wire

Methylmercury and L-
Cysteine

- Moved like normal at first but stopped moving completely after
57 seconds
- Would only move when prodded with wire

Experimental groups:

Locomotive Ability

Trial 2
Control Normal locomotive function
L-Cysteine Normal locomotive function

Methylmercury

- Moved like normal at first but stopped moving completely after
184 seconds
- Would only move when prodded with wire

Methylmercury and L-
Cysteine

- Moved like normal at first but stopped moving completely after
75 seconds
- Would only move when prodded with wire

Experimental groups:
Trial 3

Locomotive Ability
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Control Normal locomotive function
L-Cysteine Normal locomotive function
Methylmercury - Moved like normal at first but stopped moving completely after 110
seconds

- Would only move when prodded with wire

Methylmercury and | - Moved like normal at first but stopped moving completely after 39
L-Cysteine seconds
- Would only move when prodded with wire

Table 2: The locomotive ability of the C. elegans in the control and L-Cysteine groups was significantly better
than both groups containing methylmercury, as seen by how both C. elegans exposed to methylmercury had
not been able to resume normal locomotive function after a certain number of seconds.

Trials 1, 2, and 3 of the Length of Time for Locomotive Effects to Occur in the Methylmercury Group and
the Combination Group with Methylmercury and L-Cysteine

Experimental groups Length of time for
locomotive effects to
occur (in seconds)

Trial 1 Methylmercury 136
Methylmercury and L-Cysteine 57
Trial 2 Methylmercury 184
Methylmercury and L-Cysteine 75
Trial 3 Methylmercury 110

Methylmercury and L-Cysteine 39
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Average Methylmercury 143

Methylmercury and L-Cysteine 57

Table 3: As seen in Table 3, the C. elegans impacted by insult of both methylmercury and L-Cysteine present
had a significantly shorter time for locomotive difficulty to take place.

Length of Time for Locomotive Effects to Occur

W Average B Triall W Trial2 W Trial 3

Methylmercury and L-
cysteine

Experimental Groups

Methylmercury

0 50 100 150 200

Time in Seconds

Figure 4: This is a representation of the length of time for locomotive effects of methylmercury to occur in
the C. elegans in a horizontal bar graph.

The petri dish with methylmercury and L-Cysteine present displayed locomotive difficulty at a rate 2.5%
faster than the petri dish with only methylmercury present. These results are only from the methylmercury
group and the combination groups because it records length of time for the methylmercury to permeate across
the blood-brain barrier, which is only relevant to the experimental groups containing methylmercury.
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Statistical Analysis

Experimental Groups Mean (M) Standard Deviation p-value
(SD)
Methylmercury (ul) 143 seconds 30.7 0.0229
Methylmercury and L- 57 seconds 14.7
Cysteine (12)

Figure 5: p <a..pulzu2 .. reject null hypothesis .. significant statistical difference

A two sample t-test was performed to compare the length of time for locomotive effects to occur in the
methylmercury group in comparison to the methylmercury and L-Cysteine group. Tests were conducted with
an alpha value of 0.05 and a 95% confidence interval. The null hypothesis (HO) is that there is no statistically
significant difference between the mean of the length of time for locomotive disability to occur in the
methylmercury group (ul) in comparison to the methylmercury and L-Cysteine group (u2). Because the
calculated p-value of 0.0229 is less than 0.05, this null hypothesis was rejected, demonstrating a significant
statistical difference in the length of time for locomotive effects to occur between the methylmercury group

(M = 143 seconds, SD = 30.7) and the methylmercury and L-Cysteine group (M = 57 seconds, SD = 14.7).

|\

Control #1 L-Cysteine #1 Methylmercury #1 Methylmercury and
L-Cysteine #1

Control #2 L-Cysteine #2 Methylmercury #2 Methylmercury and
L-Cysteine #2

{

Control #3 L-Cysteine #3 Methylmercury #3 Methylmercury and

L-Cysteine #3
Images

Figure 6: These images were taken with a trinocular microscope by the experimenter at 40X magnification
using a 10X ocular lens and a 4X objective lens. These images show the locomotive disabilities of C. elegans
as a result of the methylmercury. The experimental groups with methylmercury present show slimmer bodies
that are unable to move.

Discussion
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Conclusion

Because the petri dish with methylmercury and L-Cysteine present displayed locomotive disabilities at a rate
approximately 2.5% faster than the petri dish with only methylmercury present, and because the C. elegans
with methylmercury and L-Cysteine present had average viability of 28 hours less than the petri dish with
only methylmercury present, this means that methylmercury can permeate across the Blood-Brain Barrier
(BBB) of C. elegans faster with L-Cysteine present than without. Because of this, it can be concluded that the
mechanism by which methylmercury enters the brain is through making a complex with L-Cysteine. As well,
the effects of the methylmercury on the C. elegans included locomotive disability and death, suggesting that
the nervous system was detrimentally impacted to the point of neuronal death.

Applications

Because of the detrimental effects that methylmercury has on the nervous system, future research is imperative
to fully understand the mechanism of how it is able to pass through the Blood-Brain Barrier and exact this
damage upon neurons. This research can be applied to future experimentation because now that this
experiment has defined the possible mechanism for how methylmercury is able to enter the brain, this
information can be used to prevent this chemical reaction from occurring and prevent methylmercury from
being able to enter the Central Nervous System. Because methylmercury pollution affects extremely large
quantities of fish worldwide, finding how to prevent its detrimental effects on the brain is imperative to
preventing rising dementia rates worldwide.

Limitations

A limitation that arose in this experiment was that methylmercury chloride (HsCHgCl) had to be used instead
of pure methylmercury (HsCHg) because that is the only form of methylmercury available to purchase and
because the addition of chlorine allows the substance to be more miscible in different solutions, in this case
being the nematode growth agar. While it is unlikely, there is a possibility that the chlorine molecule could
cause an interruption in the formation of the methylmercury—L-Cysteine complex. While this should not
change the results of this experiment, it is optimal to use the same form of methylmercury that causes
neurotoxicity in the brain in this experiment.

Future Research

Future research would be conducted by investigating chelators and antioxidants which have preliminary
research for being effective against methylmercury neurotoxicity. Chelators are molecules that can bond very
closely to metal ions, and then can be removed from the body. These substances have the potential to be used
as a solution for the removal of methylmercury from the brain. Past studies have presented preliminary results
towards being able to use chelators for the extraction of metal ions in the brain (30). To further this research,
different types of chelators would be investigated to remove methylmercury ions from the brain, thus reversing
methylmercury neurotoxicity and preventing a potential neurodegenerative disease such as Alzheimer's or
Parkinson’s from taking place.

Excreted out of the
body by kidneys

e
)\
O

Chelating agent
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Figure 7: This diagram presents exactly how a chelator would function to remove methylmercury from the
brain, through bonding closely to it and forming somewhat of a shell around it, thus allowing for its detrimental
effects to be neutralized, where it would then be excreted from the body by the kidneys.

Additionally, natural and synthetic antioxidants would be investigated because of how promising research has
shown in minimizing the neurotoxicity of methylmercury in the brain. This is another pathway to pursue to
curtail the damaging effects of methylmercury on the brain’s parenchyma. By applying this from Petri dish to
its application in real-world health care, this research can potentially save lives.

References

1.
2.

w

10.

11.

12.

13.

Mercury in seafood. (2013, January 11). Seafood Selector. https://seafood.edf.org/mercury-seafood
Public Health, Epidemiology, Occupational and Environmental Epidemiology. (2018). NC DPH:
Occupational and Environmental Epidemiology: Mercury in Fish. Ncdhhs.gov.
https://epi.dph.ncdhhs.gov/oee/mercury/in_fish.html

Mercury in seafood. (2013, January 11). Seafood Selector. https://seafood.edf.org/mercury-seafood
Nogara, P. A., Oliveira, C. S., Schmitz, G. L., Piquini, P. C., Farina, M., Aschner, M., & Rocha, J. B.
T. (2019). Methylmercury’s chemistry: From the environment to the mammalian brain. Biochimica
et Biophysica Acta (BBA) - General Subjects, 1863(12), 129284.
https://doi.org/10.1016/j.bbagen.2019.01.006

Azar, J., Yousef, M. H., El-Fawal, H. A. N., & Abdelnaser, A. (2021). Mercury and Alzheimer’s
disease: a look at the links and evidence. Metabolic Brain Disease, 36(3), 361-374.
https://doi.org/10.1007/s11011-020-00649-5

Bjarklund, G., Tinkov, A. A., Dadar, M., Rahman, M. M., Chirumbolo, S., Skalny, A. V., Skalnaya,
M. G., Haley, B. E., Ajsuvakova, O. P., & Aaseth, J. (2019). Insights into the Potential Role of
Mercury in Alzheimer’s Disease. Journal of Molecular Neuroscience : MN, 67(4), 511-533.
https://doi.org/10.1007/s12031-019-01274-3

Cariccio, V. L., Sama, A., Bramanti, P., & Mazzon, E. (2018). Mercury Involvement in Neuronal
Damage and in Neurodegenerative Diseases. Biological Trace Element Research, 187(2), 341-356.
https://doi.org/10.1007/s12011-018-1380-4

Ralston, N. V. C., & Raymond, L. J. (2018). Mercury’s neurotoxicity is characterized by its
disruption of selenium biochemistry. Biochimica et Biophysica Acta (BBA) - General Subjects,
1862(11), 2405-2416. https://doi.org/10.1016/j.bbagen.2018.05.009

Unoki, T., Akiyama, M., Kumagai, Y., Goncalves, F. M., Farina, M., da Rocha, J. B. T., & Aschner,
M. (2018). Molecular Pathways Associated With Methylmercury-Induced Nrf2 Modulation.
Frontiers in Genetics, 9. https://doi.org/10.3389/fgene.2018.00373

Siblerud, R., Mutter, J., Moore, E., Naumann, J., & Walach, H. (2019). A Hypothesis and Evidence
That Mercury May be an Etiological Factor in Alzheimer’s Disease. International Journal of
Environmental Research and Public Health, 16(24), 5152. https://doi.org/10.3390/ijerph16245152
Fernandes Azevedo, B., Barros Furieri, L., Pecanha, F. M., Wiggers, G. A., Frizera Vassallo, P.,
Ronacher Simdes, M., Fiorim, J., Rossi de Batista, P., Fioresi, M., Rossoni, L., Stefanon, 1., Alonso,
M. J., Salaices, M., & Valentim Vassallo, D. (2012). Toxic Effects of Mercury on the Cardiovascular
and Central Nervous Systems. Journal of Biomedicine and Biotechnology, 2012, 1-11.
https://doi.org/10.1155/2012/949048

Bridges, C. C., & Zalups, R. K. (2006). Molecular Mimicry as a Mechanism for the Uptake of
Cysteine S-Conjugates of Methylmercury and Inorganic Mercury. Chemical Research in Toxicology,
19(9), 1117-1118. https://doi.org/10.1021/tx060158i

Yin, Z., Jiang, H., Syversen, T., Rocha, J. B. T., Farina, M., & Aschner, M. (2008). The
methylmercury-I-cysteine conjugate is a substrate for the L-type large neutral amino acid transporter.
Journal of Neurochemistry. https://doi.org/10.1111/j.1471-4159.2008.05683.x


https://doi.org/10.20944/preprints202206.0303.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 June 2022 d0i:10.20944/preprints202206.0303.v1

14 of 15

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

Zaragoza, R. (2020). Transport of Amino Acids Across the Blood-Brain Barrier. Frontiers in
Physiology, 11. https://doi.org/10.3389/fphys.2020.00973

Lohren, H., Bornhorst, J., Fitkau, R., Pohl, G., Galla, H.-J., & Schwerdtle, T. (2016). Effects on and
transfer across the blood-brain barrier in vitro—Comparison of organic and inorganic mercury species.
BMC Pharmacology and Toxicology, 17(1). https://doi.org/10.1186/s40360-016-0106-5

Roos, D. H., Puntel, R. L., Lugokenski, T. H., Ineu, R. P., Bohrer, D., Burger, M. E., Franco, J. L.,
Farina, M., Aschner, M., Rocha, J. B. T., & De Vargas Barbosa, N. B. (2010). Complex
Methylmercury-Cysteine Alters Mercury Accumulation in Different Tissues of Mice. Basic & Clinical
Pharmacology & Toxicology, 107(4), 789-792. https://doi.org/10.1111/j.1742-7843.2010.00577.X
Yin, Z., Jiang, H., Syversen, T., Rocha, J. B. T., Farina, M., & Aschner, M. (2008). The
methylmercury-I-cysteine conjugate is a substrate for the L-type large neutral amino acid transporter.
Journal of Neurochemistry. https://doi.org/10.1111/j.1471-4159.2008.05683.x

Bridges, C. C., Krasnikov, B. F., Joshee, L., Pinto, J. T., Hallen, A., Li, J., Zalups, R. K., & Cooper,
A.J. L. (2012). New insights into the metabolism of organomercury compounds: Mercury-containing
cysteine S-conjugates are substrates of human glutamine transaminase K and potent inactivators of
cystathionine  y-lyase.  Archives of Biochemistry and Biophysics, 517(1), 20-29.
https://doi.org/10.1016/j.abb.2011.11.002

Ceccatelli, S., Daré, E., & Moors, M. (2010). Methylmercury-induced neurotoxicity and apoptosis.
Chemico-Biological Interactions, 188(2), 301-308. https://doi.org/10.1016/j.cbi.2010.04.007
Bassett, T., Bach, P., & Chan, H. M. (2012). Effects of methylmercury on the secretion of pro-
inflammatory cytokines from primary microglial cells and astrocytes. NeuroToxicology, 33(2), 229—
234. https://doi.org/10.1016/j.neuro.2011.10.003

Novo, J. P., Martins, B., Raposo, R. S., Pereira, F. C., Oria, R. B., Malva, J. O., & Fontes-Ribeiro, C.
(2021). Cellular and Molecular Mechanisms Mediating Methylmercury Neurotoxicity and
Neuroinflammation.  International  Journal of  Molecular  Sciences, 22(6), 3101.
https://doi.org/10.3390/ijms22063101

Chen, P., Martinez-Finley, E. J., Bornhorst, J., Chakraborty, S., & Aschner, M. (2013). Metal-
induced neurodegeneration in C. elegans. Frontiers in Aging Neuroscience, 5.
https://doi.org/10.3389/fnagi.2013.00018

Kim, Y., Park, Y., Hwang, J., & Kwack, K. (2018). Comparative genomic analysis of the human and
nematode Caenorhabditis elegans uncovers potential reproductive genes and disease associations in
humans. Physiological Genomics, 50(11), 1002-1014.
https://doi.org/10.1152/physiolgenomics.00063.2018

Helmcke, K. (2010). CAENORHABDITIS ELEGANS AS A MODEL TO STUDY MOLECULAR
MECHANISMS OF METHYLMERCURY TOXICITY.
https://ir.vanderbilt.edu/bitstream/handle/1803/10424/Electronicversion.pdf?sequence=1&isAllowed
=y

Elegans Behavior Kit. (n.d.). Biotechnology Explorer. https://www.b2b-uat.bio-
rad.com/sites/default/files/webroot/web/pdf/Ise/literature/10041144.pdf

Shaham, S. (2015). Glial Development and Function in the Nervous System of Caenorhabditis
elegans. Cold Spring Harbor Perspectives in Biology, 7(4), a020578.
https://doi.org/10.1101/cshperspect.a020578

Singhvi, A., & Shaham, S. (2019). Annual Review of Neuroscience Glia-Neuron Interactions in
Caenorhabditis elegans. https://doi.org/10.1146/annurev-neuro-070918-

Embryo - Nerve Ring Development. (n.d.). Www.wormatlas.org.
https://www.wormatlas.org/embryo/nervering/EmbryoNRDevframeset.html#:~:text=The%20C.
Oikonomou, G., & Shaham, S. (2010). The Glia of Caenorhabditis elegans. Glia, 59(9), 1253-1263.
https://doi.org/10.1002/glia.21084

Cobb, W. J. (2018). The Potential Impact of Methyl Mercury Toxicity Within Alzheimer’s Disease
Progression, Considering the Tau Hypothesis, Neurovascular Hypothesis as Well as The Potential Role


https://doi.org/10.20944/preprints202206.0303.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 June 2022 d0i:10.20944/preprints202206.0303.v1

15 of 15

of Dietary and Botanical Mercury Chelators and that of Pharmacologically Developed Agents for
Disease Management. Anatomy Physiology & Biochemistry International Journal, 5(4).
https://doi.org/10.19080/apbij.2018.05.555667


https://doi.org/10.20944/preprints202206.0303.v1

