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ABSTRACT

Microplastics (MPs) are small particles or fragments of plastic that have leaked into the environment and ecosystems
in recent decades. Numerous animal studies have suggested that an organism’s exposure to microplastics may evoke
responses from the body that are similar to the pathogenesis of human diseases. In particular, a collection of evidence
has suggested that microplastics exposure may mimic Parkinson’s disease pathology (decreased dopaminergic neu-
rons and interrupted motor function). Parkinson’s disease is an often progressive and fatal neurodegenerative disease
that is defined by the degeneration of dopaminergic neurons in the brain; this degeneration leads to decreased motor
function and abnormal motor movements. Studies have indicated that, upon entering the body, microplastics may
trigger oxidative stress, organ inflammation, neurotoxicity, and transgenerational effects. Parkinson’s disease diagno-
ses are predicted to greatly increase in upcoming generations while microplastics continue to enter the environment
at growing rates, inciting a point of concern for the human population and other organisms. In this review, the possible
effects of organisms’ exposure to microplastics are explored through the review of animal studies and the comparison
of these findings to the pathogenesis of Parkinson’s disease. By understanding the ways in which MPs affect the body
and contribute to PD and other neurodegenerative disorders, the danger that MPs pose toward living organisms can
be recognized, necessitate further research, and encourage preventative measures against the leakage of MPs into the

IO =% .;;'J_"“ ] e N

Dermal Contact

environment.

Inhalation

\ Microplastics in the Body /

— | IS Y7 N7 N7 AV

Transgenerational Expression of

S Oxidative Stress Related Genes
=i ‘) Inflammatory
w g = ) Response Activation

Consumption

N

Neurotoxicity

-

= e PPN \
< ( \ S
9 ( ) 2 (L
! K /" Immune o oL
Cells S \
Oxidative Stress in
Dopaminergic Neurons | Decreased Pool of
,.4/‘> Dopaminergic Neurons
)

Figure 1. The suggested response in the human body to microplastic exposure through dermal contact, inhalation, or
oral consumption. Once in the body, microplastics may follow three pathways: 1) travel to the brain and trigger neu-
rotoxicity, 2) enter the immune system, triggering the inflammatory response after recognition by immune cells, 3)
cause transgenerational expression of genes potentially associated with oxidative stress. Neurotoxicity and the inflam-
matory response are then suggested to induce oxidative stress in dopaminergic neurons, followed by neuronal cell
death and decreased numbers of dopaminergic neurons (dopamine pathways of the brain shown in blue, pink, purple,
and green). (Created using Biorender.com)
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Introduction

It is predicted that, by 2025, 250 million tons of plastic will be in our marine environment (Bouwmeester et al., 2015;
Wright & Kelly, 2017). Over time, small particles of these plastics measuring 5 mm or less, called microplastics
(MPs), will break off and travel through our drinking water, food, and the air that we breathe (US Department of
Commerce & National Oceanic, 2016). Research suggests that, due to their abundance in the environment, microplas-
tics are absorbed by humans and other organisms through dermal contact, oral ingestion, and inhalation (Prata et al.,
2020a; Priist et al., 2020). Microplastics have been found in various processed foods that are consumed daily, such as
seafood, sugar, beer, and table salt (Wright & Kelly, 2017). MPs may become airborne when clothing containing
plastic is dried outside and small fragments are caught in the wind and travel through the open air, making them
available for inhalation by humans (Bouwmeester et al., 2015; Wright & Kelly, 2017).

The effects of MP exposure and consumption have recently come to light, with many researchers finding that
microplastics may have an effect on immune function and promote neurotoxicity (Hirt & Body-Malapel, 2020; Prata
et al., 2020b; Priist et al., 2020). In one study, C. elegans exposed to microplastics demonstrated neurodegeneration
of glutamatergic, serotonergic, and dopaminergic neurons, as well as decreased body movements, including body
bends and head thrashes (H. Chen, Hua, Yang, et al., 2021). Another study investigated the effects of microplastic
exposure on mice and found decreased motor and memory function along with decreased acetylcholine levels when
compared to mice without MP exposure (Wang, 2022). Similarly, neurodegeneration of glutaminergic, serotonergic,
and dopaminergic neurons are associated with Parkinson’s disease (PD). PD is a disease in which one displays motor
function disturbances: including tremors, changes in posture, and rigidity (Tolosa et al., 2021). In a study in which
mice were repeatedly exposed to an oral dose of microplastics, researchers found changes in the blood brain barrier,
a loss of dopaminergic neurons, and disrupted motor function, suggesting that MPs may play a role in the neurodegen-
eration found in Parkinson’s disease (Liang et al., 2022).

The progression of Parkinson’s disease is suggested to be caused by a loss of approxiamtely 80% of dopa-
minergic nerve cells in the substantia nigra of the brain, followed by a decrease in dopamine levels (Mayo Clinic Staff,
n.d.). Dopamine activation is credited for behavior and movement regulation, while, in the onset of PD, its decreased
levels are credited for disrupted motor function (Olguin et al., 2016). Nearly 1 million people in the United States
have PD, and the number is projected to increase to 1.2 million by 2030 (Kouli et al., 2018; Parkinson’s Foundation,
n.d.). Evidence suggests that PD could be caused by transgenerational genetic expression of PARK genes, exposure
to pesticides, overconsumption of caffeine, or the overuse of cigarettes (Kouli et al., 2018). Although studies have
suggested this combination of genetic and environmental factors contributing to Parkinson’s disease, the exact triggers
are unknown. (Mayo Clinic Staff, n.d.).

Both microplastic exposure and PD result in degeneration of neurons, followed by disrupted locomotive
behavior. Currently, studies have examined the correlation between microplastics exposure and the onset of neuro-
degenerative diseases, although its link to Parkinson’s disease has not specifically been studied. The number of diag-
noses of Parkinson’s disease is projected to double in the next 30 years (Tolosa et al., 2021) while nearly 270,000 tons
of microplastic particles continue to collect in the marine environment (Akdogan, 2019). Currently, PD has no cure,
and limited therapeutic options are available to treat the symptoms, (National Health Service, n.d.-a). Considering the
vast rise in cases of PD and number of MPs entering the environment, it is crucial to investigate their connections and
propose possible solutions.

Here, we discuss how the immune response, oxidative stress, neurotoxicity, and gene expression induced by
microplastics may contribute to the pathogenesis and progression of Parkinson’s disease.
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Microplastics

Primary MPs are small particles of plastic created for commercial use (Rochman et al., 2015). One of the most com-
mon primary forms of MPs are microbeads, which are industrially manufactured for personal care products (e.g. ex-
foliants, cosmetics) and cleaning products. Personal use products containing microbeads often wash down drains, then
leaking microbeads into the environment through sewage pipes into water treatment plants and aquatic environments
(Rochman et al., 2015). Upon this discovery, microbead production has been regulated to slow their leakage into the
environment (Rochman et al., 2015). Secondary MPs are another form of MPs that consist of fibers or shards broken
off from larger plastic products such as synthetic fabrics, agricultural mulch films, and beach litter (Browne et al.,
2011). Their spread is difficult to contain due to their varying sources, making them a large contributor to the ever-
increasing level of MPs in the environment (Browne et al., 2011).

Plastic is made of polymers including polyethylene, polyethylene terephthalate, polypropylene, polystyrene,
polyvinyl chloride, and polymethyl methacrylate (Cheang et al., 2018; Rodriguez, n.d.). The textures and flexibilities
of plastics depend on the type of polymer in the plastic (Cheang et al., 2018; Rodriguez, n.d.). Another main compo-
nent of plastics are plasticisers: chemical additives used to produce different textures (Cadogan & Howick, 2000;
Plasticisers, 2018). It has been suggested that these chemical additives can leach from their plastic source into plastic-
contained foods and drinks, making them available for consumption (Burgos-Aceves, 2021).

Considering that microplastics are prevalent in the environment and are easily consumed through water and
food or through respiration, further research needs to assess how microplastics affect human health.

The Immune Response

Multiple studies suggest that exposure to microplastics has led to the activation of the inflammatory response in both
vertebrates and invertebrates (Usman et al., 2021); (Chia-Yu Huangg, 2022; Zhao et al., 2021); (Qiao, 2019;
Rodriguez-Seijo, 2017). In one study, mice ingesting microplastics demonstrated liver damage, which is a key organ
in detecting pathogens and activating the immune response (Zhao et al., 2021). Additionally, the study found that MPs
suppressed T cells and B cells in the liver, enhanced natural killer cell activation, increased infiltration of macrophages
and lymphocytes, and induced inflammatory cytokine production through the NF-xB pathway (Zhao et al., 2021).
These responses indicate that the immune response has been activated. Inflammation is one of the immune system’s
responses to foreign bodies, causing a rise in body temperature and swelling in an attempt to kill off the foreign bodies
(L. Chen et al., 2018), and it is possible that MPs can induce similar inflammation in the brain through the gut-brain
axis (Ding, 2018). A MP exposure study on red tilapia suggested that, upon ingestion, MPs reach the gut, travel
through the hemolymph, eventually to the brain crossing the blood-brain-barrier (BBB) (Ding, 2018). Upon MPs
crossing the BBB, neurons are easily exposed to the MPs (Daneman & Prat, 2015). If the MPs do cause inflammation
in the brain, neurons and neurological processes can be severely damaged by their presence (Ding, 2018). Inflamma-
tion commonly occurs in the brain at the onset of neurodegenerative diseases, including PD (L. Chen et al., 2018). In
PD, neuroinflammation may be triggered by crosstalk of glial cells, astrocytes, neurons, and endothelial cells (Pajares
et al., 2020). Through crosstalk, the homeostatic function of the cells is interrupted by the signal of another pathway.
Then, the cells secrete proinflammatory cytokines and chemokines and have increased receptor expression (Pajares et
al., 2020). Additionally, peripheral immune cells travel to the brain, causing further inflammation (Pajares et al., 2020).
It is suggested that crosstalk of cells followed by inflammation begins in the brain when pattern recognition receptors
bind to a pathogen that is presumed to infect the body (Glass et al., 2010). Toll like receptors (TLRs) are a specific
type of pattern recognition receptor that recognize varying pathogens then activate microglia to begin the inflamma-
tory process to kill them off (Glass et al., 2010). Upon microglial activation, NF-«B is activated followed by produc-
tion of reactive oxygen species (ROS) by the mitochondria, (Missiroli et al., 2020) ultimately triggering proinflam-
matory mediators (Glass et al., 2010). Evidence suggests that this NF-kB cascade is also present in the onset of PD
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and responsible for inflammation in the brain upon triggering proinflammatory cytokines and enzymes (Singh et al.,
2019). It is suggested that these combined factors destroy dopaminergic neurons, which are the main neurons that are
affected in PD and decrease as the disease progresses (Glass et al., 2010). When dopaminergic neurons are destroyed,
oxidized proteins, lipids, and DNA are released (Glass et al., 2010). Microglia then recognize these products and
initiate production of ROS and increase cytokine production (Dias et al., 2013), thereby creating a positive feedback
loop in the brain, and promoting further inflammation (Dias et al., 2013). Perhaps the TLRs recognize MPs as harmful
foreign bodies, triggering the NF-kB cascade and oxidative stress, followed by harmful neuronal inflammation that is
presumed to be a factor of neurodegenerative diseases. Though research suggests that the immune system plays a part
in the toxicity of MPs in the brain, more research needs to evaluate the innate and adaptive immune response to MPs,
and how these responses may contribute to the pathology present in PD.

Oxidative Stress and Neuroinflammation

Oxidative stress refers to an interrupted equilibrium between the production of (ROS) and the body’s ability to detox-
ify the ROS, causing cellular damage (Dias et al., 2013). Mitochondria produce ROS through the process of oxidative
phosphorylation, in which ATP synthesis is coupled by electron leak (Bottje, 2019). In the central nervous system,
mitochondria of glial cells produce excess ROS which causes oxidative stress, then damaging proteins. These damaged
proteins then can modulate extracellular pathways and initiate pro-inflammatory pathways (Taylor, 2013). These path-
ways may initiate inflammation in the brain (Taylor, 2013). In Parkinson’s disease, dopamine is easily oxidized, cre-
ating ROS. Therefore, ROS may induce apoptosis in dopaminergic neurons and decrease the pool of dopaminergic
neurons (Naoi & Maruyama, 1999). It has been shown that microplastics have the potential to create ROS via extra-
cellular and intracellular processes (Hu, 2020). UV exposed MPs have the potential to create their own ROS before
cells do through crosslinking reactions on their surface which then react with atmospheric oxygen (Hu, 2020; Jeon,
2021). MPs that are not weathered by UV radiation can also result in the production of ROS through intracellular
reactions (Hu, 2020). After entering the body, these MPs are engulfed by cells through endocytosis, which then rec-
ognize MPs as a foreign substance, triggering the innate immune response (Hu, 2020).

Neuroinflammation induced by oxidative stress has also been found in the pathogenesis of Parkinson’s dis-
ease (Dias et al., 2013). ROS is produced as a result of neuroinflammation in PD, creating a repetitive cycle of oxida-
tive stress and inflammation (Dias et al., 2013). MPs and bodily processes can produce ROS and can result in outcomes
that are harmful toward the body - like neuroinflammation. The similarity of the progression of neuroinflammation in
MP exposure and the onset of PD gives reason to further investigate if the two factors are related.

Neurotoxicity

MPs can alter neuronal populations and behavior through multiple pathways. A recent study in goldfish has shown
that nanoplastics may travel to the brain through the olfactory pathway to the olfactory bulb (W. Shi et al., 2021).
Upon entrance, the concentration of dopamine in the brain was suppressed incrementally as the size of the microplastic
particles during exposure decreased when compared to the control group (W. Shi et al., 2021). The suppression of
dopamine was credited for altered behavioral activity in the goldfish ((W. Shi et al., 2021)). Thus, the MPs may have
expressed neurotoxic effects in the brain. Similar neurotoxicities are found in the progression of PD, where dopamine
suppression correlates with the disease and is credited for the motor dysfunction that is typical with diagnosis (Tolosa
et al., 2021). These outcomes are similar to Parkinson’s Disease in that patients with PD have lower levels of dopa-
minergic and glutamatergic neurons and an impairment in motor function. Perhaps exposure to MPs generates neuro-
toxicity which contributes to the pathology seen in PD patients.

ISSN: 2167-1907 www.JSR.org 4


https://paperpile.com/c/lyRTMt/8Bt3
https://paperpile.com/c/lyRTMt/8Bt3
https://paperpile.com/c/lyRTMt/kh5s
https://paperpile.com/c/lyRTMt/kh5s
https://paperpile.com/c/lyRTMt/wApb
https://paperpile.com/c/lyRTMt/wApb
https://paperpile.com/c/lyRTMt/wApb
https://paperpile.com/c/lyRTMt/GRCh
https://paperpile.com/c/lyRTMt/LTrd
https://paperpile.com/c/lyRTMt/LTrd
https://paperpile.com/c/lyRTMt/MkBi
https://paperpile.com/c/lyRTMt/0xSG
https://paperpile.com/c/lyRTMt/VfRA+0xSG
https://paperpile.com/c/lyRTMt/VfRA+0xSG
https://paperpile.com/c/lyRTMt/0xSG
https://paperpile.com/c/lyRTMt/0xSG
https://paperpile.com/c/lyRTMt/wApb
https://paperpile.com/c/lyRTMt/wApb
https://paperpile.com/c/lyRTMt/xgOy
https://paperpile.com/c/lyRTMt/xgOy
https://paperpile.com/c/lyRTMt/xgOy
https://paperpile.com/c/lyRTMt/OmELC
https://paperpile.com/c/lyRTMt/OmELC

@ Journal of Student Research Volume 11 Issue 3 (2022)

Acetylcholinesterase and Neurotoxicity

In regular conditions, acetylcholinesterase (AChE) is an enzyme that breaks down acetylcholine (ACh), a neurotrans-
mitter that is responsible for smooth muscle contractions, heart rate, blood vessel dilations, and bodily secretions
(Britannica, 2022). In one study, AChE activity in the brains of seabass was measured to evaluate neurotoxicity after
MP exposure. AChE activity provides information on neuromuscular cholinergic disruption (Kalafatakis et al., 2015).
Seabasses exposed to high levels of MPs exhibit inhibited AChE activity in the brain, indicating neurotoxicity (Bar-
boza, 2018). DA and ACh maintain a complicated balance in the brain, with the activation of ACh receptors showing
excitation and inhibition of DA activity in the brain (Lester et al., 2010). Recent studies on patients with early onset
PD show that there was an increase in cholinergic binding in the brain accompanied by a reduction of DA activity
(Sanchez-Catasus et al., 2022). The study also showed a positive correlation with bradykinesia and ACh-DA imbal-
ance, suggesting that the neurotransmitter imbalance influences motor function (Sanchez-Catasus et al., 2022). Thus,
MP exposure may inhibit AChE activity, allowing an overabundance of ACh. The overproduction of ACh is then
shown to correlate with a reduction of DA in the brain, which is a common finding in PD, credited for the disturbance
in motor function. Therefore MPs seem to have a neurotoxic effect on the brain that disturbs the AChE and ACh
balance, later disrupting the ACh-DA balance as well.

Genetic Effects

It has been found that in vivo maternal exposure to polystyrene nanoplastics in C. elegans results in the transgenera-
tional upregulation of genes associated with oxidative stress in offspring, causing transgenerational neurotoxicity (H.
Chen, Hua, Li, et al., 2021). The parent generation was exposed to MPs, but the following generations were cultured
without direct exposure (H. Chen, Hua, Li, et al., 2021). The neurotoxicity had the effect of decreased motor function,
finding that genes related to oxidative stress are passed down, although declining throughout generations. This shows
that exposure to microplastics can affect the offspring of the exposed generation before the offspring are even intro-
duced to MPs in the environment. The genes sod-3, sod-4, and sod-5 were some of the upregulated genes expressed
in the MP-exposed generation of nematodes; these genes are a part of the SOD enzyme system that is shown in the
oxidant stress model of Parkinson’s disease (H. Chen, Hua, Li, et al., 2021). The SOD system is referred to as the first
line of defense against ROS in the onset of PD because it catalyzes the dismutation of superoxide radicals to hydrogen
peroxide, which is later converted to water and oxygen (Yang et al., 2020). Perhaps the discovered upregulation in
these genes indicated the need for defense against high levels of ROS in the offspring of MP-exposed organisms,
suggesting that MPs may contain high levels of ROS. Another study found that ongoing exposure to MPs can cause
alterations in in vivo gene expressions resulting in biological toxicity in mice (J. Shi et al., 2022). This study found an
expression of Ace2 in the aorta of mice exposed to MPs. They identified Ace2 as a hub gene, meaning it has many
connections to other RNAs. Ace2 has been expressed in the cerebrospinal fluid of individuals diagnosed with PD (Li
et al., 2020). Although, the specific role of Ace2 in the pathogenesis of PD is something that requires further investi-
gation. Genetic predisposition to PD may be a serious concern if microplastics have transgenerational effects that
result in the progression of the disease.

Discussion

Microplastics pose serious health risks to humans upon consumption and exposure. It is possible that the ingestion of
MPs can cause a series of neurodegenerative effects in the human body, potentially leading to Parkinson’s disease
pathology. The literature continuously demonstrates that the presence of microplastics in living beings can result in
the degeneration of dopaminergic neurons, a cell population that generates a circuit largely responsible for voluntary
movement and behavioral processes such as reward, mood, and stress (Chinta, 2005). Similar to MP exposure, a
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determinant of Parkinson’s disease progression is a loss of dopaminergic neurons in the brain (National Health Ser-
vice, n.d.-b). Through testing on mice, nematodes, fish, and other organisms, MP exposure can result in the activation
of inflammation through the immune response, neurotoxicity, oxidative stress, and transgenerational genetic effects
through gene expression (Barboza, 2018; H. Chen, Hua, Li, et al., 2021; Liang et al., 2022; Mattsson et al., 2017; J.
Shi et al., 2022; W. Shi et al., 2021). All of these processes have been implicated in the progression of PD (Barboza,
2018; H. Chen, Hua, Li, et al., 2021; Liang et al., 2022; Mattsson et al., 2017; J. Shi et al., 2022; W. Shi et al., 2021).
Concerns are rising as Parkinson's disease is expected to double in the next thirty years (Tolosa et al., 2021) while
MPs continue to enter the environment at unprecedented rates (Akdogan, 2019).

There is minimal research on the specific chemical components of microplastics that have the largest effect
on the body, and what specifically causes animals and humans to exhibit PD-like symptoms when exposed to MPs.
Many of the studies on MP exposure have used plastics types such as polystyrene and polypropylene. (Wu B 2019;
Han 2019; Wang 2022; Lee, et al. 2022; Chen, et al. 2021; Liang, et al. 2022) . Thus, there may be some inconsistency
in the findings, considering that different chemicals within plastics can have different effects on the body. For example,
in a study that exposed human-derived cells to polystyrene microplastics, the results included inflamed immune cells,
excess ROS production, the death of fibroblasts and cancer cells, and cellular membrane damage. The degree of tox-
icity in the cells was suggested to be due to the physical roughness, sharpness, and concentration of the polystyrene
MPs. (Choi, 2020). In a study exposing human-derived cells to polypropylene microplastics, similar results were
found, suggested that polypropylene MPs smaller than 20 um were cytotoxic toward PBMCs and Raw 264.7 cells,
showing increased histamine and cytokine production in the results. Larger MPs showed lesser presumed effects in
the results, indicating that the effects of polypropylene MPs are dependent on size. Therefore, differing plastic com-
ponents can yield effects depending on size or depending on concentration. Recent studies have suggested that plasti-
cizers are a common component of almost all plastics that have a direct effect on the body due to their chemical
components (Burgos-Aceves, 2021). A very common component of plasticisers used in PVC plastics are Phthalates
(Wang & Qian, 2021). They are a family of industrial chemical components, suggested to have negative effects on the
endocrine system and neurological system (Wang & Qian, 2021). There are a variety of plasticisers, therefore, future
research should identify which Phthalates are particularly hazardous towards humans.

The literature regarding MP exposure generally focuses on animal subjects rather than humans, although the
data can still be representative. Many MP studies utilize fish and other marine animals because these organisms are
exposed to MPs through aquatic environments, which frequently overlap with the water in which humans use to swim,
bathe or drink. Animal studies are also excellent model systems for human disease because of the homology in genes
and similarity of expressed phenotypes and pathology between animals and humans. Considering that longitudinal
studies on humans exposed to MPs are not currently feasible, studies performed with other organisms will provide
insight into the effects of MPs on human disease, particularly PD.

Overall, it is evident that research must elucidate both the connection of MP exposure to Parkinson’s disease and MP
exposure to human health and disease.

Conclusion

The presence of microplastics has greatly increased in the environment over recent decades.They may be ingested by
humans through inhalation, consumption, or dermal contact. Recent evidence from animal studies suggest that MPs
may be related to neuroinflammation induced by the immune response and oxidative stress, neurotoxicity, and
transgenerational effects. Many of these effects are also associated with the progression of Parkinson’s disease, with
symptoms including decreased motor function. The increasing numbers of MPs in the environment runs parallel to a
predicted increase of PD cases in upcoming generations. Parkinson’s disease is degenerative and incurable, thereby
highlighting the need for environmental and therapeutic intervention. Therefore, with the possibility of microplastics
contributing to the pathogenesis of Parkinson’s disease, extensive research must determine MP toxicity, and regula-
tions on plastic production and usage should be implemented.

ISSN: 2167-1907 www.JSR.org 6


https://paperpile.com/c/lyRTMt/wb2R
https://paperpile.com/c/lyRTMt/wb2R
https://paperpile.com/c/lyRTMt/7UzD+1kKIP+7i30+m1Yd+Tjql+xgOy
https://paperpile.com/c/lyRTMt/7UzD+1kKIP+7i30+m1Yd+Tjql+xgOy
https://paperpile.com/c/lyRTMt/7UzD+1kKIP+7i30+m1Yd+Tjql+xgOy
https://paperpile.com/c/lyRTMt/7UzD+1kKIP+7i30+m1Yd+Tjql+xgOy
https://paperpile.com/c/lyRTMt/OmELC
https://paperpile.com/c/lyRTMt/k62W
https://paperpile.com/c/lyRTMt/QtGw
https://paperpile.com/c/lyRTMt/3kLg
https://paperpile.com/c/lyRTMt/HRLF
https://paperpile.com/c/lyRTMt/HRLF

@ Journal of Student Research Volume 11 Issue 3 (2022)

References

Akdogan. (2019). Microplastics in the environment: A critical review of current understanding and identification of
future research needs. Environmental Pollution , 254, 113011. https://doi.org/10.1016/j.envpol.2019.113011

Barboza. (2018). Microplastics cause neurotoxicity, oxidative damage and energy-related changes and interact with
the bioaccumulation of mercury in the European seabass, Dicentrarchus labrax (Linnaeus, 1758). Aquatic
Toxicology , 195, 49-57. https://doi.org/10.1016/j.aquatox.2017.12.008

Bottje. (2019). Oxidative metabolism and efficiency: the delicate balancing act of mitochondria. Poultry Science,
98(10), 4223—-4230. https://doi.org/10.3382/ps/pey405

Bouwmeester, H., Hollman, P. C. H., & Peters, R. J. B. (2015). Potential Health Impact of Environmentally
Released Micro- and Nanoplastics in the Human Food Production Chain: Experiences from Nanotoxicology. In
Environmental Science & Technology (Vol. 49, Issue 15, pp. 8932-8947).
https://doi.org/10.1021/acs.est.5b01090

Britannica. (2022). acetylcholine. Encyclopedia Britannica. https://www.britannica.com/science/acetylcholine

Browne, M. A., Crump, P., Niven, S. J., Teuten, E., Tonkin, A., Galloway, T., & Thompson, R. (2011).
Accumulation of microplastic on shorelines woldwide: sources and sinks. Environmental Science &
Technology, 45(21), 9175-9179. https://doi.org/10.1021/es201811s

Burgos-Aceves. (2021). Physiological and metabolic approach of plastic additive effects: Immune cells responses.
Journal of Hazardous Materials, 404, 124114. https://doi.org/10.1016/j.jhazmat.2020.124114

Cadogan, D. F., & Howick, C. J. (2000). Plasticizers. In Ullmann’s Encyclopedia of Industrial Chemistry.
https://doi.org/10.1002/14356007.a20_439

Cheang, C. C., Ma, Y., & Fok, L. (2018). Occurrence and Composition of Microplastics in the Seabed Sediments of
the Coral Communities in Proximity of a Metropolitan Area. International Journal of Environmental Research
and Public Health, 15(10). https://doi.org/10.3390/ijerph15102270

Chen, H., Hua, X., Li, H., Wang, C., Dang, Y., Ding, P., & Yu, Y. (2021). Transgenerational neurotoxicity of
polystyrene microplastics induced by oxidative stress in Caenorhabditis elegans. Chemosphere, 272, 129642.
https://doi.org/10.1016/j.chemosphere.2021.129642

\

Chen, H., Hua, X., Yang, Y., Wang, C., Jin, L., Dong, C., Chang, Z., Ding, P., Xiang, M., Li, H., & Yu, Y. (2021).
Chronic exposure to UV-aged microplastics induces neurotoxicity by affecting dopamine, glutamate, and
serotonin neurotransmission in Caenorhabditis elegans. Journal of Hazardous Materials, 419, 126482.
https://doi.org/10.1016/j.jhazmat.2021.126482

Chen, L., Deng, H., Cui, H., Fang, J., Zuo, Z., Deng, J., Li, Y., Wang, X., & Zhao, L. (2018). Inflammatory

responses and inflammation-associated diseases in organs. Oncotarget, 9(6), 7204.
https://doi.org/10.18632/oncotarget.23208

ISSN: 2167-1907 www.JSR.org 7


http://paperpile.com/b/lyRTMt/k62W
http://paperpile.com/b/lyRTMt/k62W
http://paperpile.com/b/lyRTMt/k62W
http://paperpile.com/b/lyRTMt/k62W
http://paperpile.com/b/lyRTMt/k62W
http://paperpile.com/b/lyRTMt/k62W
http://dx.doi.org/10.1016/j.envpol.2019.113011
http://paperpile.com/b/lyRTMt/m1Yd
http://paperpile.com/b/lyRTMt/m1Yd
http://paperpile.com/b/lyRTMt/m1Yd
http://paperpile.com/b/lyRTMt/m1Yd
http://paperpile.com/b/lyRTMt/m1Yd
http://paperpile.com/b/lyRTMt/m1Yd
http://paperpile.com/b/lyRTMt/m1Yd
http://dx.doi.org/10.1016/j.aquatox.2017.12.008
http://paperpile.com/b/lyRTMt/GRCh
http://paperpile.com/b/lyRTMt/GRCh
http://paperpile.com/b/lyRTMt/GRCh
http://paperpile.com/b/lyRTMt/GRCh
http://paperpile.com/b/lyRTMt/GRCh
http://paperpile.com/b/lyRTMt/GRCh
http://dx.doi.org/10.3382/ps/pey405
http://paperpile.com/b/lyRTMt/FZp0
http://paperpile.com/b/lyRTMt/FZp0
http://paperpile.com/b/lyRTMt/FZp0
http://paperpile.com/b/lyRTMt/FZp0
http://paperpile.com/b/lyRTMt/FZp0
http://dx.doi.org/10.1021/acs.est.5b01090
http://paperpile.com/b/lyRTMt/2mCH
http://paperpile.com/b/lyRTMt/2mCH
http://paperpile.com/b/lyRTMt/2mCH
https://www.britannica.com/science/acetylcholine
http://paperpile.com/b/lyRTMt/A5bx
http://paperpile.com/b/lyRTMt/A5bx
http://paperpile.com/b/lyRTMt/A5bx
http://paperpile.com/b/lyRTMt/A5bx
http://paperpile.com/b/lyRTMt/A5bx
http://paperpile.com/b/lyRTMt/A5bx
http://paperpile.com/b/lyRTMt/A5bx
http://dx.doi.org/10.1021/es201811s
http://paperpile.com/b/lyRTMt/3kLg
http://paperpile.com/b/lyRTMt/3kLg
http://paperpile.com/b/lyRTMt/3kLg
http://paperpile.com/b/lyRTMt/3kLg
http://paperpile.com/b/lyRTMt/3kLg
http://paperpile.com/b/lyRTMt/3kLg
http://dx.doi.org/10.1016/j.jhazmat.2020.124114
http://paperpile.com/b/lyRTMt/0ieC
http://paperpile.com/b/lyRTMt/0ieC
http://paperpile.com/b/lyRTMt/0ieC
http://paperpile.com/b/lyRTMt/0ieC
http://dx.doi.org/10.1002/14356007.a20_439
http://paperpile.com/b/lyRTMt/7sBb
http://paperpile.com/b/lyRTMt/7sBb
http://paperpile.com/b/lyRTMt/7sBb
http://paperpile.com/b/lyRTMt/7sBb
http://paperpile.com/b/lyRTMt/7sBb
http://paperpile.com/b/lyRTMt/7sBb
http://paperpile.com/b/lyRTMt/7sBb
http://dx.doi.org/10.3390/ijerph15102270
http://paperpile.com/b/lyRTMt/7UzD
http://paperpile.com/b/lyRTMt/7UzD
http://paperpile.com/b/lyRTMt/7UzD
http://paperpile.com/b/lyRTMt/7UzD
http://paperpile.com/b/lyRTMt/7UzD
http://paperpile.com/b/lyRTMt/7UzD
http://paperpile.com/b/lyRTMt/7UzD
http://dx.doi.org/10.1016/j.chemosphere.2021.129642
http://paperpile.com/b/lyRTMt/CSoKh
http://paperpile.com/b/lyRTMt/CSoKh
http://paperpile.com/b/lyRTMt/CSoKh
http://paperpile.com/b/lyRTMt/CSoKh
http://paperpile.com/b/lyRTMt/CSoKh
http://paperpile.com/b/lyRTMt/CSoKh
http://paperpile.com/b/lyRTMt/CSoKh
http://paperpile.com/b/lyRTMt/CSoKh
http://dx.doi.org/10.1016/j.jhazmat.2021.126482
http://paperpile.com/b/lyRTMt/SgsM
http://paperpile.com/b/lyRTMt/SgsM
http://paperpile.com/b/lyRTMt/SgsM
http://paperpile.com/b/lyRTMt/SgsM
http://paperpile.com/b/lyRTMt/SgsM
http://paperpile.com/b/lyRTMt/SgsM
http://paperpile.com/b/lyRTMt/SgsM
http://dx.doi.org/10.18632/oncotarget.23208

@ Journal of Student Research Volume 11 Issue 3 (2022)

Chia-Yu Huangg. (2022). Exposure to polystyrene microplastics impairs hippocampus-dependent learning and
memory in mice. Journal of Hazardous Materials, 430, 128431. https://doi.org/10.1016/j.jhazmat.2022.128431

Chinta. (2005). Dopaminergic neurons. The International Journal of Biochemistry & Cell Biology, 37(5), 942-946.
https://doi.org/10.1016/j.biocel.2004.09.009

Choi, D. (2020). In vitro chemical and physical toxicities of polystyrene microfragments in human-derived cells.
Journal of Hazardous Materials, 400, 123308. https://doi.org/10.1016/j.jhazmat.2020.123308

Daneman, R., & Prat, A. (2015). The Blood—Brain Barrier. Cold Spring Harbor Perspectives in Biology, 7(1).
https://doi.org/10.1101/cshperspect.a020412

Dias, V., Junn, E., & Maral Mouradian, M. (2013). The Role of Oxidative Stress in Parkinson’s Disease. Journal of
Parkinson’s Disease, 3(4), 461. https://doi.org/10.3233/JPD-130230

Ding. (2018). Accumulation, tissue distribution, and biochemical effects of polystyrene microplastics in the
freshwater fish red tilapia (Oreochromis niloticus). Environmental Pollution , 238, 1-9.
https://doi.org/10.1016/j.envpol.2018.03.001

Glass, C. K., Saijo, K., Winner, B., Marchetto, M. C., & Gage, F. H. (2010). Mechanisms Underlying Inflammation
in Neurodegeneration. In Cell (Vol. 140, Issue 6, pp. 918-934). https://doi.org/10.1016/j.cell.2010.02.016

Hirt, N., & Body-Malapel, M. (2020). Immunotoxicity and intestinal effects of nano- and microplastics: a review of
the literature. Particle and Fibre Toxicology, 17(1), 57. https://doi.org/10.1186/s12989-020-00387-7

Hu. (2020). Micro- and nano-plastics activation of oxidative and inflammatory adverse outcome pathways. Redox
Biology, 37, 101620. https://doi.org/10.1016/j.redox.2020.101620

Jeon. (2021). The reactive oxygen species as pathogenic factors of fragmented microplastics to macrophages.
Environmental Pollution , 281, 117006. https://doi.org/10.1016/j.envpol.2021.117006

Kalafatakis, K., Gkanti, V., Mackenzie-Gray Scott, C. A., Baillie, G. S., & Tsakiris, S. (2015). Acetylcholinesterase
activity as a neurotoxicity marker within the context of experimentally-simulated hyperprolinaemia: An in vitro
approach. Journal of Natural Science, Biology, and Medicine, 6(Suppl 1), S98. https://doi.org/10.4103/0976-
9668.166099

Kouli, A., Torsney, K. M., & Kuan, W.-L. (2018). Parkinson’s Disease: Etiology, Neuropathology, and
Pathogenesis. In Parkinson’s Disease: Pathogenesis and Clinical Aspects [Internet]. Codon Publications.
https://doi.org/10.15586/codonpublications.parkinsonsdisease.2018.ch1

Lester, D. B., Rogers, T. D., & Blaha, C. D. (2010). Acetylcholine-Dopamine Interactions in the Pathophysiology

and Treatment of CNS Disorders. CNS Neuroscience & Therapeutics, 16(3), 137.
https://doi.org/10.1111/j.1755-5949.2010.00142.x

ISSN: 2167-1907 www.JSR.org 8


http://paperpile.com/b/lyRTMt/hihH
http://paperpile.com/b/lyRTMt/hihH
http://paperpile.com/b/lyRTMt/hihH
http://paperpile.com/b/lyRTMt/hihH
http://paperpile.com/b/lyRTMt/hihH
http://paperpile.com/b/lyRTMt/hihH
http://dx.doi.org/10.1016/j.jhazmat.2022.128431
http://paperpile.com/b/lyRTMt/80ZN
http://paperpile.com/b/lyRTMt/80ZN
http://paperpile.com/b/lyRTMt/80ZN
http://paperpile.com/b/lyRTMt/80ZN
http://paperpile.com/b/lyRTMt/80ZN
http://paperpile.com/b/lyRTMt/80ZN
http://dx.doi.org/10.1016/j.biocel.2004.09.009
http://paperpile.com/b/lyRTMt/QtGw
http://paperpile.com/b/lyRTMt/QtGw
http://paperpile.com/b/lyRTMt/QtGw
http://paperpile.com/b/lyRTMt/QtGw
http://paperpile.com/b/lyRTMt/QtGw
http://paperpile.com/b/lyRTMt/QtGw
http://dx.doi.org/10.1016/j.jhazmat.2020.123308
http://paperpile.com/b/lyRTMt/LTSS
http://paperpile.com/b/lyRTMt/LTSS
http://paperpile.com/b/lyRTMt/LTSS
http://paperpile.com/b/lyRTMt/LTSS
http://paperpile.com/b/lyRTMt/LTSS
http://paperpile.com/b/lyRTMt/LTSS
http://dx.doi.org/10.1101/cshperspect.a020412
http://paperpile.com/b/lyRTMt/wApb
http://paperpile.com/b/lyRTMt/wApb
http://paperpile.com/b/lyRTMt/wApb
http://paperpile.com/b/lyRTMt/wApb
http://paperpile.com/b/lyRTMt/wApb
http://paperpile.com/b/lyRTMt/wApb
http://dx.doi.org/10.3233/JPD-130230
http://paperpile.com/b/lyRTMt/UUzs
http://paperpile.com/b/lyRTMt/UUzs
http://paperpile.com/b/lyRTMt/UUzs
http://paperpile.com/b/lyRTMt/UUzs
http://paperpile.com/b/lyRTMt/UUzs
http://paperpile.com/b/lyRTMt/UUzs
http://paperpile.com/b/lyRTMt/UUzs
http://dx.doi.org/10.1016/j.envpol.2018.03.001
http://paperpile.com/b/lyRTMt/kh5s
http://paperpile.com/b/lyRTMt/kh5s
http://paperpile.com/b/lyRTMt/kh5s
http://paperpile.com/b/lyRTMt/kh5s
http://dx.doi.org/10.1016/j.cell.2010.02.016
http://paperpile.com/b/lyRTMt/RiK2
http://paperpile.com/b/lyRTMt/RiK2
http://paperpile.com/b/lyRTMt/RiK2
http://paperpile.com/b/lyRTMt/RiK2
http://paperpile.com/b/lyRTMt/RiK2
http://paperpile.com/b/lyRTMt/RiK2
http://dx.doi.org/10.1186/s12989-020-00387-7
http://paperpile.com/b/lyRTMt/0xSG
http://paperpile.com/b/lyRTMt/0xSG
http://paperpile.com/b/lyRTMt/0xSG
http://paperpile.com/b/lyRTMt/0xSG
http://paperpile.com/b/lyRTMt/0xSG
http://paperpile.com/b/lyRTMt/0xSG
http://dx.doi.org/10.1016/j.redox.2020.101620
http://paperpile.com/b/lyRTMt/VfRA
http://paperpile.com/b/lyRTMt/VfRA
http://paperpile.com/b/lyRTMt/VfRA
http://paperpile.com/b/lyRTMt/VfRA
http://paperpile.com/b/lyRTMt/VfRA
http://paperpile.com/b/lyRTMt/VfRA
http://dx.doi.org/10.1016/j.envpol.2021.117006
http://paperpile.com/b/lyRTMt/hfLT
http://paperpile.com/b/lyRTMt/hfLT
http://paperpile.com/b/lyRTMt/hfLT
http://paperpile.com/b/lyRTMt/hfLT
http://paperpile.com/b/lyRTMt/hfLT
http://paperpile.com/b/lyRTMt/hfLT
http://paperpile.com/b/lyRTMt/hfLT
http://dx.doi.org/10.4103/0976-9668.166099
http://dx.doi.org/10.4103/0976-9668.166099
http://paperpile.com/b/lyRTMt/s1Nv
http://paperpile.com/b/lyRTMt/s1Nv
http://paperpile.com/b/lyRTMt/s1Nv
http://paperpile.com/b/lyRTMt/s1Nv
http://paperpile.com/b/lyRTMt/s1Nv
http://dx.doi.org/10.15586/codonpublications.parkinsonsdisease.2018.ch1
http://paperpile.com/b/lyRTMt/7OFP
http://paperpile.com/b/lyRTMt/7OFP
http://paperpile.com/b/lyRTMt/7OFP
http://paperpile.com/b/lyRTMt/7OFP
http://paperpile.com/b/lyRTMt/7OFP
http://paperpile.com/b/lyRTMt/7OFP
http://paperpile.com/b/lyRTMt/7OFP
http://dx.doi.org/10.1111/j.1755-5949.2010.00142.x

@ Journal of Student Research Volume 11 Issue 3 (2022)

Liang, B., Huang, Y., Zhong, Y., Li, Z., Ye, R., Wang, B., Zhang, B., Meng, H., Lin, X., Du, J., Hu, M., Wu, Q.,
Sui, H., Yang, X., & Huang, Z. (2022). Brain single-nucleus transcriptomics highlights that polystyrene
nanoplastics potentially induce Parkinson’s disease-like neurodegeneration by causing energy metabolism
disorders in mice. In Journal of Hazardous Materials (Vol. 430, p. 128459).
https://doi.org/10.1016/j.jhazmat.2022.128459

Li, Z., Xu, X., Yang, M., Feng, J., Liu, C., & Yang, C. (2020). Role of angiotensin-converting enzyme 2 in
neurodegenerative diseases during the COVID-19 pandemic. Aging, 12(23), 24453.
https://doi.org/10.18632/aging.103993

Mattsson, K., Johnson, E. V., Malmendal, A., Linse, S., Hansson, L.-A., & Cedervall, T. (2017). Brain damage and
behavioural disorders in fish induced by plastic nanoparticles delivered through the food chain. Scientific
Reports, 7(1), 11452. https://doi.org/10.1038/s41598-017-10813-0

Mayo Clinic Staff. (n.d.). Parkinson’s disease - Causes. Nhs.uk. Retrieved June 27, 2022, from
https://www.nhs.uk/conditions/parkinsons-disease/causes/

Missiroli, S., Genovese, 1., Perrone, M., Vezzani, B., Vitto, V. A. M., & Giorgi, C. (2020). The Role of
Mitochondria in Inflammation: From Cancer to Neurodegenerative Disorders. Journal of Clinical Medicine
Research, 9(3). https://doi.org/10.3390/jcm9030740

Naoi, M., & Maruyama, W. (1999). Cell death of dopamine neurons in aging and Parkinson’s disease. Mechanisms
of Ageing and Development, 111(2-3). https://doi.org/10.1016/s0047-6374(99)00064-0

National Health Service. (n.d.-a). Parkinson’s disease. Nhs.uk. Retrieved July 3, 2022, from
https://www.nhs.uk/conditions/parkinsons-disease/

National Health Service. (n.d.-b). Parkinson’s Disease. “Parkinson’s Disease.” n.d. Nhs.uk. Accessed July 3, 2022.
https://www.nhs.uk/conditions/parkinsons-disease/.

Olguin, H. J., Guzman, D. C., Garcia, E. H., & Mejia, G. B. (2016). The Role of Dopamine and Its Dysfunction as a
Consequence of Oxidative Stress. Oxidative Medicine and Cellular Longevity, 2016.
https://doi.org/10.1155/2016/9730467

Pajares, M., I. Rojo, A., Manda, G., Bosca, L., & Cuadrado, A. (2020). Inflammation in Parkinson’s Disease:
Mechanisms and Therapeutic Implications. Cells , 9(7), 1687. https://doi.org/10.3390/cells9071687

Parkinson’s Foundation. (n.d.). Statistics. Parkinson’s Foundation. Retrieved August 15, 2022, from
https://www.parkinson.org/understanding-parkinsons/statistics

Plasticisers. (2018, October 30). Plasticisers - Information Center. https://www.plasticisers.org/plasticisers/
Prata, J. C., da Costa, J. P., Lopes, 1., Duarte, A. C., & Rocha-Santos, T. (2020a). Environmental exposure to

microplastics: An overview on possible human health effects. The Science of the Total Environment, 702,
134455. https://doi.org/10.1016/j.scitotenv.2019.134455

ISSN: 2167-1907 www.JSR.org 9


http://paperpile.com/b/lyRTMt/1kKIP
http://paperpile.com/b/lyRTMt/1kKIP
http://paperpile.com/b/lyRTMt/1kKIP
http://paperpile.com/b/lyRTMt/1kKIP
http://paperpile.com/b/lyRTMt/1kKIP
http://paperpile.com/b/lyRTMt/1kKIP
http://paperpile.com/b/lyRTMt/1kKIP
http://dx.doi.org/10.1016/j.jhazmat.2022.128459
http://paperpile.com/b/lyRTMt/Np1j
http://paperpile.com/b/lyRTMt/Np1j
http://paperpile.com/b/lyRTMt/Np1j
http://paperpile.com/b/lyRTMt/Np1j
http://paperpile.com/b/lyRTMt/Np1j
http://paperpile.com/b/lyRTMt/Np1j
http://paperpile.com/b/lyRTMt/Np1j
http://dx.doi.org/10.18632/aging.103993
http://paperpile.com/b/lyRTMt/7i30
http://paperpile.com/b/lyRTMt/7i30
http://paperpile.com/b/lyRTMt/7i30
http://paperpile.com/b/lyRTMt/7i30
http://paperpile.com/b/lyRTMt/7i30
http://paperpile.com/b/lyRTMt/7i30
http://paperpile.com/b/lyRTMt/7i30
http://dx.doi.org/10.1038/s41598-017-10813-0
http://paperpile.com/b/lyRTMt/xF2c
http://paperpile.com/b/lyRTMt/xF2c
http://paperpile.com/b/lyRTMt/xF2c
http://paperpile.com/b/lyRTMt/xF2c
https://www.nhs.uk/conditions/parkinsons-disease/causes/
http://paperpile.com/b/lyRTMt/zf1J
http://paperpile.com/b/lyRTMt/zf1J
http://paperpile.com/b/lyRTMt/zf1J
http://paperpile.com/b/lyRTMt/zf1J
http://paperpile.com/b/lyRTMt/zf1J
http://paperpile.com/b/lyRTMt/zf1J
http://paperpile.com/b/lyRTMt/zf1J
http://dx.doi.org/10.3390/jcm9030740
http://paperpile.com/b/lyRTMt/MkBi
http://paperpile.com/b/lyRTMt/MkBi
http://paperpile.com/b/lyRTMt/MkBi
http://paperpile.com/b/lyRTMt/MkBi
http://paperpile.com/b/lyRTMt/MkBi
http://paperpile.com/b/lyRTMt/MkBi
http://dx.doi.org/10.1016/s0047-6374(99)00064-0
http://paperpile.com/b/lyRTMt/LedY
http://paperpile.com/b/lyRTMt/LedY
http://paperpile.com/b/lyRTMt/LedY
http://paperpile.com/b/lyRTMt/LedY
https://www.nhs.uk/conditions/parkinsons-disease/
http://paperpile.com/b/lyRTMt/wb2R
http://paperpile.com/b/lyRTMt/wb2R
http://paperpile.com/b/lyRTMt/wb2R
about:blank
about:blank
https://www.nhs.uk/conditions/parkinsons-disease/
about:blank
http://paperpile.com/b/lyRTMt/2fUe
http://paperpile.com/b/lyRTMt/2fUe
http://paperpile.com/b/lyRTMt/2fUe
http://paperpile.com/b/lyRTMt/2fUe
http://paperpile.com/b/lyRTMt/2fUe
http://paperpile.com/b/lyRTMt/2fUe
http://paperpile.com/b/lyRTMt/2fUe
http://dx.doi.org/10.1155/2016/9730467
http://paperpile.com/b/lyRTMt/a38O
http://paperpile.com/b/lyRTMt/a38O
http://paperpile.com/b/lyRTMt/a38O
http://paperpile.com/b/lyRTMt/a38O
http://paperpile.com/b/lyRTMt/a38O
http://paperpile.com/b/lyRTMt/a38O
http://dx.doi.org/10.3390/cells9071687
http://paperpile.com/b/lyRTMt/4UUZ
http://paperpile.com/b/lyRTMt/4UUZ
http://paperpile.com/b/lyRTMt/4UUZ
http://paperpile.com/b/lyRTMt/4UUZ
https://www.parkinson.org/understanding-parkinsons/statistics
http://paperpile.com/b/lyRTMt/hWDd
http://paperpile.com/b/lyRTMt/hWDd
https://www.plasticisers.org/plasticisers/
http://paperpile.com/b/lyRTMt/7HFN
http://paperpile.com/b/lyRTMt/7HFN
http://paperpile.com/b/lyRTMt/7HFN
http://paperpile.com/b/lyRTMt/7HFN
http://paperpile.com/b/lyRTMt/7HFN
http://paperpile.com/b/lyRTMt/7HFN
http://paperpile.com/b/lyRTMt/7HFN
http://dx.doi.org/10.1016/j.scitotenv.2019.134455

@ Journal of Student Research Volume 11 Issue 3 (2022)

Prata, J. C., da Costa, J. P., Lopes, 1., Duarte, A. C., & Rocha-Santos, T. (2020b). Environmental exposure to
microplastics: An overview on possible human health effects. The Science of the Total Environment, 702,
134455. https://doi.org/10.1016/j.scitotenv.2019.134455

Priist, M., Meijer, J., & Westerink, R. H. S. (2020). The plastic brain: neurotoxicity of micro- and nanoplastics.
Particle and Fibre Toxicology, 17(1), 24. https://doi.org/10.1186/s12989-020-00358-y

Qiao. (2019). Microplastics induce intestinal inflammation, oxidative stress, and disorders of metabolome and
microbiome in zebrafish. The Science of the Total Environment, 662, 246-253.
https://doi.org/10.1016/j.scitotenv.2019.01.245

Rochman, C. M., Kross, S. M., Armstrong, J. B., Bogan, M. T., Darling, E. S., Green, S. J., Smyth, A.R., &
Verissimo, D. (2015). Correction to Scientific Evidence Supports a Ban on Microbeads. Environmental Science
& Technology, 49(24), 14740. https://doi.org/10.1021/acs.est.5b05043

Rodriguez, F. (n.d.). plastic. Encyclopedia Britannica. Retrieved July 6, 2022, from
https://www.britannica.com/science/plastic

Rodriguez-Seijo. (2017). Histopathological and molecular effects of microplastics in Eisenia andrei Bouché.
Environmental Pollution , 220, 495-503. https://doi.org/10.1016/j.envpol.2016.09.092

Sanchez-Catasus, C. A., Bohnen, N. 1., D’Cruz, N., & Miiller, M. L. T. (2022). Striatal Acetylcholine-Dopamine
Imbalance in Parkinson Disease: In Vivo Neuroimaging Study with Dual-Tracer PET and Dopaminergic PET-
Informed Correlational Tractography. Journal of Nuclear Medicine: Official Publication, Society of Nuclear
Medicine, 63(3), 438. https://doi.org/10.2967/jnumed.121.261939

Shi, J., Deng, H., & Zhang, M. (2022). Whole transcriptome sequencing analysis revealed key RNA profiles and
toxicity in mice after chronic exposure to microplastics. Chemosphere, 304, 135321.
https://doi.org/10.1016/j.chemosphere.2022.135321

Shi, W., Sun, S., Han, Y., Tang, Y., Zhou, W., Du, X., & Liu, G. (2021). Microplastics impair olfactory-mediated
behaviors of goldfish Carassius auratus. Journal of Hazardous Materials, 409, 125016.
https://doi.org/10.1016/j.jhazmat.2020.125016

Singh, S. S., Rai, S. N, Birla, H., Zahra, W., Rathore, A. S., & Singh, S. P. (2019). NF-kB-Mediated
Neuroinflammation in Parkinson’s Disease and Potential Therapeutic Effect of Polyphenols. Neurotoxicity

Research, 37(3), 491-507. https://doi.org/10.1007/s12640-019-00147-2

Taylor. (2013). Neuroinflammation and oxidative stress: Co-conspirators in the pathology of Parkinson’s disease.
Neurochemistry International, 62(5), 803-819. https://doi.org/10.1016/j.neuint.2012.12.016

Tolosa, E., Garrido, A., Scholz, S. W., & Poewe, W. (2021). Challenges in the diagnosis of Parkinson’s disease.
Lancet Neurology, 20(5). https://doi.org/10.1016/S1474-4422(21)00030-2

US Department of Commerce, & National Oceanic. (2016). What are microplastics?
https://oceanservice.noaa.gov/facts/microplastics.html

ISSN: 2167-1907 www.JSR.org 10


http://paperpile.com/b/lyRTMt/whU0
http://paperpile.com/b/lyRTMt/whU0
http://paperpile.com/b/lyRTMt/whU0
http://paperpile.com/b/lyRTMt/whU0
http://paperpile.com/b/lyRTMt/whU0
http://paperpile.com/b/lyRTMt/whU0
http://paperpile.com/b/lyRTMt/whU0
http://dx.doi.org/10.1016/j.scitotenv.2019.134455
http://paperpile.com/b/lyRTMt/IVcO
http://paperpile.com/b/lyRTMt/IVcO
http://paperpile.com/b/lyRTMt/IVcO
http://paperpile.com/b/lyRTMt/IVcO
http://paperpile.com/b/lyRTMt/IVcO
http://paperpile.com/b/lyRTMt/IVcO
http://dx.doi.org/10.1186/s12989-020-00358-y
http://paperpile.com/b/lyRTMt/Hutv
http://paperpile.com/b/lyRTMt/Hutv
http://paperpile.com/b/lyRTMt/Hutv
http://paperpile.com/b/lyRTMt/Hutv
http://paperpile.com/b/lyRTMt/Hutv
http://paperpile.com/b/lyRTMt/Hutv
http://paperpile.com/b/lyRTMt/Hutv
http://dx.doi.org/10.1016/j.scitotenv.2019.01.245
http://paperpile.com/b/lyRTMt/7tQZ
http://paperpile.com/b/lyRTMt/7tQZ
http://paperpile.com/b/lyRTMt/7tQZ
http://paperpile.com/b/lyRTMt/7tQZ
http://paperpile.com/b/lyRTMt/7tQZ
http://paperpile.com/b/lyRTMt/7tQZ
http://paperpile.com/b/lyRTMt/7tQZ
http://dx.doi.org/10.1021/acs.est.5b05043
http://paperpile.com/b/lyRTMt/KkZu
http://paperpile.com/b/lyRTMt/KkZu
http://paperpile.com/b/lyRTMt/KkZu
http://paperpile.com/b/lyRTMt/KkZu
https://www.britannica.com/science/plastic
http://paperpile.com/b/lyRTMt/mMK8
http://paperpile.com/b/lyRTMt/mMK8
http://paperpile.com/b/lyRTMt/mMK8
http://paperpile.com/b/lyRTMt/mMK8
http://paperpile.com/b/lyRTMt/mMK8
http://paperpile.com/b/lyRTMt/mMK8
http://dx.doi.org/10.1016/j.envpol.2016.09.092
http://paperpile.com/b/lyRTMt/faZF
http://paperpile.com/b/lyRTMt/faZF
http://paperpile.com/b/lyRTMt/faZF
http://paperpile.com/b/lyRTMt/faZF
http://paperpile.com/b/lyRTMt/faZF
http://paperpile.com/b/lyRTMt/faZF
http://paperpile.com/b/lyRTMt/faZF
http://paperpile.com/b/lyRTMt/faZF
http://dx.doi.org/10.2967/jnumed.121.261939
http://paperpile.com/b/lyRTMt/Tjql
http://paperpile.com/b/lyRTMt/Tjql
http://paperpile.com/b/lyRTMt/Tjql
http://paperpile.com/b/lyRTMt/Tjql
http://paperpile.com/b/lyRTMt/Tjql
http://paperpile.com/b/lyRTMt/Tjql
http://paperpile.com/b/lyRTMt/Tjql
http://dx.doi.org/10.1016/j.chemosphere.2022.135321
http://paperpile.com/b/lyRTMt/xgOy
http://paperpile.com/b/lyRTMt/xgOy
http://paperpile.com/b/lyRTMt/xgOy
http://paperpile.com/b/lyRTMt/xgOy
http://paperpile.com/b/lyRTMt/xgOy
http://paperpile.com/b/lyRTMt/xgOy
http://paperpile.com/b/lyRTMt/xgOy
http://dx.doi.org/10.1016/j.jhazmat.2020.125016
http://paperpile.com/b/lyRTMt/8Bt3
http://paperpile.com/b/lyRTMt/8Bt3
http://paperpile.com/b/lyRTMt/8Bt3
http://paperpile.com/b/lyRTMt/8Bt3
http://paperpile.com/b/lyRTMt/8Bt3
http://paperpile.com/b/lyRTMt/8Bt3
http://paperpile.com/b/lyRTMt/8Bt3
http://dx.doi.org/10.1007/s12640-019-00147-2
http://paperpile.com/b/lyRTMt/LTrd
http://paperpile.com/b/lyRTMt/LTrd
http://paperpile.com/b/lyRTMt/LTrd
http://paperpile.com/b/lyRTMt/LTrd
http://paperpile.com/b/lyRTMt/LTrd
http://paperpile.com/b/lyRTMt/LTrd
http://dx.doi.org/10.1016/j.neuint.2012.12.016
http://paperpile.com/b/lyRTMt/OmELC
http://paperpile.com/b/lyRTMt/OmELC
http://paperpile.com/b/lyRTMt/OmELC
http://paperpile.com/b/lyRTMt/OmELC
http://paperpile.com/b/lyRTMt/OmELC
http://paperpile.com/b/lyRTMt/OmELC
http://dx.doi.org/10.1016/S1474-4422(21)00030-2
http://paperpile.com/b/lyRTMt/iw5g
http://paperpile.com/b/lyRTMt/iw5g
http://paperpile.com/b/lyRTMt/iw5g
http://paperpile.com/b/lyRTMt/iw5g
https://oceanservice.noaa.gov/facts/microplastics.html

@ Journal of Student Research Volume 11 Issue 3 (2022)

Usman, S., Abdull Razis, A. F., Shaari, K., Amal, M. N. A., Saad, M. Z., Mat Isa, N., & Nazarudin, M. F. (2021).
Polystyrene Microplastics Exposure: An Insight into Multiple Organ Histological Alterations, Oxidative Stress
and Neurotoxicity in Javanese Medaka Fish (Oryzias javanicus Bleeker, 1854). International Journal of
Environmental Research and Public Health, 18(18), 9449. https://doi.org/10.3390/ijerph18189449

Wang. (2022). Polystyrene microplastics affect learning and memory in mice by inducing oxidative stress and
decreasing the level of acetylcholine. Food and Chemical Toxicology: An International Journal Published for
the British Industrial Biological Research Association, 162, 112904. https://doi.org/10.1016/j.fct.2022.112904

Wang, Y., & Qian, H. (2021). Phthalates and Their Impacts on Human Health. HealthcarePapers, 9(5).
https://doi.org/10.3390/healthcare9050603

Wright, S. L., & Kelly, F. J. (2017). Plastic and Human Health: A Micro Issue? In Environmental Science &
Technology (Vol. 51, Issue 12, pp. 6634—6647). https://doi.org/10.1021/acs.est.7b00423

Yang, W., Chang, Z., Que, R., Weng, G., Deng, B., Wang, T., Huang, Z., Xie, F., Wei, X., Yang, Q., Li, M., Ma, K.,
Zhou, F., Tang, B., Mok, V. C. T., Zhu, S., & Wang, Q. (2020). Contra-Directional Expression of Plasma
Superoxide Dismutase with Lipoprotein Cholesterol and High-Sensitivity C-reactive Protein as Important
Markers of Parkinson’s Disease Severity. Frontiers in Aging Neuroscience, 0.
https://doi.org/10.3389/fnagi.2020.00053

Zhao, L., Shi, W., Hu, F., Song, X., Cheng, Z., & Zhou, J. (2021). Prolonged oral ingestion of microplastics induced
inflammation in the liver tissues of C57BL/6J mice through polarization of macrophages and increased
infiltration of natural killer cells. Ecotoxicology and Environmental Safety, 227, 112882.
https://doi.org/10.1016/j.ecoenv.2021.112882

ISSN: 2167-1907 www.JSR.org 11


http://paperpile.com/b/lyRTMt/z9BR
http://paperpile.com/b/lyRTMt/z9BR
http://paperpile.com/b/lyRTMt/z9BR
http://paperpile.com/b/lyRTMt/z9BR
http://paperpile.com/b/lyRTMt/z9BR
http://paperpile.com/b/lyRTMt/z9BR
http://paperpile.com/b/lyRTMt/z9BR
http://paperpile.com/b/lyRTMt/z9BR
http://dx.doi.org/10.3390/ijerph18189449
http://paperpile.com/b/lyRTMt/1run
http://paperpile.com/b/lyRTMt/1run
http://paperpile.com/b/lyRTMt/1run
http://paperpile.com/b/lyRTMt/1run
http://paperpile.com/b/lyRTMt/1run
http://paperpile.com/b/lyRTMt/1run
http://paperpile.com/b/lyRTMt/1run
http://dx.doi.org/10.1016/j.fct.2022.112904
http://paperpile.com/b/lyRTMt/HRLF
http://paperpile.com/b/lyRTMt/HRLF
http://paperpile.com/b/lyRTMt/HRLF
http://paperpile.com/b/lyRTMt/HRLF
http://paperpile.com/b/lyRTMt/HRLF
http://paperpile.com/b/lyRTMt/HRLF
http://dx.doi.org/10.3390/healthcare9050603
http://paperpile.com/b/lyRTMt/imK7
http://paperpile.com/b/lyRTMt/imK7
http://paperpile.com/b/lyRTMt/imK7
http://paperpile.com/b/lyRTMt/imK7
http://dx.doi.org/10.1021/acs.est.7b00423
http://paperpile.com/b/lyRTMt/v6Jg
http://paperpile.com/b/lyRTMt/v6Jg
http://paperpile.com/b/lyRTMt/v6Jg
http://paperpile.com/b/lyRTMt/v6Jg
http://paperpile.com/b/lyRTMt/v6Jg
http://paperpile.com/b/lyRTMt/v6Jg
http://paperpile.com/b/lyRTMt/v6Jg
http://paperpile.com/b/lyRTMt/v6Jg
http://paperpile.com/b/lyRTMt/v6Jg
http://dx.doi.org/10.3389/fnagi.2020.00053
http://paperpile.com/b/lyRTMt/Y0Cr
http://paperpile.com/b/lyRTMt/Y0Cr
http://paperpile.com/b/lyRTMt/Y0Cr
http://paperpile.com/b/lyRTMt/Y0Cr
http://paperpile.com/b/lyRTMt/Y0Cr
http://paperpile.com/b/lyRTMt/Y0Cr
http://paperpile.com/b/lyRTMt/Y0Cr
http://paperpile.com/b/lyRTMt/Y0Cr
http://dx.doi.org/10.1016/j.ecoenv.2021.112882



