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Abstract:-

The purpose of this study was to present data regarding the toxicity of microplastics (MPs) and
nanoplastics (NPs) in mammalian bodies.

Although there are several ways for humans to be exposed to micro-and-nanoplastics (MNPs), little
is known about how MNPs negatively impact diverse organ systems. The purpose of this review is to
present a summary of the possible effects of MNPs on different organ systems.

According to the compiled findings, MNP exposure may cause oxidative stress, inflammation,
immunological dysfunction, changes in biochemical and energy metabolism, a reduction in cell
proliferation, disruptions in microbial metabolic pathways, aberrant organ development, and
carcinogenicity.

NPs are quickly absorbed in the blood following a single oral dose, build up in adipose tissues, and
cross the blood-brain/testis barriers. MPs' toxicokinetics in mammals is, as predicted, highly size-
dependent.
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The distribution, accumulation, and possible toxicity of micro- and nanoparticles are examined in
this paper, along with the routes by which they enter the human body— inhalation, ingestion, and skin
absorption. Special attention is paid to the possible longterm impacts of nanoparticles on organ systems
like the respiratory, cardiovascular, and neurological systems, as well as their capacity to cross cellular
barriers and cause inflammation, oxidative stress, and cytotoxicity. The toxicity mechanisms are also
covered in the paper, including the production of reactive oxygen species (ROS), disturbance of cellular
homeostasis, and inflammatory reactions brought on by nanoparticles.
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1.Introduction —

As the production of plastics surged to about 360 million tonnes in 2018[1], pollution from
microplastics (MPs) and nanoplastics (NPs) has become a rising environmental problem. There have
been reports of MPs pollution in aquatic environments ranging from the equator to the poles [2-3].
Additionally, it has been verified that MPs particles move down the food chain [4,5]. In fact, MPs
particles have been discovered in processed foods and beverages such as bottle water, salt, beer, milk,
and sugar , in addition to seafood [6-11]

The breakdown of MPs in the environment and some industrial or home uses, like biomedical products
[12] and personal care items like toothpaste and cosmetics [13], are the sources of NPs (< 100 nm in
diameter) pollution.

Primary microplastics (MPs) are added to commercial products, such as fertilizers and cleaning
supplies, while secondary MPs are created when bigger plastic components break down[14] MPs can be
broken down into nanoplastics (NPs), a subset of MPs, or they can be released from other sources, like
plastics used in paints, adhesives, electronics, and other products.[15,16] . About 70-80% of the total
plastic released into the environment is made up of secondary MPs and NPs, which are often created by
the breakdown of macroplastics by shear forces[17] whereas primary MPs make about 15-30%0.[18]
Microfibers from textiles (diapers, fleeces, and disposable masks), fragments, plastic pellets and nurdles
from industries, foam, and microbeads are some of the various types of MPs.[19,20] Humans are exposed
to MNPs through their skin, food, and breath.

However, the European Commission Regulation (EU) 2023/2055, which has a five- to eight-year
phase-in time, forbids the deliberate inclusion of microplastics in the EU [21]. People frequently come
into contact with and consume different kinds of nanoplastics, including PS, PE, PVC, and polyester,
through food, water, and the air, given the vast array of plastic uses and, consequently, sources of release
to the environment [22]. More than 95.8% of samples of human feces tested positive for microplastics,
with concentrations of pieces, films, and fibers up to 138.9 items per gram [23].
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The possible negative consequences of breathed or consumed nanoplastics, such as oxidative stress,
cellular damage, inflammation, DNA damage, and neurotoxicity, have already been suggested by a
number of in vitro and in vivo investigations [24,25]. However, we presently know very little about the
toxicokinetics—or fate of nanoplastics—in the human body.

Exposure of MNPs by various rout-
2.Exposure through diet -

The presence of MPs in human stool indicates that they were consumed through diet.Food, drinking
water, and plastic food packaging are the main sources of MNPs [26,27], and exposure levels vary by
age, sex, diet, and lifestyle. MNPs are also consumed by wildlife species, which puts our diets and the
food chain at serious risk of contamination[28,29]. MPs have been found in a variety of seafood since
they are found in n aquatic habitats[30-33]

Additionally, MPs particles have been found in zooplanktonic creatures, which suggests that MP may
make its way into the food chain [34,35] . Although the risk is unknown, processed goods like milk and
bottled water are susceptible to MPs added during processing and packaging.[36] Furthermore, MNPs
can enter our diet through the air, mostly indoors.[37] Polyethene-terephthalate (PET), polyethene (PE),
polypropylene (PP), polyvinyl chloride (PVC), polystyrene (PS), polyester (PES), polyurethane (PU),
polyamide (PA), styrene acrylate, and polymethyl-methacrylate (PMMA) are the MP particles that are
frequently found in foods and the environment.[28,38]

3. Inhalation-based exposure -

Another important way that people are exposed to MNPs is by inhalation. Synthetic fabrics,
construction materials, road debris, plastic material abrasions, landfills, wastewater, and waste burning
are the hypothesized sources of airborne MPs.[39,40,41], and [42] MPs, or 4% of indoor airborne
particles, were detected in the air.[43] An human may inhale up to 130 MPs every day on average,
according to some estimates.12 Industrial workers are particularly vulnerable to MP exposure; MPs
can enter the respiratory system of humans and have a negative impact on health.[44,45].

The depth of particle distribution in the airways after inhalation is determined by aerodynamic size.
The likelihood of a particle reaching deeper lung regions increases with particle size. Because of the
increased likelihood of reaching the alveolar sacs, which are the site of gas exchange and particle transfer
from epithelial to endothelial cells, inhaled particulate matter smaller than 2.5 microns in aerodynamic
size is concerning.[46]

4.Contact with the skin-

There is evidence that NPs can penetrate the skin barrier, even though dermal exposure is thought to
be the least significant entrance point. causes of cutaneous exposure to MNPs are microbeads in personal
care items and atmospheric at point.prosynthetic fibers.[47]
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However, as more and more nations outlaw microbeads in detergents and personal care items, this
problem is becoming less of a concern.

MNPs' cellular uptake-

Depending on a number of variables, including the size and surface characteristics of the particles as

well as the biological molecules they come into contact with, such as proteins, phospholipids, and
carbohydrates, certain MPs and NPs may interact with cells after being absorbed into the body.[48]
When biological fluids and tissues or organs come into touch with nanoparticles, they are exposed to
protein molecules, which create a "‘crown known as a protein corona.[49] Higher translocation rates
are facilitated by polystyrene nanoparticles coated with a protein corona, according to in vitro
experiments. This is dependent on the quantity and makeup of proteins.[50]Furthermore, protein
coronas have the ability to change the shape and properties of nanoparticles in response to the cellular
environment, which could intensify toxicity and cell interactions.[51] Consequently, there is a chance
that the same in happen to MNPs.

5.The respiratory system

One major way that people are exposed to MNPs is by inhalation. The degree to which airborne MNPs
negatively impact the respiratory system is yet unknown, though. A significant portion of the MNPs that
are inhaled can be eliminated by lymphatic transport, phagocytosis, or mechanical means.[52] Chronic
inflammation and fibrosis can result from the deposition of certain thin fibres in terminal bronchioles,
alveolar ducts, and alveoli.[53,54]

Over an extended period of time, the inhaled dose usually determines the extent of tissue damage.[55]
MPs have been found in human pulmonary tissue[56] and sputum samples[57] in recent investigations,
suggesting that inhalation is a significant pathway for plastic particles to enter the body. The possible
effects of MNP particles on human lung epithelial cells, a model for pulmonary toxicity, have been
evaluated in a number of cell culture studies.

The way inhaled nanoparticles interact with the pulmonary surfactant (PS) coating determines their
toxicological impact. According to in vitro and silicon research, hydrophilic nanoparticles migrate over
the PS film rapidly, whereas hydrophobic nanoparticles become trapped and become encased in lipid
protrusions.[58] According to the study, inhaled nanoparticles with various physicochemical
characteristics are associated with a novel PS lipoprotein corona model.[58]

According to the study, inhaled nanoparticles with various physicochemical characteristics are
associated with a novel PS lipoprotein corona model.[58] Because of variations in lipid packing and
surface tension, nanoparticles may also pass through the surfactant during different breathing
stages.[59] A healthy lung surfactant film depends on appropriate lipid packing and hydrophobic
protein assembly, according to molecular studies.[60,61] referred to as the “corona”—in a way that
seems to influence the level of toxicity.[62]
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Furthermore, PS can change the characteristics of ZnO nanowires (ZNnONWS) in the lung, influencing
how epithelial cells internalize and process them.[63] Overall, this implies that depending on the
molecules that adhere to their surface, inhaled MPs and NPs may have varying levels of absorption. The
results of the aforementioned study suggest that inhaling MNPs may have an impact on respiratory
health through oxidative stress and inflammatory responses, which may then lead to cellular death and
the breakdown of the epithelial barrier, causing tissue damage and respiratory disease after prolonged
exposure.

According to other research, PS-NPs interact with biological elements including proteins—
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6.BBB -

The majority of foreign substances cannot enter the human brain because of the bloodbrain barrier
(BBB), which is made up of a densely packed layer of endothelial cells that divides the blood components
from the cerebrospinal fluid [64]. According to recent reports, metallic nanoparticles like Ag and ZnO
may cross the blood-brain barrier (the latter showed the highest transport percentage, with 10.5% and
13.4% of the applied dose, respectively, moving at exposure concentrations of 1 and 2.5 mg/L), damaging
brain cell membranes [65] and interfering with cholinergic neurotransmission [66]. It is possible for
some metallic nanoparticles to dissolve in the cellular lysosomal environment and change into their ionic
forms [67,68].

These ionic forms may use pathways designed for soluble compounds after dissolution, integrating
with the body’s excretory and regulatory systems and eventually being cleared [69]. They may
accumulate less in biological systems as a result of this mechanism. Depending on their size, structure,
and composition, Nano plastics—which are not readily biodegradable—may be at risk of building up in
the brain because they seem to be able to get there a few hours after being consumed or inhaled [70,71].
Despite the possibility that PS nanoplastics could cross the blood-brain barrier, according to certain
research [72,73],

7.The renal system —

A build-up of toxins and pollutants in the bloodstream due to impaired kidney function can have a
negative impact on general health. MPs (PVA, PVC, PP, and PE, ranging in size from 4 to 15 pm) were
discovered in human urine in a research, indicating that they can travel through the digestive system
and be eliminated by biological processes.[74] MNPs are primarily eliminated via the kidney through
biodegradation products in urine and the liver through phagocytosis or biliary excretion in feces.[75]

The possible effects of MNPs on kidneys were ascertained by some animal experiments and cell
cultures. Human embryonic kidney cells (HEK 293) were treated to 1 pm PS-MPs (5 pg/mL) for up to
72 hours in a study by Goodman et al. (2022).[76] The findings demonstrated that PS-MPs significantly
altered the kidney cells’ morphology, decreased cell proliferation, and increased uptake of PS-MP
particles. ROS levels were elevated in the exposed cells.[76]

In a different study, scientists exposed human kidney (HK-2) and testis (NTE) cells to fluorescently
labelled PS-NPs (50 nm, 200 pg/mL for 24 hours). They discovered that the PSNPs could enter the cells
through endocytosis, resulting in cellular microstructure damage and an increase in TNF-a and
JNK1/2/3 expression.[77] The effects of PS-MPs (2 pm) on human HK-2 cells were investigated by Wang
etal. in 2021.[78] According to the study, treatment to PS-MP (0.025-0.8 pg/mL for two hours) increased
the levels of ROS and the mitochondrial protein Bad, as well as inflammatory indicators, ER stress, and
the proteins LC3 and Beclin 1. PS-MPs also had an effect on the AKT/mTOR and MAPK signaling
pathways.[78]

IJNRD2411255 ‘ International Journal Of Novel Research And Development (www.ijnrd.org)



http://www.ijrti.org/

© 2024 IJNRD | Volume 9, Issue 11 November 2024 | ISSN: 2456-4184 | I]NRD.ORG

8.System of reproduction and development -

The toxicity of MNPs on reproduction and development has been documented in a few animal
studies,[79,80], but human data is still few. 16 different forms of MPs were discovered in placentas and
meconium samples in a Chinese investigation; the most common types were polyamide and
polyurethane. IN almost 76.5% of the samples, which ranged in size from 20 to 50 pm, [81] MPs were
found. The three main microbiota that were discovered were Firmicutes, Bactericides, and
Proteobacteria. Additionally, a number of placenta microbiota species and the Chao index of meconium
microbiota showed an adverse relationship with polyethylene, according to the study.[81] Xiao et al.
(2023) discovered that PS-NPs (50 nm) can affect microstructures and penetrate testis cells via
endocytosis.[77]

Proteins on cancer signaling pathways like PISK-AKT and MAPK were discovered to be dysregulated.
Testicular growth, sperm cell survival, and proliferation are all significantly impacted by the active
PI3K-AKT pathway.[77] Additionally, it makes it easier for FSH and support cells to communicate,
which aids in preserving male testicular stability.[82]

Research has indicated that mice exposed to PS-MPs may experience reproductive harm. For instance,
male-female mice exposed to PS-MPs (5.0-5.9 pm) experienced oxidative stress, hormonal
abnormalities, reproductive problems, and damage to their testicles and ovaries.[79] Additionally,
following exposure to PS-MPs, fewer embryos and a lower conception rate were noted. Compared to
male mice, female mice were more vulnerable to MPs exposure.[79] Exposure to PS-MPs has been
demonstrated to induce ovarian inflammation and reduce oocyte quality in female mice, indicating
reproductive harm.[83]

In a different study, male mice given PS-MPs (5.0-5.9 pm) in saline solution for six weeks showed
decreased serum testosterone levels, decreased sperm motility and count, and increased sperm
deformity rate. MNPs may potentially be harmful to reproduction and upset the energy balance. Since
testicular histology was not examined, it is uncertain whether the effects on testicular function are
directly related to exposure to the test materials.[84] Defects in the epididymis may also be the cause of
the effects on sperm.
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9.The muscular system

Fewer research have evaluated MNPs’ impact on the muscular system than on other organs. As of right
now, there is no concrete proof that MNPs build up in human muscle tissue. According to a study, eating
fish and other shellfish causes MPs to build up in the muscular tissue of northern fulmars.[85]
Nevertheless, there was no discernible association with muscle injury.[86,87] PS-MPs (1-10 pm and 50—
100 pm) exposure disturbed muscle fiber regeneration and the equilibrium between myogenic and
adipogenic development, according to a study conducted in a mouse model.[88] Additionally, treatment
to PS-MPs changed the p38 MAPK and NF-kB pathways and caused satellite cells to produce too many
ROS.[88]

Additionally, treatment to PS-MPs changed the p38 MAPK and NF-kB pathways and caused satellite
cells to produce too many ROS.[88]

10.The endocrine system —

MPs include a number of substances that are regarded as endocrine-disrupting chemicals (EDCs),
including phthalates and bisphenol A (BPA). The regular operation of the endocrine system may be
hampered by certain EDCs. During crucial developmental phases, such as the perinatal period, EDCs
can enter the body and alter hormonal balance as agonists or antagonists, resulting in neuroendocrine
impacts.[89] According to a study, PS-MPs (0.1 g/L) can change the pathways by which decabrominated
diphenyl ether (BDE-209) is broken down and increase the toxicity of the thyroid gland and endocrine
system in aquatic creatures.[90] A single dose of BPA (10 pg/kg) in an in vivo investigation quickly raised
plasma insulin levels, which in turn decreased glycaemia.152
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According to reports, BPA may raise the risk of type 2 diabetes when combined with other EDCs as
phthalates,[91,92] . According to a study by Jin et al. (2021), male mice’s testosterone levels can drop,
testicular inflammation can occur, and the blood-testis barrier can be disrupted by oral gavage of PS-
MP (0.5 pm, 4 pm, and 10 pm) at a dose of 10 mg/mL for 28 days.[93].
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Fig No:-3 Effect of micro and nano particales on mascular system.

11.The nervous system —

Human central nervous systems are extremely vulnerable to environmental contaminants, particularly
while they are developing in the womb.[94] Consequently, oxidative stress brought on by exposure to
micro- and nanoplastics may harm cells and make people more susceptible to neurological
conditions.[95] MNPs have the potential to be more neurotoxic than MPs because of their size.[96] MP
exposure can alter glutamate, y-aminobutyric acid, and acetylcholine, which can have an impact on the
central nervous system.[97] Neurological problems can result from an excessive build up of acetylcholine
caused by impaired AChE action.[97]
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Using a 3D model of cortical spheroids, Hua et al. (2022) investigated the effects of PS-MPs

(1 pm and 10 pm, 5, 50, and 100 pg/mL for 4-10 days and 4-30 days) on the human brain.101 Long-
term exposure reduced cell viability, while short-term exposure increased Nestin, ATF4, PAX6, SOD2,
and HOXB4 gene expression and cell proliferation. Additionally,

PS-MPs impacted brain tissue patterning and DNA damage gene expression.101 MP 1 pm is expected
to be taken up and internalized by neural progenitor cells via mechanisms such endocytosis or
phagocytosis.[98]

Fluorescent PS-MPs (5 pm and 20 pm) administered orally to male mice in an animal investigation
resulted in decreased AchE activity, altered cholinergic neurotransmission efficiency, neurotoxicity, and
oxidative stress (91, 148).Exposure to 91 MPs resulted in a decrease in phenylalanine, a precursor to
neurotransmitters, and an increase in threonine, aspartate, and taurine levels in the blood. The possible
effects of MNPs on the neurological system necessitate more research despite the lack of appropriate
data.
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12.The immune system -

Depending on how they spread, exposure to toxins can cause either local or systemic immune responses.
However, just environmental exposure may disrupt the immune system's normal function in cases of
genetic predisposition, favoring autoimmune disorders or immunosuppression.[99] Immune cells that
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have been exposed to MP strongly alter the transcription of enzyme levels that result in the release of
cytokines.

Immune cells significantly alter several transcriptional levels, such as enzyme levels and cytokine
production, in response to MP exposure. In order to examine the possible impacts of ingested MPs, such
as 50-500 pm MP polymer representing tire wear and polyolefins at concentrations 823.5-1380.0
pg/cm2. Lehner et al. (2020) created an in vitro 3D intestinal model using human intestinal epithelial
cell lines Caco-2 and HT29-MTX-E12, human dendritic cells, and blood monocyte-derived
macrophages. [100]

The results indicated minor alterations in the barrier integrity and inflammatory cytokine levels (I1L-8,
TNFa, and IL-1B), although these changes were not statistically significant.[101] When exposed to 60
nm PS-NPs, human bronchial epithelial cells (BEAS-2B) and murine macrophages (RAW 264.7)
demonstrated severe toxicity and autophagic cell death in a different in vitro investigation. Through the
Akt/mTOR and AMPK pathways, NH2-PS induced autophagic flux and triggered the autophagic cell
killing process.[102] According to Han et al. (2020), human immune cells exhibited an immunological
response after being exposed to polyvinyl chloride (PVC) and acrylonitrile butadiene styrene (ABS) for
four to five days.[103]

According to the study, ABS and PVC both increased the release of TNF-a and IL-6 while suppressing
the release of histamine. The study hasn't looked into the possibility that prolonged exposure could result
in a stronger immunological response.[104] It has been demonstrated that polypropylene MPs (PP-MPs,
size ~20 pm and 25-200 pm) can trigger the production of pro-inflammatory cytokines such IL-6, TNF
alpha, and histamine in a size and concentration-dependent way, thereby inducing local immunological
responses.[105 ]

In the mouse model, PE-MPs (10-150 pm) at high doses (600 pg/day) changed the intestinal microflora's
composition and variety and triggered inflammatory responses by upregulating TLR4, AP-1, and IRF5
expression.83 Following MPs exposure, Th17 and Treg cells in CD4+ T cells were reduced, and the blood
level of IL-1a was also markedly raised.83 Although there is some indication that MNPs have an impact
on the immune system, the majority of research has only looked at the innate immune response. It is yet
unclear how MNPs affect the adaptive immune response.

IJNRD2411255 ‘ International Journal Of Novel Research And Development (www.ijnrd.org)



http://www.ijrti.org/

© 2024 IJNRD | Volume 9, Issue 11 November 2024 | ISSN: 2456-4184 | INRD.ORG

interact with the immune éystem

&, | | L7
> - “w &N
il'__.f‘ .,3..‘;
IS ¥
Immunostimulation Immunosuppression
|
Desirable f | & | Desirable
* Vaccine efficacy | / " \ k » Treatment of inflammatory
* Antitumoral | l disorders and
effects | ( autoimmmune disease
¥/ = Prevention of allergic
Undesirable ||' responses
* Hypersensitivity » Transplant acceptance
reactions ‘
+ Infiammation I' )l Undesirable
+ Anaphylaxis \ | . * Lower body’s response
(A to infected and

cancerous cells
Fig No:-5 Effect of micro and nano particale on immune system.

14.Additional impacts MNPs -

It can have genotoxic, metabolic, biochemical, and carcinogenic effects in addition to impacts on
particular organs. As was previously mentioned, MNPs can result in hepatic dysfunction and intestinal
inflammation. It is unclear, therefore, if liver and intestinal inflammation and damage can result in the
onset of serious illness. Mice given tiny MPs (1 pm in diameter, 10,000 pg/L in drinking water) in a
recent study had higher fasting blood glucose and insulin levels, indicating a liver-gut metabolism
interaction that resulted in insulin resistance and the development of diabetes.[106]

These findings point to the need for a larger cohort research to evaluate insulin resistance following
exposure to MPs. Hs27 cell lines obtained from the foreskin were subjected to spherical PS-NPs (100
nm) in a different investigation.[107] The findings demonstrated that DNA damage was caused, which
led to a rise in the development of nuclear buds and micronuclei.[108]

Conclusions-

The environment is full of MNPs, and people are regularly exposed to them from a variety of sources.
There is mounting evidence that exposure to MPs and NPs may have negative impacts on several organ
systems in humans. According to the literature compiled here, exposure to MNPs may result in oxidative
stress, inflammation, immune system impairment, changes in cellular and energy metabolism, changes
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in biochemical parameters, tissue degeneration, aberrant organ development and dysfunction, and even
genotoxicity and carcinogenicity.

The fundamental mechanisms of MNPs' detrimental biological impacts on human health remain
unclear, despite the fact that several animal and cell culture studies have demonstrated these effects. It
is also necessary to look into whether prolonged exposure to MNPs is linked to an increased risk of
developing a disease. The possible negative health effects of MNPs in humans and the associated
processes require more observational research. Future research must also quantify the pathophysiology
of MNPs and their effects on human health. This will fill in any research gaps and help to summarize
what is currently known.

Refrance:-

1.Plastics Europe. Plastics - the facts 2019 - an analysis ofEuropean plastics production, demand and
waste data

https://plasticseurope.org/wp-content/uploads/2021/10/2019-
Plastics-the-facts.pdf. [2022-10-26]

2.L.usher AL, Tirelli V, O'Connor I, et al. Microplastics in arcticpolar waters: the first reported values
of particles in surfaceand sub-surface samples. Sci Rep, 2015; 5, 14947.

3.lvar do Sul JA, Costa MF, Barletta M, et al. Pelagicmicroplastics around an archipelago of the
Equatorial Atlantic.Mar Pollut Bull, 2013; 75, 305-9.

4.Farrell P, Nelson K. Trophic level transfer of microplastic: Mytilus edulis (L. ) to Carcinus maenas (L.
). Environ Pollut,2013; 177, 1-3.

5.Von Moos N, Burkhardt-Holm P, Kéhler A. Uptake and effectsof microplastics on cells and tissue of
the blue mussel Mytilusedulis L. after an experimental exposure. Environ Sci Technol,2012; 46,
11327-35.

6.Li JN, Yang DQ, Li L, et al. Microplastics in commercial bivalvesfrom China. Environ Pollut, 2015;
207, 190-5.

7.Mathalon A, Hill P. Microplastic fibers in the intertidalecosystem surrounding Halifax Harbor, Nova
Scotia. MarPollut Bull, 2014; 81, 69—79.

8.Cox KD, Covernton GA, Davies HL, et al. Human consumptionof microplastics. Environ Sci Technol,
2019; 53, 7068—74.

IJNRD2411255 ‘ International Journal Of Novel Research And Development (www.ijnrd.org)



http://www.ijrti.org/

© 2024 IJNRD | Volume 9, Issue 11 November 2024 | ISSN: 2456-4184 | I]NRD.ORG

9.Kosuth M, Mason SA, Wattenberg EV. Anthropogeniccontamination of tap water, beer, and sea salt.
PLoS One,2018; 13, e0194970.

10.Kutralam-Muniasamy G, Peérez-Guevara F, Elizalde-Martinez l,et al. Branded milks - are they
immune from microplasticscontamination? Sci Total Environ, 2020; 714, 136823.

11.Yang DQ, Shi HH, Li L, et al. Microplastic pollution in table saltsfrom China. Environ Sci Technol,
2015; 49, 13622-7.

12.Guterres SS, Alves MP, Pohimann AR. Polymeric nanoparticles,nanospheres and nanocapsules, for
cutaneous applications.Drug Target Insights, 2007; 2, 147-57.

13.Fendall LS, Sewell MA. Contributing to marine pollution bywashing your face: microplastics in facial
cleansers. Mar Pollut

Bull, 2009; 58, 1225-8.

14. Kokalj AJ, Hartmann NB, Drobne D, Potthoff A, Kihnel D. Qualityof nanoplastics and
microplastics ecotoxicity studies: refining qualitycriteria for nanomaterial studies. J Hazard Mater.
2021;415:125751.15. European Food Safety Authority (Efsa). Presence of microplasticsand nanoplastics
in food, with particular focus on seafood. EFSA J.

2016;14. https://doi.org/10.2903/j.efsa.2016.4501.

16. Kihara S, Koper I, Mata JP, McGillivray DJ. Reviewing nanoplastictoxicology: it’s an interface
problem. Adv Colloid Interface Sci.2021;288:102337.

17. Auta HS, Emenike CU, Fauziah SH. Distribution and importanceof microplastics in the marine
environment: a review of the sour-ces, fate, effects, and potential solutions. Environ Int. 2017;102:165-
176.

18. Mariano S, Tacconi S, Fidaleo M, Rossi M, Dini L. Micro andnanoplastics identification: classic
methods and innovative detec-tion techniques. Front Toxicol. 2021;3:636640.

19. Environment and Climate Change Canada. Draft science assessmentof plastic pol_lution; 2020.
Retrieved from https://www.Canada.ca/content/dam/eccc/documents/pdf/pded/plastic-
pollution/Science%20Assessment%20Plastic%20Pollution.pdf.

20. Parks Canada. Microplastics: more than a drop in the ocean; 2018.Retrieved from
https://www.pc.gc.ca/en/nature/science/conservation/plastique-plastic/microplastique_microplastic.

IJNRD2411255 ‘ International Journal Of Novel Research And Development (www.ijnrd.org) m



http://www.ijrti.org/

© 2024 IJNRD | Volume 9, Issue 11 November 2024 | ISSN: 2456-4184 | I]NRD.ORG

21. F. Abdolahpur Monikh, S.F. Hansen, M.G. Vijver, E. Kentin, M.B. Nielsen, A. Baun, K. Syberg, I.
Lynch, E. Valsami-Jones, W.J.G.M. Peijnenburg, Can current regulations account for intentionally
produced nanoplastics? Environ. Sci. Technol.

56 (2022) 3836—-3839, https://doi.org/10.1021/acs.est.2c00965.

22.A.D. Vethaak, J. Legler, Microplastics and human health, Science 371 (2021) 672-674,
https://doi.org/10.1126/science.abe5041.

23. A. Sun, W.-X. Wang, Human exposure to microplastics and its associated health risks, Environ.
Health 1 (2023) 139-149, https://doi.org/10.1021/ envhealth.3c00053.

24.C.Yong, S. Valiyaveettil, B. Tang, Toxicity of microplastics and nanoplastics in mammalian systems,
Int. J. Environ. Res. Public Health 17 (2020) 1509, https:// doi.org/10.3390/ijerph170515009.

25. R. Martin-Folgar, C. Sabroso, A.l. Canas-Portilla, ” M. Torres-Ruiz, M.C. Gonz" [6] A.D. Vethaak,
J. Legler, Microplastics and  human  health, Science 371  (2021) 672-674,
https://doi.org/10.1126/science.abe5041.

doi.org/10.3390/ijerph170515009.

26.Schwabl P, Koppel S, Konigshofer P, et al. Detection of variousmicroplastics in human stool: a
prospective case series. Ann InternMed. 2019;171:453-457.

27. Cox KD, Covernton GA, Davies HL, Dower JF, Juanes F, Dudas SE.Human consumption of
microplastics. Environ Sci Technol.2019;53:7068-7074.

28. Karbalaei S, Hanachi P, Walker TR, Cole M. Occurrence, sources,human health impacts and
mitigation of microplastic pollution.Environ Sci Pollut Res. 2018;25:36046-36063.

29. Lehner R, Weder C, Petri-Fink A, Rothen-Rutishauser B. Emer-gence of nanoplastic in the
environment and possible impact onhuman health. Environ Sci Technol. 2019;53:1748-1765.

30. Danopoulos E, Jenner LC, Twiddy M, Rotchell JM. Microplasticcontamination of seafood intended
for human consumption: asystematic review and meta-analysis. Environ Health
Perspect.2020;128:126002.

31. Gouin T. Toward an improved understanding of the ingestion andtrophic transfer of microplastic
particles: critical review and impli-cations for future research. Environ Toxicol Chem. 2020;39:1119-
1137.

IJNRD2411255 ‘ International Journal Of Novel Research And Development (www.ijnrd.org) m



http://www.ijrti.org/
https://doi.org/10.1021/acs.est.2c00965

© 2024 IJNRD | Volume 9, Issue 11 November 2024 | ISSN: 2456-4184 | I]NRD.ORG

32. Sundbak KB, Koch IDW, Villaro CG, Rasmussen NS, Holdt SL,Hartmann NB. Sorption of
fluorescent polystyrene microplasticparticles to edible seaweed Fucus vesiculosus. J Appl
Phycol.2018;30:2923-2927.

33. Wang W, Ge J, Yu X. Bioavailability and toxicity of microplastics tofish species: a review. Ecotoxicol
Environ Saf. 2020;189:109913.

34. Desforges J-PW, Galbraith M, Ross PS. Ingestion of microplasticsby zooplankton in the northeast
pacific ocean. Arch Environ ContamToxicol. 2015;69:320-330.

35.Sun X, Li Q, Zhu M, Liang J, Zheng S, Zhao Y. Ingestion ofmicroplastics by natural zooplankton
groups in the northern SouthChina Sea. Mar Pollut Bull. 2017;115:217-224.

36. Lin Q, Zhao S, Pang L, Sun C, Chen L, Li F. Potential risk ofmicroplastics in processed foods:
preliminary risk assessmentconcerning polymer types, abundance, and human exposure
ofmicroplastics. Ecotoxicol Environ Saf. 2022;247:114260.37. Khalid Ageel H, Harrad S, Abou-Elwafa
Abdallah M. Occurrence,

human exposure, and risk of microplastics in the indoor environ-ment. Environ Sci Process Impacts.
2022;24:17-31.

38.Toussaint B, Raffael B, Angers-Loustau A, et al. Review of micro-and nanoplastic contamination in
the food chain. Food Addit Con-

tam Part A. 2019:36:639-673.

39. Prata JC. Airborne microplastics: consequences to human health?Environ Pollut. 2018;234:115-
126.

40.Dris R, Gasperi J, Saad M, Mirande C, Tassin B. Synthetic fibers inatmospheric fallout: a source of
microplastics in the environment?Mar Pollut Bull. 2016;104:290-293.

41. Dris R, Gasperi J, Rocher V, Saad M, Renault N, Tassin B.Microplastic contamination in an urban
area: a case study inGreater Paris. Environ Chem. 2015;12:592-599.

42.Kole PJ, Lohr AJ, Van Belleghem FG, Ragas AM. Wear and tear oftyres: a stealthy source of
microplastics in the environment. Int JEnviron Res Public Health. 2017;14:1265.

43. Vianello A, Jensen RL, Liu L, Vollertsen J. Simulating humanexposure to indoor airborne
microplastics using a breathing ther-mal manikin. Sci Rep. 2019;9:1-11.

44. Chen G, Feng Q, Wang J. Mini-review of microplastics in the at-mosphere and their risks to humans.
Sci Total Environ. 2020;703:135504.

IJNRD2411255 ‘ International Journal Of Novel Research And Development (www.ijnrd.org) m



http://www.ijrti.org/

© 2024 IJNRD | Volume 9, Issue 11 November 2024 | ISSN: 2456-4184 | I]NRD.ORG

45. Kaya AT, Yurtsever M, Bayraktar SC. Ubiquitous exposure to mi-crofiber pollution in the air. Eur
Phys J Plus. 2018;133:488.

46. Xing Y-F, Xu Y-H, Shi M-H, Lian Y-X. The impact of PM2.5 on thehuman respiratory system. J
Thorac Dis. 2016;8:E69-E74.

47.Lassen C, Hansen SF, Magnusson K, et al. Microplastics: occurrence,effects and sources of releases
to the Environ_ment in Denmark. DanishEnvironmental Protection Agency; 2015.
http://mst.dk/service/publikationer/publikationsarkiv/2015/nov/rapport-ommikroplast.

48. Mahmoudi M, Lynch I, Ejtehadi MR, Monopoli MP, Bombelli FB,Laurent S. Protein- nanoparticle
interactions: opportunities andchallenges. Chem Rev. 2011;111:5610-5637.

49. Corbo C, Molinaro R, Parodi A, Toledano Furman NE, Salvatore F,Tasciotti E. The impact of
nanoparticle protein corona on cytotox-icity, immunotoxicity and target drug delivery.
Nanomed.2016;11:81-100.

50.Walczak AP, Kramer E, Hendriksen PJM, et al. Translocation ofdifferently sized and charged
polystyrene nanoparticles in in vitrointestinal cell models of increasing complexity. Nanotoxicology.

2015;9:453-461.

51.Nasser F, Lynch 1I. Secreted protein eco-corona mediates uptake andimpacts of polystyrene
nanoparticles on Daphnia magna.J Proteomics. 2016;137:45-51.52. Yang X, Man YB, Wong MH, Owen
RB, Chow KL. Environmental

health impacts of microplastics exposure on structural organizationlevels in the human body. Sci Total
Environ. 2022;825:154025.

53. Beckett WS. Occupational respiratory diseases. N Engl J Med.2000;342:406-413.

54. Greim H, Borm P, Schins R, et al. Toxicity of fibers and particles?Report of the workshop held in
Munich, Germany, 26? 27 October2000. Inhal Toxicol. 2001;13:737-754.

55. Warheit DB, Hart GA, Hesterberg TW, et al. Potential pulmonaryeffects of man-made organic fiber
(MMOF) dusts. Crit Rev Toxicol.2001;31:697-736.

56.Amato-Lourenco LF, Carvalho-Oliveira R, Junior GR, dos SantosGalvdo L, Ando RA, Mauad T.
Presence of airborne microplastics inhuman lung tissue. J Hazard Mater. 2021;416:126124.

57. Huang S, Huang X, Bi R, et al. Detection and analysis of micro-plastics in human sputum. Environ
Sci Technol. 2022;56:2476-2486.

IJNRD2411255 ‘ International Journal Of Novel Research And Development (www.ijnrd.org) m



http://www.ijrti.org/

© 2024 IJNRD | Volume 9, Issue 11 November 2024 | ISSN: 2456-4184 | I]NRD.ORG

58. Hu G, Jiao B, Shi X, Valle RP, Fan Q, Zuo YY. Physicochemicalproperties of nanoparticles regulate
translocation across pulmonarysurfactant monolayer and formation of lipoprotein corona. ACSNano.
2013;7:10525-10533.

59. Bai X, Li M, Hu G. Nanoparticle translocation across the lungsurfactant film regulated by grafting
polymers. Nanoscale.2020;12:3931-3940.

60. Bernardino De La Serna J, Hansen S, Berzina Z, et al. Composi-tional and structural
characterization of monolayers and bilayerscomposed of native pulmonary surfactant from wild type
mice.Biochim Biophys Acta. 2013;1828:2450-2459.

61. Liekkinen J, de Santos Moreno B, Paananen RO, et al. Under-standing the functional properties of
lipid heterogeneity in pul-monary surfactant monolayers at the atomistic level. Front Cell DevBiol.
2020;8:581016.

62.Ji Y, Wang Y, Shen D, Kang Q, Chen L. Mucin corona delaysintracellular trafficking and alleviates
cytotoxicity of nanoplastic-

benzopyrene combined contaminant. J Hazard Mater. 2021;406:
124306.

63. Theodorou I1G, Ruenraroengsak P, Gow A, et al. Effect of pulmo-nary surfactant on the dissolution,
stability and uptake of zinc oxidenanowires by human respiratory epithelial cells. Nanotoxicology.

2016;10:1351-1362.

64. B.V. Zlokovic, The blood-brain barrier in health and chronic neurodegenerative disorders, Neuron
57 (2008) 178-201, https://doi.org/10.1016/j. neuron.2008.01.003.

65. Z. Guo, P. Zhang, S. Chakraborty, A.J. Chetwynd, F. Abdolahpur Monikh, C. Stark, H. Ali-
Boucetta, S. Wilson, I. Lynch, E. Valsami-Jones, Biotransformation modulates the penetration of
metallic nanomaterials across an artificial blood-brain barrier model, Proc. Natl. Acad. Sci. USA 118
(2021) 1-10, https://doi.org/ 10.1073/pnas.2105245118.

66. Z. Guo, P. Zhang, Y. Luo, H.Q. Xie, S. Chakraborty, F.A. Monikh, L. Bu, Y. Liu, Y. Ma, Z. Zhang,
E. Valsami-Jones, B. Zhao, I. Lynch, Intranasal exposure to ZnO nanoparticles induces alterations in
cholinergic  neurotransmission in  rat brain, Nano Today 35 (2020) 100977,
https://doi.org/10.1016/j.nantod.2020.100977.

67. F. Abdolahpur Monikh, Z. Guo, P. Zhang, M.G. Vijver, I. Lynch, E. Valsami-Jones, W.J.G.M.
Peijnenburg, An analytical workflow for dynamic characterization and quantification of metal-bearing
nanomaterials in biological matrices, Nat. Protoc. 17 (2022) 1926-1952, https://doi.org/10.1038/s41596-
022-00701-x.68. I. Zanoni, J.G. Keller, U.G. Sauer, P. Miiller, L. Ma-Hock, K.A. Jensen, A.L. Costa,

International Journal Of Novel Research And Development (www.ijnrd.org) m



http://www.ijrti.org/

© 2024 IJNRD | Volume 9, Issue 11 November 2024 | ISSN: 2456-4184 | I]NRD.ORG

W. Wohlleben, Dissolution rate of nanomaterials determined by ions and particle size under lysosomal
conditions: contributions to standardization of simulant fluids and analytical methods, Chem. Res.
Toxicol. 35 (2022) 963-980, https://doi.org/ 10.1021/acs.chemrestox.1c00418.

69. I. Zanoni, J.G. Keller, U.G. Sauer, P. Miiller, L. Ma-Hock, K.A. Jensen, A.L. Costa, W. Wohlleben,
Dissolution rate of nanomaterials determined by ions and particle size under lysosomal conditions:
contributions to standardization of simulant fluids and analytical methods, Chem. Res. Toxicol. 35
(2022) 963-980, https://doi.org/ 10.1021/acs.chemrestox.1c00418.

70. F. Abdolahpur Monikh, S. Holm, R. Kortet, M. Bandekar, J. Kekal * "ainen, A. Koistinen, J.T.T.
Leskinen, J. Akkanen, H. Huuskonen, A. Valtonen, L. Dupuis, W. Peijnenburg, I. Lynch, E. Valsami-
Jones, J.V.K. Kukkonen, Quantifying the trophic transfer of sub-micron plastics in an assembled food
chain, Nano Today 46

(2022) 101611, https://doi.org/10.1016/j.nantod.2022.101611.

71. V. Kopatz, K. Wen, T. Kovacs, ~ A.S. Keimowitz, V. Pichler, J. Widder, A.D. Vethaak, O. Holloczki,
" L. Kenner, Micro- and nanoplastics breach the blood-brain barrier (BBB): biomolecular corona’s role
revealed, Nanomaterials 13 (2023), https://doi. org/10.3390/nan013081404.

72. S. Shan, Y. Zhang, H. Zhao, T. Zeng, X. Zhao, Polystyrene nanoplastics penetrate across the blood-
brain barrier and induce activation of microglia in the brain of mice, Chemosphere 298 (2022) 134261,
https://doi.org/10.1016/j. chemosphere.2022.134261.

73.X. Zhao, J. Sun, L. Zhou, M. Teng, L. Zhao, Y. Li, F. Wu, Defining the size ranges of polystyrene
nanoplastics according to their ability to cross biological barriers, Environ. Sci. Nano 10 (2023) 2634—
2645, https://doi.org/10.1039/D3EN00491K.

74.Pironti C, Notarstefano V, Ricciardi M, Motta O, Giorgini E,Montano L. First evidence of
microplastics in human urine, apreliminary study of intake in the human body. Toxics. 2023;11:40.

75. Prata JC. Microplastics and human health: integrating pharmaco-kinetics. Crit Rev Environ Sci
Technol. 2023;53:1489-1511.

76.Goodman KE, Hua T, Sang Q-XA. Effects of polystyrene micro-plastics on human kidney and liver
cell morphology, cellular pro-liferation, and metabolism. ACS Omega. 2022;7:34136-34153.

77. Xiao M, Li X, Zhang X, et al. Assessment of cancer-relatedsignaling pathways in responses to
polystyrene  nanoplastics via akidney-testis microfluidic platform (KTP). Sci Total
Environ.2023;857:159306.

78. Wang Y-L, Lee Y-H, Hsu Y-H, et al. The kidney-related effects ofpolystyrene microplastics on
human kidney proximal tubularepithelial cells HK-2 and male C57bl/6 mice. Environ Health Per-

IJNRD2411255 ‘ International Journal Of Novel Research And Development (www.ijnrd.org) m



http://www.ijrti.org/
https://doi.org/10.1016/j.nantod.2022.101611
https://doi.org/10.1039/D3EN00491K

© 2024 IJNRD | Volume 9, Issue 11 November 2024 | ISSN: 2456-4184 | I]NRD.ORG

spect. 2021;129:57003.

79.Wei Z, Wang Y, Wang S, Xie J, Han Q, Chen M. Comparing theeffects of polystyrene microplastics
exposure on reproduction andfertility in male and female mice. Toxicology. 2022;465:153059.

80. Xie X, Deng T, Duan J, Xie J, Yuan J, Chen M. Exposure to poly-styrene microplastics causes
reproductive toxicity through oxidativestress and activation of the p38 MAPK signaling pathway.
Ecotoxicol

Environ Saf. 2020;190:110133.

81.Wei J, Wang X, Liu Q, et al. The impact of polystyrene micro-plastics on cardiomyocytes pyroptosis
through NLRP3/Caspase-1signaling pathway and oxidative stress in Wistar rats. EnvironToxicol.
2021;36:935-944.

82. Chambard J-C, Lefloch R, Pouysségur J, Lenormand P. ERKimplication in cell cycle regulation.
Biochim Biophys Acta.2007;1773:1299-1310.

83. Liu Z, Zhuan Q, Zhang L, Meng L, Fu X, Hou Y. Polystyrenemicroplastics induced female
reproductive toxicity in mice.J Hazard Mater. 2022;424:127629.

84. Coffin S, Bouwmeester H, Brander S, et al. Development andapplication of a health-based
framework for informing regulatoryaction in relation to exposure of microplastic particles in California

drinking water. Microplastics Nanoplastics. 2022;2:12.

85.Curren E, Leaw CP, Lim PT, Leong SCY. Evidence of marinemicroplastics in commercially
harvested seafood. Front BioengBiotechnol. 2020;8.
https://www.frontiersn.org/articles/10.3389/fbioe.2020.562760. Accessed February 2, 2023.

86. Abbasi S, Keshavarzi B, Moore F, et al. Distribution and potentialhealth impacts of microplastics
and microrubbers in air and streetdusts from Asaluyeh County, Iran. Environ Pollut. 2019;244:153-
164.

87. Herzke D, Anker-Nilssen T, Ngst TH, et al. Negligible impact ofingested microplastics on tissue
concentrations of persistent organic pollutants in northern fulmars off coastal Norway. Environ

Sci Technol. 2016;50:1924-1933.

88.Shengchen W, Jing L, Yujie Y, Yue W, Shiwen X. Polystyrenemicroplastics-induced ROS
overproduction disrupts the skeletalmuscle regeneration by converting myoblasts into adipocytes.J
Hazard Mater. 2021;417:125962.

IJNRD2411255 ‘ International Journal Of Novel Research And Development (www.ijnrd.org) m



http://www.ijrti.org/

© 2024 IJNRD | Volume 9, Issue 11 November 2024 | ISSN: 2456-4184 | I]NRD.ORG

89. Solleiro-Villavicencio H, Gomez-De Ledén CT, Del Rio-Araiza VH,Morales-Montor J. The
detrimental effect of microplastics on crit-ical periods of development in the neuroendocrine system.
Birthefects Res. 2020;112:1326-1340.

90. Chen Q, Zhang X, Xie Q, Lee YH, Lee J-S, Shi H. Microplasticshabituated with biofilm change
decabrominated diphenyl etherdegradation products and thyroid endocrine toxicity. EcotoxicolEnviron
Saf. 2021;228:112991.

91. Alonso-Magdalena P, Morimoto S, Ripoll C, Fuentes E, Nadal A.The estrogenic effect of bisphenol
A disrupts pancreatic p-cellfunction in vivo and induces insulin resistance. Environ Health

Perspect. 2006;114:106-112.

92. Everett CJ, Frithsen IL, Diaz VA, Koopman RJ, Simpson WM Jr,Mainous AG I11. Association of a
polychlorinated dibenzo-p-dioxin,

a polychlorinated biphenyl, and DDT with diabetes in the1999-2002 national health and nutrition
examination survey. En-

viron Res. 2007;103:413-418.

93. Stahlhut RW, van Wijngaarden E, Dye TD, Cook S, Swan SH.Concentrations of urinary phthalate
metabolites are associated with

increased waist circumference and insulin resistance in adult USmales. Environ Health Perspect.
2007;115:876-882.

94. Jin H, Ma T, Sha X, et al. Polystyrene microplastics induced malereproductive toxicity in mice. J
Hazard Mater. 2021;401:123430.

42 Rice D, Barone S. Critical periods of vulnerability for the devel-oping nervous system: evidence from
humans and animal models.

Environ Health Perspect. 2000;108:511-533.

95. Prust M, Meijer J, Westerink RHS. The plastic brain: neurotoxicityof micro- and nanoplastics. Part
Fibre Toxicol. 2020;17:24.

96. Yin K, Wang Y, Zhao H, et al. A comparative review of micro-plastics and nanoplastics: toxicity
hazards on digestive, reproduc-tive and nervous system. Sci Total Environ. 2021;774:145758.

97. Mak CW, Ching-Fong Yeung K, Chan KM. Acute toxic effects ofpolyethylene microplastic on adult
zebrafish. Ecotoxicol Environ Saf.2019;182:109442.

IJNRD2411255 ‘ International Journal Of Novel Research And Development (www.ijnrd.org)



http://www.ijrti.org/

© 2024 IJNRD | Volume 9, Issue 11 November 2024 | ISSN: 2456-4184 | I]NRD.ORG

98. Thorat K, Pandey S, Chandrashekharappa S, et al. Prevention ofpesticide-induced neuronal
dysfunction and mortality with nucle-ophilic poly-Oxime topical gel. Sci Adv. 2018;4:eaaul780.

99. Goodman KE, Hare JT, Khamis ZI, Hua T, Sang Q-XA. Exposure ofhuman lung cells to polystyrene
microplastics significantly retardscell proliferation and triggers morphological changes. Chem Res

Toxicol. 2021;34:1069-1081.

100.Deng Y, Zhang Y, Lemos B, Ren H. Tissue accumulation ofmicroplastics in mice and biomarker
responses suggest widespreadhealth risks of exposure. Sci Rep. 2017;7:46687.

101.Ferreira GK, Carvalho-Silva M, Gongalves CL, et al. L-tyrosineadministration increases
acetylcholinesterase activity in rats. Neu-rochem Int. 2012;61:1370-1374.

102.Prata JC, da Costa JP, Lopes I, Duarte AC, Rocha-Santos T. Envi-ronmental exposure to
microplastics: an overview on possiblehuman health effects. Sci Total Environ. 2020;702:134455.

103. Lehner R, Wohlleben W, Septiadi D, Landsiedel R, Petri-Fink A ,Rothen-Rutishauser B. A novel
3D intestine barrier model to studyhe immune response upon exposure to microplastics. Arch Toxicol.

2020;94:2463-2479.

104.Chiu H-W, Xia T, Lee Y-H, Chen C-W, Tsai J-C, Wang Y-J. Cationicpolystyrene nanospheres
induce autophagic cell death through theinduction of endoplasmic reticulum stress. Nanoscale.
2015;7:736—

746.

105. Han S, Bang J, Choi D, et al. Surface pattern analysis of micro-plastics and their impact on human-
derived cells. ACS Appl PolymMater. 2020;2:4541-4550.

104 Hwang J, Choi D, Han S, Choi J, Hong J. An assessment of thetoxicity of polypropylene
microplastics in human derived cells. SciTotal Environ. 2019;684:657-6609.

106.Li B, Ding Y, Cheng X, et al. Polyethylene microplastics affect thedistribution of gut microbiota and
inflammation development inmice. Chemosphere. 2020;244:125492.

107.Shi C, Han X, Guo W, et al. Disturbed Gut-Liver axis indicating oralexposure to polystyrene
microplastic potentially increases the riskof insulin resistance. Environ Int. 2022;164:107273.

108. Poma A, Vecchiotti G, Colafarina S, et al. In Vitro genotoxicity ofpolystyrene nanoparticles on the
human fibroblast Hs27 cell line.Nanomaterials. 2019;9:1299.

IJNRD2411255 ‘ International Journal Of Novel Research And Development (www.ijnrd.org) m



http://www.ijrti.org/

