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ARTICLE INFO Abstract

Background. In recent years, plastic waste and residuals in different ecosystems have
Article History: been introduced as serious challenges. Plastics with different chemical structures and
Received: 22 Jan 2024 derivatives are extensively applied for the packing of foods, pharmaceutical products,
Accepted: 3 Apr 2024 cosmetics, and the like. Due to distinct polymeric backbones, plastics are highly
ePublished: 8 Oct 2024 resistant to thermooxidative, irradiation degradation, and mechanical stress, resulting

in inadequate recycling and accumulation in the environment. These features make
plastics threatening pollutants for humans and other living organisms. Simultaneous

Keywords: application of plasticizers and other components during the production of plastics can
o Plastic Particles increase these toxic effects.
e Cytotoxicity Methods. Here, the content and data related to plastic particles toxicity on
e Cardiovascular cardiovascular system indexed in PubMed, Scopus, and Web of Science.

Disease Results. Data have indicated that plastic nanoparticles/microparticles induce several
o Endothelial Cells pathological conditions following their entry into the body via cutaneous tissue,

gastrointestinal ingestion, and inhalation. Plastic particles use different mechanisms to
stimulate cytotoxicity and genotoxicity in several organs. The cardiovascular system
and mainly endothelial cells are in close contact with circulating plastic particles and
subsequent injuries. Endothelial cell cytotoxicity induced by plastic derivatives via
different molecular mechanisms was discussed in this review article. The reduction of
viability (either autophagy or apoptotic death), mitochondrial injury, oxidative stress,
disruption of cell-to-cell integrity, and the like are the main underlying mechanisms in
the presence of plastic particles.

Conclusion. These findings help us understand the vascular tissue injury induced by
plastic nanoparticles and microparticles and develop preventive and therapeutic
approaches.

Practical Implications. Understanding the mechanisms by which plastic particles can
exert toxic effects on biological systems, especially the cardiovascular system, is
helpful in the prediction of related injuries and pathologies.
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Extended Abstract

Background

In recent years, the accumulation of nano-
(<100 nm) and micro- (100 nm- 5 mm)-plastic
particles (PPs) in the environment has been
considered a challenging issue for humans and
animals. Thermo, photo-oxidation, and mechanical
stress increase the fragmentation of PPs, leading to
the chemical pollution of terrestrial and aquatic
ecosystems.

Methods

Here, the content and data related to plastic
particles toxicity on cardiovascular system indexed
in PubMed, Scopus, and Web of Science.

Results

Emerging data have indicated the distribution of
PPs in different biofluids and tissues, such as the
gastrointestinal tract, brain, hepatic, adipose tissues,
reproduction system, and the like. Of note, several
types of PPs have been found in the blood samples
of healthy human populations, indicating the bulk
distribution of these particles in in vivo conditions.
During plastic production, the addition of secondary
components such as plasticizers makes plastic
structures more flexible and softer. However, it
increases the transfer of more toxic components to
the body, excessive inflammatory response, and
gastrointestinal tumor development. For example,
PPs induce several pathological conditions via the
postponed healing process, induction of apoptotic
and necrotic cell death, oxidative stress, and
incomplete and/or excessive immune cell function.
The existence of PPs in human stool indicates the
stability of these synthetic products toward
gastrointestinal ~ enzymatic  degradation  and
mechanical stress. It has been shown that PPs can
cross the intestinal epithelial barrier and reach other
organs. The distribution of PPs to other tissues is
closely associated with their size and stability in
biofluids. Interestingly, data have revealed that mice
that received small PPs (~0.5 um) exhibited more
intestinal toxicity and microbiota disintegration
compared to larger PP particulates (~50 pum). The

hydrophobic entity with an inert surface makes PPs
eligible to harbor and transfer several carcinogenic
factors, such as benzene, endocrine-disrupting
phthalates, styrene monomers, and the like, to the
body. Of course, it should not be forgotten that the
peristaltic movements and mechanical forces inside
the gastrointestinal tract help their further
disintegration of PPs into small-sized particulates
and their further distribution to other tissues. Data
suggested that PPs are adsorbed via the small
intestine and enter the circulatory system.

Several studies have shown that plastic
nanoparticles/microparticles can promote red blood
cell hemolysis and attach to vascular endothelial
cells (ECs). Inside the plasma, plasma proteins
adsorb onto the PP surface and generate an external
protein layer, namely, the protein corona. Decorated
PPs increase oxidative stress and metabolic
disorders inside the cardiac tissue after the entry of
cardiomyocytes, leading to myocardial fibrosis and
changes in electrocardiogram parameters. The
hydrodynamic forces inside aqueous phases
accelerate the disintegration of PPs into nano-sized
particulates. In fish, hypercoagulation, erythrocyte
accumulation in the caudal vein, and neutrophil
recruitment are evident in response to PPs and EC
injury. Vasculitis and myocardial contraction can
increase the formation of thrombus and change
carbon dioxide levels in the circulation system.
Cutaneous tissue, respiratory, and gastrointestinal
tracts are the main entry routes of PPs into the
circulation system. Inside the blood, PPs cause
genotoxicity in monocytes, granulocytes, and
dendritic cells. Phagocytosis is the main molecular
and cellular mechanism for the entry of PPs into the
immune cells. However, lymphocytes can
phagocyte highly trivial levels of PPs in comparison
with monocytes. Smaller PPs can be internalized in
the cells via endocytosis-based caveolae and
clathrin ~ mechanisms, and micropinocytosis.
Irrespective of immune cell types, intracellular PPs
induce the production of inflammatory cytokines
(i.e., interleukin-6 and tumor necrosis factor-a) and
activate immune cells, leading to vascular cell
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injury. The existence of an external plasma protein
layer in the periphery of PPs, the protein corona,
increases genotoxicity and cytotoxicity. On the
other hand, this protein layer helps PPs escape from
immune cells and increase their presence in the
blood.

Based on previous data, polystyrene PPs can
blunt the angiogenic properties of ECs via the
inhibition of migration and in vitro tubulogenesis.
Direct contact with PPs can dysregulate specific
signaling pathways, such as the vascular EC growth
factor. Prolonged incubation with PPs can induce
EC necrosis autophagic death. Polystyrene particles
with free NH3* and COOH- groups have been
shown to induce pyknotic changes, endoplasmic
reticulum stress, and vacuolar degeneration in mice
aorta ECs. The occurrence of neoplastic changes is
also possible in vascular cells after being exposed to
polystyrene particles with a free NH3 group, whose
physical contact with the EC membrane increases
the leakage of lactate dehydrogenase. In addition,
the activation of JAKL/STAT3/TF and PI3K/AKT
signaling pathways in PP-exposed ECs promotes
thrombus formation. Of course, it should not be
forgotten that the type and intensity of cell injury
can differ according to PP type, size, and chemical
structure. Poly(methyl methacrylate) and anionic
polystyrene particles can weaken the physical
contact between ECs via the inhibition of VE-
cadherin, leading to vascular permeability. NH3

polystyrene particles can efficiently stimulate EC
toxicity by affecting mitochondrial membrane
integrity and DNA content, and several enzymes are
involved in oxidative phosphorylation as compared
to inert polystyrene particles. Senile changes are
also promoted in ECs after being exposed to PPs.
Polystyrene particles with an average size of 20-30
nm can increase the expression of [-galactosidase
and the activity of endothelial p21, p53, Nox, and
p22, leading to an accelerated aging process via the
stimulation of sodium-glucose co-transporters.
Changes in the amino acid metabolism can also
increase the ECs’ toxicity. It was suggested that the
expression of genes such as COLIA2, STAT4,
EGR1, and SEMA3C is altered in plastic-exposed
cells, and these features can stimulate metabolic
disorders. Local expression of adhesion molecules
such as ICAM-1 and VCAM-1 in PP-treated ECs
promotes monocyte-EC interaction and the
possibility of atherosclerotic plaque formation.

Conclusion

PPs have toxic effects on different organs,
especially the cardiovascular system. The physical
interaction and internalization of ECs lead to
vascular cell injury via different mechanisms.
Understanding the mechanism of PP’s toxic effects
can help us in the prevention and development of
new therapeutics.
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