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ABSTRACT

R Elre Fe LT ¥ The widespread prevalence of microplastic contamination
in the environment has raised concerns regarding its potential effects on human and
animal health. The primary objective of this study was to investigate the effects of
varying doses (0.01, 0.1, and 1 mg/kg) of polystyrene microplastics on myocardial tissue
damage, oxidative stress, and inflammation in mice

This randomized experimental trial included 36 male mice
divided into four groups: a control group and three experimental groups receiving
microplastic doses of 0.01, 0.1, and 1 mg/kg. After 42 days, heart tissue and blood
serum samples were collected and subjected to histopathological, biochemical, and
molecular analyses. Statistical analysis of the data was performed using one-way
ANOVA and Tukey’s post-hoc test in SPSS 21, and the results were reported as
mean + standard deviation (P<0.05). Graphs were generated using Excel 2017.
Microplastics induced structural alterations in the heart tissue, with the severity
correlating to the dose. High doses (1 mg/kg) led to severe degradation of muscle fibers
and extensive fibrosis. In contrast, low doses (0.01 mg/kg) caused only mild damage.
Evidence of increased oxidative stress was also clear: total serum antioxidant capacity
was reduced at moderate and high doses, and malondialdehyde (MDA) levels were
significantly elevated (P<0.05). Furthermore, high doses significantly increased TNF-
alpha gene expression (P<0.05), indicating activated inflammatory responses triggered

by microplastics.

Polystyrene microplastics can have negative effects on cardiovascular
Received: 31 December 2024 health, including increased oxidative stress and inflammation. These findings
Accepted: 26 April 2025 underscore the need for further research to better understand the health risks of micro

lastics.
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Extended Abstract
Introduction

Plastics are widely appreciated for their low
cost and moisture resistance, but they present

serious environmental and health issues. By

2018, global plastic waste had reached 360
million tons, with projections estimating a rise to 33 billion
tons by 2055, particularly from Asian countries. As defined
by Thompson in 2004, microplastics constitute a class of
pollutants with dimensions typically ranging from 5
millimeters down to several micrometers. Particles with a
diameter of less than 1 micrometer are further classified as
nanoplastics. Microplastics are recognized by the UN in
2015 as significant environmental threats, and they are
found in diverse ecosystems from oceans to polar ice. The
challenges associated with microplastics are compounded
by inefficient removal methods. They penetrate biological
barriers and accumulate within organisms through air,
water, soil, and food pathways. Health risks include lung
and liver damage, with potential carcinogenic associations.
In microorganisms and invertebrates, microplastics disrupt
vital functions such as energy storage and photosynthesis,
leading to tissue damage and increased mortality in aquatic
species. Microplastics also cause oxidative stress and
hormonal imbalances, with transgenerational impacts
observed in zebrafish. Cardiovascular risks include
extracellular matrix buildup in cardiac tissues, which may
lead to heart failure. The present study focuses on the
effects of polystyrene microplastics on tissue damage and
inflammation in mouse heart tissue, highlighting the urgent
need for strategies to mitigate plastic production and
consumption.

Methods

This randomized controlled experimental trial
was conducted after receiving ethical approval
from the University of Tehran. It involved 36 male
NMRI mice, weighing 20-25 grams, sourced from
the Razi Institute's animal breeding center. The
mice were housed under standard conditions,
including a 12-hour light/dark cycle, a temperature
of 25 + 2°C, and 50 + 10% relative humidity, with
free access to water and specialized pellets. All
procedures adhered to the ethical guidelines of the
Veterinary Faculty of the University of Tehran.
Before treatment, the mice were acclimatized for
two weeks and then divided into four groups of
nine: a control group receiving 1 ml of distilled
water, and three treatment groups receiving
polystyrene-based microplastics at doses of 0.01
mg/kg, 0.1 mg/kg, and 1 mg/kg. Treatments were
administered orally via gavage every 24 hours for
42 days, with doses selected based on recent
studies. One day post-treatment, the mice were
weighed and anesthetized with ketamine and
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xylazine. Approximately 0.5 mL of blood per
mouse was collected from the right ventricle and
sternum using sterile syringes. After clotting, the
samples were centrifuged to separate serum, which
was stored at -70°C for hormonal and serum
analysis. For histometric analysis, five hearts were
washed, weighed, and fixed in formalin. The tissue
then underwent dehydration, clearing, paraffin
embedding, sectioning, and staining.
Histopathological evaluation employed
hematoxylin-eosin (H&E), Masson's trichrome,
and periodic acid-Schiff (PAS) staining techniques.
H&E  staining involved  deparaffinization,
hydration, and staining to visualize cell nuclei and
cytoplasm. Masson's trichrome differentiated
muscle fibers and collagen, while PAS identified
polysaccharides and mucosubstances. Biochemical
assessments included total antioxidant capacity
(TAC) using the FRAP method, with serum
samples stored at -20°C. The FRAP solution
comprised sodium acetate buffer, TPTZ, and
FeCl3. Superoxide dismutase (SOD) activity was
measured using a biochemical kit. Lipid
peroxidation and malondialdehyde (MDA) levels
were assessed by mixing serum samples with
thiobarbituric acid (TBA) and heating, followed by
centrifugation and spectrophotometric analysis at
535 nm. These systematic procedures evaluated
antioxidant status and oxidative damage in serum
samples. The molecular evaluation involved
homogenizing 0.1 mg of heart tissue samples in
1000 microliters of Trizol. After centrifugation, the
supernatant was transferred to a new microtube,
followed by the addition of 1200 microliters of
chloroform. The samples were incubated on ice for
15 minutes and centrifuged at 12,000 rpm for five
minutes. After transferring the clear RNA-
containing layer to a new microtube and mixing it
with 300 pL of isopropanol, the incubation and
centrifugation steps were repeated. The RNA was
washed with 70% ethanol, and then dried and
dissolved in 20-70 microliters of RNase-free DEPC
water. RNA concentration was measured using a
Nanodrop, and samples were prepared at 200 ng/pul
and stored at -20°C. For cDNA synthesis, RNA
was mixed with kit components and buffer,
incubated at 47°C, and then transferred to ice after
enzyme activity at 85°C. After RT-PCR products'
optical density was recorded, relative gene
expression was calculated using the AACt method.
Analysis was performed using Excel and ATP
Image Documentation Edit software. Specific
primers were obtained from Sinagen.
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Results

Polystyrene microplastics affected mouse heart tissue at
three different doses. In the control group (H&E staining),
the heart tissue appeared healthy and organized with clear
muscle fibers. In the low-dose group, fibers remained
relatively intact, but mild signs of cellular stress were
evident. The medium dose showed fiber disorganization,
inflammation, and cellular damage. High dose exposure
resulted in disarray and loss of typical striated patterns,
indicating tissue damage and cell death. These findings
suggest that microplastics can induce oxidative stress and
cellular damage. Figure 2 (Masson's trichrome staining)
reveals increased collagen deposition and fibrosis at various
doses, potentially impairing heart function. Figure 3
(Periodic  Acid-Schiff staining) shows metabolic and
structural changes with increased magenta staining and
glycogen metabolism disruption at medium and high doses.
These findings highlight the potential cardiovascular risks of
microplastics and underscore the need for further research.
The 42-day exposure to polystyrene microplastics
significantly impacted serum antioxidant indices and
oxidative stress. Total antioxidant capacity (TAC) decreased
significantly with increasing microplastic doses (p<0.05),
although no significant difference was found between high
and medium doses (p>0.05). Malondialdehyde (MDA)
levels, indicating lipid peroxidation, significantly increased
in the microplastic-exposed groups compared to controls
(p<0.05). Serum superoxide dismutase (SOD) levels also
decreased significantly in all microplastic groups compared
to controls (p<0.05), with no significant difference between
high and medium doses (p>0.05). These results indicate the
negative effects of polystyrene microplastics on the
antioxidant system and the consequent increase in oxidative
stress. Tukey's test for multiple comparisons between
control and various microplastic dose groups (high, medium,
and low) in terms of TNF-alpha expression showed a
significant difference only between the control and high-
dose group (p<0.001), indicating reduced TNF-alpha
expression in the high-dose group. Comparisons between
other groups (medium and low) with the control showed no
significant differences (p>0.05), confirming a significant
increase in the high-dose group. Confidence intervals for
significant values indicate that the observed differences in
TNF-alpha expression are reliable. This analysis suggests
the impact of high microplastic doses on TNF-alpha
expression and potential inflammation.

Conclusion

Polystyrene microplastics negatively affect mouse heart
tissue. In the control group, heart tissue was healthy and
organized, but significant structural and functional changes
were observed with increasing microplastic doses. Low
doses showed mild cellular stress, while medium and high
doses led to structural degradation and inflammation.
Changes in glycogen metabolism and increased collagen
deposition at medium and high doses were noted, potentially
impairing heart function. Results showed increased
oxidative stress and decreased total serum antioxidant
capacity. Additionally, significant increases in TNF-alpha
gene expression indicate inflammatory effects from
microplastics. These findings emphasize the need for further

research to better understand the health risks of
microplastics.
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