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INTRODUCTION

Plastics have permeated many aspects of 
our lives, with production increasing substan-
tially in recent decades. Plastics are substitutes 
for glass, metals, paper, and wood (Yao et al., 
2022). By 2025, roughly 100 to 250 million 
tons are projected to enter surface waters (Ali 
et al., 2021) nevertheless, increased output re-
sults in heightened pollution and, hence, more 
potential health hazards.(Abdel-Zaher et al., 
2023) MPs are tiny pieces of plastic that range 
in size from 0.1 mm to 5 mm. Polyethene (PE) 
is one of the most common elements of MPs, 
along with polypropylene (PP), polystyrene 
(PS), and polyvinyl chloride (PVC) (Santacruz-
Juárez et al., 2021). Although polyethene, poly-
propylene, and polystyrene microplastics were 
believed to be primarily located in the oceans 

(Wei et al., 2021). The two primary sources of 
microplastics (MPs) are the degradation of big-
ger plastic particles through UV light, mechan-
ical items include sunscreens, cosmetics, de-
tergents, and medication delivery systems that 
contain plastic powders, as well as abrasion, 
biological deterioration, and different environ-
mental conditions (Abdel-Zaher et al., 2023). 
MPs can accumulate in diverse creatures, in-
cluding humans. Several studies have shown 
that MPs can penetrate biological tissues be-
cause of their small size and non-biodegradable 
nature (Jin et al., 2021). It has been documented 
that MP toxicity affects many organs, includ-
ing the brain, kidneys, liver, and reproductive 
system (Kim et al., 2021). Further research is 
necessary due to the complex pathophysiology 
of MP toxicity in mammals. The beginning of 
oxidative stress, cytotoxicity, and inflammation 

The toxicity of polyethylene microplastics on molecular 
and biochemical parameters in albino mice

Zahraa Mejbel Majeed1*, Adel Mashaan Rabee1

1	 Department of Biology, College of Science, University of Baghdad, Baghdad, Iraq
* Corresponding author email is: zahraa.mijbil2302@gmail.com

ABSTRACT
Microplastics (MPs) pose a growing environmental and health threat. Polyethylene (PE), a common plastic, is 
increasingly accumulating in the environment and organisms, raising concerns about its potential impact on hu-
man health. This study investigated PE-MPs’ impact on biochemical and molecular markers in adult male albino 
mice. Three groups of mice were utilized: one group received distilled water as a control. In contrast, the other 
groups were administered oral gavage treatments of PE-MPs at dosages of 1.3 mg/kg or 0.6 mg/kg every other 
day for 45 days. PE-MPs significantly increased malondialdehyde (MDA) levels with exposure time, especially 
at higher doses, inducing significant oxidative stress (P < 0.021) compared to the control group. Glutathione per-
oxidase (GPx) levels increased with exposure time (P < 0.0393), especially at lower doses. thus adversely affect-
ing oxidants/antioxidants balance. Moreover, PE-MPs increased T3 and TSH levels significantly elevated in the 
high-dose group (G1, 1.3 mg/kg) compared to both the low-dose group (G2, 0.6 mg/kg) and the control group. The 
comet assay confirmed the genotoxic effects on DNA, which were evident through increased DNA damage. This 
highlights the necessity for more research to examine the health risks associated with environmental microplastics. 
We can have concluded that, the toxicity of microplastics is dose-dependent, indicating that increased exposure 
leads to heightened harm.

Keywords: microplastics, environmental factors, pollutants, oxidative stress, DNA damage, Thyroid hormones, 
human health risk.

Received: 2024.12.12
Accepted: 2025.01.16
Published: 2025.02.01

Journal of Ecological Engineering, 2025, 26(3), 274–282
https://doi.org/10.12911/22998993/199527
ISSN 2299–8993, License CC-BY 4.0

Journal of Ecological Engineering

https://orcid.org/0000-0002-9255-4398


275

Journal of Ecological Engineering 2025, 26(3), 274–282

is associated with MP exposure. They create 
malfunctions in subcellular organelles and in-
terfere with the metabolism of fats and ener-
gy (Llorca and Farré, 2021). An imbalance in 
both antioxidants and reactive oxygen species 
(ROS) is known as oxidative stress. Excess 
ROS could result from a rise in ROS produc-
tion, a decrease in antioxidants that decreases 
reactive oxygen species, or combination of the 
two (Salman and AL-Jumaily, 2024). Hema-
tological parameters and blood analysis serve 
as effective indicators for assessing harmful 
substance exposure and an individual’s overall 
health (Falah and Rabee, 2022). One primary 
concern regarding MPs is their potential impact 
on DNA and their function as mutagenic and 
epigenetic contaminants. Increasing apprehen-
sion exists regarding the potential genotoxicity 
to humans caused by microplastics (Çobanoğlu 
et al., 2021). This study examined the poten-
tial molecular consequences of polyethene mi-
croplastics (PE-MPs) in mammals. This study 
seeks to ascertain if exposure to microplastics 
induces molecular-level alterations and, if so, if 
these alterations correlate with the quantity of 
microplastics an organism encounters. We an-
ticipated that exposure to these particles could 
result in DNA damage, thyroid dysfunction, 
and oxidative stress abnormalities.

MATERIALS AND METHODS

Microplastics

Microplastics made of polyethylene (PE-MPs) 
were acquired from SABIC Saudi Arabia in pow-
dered was purchased from Areej Al-furat Compa-
ny (a chemicals company in Baghdad, Iraq), char-
acterized by asymmetrical particles. The diameters 
vary from (14 nm to 184 nm), with a mean diam-
eter of (135 nm) and a density of (5,954.297) par-
ticles per nm².PE-MP dry powder was suspended 
in maize oil and thoroughly vortexed before oral 
gavage in mice (Sun et al., 2021).

Animal treatment and experimental 
conditions

We purchased male mice (Mus musculus, 
ICR) from the National Centre for Drug Con-
trol and Research that were five weeks old and 
weighed 25±27 g. A 12-hour light/dark cycle, 

consistent humidity and temperature, and un-
limited access to food and water were all fea-
tures of their controlled environment. Every 
experimental method was carried out in com-
pliance with the ethical standards for research 
using animals. 

The ethical approval of the study was ob-
tained from the Ethics Committee (University 
of Baghdad, College of Science, Department of 
Biology, Ref. no. CSEC/1023/0087 on October 
13, 2023).

Experimental scheme

Following a one-week acclimatization peri-
od, the mice were categorized into three groups 
based on the dosage of microplastic polyethene 
administered. A lethal dose test was used to de-
termine the final experimental dosages, which 
were chosen based on previous studies (Sun 
and Wang, 2023). The calculations were based 
on the body weight of the mice (25 ± 27 g) and 
the volume of drinking water (4 mL/day). Each 
group contained ten mice administered oral ga-
vage every two days. This study involved three 
groups: Group 1, the control group, received 
distilled water; Group 2 received 1.3 mg/kg of 
MPs-PE; and Group 3 received 0.6 mg/kg of 
MPs-PE, all for 45 days, given that the MPs 
attained a steady concentration in the intesti-
nal tracts of mice following a two-week gavage 
(Deng et al., 2017).

Collection of blood samples

Twenty-four hours following the last injec-
tion, blood samples were taken from post-mortem 
hearts. The remainder was centrifuged to extract 
serum for biochemical investigation, and a part 
was utilized for the alkaline comet assay. The se-
rum was kept at -20 °C.

Oxidative stress parameters 

The serum concentration of MDA was as-
sessed using the Buege and Aust technique (Alam 
et al., 2013). MDA, resulting from the degrada-
tion of polyunsaturated fatty acids, is a reliable 
indicator of peroxidation reactions. The thiobar-
bituric acid method was employed to quantify 
MDA, which interacts with thiobarbituric acid 
(TBA) to produce a pink hue measured at λ max 
535 nm (Buege and SD). Serum glutathione 
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peroxidase (GPX) levels were quantified using 
the Mice GPX Elisa Kit (BTLAB, China, Cata-
log number: E3922Hu), per the manufacturer’s 
guidelines (Ahmed and Yenzeel, 2017).

Biochemical parameters

ELISA technique was also used to determine 
serum levels of T3 and TSH were quantified with 
commercial rat T3 Elisa Kit (KHBIO, China, 
Catalog number: ER1720) and rat TSH Elisa 
Kit (KHBIO, China, Catalog number: ER1411) 
Through the manufacturer’s instructions (Gharb 
et al., 2024).

DNA damage detected by the alkaline comet 
assay

The Comet Assay was employed to identify 
DNA breaks and alkali-labile locations. Blood 
samples were diluted and combined with agarose 
on slides to create layers. The slides were sub-
sequently lysed, rinsed, and analyzed by electro-
phoresis. Following staining with Ethidium Bro-
mide, DNA damage was observed and quantified 
utilizing a fluorescence microscope and image 
analysis software (Jaffer and Rabee, 2024).

Statistical analysis 

To assess significant differences among study 
groups regarding T3, TSH, GPX, MDA, two-way 
ANOVA followed by Tukey’s test were done. The 
differences were considered significant when P val-
ue ≤ 0.05. The statistical analysis was performed 
using GraphPad Prism 9.2 (Pagano et al., 2022).

RESULTS AND DISCUSSION

Characterization of polyethylene micrplastics

There are numerous polyethylene particles 
of various sizes and shapes that have signifi-
cantly polluted the sample surface. There are 
more small to medium-sized particles than 
larger ones. The rough and uneven surface sug-
gests that the particles’ size and shape were 
changed by exposure to outside influences. 
With an unequal distribution and a broad range 
of point heights, statistical analysis validates the 
surface’s roughness. The roughness observation 
is further supported by the 3D model, which de-
picts a rocky, uneven ground (Fig. 1). 

Effect of PE-MPs exposure on oxidative stress 
and related parameters GPX and MDA

Figure 2 shows the effects of polyethylene mi-
croplastic exposure on malondialdehyde (MDA) 
levels. After six weeks, higher doses (1.3 mg/kg) 
induced significant oxidative stress (P < 0.021) 
compared to the control group. Glutathione per-
oxidase (GPx) levels increased with exposure 
time (P < 0.0393), especially at lower doses. The 
interaction between duration and concentration 
(P < 0.0497, P < 0.0361) suggests that the impact 
of exposure time varies with the dose.

Effect of PE-MPs exposure on thyroid 
hormones T3 and TSH

After 3 weeks, T3 levels were significantly 
elevated in the high-dose group (G1, 1.3 mg/
kg) compared to both the low-dose group (G2, 
0.6 mg/kg) and the control group (P < 0.025, P 
< 0.044). While T3 levels remained elevated in 
both treated groups after 6 weeks, the reduction 
was more significant in the high-dose group (P < 
0.0307) (Fig. 3). ANOVA analysis revealed that 
duration significantly influenced T3 levels (P < 
0.0031), while concentration did not have a sig-
nificant main effect (P = 0.0582). There was no 
significant interaction effect between duration 
and concentration (P > 0.8289), suggesting that 
their effects on T3 levels are independent.

Figure 4 shows that TSH levels were signifi-
cantly elevated in both treatment groups (1.3 and 
0.6 mg/kg) compared to the control group (P < 
0.0001). The higher dose group exhibited a more 
pronounced increase in TSH levels compared to 
the lower dose group. ANOVA analysis revealed 
significant interaction effects between duration 
and concentration (P < 0.0001), indicating that 
the effects of these factors on TSH levels are in-
terdependent. Both duration and concentration 
were found to have significant main effects on 
TSH levels (P < 0.0001).

DNA damage induced by exposed to PE-MPs

Figure 5 shows that PE-MPs significantly 
increased DNA levels in both treatment groups 
compared to the control group (P < 0.0001). 
A dose-dependent effect was observed, with the 
higher dose (1.3 mg/kg) inducing a more sig-
nificant increase in DNA levels (P<0.0049). Ad-
ditionally, a time-dependent effect was evident, 
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Figure 1. (A, B, C, D) presents a detailed table of surface roughness parameters, including maximum height, 
area, and statistical measures like RMS roughness, skewness, and kurtosis. The 3D image visually illustrates 

the surface’s uneven topography, complementing the numerical data



278

Journal of Ecological Engineering 2025, 26(3), 274–282

Figure 2. PE-MPs (1.3 and 0.6 mg/kg) had no significant effect on GPx or MDA levels after 3 weeks. However, 
after 6 weeks, both biomarkers were significantly elevated compared to controls (P < 0.021; n = 10)

Figure 3. The comparison of T3 levels in control and PE-MP-exposed groups (G1: 1.3mg/kg, G2: 0.6 mg/kg) 
over a certain period of time (after six weeks). n = 10

with DNA levels increasing more significantly 
after 6 weeks than after 3 weeks (P < 0.0001). 
ANOVA analysis revealed significant effects of 
both duration and concentration on DNA levels (P 
value ≤ 0.05). The interaction between duration 
and concentration was also significant (P value 
≤ 0.05), indicating that the effect of duration de-
pends on the concentration level.

Microplastics PE-MPs

Microplastics considered persistent pollutants, 
are increasingly in our environment, including 
food, water, and air. Their accumulation in living 
organisms can lead to various health issues, such as 
gastrointestinal problems, immune system dysfunc-
tion, respiratory diseases, cancer, infertility, and 
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genetic abnormalities. Further research is needed 
to fully understand the health risks associated with 
microplastic exposure (Haindongo et al., 2023).

MPs function as conduits for various sub-
stances and diverse toxicants, leading to several 
detrimental consequences on the human and other 
animal physiologies. To yet, the effects of MPs 
on human health are mostly unknown (Kim et al., 

2021). Animal models have been demonstrated to 
help assess microplastic exposure concerns, which 
can assist in evaluating their effects on the human 
body (da Silva Brito et al., 2022). Polyethylene is 
the predominant type of microplastics in the en-
vironment (Sun et al., 2021). Evidence suggests 
that PE-MPs possess pro-oxidative characteristics 
(Djouina et al., 2023; Hu and Palić, 2020).

Figure 5. PE-MP exposure significantly increased tail DNA levels in both treatment groups compared to controls 
after 6 weeks (P < 0.0001, n = 10)

Figure 4. Shows that both PE-MP concentrations (1.3 and 0.6 mg/kg) significantly increased TSH levels 
compared to the control group after 6 weeks (P < 0.0001, n =10)
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Effect of PE-MPs on oxidative stress and 
related parameters GPX and MDA

One way that MPs affect the cell membrane 
is by increasing the amount of ROS, which can 
result in direct or indirect harm. MPs physically 
damage cells when they come into contact with 
the cell membrane. Many particles can adhere to 
the membrane adsorptively thanks to hydrophobic 
interactions and Van der Waals forces (Liu et al., 
2021). Higher doses of PE-MPs led to increased 
oxidative stress, characterized by higher ROS lev-
els and decreased antioxidant defenses, compared 
to lower doses. These findings align with previous 
studies (Farag et al., 2023; Li et al., 2022).

DNA damage 

The comet assay, as recommended by ICH 
S2 (R1), showed that PE-MP exposure caused 
significant DNA damage, likely due to increased 
ROS levels, which induce oxidative DNA dam-
age (Roursgaard et al., 2022). Exposure to PET 
and PP microplastics can cause DNA damage, 
possibly through direct interaction with DNA 
rather than oxidative stress. While these find-
ings suggest potential genotoxic effects, they 
did not reveal direct toxicity. By the present 
study (Ballesteros et al., 2020), Exposure to 
PS nanoparticles significantly increased DNA 
damage in monocytes and PMN cells. Differ-
ences in plastic particle type, functionalization, 
and size may explain discrepancies in study 
results (Malinowska et al., 2022), can suggest 
to apply PCR technique to detection the damages 
in encoding genes  that responsible to produced 
functional proteins, the molecular techniques 
were used indifferent filed of Biology (Ismael et 
al., 2023; Ibrahim and Laftaah, 2024; Abdullah 
and Al-Rubaii, 2024; Sultan et al, 2023).

Effect of PE-MPs exposure on thyroid 
hormones T3 and TSH

Our study suggests that microplastics can 
disrupt thyroid function by affecting the hypotha-
lamic-pituitary axis or directly interfering with 
thyroid hormone synthesis, secretion, transport, 
metabolism, or receptor interactions. Significant 
changes in TSH and T3 levels were observed, 
particularly at higher microplastic concentrations 
(1.3 mg/kg). Further research is needed to con-
firm the statistical significance of the observed T3 

reduction (Pathak, 2025). Moreover, research on 
actual environmental exposures has shown that 
studies indicating detrimental effects on thyroid 
hormones often utilize microplastic concentra-
tions that are too elevated (Tang et al., 2024). 
These findings were congruent with prior studies.

CONCLUSIONS

This study demonstrates that microplastic ex-
posure in mice can lead to adverse effects, includ-
ing altered oxidative stress, thyroid dysfunction, 
and DNA damage. The induction of OS is the ba-
sis for the harmful effects that MPs have on the 
majority of organisms. Increased ROS generation 
can lead to apoptosis, lipid peroxidation, DNA 
damage, mitochondrial shape and function loss, 
and an increase in cellular inflammation. The 
reduced mitochondrial membrane potential and 
ROS-induced mitochondrial depolarisation will 
lead to increased ROS formation, which would 
exacerbate the previously described damage. 
MPs therefore affect cells, tissues, organs, and 
entire organisms. This thorough analysis revealed 
significant variation in the stated relationship be-
tween MPs and OS. These effects were more pro-
nounced at higher doses, highlighting the dose-
dependent toxicity of microplastics. This research 
suggests that microplastics may pose significant 
risks to human health and the environment. More 
research is needed, especially on animal mod-
els, in order to develop a standardized research 
technique with a public health focus. Focusing on 
how detrimental MPs are when mixed with other 
chemical pollutants and, eventually, on strategies 
to reduce the harm that MPs and associated OS do 
to the environment would be advantageous. Due 
to the growing number of MPs food contamina-
tion cases, these themes are especially pertinent.
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