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Abstract

Chronic exposure to microplastics can affect DNA integrity and alter gene expression within living 
beings. The current study involved the dietary administration of varying doses of polyvinyl chloride 
microplastics (PVC-MPs) mixed with basal feed to five different groups of albino mice for thirty-five days 
and determining their potential toxicity in terms of DNA damage, micronucleus formation, oxidative 
stress, and gene expression. The results of the alkaline comet assay indicated a positive correlation 
between doses with increased DNA damage and fragmentation, with maximum damage observed in 
treatment 4 (0.8 mg/kg/BW). The damage index increased from 99 in T1 (0.1mg of MPs/kg/BW) to 219 
in T4 (0.8mg of MPs/KG/BW) in liver cells, while for kidney cells, the value increased from 108 for T1 
to 211 in T4. Likewise, a strong positive correlation was observed between the doses and Binuclei (BN) 
formation (n = 4; r = 0.950), doses and Micronuclei (MN) formation (n = 4; r =0.984), and between 
BN and MN (n = 4; r = 0.953) at the 0.05 significance level. An increase in malondialdehyde (MDA) 
levels indicated increased lipid peroxidation, with a proportional increase in MP doses administered to 
experimental groups. Gene expression for OGG1 and HPRT1 genes was determined, and a remarkable 
fold change was observed in relation to the increase in doses. The study’s findings conclude that an 
increase in microplastic exposure can cause significant damage to animal health.
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Introduction

Microplastics (MPs) are a group of emerging 
contaminants and contaminants of global concern 
(United Nations Sustainable Development Goal 14 
target 14.1.1) due to their persistence in the environment, 
relatively small size (below 5mm), and ability to adsorb 
other pollutants on their surface, such as various 
chemicals, Persistent Organic Pollutants (POPs), and 
bacteria [1, 2]. Ever since Prof. Ronald Thompson coined 
this term in 2004, these small-sized plastic fragments 
have been found in almost every ecosystem and within 
living tissues, including the human placenta [3], blood 
[4], and brain [5], being some of the recent discoveries. 
The sources of the MPs are varied, including direct 
manufacturing of cosmetics, pre-production pellets, etc.; 
degradation of large plastic products, microfibers shed 
from textiles and ropes, etc.; and wearing of tires and 
road paint particles [6-11]. With increasing demand and 
hence production of plastic goods, it has been observed 
that these non-degradable polymers are becoming a 
major part of our solid waste [12]. Annually, 8 million 
metric tons of plastic are dumped in our oceans every 
year [13], of which 236,000 tons are microplastics [14]. 
There is an estimation that by 2050, global plastic 
production could reach up to 33 billion tons [15, 
16]. Due to their low density and small size, MPs are 
the major cause of long-range transportation in the 
environment [17]. Being ubiquitous in the environment, 
these MPs have been known to be ingested by various 
life forms, with adverse effects also reported [18-20]. 
Moreover, small MPs may reach higher trophic levels 
due to relatively large amounts of prey ingestion [21-
23]. With their ability to adsorb other pollutants on 
their surface and their synergistic effects, MPs are also 
thought to disturb the biological processes in aquatic 
organisms, such as absorption, metabolism, excretion, 
and distribution, which can result in unpredictable 
environmental damage, clogging of the digestive 
system, internal injuries such as ulcerative lesions, 
perforated gut, gastric rupture, alteration of the immune 
system, enzyme activity, oxidative stress, hepatic stress, 

cellular necrosis, and possibly lead to death [15, 24-
30]. Microplastics can bioaccumulate in various vital 
parts of the mussels and oysters, including the gills and 
gut tissues [31-34], creating tissue damage and strain 
comebacks [35]. Similarly, neurotransmitter enzymes 
may be inhibited, as observed in the brains of red 
tilapia (Oreochromis niloticus) exposed to polystyrene 
microplastics (PS-MPs) at concentrations of 100, 10, and 
1 μgL−1 [36]. Likewise, zebrafish (Danio rerio) exposed 
to high concentrations of polystyrene microplastics 
(2000 μgL−1, 200 μgL−1, and 20 μgL−1) induced a free 
radical of reactive oxygen in high quantity, leading to 
oxidative abnormality inside the liver [37]. 

While all the studies cited above so far report a 
significant level of damage to animal health, multiple 
questions need to be identified. First, what could be the 
possible daily exposure level to MPs for the observed 
species? Secondly, how much MP exposure should 
be considered sufficient to cause adverse impacts 
such as oxidative stress, DNA damage, alteration in 
gene expression, and so on? Environmental exposure 
assessment may vary from species to species, while a 
proportion of ingested MPs may be removed from the 
body through defecation, making such assessments 
trickier. Thirdly, different plastics have different 
chemical compositions. Moreover, different additives 
are introduced to these polymers to achieve desired 
characteristics for specific functions, making each 
type unique. How can we determine which type is 
more toxic than others? To add to these questions, 
some studies found no adverse impact of MPs, such as 
those of [11] and [38]. A review by [39] also highlights 
these questions, as half of the studies on MPs reported 
no adverse impact. In this study, Polyvinyl Chloride 
microplastics (PVC-MPs) were administered to mice 
mixed in their basal diet in varying doses, and their 
impact upon the integrity of DNA and gene expression 
for two genes, OGG1 (8-Oxoguanine DNA Glycosylase) 
and HPRT1 (hypoxanthine phosphoribosyl transferase 
1), was noted. 

Fig. 1. FTIR analysis of microplastic, indicating polyvinyl chloride to be the major functional group.
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Materials and Methods

Experimental Setup

The current study was carried out at the Department 
of Wildlife and Ecology, University of Veterinary and 
Animal Science, Ravi Campus Pattoki, Pakistan. The 
source of PVC-MPs for the study was a mat (locally 
called ‘chatai’) used in many households in Pakistan for 
sitting on the floor. These mats gradually disintegrate 
over time into smaller fragments. These fragments 
were collected with the help of a brush and passed 
through sieves with a mesh size of 0.5 mm and 0.3 
mm. The largest fragments were found to be in the 
size range of 0.3 mm and hence selected for this study. 
The major functional group of the polymer fragments 
was confirmed through FTIR to be vinyl chloride with 
absorption bands obtained at 3500-1000 cm-1 (Fig. 1). 
In FTIR, vibrational absorption bands are used for the 
identification of specific chemical structures and the 
quantitative measurement of key chemical compositions 
[40]. Absorption peaks ranging between 3500-1000 cm-1 
support PVC identification.  

Healthy adult female albino mice (Mus musculus) 
were purchased from the animal breeding house at the 
University of Veterinary and Animal Sciences, Lahore, 
Pakistan. Female mice were selected for this trial as 
they were a more relevant model focusing on estrogen-
dependent DNA repair mechanisms and investigating 
reproductive toxicity as estrogen levels influence 
OGG1 expression. They may exhibit different genotoxic 
responses to PVC-MPs, particularly in genes involved in 
DNA repair. OGG1 and HPRT1 are sensitive markers for 
detecting DNA damage and repair and their relevance to 
human health. The experiment was run after receiving 
the approval certificate from the ethical committee for 
animal use (vide letter no. DR/27/19-01-2023). The trial 
animals were screened and checked thoroughly for any 
kind of disease or physical injury, and only healthy mice 

were selected for experimental work. The experiment 
was conducted in a controlled environment with room 
temperature (23+05oC), 50-70% relative humidity, 
and a regulated light and dark schedule [41]. A total 
of n=75 mice of similar average body weight (30+05 
g) were selected and acclimatized for a period of one 
week. During this phase, standard feed and distilled 
water were provided to the experimental animals. 
During acclimatization, a standard pelleted feed with 
crude protein 19.05% was given to the mice. The feed 
was ground into a powder form for the experiment and 
divided into five batches. Polyvinyl chloride (PVC-
MPs) was added to this feed in proportions described 
below and again shaped into pellets (15 mg each) by 
adding some water and stored in pre-labeled bags for the 
experiments. Doses were prepared following [42]. After 
acclimatization, the mice were randomly distributed 
into five groups designated as T0, T1, T2, T3, and T4, 
each with three replicates. 

T0 was considered the control group, and no MPs 
were given. T1, T2, T3, and T4 were fed a basal diet 
mixed with 0.1, 0.2, 0.4, and 0.8 mg/Kg/BW of MPs, 
respectively. Body weight and mortality rates were noted 
regularly, and the mice were maintained for 35 days. 

At the end of the trial, the animals were sacrificed, 
and liver and kidney samples were obtained to determine 
DNA damage through the comet and micronucleus 
assays. Gene expression through DNA damage-
responsive genes was also determined (Fig. 2).

Micronucleus Assay

The micronucleus (MN) assay is one of the most 
widely used and reliable genotoxicity assessment tests 
[43]. The assay was performed following the protocol 
given by [44]. The treated cells were centrifuged with 
KCL (1%). The residual pellets were then centrifuged 
first with 50 mL of fixative (containing glacial acetic 
acid and methanol at 1:5) and 50 mL NaCl (0.9%) and 

Fig. 2. Experimental setup .
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later with glacial acetic acid (40 mL) and methanol 
(200 mL). Samples were loaded on pre-chilled slides in 
triplicate for each treatment and stained with Giemsa 
stain (10%) to identify and count micronuclei and 
binuclei under a microscope.

Comet Assay

The alkaline comet assay was performed following 
the method used by [45] and modified by [46]. Three 
slides were prepared for each treatment, and DNA 
damage was scored based on comet tail length. Liver 
and kidney samples (10 mg each) were taken, chopped 
finely, and then sieved. Tissue pellets were formed and 
resuspended in PBS. The treated cells were mixed with 
1.5% LMA, and slides (pre-coated with 1% NMA) 
were prepared. Slides were chilled for five minutes and 
then subjected to a lysis buffer at 4oC for 1 h. Slides 
were then kept in an electrophoresis buffer solution for 
20 min. Later, electrophoresis was carried out at 4°C 
for 20 min (25 mV and 300 Amp). After neutralizing 

with a buffer solution for five minutes, the slides were 
dyed with ethidium bromide (20 µg/mL) for easy 
visualization of DNA and observed under a fluorescent 
microscope at 40X. DNA damage was documented on 
a scale of 0-4, with 0 being no damage and 4 indicating 
maximum DNA damage. The following formula was 
used to calculate the DNA damage:

In this Equation, Ni represents the number of cells 
in a particular degree of damage, while i represents the 
degree of damage (0, 1, 2, 3, and 4).

Oxidative Stress

To determine oxidative stress, liver tissues were first 
homogenized, then centrifuged (8000 rpm, 10 min), and 
the supernatant was collected to determine physiological 

Fig. 3. Formation of micronuclei and binuclei in treatment groups exposed to varying doses of PVC-MPs.

Doses Micronuclei Binuclei

Doses

Pearson Correlation 1 .950 .984*

Sig. (2-tailed) .050 .016

N 4 4 4

Micronuclei

Pearson Correlation .950 1 .953*

Sig. (2-tailed) .050 .047

N 4 4 4

Binuclei

Pearson Correlation .984* .953* 1

Sig. (2-tailed) .016 .047

N 4 4 4

Note: * Correlation is significant at the 0.05 level (2-tailed).

Table 1. Pearson’s correlations between the measured parameters for toxicity assessment.
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indicators such as glutathione and malondialdehyde. 
All the physiological indicators were determined using 
commercially available kits (MDA, GSH assay kit) [47]. 

Sample Processing, RNA Extraction, cDNA 
Synthesis, and Real-time PCR Analysis

Tissue samples of liver and kidney (50 mg) were 
taken from the treatment and control groups, chopped 
completely with sterile blades, and transferred into an 
Eppendorf tube. Trizol reagents (1 ml) and proteinase k 
(30 µl) were added to the Eppendorf tube, thoroughly 
mixed in a vortex, and then incubated for 10 min at 
37°C. After that, chloroform (200 µl) was added to 
the Eppendorf tube and inverted for at least 15-30 
sec continuously, later incubated for 2 min at room 
temperature. Samples were then centrifuged at 14,000 
rpm for 15 min, resulting in the formation of three 
layers. The upper transparent layer was taken. An equal 
amount of isopropanol was added, mixed vigorously, 
and incubated for 10 minutes at -20°C. The mixture was 
centrifuged for 15 min at 14,000 rpm at 4°C, and the 
supernatant was discarded very gently; then 1ml of 75% 
ethanol was added and centrifuged again (10,000 rpm, 
15 min) at 4°C. Ethanol was discarded very gently, and 
the sample was completely air-dried. An Elution buffer 
was added and stored at -20°C for further analysis. 

Complementary DNA (cDNA) was made per the 
manufacturer’s instructions (Thermo Fisher Scientific 
Inc.). Briefly, reaction buffer 5x (4 µl), Ribolock (1 µl), 
10mM dNTPs (2µl), Revertaid (µl), and reverse primer 
OGG1 (2 µl) were added to each tube, and RNA (2 µl) 
was added. The same procedure was repeated for the 
HPRT1 gene. Four standards and three controls were run 
(GAPDH was a positive control, no template negative 
control, and a negative control with no Revertaid). 
Temperature conditions for cDNA synthesis were 42°C 
for 60 min, then 70°C for 5 min. The Maxima SYBR 
Green kit was used for expression analysis; the kit was 
thawed at room temperature, SYBR Green master mix 
(12.5 µl), forward primer OGG1 (1 µl), and reverse 
primer OGG1 (1 µl) were added to each tube of the total 
sample tubes. Then, a cDNA sample (2 µl) and double-
distilled water were added to make the 25 µl reaction 
mixture. The same procedure was repeated for HPRT1 
gene expression analysis [48, 49]. 

Statistical Analysis

Data were analyzed statistically and represented 
in terms of mean ± standard deviation using SPSS (v 
21.0, IBM, Inc.). Pearson’s correlation was performed to 
determine the dose–dependency of microplastics with 
micronuclei formation (α = 0.05).

Exp. group

Total 
number of 
damaged 

cells 
(Mean+St. 

Dev)

Damage 
Index

Fragmentation 
%

Un-
damaged 

cells

Damage class

One Two Three Four

T0 8+2.14 15 10 120 4 3 2 0

T1 65+5.15 99 67.69 21 15 11 10 8

T2 75+5.34 117 69.33 23 17 14 12 9

T3 100+5.10 168 74.00 26 24 20 16 14

T4 133+7.50 219 72.18 37 30 26 23 17

Table 2a). DNA damage Index and fragmentation % observed in liver cells of experimental groups given different doses of PVC-MPs.

Exp. Group

Total 
number of 
damaged 

cells(Mean
+St. Dev)

Damage 
index

Fragmentation 
%

Un- damaged 
cell

Damage class

One Two Three Four 

T0 7+2.14 13 9 122 3 2 1 0

T1 58+2.61 108 75.86 14 10 12 14 8

T2 69+3.49 125 76.81 16 14 14 17 8

T3 89+5.31 178 86.52 12 22 21 22 12

T4 105+6.04 211 85.71 15 24 25 27 14

Table 2b). DNA Damage Index and fragmentation % observed in kidney cells of experimental groups given different doses of PVC-MPs.
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Results and Discussion

A dose-dependent increase in micronuclei and 
binuclei formation was observed (Fig. 3), which is 
indicative of increased genotoxicity with an increase in 
exposure to microplastics. A strong positive correlation 
was observed between the doses and BN formation (n = 
4; r = 0.950), doses and MN formation (n = 4; r = 0.984), 
and between BN and MN (n = 4; r = 0.953) at a 0.05 
significance level (Table 1).

Similarly, the outcomes of the comet assay indicated 
that the damage index increased with higher numbers 
of microplastics added to the feed in both tissues. 
Fragmentation % was also increased (Tables 2a) and 
2b)). A strong positive correlation was observed between 
the doses and damage index (n = 4; r = 0.987), doses and 
fragmentation % (n = 4; r = 0.964) in liver cells, and also 
between fragmentation % in both cells (n = 4; r = 0.963) 
(Table 3).

When the results were compared with control groups, 
PVC-MP toxicity inhibited the Glutathione (GSH) 

levels. PVC-MPs increase the production of reactive 
oxygen species (ROS), which leads to cell abnormalities 
and has a negative effect on the activity of glutathione. 
Table 4 shows a significant (p<0.05) decrease in 
glutathione (850±31.69) activities in all treated groups 
and a malondialdehyde increase (1576±23.63) in a dose-
dependent manner as compared to the control group.

Gene Expression Analysis of the OGG1 
Gene and the HPRT1 Gene

The OGG1 and HPRT1 gene expression levels in 
mice’s livers and kidneys among four treatment groups 
were also measured and compared. The co-expression 
analysis (Fig. 4) of OGG1 and HPRT1 in the liver sample 
shows an inverse relationship according to doses because 
OGG1 shows overexpression in high doses, and HPRT1 
shows downregulation in high doses. HPRT1 shows a 
dose-dependent relation, and its expression decreases 
as the dose increases. Remarkable fold changes were 
observed between the low- and high-dose groups.

Doses Damage Index 
(Liver)

Damage Index 
(Kidney)

Fragmentation 
% (Liver)

Fragmentation 
% (Kidney)

Doses

Pearson Correlation 1 .987* .964* .678 .814

Sig. (2-tailed) .013 .036 .322 .186

N 4 4 4 4 4

Damage Index 
(Liver)

Pearson Correlation .987* 1 .994** .785 .896

Sig. (2-tailed) .013 .006 .215 .104

N 4 4 4 4 4

Damage Index 
(Kidney)

Pearson Correlation .964* .994** 1 .847 .937

Sig. (2-tailed) .036 .006 .153 .063

N 4 4 4 4 4

Fragmentation 
% (Liver)

Pearson Correlation .678 .785 .847 1 .963*

Sig. (2-tailed) .322 .215 .153 .037

N 4 4 4 4 4

Fragmentation 
% (Kidney)

Pearson Correlation .814 .896 .937 .963* 1

Sig. (2-tailed) .186 .104 .063 .037

N 4 4 4 4 4

​Note: * Correlation is significant at the 0.05 level (2-tailed). ** Correlation is significant at the 0.01 level (2-tailed).

Table 3. Pearson’s correlation analysis between doses and measure of DNA damage in both liver and kidney cells.

Anti-oxidant 
enzymes 

(Parameters)

C-Group(0.0 mg/
kg) T1 (0.1 mg/kg) T2 (0.2 mg/kg) T3 (0.4 mg/kg) T4 (0.8 mg/kg)

MDA 414±11.82b 520±11.82b 1062±22.68d 1482±18.87b 1576±23.63b

GSH 1256.9±38.09a 1202.9±38.09a 1132.9±35.69a 1044.1±40.99b 850± 1.69c

Table 4. Effect of different doses of PVC-MPs on oxidative stress enzymes.
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Microplastic exposure has been documented to 
induce toxicity in numerous aquatic life forms, while 
studies on terrestrial exposure and toxicity assessment 
are limited. Moreover, each microplastic type differs 
from others in terms of its chemical composition 
and additives added for different purposes, making it 
difficult to evaluate potential toxicity for each type. 
Since different plastic products have different chemical 
compositions, each may impact biological systems 
differently. PVC was selected for this experiment as it 
is the second most abundant microplastic type globally 
[29, 50] and is known to degrade and release toxic 
compounds such as vinyl and chloride, trimers, dimers, 
and monomer additives under different conditions [51]. 
As discussed earlier, the source of polyvinyl chloride for 
this study was a commercial product, a mat commonly 
used for sitting on the floor in many households across 
the country. The major reason for selecting this product 
was the fact that it keeps on disintegrating into smaller 
fragments over time and usage, frequently releasing 
secondary microplastics into the environment. 

In the present study, healthy adult female albino 
mice were exposed to PVC-MPs of different doses 
(0.1, 0.2, 0.4, and 0.8 mg/Kg) for five weeks to analyze 
their toxic effects through various parameters including 
comet assay, micronucleus assay, oxidative stress, and 
gene expression. The comet assay is a widely accepted 
technique used for the determination of single and 
double DNA [52], whereas micronuclei formation 
also shows a reliable method for the detection of 
clastogenicity and aneugenicity [53, 54]. While the 
outcomes of the comet assay may not always correspond 
to MN formation when the extent of exposure is limited, 
as MN formation is indicative of damage occurring in 
at least one mitotic cycle, the comet assay is known 
to detect more damage than the micronucleus assay. 
Hence, it is important to employ both parameters as 
indicators of probable genotoxicity. MNs are formed 
due to damaged chromosome fragments that fail to 
incorporate into the nucleus during mitosis and are 

generally caused by the presence of some genotoxic 
agent. Hence, their formation is a simple yet effective 
parameter for genotoxicity screening in any living 
sample [43, 55].

Our results indicated that prolonged exposure to 
PVC did induce significant changes in DNA structure 
as the dose increased. The damage index value for each 
experimental group increased as the PVC-MP dose 
increased along with the fragmentation percentage 
(Tables 2a) and 2b)). As seen in Fig. 3, there was an 
increase in the number of binuclei and micronuclei 
formation as the dose increased, indicating increased 
chromosome instability. A strong positive correlation of 
0.94 and 0.98 was found between the doses administered 
to the experimental groups and the number of MN and 
BN observed for each respective treatment. 

Apart from DNA damage, reactive oxygen 
species (ROS) formation has also been reported in 
response to the administration of different types of 
microplastics in different animals [56-59]. An increase 
in malondialdehyde (MDA) levels in response to 
polystyrene exposure in Wistar rats has been observed, 
along with a decrease in activities of superoxide 
dismutase, glutathione peroxidase, and catalase [60]. 
The toxicity of the microplastic type is reflected by the 
formation of reactive oxygen species, which in turn leads 
to lipid peroxidation in the cells. MDA is an important 
product of lipid peroxidation, and its levels indicate 
the degree of stress caused by the toxic compound in 
question [59]. Our results also exhibited similar findings 
as MDA levels increased with an increase in dose, 
while GSH levels were found to be reduced, which is 
indicative of oxidative stress in experimental animals. 

Toxic impacts of PVC have also been reported in 
earlier studies but in higher doses. For example, [61] 
exposed adult male mice to 100 mg/kg of PVC-MPs (2 
µm size) for sixty days and observed a marked decrease 
in mucus secretions in the intestine along with an 
increase in intestinal permeability as a result of reduced 
mRNA expression related to the genes responsible for 

Fig. 4. Fold change gene expression of OGG1 and HPRT 1 in liver and kidney tissue.
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mucus secretions. In another related study, exposure 
to 0.5 mg/kg of PVC MPs for sixty days resulted in 
oxidative stress, marked hepatic damage, and changes 
in the gut microbiota of mice [62]. According to [63], 
genotoxic and cytotoxic damage was observed in the 
early juveniles of Oreochromis niloticus when exposed 
to different doses of microplastic (1 mg/L, 10 mg/L, and 
100 mg/L). Likewise, PVC-MPs were reported to alter 
various metabolic functions in zebrafish larvae, like 
changes in triglyceride (TG), pyruvate, non-esterified 
fatty acids (NEFA), total cholesterol (TC), total bile acid 
(TBA), and glutamic acid (GLU) [64]. 

The combined effect of PVC-MPs and PS-MPs 
alters the function of genes that are responsible 
for lipid metabolism, oxidative stress, and signal 
transduction in mice. Moreover, PVC-MPs with HFD 
and ND caused gene expression changes responsible 
for antioxidant enzymes and immune functions [65, 
66]. In addition, disturbances in offspring metabolism 
and abnormal expression were observed in 674 coding 
RNAs in blood tissue and other non-coding RNAs 
in mice, which indicates vascular dysfunction and 
protein degradation [67]. Recent results have shown 
that microplastics (MPs) damage the oocyte DNA of 
mice, including downregulation of action and defects in 
chromosome morphology [68]. In another study, higher 
concentrations of microplastics (180 mg/L) increased the 
DNA damage in fish and caused abnormalities in their 
gills [69]. Microplastics in combination with copper 
for 24 to 96 hours caused damage to DNA structure, 
while polystyrene nanoplastics in combination with 
carbamazepine significantly affected mussel gene 
expression. Microplastics with di-(2-ethylhexyl) 
phthalic acid were reported to increase the production of 
ROS in mice, which led to DNA oxidative damage, and 
in another study, the combined effect of microplastics 
with co-contaminants disturbed the mitochondrial gene 
function [68, 70-73].

Another parameter included in this study was 
determining the gene expression of DNA-responsive 
genes in experimental animals. RT-PCR was carried 
out to assess the expression of DNA-responsive genes, 
OGG1 (8-Oxoguanine DNA Glycosylase) and HPRT1 
(hypoxanthine phosphoribosyl transferase 1). OGG1 
(8-Oxoguanine DNA Glycosylase) gene is the basic 
gene responsible for DNA repairing function [74], 
while HPRT1 (hypoxanthine phosphoribosyl transferase 
1) is responsible for the production of hypoxanthine 
phosphoribosyl transferase 1 enzyme, which plays 
a central part in purine recycling [76]. Our results 
indicated the expression of the gene’s inverse relation 
with the given doses. The gene expression of HPRT1 
in low-dose (T1, T2) and (T3, T4) high-dose groups 
was down-regulated when compared with the control 
group, while upregulation of OGG1 was reported. A 
similar study conducted by [77] indicated that PVC-
MPs induce downregulation in the BCL-2 liver gene 
of mice and upregulation in the caspase-3 gene. Our 
results showed similarity to the study conducted by 

[78], which reported downregulation of BCL-2 gene 
expression in testicular cells of male albino mice when 
exposed to different concentrations of PS MPs. A 
study encompassing the impact of arsenic exposure on 
different industrial workers also indicated alterations 
in the expression of OGG1 and HPRT1 genes, which 
consequently led to oxidative stress and negatively 
affected purine recycling and DNA damage [77]. 
While arsenic is a pollutant whose exposure pathways 
may differ from that of microplastics in our study, the 
similarity in ultimate outcomes as a result of exposure 
to potentially hazardous compounds cannot be ignored 
and needs to be investigated further.

Conclusions

The outcomes of the current experiment conclude 
that chronic exposure to microplastics can affect 
animal health and cause genotoxicity. Moreover, 
while our doses may not correlate with the actual 
exposure, they still provide insights into how living 
systems may respond to constant exposure to these 
persistent and ubiquitous micro-pollutants. However, 
since microplastic composition, size, and shape are 
highly variable in the environment, further research 
is still needed, and investigations should be conducted 
into important factors that may influence ecosystem 
dynamics and toxicity assessments.

Acknowledgments

The authors acknowledge the assistance provided 
by Ifrah Zahoor and Muhammad Zulqarnain during the 
feeding trial and Irum Arshad for gene expression.

Data Availability Statement

Data is available on request.

Funding

The current study is funded by the Higher Education 
Commission of Pakistan through its National Research 
Program for Universities (NRPU), vide Grant number: 
HEC-NRPU-15015, awarded to Safdar Sidra and 
Muhammad Muddassir Ali. 

Conflict of Interest 

The authors declare no conflict or competing interest 
of a financial or personal nature.



Dose-Dependent Genotoxicity and Gene Expression... 2337

Ethics Approval Statement

All the procedures and protocols used in this 
experiment were approved by the Ethical Committee on 
Animal Use of the University of Veterinary and Animal 
Sciences Lahore, Pakistan (DR/27/19-01-2023).

References

1.	 MATO Y., ISOBE T., TAKADA H., KANEHIRO H., 
OHTAKE C., KAMINUMA T. Plastic resin pellets as 
a transport medium for toxic chemicals in the marine 
environment. Environmental Science and Technology. 35, 
318, 2001. 

2.	 TEUTEN E.L., SAQUING J.M., KNAPPE D.R., 
BARLAZ M.A., JONSSON S., BJOR A., TAKADA H. 
Transport and release of chemicals from plastics to the 
environment and to wildlife.  Philosophical Transactions 
of the Royal Society of London. Series B, Biological 
Sciences. 364, 2027, 2009.

3.	 RAGUSA A., SVELATO A., SANTACROCE C., 
CATALANO P., NOTARSTEFANO V., CARNEVALI O., 
GIORGINI E. Plasticenta: First evidence of microplastics 
in human placenta. Environment International. 146, 106, 
2021.

4.	 LESLIE H.A., VELZEN M.J.M., BRANDSMA S.H., 
VETHAAK D., GARCIA-VALLEJO J.J., LAMOREE 
M.H. Discovery and quantification of plastic particle 
pollution in human blood. Environment International. 163, 
1298, 2022.

5.	 PRÜST M., MEIJER J., WESTERINK R.H. The plastic 
brain: neurotoxicity of micro-and nanoplastics. Part. Fiber 
Toxicology. 17, 1, 2020.

6.	 ANDRADY A. Microplastics in the marine environment. 
Marine Pollution Bulletin. 62 (8), 1596, 2011.

7.	 BROWNE M.A., CRUMP P., NIVEN S.J., TEUTEN 
E., TONKIN A., GALLOWAY T., THOMPSON R. 
Accumulation of microplastic on shorelines worldwide: 
sources and sinks. Environmental Science and Technology. 
45, 173, 2011.

8.	 NAPPER I.E., THOMPSON R.C. Release of synthetic 
microplastic plastic fibres from domestic washing 
machines: Effects of fabric type and washing 
conditions. Marine Pollution Bulletin. 112, 39, 2016.

9.	 WELDEN N.A., COWIE P.R. Long-term microplastic 
retention causes reduced body condition in the langoustine, 
Nephrops norvegicus. Environmental Pollution. 218, 895, 
2016.

10.	 BOUCHER J., FRIOT D. Primary microplastics in the 
oceans a global evaluation of sources. IUCN. 24, 2189, 
2017.

11.	 HORTON A.A., WALTON A., SPURGEON D.J., 
LAHIVE E., SVENDSEN C. Microplastics in freshwater 
and terrestrial environments: evaluating the current 
understanding to identify the knowledge gaps and future 
research priorities. Science of the Total Environment. 586, 
127, 2018.

12.	VIANELLO A., BOLDRIN A., GUERRIERO P., 
MOSCHINO V., RELLA R., STURARO A., DA-ROS L. 
Microplastic particles in sediments of Lagoon of Venice, 
Italy: first observations on occurrence, spatial patterns 
and identification. Estuarine, Coastal and Shelf Science. 
130, 54, 2013.

13.	 JAMBECK J.R., GEYER R., WILCOX C., SIEGLER 
T.R., PERRYMAN M., ANDRADY A., LAW K.L. 
Marine Pollution. Plastic waste inputs from land into the 
ocean. Science. 347, 768, 2015.

14.	 SEBILLE E., WILCOX C., LEBRETON L., 
MAXIMENKO N., HARDESTY B.D., VAN FRANEKER 
J.A., LAW K.L. A global inventory of small floating 
plastic debris.  Environmental Research Letters. 10, 124, 
2015.

15.	 ROCHMAN C.M., HOH E., HENTSCHEL B.T., KAYE 
S. Long-term field measurement of sorption of organic 
contaminants to five types of plastic pellets: implications 
for plastic marine debris. Environmental Science 
Technology. 47, 1646, 2013.

16.	 PHILLIPS M.B., BONNER T.H. Occurrence and amount 
of microplastic ingested by fishes in watersheds of the 
Gulf of Mexico. Marine Pollution Bulletin. 100, 264, 2015.

17.	 AUTA H.S., EMENIKE C.U., FAUZIAH S.H. 
Distribution and importance of microplastics in the marine 
environment. A review of the sources, fate, and potential 
solution. Environment International. 102, 165, 2017.

18.	 STEER M., COLE M., THOMPSON R.C., LINDEQUE 
P.K. Microplastic ingestion in fish larvae in the western 
English Channel. Environmental Pollution. 226, 250, 2017.

19.	 ASMONAITE G., TIVEFALTH M., WESTBERG E., 
MAGNER J., BACKHAUS T., CARNEYALMROTH 
B. Microplastics as a vector for exposure to hydrophobic 
organic chemicals in fish a comparison of two polymers 
and silica particles spiked with three model compounds. 
Frontiers Environment Science. 8, 353, 2020.

20.	PANNETIER P., MORIN B., BIHANIC F., DUBREIL 
L., CLÉRANDEAU C., CHOUVELLON F., CACHOT J. 
Environmental samples of microplastics induce significant 
toxic effects in fish larvae. Environment International. 134, 
1051, 2020.

21.	 SETALA O., FLEMING-LEHTINEN V., LEHTINIEMI 
M. Ingestion and transfer of microplastics in the 
planktonic food web. Environmental Pollution. 185, 77, 
2014.	

22.	DESFORGES J.P.W., GALBRAITH M., ROSS P.S. 
Ingestion of microplastics by zooplankton in the Northeast 
Pacific Ocean. Archives of Environmental Contamination 
and Toxicology. 69, 320, 2015.

23.	AU S.Y., LEE C.M., WEINSTEIN J.E., VAN DEN 
HURK P., KLAINE S.J. Trophic transfer of microplastics 
in aquatic ecosystems: identifying critical research 
needs.  Integrated Environmental Assessment and 
Management. 13, 505, 2017.

24.	COLE M., LINDEQUE P., HALSBAND C., GALLOWAY 
T.S. Microplastics as contaminants in the marine 
environment: a review. Marine Pollution Bulletin. 62, 
2588, 2011.

25.	BROWNE M.A., NIVEN S.J., GALLOWAY T.S., 
ROWLAND S.J., THOMPSON R.C. Microplastic moves 
pollutants and additives to worms, reducing functions 
linked to health and biodiversity.  Current  Biology. 23, 
2388, 2013.

26.	ROCHMAN C.M., HENTSCHEL B.T., TEH S.J. Long-
term sorption of metals is similar among plastic types 
implications plastic debris in aquatic environments. PLOS 
One. 9, 143, 2014.

27.	 WANG F., SHIH K.M., LI X.Y. The partition 
behavior of perfluorooctanesulfonate (PFOS) 
and perfluorooctanesulfonamide (FOSA) on 
microplastics. Chemosphere. 119, 841, 2015.



Naveed Ullah, et al.2338

28.	PITTURA L., AVIO C.G., GIULIANI M.E., DERRICO 
G., KEITER S.H., CORMIER B., REGOLI F. 
Microplastics as vehicles of environmental PAHs to marine 
organisms combined chemical and physical hazards to the 
Mediterranean mussels.  Frontiers in  Marine  Sciences.  5, 
344, 2018.

29.	 LIMONTA G., MANCIA A., BENKHALQUI 
A., BERTOLUCCI C., ABELLI L., FOSSI M.C., 
PANTI C. MPs induce transcriptional changes, 
immune response and behavioral alterations in adult 
zebrafish. Scientific Reports. 9, 1, 2019.  

30.	ZHANG S., DING J., RAZANAJATOVO R.M., JIANG 
H., ZOU H., ZHU W. Interactive effects of polystyrene 
microplastics and roxithromycin on bioaccumulation 
and biochemical status in the freshwater fish red tilapia 
(Oreochromis niloticus). Science of the Total Environment. 
648, 1431, 2019. 

31.	 VON MOOS N., BURKHARDT-HOLM P., KOHLER A. 
Uptake and effects of microplastics on cells and tissue of 
the blue mussel (Mytilus edulis). Environmental Science 
and Technology. 46, 11327, 2012.

32.	VAN-CAUWENBERGHE L., VANREUSEL A.,  
MEES J., JANSSEN C.R.  Microplastic pollution  
in deep-sea sediments. Environmental Pollution. 182, 495, 
2013.

33.	 PAUL-PONT I., LACROIX C., FERNANDEZ 
C.G., HEGARET H., LAMBERT C., LE GOIC N., 
GUYOMARCH J. Exposure of marine mussels (Mytilus 
spp) to polystyrene microplastics: toxicity and influence 
on fluoranthene bioaccumulation. Environmental 
Pollution. 216, 724, 2016.

34.	SUSSARELLU R., SUQUET M., THOMAS Y., 
LAMBERT C., FABIOUX C., PERNET M.E.J., 
CORPOREAU C. Oyster reproduction is affected by 
exposure to polystyrene microplastics. Proceedings of the 
National Academy of Sciences. 113, 2430, 2016.

35.	 WRIGHT S.L., THOMPSON R.C., GALLOWAY T.S. The 
physical impacts of microplastics on marine organisms: a 
review. Environmental Pollution. 178, 483, 2013.

36.	DING J., ZHANG S., RAZANAJATOVO R.M., 
ZOU H., ZHU W. Accumulation, tissue distribution, 
and biochemical effects of polystyrene microplastics 
in the freshwater fish red tilapia (Oreochromis 
niloticus). Environmental Pollution. 238, 1, 2018.

37.	 LU Y., ZHANG Y., DENG Y., JIANG W., ZHAO Y., 
GENG J., REN H. Uptake and accumulation of polystyrene 
microplastics in zebrafish (Danio rerio) and toxic effects 
in liver. Environmental Science and Technology. 50, 4054, 
2016.

38.	HODSON M.E., DUFFUS-HODSON C.A., CLARK A., 
PRENDERGAST-MILLER M.T., THORPE K.L. Plastic 
bag derived-microplastics as a vector for metal exposure 
in terrestrial invertebrates.  Environmental Science and 
Technology. 51, 4714, 2017.

39.	 LIM X. Microplastics are everywhere, but they are 
harmful? Nature. 593, 108, 2022.

40.	GAFFNEY J.S., MARLEY N.A., JONES D.E. Fourier 
Transform Infrared (FTIR) Spectroscopy. In book: 
Characterization of Materials, 2nd Edition, Publisher John 
Wiley & Sons. 2012.

41.	 JIN Y., LU L., TU W., LUO T., FU Z.  Impacts of 
polystyrene microplastic on the gut barrier, microbiota and 
metabolism of mice. Science of the Total Environment. 
649, 308, 2019.

42.	DENG Y., ZHANG Y., LEMOS B., REN H. Tissue 
accumulation of microplastics in mice and biomarker 

responses suggest widespread health risk of exposure. 
Scientific Reports. 7, 1, 2017.

43.	 HAYASHI M. The micronucleus test—most widely used 
in vivo genotoxicity test. Genes and Environment. 38, 1, 
2016.

44.	CIĞERCI İ.H., ALI M.M., KAYGISIZ Ş.Y., LIMAN R. 
Genotoxicity assessment of cobalt chloride in Eisenia 
hortensis earthworms’ coelomocytes by comet assay and 
micronucleus test. Chemosphere. 144, 754, 2016.

45.	 COLLINS A., DUSINSKA M., FRANKLIN M., 
SOMOROVSKA M., PETROVSKA H., DUTHIE 
S., VAUGHAN N. Comet assay in human 
biomonitoring studies: reliability, validation, and 
applications.  Environmental  and  Molecular Mutagenesis. 
30, 139, 1997.

46.	KIENZLER A., TRONCHÈRE X., DEVAUX A., BONY 
S. Assessment of RTG-W1, RTL-W1, and PLHC-1 fish cell 
lines for genotoxicity testing of environmental pollutants 
by means of a Fpg-modified comet assay.  Toxicology In 
Vitro. 26, 500, 2012.

47.	 XIE L., CHEN T., LIU J., HOU Y., TAN Q., ZHANG 
X., LI Y. Intestinal flora variation reflects the short-
term damage of microplastic to the intestinal tract in 
mice.  Ecotoxicology  and  Environmental  Safety.  246, 
114184, 2022.

48.	RIO D.C., ARES M., HANNON G.J., NILSEN T.W. 
Purification of RNA using TRIzol (TRI reagent).  Cold 
Spring Harbor Protocol. 6, 5428, 2010.

49.	 WANG X., ZHAO H., NI J., PAN J., HUA H., WANG 
Y. Identification of suitable reference genes for gene 
expression studies in rat skeletal muscle following sciatic 
nerve crush injury. Molecular Medicine Reports. 19, 4377, 
2019.

50.	ZAHEER J., KIM H., KO I.O., JO E.K., CHOI E.J., LEE 
H.J., SHIM I., WOO H.J., CHOI J., KIM G.H., KIM J.S. 
Pre/post-natal exposure to microplastic as a potential 
risk factor for autism spectrum disorder. Environment 
International. 161, 107121, 2022.

51.	 PILEVAR Z., BAHRAMI A., BEIKZADEH S., 
HOSSEINI H., JAFARI S.M. Migration of styrene 
monomer from polystyrene packaging materials into 
foods: Characterization and safety evaluation. Trends in 
Food Science and Technology. 91, 248, 2019. 

52.	DE LAPUENTE J., LOURENÇO J., MENDO S.A., 
BORRÀS M., MARTINS M.G., COSTA P.M., PACHECO 
M. The Comet Assay and its applications in the field of 
ecotoxicology: a mature tool that continues to expand its 
perspectives. Frontiers in Genetics. 6, 180, 2015.

53.	 BOLOGNESI C., HAYASHI M. Micronucleus assay in 
aquatic animals. Mutagenesis. 26 (1), 205, 2011.

54.	CIĞERCI İ.H., ALI M.M., KAYGISIZ Ş.Y., KAYA B., 
LIMAN R. Genotoxic assessment of different sizes of iron 
oxide nanoparticles and ionic iron in earthworm (Eisenia 
hortensis) coelomocytes by comet assay and micronucleus 
test.  Bulletin of Environmental Contamination and 
Toxicology. 101, 105, 2018.

55.	 LUZHNA L., KATHIRIA P., KOVALCHUK O. 
Micronuclei in genotoxicity assessment: from genetics to 
epigenetics and beyond.  Frontiers in Genetics.  4, 39029, 
2013.

56.	ESPINOSA C., ESTEBAN M., CUESTA A. Dietary 
administration of PVC and PE microplastics 
produces histological damage, oxidative stress and 
immunoregulation in European sea bass (Dicentrarchus 
labrax L.). Fish and Shellfish Immunology. 95, 574,  
2019.



Dose-Dependent Genotoxicity and Gene Expression... 2339

57.	 QIAO R., LU K., DENG Y., REN H., ZHANG Y. 
Combined effects of polystyrene microplastics and natural 
organic matter on the accumulation and toxicity of copper 
in zebrafish. Science of the Total Environment. 682, 128, 
2019.

58.	KANG H.M., BYEON E., JEONG H., KIM M.S., CHEN 
Q., LEE J.S. Different effects of nano- and microplastics 
on oxidative status and gut microbiota in the marine 
medaka Oryzias melastigma. Journal of Hazardous 
Materials. 405, 124207, 2020.

59.	 FENG M., LUO J., WAN Y., ZHANG J., LU C., WANG 
M., DAI L., CAO X., YANG X., WANG Y. Polystyrene 
nanoplastic exposure induces developmental toxicity by 
activating the oxidative stress response and base excision 
repair pathway in zebrafish (Danio rerio). ACS Omega. 7 
(36), 32153, 2022.

60.	WEI J., WANG X., LIU Q., ZHOU N., ZHU S., LI Z., 
LI X., YAO J., ZHANG L. The impact of polystyrene 
microplastics on cardiomyocytes pyroptosis through 
NLRP3/Caspase‐1 signaling pathway and oxidative stress 
in Wistar rats.  Environmental Toxicology.  36 (5), 935, 
2021.

61.	CHEN X., ZHUANG J., CHEN Q., XU L., YUE X., 
QIAO D. Polyvinyl chloride microplastics induced 
gut barrier dysfunction, microbiota dysbiosis and 
metabolism disorder in adult mice. Ecotoxicology and 
Environment Safety. 241, 113809, 2022a.

62.	CHEN X., ZHUANG J., CHEN Q., XU L., YUE X., QIAO 
D. Chronic exposure to polyvinyl chloride microplastics 
induces liver injury and gut microbiota dysbiosis based 
on the integration of liver transcriptome profiles and full-
length 16S rRNA sequencing data. Science of the Total 
Environmental. 839, 155984, 2022b.

63.	HAMED M., SOLIMAN H.A., OSMAN A.G., SAYED 
A.E.D.H. Antioxidants and molecular damage in Nile 
Tilapia (Oreochromis niloticus) after exposure to 
microplastics.  Environmental Science and Pollution 
Research. 27, 14581, 2020.

64.	HAN Y., ZHOU W., TANG Y., SHI W., SHAO Y., REN 
P., LIU G. Microplastics aggravate the bioaccumulation 
of three veterinary antibiotics in the thick shell mussel 
Mytilus coruscus and induce synergistic immunotoxic 
effects.  Science of the Total Environment.  770, 145273, 
2021.

65.	CHEN Y., SHEN Z., LI G., WANG K., CAI X., XIONG 
X., WU C. Factors affecting microplastic accumulation 
by wild fish: A case study in the Nandu River, South 
China. Science of the Total Environment. 847, 1,  
2022c.

66.	ELIZALDE-VELAZQUEZ A., CRAGO J., ZHAO X., 
GREEN M.J., CANAS-CARRELL J.E. In vivo effects 
on the immune function of fathead minnow (Pimephales 
promelas) following ingestion and intraperitoneal 
injection of polystyrene nanoplastics. Science of the Total 
Environment. 735, 139461, 2020.

67.	 LUO H., XIANG Y., HE D., LI Y., ZHAO Y., WANG S., 
PAN X. Leaching behavior of fluorescent additives from 
microplastics and the toxicity of leachate to Chlorella 
vulgaris. Science of the Total Environment. 678, 1, 2019.

68.	ZHANG K., LIANG J., SHA Z., ZHOU L., ZHENG 
S., SUN X. Microplastic sink that cannot be ignored in 
chemosynthetic organisms. Marine Pollution Bulletin. 189, 
114815, 2023.

69.	 ALNAJAR N., JHA A.N., TURNER A. Impacts of 
microplastic fibres on the marine mussel, Mytilus 
galloprovinciallis. Chemosphere. 262, 128290, 2021.

70.	AVIO C.G., GORBI S., REGOLI F. Experimental 
development of a new protocol for extraction and 
characterization of microplastics in fish tissues: first 
observations in commercial species from Adriatic 
Sea. Marine Environmental Research. 111, 18, 2015.

71.	 RODA J.F.B., LAUER M.M., RISSO W.E., DOS 
REIS MARTINEZ C.B. Microplastics and copper 
effects on the neotropical teleost Prochilodus lineatus. 
Comparative  Biochemistry  and  Physiology. 242, 276, 
2020.

72.	WU P., CAI Z., JIN H., TANG Y. Adsorption mechanisms 
of five bisphenol analogues on PVC microplastics. Science 
of the Total Environment. 650, 671, 2023.

73.	OKAMURA T., HAMAGUCHI M., HASEGAWA Y., 
HASHIMOTO Y., MAJIMA S., SENMARU T., FUKUI 
M. Oral exposure to polystyrene microplastics of mice 
on a normal or high-fat diet and intestinal and metabolic 
outcomes. Environmental Health Perspectives. 131, 
027006, 2023.

74.	 REDZA-DUTORDOIR M., AVERILL-BATES D.A. 
Activation of apoptosis signalling pathways by reactive 
oxygen species. Biochimica et Biophysica Acta. 12, 17, 
2016. 

75.	 TAN S.C., CARR C.A., YEOH K.K., SCHOFIELD 
C.J., DAVIES K.E., CLARKE K. Identification of valid 
housekeeping genes for quantitative RT-PCR analysis of 
cardiosphere-derived cells preconditioned under hypoxia 
or with prolyl-4-hydroxylase inhibitors. Molecular 
Biology Reports. 39, 4857, 2012.

76.	SOMADE O.T., AJAYI B.O., OLUNAIKE O.E., JIMOH 
L.A. Hepatic oxidative stress, up-regulation of pro-
inflammatory cytokines, apoptotic and oncogenic markers 
following 2-methoxyethanol administrations in rats. 
Biochemistry and Biophysics Reports. 24, 100814, 2020.

77.	 IJAZ M.U., SHAHZADI S., SAMAD A., EHSAN N., 
AHMED H., TAHIR A., REHMAN H., ANWAR H. 
Dose-Dependent Effect of Polystyrene Microplastics on 
the Testicular Tissues of the Male Sprague Dawley Rats. 
Dose-Response. 111, 18, 2021.

78.	AKRAM Z., MAHJABEEN I., UMAIR M., FAHIM M., 
KAYANI M.A., FATIMA L., AHMAD M.W., JAHAN 
S., AFSAR T., ALMAJWAL A., ALRUWAILI N.W. 
Expression variation of OGG1 and HPRT1 gene and DNA 
damage in arsenic exposed industrial workers. PLOS One. 
17 (9), e0273211. 2022


