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A R T I C L E  I N F O  ABSTRACT 

ORIGINAL  ARTICLE 
 Introduction: Inhalation of microplastics (MPs) can damage lung tissue. 

Alveolar macrophages express superoxide dismutase (SOD) as a defensive 

response to foreign substances. Additionally, F2-isoprostane (IsoP) is a 

specific biomarker of oxidative stress induced by reactive oxygen species 

(ROS). This study aimed to analyze the effects of Mps inhalation on alveolar 

macrophages.  

Materials and Methods: This true experimental study employed a post-test-

only control group design using 21 Wistar rats. MPs aerosols at concentrations 

of 1 mg/L/day and 2 mg/L/day were inhaled for 28 days. Airborne MPs were 

measured using passive sampling methods. SOD and IsoP expression levels 

were evaluated using immunohistochemistry, and their correlations with MPs 

levels were analyzed using Spearman’s rank correlation test.  

Results: The average level of MPs in the air chamber of treatment group 1 was 

17.59 particles/unit chamber, and that of treatment group 2 was 35.95 

particles/unit chamber. The average expression of SOD and IsoP in the 1 mg/L 

exposure samples was 15.16 cells/field of view and 17.54 cells/field of view, 

while in the 2 mg/L exposure samples, there were 10.63 cells/field of view and 

23.28 cells/field of view. The effect of MPs levels in chamber air on the 

expression of SOD and IsoP in alveolar macrophages in lung tissue was 

significant (p < 0.05).  

Conclusions: Subacute exposure to MPs causes oxidative stress and damage 

to the membrane of macrophage cells. The dose of exposure to MPs in the 

study may be higher than the presence of MPs in the air in reality. 
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Introduction 

Microplastics (MPs) have recently been 

recognized as emerging airborne contaminants 

with potential implications for human health. The 

extensive use of plastic materials in daily life has 

led to the release of MPs into both indoor and 

outdoor air environments. These particles, 

typically ranging from 0.1 µm to 5 mm in size 1, 

are generated through the physical, chemical, 

mechanical, and biological degradation of larger 

plastic items2. Based on their origin, MPs are 

classified as primary or secondary, and they appear 

morphologically as fragments, pellets, fibers, 

films, or foams3.  
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Several studies have confirmed the presence of 

airborne MPs in various areas. In Surabaya, 

Indonesia, their abundance reached 174.97 

particles/m3/day, which was associated with heavy 

traffic4. In New Jersey, USA, indoor measurements 

showed high concentrations of polyethylene (PE) 

fibers, especially in residential areas, indicating 

that households are major sources of microplastic 

fibers5. Similar findings in Portugal reported an 

outdoor abundance of 6 fibers/m3, confirming that 

microplastics are widespread in the atmosphere6.  

Airborne MPs may adversely affect the 

respiratory system6. Particles smaller than 16.8 µm 

can penetrate the lower respiratory tract, bypass 

mucociliary clearance, and accumulate in the 

alveolar region7. Once deposited, MPs can activate 

alveolar macrophages, which act as the first line of 

immune defense through phagocytosis8. This 

process stimulates the production of reactive 

oxygen species (ROS), such as superoxide radicals, 

hydrogen peroxide, and hydroxyl radicals, 

potentially leading to oxidative stress and cellular 

damage9. 

To counteract oxidative stress, cells express 

antioxidant enzymes such as superoxide dismutase 

(SOD), glutathione peroxidase (GPx), and catalase 

(CAT)10. However, excessive ROS production can 

overwhelm the antioxidant defenses, resulting in 

lipid peroxidation and the formation of biomarkers 

such as malondialdehyde (MDA) and isoprostanes 

(IsoP). Elevated levels of these metabolites 

indicate membrane damage and oxidative 

imbalance, which may contribute to inflammation 

and degenerative changes in the lung tissue11. 

If oxidative stress leads to phospholipid damage 

in the cell membrane, it is indicated by the 

formation of MDA and IsoP as toxic byproducts12. 

IsoP is a specific product of arachidonic acid 

peroxidation, which occurs as a result of oxidative 

stress and cell membrane damage. An increase in 

IsoP metabolites indicates elevated oxidative stress 

in the body and may serve as an important 

biomarker for degenerative diseases13. Inhaled 

MPs can reach the alveoli and be phagocytosed by 

alveolar macrophages (AMs). Alveolar 

macrophages play a crucial role in responding to 

foreign particles and secreting inflammatory 

mediators to maintain homeostasis14. MPs trigger 

inflammatory reactions and oxidative stress, which 

may alter the expression of molecules associated 

with these processes, including IsoP. Excessive 

macrophage activation during inflammatory cell 

recruitment can lead to inflammation and damage 

to lung tissue8.  

Although several studies have reported the 

presence and potential toxicity of airborne 

microplastics, limited research has focused on their 

specific effects on lung immune cells, particularly 

the alveolar macrophages. Previous studies have 

mainly examined oxidative stress markers, such as 

malondialdehyde (MDA); however, the combined 

expression of superoxide dismutase (SOD) and 

isoprostanes (IsoP) as indicators of oxidative stress 

and membrane damage in alveolar macrophages 

has not been investigated. Therefore, this study 

provides novel insights into the oxidative and 

inflammatory responses of alveolar macrophages 

following subacute exposure to low-density 

polyethylene (LDPE) microplastics. This study 

aimed to analyze the effects of subacute exposure 

to low-density polyethylene (LDPE) MPs on 

oxidative stress and membrane damage in alveolar 

macrophages of Rattus norvegicus Wistar strain. 

Materials and Methods 

This study was a true experimental study using a 

post-test-only control group design. The 

independent variable was the concentration of 

airborne MPs, and the dependent variables were 

SOD and IsoP expression. The study consisted of 

three groups: control (K), treatment 1 (P1), and 

treatment 2 (P2) groups. 

Research ethics 

Ethical approval was obtained for the use of 

experimental animals. The ethical clearance 

certificate (No. 1069/EA/KEPK/2023) was 

obtained from the Health Research Ethics 

Committee of the Ministry of Health and 

Semarang Health Polytechnic. 

Experimental animals 

Healthy male Rattus norvegicus (Wistar strain) 

rats weighing 150 ± 20 g were used as the 
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experimental animals. Animals that died during the 

study were excluded. The sample size was 

determined using the method described by 

Lemeshow15 with reference to previous studies. 

The parameters included the standard deviation of 

the control group (∑ = 0.53), Z½α = 1.96 (α = 

0.05), Zβ = 1.64, and mean responses of µ₁ = 8.49 

and µ₂ = 7.0116. Based on these calculations, six 

rats were required per group; one additional rat 

was added to anticipate possible dropouts, 

resulting in seven rats per group. Before exposure, 

the rats were acclimatized for seven days in cages 

(47 × 33 × 15 cm) at 22 ± 3 °C and 30-70% 

humidity. MPs exposure was performed in 

individual chambers (28 × 18 × 12 cm), totaling 21 

chambers. After the exposure period, the rats were 

euthanized with ketamine (5-10 mg/kg body 

weight), and lung tissues were collected for further 

analysis. 

Determination of dose and duration of 

exposure 

The dose and exposure duration were 

determined based on OECD Guideline for the 

Testing of Chemicals No. 412 (28-day subacute 

inhalation toxicity study)17. The exposure was 

administered in the form of aerosols sprayed over 

the entire body of each subject for 6 h per day, 5 

days per week, for a total of 28 days. Two 

exposure doses were used: 1 and 2 mg/L. The 

control group was not exposed to MPs. Treatment 

1 involved exposure to ≤ 10 µm MPs aerosols at a 

dose of 1 mg/L, whereas Treatment 2 involved 

exposure to ≤ 10 µm MPs aerosols at a dose of 2 

mg/L.  

Preparation and characterization of MPs 

LDPE microplastics were prepared by 

mechanically milling LDPE plastic materials using 

an FCT Z100 miller machine. The use of a milling 

machine may result in contamination from metal 

ions, which represents a limitation of the 

microplastic preparation process in this study. The 

resulting particles were subsequently sieved 

through a 1250-mesh sieve to obtain uniform 

particles with a size of ≤ 10 µm. The selected 

particle size was based on previous findings 

reporting that polyethylene (PE) and 

polypropylene (PP) microplastics with diameters 

ranging from 5.5 to 16.8 µm have been detected in 

human lung tissue7. Therefore, an intermediate size 

of 10 µm was selected to represent respirable 

particles. 

The polymer type of the LDPE particles was 

confirmed using Fourier Transform Infrared 

(FTIR) spectroscopy, and particle morphology and 

size distribution were verified by Scanning 

Electron Microscopy (SEM) 

Measurement of lairborne MPs levels 

The concentration of airborne microplastics 

(MPs) in the exposure chambers was determined 

daily using passive sampling. Clean glass 

collection plates were placed at the center and near 

the breathing zone of the chamber to capture the 

settling particles. The chamber walls were rinsed 

three times with filtered distilled water to recover 

the adhered MPs. The rinsing liquid was filtered 

through a 1250-mesh stainless-steel sieve (10 µm) 

and then passed through a 0.22 µm PTFE 

membrane filter (90 mm diameter). The retained 

particles were examined under a binocular 

microscope (100x magnification) and confirmed as 

LDPE using Fourier-transform infrared (FTIR) 

spectroscopy. 

A limitation of this method is that passive 

sampling provides only an indirect estimation of 

airborne MP concentration and does not account 

for the particle size distribution or dynamic 

inhalation exposure. Therefore, future studies 

should incorporate active air sampling techniques 

to obtain more accurate and representative 

exposure measurements. 

SOD and IsoP expression analysis 

The expression of SOD and IsoP in alveolar 

macrophages was evaluated using 

immunohistochemistry (IHC). Lung tissues were 

fixed in 10% neutral-buffered formalin for 24 h, 

followed by dehydration, clearing, paraffin 

embedding, and sectioning at a thickness of 4-6 

µm. The sections were mounted on poly L-lysine-

coated glass slides and subjected to hematoxylin 

and eosin (HE) staining using Mayer’s 
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hematoxylin as a histological reference. 

Immunohistochemical staining was performed 

following the manufacturer’s protocol using anti-

SOD-1 (sc-101523; Santa Cruz Biotechnology, Inc.) 

and anti-F2-isoprostane (Pab ISOPROSTANE [8-

ISO-PGF2A]; MyBioSource, Inc.) primary 

antibodies. After incubation with primary antibodies, 

the sections were processed using a standard indirect 

IHC method with a biotin–streptavidin detection 

system and 3,3′-diaminobenzidine (DAB) as the 

chromogen. Counterstaining was performed using 

Mayer’s hematoxylin. 

Positive and negative controls were included in 

each batch of staining. The positive control 

consisted of lung tissue sections known to express 

SOD and F2-isoprostane, whereas the negative 

control omitted the primary antibody to ensure 

specificity. A cell was defined as “positive” when 

it exhibited brown cytoplasmic staining above a 

predetermined intensity threshold (optical density 

> 0.25). 

Quantification of SOD and IsoP expression was 

performed using the ImageJ image analysis 

software (NIH, USA). The percentage of 

positively stained alveolar macrophages was 

calculated by dividing the number of positive 

cells by the total number of macrophages in each 

field at 400×. All analyses were conducted in five 

randomly selected fields per sample to minimize 

the observer bias. 

Data analysis 

Data normality was tested using the Shapiro–

Wilk test, and homogeneity was assessed using 

Levene’s test. The correlation between airborne 

microplastic levels and the expression of SOD and 

IsoP was analyzed using Spearman’s rank 

correlation test.177  

Results  

Types and diameters of microplastic particles 

The type of microplastics used in the study was 

tested using FTIR, as shown in figure 1. 

 
Figure 1: FTIR spectrum of low-density polyethylene (LDPE) microplastic particles. 

 

The FTIR spectrum shown in figure 1 indicates 

a strong absorption peak at 2917.76 cm⁻¹, 

corresponding to the CH₂ functional group. 

Another peak at 1471.79 cm⁻¹ represents the C-H 

functional group, and the H-C-H bending vibration 

appears at 718.76 cm⁻¹. The diameter of the MPs 

particles was measured using a scanning electron 

microscope (SEM) at 3300x magnification with a 5 

µm scale. 

Levels of microplastics in the air 

The measurement of MPs levels in chamber air 

using the passive method is shown in Table 1. Data 

normality was assessed using the Shapiro-Wilk test 

because the sample size was less than 50, and 

homogeneity was evaluated using Levene’s test. 

The microplastic concentrations in the chamber 

air for the control group, treatment 1, and treatment 

2 are shown in figure 2. 
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Table 1: Levels of microplastics in chamber air for 28 days 

n Sample Code 
Microplastic Levels (Particles/unit chamber) 

Normality test Homogenity test 
Median (IQR) Max Min 

7 K 3 (2) 8 1 

0.001 0.000 7 P1 17 (1.75) 23 12 

6 P2 35 (4) 48 27 

Source: Primary data, 2024 

 

 
Figure 2: airborne microplastics levels of in the exposure chambers. 

 

The figure shows the average concentration of 

MPs particles in the chamber air for each treatment 

group: control (K), 1 mg/L/day exposure (P1), and 

2 mg/L/day exposure (P2). The concentration of 

airborne MPs increased proportionally with the 

exposure dose, with the highest level observed in 

the P2 group. A small number of MPs particles 

(3.41 particles/unit chamber) were also detected in 

the control chamber, indicating background 

contamination. 

The concentration of MPs in the chamber air 

was not normally distributed (p > 0.05) and 

exhibited nonhomogeneous characteristics. 

Therefore, a non-parametric analysis using 

Spearman’s rank correlation was applied to assess 

the relationship between the administered MP 

exposure dose and the airborne MP concentration 

within the chamber. 
 

Tabel 2: Correlation between microplastic exposure dose 

and airborne microplastic levels in exposure chambers 

Variable p-value Spearman’s rho (ρ) 

MPs Chamber 0.001 0.943 

Source: Primary data analysis, 2024 

A significant and strong positive correlation was 

observed between the exposure dose and airborne 

microplastic concentration (ρ = 0.943, p = 0.001), 

indicating that increasing the administered dose 

proportionally elevated the MP concentration in 

the exposure chamber. 

SOD and IsoP expression in alveolar 

macrophages 

The expression levels of SOD and IsoP in 

alveolar macrophages after 28 days of LDPE 

microplastic exposure are shown in Table 3 and 

Figure 3, respectively. Data normality was 

assessed using the Shapiro-Wilk test, and 

homogeneity was evaluated using Levene’s test. 

The results indicated that SOD expression 

decreased, whereas IsoP expression increased 

proportionally with the exposure dose. As some 

data were not normally distributed (p < 0.05), the 

results are presented as median (interquartile 

range, IQR) instead of mean ± SD. 

The expression levels of superoxide dismutase 

(SOD) and isoprostanes (IsoP) in alveolar 

macrophages after 28 days of microplastic 

exposure can be seen in figure 3. 
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Table 3: Expression of superoxide dismutase (SOD) and isoprostanes (IsoP) in alveolar macrophages after 28 days of 

microplastic exposure 

N Group 

SOD (cell/field of view) IsoP (cell/field of view)  

Median  

(IQR) 
Max Min 

Normality/homogenity  

test 
Median (IQR) Max Min 

Normality/ 

homogenity test 

7 K 21 (5) 33 10 

0.127/0.13 

1 (2) 5 0 

0.021/0.014 7 P1 16.5 (12) 32 5 20 (11) 31 5 

6 P2 9 (7.75) 23 3 22 (26) 48 7 

Source: Primary data, 2025 
 

  
Figure 3: Immunohistochemical expression of SOD and IsoP in alveolar macrophages of Rattus norvegicus after 28 

days of exposure to LDPE microplastics. 
 

The mean SOD expression decreased 

progressively with increasing MPs exposure dose, 

with the lowest expression observed in the P2 

group (2 mg/L/day). In contrast, IsoP expression 

increased proportionally with the exposure dose, 

showing the highest intensity in the P2 group. 

These results indicate an inverse relationship 

between antioxidant enzyme activity and lipid 

peroxidation biomarkers following subacute 

inhalation of LDPE microplastics. Under normal 

conditions, SOD and IsoP expression were 

maintained at basal levels in the control group. The 

visualization of superoxide dismutase and 

isoprostane expression in the lung tissue of Rattus 

norvegicus Wistar strain can be seen in figure 4. 

Figure 4 shows that alveolar macrophages are 

located within the alveolar spaces, appearing round 

or oval in shape and larger than the surrounding 

cells. Macrophages expressing SOD and IsoP 

exhibited distinct brown coloration in the 

cytoplasm, whereas those without SOD and IsoP 

expression appeared light blue. The brown 

coloration was not homogeneous because IsoP 

tended to accumulate in specific cytoplasmic 

regions that were rich in lipids and had high reactive 

oxygen species (ROS) activity. 

 
Figure 4: Expression of SOD and IsoP in Alveolar 

Macrophages of Rattus norvegicus Wistar Strain Lung 

Tissue. 
Description: (a) SOD of the control group; (b) SOD of 

treatment group 1; (c) SOD of treatment group 2; (d) 

IsoP of the control group; (e) IsoP of treatment group 1; 

(f) IsoP of treatment group 2 

Arrows indicate alveolar macrophages showing positive 

and negative SOD enzyme expression 

              Alveolar macrophages with a positive response 

              Alveolar macrophages with a negative response 
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The effect of subacute exposure to LDPE 

microplastics on SOD and IsoP expression in 

alveolar macrophages 

The non-parametric Spearman’s rank correlation 

test was performed because the data did not meet 

the normality assumption (Table 4). 

Table 4: Results of the effect of subacute exposure to 

LDPE microplastics on SOD and IsoP expression in 

alveolar macrophages 

Variable p-value Spearman’s rho (ρ) 

SOD 0.009* -0.566 

F2 Isoprostane 0.001* 0.742 

Source: primary data analysis, 2025 

 

As shown in Table 4, Spearman’s rank 

correlation analysis demonstrated a significant 

relationship between airborne LDPE microplastic 

levels and the expression of oxidative stress 

markers in alveolar macrophages (p < 0.05). A 

moderate negative correlation was observed 

between microplastic levels and SOD expression 

(ρ = -0.566, p = 0.009), indicating that higher MPs 

concentrations were associated with reduced 

antioxidant enzyme activity. Conversely, a strong 

positive correlation was found between 

microplastic levels and F2-Isoprostane expression 

(ρ = 0.742, p = 0.001), suggesting increased lipid 

peroxidation with higher MPs exposure. These 

findings indicate that elevated MPs exposure may 

disrupt the oxidative balance in alveolar 

macrophages, leading to reduced antioxidant 

defense and enhanced oxidative damage. 

Discussions 

The results of SEM Scanning electron 

microscopy revealed that the microplastics used for 

animal exposure had a diameter of less than 5 µm. 

The size of microplastic particles influences their 

toxicity, with smaller particles exhibiting a greater 

potential for toxic effects18. The surfaces of the 

microplastic particles were irregular, and their 

shapes determined the biological responses in the 

tissue. Particles with irregular, sharp, and rigid 

edges can induce biological effects through 

inflammatory mechanisms, leading to blood vessel 

dilation and facilitating leukocyte phagocytosis. 

However, microplastic particles cannot be fully 

degraded by phagocytes. Attempts to eliminate 

microplastics may occur via oxygen-dependent 

oxidative mechanisms or independently of 

inflammatory mediators. These responses can 

subsequently damage the surrounding cells19.  

The diameter of microplastic particles capable 

of entering the respiratory system ranges from 0.1 

to 10 µm20. In outdoor air, microplastics such as 

polyethylene (PE), polypropylene (PP), and 

polystyrene (PS) have been detected in the form of 

fibers, fragments, foam, and films, with 

concentrations ranging from 175 to 313 

particles/m²/day in Dongguan, China21. 

Microplastics have also been reported as indoor-air 

pollutants. In Surabaya, Indonesia, polyethylene 

terephthalate (PET) microplastics, poly (cis/trans-

cyclohexanediol terephthalate), and viscose rayon 

were detected at a concentration of 3.82 

particles/m³ in office air22. The highest 

concentration of microplastics in household air was 

reported to be 6.169 particles/m²/day. The quantity 

of microplastics in indoor air is influenced by 

factors such as ventilation, presence of solid waste, 

use of plastic furniture, and the activities of room 

occupants22-25.  

If not properly addressed, the presence of 

microplastics in the air can negatively impact 

human health, particularly lung tissue. 

Polyethylene (PE) and polypropylene (PP) 

microplastics have been detected in human lung 

tissue, with 33 particles measuring less than 

5.5 µm and four fibrous particles ranging from 

8.12 to 16.8 µm in size7. These findings indicate 

that microplastics can bypass the physical defense 

mechanisms of the respiratory tract, leading to 

their accumulation in the alveoli8. Inhaled 

microplastics may be cleared through mechanical 

processes such as sneezing, mucociliary transport, 

phagocytosis by macrophages, and lymphatic 

transport26. However, not all microplastics in lung 

tissue are removed by these mechanisms. Residual 

microplastics can induce inflammation by 

releasing intracellular mediators, proteases, and 

reactive oxygen species (ROS). Microplastics can 

persist in lung tissue fluid for up to 180 days 

without significant changes in surface area, 
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potentially resulting in fibrosis and, in some cases, 

cancer27.  

The present study demonstrated that subacute 

exposure to airborne LDPE microplastics 

significantly affects oxidative stress markers in 

alveolar macrophages. Spearman’s rank correlation 

analysis revealed a moderate negative correlation 

between LDPE microplastic levels and SOD 

expression (ρ = -0.566, p = 0.009), while a strong 

positive correlation was observed with IsoP 

expression (ρ = 0.742, p = 0.001). These results 

suggest that increased exposure to LDPE 

microplastics reduces antioxidant defense and 

enhances lipid peroxidation, indicating an 

imbalance in the oxidative homeostasis. 

These findings align with those of previous 

studies demonstrating that microplastics can 

generate reactive oxygen species (ROS) and induce 

oxidative stress in pulmonary cells28, 29. Specifically, 

decreased SOD activity has been reported in 

alveolar macrophages exposed to polystyrene and 

polyethylene microplastics, reflecting an impaired 

enzymatic defense against ROS. Meanwhile, the 

elevation of IsoP levels corroborates enhanced lipid 

peroxidation as a result of oxidative injury, 

consistent with the oxidative stress mechanisms 

described in inhalation toxicology30.  

Interestingly, our results partially contrast with 

those of Lestari et al. (2025)31, who reported no 

significant change in SOD activity following 

subacute polyethylene exposure. This discrepancy 

may be due to differences in particle size, exposure 

duration, and experimental models. Our study 

employed repeated subacute exposure, which may 

better mimic chronic environmental inhalation. 

These differences highlight the importance of 

considering exposure and particle characteristics 

when evaluating microplastic toxicity. 

Consistent with previous findings, exposure to 

polystyrene microplastics (0.01 mg/kg for four 

weeks) in Rattus norvegicus Wistar strain has been 

shown to significantly decrease CAT, SOD, and 

GPx activity while elevating ROS and 

malondialdehyde (MDA) levels, indicating an 

oxidative imbalance32. Similarly, exposure to 

polypropylene (PP) microplastics via inhalation (2 

mg/m³) induces persistent pulmonary inflammation 

and histopathological alterations in lung tissue33. 

Klik atau ketuk di sini untuk memasukkan 

teks.Microplastics (MPs) induce inflammation via 

the TLR4/MyD88/NF-κB pathway, promoting the 

release of pro-inflammatory cytokines. Polystyrene 

MPs (PS-MPs) also cause cytotoxicity and oxidative 

stress, increasing ROS, MDA, and liver enzyme 

levels, while reducing antioxidant defenses (SOD 

and GSH). These effects disrupt cellular 

homeostasis, leading to lipid accumulation, fibrosis, 

and steatosis, ultimately aggravating disease 

progression34. Conversely, another study involving 

low-density polyethylene (LDPE) microplastics (< 

10 µm, 1–5 mg/L aerosol exposure) in Rattus 

norvegicus reported no significant changes in SOD 

or CAT expression at different exposure 

concentrations. These discrepancies may be 

attributed to variations in the microplastic dose, 

exposure method, and environmental conditions 

employed across experimental designs31.  

Oxidative stress damages cellular components, 

including the lipids in cell membranes. IsoPs are 

byproducts of lipid peroxidation resulting from the 

oxidation of arachidonic acid. The expression of 

IsoP in alveolar macrophages indicates that 

microplastic exposure increases lipid peroxidation, 

contributing to cellular damage35. This is consistent 

with previous research in which Rattus norvegicus 

(Wistar strain) were orally exposed to LDPE 

microplastics measuring ≤20 µm in size. Five 

different microplastic doses were administered over 

90 days. The study reported that higher microplastic 

levels in the blood corresponded to an increased 

expression of malondialdehyde (MDA) in 

hippocampal neurons36. IsoP and MDA are 

byproducts of lipid peroxidation induced by free 

radicals. IsoP is formed non-enzymatically, whereas 

MDA is formed by the oxidation of unsaturated 

fatty acids. IsoP is considered a more sensitive and 

expressive indicator of ROS-induced lipid 

peroxidation13, 37. Persistent oxidative stress can lead 

to cellular damage and chronic inflammation, 

ultimately compromising lung tissue integrity. 

Overall, these results underscore that even 

subacute exposure to LDPE microplastics can 
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disrupt the oxidative balance in alveolar 

macrophages, potentially compromising pulmonary 

antioxidant defense and increasing susceptibility to 

oxidative damage. These findings contribute to the 

growing body of evidence linking airborne 

microplastics with respiratory oxidative stress and 

support the need for further research on long-term 

pulmonary effects. 

Although the exposure concentration applied in 

this study exceeded typical environmental levels, 

the identified mechanistic pathways are relevant 

for understanding chronic or occupational 

exposure scenarios, particularly in the plastic 

manufacturing and recycling industries. These 

findings provide novel insights into the oxidative 

and inflammatory processes induced by LDPE 

microplastics, emphasizing the importance of 

further investigations to establish safe exposure 

thresholds and evaluate long-term respiratory risks 

in humans. 

Conclusions 

Exposure to polyethylene (LDPE) microplastics 

smaller than 5 µm induces oxidative stress in lung 

tissue, as evidenced by elevated reactive oxygen 

species (ROS) levels, altered antioxidant enzyme 

SOD expression, and increased lipid peroxidation 

products such as F2-isoprostanes. The particle size 

and morphology play critical roles in inflammatory 

responses and alveolar accumulation. Although the 

experimental doses exceeded typical environmental 

exposure, the identified cellular mechanisms 

highlight the potential risks associated with chronic 

or high-level exposure, such as in occupational 

settings. This study provides novel insights into the 

link between microplastic characteristics, oxidative 

damage, and lung tissue impairment, emphasizing 

the need for further investigation of safe exposure 

thresholds in humans. 
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