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Abstract 

Microplastics (MPs) are synthetic solid polymers (1µm – 5mm) which are non-biodegradable. The 

toxicological effects of MPs have been well investigated, but research on how these particles affect 

PBMCs leaves much to be explored. Different concentrations 0.5 µg/ml, 5 µg/ml, 50 µg/ml, 500 µg/ml 

of PEG and manually grinded natural MPs were exposed to PBMCs in RPMI medium for 24 hours. 

Cell viability assay, Neutral Red phagocytosis assay, Griess colorimetric assay, Nitroblue 

Tetrazolium test was done to examine the cytotoxic effect of MPs on PBMCs. The present study 

results indicated that both natural MPs and Polyethylene Glycol (PEG) significantly reduced cell 

viability in a concentration-dependent manner. At highest concentrations, Natural MPs induced 

phagocytic activity of PBMCs. These MPs may act as stimulants to increase phagocytic activity. 

Regarding oxidative stress, Natural MPs exposure with PBMCs showed a significant increase in ROS 

production, whereas PEG exposure didn’t induce notable ROS production. NO production levels 

remained unchanged in PBMCs after exposure to both PEG and Natural MPs, showing that under 

the tested conditions, neither treatment significantly influenced the NO-mediated inflammatory 

pathways. In summary, this present study showed that MPs exposure to humans can impair cell 

viability, induce phagocytosis and induce ROS production without altering the NO mediated 

inflammatory pathways. 

Keywords: microplastics; peripheral blood mononuclear cells; oxidative stress; cell viability 

 

1. Introduction 

Plastics are ubiquitous in the global environment. Around 350 million tons of plastics are 

produced annually across the world (Yee et al., 2021). These plastics are being utilized in several 

industrial uses. Nowadays, they are considered as essential material due to their low weight, low 

cost, low density, flexibility and electrical insulation properties. 

Microplastics (MPs) can be considered as “synthetic solid polymers, having regular or irregular 

shape and with size ranging from 1µm to 5mm, which are insoluble in water and non-degradable” 

(Campanale et al., 2020). Nowadays, MPs exist in the environment in many forms including different 

polymers, sizes and shapes. Primary MP particles are small plastic particles that are artificially 

manufactured in industries as a byproduct (Emenike et al., 2023b). Primary MPs are usually found in 

cosmetics, artificial turf, cleaning products and fishing nets. Secondary MPs arise from the 

degradation of large plastics items (bottles, bags and packing items) (Emenike et al., 2023). 

Mechanical forces, UV rays facilitate the degradation of large plastic items leading to the formation 

of secondary MPs. Inhalation, oral intake and dermal contact are the major pathways of human 
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exposure to MPs. The term “plastic cycle” in science proposed by Rillig et al. (2022) refers to the 

capability of MPs to move between different abiotic and biotic mediums. 

Concentration of MPs present in the human body should be determined experimentally to 

identify the toxic effects. MPs ingested may get attached into organs or tissues. These ingested MPs 

may transmit environmental pollutants which are present on their surface affecting the organisms’ 

reproduction capacity. For the first time, scientists have identified microplastic pollution in human 

blood, detecting the microscopic particles in nearly 80% of the people. According to a recent study, 

MPs are discovered in many biological parts of human, including the spleen, liver, colon, lung, feces, 

placenta, urine, sputum and breastmilk etc (Li et al., 2023). MPs were discovered in human 

cardiovascular system, digestive system, endocrine system, lymphatic system, respiratory system 

and reproductive system. 

MP particles are migrated through the blood circulatory system after entering the human body 

through food consumption, skin contact and breathing. Therefore, it is important to understand how 

blood cells interact with these MP particles. In vitro studies have demonstrated that MPs tend to 

accumulate in the gills, stomachs, and brain systems of marine fishes, leading to cellular changes 

(Emenike et al., 2023). MPs are responsible for the production of reactive oxygen species (ROS) 

leading to inflammation (Kadac-Czapska et al., 2024). Similarly, observed that large MP particles (0.3-

10 µm) promote the release of pro-inflammatory cytokines (Agrawal et al., 2024). Under physiological 

conditions, plasma protein surrounds the MP particles resulting in the formation of a corona 

(Lundqvist et al., 2008). Protein corona reduces the MP particle internalization by phagocytic cells 

(Prietl et al., 2013). The genotoxic effect of MPs was confirmed on many cell lines including intestinal 

cells and lung cells (Rajendran and Chandrasekaran, 2023). 

Only few researchers have examined the toxic effect of MPs exposure on human blood cells. 

Therefore, study on the toxic effect of MPs on human peripheral blood mononuclear cells (PBMCs) 

needs to be explored. The occurrence of MPs in human peripheral blood was detected recently 

(Dzierżyński et al., 2024). Nearly 80% of participants had MP particles in their body (Babonaitė et al., 

2023). Majority of studies were conducted to seek the impact of MPs on animal systems including 

mainly in aquatic fishes (Subaramaniyam et al., 2023).  Blood cells are constantly exposed to various 

xenobiotics and metabolites, and these cells can be considered a useful target for pollution exposition. 

In recent studies, MPs that were used were not directly exposed to the environment. MPs exposed to 

the environment may accelerate the immune response.  Therefore, it is necessary to understand the 

biological effect of micro sized plastic particles on human cells. Therefore, the aim of this study is to 

assess the biological effects of MPs suspension on human PBMCs blood cells and explore potential 

risks that might be associated with human exposure to MPs. 

2. Methods 

2.1. Source and Preparation of MPs  

Ethical approval for this study was obtained from the Ethics Review Committee (ERC) of 

Institute of Biology of Sri Lanka (ERC IOBSL 357 07 2024). 

Natural MPs solutions were prepared according to the steps described by Rahman et al. (2024) 

with some alterations. Plastics were collected from Mount Lavinia Beach, which is located in the 

western littoral region of Sri Lanka (Colombo District). The sampling location is situated 

approximately 12 km south of Colombo and lies at the coordinates 6.8298° N latitude and 79.8631° E 

longitude. The site is positioned between the suburban localities of Dehiwala and Ratmalana and is 

accessible via the Galle Road (A2). Collected plastics were washed properly with Milli Q water to 

eliminate contaminants. They were air dried for two days to enhance breaking. These plastic pieces 

were kept in falcon tubes at −80 °C, for 3 days. After 3 days, the plastic pieces were mixed with 

methanol (1:1). They were kept on dry ice for one hour. The mixture was sonicated in an ice bath at 

40 kHz for two hours until a uniform suspension of MPs was evident. Then MPs were dissolved in 

0.5% hydrochloric acid (HCl) to further eliminate impurities which are present on the surface of MPs. 
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Furthermore, the powdered material was examined under a scanning electron microscope and 

confirmed to be in the size range of 1 µm to 5 mm. The natural MP particles were stored in glass 

bottles, and concentrations of MPs solutions 0.5 µg/ml, 5 µg/ml, 50 µg/ml, 500 µg/ml were prepared 

in Roswell Park Memorial Institute Medium (RPMI 1640 culture medium) (Gibco, Thermo Fisher 

Scientific, USA, Cat no: 23400-013). Then the obtained material was examined under a scanning 

electron microscope. It was confirmed that MPs are in the size range from 1 µm to 5 mm. Fourier-

transform infrared (FTIR) spectroscopy was used to confirm the polymer type of MP. 

Similarly, concentrations of Polyethylene Glycol (PEG) (Gibco, Thermo Fisher Scientific, 

Waltham, MA, USA, Cat no: 25322-68-3) 0.5 µg/ml, 5 µg/ml, 50 µg/ml, 500 µg/ml were prepared in 

RPMI 1640 culture medium. The test concentrations were prepared from this stock solution. 

2.2. Preparation of PBMCs   

Peripheral blood samples from twelve healthy (n=12, healthy volunteer donors of age 18-30 were 

selected for this study. These participants didn’t have any history of alcohol consumption, smoking 

or long-term drug use and no history of any previous acute infections for two weeks prior of duration 

prior to sample collection. (About 5 ml of peripheral blood collected by venipuncture in EDTA tubes. 

PBMCs were isolated from whole blood using the Ficoll-Paque density centrifugation method 

(Jia et al., 2017). An amount of 5 ml of heparinized blood was centrifuged at 1960 revolutions per 

minute (RPM) for 5 minutes in breaks on mode. The supernatant was discarded and RPMI 1640 

culture media was added in 1:1 ratio. 3 ml of Ficoll PaqueTM Plus (Cytiva, Thermo Fisher Scientific, 

Waltham, MA, USA) was added to the above diluted blood sample. Tube containing Ficoll PaqueTM 

Plus was held at 45° degrees and the diluted cell suspension was carefully overlayed onto Ficoll 

PaqueTM Plus media (Figure 2.1). The cell suspension was centrifuged at 1960 rpm for 20 minutes at 

brakes off mode (Figure 2.2). White mononuclear cell layer was drawn off using a sterilized pipette 

between Ficoll PaqueTM Plus media and plasma without disturbing the interface. The mononuclear 

cells layer was transfused to a sterile centrifuge tube using a sterile pipette. The mononuclear cell 

suspension was washed with 1 × PBS solution and centrifuged at 1960 rpm for 10 minutes at brakes 

low mode. The cell pellet was resuspended with RPMI 1640 culture media (containing 10% fetal 

bovine serum, glutamine). Isolated PBMCs were counted using a Neubauer improved 

hemocytometer. 

2.3. PBMC Treatment with PEG and Natural MPs 

Different concentrations of PEG and manually grinded natural MPs (0.5 µg/ml, 5 µg/ml, 50 

µg/ml, 500 µg/ml) were exposed to PBMCs in 96 well sterile cell culture plate at 0.1 × 106 cells / well 

in RPMI medium and incubated for 24 h at 37° C, 5% CO2. (Model: Galaxy 170S, Manufacturer: New 

Brunswick, Eppendorf AG, Hamburg, Germany). Equal number of cells without treating with PEG 

or manually grinded natural MPs were considered as the negative control. 

2.4. Assessment of Cell Viability and Phagocytic Capacity 

The viability of the PBMCs exposed against different concentrations of PEG, natural 

MPs and the negative control were examined following the Trypan blue cell viability 

method (Hudson L, Hay FC. Practical immunology,1980). 

2.4.1. Neutral Red Uptake Assay  

Phagocytic activity of PBMCs was measured using neutral red dye uptake assay (Hudson L, 

Hay FC. Practical immunology, 1980).  PBMCs stained with red color were counted using a 

Neubauer improved hemocytometer. The phagocytic index was calculated using this formula:  

Phagocytic Index = [Number of active PBMC / Number of total PBMC] × 100% 
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In vitro phagocytic activity of PBMCs was established by the nitroblue tetrazolium (NBT) 

reduction assay (Manosroi, Saraphanchotiwitthaya and Manosroi, 2005). PBMCs were incubated 

with 0.1% NBT solution according to MP concentration. The absorbance was measured at 610 nm 

using a microplate reader (Microplate reader 680, Bio-Rad, USA). 

2.5. Griess Colorimetric Assay for Determination of Nitrite Levels 

The level of Nitrite in PBMCs which were exposed to both PEG and Natural MPs were measured 

using Griess colorimetric assay (Tsikas, 2007). 

2.6. Determination of the LC50 /IC 50 Concentration 

Median lethal concentration (LC50) was statistically analyzed by SPSS 6 software. LC50 value is 

determined based on probit analysis which is a graphical method for calculating the LC50. IC 50 

value was calculated using MS excel using this below formula. 

IC50 = (Concentration of tested agent × 50) / % inhibition 

2.7. Statistical Analysis 

IBM® SPSS® Statistics 30.0.0.0 (172) (2025) was used to conduct statistical analyses and produce 

graphical representations of the data. The findings were presented as mean ± SD. The one-way 

analysis of variance (ANOVA) test was used for normally distributed data. The one-way ANOVA 

test followed by Tukey’s Post Hoc test was used to test the statistical significance between treatment 

groups and control. In this study, p value < 0.05 is considered as statistically significant. Each 

experiment was performed in triplicate. 

3. Results 

3.1. FTIR Spectrum Analysis 

The FTIR spectrum of this compound in Figure 1-a shows the characteristic absorption bands 

that confirm the presence of functional groups associated with PEG. A sharp absorption band present 

around 1100 cm⁻¹ is responsible for C–O–C stretching vibrations of the ether linkages, a characteristic 

feature of PEG. Peaks observed between 2880 cm⁻¹ and 2950 cm⁻¹ occur due to C–H bonds from the 

–CH₂– groups that arise from the polymer backbone. This FTIR spectrum in Figure 1-b indicates the 

presence of one or more MP particles, with notable features indicating polyethylene terephthalate 

(PET), polyethylene (PE) and polypropylene (PP). Based on the spectrum, characteristic bands 

observed at 1240 cm⁻¹, 1712 cm⁻¹, 720 cm⁻¹ confirm the presence of ester and aromatic functional 

groups. Therefore, it was concluded that PET is present in this sample. 
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Figure 1. Fourier-transform infrared (FTIR) spectroscopy analysis of pure PEG. 

3.2. SEM Analysis of Natural MPs 

SEM images of Natural MPs shows that the majority of obtained MPs particles were fragments 

and pellets (Figure 2). Size range of obtained MPs are between 1 µm and 5mm. 

 

Figure 2. FTIR spectroscopy analysis of Natural MPs. 

3.3. Cell Viability (%) of PBMCs Treated with Different Concentrations of PEG and Natural MPs 

A significant difference was observed in the mean cell viability values of PBMCs treated with 

0.5 µg/ml (88.68 ± 0.68%), 5 µg/ml (82.25 ± 2.07%), 50 µg/ml (80.07 ± 3.15%), and 500 µg/ml (65.95 ± 

0.88%) PEG, when compared to the control group (98.67 ± 1.13%, p < 0.001). Furthermore, the mean 

cell viability (%) at 0.5 µg/ml PEG was significantly higher than that of 5, 50, and 500 µg/ml groups 
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(0.5 µg/ml; 88.68 ± 0.68%, p < 0.001; Tukey’s Post Hoc test). A statistically significant reduction in cell 

viability was observed in the 500 µg/ml PEG-treated group when compared to the control group 

(65.95 ± 0.88, p < 0.001; Tukey’s Post Hoc test). Similarly, significant viability reductions were 

observed at 0.5 µg/ml, 50 µg/ml, and 500 µg/ml compared to the control group (0.5 µg/ml, 88.68 ± 

0.68%, p < 0.001; 50 µg/ml, 80.07 ± 3.15%, p < 0.001; 500 µg/ml, 65.95 ± 0.88%, p < 0.001; Tukey’s Post 

Hoc test). There was no statistically significant difference between the 5 µg/ml and 50 µg/ml groups 

(p = 0.268, p > 0.05) (Figure 3-a). 

 

Figure 3. Scanning electron microscope (SEM) images of Natural MPs. 

A significant difference was observed for the mean cell viability (%) values of 0.5 µg/ml (89.14 ± 

4.79%), 5 µg/ml (82.194 ± 3.13%), 50 µg/ml (79.444 ± 4.08%) and 500 µg/ml (77.250 ± 5.61%) natural 

MPs exposed groups, when compared to the control group (96.962 ± 2.90%). Statistically significant 

decrease in viability (%) was also observed between 0.5 µg/ml and 500 µg/ml, (0.5 µg/ml, 89.14 ± 

4.79%, p < 0.001; 50 µg/ml, 79.44 ± 4.08%, p < 0.001; 500 µg/ml, 77.25 ± 5.61%; Tukey’s Post Hoc test) 

(Figure 3-b). Table 1 depicts the Mean± SD cell viability levels and the standard error (SE) of each 

concentration of natural MPs and PEG. 
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Table 1. The mean cell viability (%) of control and treatment groups including PEG and Natural MPs at different 

concentrations (µg/ml). 

Concentration 

(µg/ml) 

N Cell Viability (%) 

PEG Natural MPs 

Mean ± SD SE Mean ± SD SE 

Control 6 98.67 ± 1.13 0.46 96.96 ± 2.90 1.18 

0.5 6 88.68 ± 0.68 0.28 89.14 ± 4.79 1.96 

5 6 82.25 ± 2.07 0.84 82.19 ± 3.13 1.28 

50 6 80.07 ± 3.15 1.29 79.44 ± 4.08 1.67 

500 6 65.95 ± 0.88 0.36 77.25 ± 5.61 2.30 

3.3.1. LC50 Assessment of PBMCs with Natural MPs and PEG 

Based on the dose–response curve, the LC₅₀ value for PEG was determined to be 157.9 µg/mL, 

representing the concentration at which cell viability decreased to 50% relative to the untreated 

control (Figures 4 and 5). 

 

Figure 4. Comparison of cell viability (%) of PBMCs treated with different concentrations of PEG (a) and Natural 

MPs (b). *Significant differences between the groups (p<0.050), Tukey Post Hoc test. 
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Figure 5. Dose–Response Curve (PEG) for LC₅₀ Analysis. 

The below dose–response curve (Figure 5) indicates that the LC₅₀ value for PEG is 158.87 µg/mL, 

representing the concentration at which cell viability decreased to 50%. 

3.4. Comparison of Phagocytic Index (%) of PBMCs in PEG and Natural MPs Tested Groups and Control 

A significant difference was observed in the mean Phagocytic Index values of PBMCs treated 

with 0.5 µg/ml (26.03 ± 7.89%), 5 µg/ml (27.60 ± 1.21%), 50 µg/ml (24.88 ± 2.88%), and 500 µg/ml (22.83 

± 5.23%) PEG, when compared to the control group (3.33 ± 1.37%; Tukey’s Post Hoc test, p < 0.050) 

(Figure 6-a). 

 

Figure 6. Dose–Response Curve (Natural MPs) for LC₅₀ Analysis. 

Mean Phagocytic Index values of PBMCs treated with 5 µg/ml, 50 µg/ml, and 500 µg/ml Natural 

MPs were significantly higher when compared to the control group. (5 µg/ml, 23.28 ± 5.98%, p < 0.001; 

50 µg/ml, 32.44± 5.88%; 500 µg/ml, 35.17 ± 5.91%, p < 0.001; Tukey’s Post Hoc test). Mean phagocytic 

Index of PBMCs treated with 500 µg/mL was significantly higher compared to 5 µg/ml and 0.5 µg/ml 
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treated group (35.17 ± 5.91%, p < 0.001; Tukey’s Post Hoc test) (Figure 6-b). Table 2 depicts the Mean± 

SD phagocytic index and the SE of each concentration of natural MPs and PEG. 

 

Figure 6. Comparison of phagocytic index (%) of PBMCs after treatment with PEG (a) and Natural MPs (b). 

*Significant differences between the groups (p<0.050), Tukey Post Hoc test. 

Table 2. The mean phagocytic index (%) of control and treatment groups including PEG and Natural MPs at 

different concentrations (µg/ml). 

Concentration 

(µg/ml) 

N Phagocytic index (%) 

PEG Natural MPs 

Mean ± SD SE Mean ± SD SE 

Control 6 3.33 ± 1.37 0.56 7.17 ± 2.40 0.98 

0.5 6 26.03 ± 7.89 3.22 19.78 ± 6.09 2.49 

5 6 27.60 ± 1.21 0.50 23.28 ± 5.98 2.44 

50 6 24.88 ± 2.88 1.18 32.44 ± 5.88 2.40 

500 6 22.83 ± 5.23 2.14 35.17 ± 5.91 2.41 

3.5. Comparison of Nitrite Level in PBMCs After Treatment with PEG Tested Groups and Control 

There were no statistically significant differences between PEG and natural MPs exposed 

treatment groups and control groups (p > 0.05; Tukey’s Post Hoc Test) (Figure 7). The mean values 

of Nitrite level in PBMCs after treatment with both PEG and Natural MPs were depicted in Table 3. 
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Table 3. Mean ± SD nitrite levels in PBMC treated with PEG and Natural MPs. 

Concentration 

(µg/ml) 

N Nitrite concentration (µM) 

PEG Natural MPs 

Mean ± SD SE Mean ± SD SE 

Control 6 2.21 ± 2.25 0.92 1.22 ± 0.73 0.30 

0.5 6 1.80 ± 0.27 0.11 2.20 ± 0.41 0.17 

5 6 1.80 ± 0.38 0.15 1.83 ± 0.48 0.20 

50 6 2.16 ± 0.68 0.28 2.10 ± 0.92 0.38 

500 6 3.03 ± 0.30 0.12 2.30 ± 0.84 0.34 

3.6. Comparison of ROS Production in PBMCs Treated with PEG 

There were no statistically significant differences between control groups and treatment groups 

(p > 0.05; Games Howell Post Hoc test). However, slight elevation of ROS was observed at 50 µg/ml 

and 500 µg/ml (50 µg/ml; 3.31 ± 0.70, 500 µg/ml, 3.49 ± 1.98) (Figure 8-a). Formazan produced in 

PBMCs treated with 5 µg/ml, 50 µg/ml, and 500 µg/ml Natural MPs were significantly higher when 

compared to the control group. (5 µg/ml, 5.32 ± 0.75, p < 0.001; 50 µg/ml, 6.51 ± 0.22; 500 µg/ml, 10.42 

± 3.85, p < 0.001; Tukey’s Post Hoc test). Formazan produced in PBMCs treated with 500 µg/ml was 

significantly higher compared to that of the 50 µg/ml group (Figure 8-b). The comparative levels of 

ROS production in PBMCs after exposure to PEG and Natural MPs are given in Table 4. 

 

Figure 8. Determination of Nitrite level (µM) in PBMCs after treatment with PEG (a) and Natural MPs (b). Tukey 

Post Hoc test. 
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Table 4. The mean values of the amount of Formazan particles produced which is an indication of ROS present 

in supernatant after the treatment of PEG and Natural MPs with PBMCs. 

Concentration 

(µg/ml) 

N ROS production (µg) 

PEG Natural MPs 

Mean ± SD SE Mean ± SD SE 

Control 6 2.16 ± 0.08 0.04 1.97 ± 0.34 0.15 

0.5 6 2.68 ± 0.30 0.13 5.67 ± 1.40 0.63 

5 6 2.58 ± 0.07 0.03 5.32 ± 0.75 0.34 

50 6 3.31± 0.70 0.31 6.51 ± 0.22 0.10 

500 6 3.49 ± 1.98 0.88 10.42 ± 3.85 1.72 

3.7. Analysis of IC50 Values of Phagocytic Capacity, Nitrite Concentration in PBMCs Treated with PEG and 

Natural MPs 

Dose–response analysis revealed an IC₅₀ of 15.4246 µg/mL for PEG and an LC₅₀ of 5.092 µg/mL 

for natural microplastics in the phagocytosis assay, indicating the concentration required to reduce 

phagocytic activity by 50% (Figures 9-10). 

 

Figure 9. Determination of Formazan in PBMCs after treatment with PEG (a) and Natural MPs (b). Tukey Post 

Hoc test. 
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Figure 10. Phagocytic Inhibition Curve of PEG. 

In the NBT assay, PEG exhibited an IC₅₀ of 30.9996 µg/mL, whereas natural microplastics 

showed a higher IC₅₀ value of 313.4864 µg/mL, indicating a lower inhibitory effect on oxidative burst 
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Figure 12. Dose–response curve showing the inhibitory effect of PEG on superoxide production in PBMCs. 
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Results showed that cell viability of PBMCs decreased with the increasing PEG concentration. A 

significant difference was observed in the mean cell viability values of PBMCs treated with 0.5 µg/ml, 

5 µg/ml, 50 µg/ml, and 500 µg/ml PEG, when compared to the control group. Under invitro 

conditions, it has been found that PEG causes cellular stress at certain concentrations (Pham Le 

Khanh et al., 2022). The dose - dependent decrease in cell viability (%) observed in Natural MPs 

including PP, PE, PET exposure. At higher concentrations, MPs are likely inhibiting cell proliferation. 

MP concentration increases with decreased cell proliferation and increased cytostasis. A statistically 

significant reduction in cell viability was observed at 0.5 µg/ml, 5 µg/ml, 50 µg/ml and 500 µg/ml 

natural MPs exposed groups, when compared to the control group. In this study, since these MPs 

were exposed to the environment, they may contain pollutants, plastic additives and pathogens on 

their surface. Therefore, the discharge of plastic additives is the main component of cell cytotoxicity 

during MPs exposure. MPs used in this study may act as carriers of organic pollutants present in the 

marine environment. Recently, MPs were detected in human blood samples ranging from 1.8 - 4.7 

µg/ml (V. L. Leonard et al., 2024). Most abundant MP particles that were detected in human blood 

samples were PET, PE, ethylene propylene diene and PS (D.-W. Lee et al., 2024). Compared to these 

environmental exposure levels, the concentrations used in this study (0.5 µg/ml to 500 µg/ml) include 

both environmentally relevant doses (e.g., 0.5 and 5 µg/ml) causing reduced cell viability compared 

to control. It indicates that even exposure levels comparable to those found in human samples (0.5–5 

µg/ml) have measurable cytotoxic effects on blood cells. In this present study, though Natural MPs 

had minimal impact on cell viability in PBMCs, at the highest concentration of 500 µg/mL, it induced 

reduced cell viability. 

Formazan produced in PBMCs treated with 5 µg/ml, 50 µg/ml, and 500 µg/ml Natural MPs were 

significantly higher when compared to the control group. Therefore, the increase in formazan 

production could be an indirect indicator of increased ROS production. This could be an oxidative/ 

pro-inflammatory response to MPs exposure. MPs are associated with increased levels of ROS and 

causes change in the balance of mitochondrial kinetic homeostasis (Yin et al., 2023). In previous 

studies, it has been shown that degradation of plastic items is associated with extracellular ROS. 

Therefore, ROS production induced by MPs occur as a result of extracellular and intracellular 

processes (Jeong et al., 2016). When zebrafish (Danio rerio) larvae exposed to MPs, increased ROS 

level was observed with the increased immunotoxicity (Rajendran & Chandrasekaran, 2023). 

The results showed that no statistically significant differences in nitrite levels across all tested 

concentrations of PEG when compared to the untreated control group. Similarly, there is no 

significant differences in nitrite level across all tested concentrations of Natural MPs when compared 

to the untreated control group. 

These findings suggest that PEG and Natural MPs does not cause change in NO level production 

in PBMCs. It indicates that both PEG and natural MPs don’t significantly influence NO mediated 

inflammation pathway. 

Since this study has mainly focused on short time incubation (24 hour) of PBMCs with MPs, 

long-term incubation of PBMCs with MPs should be done in future. This study is mainly focused on 

short-term cytotoxicity. There is no enough time to allow for the release of plastic additives, chemicals 

from the plastics. Depend on the type of MPs, cytotoxicity may also differ. Future research studies 

should be aimed to determine the genotoxic effect such as DNA damage, micronucleus formation of 

MPs using different cell lines and animal models. 

5. Conclusion 

The results showed that both natural MPs and PEG significantly reduced cell viability in a dose-

dependent manner. At highest concentrations, Natural MPs induced phagocytic activity of PBMCs. 

This may be due to the presence of eco-corona on the surface of MPs. These MPs may act as stimulants 

to increase phagocytic activity. Regarding oxidative stress, Natural MPs exposure with PBMCs 

showed a significant increase in ROS production, whereas PEG exposure didn’t induce notable ROS 

production. It indicates that environmental weathering and pollutants can induce oxidative stress on 
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PBMCs. NO production levels remained unchanged in PBMCs after exposure to both PEG and 

Natural MPs, showing that under the tested conditions, neither treatment significantly influenced the 

NO-mediated inflammatory pathways. 
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