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Effects of Polyethylene Terephthalate Microplastics on CA 15-3 Breast Cancer Marker, TNF-α and Breast Tissues of Chronically Exposed Female Albino Rats
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ABSTRACT 

	Breast cancer remains the leading cause of cancer-related deaths among women, with approximately 670,000 deaths globally. Emerging studies have linked exposure to various substances, including microplastics, to organ damage and cancer development. Polyethylene terephthalate (PET) is a common plastic polymer in Nigeria and a popular choice for beverage bottles, food packaging, and synthetic fibers. Over time, PET products can degrade into microplastics, contributing significantly to pollution and human toxicity.

Aim: This study evaluated the effects of chronic exposure to PET-derived microplastics on CA 15-3 breast cancer marker, Tumor Necrosis Factor-alpha (TNF-α), and breast tissues in female albino rats.
Methodology: Thirty-five female albino rats weighing 150–170g were used for the study. The rats were acclimatized for 14 days and randomly divided into five groups with 7 rats in each group. PET pellets were crushed to microplastics, dissolved in water and filtered before use. Group 2, 3, and 4 rats received 40mg/kg, 80mg/kg, and 120mg/kg PET-microplastics respectively, administered orally using gavage tubes for 90 days. Group 5 rats were given water exposed to sunlight between 10 am to 4pm daily in PET1 containers for 30 days, while Group 1 served as the negative control with standard food and water. After treatment, blood samples were collected to assess CA 15-3 and TNF-α using ELISA method, and breast tissues were also collected for histological examination. Statistical analysis was performed using GraphPad Prism (Version 9.0.0), with significance set at P≤0.05.
Results: Results obtained showed that the mean levels of TNF-α in the rats exposed to PET were significantly higher than the levels in the control group at P<0.001. However, CA 15-3 levels showed no significant difference between PET-exposed rats and the control rats at P=0.077, indicating that CA 15-3 was not notably affected by PET exposure. Histological analysis revealed fibrocystic changes in the breast tissues of PET-exposed rats.
Conclusion: These findings suggest that chronic PET microplastics exposure induced inflammatory responses and histological breast tissue alterations such as fibrocystic changes, which are significant indicators of tissue remodeling and potential disease risk. This highlights the potential health risks associated with prolonged PET exposure.
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1. INTRODUCTION 
Breast cancer, which is an abnormal, uncontrolled growth of cells in the breast tissue, is currently the 5th cause of cancer-related deaths, with an estimated 2.3 million new cases worldwide (Sung et al., 2021; Kumar et al., 2022). It is one of the most frequently occurring cancers among women, remaining a major public health concern due to its high occurrence and increasing trend (Devi et al., 2021). In 2022, there were 2.3 million women diagnosed with breast cancer and 670 000 deaths globally (WHO, 2024). It is most common in developed countries but rapidly rises in developing countries (Sun et al., 2022). Breast cancer rates vary due to genetic manipulations, lifestyle factors, early detection and treatment access, making understanding risk factors and etiology crucial for prevention, early detection, and treatment. Recently, different natural and chemical substances, including microplastics, have been implicated in causing damage to organs of the body, including inflammatory response and cancer (Yee et al., 2021; Park et al., 2023; Li et al., 2024).
Microplastics are plastic particles with a diameter less than 5 mm, and recently, there has been a global recognition of the potential damage and threat they pose to the environment and human health (Priya et al., 2022; Ziani et al., 2023). With a tremendous increase in the worldwide use of plastics (Li et al., 2023), recently, microplastic particles have been classified as a new environmental pollutant due to their increased toxicity as a result of high production and extremely low natural biodegradation in the ecosystem (Prata, 2018; Li et al., 2023). There are also increasing reports of microplastics in drinking water and food products (Schymanski et al., 2018), which can enter the human body from the environment or through food (Deng et al., 2017; Schwabl et al., 2019).
Major commercial plastic polymers in the market include polypropylene (PP), polyethylene (PE), polyethylene terephthalate (PET), polystyrene (PS), and polyvinyl chloride (PVC) (Sharma et al., 2023). Polyethylene terephthalate (PET) is a widely used plastic polymer, especially in Nigeria, particularly favored for its robustness, clarity, and food safety, making it a popular choice for beverage bottles, food packaging, and synthetic fibers (Dhaka et al., 2022). Over time and through physical wear, exposure to UV light, and other environmental stressors, PET products can degrade and fragment into smaller pieces (microplastics), which can persist in the environment, contributing significantly to pollution and human toxicity (De Vos et al., 2021). Also, it has been reported that when these plastics are used in food packaging and bottling of water, microplastics have the tendency of leaching into foods (serving as a potential source of toxicity affecting human health), and contributing to various responses and diseases in the body, which may include inflammatory response and cancer (Campanale et al., 2020). Due to the adverse effects of microplastics, various international organizations have banned their use, especially phthalates, in various household products such as toys and childcare articles in concentrations above 0.1% (The Danish EPA, 2013; The REACH Regulation, 2019).
As these microplastics (MPs) pose significant environmental and health concerns, the long-term effects of MPs on human health and chronic diseases, including cancer, are currently unknown or not extensively studied, especially in this part of the world (Rahman et al., 2021). Few studies have shown that the ingestion of MPs can cause an inflammatory response and can damage the gut, cause organ damage, and affect reproduction and metabolism (Li et al., 2024). Also, Campanale et al. (2020) reported that MPs introduced through skin contact can cause skin damage due to local inflammation and cellular toxicity. Further, most plastic products have been known to release estrogenic chemicals or endocrine-disrupting chemicals (EDCs), and exposure to EDCs and estrogenic chemicals released by most plastics may cause hormonal imbalances as well as increasing the risk of cancer, including breast cancer (Rodgers et al., 2018; Kannan and Vimalkumar, 2021). Park et al. (2023), in their study on polypropylene microplastics, found that moderate amounts of polypropylene microplastics (PPMPs) significantly accelerated the cell cycle of cancer cells and enhanced the secretion of interleukin 6 (IL-6) in the human breast cancer cell lines MDA-MB-231 and MCF-7, stating that chronic exposure to PPMPs may increase the risk of cancer progression and metastasis.
Currently, there is a dearth of literature on the risks of PET MPs relating to inflammatory response and cancer development or metabolic diseases, especially in Nigeria, where breast cancer remains one of the most common cancers, affecting millions of people with rising incidence rates. This highlights the urgent need for research into all potential risk factors, including environmental pollutants like microplastics; hence the need for this study. This study was therefore conducted to evaluate the effects of chronic exposure to polyethylene terephthalate (PET) microplastics on CA 15-3 breast cancer marker, tumor necrosis factor-α (TNF-α), and breast tissues of female albino rats. Understanding the effects of these particles on human health, particularly in relation to inflammatory response and breast cancer, is crucial for assessing potential risks, effective diagnosis, prevention, and implementing appropriate regulatory measures to improve health and outcomes.

2. material and methods 

2.1	Materials
Female albino rats used in this study were obtained from the University of Port Harcourt Teaching Hospital and transported in a well-ventilated wired cage to the Animal House at the Department of Animal and Environmental Biology, Rivers State University, Port Harcourt, where the study was carried out. Polyethylene terephthalate (PET, PETE), (C10H8O4)n, (CAS Number 25038-59-9), pellets used in this study were obtained from a petrochemical industry in Port Harcourt, Rivers State. Rat-specific cancer marker CA 15-3 ELISA kit (Cat. No. E1139Ra) was obtained from Bioassay Technology Laboratory, Jiaxing, Zhejiang Province, China. Rat-specific TNF-α (Tumour Necrosis Factor Alpha) ELISA Kit (Catalog No: E-EL-R2856) was obtained from Elabscience Bioinovation Inc. Other equipment used included the MindRay MR-96A Microplate Reader, NewLife Bucket Centrifuge (Model: 800D), digital weighing balance, tissue embedder (LEICA EG 1160), and rotatory microtome (LEICA RM 2125 RTS). All chemicals, stains, and reagents used for all analyses were of good quality and analytical grade.


2.2	Experimental Animals
Thirty-five (35) female albino rats weighing approximately 150 g–170 g were used for the study. The rats were acclimatized for 14 days prior to the initiation of the research and were permitted access to standard laboratory feed and uncontaminated drinking water ad libitum. The rats were placed in a well-ventilated cage in a temperature-maintained (28 ± 2 °C) and humidity-regulated (47 ± 2%) location, with a typical 12:12 light-dark photocycle. The animal experiments and handling were in consonance with the National Research Council's Guide for the Care and Use of Laboratory Animals Health (National Research Council, 2011) and the ARRIVE (Animal Research: Reporting of In Vivo Experiments) guidelines (Percie du Sert, 2020).

2.3	Preparation of Polyethylene terephthalate (PET)
Polyethylene terephthalate pellets were crushed thoroughly using a mechanical grinder to obtain tiny particles (microplastics). Then, the particles from the crushed PET were weighed using a digital weighing balance (Model: TS500), mixed with water, and allowed to stay for 24 hours, after which they were filtered using a micropore sieve before use.

2.4 	Dose Determination and Pilot Study
A pilot study was carried out to determine the LD50 of polyethylene terephthalate (PET) microplastic administered orally after allowing 14 days of acclimatization using the Lorke’s method of pilot toxicity testing as described by Chinedu et al. (2013). A total of 12 rats weighing approximately 150 g–170 g were used for the pilot study. The rats were classified into 6 groups labelled 1, 2, 3, 4, 5, and 6, with groups 1–3 consisting of 3 rats each and groups 4–6 having 1 rat each, and were treated with 20 mg/kg, 50 mg/kg, 80 mg/kg, 100 mg/kg, 115 mg/kg, and 130 mg/kg PET microplastic, respectively. After 24 hours, the rats were observed for signs of PET toxicity, such as changes in feeding behaviour, micturition, restlessness, pupil constriction, and convulsion. The LD50 of the PET administered orally was obtained using Lorke’s formula:

LD50 = √ (D0 × D100)

Where:
D0 = Highest dose that gave no mortality
D100 = Lowest dose that produced mortality
 

2.5	Experimental Design
[bookmark: _Hlk168488723]After allowing fourteen (14) days for adaptation to the new environment (acclimatization), the rats for the study were randomly assigned into five (5) groups labelled group 1 to 5 with seven (7) rats in each group, as shown in table 1.
 





Table 1: Experimental Design 
	Groups
	Treatment

	1 (Negative Control)
	Food and water only

	2 (Low Dose Group)
	40mg/kg PET microplastics + Food and Water 

	3 (Medium Dose Group)
	80mg/kg PET microplastics + Food and Water

	4 (High Dose Group)
	120mg/kg PET microplastics + Food and Water

	5 (Food and water exposed to sunlight in PET containers) 
	Food + water exposed to sunlight between 10am to 4pm daily for 90 days in PET 1 containers



The PET microplastic treatment was done daily, administered orally using gavage tube for 90 days. 


2.6	Blood and Tissue Sample Collection and Preparation
At the end of the 90-day treatment for the respective groups, the animals in all groups were anaesthetized using chloroform, after which a cardiac puncture was performed. Then, 5 ml of blood samples were collected aseptically into plain sample bottles and allowed to clot. The clotted samples were spun using a centrifuge (NewLife bucket centrifuge, Model: 800D) at 4000 rpm for 5 minutes. The serum was collected into another plain bottle and properly labeled for analysis of breast cancer marker CA 15-3 and TNF α. Breast tissues were also collected from rats in all groups to determine the histological changes in the breast tissue after exposure to PET microplastics.

2.7	Estimation of CA 15-3 Tumour Marker
Rat-specific cancer marker CA 15-3 ELISA kit (Cat. No. E1139Ra) from Bioassay Technology Laboratory, Jiaxing, Zhejiang Province, China, was used to measure the concentration of rat carbohydrate antigen CA 15-3 present in the samples using ELISA method according to the manufacturer’s instruction/procedure as described by Bioassay Technology Laboratory, (2024). Analysis was performed using a MindRay MR-96A Microplate Reader.

2.8	Estimation of Rat Tumour Necrosis Factor Alpha
Rat-specific TNF-α (Tumour Necrosis Factor Alpha) ELISA Kit (Catalog No: E-EL-R2856) from Elabscience Bioinovation Inc. was used to measure the concentration of Tumour Necrosis Factor Alpha in the samples according to the manufacturer’s instruction/procedure as described by Elabscience Bioinovation Inc., (2024). Analysis was performed using a MindRay MR-96A Microplate Reader.

2.9	Histological Analysis
Breast tissue was prepared for histological examination using the procedure as described by Kiernan (2001), which involves fixing the breast tissue in 10% neutral buffered formalin, dehydrating in increasing grades of alcohol (70%, 85%, 90%, 100%, and 100%) for two (2) hours each, and clearing in two changes of xylene for 30 minutes each. The tissue was embedded in paraffin wax in a tissue embedder (LEICA EG 1160) and trimmed using a rotatory microtome (LEICA RM 2125 RTS) and sectioned at 3 µm. The sectioned tissues were attached to slides and subsequently dewaxed in xylene and stained in Haematoxylin and Eosin (H&E) using the method as described by Avwioro, (2014) for general tissue architecture. The stained slides were examined under the light microscope at ×100 magnification, and photomicrographs were taken.
 
2.10	Statistical Analysis
Data obtained from evaluation of parameters was presented as mean ± SD. Analysis was computed using GraphPad Prism Software Version 9.0.0 (121), San Diego, CA. Statistical comparison between groups was done using one-way ANOVA, while Tukey’s multiple comparison (post hoc tests) was used to obtain specific significant differences among the various groups. Differences were considered significant at P≤0.05.

3. results and discussion

3.1	Results

3.1.1 Pilot Toxicity Study for Determination of D0, D100 and LD50 of Rats Treated Orally with PET Microplastics 
Results obtained from the pilot toxicity study as presented in table 2 revealed that the highest dose that caused no death (D0) of PET microplastics administered orally was 115 mg/kg; the minimum dose that caused death (D100) was 130 mg/kg, while the lethal dose 50 (LD50) was 122.27 mg/kg.

Table 2: Pilot Toxicity Study for Determination of D0, D100 and LD50 of Rats Treated Orally with PET Microplastics 
	Groups
	Dose
(mg/kg)
	Number of rats
	Number of Death
	Number Alive

	1
	20
	3
	0
	3

	2
	50
	3
	0
	3

	3
	80
	3
	0
	3

	4
	100
	1
	0
	1

	*5
	115
	1
	0
	1

	**6
	130
	1
	1
	0


KEY
*Highest Dose that caused no death = 115mg/kg (D0)
**Minimum Dose that caused death = 130mg/kg (D100)
· = √( D0 × D100) (Lorke’s Formula).

Therefore:  [image: ] =      = 
	  = 122.27mg/kg
Thus, the mean lethal dose (LD50) = 122.27mg/kg 

3.1.2	Mean ± SD of Levels of Ca 15-3 and TNF α in the Rats According to Groups
The results of the mean values of Ca 15-3 and TNF α, as shown in table 3, revealed no significant difference in the mean levels of breast cancer marker Ca 15-3 in rats exposed to polyethylene terephthalate (PET) microplastics and the control rats at P=0.077. Also, the levels of CA 15-3 in the rats fed with water in PET bottles exposed to sunlight do not differ significantly from the control rats at P=0.077. The mean levels of TNF-α in the rats exposed to PET were significantly higher than the levels in the control group at P<0.001. 

Table 3.	Mean ± SD of Levels of Ca 15-3, IL 1β and TNF α in the Rats According to Groups
	Groups
	Ca 15-3 (uIU/ml)
	TNF α (pg/ml)

	1
	16.83 ± 2.84
	26.60 ± 2.84a

	2
	18.03 ± 1.54
	61.52 ± 4.69b

	3
	18.17 ± 2.42
	80.36 ± 6.19c

	4
	19.07 ± 0.59
	84.93 ± 3.75c

	5
	15.90 ± 2.18
	51.88 ± 2.84d

	p- value
	0.077
	<0.001

	F -value
	2.354
	145.0

	Inference
	NS
	S


NB. Post Hoc Analysis (Tukey’s Test): Values with different superscripts within a column indicate significant differences between groups when compared. Values with the same superscript on each column do not differ significantly from each other.

Key: NS- Not Significant; S – Significant; Ca 15-3 – Cancer Antigen 15-3; TNF α – Tumour Necrotic Factor α











3.1.2   Histological Analysis
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A								B

Plate 1: Histo-architecture of the Breast Tissues of Control (A) and Group 2 (B) Rats. 
(A) Control group showing normal tissue architecture with unremarkable breast ducts (blue) and lobules (red). (B) Group 2, showing unremarkable breast ducts (blue) and lobules (red) also implying a normal tissue architecture. H & E ×100.
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A								C

Plate 2: Histo-architecture of the Breast Tissues of Control (A) and Group 3 (C) Rats. 
(A) Control group showing normal tissue architecture with unremarkable breast ducts (blue) and lobules (red). (C) Group 3, showing preserved breast lobules (blue) with ducts containing pinkish luminal secretion. The stroma shows increased fibrosis (black). This is suggestive of fibrocystic changes. H & E ×100.







	
[image: ]

	
[image: ]


A								D

Plate 3: Histo-architecture of the Breast Tissues of Control (A) and Group 4 (D) Rats. 
(A) Control group showing normal tissue architecture with unremarkable breast ducts (blue) and lobules (red). (D) Group 4, showing breast ducts (blue) with pinkish luminal secretion suggestive of fibrocystic changes. H & E ×100.
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A								E

Plate 4: Histo-architecture of the Breast Tissues of Control (A) and Group 5 (E) Rats. 
(A) Control group showing normal tissue architecture with unremarkable breast ducts (blue) and lobules (red). (E) Group 5, showing unremarkable skeletal muscle (red) and fibrous tissue (blue)









3.2	Discussion 
This study investigated the effects of chronic exposure to polyethylene terephthalate (PET) microplastics on CA 15-3 breast cancer marker, Tumour necrosis factor-α (TNF-α), and breast tissues of female albino rats.
From this study, as presented in Table 3, there was no significant difference in the mean levels of breast cancer marker CA 15-3 in rats exposed to polyethylene terephthalate (PET) microplastics and the control rats (P=0.077). The absence of a statistically significant difference in CA 15-3 levels in this study suggests that PET microplastic exposure has no effect on this marker. CA 15-3, a soluble fragment of Mucin 1 (MUC1), is a well-established biomarker for breast cancer and is commonly used to monitor disease progression and treatment response (Duffy et al., 2010). Alternatively, the lack of a significant difference may indicate that any potential carcinogenic effects of PET microplastics are still in the early stages, influencing underlying pathways that have not yet resulted in elevated CA 15-3, which is primarily associated with later disease progression.
While no study has directly assessed CA 15-3 in relation to PET microplastic exposure, previous research has demonstrated that exposure to different types of microplastics has a significant alteration/influence on breast cancer cell lines (Park et al., 2023; Schnee et al., 2024). Park et al. (2023), in their study, found that polypropylene microplastics (PPMPs) significantly accelerated the cell cycle in breast cancer cell lines, which does not directly agree with the breast cancer marker result in this study. The reason for this discrepancy may be that while we examined the effects of PET microplastics on serum marker (CA 15-3) in this study, Park et al. (2023) examined the effects of polypropylene microplastics on breast cancer cells, which suggests that different types of microplastics may have varying biological effects depending on their composition, exposure route, and target system. Similarly, Schnee et al. (2024) observed absorption of microplastic particles in breast cancer cells exposed to polystyrene (PS) particles, suggesting that different plastics can differentially affect cancer cell behavior. Their study focused on cellular responses, including cancer cell absorption and accumulation of microplastics, while our study evaluated systemic biochemical changes in vivo, which may also account for the difference in the results between the studies.

This study also found a significant increase in the levels of tumour necrosis factor alpha (TNF-α) (P<0.001) following PET microplastic exposure (table 3). Since the inflammatory cytokine TNF-α is a key mediator of chronic inflammation and tumorigenesis (Hanahan & Weinberg, 2011), its significant elevation suggests that PET microplastics induce a persistent inflammatory response. Chronic inflammation is a well-established driver of various disease conditions, including cancer. The activation of inflammatory pathways in response to PET microplastics may result from the stimulation of macrophages and the recruitment of immune cells (Hu & Palić, 2020). PET microplastics are recognized as foreign particles by macrophages, which respond by releasing inflammatory cytokines such as TNF-α, interleukin-6 (IL-6), and interleukin-1β (IL-1β). The persistent elevation of TNF-α following PET microplastic exposure indicates a long-term inflammatory state that may accelerate disease progression (Hu & Palić, 2020; Deng et al., 2017). This chronic inflammatory environment can also contribute to immune evasion, whereby malignant cells exploit dysregulated immune signaling to escape immune surveillance. Pro-tumorigenic signaling pathways—particularly those involving nuclear factor kappa B (NF-κB) and TNF-α—are activated under such conditions. These pathways promote the transcription of genes responsible for cell survival, proliferation, and angiogenesis, all of which are essential for tumor development and progression (Zhao et al., 2021). Furthermore, sustained inflammation triggered by PET microplastics may lead to excessive generation of reactive oxygen species (ROS), resulting in oxidative stress. ROS-induced damage to cellular components—such as DNA, lipids, and proteins—can further increase cellular dysfunction. Notably, oxidative damage may activate NF-κB, a central transcription factor regulating immune and inflammatory responses. Elevated ROS levels can cause both single- and double-strand DNA breaks, thereby increasing the risk of mutations and genomic instability, particularly in settings where DNA repair mechanisms are impaired. This genomic instability is a hallmark of carcinogenesis, driving uncontrolled cell proliferation (Prüst et al., 2020; Kumar et al., 2024).
This study’s findings are consistent with that of Campanale et al. (2020), who reported that inhaled microplastics trigger inflammation and increase cytokine levels. Similarly, Deng et al. (2021) found that microplastic leachates upregulate pro-inflammatory pathways, leading to chronic inflammation and increased cancer risk. Moreover, Park et al. (2023) observed enhanced IL-6 secretion in breast cancer cells exposed to polypropylene microplastics, reinforcing the link between plastic exposure and inflammatory cytokine production. The increased levels of TNF-α in this study suggest that while PET microplastics may not directly elevate CA 15-3 levels, they may promote an inflammatory microenvironment conducive to disease development, including breast tissue alterations and cancer progression.
Histological results of breast tissues also support these biochemical findings. Sections of breast tissue from control rats (Plate 1A) and Group 2 rats (Plate 1B) that received a very low dose of PET microplastics showed unremarkable breast ducts and lobules, indicating normal tissue architecture with no significant pathological changes. However, Group 3 (Plate 2C) and Group 4 rats (Plate 3D), which were exposed to higher PET doses, exhibited notable histopathological alterations, including ducts containing pinkish luminal secretion and increased stromal fibrosis, suggestive of fibrocystic changes. 
Fibrocystic changes, though benign, reflect chronic tissue stress and may be indicative of underlying endocrine disruption and inflammation (Malherbe et al., 2023). Hence, in this study, the observed fibrocystic alterations may result from inflammatory responses triggered by exposure to PET microplastics. This inflammation may serve as a potential mechanism through which PET contributes to breast tissue remodeling and possibly elevates the risk of disease development. Fibrosis, a key feature of tissue remodeling, arises from the excessive accumulation of extracellular matrix (ECM) components—primarily collagen and fibronectin—typically in response to persistent injury or chronic inflammation (Zhao et al., 2022). Chronic inflammation activates a cascade of signaling events that enhance ECM deposition, increase tissue stiffness, and alter the mechanical properties of tissues. Immune cells such as macrophages, neutrophils, and lymphocytes remain persistently activated, with M2 macrophages secreting profibrotic cytokines like transforming growth factor-beta (TGF-β) and platelet-derived growth factor (PDGF), which in turn stimulate fibroblast activation and differentiation into myofibroblasts. These myofibroblasts possess contractile properties and secrete high levels of ECM, leading to fibrotic scarring due to disrupted tissue remodeling which can in turn lead to pathological conditions (Li et al., 2021; Eom et al., 2025). 
Furthermore, chronic inflammation disturbs the balance between ECM synthesis and degradation. Dysregulation of matrix metalloproteinases (MMPs), enzymes crucial for ECM turnover, contributes to ECM accumulation and tissue stiffening. This altered mechanical environment can interfere with normal cellular mechanotransduction signals, potentially activating tumorigenic pathways. As fibrosis progresses, the expanding fibrotic matrix limits oxygen diffusion, creating a hypoxic microenvironment that induces hypoxia-inducible factors (HIF-1α and HIF-2α). These factors not only accelerate fibrosis but also stimulate angiogenesis—a process often exploited by tumors for growth and metastasis (Marozzi et al., 2021). The fibrotic microenvironment is inherently pro-tumorigenic. Increased tissue stiffness promotes epithelial-to-mesenchymal transition (EMT), enabling epithelial cells to acquire migratory and invasive characteristics essential for tumor progression (Marozzi et al., 2021). Additionally, the dense ECM can form physical barriers that hinder immune cell infiltration, impairing effective immune surveillance and allowing malignant cells to evade destruction. Fibrosis-induced hypoxia further enhances tumorigenesis by upregulating vascular endothelial growth factor (VEGF), which drives the formation of abnormal and dysfunctional blood vessels. These neovessels may not only supply nutrients to tumor cells but also facilitate their dissemination and metastatic spread (Marozzi et al., 2021; Lee et al., 2024).
The significant increase in TNF-α in this study aligns with the histological findings, suggesting that PET microplastics contribute to a pro-inflammatory microenvironment that may predispose breast tissue to alterations, including tumour development. Group 5 (Plate 4E), which received water stored in PET bottles exposed to sunlight, showed no significant histopathological abnormalities, with unremarkable skeletal muscle and fibrous tissue. The absence of fibrocystic changes in Group 5 indicates that PET microplastics may not have leached in this case to cause a detectable change in the parameters studied as well as breast tissue histological characterization.
4. CONCLUSION
The findings from this study revealed that chronic exposure to polyethylene terephthalate (PET) microplastics significantly increases the levels of TNF-α. Histological findings revealed fibrocystic breast changes in PET-exposed groups, suggesting potential long-term risks associated with PET microplastic exposure. The increased inflammatory cytokines observed in this study highlight PET microplastics as contributors to a pro-inflammatory microenvironment, which may predispose breast tissue to pathological alterations and hormone-related disorders, including breast cancer risks. These findings highlight the potential health risks associated with prolonged PET microplastic exposure.
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