


EVALUATION OF LIPID AND CARDIOVASCULAR PARAMETERS IN ALBINO RATS EXPOSED TO POLYETHELENE TERAPHTHALATE

ABSTRACT
Cardiovascular disease (CVD is the leading non-communicable cause of death accounting for approximately 30% of all deaths worldwide. Recently, different natural and chemical substances including microplastics which are plastic particles with a diameter less than 5 mm have been implicated in causing damage to organs of the body including cardiovascular health and diabetes. 
Aim: This study was conducted to evaluate the effects of chronic exposure to microplastics in drinking water on some biochemical parameters in albino rats. 
[bookmark: _GoBack]Methodology: A total of Thirty-seven (37) albino rats weighing 130-150g were used for this study. Polyethylene terephthalate (PET) microplastics pellets were obtained, crushed, dissolved in water and filtered before use. Pilot study was carried out to determine the LD50 of PET microplastic administered orally using the Lorke’s method of pilot toxicity testing. After allowing fourteen (14) days for acclimatization, the rats were randomly assigned into 5 groups with 5 rats in each group. The PET treatment was administered orally for 3 months. 40mg/kg, 80mg/kg and 120mg/kg PET microplastic were given to animals in groups 2, 3, and 4 respectively.  Group 5 received water exposed to sunlight between 8am to 4pm daily for 30 days in PET containers while group 1 was normal control receiving food and water only. After the duration of treatments, blood samples were collected for analysis of total cholesterol (TC), triglycerides (TG), high density lipoprotein cholesterol (HDL) and glycated haemoglobin (HBA1c) using colorimetric methods while the LDL cholesterol levels were calculated using the Friedwald’s equation. Atherogenic indices such as Castelli Risk Index I (CRI-I), Castelli Risk Index II (CRI-II) and Atherogenic Coefficient (AC) were also calculated from the lipid profile values. Fasting blood glucose (FBG) were analysed using glucose oxidase method while Cardiac troponin I (cTn-I) and TNF a were evaluated using ELISA method. Statistical analysis was computed using GraphPad Prism Software Version 9.0.0 (121), San Diego, CA. Data obtained from this study were presented as mean ± SD. Statistical comparison between groups were done using one-way ANOVA, while Tukeys multiple comparison were used to obtain specific significant differences among the various groups. Differences were considered significant at P<0.05. 
Results: Results obtained revealed the LD50 of PET administered orally to be 122.27mg/kg. There was a significant increase in levels of cardiac troponin I, Tumor Necrosis Factor Alpha, total cholesterol, LDL cholesterol, CRI-I, CRI-II, AC, fasting blood glucose and glycated haemoglobin in the PET treated groups compared to the control at (p<0.05). Similarly, the mean cardiac troponin I and TNF a, levels in the group treated with bottled water exposed to sunlight were significantly higher than in the control group but significantly lower than in the PET-treated groups at p<0.05. 
Conclusions: The findings from this study demonstrate that chronic exposure to PET microplastics induces significant alterations in these biochemical biomarkers in albino rats suggesting that PET microplastics may contribute to inflammation, cardiovascular disorders, and impaired glucose metabolism, which may increase the risk of insulin resistance and diabetes, thus, emphasizing the potential health risks associated with PET microplastic ingestion.
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1.0 Introduction
Polyethylene terephthalate (PET) is a widely used plastic polymer, particularly favored for its robustness, clarity, and food safety, making it a popular choice for beverage bottles, food packaging, and synthetic fibers (Nisticò, 2020). Over time, and through physical wear, exposure to UV light, and other environmental stressors, PET products can degrade and fragment into smaller pieces, known as microplastics which can persist in the environment, contributing significantly to pollution (De Vos et al., 2021). Microplastics generally contain two types of chemicals, namely (i) additives and polymeric raw materials (e.g., monomers or oligomers) originating from the plastics, and (ii) chemicals absorbed from the surrounding ambience (Campanale et al., 2020). These additives and microplastic forms have been reported to leach into the air, water, food, and potentially human body tissues during use or disposal, exposing us to multiple chemicals that may predispose to cardiovascular disease (CVD), a broad term for a group of disorders that affect the circulatory system, including the heart and blood vessels, which work together to pump and transport blood throughout the body (Olvera-Lopez et al., 2024). Medically, CVD is known to encompass atherosclerosis with its subtypes (coronary, cerebral, and peripheral artery disease) and two major complications (myocardial infarction and ischemic stroke), heart failure (HF), cardiac valvulopathies and arrhythmias, rheumatic heart disease, congenital heart disease, and deep vein thrombosis with its own complication (pulmonary embolism) (Naghavi et al., 2015; Olvera-Lopez et al., 2024).
Cardiovascular disease (CVD) is the leading noncommunicable cause of death, accounting for approximately 30% of all deaths worldwide (Nichols et al., 2014). Cardiovascular disease (CVD) may directly arise from different etiologies, including emboli in individuals that have atrial fibrillation, resulting in ischemic stroke, rheumatic fever causing valvular heart disease, among others [Olvera-Lopez et al.,2024]. The underlying mechanisms vary depending on the disease (Olvera-Lopez et al., 2024). It is estimated that dietary risk factors are associated with 53% of CVD deaths (Petersen and Kris-Etherton, 2021). Coronary artery disease, stroke, and peripheral artery disease involve atherosclerosis, resulting from high blood pressure, smoking, diabetes mellitus, lack of exercise, obesity, high blood cholesterol, poor diet, excessive alcohol consumption, and poor sleep, among other things (Jackson et al., 2015; Olvera-Lopez et al., 2024).
Atherosclerosis is the leading cause of mortality worldwide among various cardiovascular diseases, primarily by contributing to ischemic heart disease (IHD). It is linked to endothelial dysfunction, monocyte accumulation, endothelial cell apoptosis, and thrombus formation, all of which impair cardiovascular function. The condition is partially associated with altered serum lipid levels and cholesterol buildup in the arterial walls, which is a major risk factor for coronary artery disease (CAD). In atherosclerosis, low-density lipoprotein (LDL) serves as a key biomarker, whereas high-density lipoproteins (HDL) are connected to atherosclerotic kidney disease (Rye et al., 2014).
The triglyceride-to-high-density lipoprotein cholesterol (TG/HDL-C) ratio, total cholesterol-to-high-density lipoprotein cholesterol (TC/HDL-C) ratio, and a low ankle-brachial index (ABI) are valuable predictors of cardiovascular disease (CVD) risk in elderly populations (Zhan et al., 2014). These biomarkers, particularly the TG/HDL-C and TC/HDL-C ratios, along with a reduced ABI, play a significant role in assessing CVD risk (Zhan et al., 2014). Although triglyceride levels are commonly included in standard lipid panels, their utility in predicting CVD risk can be enhanced by considering other lipid profile markers.
The lipid-lipoprotein ratio serves as a valuable predictor of severe cardiovascular risks in both younger and older individuals. Additionally, population studies have shown that elevated levels of oxidized low-density lipoprotein (oxLDL) are linked to an increased risk of cardiovascular disease.
Elevated plasma concentrations of low-density lipoprotein cholesterol (LDL-C) represent a significant risk factor for atherosclerotic cardiovascular disease (ASCVD). A sharp increase in LDL-C levels signals a heightened cardiovascular risk and necessitates early clinical intervention (Merino et al., 2014).
High-density lipoprotein particles (HDL-P) and their components serve as emerging indicators of cardiovascular risk, particularly in relation to apolipoprotein levels. Measurements of apolipoproteins B (ApoB), apolipoproteins A-I (ApoA-I), and lipid particle size provide cumulative insights into cardiovascular risks.

2.0 Materials and Methods
2.1 Experimental Animals
Thirty-seven (37) albino rats weighing 130-150g were used for this study. The animals were obtained from University of Port Harcourt College of Health Sciences. They were transported in well-ventilated wired cage to the animal house at the Department of Animal and Environmental Biology, Rivers State University, Port Harcourt. During this study, the rats were maintained with a 12-hour light/dark cycle and were allowed adequate access to feed and water.


2.2 Microplastic polymer
Polyethylene terephthalate (PET) microplastic pellets were obtained from Indorama Petrochemicals, Onne, Port Harcourt. It was stored at room temperature at the Chemical Pathology laboratory, Faculty of Medical Laboratory Science, Rivers State University, Port Harcourt. For use in this study, the pellets were weighed, ground and dissolved in water and filtered before use.
2.3 Dose Determination and Pilot Study
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, a two-phase approach involving initial dose-ranging (Phase 1) and refined dosing (Phase 2) in small groups of animals as described by Chinedu et al., (2013). A total of 12 rats weighing 130 - 50g were used for the determination of LD50 of PET microplastic administered orally. 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 20mg/kg, 50mg/kg, 80mg/kg, 100mg/kg, 115mg/kg and 130mg/kg PET microplastic respectively PET microplastic respectively. After 24 hours, the rats were observed for signs of PET toxicity such as change 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
The LD50 of PET administered orally was 122.27mg/kg
2.4 Experimental Design
After allowing fourteen (14) days for adaptation to the new environment (acclimatization), the rats used for this study were randomly assigned into five (5) groups with seven (7) rats in each group as presented on table1. Group 1 was termed negative control and receive only food and water. Group 2, 3 and 4 were treated with 40mg/kg, 80mg/kg and 120mg/kg PET microplastic respectively while group 5 received water in PET bottle exposed to sunlight for 30 days.  
2.4.1  Experimental Design 
Table 1 : Experimental Groups Formed Based on Treatment Provided
	Rat Groups
	  Treatment

	Group 1
(Negative control)

	  Only food and water

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



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



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

	Group 5
(Sunlight group)
	[bookmark: _Hlk185077805]Food and water exposed to sunlight in PET containers



2.4.2 Treatment of Animals
The PET microplastic treatment was administered orally for 3 months. Dose of 40mg/kg, 80mg/kg and 120mg/kg PET microplastic were given to animals in groups 2, 3, and 4 respectively.  Group 5 received water exposed to sunlight in PET containers from 8am to 4pm daily for 30 days while group 1 was normal control receiving only normal food and water only. After the duration of treatments, blood samples were collected for analysis.

2.5 Blood Collection and Preparation
At the end of the 90 days  treatment for the respective groups, the animals in all groups were anaesthetized using chloroform after which a cardiac puncture were performed. Five (5) ml of Blood were collected aseptically into Plain bottle for the analysis of Cardiac Troponin I and Tumour Necrosis Factor Alpha, and  lithium heparin ,For the Analysis of Lipid Profiles .The whole blood was spun using a centrifuge at 3000RPM for 5minutes. The plasma was collected into a plain bottles for analysis of lipid profiles, cardiac troponin I and Tumour Necrosis Factor Alpha.
2.6 Sample Analysis/Methodologies
 Total cholesterol, triglycerides, high density lipoprotein cholesterol were analysed using colorimetric methods while the LDL cholesterol levels were calculated using the Friedwald’s equation While Cardiac troponin I and TNF α were evaluated using ELISA method Enfrall & Perlmann. (1972).
2.7 Sample analysis
 2.7.1 Estimation of Lipid Profiles lipid parameters were estimated using Colorimetric Method Spectum Reagent.
2.7.2 Calculation of Low-Density Lipoprotein (LDL)
Low –Density Lipoprotein (LdL)was calculated using Friedewald’s equation [Friedewald et al.,1972]
2.7.3.Estimation of Cardiac Troponin I and Tumour Necrosis Factor Alpha were estimated using Sandwich-ELISA Method.

3.7 Statistical Analysis
Analysis was computed using GraphPad Prism Software Version 9.0.0 (121), San Diego, CA. Results obtained were presented as mean ± SD, with p-values less than or equal to 0.05 being considered statistically significant. Statistical comparison between groups were done using one-way ANOVA, while Tukeys multiple comparison (post hoc tests) were used to obtain specific significant differences among the various groups. 

3.0 RESULTS
Table 2 Levels of Cardiac Troponin-1 and Tumor Necrosis Factor α in Albino Rats after Exposure to Polyethylene Terephthalate (PET) 
As presented on table 2, there was a significant increase in levels of cardiac troponin I (cTn-I) and Tumor Necrosis Factor Alpha across study groups at (p<0.001) after exposure to polyethylene terephthalate (PET) microplastics in albino rats.

	Groups 
	cTn-1 (pg/ml)
	TNF-α(pg/ml)

	GP 1
	139.12 ± 38.29a
	31.98 ± 4.09a

	GP 2
	168.16 ± 18.37 a
	42.39 ± 9.66b

	GP 3
	255.26 ± 33.79 b
	69.14 ± 1.03c

	GP 4
	289.18 ± 61.37 b
	82.39 ± 2.90d

	GP 5
	299.11 ± 54.42 b
	53.03 ± 2.93c

	P-value
	<0.001
	<0.001

	F-value
	13.568
	76.685



N/B: Values in the same column but with different superscripts are significantly different from each other (P< 0.05)
Key: cTn-1: Cardiac Troponin-1, TNF-α: Tumor Necrosis Factor Alpha



Table 3 Levels of Lipid Profile Parameters in Albino Rats after Exposure to Polyethylene Terephthalate (PET) .
As presented on table 3, levels of lipid profile parameters in albino rats after exposure to polyethylene terephthalate (PET) microplastics showed a significant increase in the levels of total cholesterol (TC) and low-density lipoprotein cholesterol (LDL) at p=0.017 and p<0.001 respectively. There was no significant difference in the levels of triglyceride and high-density lipoprotein cholesterol at p>0.05.
	Groups 
	TC (mmol/L)
	TG (mmol/L)
	HDL (mmol/L)
	LDL (mmol/L)

	GP 1
	2.75 ± 0.37a
	0.70 ± 0.09
	1.86 ± 0.09
	0.79 ± 0.05a

	GP 2
	2.91 ± 0.34a
	0.72 ± 0.08
	1.59 ± 0.01
	0.88 ± 0.02a

	GP 3
	3.02 ± 0.32a
	0.80 ± 0.18
	1.61 ± 0.11
	1.20 ± 0.44a

	GP 4
	3.61 ± 0.37b
	0.97 ± 0.22
	1.36 ± 0.41
	1.86 ± 0.30b

	GP 5
	2.90 ± 0.49a
	0.87 ± 0.11
	1.40 ± 0.40
	0.95 ± 0.06a

	P-value
	0.017
	0.057
	0.056
	<0.001

	F-value
	3.87
	2.57
	2.76
	15.98


N/B: Values in the same column but with different superscripts are significantly different from each other (P< 0.05)
Key: TC: Total cholesterol, TG: Triglyceride, HDL: High Density Lipoprotein, LDL: Low Density Lipoprotein






Table 4 Levels of Atherogenic Indices in Albino Rats after Exposure to Polyethylene Terephthalate (PET) Microplastics
As presented on table 4, levels of atherogenic indices in albino rats after exposure to polyethylene terephthalate (PET) microplastics showed a significant increase in the levels of Castelli Risk Index I (CRI-I), Castelli Risk Index II (CRI-II) and Atherogenic Coefficient (AC) at p=0.009, p<0.001 and p=0.009 respectively. 
	Groups 
	CRI-I 
	CRI-II 
	AC 

	GP 1
	1.51 ± 0.26a
	0.42 ± 0.03 a
	0.51 ± 0.26 a

	GP 2
	1.83 ± 0.20a
	0.52 ± 0.002 a
	0.83 ± 0.20 a

	GP 3
	1.81 ± 0.12a
	0.49 ± 0.03 a
	0.81 ± 0.12 a

	GP 4
	2.21 ± 0.39b
	1.09 ± 0.19 b
	1.21 ± 0.39 b

	GP 5
	1.70 ± 0.28a
	0.56 ± 0.04 a
	1.70 ± 0.28 a

	P-value
	0.009
	<0.001
	0.009

	F-value
	4.505
	46.749
	4.505


N/B: Values in the same column but with different superscripts are significantly different from each other (P< 0.05)
Key: CRI-I = Castelli Risk Index I, CRI-II = Castelli Risk Index II and AC= Atherogenic Coefficient .


4.0 Discussion
This study evaluated the levels of biochemical parameters in albino rats exposed to polyethylene terephthalate (PET) microplastics. Results from this study indicate that the levels of cardiac troponin-I (cTn-I) in the rats exposed to PET were significantly higher than the levels in the control group. Similarly, the mean cTn-I levels in the group treated with bottled water exposed to sunlight were significantly higher than in the control group but significantly lower than in the PET-treated groups. The observed increase in cTn-I levels suggests that chronic exposure to PET microplastics induces myocardial stress or damage, which can manifest as injury or dysfunction of the heart muscle, often due to ischemia, inflammation, or toxic exposure since cTn-I has been reported as a well-established biomarker of myocardial injury and is commonly used in clinical settings to diagnose acute coronary syndromes and myocardial infarctions (Collet et al., 2021). Environmental pollutants, including microplastics, have been implicated in cardiotoxicity through oxidative stress, mitochondrial dysfunction, and inflammatory responses (Lim et al., 2021). Thus, chronic exposure to microplastics may contribute to myocardial stress by inducing endothelial dysfunction, lipid peroxidation, and systemic inflammation, all of which are risk factors for cardiovascular disease (Ragusa et al., 2021). The significant increase in cTn-I in the sunlight-exposed bottled water group compared to the control suggests that prolonged exposure to heat-degraded PET releases bioactive compounds that may contribute to myocardial stress.
The results of this study align with findings from Lim et al., (2021), who reported that microplastics induce oxidative stress and inflammation, leading to cardiotoxicity. Additionally, PET exposure has been shown to disrupt lipid metabolism, contributing to cardiac dysfunction (Prüst et al., 2020). Similarly, results from Ding et al., (2021) in rodent models demonstrated that exposure to nanoplastics and microplastics increases oxidative stress markers and inflammatory cytokines in cardiac tissue, which in turn elevates troponin levels.
Also, as presented on Table 4, TNF- α levels in the rats exposed to PET were significantly higher than in the control group. Similarly, the mean TNF-α levels in the group treated with bottled water exposed to sunlight were significantly higher than in the control group but significantly lower than in the PET-treated group. The observed increase in TNF-α suggests that PET microplastic exposure triggers an inflammatory response, which can contribute to cardiovascular and metabolic disorders as microplastic-induced inflammation has been linked to oxidative stress, mitochondrial dysfunction, and endothelial damage, all of which elevate cardiovascular risk (Schirinzi et al., 2017). The significant increase in TNF-α in the sunlight-exposed bottled water group compared to the control indicates that environmental conditions, such as heat exposure, may accelerate PET degradation and leaching, thus, enhancing its inflammatory effects. Tumor necrosis factor-alpha (TNF-α) is primarily produced by macrophages, endothelial cells, and cardiomyocytes in response to injury, infection, and oxidative stress (Libby, 2021). Elevated TNF-α levels contribute to endothelial dysfunction, myocardial remodeling, and atherosclerosis, which are key factors in cardiovascular pathology. TNF-α promotes endothelial dysfunction by reducing nitric oxide (NO) bioavailability, leading to increased vascular resistance and impaired vasodilation (Zhou et al., 2020). During myocardial infarction and subsequent reperfusion, TNF-α exacerbates cardiac injury by increasing oxidative stress and inflammatory cell infiltration (Toldo et al., 2018).
Consistent with these findings, Lim et al. (2021) reported that polystyrene microplastics increased TNF-α levels in animal models, leading to chronic inflammation. Similarly, Lu et al. (2019) demonstrated that microplastics disrupt immune homeostasis by promoting pro-inflammatory cytokine release.
As presented on Table 4, the levels of total cholesterol (TC) (p=0.017) and low-density lipoprotein cholesterol (LDL-C) (p<0.001) in the rats exposed to PET were significantly higher than in the control group. The increase in TC and LDL-C suggests that PET exposure disrupts lipid metabolism, potentially increasing the risk of atherosclerosis and other cardiovascular diseases. Studies have shown that exposure to environmental toxins, including microplastics, alters lipid homeostasis by increasing lipid peroxidation and decreasing antioxidant defense mechanisms (Ragusa et al., 2021). These findings are consistent with those of Deng et al., (2017), who found that exposure to polystyrene microplastics in mice led to elevated cholesterol levels, a precursor to metabolic and cardiovascular disorders. Similarly, monstrated that long-term exposure to plastic particles wu et al., (2020) deresulted in dyslipidemia and hepatic lipid accumulation in rodent models.
As presented on Table 4, levels of atherogenic indices in albino rats after exposure to polyethylene terephthalate (PET) microplastics showed a significant increase in the levels of Castelli Risk Index I (CRI-I) (p=0.009), Castelli Risk Index II (CRI-II) (p<0.001), and Atherogenic Coefficient (AC) (p=0.009) when compared to the control group. The observed increases in these indices further confirm the disruption of lipid metabolism and enhanced cardiovascular risk in PET-exposed rats. Elevated CRI-I and CRI-II levels reflect an imbalance between atherogenic and anti-atherogenic lipoproteins, indicating a heightened tendency towards plaque formation and atherosclerosis. Similarly, the increase in the Atherogenic Coefficient signifies a higher burden of non-HDL cholesterol relative to HDL cholesterol, which is strongly associated with endothelial dysfunction and cardiovascular disease progression (Gowda et al., 2019). The significant alterations in these indices align with previous reports that environmental pollutants, including microplastics, not only elevate cholesterol levels but also exacerbate the atherogenic profile, promoting cardiovascular pathologies (Prüst et al., 2020; Lim et al., 2021).

5.0 CONCLUSION AND RECOMMENDATIONS
The findings of this study reveal that chronic exposure to PET microplastics leads to a significant increase in the levels of cardiac troponin I, tumor necrosis factor-alpha (TNF-α), total cholesterol, low-density lipoprotein (LDL) cholesterol, atherogenic indices. These alterations suggest that PET microplastics may contribute to inflammation, cardiovascular disorders, thus, emphasizing the potential health risks associated with PET microplastic ingestion.

From this study, it is recommended that:
I. Further research should be carried out on PET microplastics in humans and higher animals to uncover more health risks associated with its exposure. 
II. Governments and regulatory bodies should implement stricter regulations on plastic production, disposal, and recycling to minimize environmental contamination by microplastics.
III. Public awareness campaigns should be conducted to educate individuals on the potential health risks of microplastic exposure and promote the reduction of plastic use.
IV. Strategies such as improved water filtration systems and alternatives to plastic packaging should be explored to minimize microplastic contamination in food water.
V. Research should also explore potential therapeutic interventions to mitigate the harmful effects of microplastic exposure, such as antioxidant therapies to counteract oxidative stress and inflammatory responses.
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