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ABSTRACT 

 

Introduction: In the human body, microplastics are considered toxic agents. Low-density 

polyethylene (LDPE) has very high chemical resistance, making it very difficult to be degraded by 

microorganisms. LDPE plastic would be degraded to a smaller size and could not be completely 

degraded by microorganisms. Plastic packaging made from LDPE is the most commonly found 

plastic waste. Microplastics may cause cell injury, especially cells in the liver, the primary organ 

for detoxification.  

Purpose: This study aims to explain the correlation between microplastic oral intake with fatty 

degeneration and necrosis of hepatocytes in animal models.  

Methods: Forty-two Wistar rats were involved and assigned to one control and five experimental 

groups. The experimental groups were given microplastic exposure starting from 0.0375 mg/day 

to 0.6 mg daily for 90 days.  

Results: Fatty degeneration and necrosis were observed using a light microscope with 

hematoxylin-eosin staining. There was a significant correlation between microplastic oral intake 

and hepatocyte necrosis (p<0.05). The higher the exposure dose, the more hepatocyte necrosis. In 

contrast, there was no correlation between microplastic exposure and fatty degeneration. Ingestion 

of microplastics leads to hepatocyte necrosis.  

Conclusion: Oral intake of LDPE microplastics with <20 µm in size for 90 days in Wistar rats 

leads to hepatocellular injury. Based on histopathological images, hepatocyte necrosis was more 

prominent than hepatocyte fatty degeneration. 

 

Keywords: Fatty degeneration, Hepatocyte, Low-density polyethylene, Microplastics, 

Necrosis  

 

Abbreviation : 

LDPE = Low-Density Polyethylene 

ROS = Reactive Oxygen Species 

DNA = Deoxyribonucleic acid 
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INTRODUCTION 

Plastic waste has become a global 

issue due to its use in large quantities, leading 

to an increase in world plastic production. 

Plastic packaging is made from Low-Density 

Polyethylene (LDPE) plastic. LDPE is 

known for its flexibility and shape ability. 

However, this type of plastic is the most 

difficult material to decompose. 

Microplastics derived from low-density 

polyethylene are society's most common type 

of plastic.(1) 

Microplastic is generally a small 

piece of plastic of less than 5 mm. Such a 

definition has been generally used since 

microplastics are considered to have a certain 

small size, consumed by many aquatic biota 

species.(2) There are 2 types of 

microplastics: primary and secondary. 

Primary microplastics are plastics produced 

in small sizes for a specific purpose, for 

example, in cosmetic products such as facial 

scrubs and toothpaste. Secondary 

microplastics are microplastics that come 

from plastic products that are disintegrated 

by ultraviolet light.(3) Given the large 

amount of plastic production and use, it could 

be assumed that most of the microplastics in 

the environment are secondary 

microplastics.(4) 

Low-density polyethylene has very 

high chemical resistance, making it very 

difficult to be degraded by microorganisms. 

Low-density polyethylene plastic would be 

degraded to a smaller size and could not be 

completely degraded by microorganisms. 

Data regarding plastic waste from 2016 to 

2019 revealed that plastic packaging made 

from low-density polyethylene is the most 

common plastic waste.(1) Therefore, the 

current study used low-density polyethylene 

plastic, mostly found in the household 

environment due to its use in daily life. 

Microplastics are considered strange and 

toxic agents by the body, which may cause 

injury to body cells, especially hepatocytes in 

the liver, as the primary organ for 

detoxification in the body's defense system. 

When cells are still able to cope with strange 

objects that enter the body, cause cells to 

reversible damage and then return to normal 

condition, such as fatty degeneration. Fatty 

degeneration is a condition wherein cells 

experience intracytoplasmic accumulation of 

triglycerides. Severe or prolonged stress 

makes cells unable to cope with the effects of 

foreign bodies. It causes experience 

irreversible damage or be unable to return to 

their original state, called necrosis. 

A study by Zheng et al. revealed that 

the isolation of hepatocytes in 3-month-old 

rats exposed to 50 nm polystyrene 

microplastics for 24 hours could induce 

Reactive Oxygen Species (ROS) and cause 

DNA damage. This study aims to explain the 

correlation between microplastic oral intake 

with fatty degeneration and necrosis of 

hepatocytes in the Wistar rat liver. 

 

MATERIAL AND METHODS 

Research Design 

This was an experimental study with 

a post-test-only control group design to 

determine the effect of microplastics on fatty 

degeneration and necrosis of hepatocytes 

among Wistar rats. The samples were 42 

male Wistar rats aged 2-3 months with a body 

weight of 150±20 grams, which were 

assigned into 6 groups through random 

allocation. The Lemeshow formula 

determined the sample size with α=0.05 and 

β=0.03, which resulted in seven rats for each 

group. The control group (C) was not 

exposed to microplastics. In contrast, the 

experimental groups were exposed to 

microplastics in certain microplastic doses of 

0.0375 to 0.6 mg daily for experimental 

groups six different experimental groups, 

respectively. These groups were given dry 

powdered microplastics mixed with one cc of 

distilled water per os for 90 days. 

 



Online-ISSN 2565-1409                                            Journal of Widya Medika Junior Vol. 5 No. 3 July 2023 

 

 172 

Experimental Animal 

Wistar rats were purchased from the 

Farma Veterinary Center in Surabaya, along 

with a certificate of proper animal ethics for 

trials. The Wistar rats were housed in groups 

of two rats per ventilated cages with a 12/12 

hour light/dark cycle and provided with 

enough food and water. The temperature was 

maintained at 18-20ºC (291-293ºK), and 

humidity was maintained at 40-70%. 

Initially, the rats were weighed. The animal's 

body weight was 150±20grams (2-3 months 

old) 

Exposure Material 

Low-Density Polyethylene Microplastics 

were obtained from plastic food packaging 

(Fig. 1A), which was processed using 

Fomac-FCT Z100 many times to get the 

appropriate size of <20 µm (according to a 

previous study by Deng et al., 2017). The 

microplastic powder was then filtered using 

an 800mesh sieve (Fig. 1B). In the next stage, 

microplastics were observed under a 

microscope using the Nikon Eclipse 

Binocular Microscope Ci-L-DS-F12-L3, 

with a magnification of 400 with a scale of 10 

µm (Fig. 1C). The exposure material in this 

study appeared to have irregular shapes of 

<20 µm. Sharp-edged microplastics appeared 

solid in opaque under a microscope. 

Fig. 1. Exposure material 

 
Fig. 1. Exposure material 

 

Examination of Hepatocyte 

Histopathology 

Preservation and sampling of the 

Wistar rat's livers were carried out at the 

Animal Laboratory of the Widya Mandala 

Catholic University of Surabaya. Livers were 

sent to Airlangga University in Surabaya for 

paraffin preparations. Furthermore, 

histopathological slides stained with 

hematoxylin-eosin were prepared by 

Jombang's Regional General Hospital. 

Examination of the microscopic structure of 

the liver aims to observe normal hepatocytes, 

necrosis, and fatty degeneration were done 

with 400x magnification of light microscope 

in ten fields of view by two pathologists at 

Airlangga University. 

Statistical Analysis 

Correlation analysis to determine 

variables were performed using Spearman's 

rho. 

Ethical Statement 

This study was conducted according 

to the Helsinki ethical procedures and 

obtained an ethical certificate from the 

Health Research Ethics Committee of the 

Widya Mandala Catholic University of 

Surabaya (Reference number 

0244/WM12/KEPK/MHS/T/2022). 

RESULTS 

Number of Fatty Degeneration and 

Necrosis of Hepatocytes 

The variables of fatty degeneration 

and necrosis of hepatocytes were not 

normally distributed (p-value of >0.05) 

through the Shapiro-Wilk test. The results of 

the correlation analysis were considered 

significant if a p-value of <0.05 was obtained 

with a 95% confidence interval. 

In Fig. 2A, the mean number of fatty 

degeneration in the control group was 

4.4±2.1; 34.7±62.2 for the group X1; 

15.3±8.6 for the group X2; 15±15.7 for group 

X3; 7.7±5.2 for the group X4; and 7.1±3.6 for 

the group X5. The group X1 given the lowest 

exposure dose appeared to have the highest 

number of hepatocyte fatty degeneration. It 

was shown to have the mildest toxic effect 

among the other groups. The number of fatty 

degeneration decreased as the exposure dose 

increased. In Fig. 2B, there  was an increase 

in the amount of hepatocyte necrosis and the 

increasing dose of microplastic exposure. 

The mean number of necrosis in the control 

group was 18.2±5.7; 5.8±7.4 for the group 

A 

 
B 

 
C 
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X1; 26.8±9 for the group X2; 36.6±7.1 for 

group X3; 54.9±7.8 for group X4; 58.1±8.6 

for the group X5. Based on Fig. 2. it could be 

seen that the number of fatty degeneration of 

hepatocytes decreased since hepatocytes 

could not compensate for high doses of 

microplastics and experienced necrosis. The 

mean number of necrosis in the control group 

was 115.6±31.2; 109.4±43.3 for the group 

X1; 102.7±18.4 for the group X2; 96.9±5.8 

for group X3; 88.5±19.9 for the group X4; 

71±14.3 for the group X5. Based on Fig. 2C, 

it could be seen that the number of normal 

hepatocytes decreased since hepatocytes 

could not be able to cope with the toxicity of 

microplastic exposure. 

 
Fig. 2. A). Mean number of fatty 

degeneration, B). Mean number of necrosis 

C). Mean number of normal hepatocytes 

 
Fig. 3. Microscopic view of fatty 

degeneration and necrosis of hepatocytes 

with Hematoxylin Eosin staining, 400x 

magnification. Description: Yellow circle: 

hepatic portal vein; black arrow: normal 

hepatocytes; blue arrow: fatty 

degeneration; red arrow: necrosis. 

 

Correlation Analysis 

The statistical analysis results between 

microplastic doses and hepatocyte necrosis 

obtained a p-value of 0.000 (p <0.05), 

indicating a correlation between both 

variables. The r value was 0.853 (r >0.8) 

with a positive or unidirectional 

correlation. This indicated that the higher 

the dose of microplastic, the greater the 

number of hepatocyte necrosis. 

Meanwhile, the correlation test results 

between microplastic doses and fatty 

degeneration obtained a p-value of 0.122 (p 

<0.05), indicating no correlation between 

both variables. 

Table I. Correlation analysis between 

microplastic doses with fatty degeneration 

and necrosis 

 

DISCUSSION 

 Low-Density Polyethylene 

(LDPE), as a global environmental issue, 

has shown its toxicity effect by causing 

oxidative stress in the liver. Low-density 

polyethylene is used as the main ingredient 

for food and beverage packaging. LDPE is 

known for its flexibility and shape ability. 

However, this type of plastic is the most 

difficult plastic material to decompose. 

Microplastics derived from low-density 
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polyethylene are the most common type of 

plastic found in daily life. Plastic food and 

beverage packaging is the most common 

waste found in the environment; food and 

beverage packaging contributes almost 

50% of the global plastic total weight.(5) 

Due to its widespread use, low-density 

polyethylene was chosen as the variable in 

this study. Microplastics made from low-

density polyethylene contain several 

materials, such as carbon polymers with 

oxygen, chlorine, nitrogen, and sulfur. 

These materials could induce oxidative 

stress due to free radical exposure. 

Microplastics in the body absorb in 

the gastrointestinal tract and enter the 

circulation, then distribute to target 

organs.(6) The absorption of microplastics 

in the lumen of the digestive tract occurs 

through paracellular perception, which is a 

mechanical process in solid particles. 

These particles can pass through the gaps 

in the single-layer epithelium found at the 

end of the digestive tract villi, which enter 

the blood circulation system with dendritic 

cells and are then distributed to secondary 

tissues, such as the liver.(7) Blood that has 

carried microplastics from the mesenteric 

vein in the intestinal segment then returns 

to the liver via the hepatic portal vein. 

Microplastics in the body are considered 

foreign bodies and have toxic effects. This 

may cause injury to the body cells, 

especially hepatocyte cells in the liver, the 

primary organ for detoxification of the 

body's defense system. The liver is the 

frontline immune organ to detect and clear 

foreign pathogens in the blood. Liver cells 

are the part of the liver that carries out 

almost all of the liver's detox functions.((8) 

Microplastics have a hepatotoxic effect 

associated with increased ROS levels. Such 

increase further causes oxidative stress and 

affects cells, causing damage to all cell 

components, even cell death or necrosis.(9) 

The high level of ROS in the body affects 

the hepatocyte necrosis process. Oxidative 

stress in the liver leads to liver disorders, 

especially fat and energy metabolism.(10) 

Based on the study findings, 

microplastic oral intake had a significant 

effect for 90 days on hepatocyte necrosis, 

as presented in the microscopic image of 

hepatocyte necrosis of the Rattus 

norvegicus Wistar strain. Long-term 

exposure to toxic agents such as 

microplastics causes an injury to 

hepatocytes. Hepatocytes experience fatty 

degeneration and try to adapt to the toxicity 

of microplastic ingredients. If this exposure 

continues beyond the adaptability of 

hepatocytes, hepatocytes experience 

necrosis or permanent cell death. Necrosis 

is a type of permanent cell death with 

membrane integrity loss and cell contents 

leakage resulting in cell damage. Necrosis 

is irreversible cell damage, and the cells 

cannot return to their normal function.(11) 

A previous study showed that 

microplastics with a size of ≤20µm could 

accumulate and cause inflammation and 

necrosis in rat livers at a dose of 0.5 mg/day 

for 28 days of exposure.(12) The other 

previous study, which used 0-2000 µm-

sized microplastics, showed severe liver 

damage.(13) This study showed a 

significant correlation between 

microplastic oral intake and hepatocyte 

necrosis. The higher microplastic oral 

intake was associated with an increase in 

hepatocyte necrosis but not fatty 

degeneration. Such a finding aligns with 

the previous study on the toxicity effect of 

microplastic on the liver. 

ROS concentration and liver 

function also need to be measured; 

however, in this study, that markers were 

not included due to ROS's lifespans. Most 

types of ROS are short-lived, it lifespans of 

milliseconds or less. ROS has low steady-

state levels and changes rapidly. ROS 

affected by continuously varying rates of 
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generation, diffusion, and chemical 

reaction.(14) 

However, there was no correlation 

between oral intake of microplastic for 90 

days with fatty degeneration based on the 

microscopic image of liver cells of Rattus 

norvegicus Wistar 

strain. A previous study conducted by 

Deng et al. in 2017 revealed that 

administering microplastic to rats could 

trigger the fatty degeneration of hepatocyte 

cells. It was found that exposure to 

microplastics in rats for four weeks could 

cause changes in hepatocytes. (12) 

Furthermore, a previous study conducted 

by Li L et al. in 2021 found that exposure 

to microplastics for 15 days could cause 

fatty degeneration of rat hepatocytes.(15) 

In this study, rats were exposed to 

microplastics orally for 90 days. The 

insignificant correlation between the 

administration of oral microplastics and 

fatty degeneration of hepatocyte cells was 

due to the study period. The administration 

of microplastic for 90 days caused 

hepatocytes' failure to adapt; this is the 

reason why fatty degeneration is rarely 

found. Although the data analysis did not 

show a correlation between the 

administration of microplastic doses and 

fatty degeneration of hepatocyte cells, it 

could be seen a decrease in fatty 

degeneration levels in groups X1 to X5. 

Thus, the more doses of microplastics 

given, the more toxic effects on the cells 

caused cell necrosis. 

This study shows that the more 

doses of microplastics given, the more 

toxic effects on the hepatocyte cells in the 

liver. This toxic effect could cause necrosis 

or permanent cell death. This effect could 

be dangerous to human health. Exposure to 

microplastics could be minimized by 

reducing plastic use, especially plastic 

packaging, which has the most plastic 

waste in the environment. Proper 

processing of plastic waste would help 

reduce microplastic exposure to aquatic 

organisms. Humans are exposed to 

microplastics through several pathways, 

such as ingestion, inhalation, and dermal 

contact. Ingestion is the easiest pathway 

microplastics enter the human body. 

Microplastics could easily enter the food 

chain by trophic transfer through 

seafood.(16) Crops watered with 

contaminated water are also another 

pathway of human exposure to 

microplastics through ingestion. 

Contaminated water is used to grow the 

crops, and then plastics being degraded 

continuously in the soils where the crops 

are cultivated. (17,18,19,20) 

 

CONCLUSIONS 

Oral intake of low-density 

polyethylene secondary microplastics with 

<20 µm in size for 90 days in white Wistar 

rats lead to hepatocellular injury. Based on 

histopathological images, hepatocyte 

 

necrosis was more prominent than 

hepatocyte fatty degeneration. The fifth 

group with the highest microplastics dose 

showed the highest amount of necrosis than 

the other groups. Meanwhile, the first 

group with the lowest microplastic dose 

showed the highest amount of fatty 

degeneration than the other groups. 
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