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ABSTRACT

The increasing use of plastics has caused severe environmental pollution, especially microplastics with plastic par-
ticles with a diameter of 5 mm or less. These particles are formed by environmental factors such as weathering and
ultraviolet radiation, worsening environmental pollution. This environmental pollution increases human exposure
to microplastics through the food chain. Many studies have reported the adverse effects of microplastic exposure
on food and aquatic organisms. However, relatively few studies have used white mice. The entry of microplastics
into white mice can affect two essential organs, namely the liver and kidneys. In this study, we conducted in-vivo
experimental tests on male white mice by exposing them to a single dose of pure PE (polyethylene) type micro-
plastics and then observing them for 14 days. Toxicological effects were evaluated comprehensively in white mice
by examining clinical signs, body weight, and kidney and liver function activity through blood tests for creatinine,
SGOT, and SGPT parameters. Further kidney and liver abnormalities were analyzed through histopathological
tests. Based on the results of experiments carried out, it was found that PE-type microplastics had a significant
impact on changes in body weight, increased functional activity of the kidneys and liver in white mice as well as
chronic histopathological abnormalities in male white mice, so it is hoped that this research can clarify that PE type
microplastics can affect kidney and liver organs for those who consume large amounts in a short time.

Keywords: acute, poltethylene, kidney, liver, in vivo.

used in various fields because of their desirable
properties, such as low cost, high durability and
strong plasticity (Reddy et al., 2013). Synthetic
polymers (plastics) from fossil resources are pro-
duced in large quantities and end up in the en-
vironment as microplastics, which, if disposed
of incorrectly, can impact flora, fauna and hu-

INTRODUCTION

Indonesia is the world’s second-largest con-
tributor of plastic waste after China (Sincihu,
2022). Global plastic production has increased
dramatically over the past few decades, rising
from 1.5 million metric tons in 1950 to 390.7

million metric tons in 2021, and further increases
in production and use are expected (Statista Re-
search Department, 2023). Plastics are widely
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mans (Saha et al., 2023). The most commonly
produced polymer types are polyethylene (PE),
polypropylene (PP), and polystyrene (PS), with
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a microplastic fraction intentionally produced,
generally defined by a particle diameter of less
than 5 mm (EFSA 2016) (Opinion, 2011). Micro-
plastics (MPs) are plastic particles with a particle
size of less than 5 mm and come from any plas-
tic (Hou et al., 2021). Microplastics are produced
through two main sources, namely: (1) manufac-
tured products that contain plastic particles or
powder, such as cosmetics, detergents, sunscreen,
and pharmaceutical vectors (Cole et al., 2015).
(2) greater plastic decomposition through UV ra-
diation, mechanical abrasion, and environmental
biological degradation (Andrady, 2011).
Microplastics are a significant environmental
health problem and an increasing source of con-
cern (Deng et al., 2017). Various human activi-
ties, domestic, industrial and coastal, cause these
dangerous plastic fragments in ecosystems (land
and water). MPs have diverse chemical compo-
sitions, including polystyrene (PS), polyvinyl
chloride (PVC), polyethylene (PE), polypropyl-
ene (PP), and polyethylene terephthalate (PET),
etc. ( Shen et al., 2023 ). Polyethylene is the main
source of microplastics widely and dominantly
present throughout the environment (Uurasjérvi
et al., 2021). There are types of MPS including
their uses, namely polyethylene (polytene; PE) in
the form of low-density (LDPE: trash bags, films)
and high-density construction (HDPE; shopping
bags, bottle caps) or tetraphthalate (PET: bottles,
food trays), polypropylene (PPL: cubes, straws),
polyvinyl chloride (PVC: pipes, door and window
frames), and polystyrene, both rigid (PS: food
pots, toys) and expanded (EPS: packaging, insu-
lation) (Vianello et al., 2019 ). Land and aquatic
biota interact with plastics in the environment,
giving rise to widespread concern about negative
ecological impacts (Banerjee and Shelver, 2021).
Humans can be exposed to MPs through various
pathways in daily life, such as ingestion, inhala-
tion, and skin contact (Zhang et al., 2024).
Plastic ingested by organisms can bioaccumu-
late and reach humans via trophic transfer in the
food chain (Nelms et al., 2018; Guo et al., 2020;
Kik et al., 2020). In addition to being able to cross
the intestinal epithelium and enter other tissues via
the bloodstream (Yee et al., 2021), several stud-
ies have reported the discovery of MPs in human
blood (Leslie et al., 2022) and organs, including
liver, kidney, intestine, lung, and liver. lungs, and
placenta (Amato-Lourenco et al., 2021; Ragusa
et al., 2021; Horvatits et al., 2022; Nugrahapraja
et al., 2022). Therefore, the potential toxicity and

health hazards of MPS require further attention.
Previous research has shown that the accumula-
tion and distribution of MPs in aquatic organisms
is species-specific and can be influenced by par-
ticle size (Deng et al., 2017). For example, MPs
measuring 8—10 pm are mostly located in the gills
and intestines of crabs (Watts et al., 2014), MP
10 um can be transported into the circulation of
shellfish (Baber and Bartlett, 2015), MPs 5 um
can accumulate in the liver of fish zebra (Lu, et
al., 2016). Although most research on the toxic
effects of MPs has focused on aquatic organisms,
studies documenting the potential health risks and
tissue accumulation of MPs in mammals are lack-
ing (Deng et al., 2017 ). Recently, a study mea-
sured the mass concentration of microplastics in
human blood at concentrations as high as 1.6 pg/
ml (Leslie et al., 2022). Accumulation of MPs in
tissues can cause various adverse effects, such as
physical injury (De Stephanis et al., 2013), de-
creased eating activity (Gutow et al., 2014), in-
hibition of growth and development (Besseling
et al., 2014), lack of energy (Cole et al., 2015),
immune response (Avio et al., 2015), oxidative
stress (Browne et al., 2013), neurotoxic response
(Luis et al., 2015), metabolic disorders (Mattsson
et al., 2015) and genotoxicity (Rochman et al.,
2014). Therefore, data on MPs tissue accumula-
tion in mammalian models would be highly desir-
able, but not for risk assessment of MPs in human
health. We tested the in vivo effects of polyethyl-
ene (PE) microplastics with a size of 5 um? by ad-
ministering oral polyethylene microplastics (MP-
PE) at a time. We assessed the toxicity effects in
male white rats. Blood sampling was carried out
to measure creatinine, SGOT, and SGPT before
and after exposure to MP-PE to determine the
impact more comprehensively of whether MP-PE
caused damage to the kidneys and liver by his-
topathological examination. This study provides
insight into the toxicity of MP-PE administered in
vivo and its potential bioaccumulation in organs
when administered acutely.

MATERIAL AND METHOD

The materials and methods used in this study
were in the form of toxicity tests using male white
mice, referring to the Regulation of the Head of
the Food and Drug Supervisory Agency of the Re-
public of Indonesia number 7 of 2014 concerning
guidelines for in vivo nonclinic toxicity testing,
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for examination of blood samples and examina-
tion of kidney and liver organs histopathological-
ly referring to the Ministry of Health, Republic of
Indonesia in 2017 concerning medical laboratory
technology.

Ingredients and solvents

Pure MP-PE particles were purchased from
the industry. This MP-PE was sterilized first with
distilled water and then mixed with 0.5% CMC
Na solution so that it was easy to dissolve and
administered to white mice. The 0.5% CMC Na
solution was prepared by weighing 500 mg of
CMC Na into 10 ml of hot distilled water, then
leaving it for approximately 15 minutes until it
was clear and shaped like gel. Next, it was stirred
until it became a homogeneous mass and diluted
in a volumetric flask with distilled water to a vol-
ume of 100 ml.

Experimental approach

Thirty mice were each assigned to five groups:
Group 1, which was considered the control group;
Group 2, which was exposed to 5 mg/kgBB MP-
PE; Group 3, which received 50 mg/kgBB MP-
PE; Group 4, which received 300 mg/kgBB MP-
PE; and Group 5, which received 2000 mg/kgBB
MP-PE. All mice were given this dose alone with
an observation period of 14 days.

Clinical observation

Observation of animals, the presence of
moribund or dead animals, and measurement of
animal weight are carried out before exposure
for single-dose toxicity studies. In addition, food
consumption and drinking water are still provid-
ed after a single exposure and observation for
the next 14 days.

Clinical pathology analysis

Clinical pathological analysis of creatinine

For quantitative determination in vitro of cre-
atinine concentration in mice, plasma, or urine on
the Konelab analyzer using the enzymatic meth-
od. All test results are interpreted considering the
clinical context and examined using the Indiko
Thermo scientific auto analyzer photometer (end
point and colorimetric).
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Clinical pathological analysis of ALT/GPT

For quantitative determination of alanine ami-
notransferase in vitro (L-Alanine:2-Oxoglutarate
Aminotransferase (ALT) activity, EC 2.6.1.2) in
human serum or plasma on Konelab Analyzer.
All test results must be interpreted in relation to
the clinical context and checked using the Indiko
Thermo scientific auto analyzer: photometer (end
point and colorimetric).

Clinical pathology analysis of AAST/GOT

For in vitro quantitative determination of as-
partate aminotransferase (L-Aspartate: 2-Oxo-
glutarate Aminotransferase (AST) activity, EC
2.6.1.1) in rat serum or plasma on Konelab ana-
lyzer. All test results must be interpreted in rela-
tion to the clinical context and checked using the
Indiko Thermo scientific auto analyzer: photom-
eter (end point and colorimetric).

Statistic analysis

All haematology data, serum biochemistry,
body weight, and organ data are presented as min-
imum, maximum, and mean + standard deviation
(SD). Data that were not normally distributed were
analyzed using the nonparametric unpaired Mann-
Whitney test. A comparison of several groups is
carried out using an analysis of variance with a
post-test. According to Bonferroni. A p-value <
0.05 was considered statistically significant.

Histopathological analysis

Anatomical pathology preparations

Organ histology preparation begins with the
organ fixation stage. Organ tissue is placed in a
10% buffered neutral formalin fixing solution for
at least 24 hours. Fixation prevents post-mortem
degeneration, kills microorganisms that may still
be present, and stiffens the tissue so it can be eas-
ily cut. Organs that have been fixed are cut to a
thickness of 5 mm and placed in a tissue cassette.
Next, in the dehydration stage, the tissue pieces
in a tissue cassette are placed in graded concen-
trations of alcohol (70% alcohol, 80% alcohol,
96% alcohol, absolute alcohol I, absolute alcohol
II, absolute alcohol IIII for 30 minutes each) to
remove the water content in the network. Next is
the clearing stage; the tissue pieces in a tissue cas-
sette are then placed in xylol solution for 2 x 30
minutes to remove the alcohol in the tissue. The
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aim is to make the tissue more straightforward and
transparent by filling it with liquid paraffin. Next is
the impregnation stage. The tissue pieces are placed
in liquid paraffin for 2 x 2 hours. Next is the em-
bedding stage. The tissue pieces in the cassette are
embedded in paraffin, which has a melting point of
560580 °C. Wait until the paraffin becomes solid.
Tissue embedded in solid paraffin was cut 4 pm
thick with a microtome. The tissue pieces are at-
tached to the glass object. The tissue on the glass
object is heated to a temperature of 560-580 °C to
melt and remove the remaining paraffin between
the tissue, then rinsed with distilled water.

Tissue staining with HE

Sequentially, the tissue on the object glass is
put in: Xylol for 1 minute, Xylol for 2 minutes,
100% alcohol for 2 minutes, Hematoxylin for 2
minutes, Aquades for 2 minutes, Eosin for 2 min-
utes, Aquades for 15 seconds, 80% alcohol for
15 seconds, 96% alcohol for 30 seconds, 100%

alcohol for 30 seconds, Xylol for 1 minute, Xylol
for 1 minute, The tissue that has been coloured on
the object glass is covered with a cover glass, that
was previously dripped with entellan, which is a
transparent adhesive. Determination of scoring
disorders in the kidney and liver organs of male
white rats

RESULTS AND DISCUSSION

Changes in body weight per level of MP-PE
exposure in male white rats (Rattus
norvegicus)

The acute administration of a single dose of
MP-PE is presented here based on differences in
body weight (BW) of mice over time to show at
what dose changes in body weight occur based on
the graph (Figure 1).

Figure 1 explains the changes in body weight of
mice that were given a single exposure to MP-PE and

Table 1. Guide to kidney and liver disorders through scoring values

Body

network Wound

Score

the tubule cells
Swelling
the tubule cells

the tubule cells

Score 0: If no tubular cells are found to experience degeneration
Score 1: If tubule cells are found to experience degeneration/cytoplasmic swelling in < 25% of

Score 2: If tubule cells are found to experience degeneration/cytoplasmic swelling in 25-60% of

Score 3: If tubule cells are found to experience degeneration/cytoplasmic swelling in > 60% of

. interstitial area
Kidney Inflammation

the interstitial area

in the interstitial area

Score 0: If no inflammatory cells/plasma cells are found in the interstitial area
Score 1: If you find a mild distribution of inflammatory cells, lymphocytes/plasma cells in the

Score 2: If moderate distribution of inflammatory cells, lymphocytes/plasma cells are found in

Score 3: If a hard/diffuse distribution of inflammatory cells, lymphocytes/plasma cells are found

Necrosis

Score 0: If no tubular/glomerular cells are found experiencing necrosis
Score 1: If tubular/glomerular cells are found that are experiencing necrosis

Hyaline cast

Score 0: If no hyaline cast is found in the tubule lumen
Score 1: If hyaline casts are found in the tubule lumen

Fibrosis

Score 0: If no areas of fibrosis are found in the renal parenchyma
Score 1: If an area of fibrosis is found in the renal parenchyma

hepatic portal area
Inflammation
portal area

Score 0: If no inflammatory cells/plasma cells are found in the liver portal area
Score 1: If a mild distribution of inflammatory cells, lymphocytes/plasma cells are found in the

Score 2: If moderate distribution of inflammatory lymphocytes/plasma cells is found in the liver

Score 3: If a hard/diffuse distribution of inflammatory cells, lymphocytes/plasma cells are found
in the liver portal area and extends to the liver lobule area

Ballooning degeneration

Liver Score 0: If no hepatocyte cells are found experiencing hydropic degeneration
Score 1: If a distribution of hepatocyte cells is found experiencing mild hydropic degeneration
Score 2: If you find a distribution of hepatocyte cells experiencing moderate hydropic

Score 3: If a distribution of hepatocyte cells is found that has experienced severe hydropic
degeneration or hepatocyte cells that are necrotic are found.

Steatosis

Score 0: If no hepatocytes are found that have accumulated intracellular fat
Score 1: If hepatocyte cells are found that have accumulated intracellular fat
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Figure 1. Mean and standard deviation of dose exposure to WB

then observed further for the next 14 days. In this single
exposure, no mice were found to be sick or even dead
in 50% of the total white mouse samples (LD50), so the
LD50 value is pseudo and cannot be calculated because
the mice did not get sick or even die, so this resulted
in the mice not experiencing weight loss but instead
an increase in body weight or in other words the acute
dose of MP-PE in this study was in a safe condition for
mouse metabolism such as the comparison of days 1
and 14 for a dose of 2000 mg/kgBW, it was seen that
day 1 had a weight of 237.33 £ 8.779 then on day 14 it
increased to 242.67 = 10.231, this also happened in all
variations of the existing MP-PE dose (Figure 2).

MP-PE exposure to increased kidney and liver
activity in male white rats (Rattus norvegicus)

Data was obtained from examining kidney ac-
tivity (creatinine) obtained from rat serum before
and after acute exposure to MP-PE. Then, the data
was tested for statistical normality to decide the
data distribution for further tests to determine the
difference before and after acute exposure to MP-
PE. PE on creatinine activity. Based on the data
obtained, it can be seen that the number of sam-
ples in this study was > 30 samples, so the data
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Figure 2. Difference test: (A) Pre and post creatinine per dose of MP-PE (p < 0.05); (B) Pre and post SGOT
per dose of MP-PE (p < 0.05); (C) Pre and post SGPT per dose of MP-PE (p < 0.05)
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normality test was chosen, namely using the Kol-
mogorov-Smirnov test. The data normality results
show that the distribution of data from the kidney
variables creatinine pre 0.000 and creatinine post
0.000 is not normally distributed (p < 0.05). Data
were obtained from the results of serum examina-
tions before and after exposure to various doses
of MP-PE. These results are presented in a line
diagram with each treatment group’s average and
standard deviation. The mean value and standard
deviation of creatinine increased between before
and after exposure to MP-PE doses starting from
the control group, the low dose group of 5 mg/
kgBW and the high dose group of 2000 mg/kgBW.
Different tests carried out on mice with groups
exposed to the MP-PE dose on the results of kid-
ney and liver activity, namely before and after giv-
ing MP-PE exposure, can be seen that overall, for
the direct relationship between the two, no signifi-
cant difference was found in the creatinine activity
values before and post of each MP-PE exposure
dose (P < 0.05), pre and post-SGOT activity of
each MP-PE exposure dose (P < 0.05); and pre
and post SGPT activity from each dose of MP-
PE exposure (P < 0.05). Overall, this difference in
the test shows that the role of MP-PE exposure at
each dose is not significantly different in increas-
ing kidney and liver activity (Figures 3-5).
Exposure to MP-PE given acutely with grad-
ed doses starting from a dose of 5 mg/kgBW to a
dose of 2000 mg/kgBW had a significant impact

0,500 f 0,096 !

on increasing kidney activity with a p-value =
0.026 (Figure A), increasing SGOT liver activity
with a p-value = 0.027 (image B), and increased
SGPT activity with a p-value = 0.003 (image
C). This is because MP-PE cannot be excreted
in the urine but instead accumulates in the kid-
neys to increase kidney performance. In this case,
the liver’s performance has a detoxification role
from toxins and free radicals, causing the liver’s
performance activity to increase, and ultimately,
both organs experience an inflammatory phase.

Exposure to MP-PE doses on
histopathological kidney and liver damage in
male white rats (Rattus norvegicus)

This study’s kidney and liver organ damage
was reversible (fatty degeneration, congestion,
inflammatory cell infiltration) and irreversible
(necrosis). All treatments in various doses given
in this study showed many mild, moderate, and
severe changes, all of which can be seen in the
scoring results and histopathological damage
(Figure 6).

It was found that the overall dose showed
abnormalities in the kidney organs through sev-
eral scoring values (Table 1); the higher the dose,
the higher the damage was caused. In the image
of rat kidney damage (Figure 6), what was seen
earlier was Swelling damage with a score of 2 in
the 5-300 mg/kg BB dose group, where tubular

0,500 f 0,127 L

HIITTIE I T
SIrTTIaI T
Sl

Figure 3. Post creatinine difference test between doses (A) control — 5, 50, 300, 2000 (p > 0.05);
(B) 5-50, 300, 2000 (p > 0.05); (C) 50-300, 2000 (p > 0.05); (D) 300-2000 (p > 0.05)
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cells were found to experience degeneration/cy-
toplasmic swelling at 25-60% and the percent-
age increased to > 60% of tubular cells with a
score of 3, inflammatory damage also occurred
at a dose of 5-300 mg/kgBW with a score of 2
where a moderate distribution of inflammatory
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cells of lymphocytes/plasma cells was found in
the interstitial area and increased to a score of 3 at
a high dose of 2000 mg/kgBW with hard/diffuse
distribution of lymphocytes/plasma cells in the
interstitial area and hyaline cast damage occurred
in all dose groups with a score of 1, namely the
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Figure 6. Histopathology of kidney tissue (A) control group; (B) dose of MP-PE 5 mg/kgBW;
(C) dose of MP-PE 50 mg/kgBW; (D) dose of MP-PE 300 mg/kgBW; dose of MP-PE 2000 mg/kgBW

discovery of hyaline casts in the tubular lumen.
The causes of this damage include toxic sub-
stances entering the body, where the function of
the kidneys is to excrete metabolic waste. Dam-
age to the kidneys caused by toxic substances can
be identified through changes in the histological
structure, including the occurrence of necrosis in
cells, which is morphologically characterized by
the destruction of the proximal tubule epithelial
cells where the proximal tubule epithelial cells

are sensitive to anoxia and are easily destroyed if
poisoning occurs due to residual metabolic waste
excreted by the kidneys. So, histological changes
in the kidneys can be confirmed because the num-
ber of compounds entering the body is also vast
(Jannah and Budijastuti, 2022) (Figure 7). Based
on scoring damage to the liver, by looking at the
increase in serum SGOT and SGPT activity (Ta-
ble 1), organ damage was visible, namely gradual
inflammatory damage with a score of 1 at the

171



Ecological Engineering & Environmental Technology 2025, 26(2), 164-177

O Rl 1

", > :sel hepar ballaoning ingan

37 > :selradanglimfosit

Araels 5\

Balooning : 2;
Inflammation: 2;
Steatosis : 1

Inflammation: 3;
Steaosis 01

= f
i {3

Inflammation : 3;
Steatosis : 1

Figure 7. Histopathology of liver tissue (A) control group, (B) given with a dose of MP-PE (5 mg/kg),
(C) given with a dose of MP-PE (50 mg/kg), (D) given with dose of MP-PE (300 mg/kg),
(E) given a dose of MP-PE (2000 mg/kg)

control dose where light distribution of inflamma-
tory lymphocytes/plasma cells was found in the
liver portal area and increased to a score of 2 on
the next dose where a moderate distribution of in-
flammatory lymphocytes/plasma cells was found
in the hepatic portal area. Ballooning damage was
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also found to be graded at low to high doses with
a score of 1 in the control group, a score of 2 at
doses of 5 and 50 mg/kgBW, a score of 3 at doses
of 300 and 200 mg/kgBW where a score of 1 in-
dicates that the distribution of degenerated hepa-
tocyte cells was found. Mild hydropic, score two
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if a distribution of hepatocyte cells experiencing
moderate hydropic degeneration is found and
score three if a distribution of hepatocyte cells
experiencing severe hydropic degeneration or ne-
crotic hepatocyte cells is found. The final damage
is found at 50, 300 and 200 mg/ kgBB doses, with
a score of 1, where hepatocytes have accumulated
intracellular fat.

The damage to the liver is due to the active
compounds that are entered orally and absorbed
along the digestive tract, which are then distrib-
uted throughout the body through the blood. Most
of these active compounds will then be neutral-
ized in the liver. The liver plays a vital role in
detoxification or neutralization because the liver
can activate or deactivate active compounds that
enter the body (Wahyuni et al., 2017). It then un-
derlies that the liver histology changes after anal-
ysis were significantly different (P < 0.05). The
results of weighing the average weight (Figure
1), through observations carried out for 14 days,
showed that there were no test animals that ex-
perienced pain or suffering after giving MP-PE,
so what was seen then was that there was no de-
crease in body weight, but on the contrary, name-
ly an increase. The BW of the test animals, or in
other words, the acute dose of microplastics in
this study, was in a safe condition for rat metabo-
lism so that it did not cause pain or suffering to
the white rats. On the other hand, if the rats were
sick, there was a possibility of a decrease in BW.
It was done by other researchers where if the con-
ditions were indicating an animal is in pain and
suffering, it is generally accompanied by a body
weight that has decreased by more than 20% or a
body weight that has decreased by more than 25%
during the period of toxicity, and usually, no food
consumption. Test animals experienced fluctuat-
ing changes in body weight (Nurfaat et al., 2016).

Kidney and liver organs exposed to MP-PE
can cause ROS (reactive oxygen species) effects.
Apart from interpreting the data (Figure 2), we
comprehensively analyzed the differences in liver
and kidney serum test results before and after ex-
posure to MP-PE (Figure 2 ). MP-PE alters energy
and fatty acid metabolism. The accumulation of
microplastics in the liver and kidneys has also been
shown to increase the growth and accumulation of
fat cells and disrupt energy balance, which in turn
can affect metabolism and increase body weight.
Additionally, plastic additives can contain harmful
chemicals that can act as additional contaminants
in microplastics. Many of these plastic additives,

including organotin, phthalates, bisphenols and
toxic metals, affect the growth of fat cells and pro-
teins that regulate lipid and glucose metabolism.
Bisphenol A (BPA), commonly used to make cer-
tain types of plastic, is known to affect the body’s
endocrine system and hormonal balance, which
can affect metabolism and weight gain.

ROS tend to obtain electrons from other sub-
stances, which makes free radicals reactive. The
formation of ROS through the steps of reducing
single oxygen to electrons occurs in mitochon-
drial cytochrome oxidase. The formation of ROS
is influenced by cells experiencing inflammation,
injury and infection by bacteria, viruses and other
foreign materials. It can cause oxidative stress,
which can cause cell and tissue damage.

If the analysis is continued on the aspect of
the MP-PE type, the irregular surface, edges and
shape of the particles will also trigger injury to
surrounding cells, ultimately triggering local in-
flammation. Surrounding cells will initiate ne-
crosis by releasing histamine, prostaglandins,
and bradykinin (Wright and Kelly, 2017). The
surrounding blood vessels will experience vaso-
dilation to flow more blood, especially leukocyte
cells, to the area (Deng et al., 2017). This process
is acute inflammation, which aims to destroy, re-
duce or sequester the trigger that causes the in-
jury (Deng et al., 2017). This acute inflammation
is characterized by the release of basophils and
lymphocytes (Prata et al., 2020). However, be-
cause microplastics are exogenous materials that
leukocyte cells cannot destroy, the inflammation
continues to become chronic until tissue dam-
age occurs, characterized by the release of nitric
oxide enzymes, lysosomal enzymes, neutrophils
and macrophages. The results of this study show
a trend of increasing blood basophils and neutro-
phils in the exposure group, along with increasing
doses of exposure to polyethylene microplastics.
It indicates the ongoing occurrence of acute and
chronic inflammatory processes.

An increase occurs at the first exposure dose
in the serum values of pre and post-renal activ-
ity after exposure to the MP-PE dose. It occurs
because chemicals that are absorbed acutely with
24-hour exposure will not enter the urine but will
be retained in the body, slowly settling in the
body and affecting kidney function. It is the same
as research on exposure to phosphate chemicals
in white rats by (Turner et al., 2018). Phosphate
chemicals absorbed and not excreted into the
urine will be retained acutely in the body. As renal
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function declines, the body may develop an adap-
tive mechanism whereby phosphate is rapidly re-
moved from the circulation. At the same time, it
is absorbed and deposited into tissues, effectively
inhibiting increases in serum phosphate. Whether
this is an active or passive process is unknown;
however, blood vessels may act as deposition
sites. This concept is supported by the finding
that prolonged increased exposure to phosphate
is an essential early factor in the development of
vascular calcification in vivo and in vitro (Paloian
and Giachelli, 2014). Previous research found
that the microplastic size also had a significant
difference in effect, even though the same size
tested was polystyrene microplastic, and the re-
search was carried out on the same human lung
cell line. Research shows that both types of mate-
rial (plastic) and size affect the organ lines in both
the kidneys and lungs differently. It is also worth
noting that many studies chose measures that are
not found in our natural environment.

The damage caused by exposure to MP-PE is
also based on research which found that it was
confirmed that the accumulation of microplastics
in rat kidneys caused histopathological damage,
increased levels of endoplasmic reticulum stress
markers, inflammatory markers, and nephrotox-
icity (Nakamura et al., 2022). Furthermore, re-
search by Goodman et al. regarding the effect of
microplastics in vitro on embryonic kidney and
liver cells shows that microplastics produce toxic
effects on cell metabolism and cell interactions,
one of which is a decrease in gene expression for
antioxidant enzymes such as superoxide. Dis-
mutase 2 (SOD2) and catalase (CAT) reduce the
ability of the SOD2 and CAT enzymes to detoxify
reactive oxygen species (ROS) and cause oxida-
tive stress in cells so that cells experience damage
(Goodman, et al., 2022).

Kidneys, one of the organs with the highest
energy consumption rate in the body, are rich in
mitochondria. ATP produced by mitochondria
through oxidative phosphorylation serves as the
primary energy source for the kidneys. Numerous
studies have shown that mitochondrial function is
impaired in various causes of acute kidney injury
and chronic kidney disease. These histopathologi-
cal changes could be the molecular basis for com-
pensating renal structure and function caused by
environmentally relevant exposure doses of MP-
PE. It should be noted that when the MP-PE ex-
posure dose increases, kidney mitochondria may
become dysfunctional. In summary, this study
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implies that mitochondrial dysfunction may be
involved in the kidney damage caused by MP-PE,
affecting the oxidative phosphorylation process.

The accumulation of MP-PE to increase liver
activity is considered a consequence of liver dis-
ease, which can have acute and chronic impacts,
so when the MP-PE dose is given acutely, there
is undoubtedly a significant influence on the re-
sults of serum SGOT and SGPT with acute expo-
sure, also liver disease will occur. Occurs if it is
a complication. According to research conducted
by Thomas Harvatics, et al, decreased liver func-
tion due to exposure to microplastics in the liver
can be considered a severe consequence of spon-
taneous bacterial peritonitis (SBP), which gener-
ally occurs in the same way as microorganisms
penetrate the intestine and transport to the liver.
MP accumulation in the liver particles migrates
through the intestinal wall and becomes hyperten-
sion (the leading cause of clinical complications
of liver cirrhosis), which leads to subsequent in-
testinal disorders.

In this study, using histopathological tests, it
was seen that various types of damage were vis-
ible microscopically in the kidneys and liver of
white mice. In the same case, a recently published
study found that including polystyrene microplas-
tic MP in human blood samples can translocate to
various organs in the body, such as the kidney or
liver. The liver, which has a unique role in filter-
ing toxins from the blood, is one of the first po-
tential storage sites for microplastics when they
enter the body through digestion.

Deng et al. stated that larger microplastic
particles were found in the liver because it is the
first-level filter organ compared to the kidneys. A
diameter of <20 pum can penetrate various organs,
such as the liver, kidneys, lungs, intestines and
pancreas, while a size of < 10 pm can penetrate
various system barriers cell membranes, so it is
found in all parts of the placenta and the brain.
The toxic effects of polyethylene microplastics do
not directly impact living creatures but need to be
bioaccumulated to a specific dose.

Hwang et al. stated that the exposure dose
is still controversial for researchers. However,
a maximum particle size diameter of 20 um has
been declared to have the potential to cause health
hazards to living creatures. Apart from the liver,
the kidneys have an important role, whose pri-
mary function is to remove body toxins. They
are another essential organ for the accumulation
of microplastics. Microplastics filtered by the
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liver and kidneys can collect in these organs and
cause health problems. In vivo research on mice
shows it harms the liver and kidneys. Accumula-
tion of microplastics in the liver of mice causes
adverse effects such as oxidative, inflammatory,
energy changes, and liver and kidney damage. In
this study, the accumulation of microplastics in
rat kidneys affects weight loss, decreased kidney
and liver function and histopathological damage.

CONCLUSSIONS

In male white rats, pollyethylene microplas-
tics produce several toxins and cause impacts on
the digestive system, kidney and liver, and his-
topathological abnormalities. These biochemical
parameters can cause severe toxic effects on all
organs through concentrations ranging from low
doses to higher doses and for long periods with
repeated exposure. The findings showed that the
microplastic dose groups had a damaging effect
on kidney and liver organ cells, reflecting the
harmful impact of these dose groups on human
health. The current study can initiate future com-
prehensive studies to determine the harmful dose
of exposure to microplastics, especially pollyeth-
ylene. Research on animals has been reviewed
and approved by the Health Research Ethics
Committee of the Faculty of Public Health, Air-
langga University with No: 57/EA/KEPK/2021.
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