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Summary
Background The contamination of ecosystem compartments by microplastics (MPs) is an ubiquitous problem. MPs
have been observed in mice tissues, and recently in human blood, stool and placenta. However, two aspects remain
unclear: whether MPs accumulate in peripheral organs, specifically in the liver, and if liver cirrhosis favours this process. We aimed to examine human liver tissue samples to determine whether MPs accumulate in the liver.
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Methods This proof-of-concept case series, conducted in Germany, Europe, analyzed tissue samples of 6 patients
with liver cirrhosis and 5 individuals without underlying liver disease. A total of 17 samples (11 liver, 3 kidney and
3 spleen samples) were analyzed according to the final protocol. A reliable method for detection of MP particles
from 4 to 30 µm in human tissue was developed. Chemical digestion of tissue samples, staining with Nile red, subsequent fluorescent microscopy and Raman spectroscopy were performed. Morphology, size and composition of MP
polymers were assessed.
Findings Considering the limit of detection, all liver, kidney and spleen samples from patients without underlying
liver disease tested negative for MPs. In contrast, MP concentrations in cirrhotic liver tissues tested positive and
showed significantly higher concentrations compared to liver samples of individuals without underlying liver disease. Six different microplastic polymers ranging from 4 to 30 µm in size were detected.
Interpretation This proof-of-concept case series assessed the presence of MPs in human liver tissue and found six
different MP polymers in the liver of individuals with liver cirrhosis, but not in those without underlying liver disease. Future studies are needed to evaluate whether hepatic MP accumulation represents a potential cause in the
pathogenesis of fibrosis, or a consequence of cirrhosis and portal hypertension.
Funding No funding was received for conducting this investigator driven study.
Copyright Ó 2022 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
Keywords: Microplastics; Human tissue; Liver cirrhosis; Raman spectroscopy

Introduction
Abbreviations: MPs, microplastics; PS, polystyrene; SOP, standard operating procedure; MELD, model for end-stage liver disease; PET, polyethylene terephthalate; PVC, polyvinyl chloride;
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Microplastics (MPs) have been recognized as a global environmental problem, as there are reports of contamination
of all ecosystem compartments by microplastics.13 In
addition, the observation that the occurring concentrations
of plastic particles are increasing exponentially with
decreasing size poses a new challenge.4 MPs can be classified into primary (manufactured particles, such as pre-production pellets, abrasion particles, such as microbeads in
cosmetics) and secondary particles derived from predominantly UV-induced and mechanical degradation of larger
plastic pieces.1,5,6 In addition to environmental pollution
of marine and freshwaters, sediments and the atmosphere,
there is a lot of evidence of MP ingestion by various marine
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Research in context
Evidence before this study
Microplastics (MPs) are found in all ecosystems. Tissue
accumulation of microplastics has been observed in
mice, and recently MPs have been detected in human
blood stream, stool and placenta. However, it remained
unclear whether MPs can deposit in human tissues of
peripheral organs, in particular in the liver.
Added value of this study
This proof-of-concept case series assessed the presence
of MPs in human liver tissue and found six different MP
polymers in the liver of individuals with liver cirrhosis,
but not in those without underlying liver disease.
Implications of all the available evidence
Our results indicate that chronic liver disease seems to
be a key driver in MP accumulation in human liver and
that there is a need to evaluate whether hepatic MP
accumulation represents a potential cause in the pathogenesis of ﬁbrosis, or a consequence of cirrhosis and
portal hypertension.

species.612 Furthermore, MPs have been detected in
human food, such as seafood, sugar, salt and honey, but
also in drinking and ground water, and have therefore
without a doubt, arrived in the human food chain.6,1317
Other possible exposure routes for MPs towards the
human body are inhalation and dermal uptake.2,16,18,19
Although a lifetime MP exposure model (simulating an
average human lifetime) estimated that MPs may accumulate in the liver, real accumulation and biodistribution of
MPs in the human body remain unstudied.20
There is ongoing discussion regarding the impact of
MPs on human health. Peyer’s patches, lymphoid follicles
of the ileum, have been reported to be major sites of uptake
and transport of nano- and microparticles in the gastrointestinal tract, whereas respiratory endothelial cells have
been reported to take up inhaled nanoparticles via endocytic or phagocytic processes, as known from animal
studies.10,21,22 MP-induced oxidative stress and pro-inflammatory effects have been suggested by various studies.10,2326 Accumulation of polystyrene (PS) microspheres
in the gut, liver and kidney associated with disturbances in
energy, lipid metabolism, mucus secretion and the gut
microbiota in mammals have been reported.25,27,28 However, others could not reproduce these findings, as they
observed MP accumulation in the gut, but not in parenchymatous organs in reporter gene mice being treated
with PS.29 Data are conflicting and controversially
discussed.30,31 Furthermore, it remains unclear how much
a dose or size-dependent effect may be expected. Despite
the controversy, studies are required to determine how and
to what extent, MPs impact human health.

2

Very recently, MPs have been detected in human
blood of healthy donors.32 Others, detected MPs in
human stool samples, pointing to involuntary ingestion.33 Although this study was critically discussed within
the community, a group from Beijing has very recently
validated these findings, as they also found different
types of MPs in human stool samples.34 Accordingly,
MPs were reported in human colectomy samples
obtained due to colorectal cancer, bleeding arterio-venous
malformation, colonic perforation, and trauma.35 However, collected MP particles were comparably large
(8001600 µm) and were thus not capable of crossing
the gastrointestinal epithelium.36 It is assumed that particles <150 µm are theoretically capable of crossing the
gastrointestinal barrier due to corresponding evidence in
mammalian bodies.3639 The size to which MP particles
could migrate through the intestinal wall, is still
unclear.40,41 Whether presence of MP in the bloodstream
or in the stool also indicates abundance in the peripheral
organs remains to be investigated.
Ragusa and colleagues reported proof of MPs in human
placenta.42 Recently, Braun et al. investigated MPs
(>50 µm) in placental tissue, meconium, and maternal
stool in a clinical setting of caesarean deliveries.43 Despite
the fact that all analyzed matrices were tested positive for
MPs, the authors suggest interpreting their results with
caution due to background contamination issues.
To shed further light, we performed this proof-ofconcept case series, aiming (i) to analyze whether MPs
can be found in peripheral organs, specifically in the
liver, and (ii) to study the morphology, size and composition of MP polymers ranging from 4-30 µm in
patients with and without underlying liver disease.

Methods
Sample material
Liver specimens of patients with chronic liver disease
were derived from liver explants in 6 liver transplant
recipients. Liver, kidney, and spleen specimens of 5
individuals without underlying chronic liver disease
were obtained from complete autopsies performed in
Hamburg between June and August 2020.

Ethics
The study was approved by the local ethics committee
(WF-129/20) and performed in accordance the Declaration of Helsinki. Patients with liver cirrhosis provided
written informed consent. Specimen collection and
analysis were performed according to the local law Hamburgisches Krankenhaus Gesetz x12.1

Sample processing
Samples of about 12 cm3 were dissected using stainless steel scalpels and tweezers and stored in labeled
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glass jars covered with aluminum caps at 20 °C prior
to treatment and analysis. The weight of sampled tissue
ranged from 0.7 to 7.1 g.
Within initial screening, 3 samples of human liver
tissue were analyzed, 5 human liver and 3 calf samples
were used for method development and another 6 samples (2 each of human liver, kidney, and spleen tissue)
for method improvement (details see S.I.). A total of 17
human tissue samples were analyzed according to the
final Standard Operating Procedure (Suppl. Figure 1).

Standard Operating Procedure (SOP human tissue)
Based on the pre-tests and method development, a standard operating procedure (SOP) for human tissue was
set up and applied to human samples consisting of tissue from liver (n = 11), spleen (n = 3) and kidney (n = 3).
Throughout the SOP, anti-contamination and quality
assurance/quality control measurements were followed
including a clean working environment and used material, pre-cleaning of beakers and devices, covering of
samples, and pre-filtration of any solutions (<0.45 µm)
used for digestion, rinsing and solution (refer to Suppl.
material, S.I for details). Blank samples (which did not
contain tissue) were analyzed simultaneously to ensure
that samples have not been contaminated during the
analytic process. Reference samples were not included
in this study since no certified material in the respective
size category is commercially available, so far.

Sample digestion (see detailed sample digestion steps
and information within S.I)
Tissue samples of approximately 2 cm3 were weighed,
rinsed with filtered MilliQ water and transferred to glass
beakers.
Digestion solution consisting of potassium hydroxide (10 M, 40.5%) and sodium hypochlorite (614%) in
a 2:1 ratio was added (5 ml per g wet weight of tissue).
Sample suspensions were digested at 40 °C for 72 h.
Sample suspensions were filtered via silver membrane
filters (Millipore membrane filters, silver, 0.45 µm, diameter 25 mm) and re-transferred to beakers. The resulting
suspensions were subjected to a second digestion step
applying hydrogen peroxide (H2O2, 30%, 30 ml) and defatting with acetone. Following a second filtration step filter
residues and the filter were transferred to beakers with ethanol (30 ml).

Quantiﬁcation of microplastic particles via ﬂuorescence
microscopy
For quantification via the staining protocol, a volume of
6 ml of Nile Red solution (1 mg/ml chloroform) was
added to the sample suspension in ethanol. Stained suspensions were left to stand for 24 h and subsequently
filtered onto pre-cleaned Anodisc filters (Sartorius Anodisc filters, AlO, 0.2 µm, diameter 25 mm). This also
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includes the rinsing solutions from the silver filter
(three times with ethanol). The filtration funnel was
rinsed two times with ethanol, one time with MilliQ
water and finally, one time with ethanol in order to rinse
off the dying solution residues from the Anodisc filter.
Anodisc and silver filter were placed onto glass
microscopic slides and were further investigated under
the fluorescence microscope (microscope AxioScope 5/7
KMAT, filter set HE43, AxioCam 503 color, ZEN Software). Particles that were significantly distinguishable
from the background by the emitted fluorescence were
counted, dimensions were measured and shapes were
recorded. Concentrations were recalculated to the initial
tissue weight of the sample.

Qualiﬁcation of microplastic particles via µRaman
spectroscopy
Two to six particles per sample that were significantly
identified were located with the µRaman microscope
(DXR2xi, Thermofisher) at the filter using the digital
image derived from the fluorescence microscope. Chemical composition was measured via recording spectra with
the µRaman spectroscope (532 and 785 nm, laser intensity
and exposure adjusted from 0.1 to 10.0 mW and 30 to
1 Hz respectively according to particle size, composition
and laser setup, 25 µm or 50 µm pinhole, 1000 spectra
integrated) and evaluated against 10 relevant external spectral libraries including SLoPP and SLoPP-E44 and 2 selfgenerated libraries on synthetic polymers. The threshold
value of the Raman spectra was set at >70% agreement.
This could not be achieved with 10 particles (n = 8
6070%, n = 2 <60%) which were nevertheless integrated based on expert-based decision due to the strong
evidence of agreement.

Statistical evaluation
Statistical analyses were performed using R (R Core Team
2020, version 3.6.3) in an R Studio environment (RStudio
Team 2019, version 1.2.5033) and IBM SPSS Statistics
(IBM Corp. 2019, version 26.0). The Shapiro-Wilk test was
applied to test for normal distribution of microplastic concentrations. Depending on the distribution of the parameters studied, tests for differences were performed using the
Kruskal-Wallis test (non-parametric rank sum test) followed
by a post-hoc Dunn’s test. For tests of the differences
between the organs of the same patients (patient 1 to 3), a
Wilcoxon test was also performed. All P values reported are
two-sided and p<0.05 was considered as significant.
Limit of detection (LOD) and limit of quantitation
(LOQ) were calculated. LOD is the lowest analyte concentration, where detection is feasible, likely to be reliably distinguished from the highest apparent analyte
concentration when testing replicates of a blank sample
containing no analyte (blank samples). LOD was calculated as the mean +3 SD. LOQ is the lowest
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concentration at which the analyte can not only be reliably detected, but at which predefined targets for further
measurement accuracy are achieved. LOQ was calculated as the mean +10 SD.45

Role of Funders
No external funding was received for conducting this
academic study. Funders had no role in study design,
data collection, data analyses, interpretation, or writing
of report.

Results
Characteristics of studied individuals
Liver specimens of 2 female and 4 male patients with
end-stage liver disease, 4 with alcoholic liver disease, 1
with autoimmune hepatitis, and 1 with alcoholic liver
disease combined with HCV-cirrhosis were assessed.
Median age was 56 years, median model for end-stage
liver disease (MELD) score was 23. BMI of these patients
was median 23.9 (range 18.243.8). All of them were
Caucasians. None of the cirrhosis patients underwent
previous liver surgery, liver specific or embolization
treatments, such as selective internal radiation therapy
(SIRT), transarterial chemoembolization (TACE), or
transjugular intrahepatic portosystemic shunt (TIPS)
implementation, nor suffered from malignant disease.
Specimens of 5 individuals (1 female and 4 male) without underlying liver disease (median age 67 years)
served as control group.
Figure 1 (study flow chart) summarizes the sources
of MP pollution, methods as well as main findings of
this study.

MP concentrations in blank and human organ samples
MP concentrations in blank samples ranged from 1 to 2
particles per sample within the analyses. In total, 102
MP particles were detected in all 17 human tissue samples. MP concentrations in human tissues showed
median particle numbers of 6 particles per sample and
1.4 particles per gram tissue, respectively. After the
blank value correction, this corresponds to 1.2 particles
per gram tissue, respectively. Lowest concentrations in
human tissue with a median value of 0.0 particles per
gram tissue were detected in kidney samples (0 particles per sample) (see Table 1, Figure 2). The concentrations in spleen samples were in median 1.1 per g tissue
(5 particles per sample, after blank value correction: 0.9
particles per g tissue / 4 particles per sample). A median
value of 4.6 particles per g tissue was detected in liver
tissue of all patients (1 to 14 particles per sample, after
blank value correction: 3.2 particles per g tissue/0 to 13
particles per sample). As shown in Figure 2, blank values were at a constant low level, such as concentrations
determined in kidney tissue. In contrast, concentrations
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in spleen tissue were lower concerning Patients no. 1
and 3, but reveal a more distinct signal for Patient no. 2
(2.2 particles per g tissue, after blank value correction
1.9 particles per g tissue). A more heterogeneous distribution is also given concerning liver tissue where in
total, 11 patients were included. Concentrations ranged
from 0.3 to 11.9 particles per gram tissue in patients no.
1 to 11 (1 to 14 particles per sample, after blank value correction: 0.0 to 9.9 particles per g tissue, 0 to 13 particles
per sample). Highest concentrations were detected in
liver tissue samples of patients with cirrhosis (Patient
no. 6 to 11) with values ranging from 4.6 to 11.9 particles per g tissue (6 to 14 particles per sample, after
blank value correction: 3.2 to 9.9 particles per g tissue/4
to 13 particles per sample) compared to patients
without underlying hepatic disease (Patient no. 1
to 5) with values ranging from 0.3 to 1.9 particles
per g tissue (1 to 8 particles per sample, after blank
value correction: 0.0 to 1.5 particles per g tissue/0 to
6 particles per sample).
MP concentrations in liver samples derived from
patients with cirrhosis were significantly higher than
those from blank samples (which underwent the same
processing procedures) (n = 6, p = 0.009, a = 0.05,
Table 2). Concerning samples of liver, kidney and
spleen derived from healthy patients (without underlying cirrhosis), no significant difference between MP
concentrations could be detected.

Size distribution of MP particles in blank and human
organ samples
Particle sizes of detected MPs did not differ significantly
within different tissues. Particles in blank samples
ranged from 3.3 to 20.1 µm (median 9.9 µm), particles
detected in human tissue ranged from 3.0 to 29.5 µm
(median 9.8 µm). See Suppl. Figures 2 and 3 for size
distribution according to different organs.

Chemical composition and surface characteristics of
MP particles in blank and human organ samples
Five MP particles originating from blank samples were
spectroscopically analyzed. Two of these were identified
as polyethylene terephthalate (PET) and one particle
each was identified as PS and silicone. One particle did
not give a conclusive signal. Particles from human tissue were composed of PS, polyvinyl chloride (PVC),
PET, polymethyl methacrylate (PMMA), polyoxymethylene (POM), and polypropylene (PP) (Figure 3). Nine
particles could not be identified due to immediate thermal degradation.
The quality of the obtained spectra depended on the
presence of pigments, thermal degradation due to the
laser excitation, and the general state of degradation of
the selected particles (Figure 4). Mean (§standard deviation, SD) signal to noise ratio was 24§13 and mean
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Figure 1. Flow chart summarizing the relevance of MP pollution, methods as well as main ﬁndings of this study (created with BioRender).

match quality was 76§12%. Most particles had rough,
uneven surfaces and showed signs of degradation.
The morphology of all MP particles was examined
and classified as fragments despite 1 particle that was
identified as microbead made from PS.

Discussion
MPs are found in all ecosystems and MP pollution represents a major challenge for the near future. However,
although observations have been made of MP accumulation in different organs and tissues of rodents and
there is proof of MP in human stool, and in the blood
stream, it is unclear as to whether MPs can accumulate
in humans, under which conditions and in which tissues.
Liver cirrhosis is a clinically relevant disease is
the 11th leading cause of death. The absolute number
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of chronic liver disease, independently of stage and/
or severity, is estimated up to 1.5 billion cases worldwide. The most common causes of liver cirrhosis
worldwide are viral hepatitis (HBV/HCV), alcoholic
liver disease and, increasingly, non-alcoholic fatty
liver disease (NAFLD).46
In this proof-of-concept case series, we aimed to
assess the presence of MPs in human tissue and to
analyze the morphology, size and composition of MP
polymers ranging from 4 to 30 µm. To this end, we
analyzed cirrhotic liver samples and liver, spleen and
kidney samples of patients without underlying liver
disease.
We report presence of MPs in human liver tissue
samples of individuals with liver cirrhosis. Notably, no
significant proof of MPs was observed in sample groups
of kidney, spleen and liver tissue derived from patients
without underlying liver disease. We reveal that MP
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Overall samples

n

Mean

Standard
deviation (SD)

Median

Minimum

Maximum

25th
percentile

75th
percentile

17

3.4

4.1

1.4

0.0

11.9

0.5

6.2

(2.8)

(3.5)

(1.2)

(0.0)

(9.9)

(0.2)

(5.4)

Blank

7

0.9

0.7

0.6

0.2

2.2

0.3

1.6

Kidney

3

0.2

0.3

0.0

0.0

0.5

0.0

n.d.

(0.0)

(0.3)

(0.0)

(0.0)

(0.3)

(0.0)

(n.d.)

5

1.0

0.7

0.7

0.3

1.9

0.4

1.7

(0.7)

(0.7)

(0.5)

(0.0)

(1.5)

(0.1)

(1.4)

6

8.3

3.2

8.4

4.6

11.9

4.7

11.6

(6.9)

(2.9)

(7.4)

(3.2)

(9.9)

(3.5)

(9.8)

3

1.2

0.9

1.1

0.4

2.2

0.4

n.d.

(1.0)

(0.9)

(0.9)

(0.2)

(1.9)

(0.2)

(n.d.)

liver
(patients without cirrhosis)
liver
(patients with cirrhosis)
Spleen

Table 1: Descriptive statistics - patient 1 to 11.
MP concentrations are reported in particles per gram tissue (basing on the mean weight of the tissue samples); blank corrected values are given in brackets.

Figure 2. MP concentrations per patient, organ and associated blank (number per weight of tissue). Limit of Detection LOD = 3.0282
(mean + 3*SD); Limit of Quantiﬁcation QOD = 7.9982 (mean + 10*SD).

concentrations are elevated in cirrhotic hepatic tissue
samples in contrast to non-cirrhotic liver samples, indicating that chronic liver disease seems to be a key driver
in MP accumulation in human liver.
Furthermore, our analysis showed that various polymer types of MP can be found in cirrhotic liver tissue.
In addition to the commonly observed plastic polymers
PS, PVC and PET, we also found PMMA, POM and PP.
Surprisingly, some MP particles identified had altered
surfaces, in terms of presumed degradation. This suggests that particles had been deposited in the organ for
a long time and had been exposed to possible biochemical processes. However, this observation requires further investigation.

6

Considering the accumulation in cirrhotic liver samples, the exact role of MPs in liver disease remains to be
fully explored, i.e. whether they are a cause or a consequence. The role of MPs in the liver regarding hepatic
fibrogenesis and cirrhosis development remains
unclear. Very recently, it was reported that MP exposure
led to a significant expression of fibrosis markers, such
as transforming growth factor-b, fibronectin and
a-smooth muscle actin in rats.47 Another group, not
long ago, observed that polystyrene MPs induce oxidative stress and apoptosis of the myocardium in a rat
model and are ultimately able to induce cardiac fibrosis
via the Wnt/b-catenin pathway.48 We know that this
pathway also plays an important role in pathogenesis of
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Sample matrix

Kidney

Kidney

Spleen

Liver
(patients without
cirrhosis)

Liver
(patients with
cirrhosis)

signiﬁcance

0.258

0.303

0.001

signiﬁcance

1.000

1.000

0.008

(Bonferroni corrected)
Spleen

signiﬁcance

0.258

0.814

0.056

signiﬁcance

1.000

1.000

0.334

(Bonferroni corrected)
liver (patients without cirrhosis)

signiﬁcance

0.303

0.814

0.012

signiﬁcance

1.000

1.000

0.071

(Bonferroni corrected)
liver (patients with cirrhosis)

signiﬁcance

0.001

0.056

0.012

signiﬁcance

0.008

0.334

0.071

(Bonferroni corrected)

Table 2: Test on signiﬁcant differences between blank corrected MP-concentrations in kidney, spleen and liver from patients with and
without cirrhosis.
P-values refer to the respective direct comparison of the samples (see column and row). Statistically significant values are printed in bold. Bonferroni correction
based on n=6 tests).

Figure 3. Polymeric composition of particles found in human tissue samples (n = 56).

liver fibrosis.49 Therefore, it cannot be excluded that
MPs represent a potential co-factor or cause of hepatic
fibrogenesis.
On the other hand, MP accumulation in the liver
could be considered as a consequence of chronic liver
disease. For example, it is hypothesized that portal
hypertension (the main cause of the clinical complications of liver cirrhosis), leading to impaired intestinal
barrier function (also known as “leaky gut”), allows MP
particles to migrate through the intestinal wall, and be
transported to the liver.50 It could be speculated that
MPs enter the portal venous circulation, possibly in a
similar way as microorganisms penetrate the intestinal
wall in the context of bacterial translocation in patients
with spontaneous bacterial peritonitis (SBP), a common
complication of liver cirrhosis with portal hypertension.
Bacterial translocation in cirrhosis is assumed to be
caused by an increased gastrointestinal permeability as
a result of an impairment of the cell-cell junction, in the
intestinal wall.51 Bacteria that can pass through the
intestinal wall in the context of SBP are relatively small,
such as E. coli with a diameter of about 1.5 µm and a
length of 2 to 6 µm.52 Larger immune cells, such as
macrophages (with a diameter of up to 21 µm), are also
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found in the intestinal wall, and are assumed to be able
to migrate through it.53,54 Besides the actual size, other
factors, such as the functional integrity of the intestinal
wall itself, the polarity, water solubility or fat solubility
of a substance, or whether it is taken up actively (e.g.
transporter controlled) or passively (e.g. along a gradient), determine which substance may pass the intestinal
wall and which cannot.55 Inflamed mucosal areas could
contribute to MP uptake and/or translocation. Schmidt
et al. investigated the potential of MP uptake in patients
with Crohn’s disease and colitis ulcerosa, after rectal
MP application. In biopsies, they observed a significantly enhanced accumulation of MPs in inflamed
mucosal areas and ulcerous lesions, in comparison to
healthy controls.41 Plastic polymers have been detected
in the blood stream in 22 healthy volunteers. These
findings are very interesting because we see that MPs
can be absorbed and circulate systemically in the body.
However, no conclusions can be drawn from this study
about a possible deposition in peripheral organs or
about an association with disease.32 How and where
(small intestine or large intestine) MPs are presumably
taken up systemically needs to be investigated in future
studies.

7
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Figure 4. Examples of MP particles found in human tissue samples displayed as ﬂuorescence images (left column) and true color microscope images (mid column) as well as related Raman-spectra. White scale bar indicates 10 µm, library reference spectra are displayed in
red, particle spectra are given in green. S/N: signal to noise ratio.

It needs to be kept in mind that MP concentrations detected in human tissue are generally very
low and close to or even below the detection limit of
currently available approaches. We therefore developed a reliable and sensitive method to detect MP
particles from 4 to 30 µm. Further comments on
methodology and considerations regarding future
approaches are given in the supplement.

8

This study had several limitations. First, because the
methodology requires chemical digestion, we cannot
determine exactly where in the liver MPs accumulated
and whether MPs were deposited intracellularly, for
example in Kupffer cells. However, we can still assume
potential sites either in hepatocytes, cholangiocytes, or
immune cells, such as the Kupffer cells or hepatic macrophages. If the MP particles were merely in the
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bloodstream, without any parenchymatous accumulation in the liver, such particles would also be expected
in spleen and kidney samples. Future studies, possibly
using electron microscopy, should clarify the specific
accumulation sites. Second, this study sets a lower MP
detection limit at 4 µm. Future approaches should consider increasing optical resolution of fluorescent microscopy to address particle sizes down to 1 µm. Third, the
sample size was rather small. However, this is a proofof-concept case series, to analyze different human tissue
samples for presence of MPs. Next, exact data on the
dietary habits and living conditions are not available.
Unfortunately, therefore, we cannot draw any conclusions regarding the possible primary alimentary cause
of MP ingestion. MPs could also be enriched in the
body through surgical or interventional measures or
examinations. However, none of the studied cirrhosis
patients underwent liver surgery or radiological embolization procedures (such as SIRT, TACE), which may
have left MP residues. Adjustment for potential confounders, such as age or sex was not possible due to the
small sample size. Lastly, a unified methodology to
detect MPs in human tissue has not yet been established, making comparison with other scientific work
difficult. Nevertheless, it should be noted that after
intensive preliminary work, and improvement of the
existing methodology, we were able to establish a high
quality, and credible method for MP detection in
human tissue. However, future studies are needed to
reproduce these findings in larger cohorts.
Taken together, this proof-of-concept case series
assessed the presence of MPs in human liver tissue. We
observed that (i) MPs were found in the liver of individuals with liver cirrhosis, but not in those without underlying liver disease; and that (ii) six different microplastic
polymers ranging from 4 to 30 µm in size could be identified. Our results indicate that chronic liver disease
seems to be a key driver in MP accumulation in human
liver and that there is a need to evaluate whether hepatic
MP accumulation represents a potential cause in the
pathogenesis of fibrosis, or a consequence of cirrhosis
and portal hypertension.
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